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2.8.3.43. CNBIK....cvceis ettt Rt 114
2.8.3.44, CREIZK.....ceeeeeceeie ettt R R 114
I o1 - o TP 114
2.6.4. Double Precision Complex Functions and SUDIOULINES............ccccvierierciiciesicseee s 115
I IR v 2 GO TTTSTTRTRR 115
2.8.4.2. IZAMIN....ctiieiete ettt e b s 115
2.6.4.3. ZASUM......itititeeir ettt st s ettt s b E £t e b2 s E e AR bR b ettt n e 115
2.8.4.4. ZAXPY.eveeeereeeieee RSt 115
2.6.4.5. ZOOPY. ettt eeetres ettt R bR AR £ bR bbb bRt ae b 115
2.8.4.6. ZAOIC.....ovvcvceeetsee ettt 116
2.8.4.7. ZAOMW .ottt R R R Rttt 116
2.8.4.8. AZNIM2.....oiiiceeieeee sttt bbb bbbt 116
2.6.4.9. ZIOL.....oeiee bRt 116
I [ (o | OO 116
2.8 4.0, ZEOMG et bbbttt 116
I < To | TSP 117
2.8.4.13. ZASCAL......ceeeeee bbbt 17
R £ o OSSPSR 117
2.8.4.15. ZODMV ... 17
I [ = o 1 OO P S T S T TTTS T 117
2.8 407, ZGBTC..oeeee ettt R R R AR bR 117
2.6.4.18. ZOBIU. ..ttt ARttt n e 118
2.8.4.19. ZSYMV..o.oiitiiiittie ettt bbb bbb bbbt bbbt et 118
2.6.4.20. ZSYF... ettt R R R b bbb 118
2.8.4.20. ZSYI2.oooeeeee ettt bbbt 118
2.8.4.22. ZIDMV.....ooiiieieeseiee ettt 118
2.8.4.23. ZHDSV.....vveeectiieit et ARttt 119
2.8.4.24. ZEDMV...oooiiieieeseei ettt 119
2.6.4.25. ZEPSV ..ottt e RS E £ R e AR R A £ e R A enR e E e e e e s Rt e nne e 119
2.8.4.26. ZUMV....oieieiiiieieteie ettt R bR bR 119
2.6.4.27. ZESV...ee ettt et R bR AR AR e AR R R R bttt et 119
2.8.4.28. ZNDMV....oovieictce e 119
2.6.4.29. ZNBMV.....iititriteet et R bRttt 120
2.8.4.30. ZNPMV..o.iiiritictie et bbbt 120
2.8.4.370. ZNBTceeee bR bbbt 120
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2.8.4.32. ZNEI2....ooeee e 120
2.8.4.33. ZNPT.eeeiee et bbb bRt 120
2.8.4.34. ZNDI2....oooee R 120
R = 1 11 USSP 121
2.8.4.36. ZSYMM....ouitiviieiiteete ettt ettt b bbb b bR bR bR bR b st e b 121
2.6.4.37. ZSYIK. ..ttt bR R R R bR bRt b bbb 121
2.8.4.38. ZSYI2K.....oovriveeeeeteeie ettt bt bR bbb s bbb 121
2.6.4.39. ZSYTKX. .1 vevetiiiitiietetete ettt bbbt R R A ARttt ae ARt bbb s e e R Rttt n e 121
2.8.4.40. ZHMM....cooiiiriieictece sttt bbb bbbt 122
2.6.4.47. ZEISIM ..ttt bR b bbb bbb 122
I 1 1= 1 11 OO TTOTRTR 122
2.8.4.43. ZNETK....eeee R RS R e R bR 122
284,44, ZNEI2K.....coooeeeeeieeee ettt RS e Rt R 123
2.8.4.45. ZNETKX....eoveeetee et 123
2.7. CUBLAS XT MOGUIE FUNCHONS. ....c.cuiietrertieerieeireseieis et sees sttt sese et ne e st nsaeaasns 123
A A BT =Ty (O] T (=TT 124
2.7.2. CUDIASXIDESIIOY ... .. ceeeaeietiseeetseseie sttt sttt sttt bbb 124
2.7.3. CUDIASXIDEVICESEIBCL. ... cvvuieeeiereeriireeiseseie ettt sttt sns et s st nsnnnes 124
2.7.4. CUDIASXISEIBIOCKDIM........coivuieiieiiiiieisieei ettt ettt ettt s 125
2.7.5. CUDIASXGEIBIOCKDIM. .....ovieeeieieiri ettt sna st ns e 125
2.7.6. CUDIASXISEICPUROULINE. .......cviviiecteiitct ettt bbbt 125
2.7.7. CUDIASXESEICPURALIO. .. ..cveeeceeecieis ettt 125
2.7.8. cublasXtSetPinNiNGMEMMOUE.............coeuieriicciice et a bbb e 125
2.7.9. cublasXtGetPiNNINGMEMMOUE. ..o 126
2.7.10. CUDIASXESGEIMM......ceiviiiicii ettt bbbt b et b s bbb s b st b bt 126
2,711, CUDIASXESSYMIML......oititiie bbb 126
2,712, CUDIBSXISSYTK. ... cvvrteeeseteiee ettt sttt bbbttt 126
2.7.13. CUDIASXESSYIZK....... ettt es st b et s bbbttt 127
2.7 14, CUDIBSXISSYITKX. ... cvucvireeeresee st es ettt bbb 127
2,715, CUDIASXISIIMIM. ..ottt ettt ettt s 127
2,716, CUDIASXESIISIM. ..ottt ettt ettt ettt et 128
2,717, CUDIASXESSPIMML......cviiieiieiitcte ettt ettt b bbb bbbt bbbt bbb s bbb bt n et b s ae b nas 128
2.7.18. CUDIASKICEMML......octiiiieeeieiettie ettt ettt 128
2.7.19. CUDIASXICNEMML.......itiiiriteiieictstieiet sttt ettt sttt es 128
2.7.20. CUDIASXICREIK. ... . eeeeiceeereieir ettt e s ettt s e e et en st 129
2.7.279. CUDIBSXICNETZK. .......ucveiiriteieieistiei sttt ettt bbbt bttt en 129
2.7.22. CUDIASXECREIKX. .. ceeceteere ettt sttt s et e e e et s et s et enn et eens 129
2.7.23. CUDIASXECSYMML.....coiveiiecteicieti sttt sttt ettt bbb st s b s b st st sne s 129
2.7.24. CUDIASXICSYIK. ... eeueeeeeeueereteerieeee ettt sttt ese bt ees bbb ee bbb E e s b ee s e e s e b st et enne et ennneenas 130
2.7.25. CUDIBSXICSYIZK. .. ..cvuceeeeirceeieietees ettt bbbttt 130
2.7.26. CUDIASXICSYTKX. ... vvvievreeesetiteesetsstes ettt sstes bbbt ettt bbbttt n et 130
2.7.27. CUDIASXECHMM. ...ttt ettt n e 131
2.7.28. CUDIASXICITSIM. ..ottt ettt ettt ns 131
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2.7.29. CUDIASXECSPIMM......cevicteis ettt ettt bbb b et e s bbbt s ettt s bt 131

2.7.30. CUDIBSXIDGEMIML......octiirretiieeseitiee ettt ettt bbbt bbb bbbt 131
2.7.31. CUDIASXIDSYMML.....coiuiiiecieicieisi sttt sttt bbb s bbbt s et s b st st nne s s 132
2.7.32. CUDIASXIDSYIK. ......ceeeeeeeieeereeriseeeire it seses sttt sess et ees e es e ee e eb bbb ses b e bbb ee et eeneeenas 132
2.7.33. CUDIBSXIDSYIZK. .....cvuceuereereeeieieeseieietee ettt ee ettt bbbttt 132
2.7.34. CUDIASXIDSYTKX....ucvvertietiaeeeires et sesete ettt ee bttt es bbb bbbt st bbbt 132
2.7.35. CUDIASXIDIMIM. ... ittt ettt ettt n e 133
2.7.36. CUDIASXIDIISIM.....cucecvcvetcictsts sttt bbbttt s s s e s bbb bbbttt a s 133
2.7.37. CUDIASXIDSPIMM. ..e.cvterieiseerceeseeee s eeee s bbb 133
2.7.38. CUDIASXIZOEMML.....cuiviiiiiieieiie ittt ettt bbbt s s s bbbt b e s s s s s sttt s st 133
B S oY o] =3 74 1 < 0 11 TSSO 134
2.740. CUDIBSXIZNETK. ... vttt 134
2.7 41, CUDIASXIZNGIZK. ..ottt s e e et e et ni et et enns 134
2,742, CUDIBSXIZNEIKX. ...cvvvetieiseieieeetsete ettt ettt 135
2.7.43. CUDIASXEZSYMIML.......cueiciiereeee ettt es sttt ee et e a s s e es e s bt bbbt e b enn e 135
2.7 44, CUDIBSXIZSYIK....ovrceeieerceeieis sttt 135
2.7.45. CUDIASXIZSYIZK........ceceeeeeeireeeeteeseie sttt ettt e e s bbbt bbbt bbb 135
2,748, CUDIASXIZSYIKX. ... cvvreteeeeseteieisets ettt ettt bbb bbbt 136
2.747. CUDIASXIZEMIM.....coiviietiiiiis ettt bbbttt b bt s s s s s s bbb b b e s s s s sern 136
B viT o] =3 /A 1 TSP 136
2.7.49. CUDIASXIZSPIMIM.....coviietitiiiisistece ettt bt s bbb bbbt e s bbbt a s s s e 136
2.8. CUBLAS DEVICE MOGUIE FUNCHONS. ......cuurerrieiieeerirereinesensisessieeseseesiseseisesessesesesessssesssssessenssessssssssessssssssnssesessnnes 137
2.8.1. Device Library Helper FUNCHONS.........c.ccreeiic sttt 138
2.8.1.1. CUDIASCIBALE. ....cee ettt eee ettt 138
2.8.1.2. CUDIASDESIIOY......ocucueieiiiisisiccccs ettt bbbttt e 138
2.8.1.3. CUDIASGEEVEISION. ......ueuiireiceeee ettt ettt 138
2.8. 1.4, CUDIASSEISIIBAM.......cviieeicecie ettt s bttt 138
2.8.1.5. CUDIASGEISIIBAM.......c.cviiicectce bbbttt bbb s 139
2.8.2. Single Precision FUNCtions and SUDIOULINES.............crieuierirriiiririiesieeiseseeesessees s sseesees 139
2.8.2.1. CUDIASISAMAX.......cuiviviriieieisiiit ettt b bbb bbb s bbb b s ee e a bttt b 139
2.8.2.2. CUDIASISAMIN......virieiieieiceie sttt s bttt 139
2.8.2.3. CUDIASSASUM......ouievictcit ettt ettt bbbt bbbttt bt 139
2.8.2.4. CUDIASSAXPY. ... cvuereerieereiteees ettt 139
2.8.2.5. CUDIASSCOPY.....coiviiiieiiectesicte sttt bbb bbbttt bt 140
2.8.2.8. CUDIASSAOL. ..ottt 140
2.8.2.7. CUDIASSNIMZ. ...ttt 140
2.8.2.8. CUDIASSIOL........ee ettt et ne e 140
B B o o] =TS (0] o PSPPI 140
2.8.2.10. CUDIASSIOMM.....cuiuitiiititeeiee ettt b bbb ee e bbb bbbt bbbttt bt 141
2.8.2.11. CUBIASSIOIMG.. ..ottt 141
2.8.2.12. CUDIASSSCAL.......coiuiviiicriitcte ettt ettt bbb bbbttt bbbttt bt 141
2.8.2.13. CUDIBSSSWED. ... cvueeereeiiieiseieie ittt 141
2.8.2.14, CUDIASSGDMV......cviieiitcieieisee ettt 142
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2.8.2.15. CUDIASSGEMV........cuciiiiiiiiietsie ettt sb bbb bbb bbbttt 142

2.8.2.16. CUDIBSSGEN . .....vrieueirteetees et 142
2.8.2.17. CUDIBSSSDIMV......cvuiiiiiriiiieiiireie et 142
2.8.2.18. CUDIASSSPIMV......cucuiiiitiieisiie ettt et a bbb bbb s s bbbt ben s n s 143
2.8.2.19. CUDIBSSSPI ... cvueeereeiisetsere et ee st eb bbb s bbb s 143
2.8.2.20. CUDIASSSPI2Z........oucviiiiteieeecie ettt bbb b a bbbt b bbbt b bt 143
2.8.2.21. CUDIBSSSYMV.......cuiiiriiiiiietreie ettt bbbt 143
2.8.2.22. CUDIASSSYT. ..ottt ettt sttt bbbt 144
2.8.2.23. CUDIBSSSYI2........coiieieitiei ettt 144
2.8.2.24. CUDIASSIDIMV. ..ottt bbbt 144
2.8.2.25. CUDIASSIDSV. ...ttt sttt 144
2.8.2.26. CUDIASSIPMV.....ovuieciiicicisi ettt sa bbb bbb bbbt a e 145
2.8.2.27. CUDIASSIPSV. ..eueeeceereeeee ettt ettt ees et ne et nnnas 145
2.8.2.28. CUDIBSSIIMV.......cooiriiiieietstieietst ettt bbbttt 145
2.8.2.29. CUDIASSIISV. .. ..eeieeieieee ettt ettt s bRttt 145
2.8.2.30. CUDIBSSGEMM....coueitiiiieitieeseiseiee ettt ettt bbb bbbt 146
2.8.2.371. CUDIBSSSYMM.....oiuieiriirieireiiessseesetsss e setsss et es s es s ss st s bbb s s st s st ren 146
2.8.2.32. CUDIBSSSYTK. .....crvreeeereereeeseieeees ettt ee bbb 146
2.8.2.33. CUDIASSSYIZK......ovuieiieirieriseieieeseisseeeseesesesseeses st st ss st s bbbt 146
2.8.2.34. CUDIASSIIMIM.......ooiiiicieeecie sttt ettt et 147
2.8.2.35. CUDIASSIISM.......cuviitiieiiettiei ettt bbbttt 147
2.8.2.36. cublasSgemMMBALCREG...........ciiir e 147
2.8.2.37. CUbIaSSPEtrfBatChEd..........cccviiicveiiciscce bbb 148
2.8.2.38. CUDIaSSGENBALCNET. .....c..ceereceee i 148
2.8.2.39. CUDIASSPELrSBatChEA........c.cviiiveiiecieiecs sttt 148
2.8.2.40. CUDIaSSIrSMBALCREM. .......c.oeiieceeireee et 149
2.8.2.41. cublasSmatinVBAChEd............cccuiveieiieisecr et 149
2.8.2.42. cublasSgeqrfBatChed....... ..o 149
2.8.2.43. cUDIaSSEISBALCNEA. ... 149
2.8.3. Single Precision Complex Functions and SUDIOULINES............ccviereuriieiininieieiseessse s 150
2.8.3.1. CUDIASCAXDY.....ovreeeieietseie ettt 150
2.8.3.2. CUDIASCCOPY....cucvieiecteiiiciei ettt ettt bbb bbb bbbt bbb bbb sttt a b 150
2.8.3.3. CUDIASCAOLC. ... vttt e s st et enn s nnas 150
2.8.3.4, CUDIASCAOIU. ..o 151
2.8.3.5. CUDIASCIOL.......c ettt sttt Rt 151
2.8.3.6. CUDIASCSCAL.......ovrerieirciiieiieiscie ettt 151
TR R o =TS~ OO 151
2.8.3.8. CUDIASCSWAD......vevieiiiciieie sttt s ettt et s bt s b n e st a s nnas 151
2.8.3.9. CUDIASICAMAX. ......eeeeeieeteireeie sttt sttt eb s 152
2.8.3.10. CUDIASICAMIN......co.iieiiecieiiciei et a bbbttt bbb 152
2.8.3. 11, CUDIASSCASUM.......viiiicicieictstieist sttt bbbttt bbbt bbbt en b 152
2.8.3.12. CUDIASSCNMMZ.......oceeiiicieiieicie ettt st ses sttt en s 152
2.8.3.13. CUDIASCODMV. ..ottt ettt ettt ettt ns 152
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2.8.3.14. CUDIASCGEMV. ...ttt bbb s bbb bbbt b bbbt 153

2.8.3.15. CUDIBSCYETC. .....cucvucverteeeisceeieieiei bbb 153
2.8.3.16. CUDIASCGEIU. ....vvuieiiiicieieiets sttt sttt bbbttt a bt n s 153
2.8.3.17. CUDIASCRDMV......cucviviiiiicicccte ettt bbbttt bbb bbbttt n s s s s 153
2.8.3.18. CUDIASCREMV......ucvviiiiccctct ettt bbbt bbb bbbt ettt et s s s s s 154
2.8.3.19. CUDIASCNET ..ottt ettt e bbb bbbttt bbbttt bt 154
2.8.3.20. CUDIASCREIZ........cocueveiiiicieeeete ettt bbbttt ettt bbbttt ettt s s s 154
2.8.3.21. CUDIASCNPMV. ...ttt bbb bbb bbb bbbt b bt 154
2.8.3.22. CUBIBSCRP ... ..vtetieieiiet ettt 155
2.8.3.23. CUDIASCNPI2.......oieiviicteetctete ettt st b bbbt bbbt et 155
2.8.3.24, CUDIASCEIMV......couiuiiicccc ettt ettt bbb bbbttt n s 155
2.8.3.25. CUDIASCIDSV.....cvvuivciiiicis ettt sb bbb bbbt a e 155
2.8.3.26. CUDIASCIPIMV ... ...ttt s st e e 156
2.8.3.27. CUDIASCIPSV...cuvvrieeieicrciisie sttt st s bbb bbbttt 156
2.8.3.28. CUDIASCIIMV.......cuitiiitiieieice ettt bbb bbb bbb bbb bbbt b 156
2.8.3.29. CUDIASCISV.......cucuevireieiieiieectet ettt bbbttt bbbt et ettt bbb s e st ettt st s s e 156
2.8.3.30. CUDIASCOEMIML.......vuiiriiierireiiirie ittt bbbttt 157
2.8.3.31. CUDIASCREMML.....cocvitiiiiiieccccte ettt et bbbt b bbb bbb st ettt bbb 157
2.8.3.32. CUDIASCNEIK. ......ucviviict ettt sttt bbb bbbt bbb 157
2.8.3.33. CUDIASCREIZK.........cuiviveieiieiieetetete ettt ettt bbb bbb bbbt bbbttt b b 157
2.8.3.34. CUDIASCSYMML......cuciiiteiicte ettt bbb bbb bbbt bbb b b e 158
2.8.3.35. CUDIBSCTSYIK......ouevueeerieereireeeseeee st 158
2.8.3.36. CUDIASCSYIZK........cvcviecieiiicreiseicte ettt bbb bbb bbbt bbb 158
2.8.3.37. CUDIASCIIMIM. ..ottt bbb bbbttt bbbt bbb b s s 159
2.8.3.38. CUDIASCAISIM......cocvuieirciieis it 159
2.8.3.39. cUbIaSCEMMBALCNEM. ......c..cviieerieiicicte bbb 159
2.8.3.40. cUbIaSCEtTBaICNEd. ........cuvieicereieeci ettt 160
2.8.3.41. cUbIaSCEtrBAICNEA. ......c.cueiieceeiiiei ettt 160
2.8.3.42. CUDIaSCGEIrSBaICNEd. .. .....cvuieiieiieieicire bbb 160
2.8.3.43. cUDIaSCHSMBAICNEA..........cuevieireiicisicece ettt e ettt 161
2.8.3.44. cublasCmatinVBatCNEd............c.cucviiiiicccce et 161
2.8.3.45. cublasCgeqrBatCied.........cc.vuiurieiirese b 161
2.8.3.46. CUDIASCUEISBAICNEM. ........cvuceiricieictsieet bbbt 162
2.8.4. Double Precision Functions and SUBIOULINES.............cccueueiiereiiiiciee et 162
2.8.4.1. CUDIASIAAMAX........ccuiieieiiiisiecctct ettt bbb et b bbb bbb a bbbt n s 162
2.8.4.2. CUDIASIAAMIN. ..ottt bbb 162
2.8.4.3. CUDIASDASUML.......cocuviiiiiccctct ettt ettt bbbttt b b b s s bbb bt s s s s e s 163
R o] =TS )PP T 163
2.8.4.5. CUDIASDCOPY. .. ereereertrieieiri ettt ettt e bRttt 163
2.8.4.6. CUDIASDIOL.........ceuieitiritetetee ettt ettt b bbb bbbttt bttt ae b bt 163
2.8.4.7. CUDIASDINIMZ.......cocucteieieii ettt bbb bbbttt s e bbbt et s s s 163
2.8.4.8. CUDIASDIIOL.........coceieeteteieiciesteect ettt bbb e b bbb bbb bbbt 164
2.8.4.9. CUDIASDIOG. ... ettt 164
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2.8.4.11. CUDIASDIOIMG. c..vuvecereeice bbb 164
2.8.4.12. CUDIBSDSCAL......coevuieirerieiieii ettt 165
2.8.4.13. CUDIASDSWED. .....cucvvititiiiiiiecct ettt ettt a bbbt bbbttt n s 165
2.8.4.14. CUDIBSDGDMV. ..ottt bbbttt 165
2.8.4.15. CUDIASDGEMY. ...ttt sttt 165
2.8.4.16. CUDIBSDGET ... ... eeeieeeieieiseieee ettt 166
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2.8.4.18. CUDIBSDSPMV.......couiiirieiriirieiseiceses et b 166
2.8.4.19. CUDIASDISP.......cueeiiiieicieieisisie ettt ettt bbb e ettt bbbt 166
2.8.4.20. CUDIASDSPIZ.......veieirieeieereeee sttt sttt s e es bbb et e st st 167
2.8.4.21, CUDIASDSYMV.....ocuiiieiiieiiisisieee ettt e s sttt ettt n s 167
2.8.4.22. CUDIBSDSY .....cooteereeiiiee ittt bbb bbb 167
2.8.4.23. CUDIASDSYI2........ouceeiicteisescie ettt bbb s bbbt 167
2.8.4.24. CUDIASDIDMV.........omieiice ettt 168
2.8.4.25. CUDIASDIDSY.....uviecieicieiiiietsiee ettt bRttt 168
2.8.4.26. CUDIASDIDIMIV......ocuiviviiiieccctc ettt bbbt et bbbt b e bbbt et n e 168
2.8.4.27. CUDIBSDIPSV.....vvviiieieie ettt 168
2.8.4.28. CUDIASDIIMV.......eiiiiiiieterete ettt bbb 169
2.8.4.29. CUDIASDIISY.....ceviceeirieee ettt s ettt 169
2.8.4.30. CUDIASDIEMML.....cocuiiiieiiiiiiitcreieie ettt bbb bbb s s s sttt s s 169
2.8.4.31. CUDIBSDSYIMIM......c..coimitieeirieie ittt 169
2.8.4.32. CUDIASDISYIK.....cvuevuieeerieireiriicseiies st s 170
2.8.4.33. CUDIBSDSYIZK.......couceerieeecerteci et 170
2.8.4.34. CUDIBSDIIMM. ...ttt bbbt 170
2.8.4.35. CUDIASDIISM. ...ttt R bbbt 170
2.8.4.36. cublasDGEMMBAICNEM. ..ottt 171
2.8.4.37. cublasDGetrBatChed. .......c.cuo et 171
2.8.4.38. CUDIaSDGELBAICNEA. ........cvieiieiceeicre e 171
2.8.4.39. CUDIaSDGEIrSBatCEd.........c.ov i 172
2.8.4.40. CUDIASDISMBAICNEA. .......c.cueiieeiriiieisce sttt nnes 172
2.8.4.41. cublasDmatinVBAtCRE...........ccuriirc e 172
2.8.4.42. cublasDgeqrBatCNed. ..ot 173
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2.8.5.10. CUDIASZIOL.......ceueieeieeieete ettt ettt st s bt bbb b s b 175
2.8.5.11. CUDIASZSCAL........cvieiicie ettt 176
2.8.5.12. CUDIASZASCAL. ... ettt b bbbt 176
2.8.5.13. CUDIBSZSWAD. ... vuceericeireiseie it 176
2.8.5.14. CUDIASZGDMV......iiiiieei ettt ettt 176
2.8.5.15. CUDIBSZYEMV.....covrieiiiirieireiee ettt bbb st 177
2.8.5.16. CUDIASZGEIC. .....euerieeeieieiri ettt bbbttt 177
2.8.5.17. CUDIBSZYEIU. .....ceereeeeetie ettt bbbt 177
2.8.5.18. CUDIBSZNDMV......cviiieiicr bbbt 177
2.8.5.19. CUDIASZNEBMV......iiiiiiecieeieir ettt ettt s ee et s e en st snnnas 178
2.8.5.20. CUDIBSZNEY ..ottt bbb bbb 178
2.8.5.21. CUDIASZNEI2.........oeeee ettt s ees et na et 178
2.8.5.22. CUDIASZNPMV......vviieiiecieicieisi sttt bbbt a b b n s s et aernnas 178
2.8.5.23. CUDIASZNPI......ceeeeceeeceet ettt et stk n et 179
2.8.5.24. CUDIBSZNPIZ.......coeimieriieieistie ettt bbbttt 179
2.8.5.25. CUDIASZIDMV........cuiiiieeiireieiris ettt bbbt b bbbt 179
2.8.5.26. CUDIASZIDSV.......ocvieeeeriieieiieieieitie sttt ettt ettt 179
2.8.5.27. CUDIASZEIDMV.....coceivrcicicicise ettt et bbbt bbbttt n s 180
2.8.5.28. CUDIBSZEDSV.....couieiieieiiieiseise ettt 180
2.8.5.29. CUDIBSZIIMV......uirieetitieiriete ettt bbbt 180
2.8.5.30. CUDIASZISY......cuueieeeiieeieireieir ettt ettt e s e se et s es et es e nne et snnnas 180
2.8.5.31. CUDIASZOEMML.....coiiiieieieieiiii ettt bbbttt a e s e R n et et s s 181
2.8.5.32. CUDIASZNEMML......ceeiiieei ettt ees e es et e e s e see e 181
2.8.5.33. CUDIBSZNETK........cviieiriiiieietsee sttt 181
2.8.5.34. CUDIASZNEIZK........ceeeecieeieee ettt ettt bbb st 181
2.8.5.35. CUDIBSZSYMIM.....c.oiiiiiiieieiseie ettt bbb bbbt 182
2.8.5.30. CUDIASZSYIK. .....eueieeeeieeeireeetee ettt sttt s bbb bbbttt 182
2.8.5.37. CUDIBSZSYIZK......ceueieieeiieietseie ettt bbb 182
2.8.5.38. CUDIASZIIMM......oieiteiicte ettt es bbbttt 183
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2.8.5.40. cublasZgemmMBAatChed...........oueueiiriieircei bbb 183
2.8.5.41. cUDIaSZGEtrBatChEd.........cueueeceice 184
2.8.5.42. cUblasZgetriBatChed............ccucueiiiiiiceccce bbb 184
2.8.5.43. CUDIASZGEIrSBAICNEA. .......cveeieecietie bbb 184
2.8.5.44. CUDIASZISMBAICNEA. ......... et bbb 185
2.8.5.45. cublasZmatinVBatCNEA...........c.cu e 185
2.8.5.46. CUbIaSZGEqrBatChEA. .......ccviirceeiicieee e 185
2.8.5.47. CUDIASZGEISBAICNEA. ........ceeecicicece ettt 186
Chapter 3.FFT Runtime Library APIS..........ccoimnss s ssssssens 187
3.1. CUFFT Definitions and Helper FUNCHONS............cccueiiuiiicieeecteeecte ettt et s 187
3.1.1. cufftSetCompPatibDIlitYMOTE. ........cv e 188
3112, CUMISEBESIIEAM. ...t bbb 188
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314, CUMtSEIAULOAIIOCALION. ......cuvivitetee et bbbttt 188
3,15, CUMESEIWOIKAIBA. .....cecvicee ettt bbbt s et s st 188
318, CUIDESIIOY ...ttt s et 188
3.2. CUFFT Plans and Estimated Size FUNCHONS............c.ccoiieriiiiiicrececeeeete ettt 189
3.2, CUIRIPIANTG. ..ottt st st bbb bbbt b bbbt b s et ae b 189
3.2.2. CUITEPIANZ2A. ...ttt et ettt s et s enae s et st en s et enantenans 189
3.2.3. CUTTIPIANSA. ...ttt ettt bbb bbbt bbb ae b s 189
3.2.4. CUFPIANMANY. ..ot 189
3.2.5. CUICIBALE.....vuiecv ettt st b bbb bbbttt bbbt 190
3.2.6. CUMMAKEPIANTA......coviiie ettt ettt bbbttt bt s b b bne 190
3.2.7. CUIMAKEPIANZA.........coveiveiicece ettt bbbt bbb a bt 190
3.2.8. CUMMAKEPIANSM. .......cooiiieec ettt ettt bbb s bebne 190
3.2.9. CUTMAKEPIANIMANY........c.ciiieieiiicieiitceice ettt bbb bbbt b bt s s 190
3.2.10. CUMESHMAIETM.....ocvoeiee e bbbttt r e 191
3211, CUIRESHMALE2U. ......c.oiieececectetce ettt bbbt ae bbbttt s s en s neneeas 191
3.2.12. CUESHMALE3M...... oottt e bbb bbbttt bbbt nas 191
3.2.13. CUTEESHMAIEMANY.......coiiiiiieei bbb e 191
3214, CUIRIGEESIZET.......ceivicececcc ettt bbb b s bbb bbbttt bt 192
3.2.15. CUIEGEESIZE2M........ecveeeeceeeeee ettt ettt et a sttt s et sn st s e asenasnas 192
3.2.16. CUMEGEESIZE3M. ... oo cveviecrcicic ettt b bbbt bbbt 192
3.2.17. CUMFIGEEISIZEMANY.......coceierieteiec e 192
3,218, CUIIGEESIZE. ... vttt b bbbt bbbttt 192
3.3. CUFFT EXECULON FUNCHIONS. ..ottt ettt ettt bttt bbbt bbb 193
3.3.1. CUIEEXECC2C.....oe ettt s bbbt bbbt b s bbb bbbt s 193
3.3.2. CUEXECR2C......ce ettt bbb bbbt bbb bt s e bbbttt s s 193
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3.3 CUIEXECZ2Z.......oeeeee ettt et b bbb bbbttt et bbb sn e nebena 193
3.3.5. CUIEEXECD2Z.......eoeeeeeeeeeeee ettt ettt ettt s ae st s en st et sn st n s et sn st s en e et s et snes 193
3.3.6. cufftExecZ2D
Chapter 4.Random Number Runtime Library APIS............coocoummnnsssssssssssssssssssssesssnens 195
4.1. CURAND Definitions and Helper FUNCHONS...........cccocuieveiriiceice ettt s 195
4,11, CUrANACIEAIEGENETAION........ovieceecectcte ettt ettt b bbb bbbt s s 196
4.1.2. curandCreateGENEratOrHOS. ..ottt et 196
4.1.3. CUraNADESIIOYGENEIALON.........cuevrieieeirieereict st 197
414, CUTANAGEIVEISION. .......cviiieeticte ettt b b a e bbb a bbb s bbbt s e tes 197
4,15, CURANASEISIIEAM........ooeiececectc ettt bbbttt bbb s bbbt et b s 197
4.1.6. curandSetPseudoRandomMGENEratOrSEEA..........ccvireuriieiriceri e 197
4.1.7. curandSetGeneratorOffSEL..........ccciiiicc et 197
4.1.8. curandSetGeneratorONdBIING. ...ttt 197
4.1.9. curandSetQuasiRandomGeneratorDIMENSIONS.............cocuviiveiiicreiiecre ettt bbb 197
4.2. CURAND GENETAtOr FUNCHONS........cocviieceitititetcsici ettt bbb bbb bbbttt s 197
4.2.1. CUTANAGENEIALE. ......coiviviiecteect ettt et et e sttt bbbt b bbb b s st bbb s b s et b s 198
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4.2.2. cUrandGeNErateLONGLONG. ........ceuiriueiietcieiiiete ettt s b bbb bbbt 198

4.2.3. cUrandGENErateUNIfOIM...........coieiicccce et b bbb bbbttt b s s s 198
4.2.4. curandGenerateUniformDOUDIE..........c..ceviieeieiicisccc et 198
4.2.5. cUrandGENErateNOIMAL............cccvieiiiiiiceee et b bbb bbbttt beben s s 198
4.2.6. curandGenerateNOIMAIDOUDIE. ............cccueviviiiiiieeecer ettt bbbt b bas 198
4.2.7. CUrANAGENEIAIEPOISSON. ........cvviecreiicte ettt ettt bbbt a bbbttt s bbb b s b s st bbb 199
4.2.8. CUFANAGENEIAESEEUS.........cvcveveiiiieecete ettt ettt ettt bbb bbbttt ettt st bbb bans 199
4.2.9. curandGenerateLOGNOMMAL. ..ot 199
4.2.10. curandGenerateLOgNOrMAIDOUDIE. .........c.ou i 199
4.3. CURAND Device Definitions and FUNCHONS...........cccviiueriicieiicieseceiee et 199
4.3, CURANA_INIE. ..ottt b b bbb e bbb bbbt b b es e s bbb bbb s s e e e 200
4.3.1.1. curandINitXORWOW.........c.iericieiietsisscte ettt ss bbb st b st a s b s 200
4.3.1.2. cUraNAINItMRG3ZK3A.........cucveviiiiiieccctee ettt bbb bbb bbb s n s bt 201
4.3.1.3. curandInitPRloX4_32_10........coeviereiircerieisseers ettt sa st 201
4.3.1.4. cUrandInNitSODOI32..........ccuiueririeee bbbt 201
4.3.1.5. curandInitScrambledSODO0IB2............ccuiuiiieeec et bbb 201
4.3.1.6. cUrandINItSODOIBA..............ccvireuieeceece ettt bbb bbbttt 202
4.3.1.7. curandInitScrambledSODOIBA.............ciuiuirieeicie e bbb 202
4.3.2. CUFANG......ociieececectcte ettt bbb s s e e s s s bbb bbb s e R bbbt s s s e e s e R et et bbb s s s nerenas 202
4.3.2.1. CUrANAGELXORWOW..........ceieceeeee ettt ettt et s et e ae st s s e nsstessnsssesnsseessnsnsanans 202
4.3.2.2. CUrANAGEIMRGIZK3A........coveiveiicreisecte ettt ettt a bbb 202
4.3.2.3. cUrandGetPhIlOXA_32_10......c.coieeeeccctcee ettt ettt bbb en s aeais 202
4.3.2.4. CUrANAGELSODOIB2. ..ottt bbbttt 203
4.3.2.5. curandGetScrambledSObOI32............c.ciiiece bbb 203
4.3.2.6. CUrANAGELSODOIBA...........cocviviieiiireisece ettt bbb bbbt a bt 203
4.3.2.7. curandGetScrambledSObOlB4................coceiiiiiecccee bbb 203
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4.3.3.1. curandNOrmMalXORWOW...........cciiiieiecieieete ettt ettt ae s bbbt bbb se s naes 203
4.3.3.2. cUrandNOrMAIMRG3E2K3A..........ccoirireieiee ettt ettt bbbttt bt as 204
4.3.3.3. curandNOrmalPhiloxX4_32_10.........ccoeeeiiiiiiiccces sttt 204
4.3.3.4. curandNOIrMAISODOI32........c.coviiiiccie ettt ettt bbbt ettt b s 204
4.3.3.5. curandNormalScrambledSODOl32............ccviieiiciicc e 204
4.3.3.6. cUrandNOIrMAISODOIBA..........c.cocviiieeieteee ettt et bbbt bbb s b bbb bas 204
4.3.3.7. curandNormalScrambledSODOIBA4..............c.cceeiicieiieicr et 205
4.3.4. Curand_NOrMAl_DOUDIE........c.ccooiiiiiccice ettt bbbt bbbt s ettt bt 205
4.3.4.1. curandNormalDOUBIEXORWOW..........cuiiiiieiicieie ettt naas 205
4.3.4.2. curandNormalDOUDIEMRG3ZK3A...........ccuoiieiccicicee ettt bbbttt 205
4.3.4.3. curandNormalDoublePhiloX4_32_10........ccevieueririeieisissieis s ssss s ss st sssse st snsesesas 205
4.3.4.4. curandNormalDOUDIESODOI32.............cucuiiiiieeeeee ettt 205
4.3.4.5. curandNormalDoubleScrambledSOobOI32...........couiiiiiiccccc e 206
4.3.4.6. curandNormalDoUDIESODOIBA..............c.coieiicieieieie ettt ettt st 206
4.3.4.7. curandNormalDoubleScrambledSOobOoIBA.............ccoiiiiireieececeeeee e 206
4.3.5. CUraNd_LOG_INOMMAL.......cuririiiiririiriieieiscieieistis ettt et bbb s sttt st 206
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4.3.5.1. curandLogNOrMalXORWOW..........ccciiieiiriiece ettt sttt etes 206

4.3.5.2. curandLOgNOMAIMRGIZK3A...........coruverreiiirieireieieirtiee ittt 206
4.3.5.3. curandLogNOrmMalPhilox4_32_10.......ccviiiiiieieisise et sb s nnas 207
4.3.5.4. curandLOgNOIMAISODOI32...........cccuiiieericere ettt ettt 207
4.3.5.5. curandLogNormalScrambledSODO0I32...........cvririir e 207
4.3.5.6. curandLOgNOMMAISODOIBA...............ovururieierirririieieiss ettt ss s 207
4.3.5.7. curandLogNormalScrambledSODOIBA4..............corriiirr e 207
4.3.6. Curand_Log_NOrMal_DOUDIE...........cuuriririiriieieinsieietsee ittt s st ensesnsns 207
4.3.6.1. curandLogNormalDOUbIEXORWOW...........cuiuiiiiieriieinieereieeseseeeeseseies s ssenen 208
4.3.6.2. curandLogNOrmalDOUBIEMRG32K3A..........cvcuiiieiricieisicie ettt 208
4.3.6.3. curandLogNormalDoublePhiloX4_32_10.........cceuiiirireireereie ettt 208
4.3.6.4. curandLogNOrmalDOUBIESODOIBZ............ceiicieiecieicie et 208
4.3.6.5. curandLogNormalDoubleScrambledSOoDOoI32...........c..criiiriieees e 208
4.3.6.6. curandLogNormalDOUBIESODOIBA.............cccieeeirircieiicis ettt 208
4.3.6.7. curandLogNormalDoubleScrambledSOoDOIB4..............cvueeerrierieiniieieeee e 209
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4.3.7.1. curandUnifOrMXORWOW..........cvuiiriririirinieisissie ettt 209
4.3.7.2. curandUniforMMRG32K3@..........cerurerieirieirineeeisieesse et ses et ssse st ensesesnnas 209
4.3.7.3. curandUniformPRIlOX4_32_10.........ccvuiiriririiriireisiie ettt 209
4.3.7.4. curandUnIfOrMSODO0I32..........ccuvierirrieirserereeie sttt 209
4.3.7.5. curandUniformScrambledSObOI32...........ccuiiiririirerce e 210
4.3.7.6. curandUnIfOrMSODOIBA. ..ot ettt s et 210
4.3.7.7. curandUniformScrambledSObOIBA4.............c..cririmiriiriins e 210
4.3.8. Curand_UnifOrM_DOUDIE...........cueuiuririiee ettt ene et 210
4.3.8.1. curandUniformDOUDIEXORWOW...........cvimiiriieiiircieineiseie ittt ettt ssessennas 210
4.3.8.2. curandUniformDOUDIEMRG3ZK3A..........ccurueeieeireicierecir et et 210
4.3.8.3. curandUniformDoublePhiloX4_32_10........ccocviiieieeeciiieccseteeeee ettt 211
4.3.8.4. curandUniformDOoUbIESODOIB2...........c.curiieeieee et 211
4.3.8.5. curandUniformDoubleScrambledS0D0I32...........c.oueiiririrece 211
4.3.8.6. curandUniformDOUDIESODOIBA..............cceuiiriieiiieie ettt 211
4.3.8.7. curandUniformDoubleScrambledSOoDol64..............ccoieurrrniieeseeres s 211
Chapter 5.SPARSE Matrix Runtime Library APIS..........ccouerernnmmmnsnsssesessssssssssssssssesssesssssssssssssssssssssssssssssssssssssenens 212
5.1. CUSPARSE Definitions and Helper FUNCHONS...........coeiiiirerireneieeeisee st 212
5.1, CUSPAISECIBALE. ... vvcvicect ettt et a bbb bbb sttt sea bbbt bbb nas 214
5.1.2. CUSPASEDIESIIOY ... ..cvuceieeereeeiei ettt 214
5.1.3. CUSPArSEGELVETSION. .......cvcviecieiicte ittt b bbb et b bbb b b s bbbt b st b e 214
D4 CUSPArSESEESIIBAM. .. ...ttt 215
5.1.5. cUSPArsEGEtPOINEIMOTE. ........c.oviieiictc sttt 215
5.1.6. CUSPArsESEtPOINEIMOTE. ........oieeeriieee ettt 215
5.1.7. CUSPArSECIEAIEMAIDESCT. ......evceieeeseiee et 215
5.1.8. CUSPArSEDESIIOYMAIDESC..........ceeeercie ittt ettt 215
5.1.9. CUSPArSESEIMALTYPE. ... . cvcecerecieect ettt bbbttt 215
5.1.10. CUSPAIrSEGEIMAITYPE. ....evvereeireirciiseiciise ettt bbb 215
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5.1.11. cuSParseSEtMAtFIllMOTE. ..........ceviecieice ettt 216
5.1.12. cusparseGEtMatFIlIMOTE. .........c.cuiieeercer ettt 216
5.1.13. cUSPArseSEtMatDIAGTYPE. ....cvevreeveiiieiricis ettt bbb bbbt 216
5114, cUSPArSEGEtMAIDIAGTYPE. .. .veeceerereieercieer ettt ettt bbbt 216
5.1.15. cusparseSetMatiNAEXBASE. .........c.cueuiuriieiriirierise sttt 216
5.1.16. cuSpParseGEtMAtINAEXBASE. ..........c..cucviicreiierc ettt ettt et bbb s naas 216
5.1.17. cusparseCreateSOIVEANAIYSISINFO.........eviiree e 216
5.1.18. cusparseDestroySOIVEANAIYSISINTO.........c.iierieirieieiicree e 216
5.1.19. CUSPArSEGELLEVEIINTO. .....c..cueiiceiieicie bbb 217
5.1.20. cusparseCreateHYDIMAL..............ceiicviiicecs et bbbt 217
5.1.21. cusparseDEStrOYHYDMAL...........ciuiiiire e 217
5.1.22. cUSPArSECIrEatBCSISV2INTO.......c.cviiiecieiiieisets sttt sttt s bbb 217
5.1.23. cUSPArSEDESIIOYCSISV2INTO........cuvreiieeireiiicieieie it 217
5.1.24. cusparseCreateCSICOZINT0. ......ccvieueiieiricirse ettt s s 217
5.1.25. cusparseDestroYCSIICOZINT0. .........ccrurieer e 217
5.1.26. cusparseCreatelSIiIUDZINTO. ..ot 218
5.1.27. cusparseDEeStrOYCSTIUOZINTO. .....c.iuriririiriiriiisiieie st ss et ss st 218
5.1.28. cusparseCreateBSrSV2INTO........c i 218
5.1.29. cusparseDESIrOYBSISV2INTO. ........cuivriuriirireiiircieieir ittt 218
5.1.30. cusparseCreateBSCOZINT0. .........c.oivrieirerce e 218
5.1.31. cusparseDestroyBSHCOZ2INTO...........cccuiiiieice et b 218
5.1.32. cusparseCreateBsrilUOZINTO. ...t 218
5.1.33. cusparseDestroyBSHIUOZINTO. .........ccciiieiers ettt 218
5.1.34. cusparseCreateBSISM2INTO. . ...t 219
5.1.35. cusparseDestrOyBSISM2INT0...........cccviiieiriciers ettt 219
5.1.36. cusparseCreateCsrgemMM2INTO............cviiieerieriiie bbb 219
5.1.37. cusparseDestroyCSIEMMZINTO..........couueuiurirririerireieisisei et es bbb 219
5.1.38. cusparseCreateCoIOrINTO.........cciuiicieeeee e 219
5.1.39. cusparseDEStrOYCOIONINTO..........vviriurieieiscreis bbb 219
5.1.40. cusparseCreateCSIUZCSIINTO............ceuiiieieicieccte ettt e b bbb bbb 219
5.1.41. cusparseDestrOYCSIU2CSIINTO. ........c.ivueieeriieieire e 219
5.2. CUSPARSE LEVEI 1 FUNCHONS. ......covvriuiiieiriisireieissieisetssssessissseeesssss st ssses sttt sss st ss st assssssssssssasssnees 220
5.2, CUSPAISESAXPY L. . vuevrreeeereeseeereeseteese et es ettt e et ee bbb bbb bbb E bR E bbbt 220
5.2.2. CUSPAISEDAXDYI....cvviviveteiiisiiiisiete ettt sttt s bbb b bbb e s bR Rttt s e e R Rt et b b s n e rern 220
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5,24, CUSPAISEZAXDYI. . c.eveverererersisisisisseseeetstesstssssst s e sesatesese st st s e sese s e b et s e s e s s s e e e s e s et et et e b st s s e e se s bbb s e s s s s e sern 220
52,5, CUSPAISESAOMI. ... ceoeeeeeeceete ettt ettt et s Rk s et s s enan e 221
5.2.6. CUSPAISEDAOM. . ..cvcvvvieetiiecieiicie ettt bbbt bRttt 221
5.2.7. CUSPAISECAOLI.......ccuieiiiiitite et et b bbbt bbbt b b bbbt s e s R bbbt b 221
5.2.8. CUSPAISEZUOMI ... ..vvceeeeerceisei ettt bR 221
5.2.9. CUSPAISEUAOICI. .....vivvviectictciee ettt ettt bbbt et e s bbb bbbt bbb bbb s st b st bbb s et anais 222
B.2.10. CUSPAISEZAOLCI. ...vuvvveeerreeeieieetie ettt sttt ettt en 222
D211, CUSPAISESGINI. ...ttt ettt bbbttt 222
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5.2.12. CUSPAISEDGINT. ...ttt 222
5.2.13. CUSPAISECGINT..... ottt bbb bbbt 223
5.2 14, CUSPAISEZGINT.......cveieeiieceeiic ettt sttt bbbttt 223
5,215, CUSPAISESGINIZ. ... ..ottt bbb ees bbbttt 223
B.2.16. CUSPAISEDGINIZ........covrieirciieii bR 223
5,217, CUSPAISECGINIZ. ..ottt bbb 223
B.2.18. CUSPAISEZGINIZ. ......ooviiiieieie ettt bbbttt 224
5.2.19. CUSPAISESSCIN.......vucviviiieticte ettt et bbbt et b s bbb b bbbt bbbt e b b s st b s bbbttt nais 224
5.2.20. CUSPAISEDSCIN.......vuieereicereeiet ettt bbb 224
5.2.21. CUSPAISEUSC........eviviiecveiitete ettt ettt a bbb bbb bbbt b bbb s bbb bbb bbb s et 224
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5.2.23. CUSPAISESIO......vvvivevisiteiisete sttt ettt ettt s bt b bbbt b bbb et s et s bbbttt bt nas 225
5.2.24. CUSPAISEDION. ... ettt et e et 225
5.3. CUSPARSE LEVEI 2 FUNCHONS.......couevuiireiiiiiiieisiiistisei sttt s 225
5.3, CUSPAISESDSIMV. ...ttt ettt e st b bRt tennee 225
5.3.2. CUSPAISEDDSIMV.....ovuciiiicicieiet sttt 226
5.3.3. CUSPAISEEDSIINV. .....cocviieiiictci ettt ettt bbb bbb st bbb bbb s bbbt bbb s ae b nas 226
5,314, CUSPAISEZDSIMV......cvuitirieiies et csees e st s bbb bbbt 226
5.3.5. CUSPAISESDSIXIMV. ....cocviiiviiiici ittt ettt et b bbb sttt bbb bbb b et b e et 227
5.3.6. CUSPAISEDDSIXMV......ciiuiiiieireteieisetees ettt ettt bbb eb bbb bbbttt 227
5.3.7. CUSPAISECDSIXMV ..ottt ettt b bbb bbb sttt bbb nais 227
5.3.8. CUSPAISEZDSIXMV......cueiieiricieirc ettt ettt s et e e st e e e e s s e st e st nne s e 228
5.3.0. CUSPAISESCSIMNV......cuiviviectiiscte sttt ettt bbbt b s s bbb s bbb bbb bbbt b s et 228
5.3.10. CUSPAISEDCSIMV......ceueeiceiiucerereseeeeeeee e ete e ee st se e e esee e s e sesseeeses e e e e e e ee e b e s eese e saesee s ses et es et ee s et esrnseaesannns 228
5.3 11, CUSPAISECCSIMV.....e.vuiictiiecteie ettt ettt s bbbt bbbttt n s bbbttt b s 229
5.3.12. CUSPAISEZCSIMV......cueuerceeieeieereseeetseseeeeseseeseaes e e ese e eee s e eaeeseseees e s e e aeE e s ee et e Eee e e ee s b e s e se b s ans et esnneetennns 229
B5.3.13. CUSPAISESCSISV_ANAIYSIS. ... ..evevreeierseireieieistie ettt 229
5.3.14. CUSPAIrSEDCSISY_ANAIYSIS. ... ..eeeceeicereretieesieeeire ettt ettt s bbb 230
5.3.15. CUSPArSECCSISV_ANAIYSIS......vuivieerieieresetsireeseeseesesetsese et ss et es et ses bbbt s bbb ss bt s et 230
5.3.16. CUSPAISEZCSISY_ANAIYSIS. .....verceeirrieeireeireseieesce i rese e seseb bbbt eb bbbttt et 230
5.3.17. CUSPAISESCSISV_SOIVE.....euiiieierieeiiees st isesesstsise ettt sttt ase et s e s s s st a st s st enns 230
5.3.18. CUSPArSEDCSISY_SOIVE. ......ceeivieciiteieieieisisi sttt bbbt b bbb bbbt b s s s s 231
5.3.19. CUSPAISECCSISV_SOIVE......euieeiicieseireieee ettt bbbttt 231
5.3.20. CUSPArSEZCSISV_SOIVE. ......cuiviririiereriirisisiitsiesete sttt se st be s s s st s s se s e b e bbb s et s s s e s b s e s e s s s s s s snsnsetenanas 231
5.3.27. CUSPAISESNYDMV......cuiiiiiiii bbb 232
5.3.22. CUSPArSEDNYDMV......ocviiiiiiiiiicccc sttt sttt 232
5.3.23. CUSPAISECNYDIMV. ..ottt bbb bbb bbb 232
5.3.24. CUSPAISEZNYDMV......coiiiiiiiiiiieii ettt bbb a bttt bt s b s s b nan 232
5.3.25. CUSPArSESNYDSY_ANAIYSIS.......cceviririereiieieiei ettt 233
5.3.26. CUSPArSEDNYDSV_BNAIYSIS........cvieereerireereirieeieisisees ettt s s 233
5.3.27. CUSPArSECHYDSY_ANAIYSIS........evveeirieriieiseesireieessseiseesese et sss et ss s sss st ss s s s st nne 233
5.3.28. CUSPArSEZNYDSV_BNAIYSIS........cuvrerieerriieiseiiesiseirees e sess et es st 233
5.3.29. CUSPArSESNYDSV_SOIVE ..ottt 233
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5.3.30. CUSPArSEDNYDSY_SOIVE.......cieiiiiiicicieieis sttt bttt 234
5.3.31. CUSPArSECRYDSYV_SOIVE........coviiiiiiieiiiet ettt bbbt 234
5.3.32. CUSPAISEZNYNSV_SOIVE........cviviiiectsicieisi sttt st bbbt bbbt 234
5.3.33. cUSPArseShSISV2_DUMEISIZE. .......cuiviviecieee e 234
5.3.34. cuSparseDDSISV2_DUMEISIZE. ........ceuriieeeieicries ettt 235
5.3.35. cuSPArsECDSISV2_DUEISIZE. ........ccviivcviiecieecesete ettt bbb bbb 235
5.3.36. CUSPArSEZDSISV2_DUMEISIZE. .......eveiiceeisices sttt 235
5.3.37. CUSPAISESDSISV2_ANAIYSIS.......o.cvevieiteiiietierc ettt s bbb bbbt bbb bbb a bbb bbbt 235
5.3.38. CUSPArSEDDSISV2_ANAIYSIS......c.vuvririieieiiieiietseiei ettt 236
5.3.39. CUSPAIrSECDSISV2_ANAIYSIS..........ceviveriireriicietsicte ettt bbbt 236
5.3.40. CUSPArSEZDSISV2_ANAIYSIS......cccv.evierseirierier ittt ettt 236
5.3.41. CUSPAISESDSISVZ_SOIVE.......cviiiiciiiicteiiie ittt ess bbbt bbb s bbbt n st ssnnis 236
5.3.42. CUSPAISEDDSISV2_SOIVE......coeiieeeeieirieee ettt es st e et st 237
5.3.43. CUSPAIrSECDSISV2_SOIVE......cocuiiieeieiriieiicte ettt sttt 237
5.3.44. CUSPArSEZDSISVZ2_SOIVE........cuiucueieteiiiiisieeeic ettt bbb bbb bbb bbb bbb s s en e n b ebne 237
5.3.45. cUSPArSEXDSISV2_ZEIOPIVOL.......c.cvieeieicieiictsstce ettt 238
5.3.46. CUSPArSESCSISV2_DUMBISIZE. .......cvcuiiecieiitecte ettt et bbbttt sebns 238
5.3.47. cuSpParseDCSISV2_DUIEISIZE. ........euevrrrreeiieir ettt 238
5.3.48. cuSParseCCSISV2_DUIEISIZE..........ccveieireiicie ettt ettt 238
5.3.49. cusparseZCsrsV2_DUMTEISIZE.........ccuiuiieieriec e 238
5.3.50. CUSPAIrSESCSISV2_ANAIYSIS..........ceriririiirireiieieisies ettt ettt b e sse bbb s bbb bbbt b st nas 239
5.3.51. CUSPArSEDCSISV2_ANAIYSIS. ......cvueeereieeseirieeeeisieees ettt 239
5.3.52. CUSPAIrSECCSISV2_ANAIYSIS......covcvevieiieisiieiictctss sttt esse bbbttt bbb s bbbt bbbt b s 239
5.3.53. CUSPAISEZCSISV2_ANAIYSIS. ......cvurverieieeisieeseetereseeetes e eb s eb st ss bbb 239
5.3.54. CUSPAISESCSISV2_SOIVE........cvvieiieiiieriisetesstet sttt ettt s b bbbt b bbb a bbbt s bt nas 240
5.3.55. CUSPAISEDCSISV2_SOIVE. ... .eviriceiceeirieiet ettt es ettt ees bbbt s st srenas 240
5.3.56. CUSPAIrSECCSISV2_SOIVE......ucviiiieiiiieiriiietsiets sttt sns ettt sttt s et s e s s b s st snnnes 240
5.3.57. CUSPArSEZCSISV2_SOIVE.......cueuivivitititeieiiiie ittt ettt ettt b bbbt bbb et ettt b s s s s e s 240
5.3.58. CUSPAIrSEXCSISV2_ZETOPIVOL........cueviieeiierinieieisieisiss sttt ss st sese s ssss st es s snss st s st s s nsessnssenns 241
5.4, CUSPARSE LEVEl 3 FUNCHONS........covriuiiiririiriieieiseseietssseesissse sttt ettt ss st sss s sss st sse st sssnnes 241
D41, CUSPAISESCSIMM....cvuitueesetretesee ettt e bt b bbb bbb b b s bbb e bbb bbbt n e 241
5.4.2. CUSPAISEDCSIMML.....cvivititiieiiiee ettt bbbt bbb bt e s s s sttt b b e s s e e s sttt n s s s 241
5.4.3. CUSPASEOCSIMIM. ... ..ctieeereeeieeet ettt sttt b bbbt b bbb bbb f bbb bbbttt s 241
D44, CUSPAISEZCSIMIM.....uviveveiriisesesesetetete s st ss st e sese s st s s ss e e e e s esesesese s s s s e e se s s e bt e s e s e s e e e e se s s e b et et s s et s nsnnenenan 242
545, CUSPArSESCSIMMZ........eeciiiaeeeeseertseee st ees s st ese e se s e sese e e et s se e s ee s b s se s e e s b s ses e e e ee s et e s e seansnnnas 242
5.4.6. CUSPArSEDCSIMMZ.......cocuiiiiiiiieeieie ettt a ettt b ettt s b e e e e R bbb b s s e e sttt a s s s 242
D47, CUSPAISEOCSIMMZ. ....co.ceeeeeieeceeee st seseee et st sese e ses e seee e eeseE e e e s ee s ees e eseese e e e e b e e s sneeeee s s e s sesne s anseeessnnnsanns 243
5.4.8. CUSPAISEZCSIMMZ. ......cviueeiiiretetisetessssetss st ssssese s s st st as et s s s s s et a s ss s bt s bbbt b bbb e bbb st s et 243
5.4.9. CUSPArSESCSISM_BNAIYSIS. .......vrivrieereeiieeseeseieiee ittt 243
5.4.10. CUSPArSEDCSISM_ANAIYSIS. ......cvvvrrieriieieircieiei sttt 243
5.4.11. CUSPArSECCSISIM_ANAIYSIS.......vvrevrieiseeiiriseesieseseesssessesssssss sttt bbb sss st ss st nsssen 244
B.4.12. CUSPAISEZCSISIM_ANAIYSIS. .. ...evevreeeeiseiieereet ettt sttt bbbt 244
5.4.13. CUSPAISESCSISIM_SOIVE. .......cvivieitiititeiete ittt et aeb bbb eea bbbttt ae bbb en s bbb b bbb st s nais 244
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5.4.14. CUSPArSEDCSISM_SOIVE. ......ciiiiieieteieisisisicscieeeie sttt sttt s bbb s s s e e e s st et et st s s sssennnesnsenas 244
5415, CUSPAIrSEUCSISM_SOIVE. ... .oiueiieerecieirirete ettt st ses et es et a et aeb st s ettt nnse s 244
5.4.16. CUSPAIrSEZCSISIM_SOIVE.......euiviieeteisiietissetessssetsssse st st s ss st ss s s s st e s et en st s s st bbb s et b st s st s st enas 245
D417, CUSPAISESDSIMML.....viiiiiiieectc ettt et b bbb bbb sttt b b s s s 245
B.4.18. CUSPAISEDDSIMM......cvuieiiirieciie st bbb 245
5.4.19. CUSPArSECDSIMML.......ouitiiiceice ettt bt bbb bbbt bbbt et n et 246
B.4.20. CUSPAISEZDSIMM.......ouiviieiritereeeeeesetsetees e eeees et b et e b ee s b b ee s b b e bbb bbb e bbb bbb bbb s bbbt ensenns 246
5.4.21. cuSParseShSISM2_DUMEISIZE. .......cccviucreiieeieiiesice ettt s bbb bbbt 246
5.4.22. cusparseDbSISM2_DUFFEISIZE..........cveuiiic s 246
5.4.23. cusparseChSISM2_DUMEISIZE. ........ccoviviviicieiicts ettt 247
5.4.24. cusparseZbSrSM2_BUFEISIZE. ........ccoieiriee ettt 247
5.4.25. CUSPArSESDSISM2_ANAIYSIS........cviveireriiietiiscietsiete sttt b bbb bbb st s s b st eassnaesanas 247
5.4.26. cUSPArSEDDSISMZ_ANAIYSIS.........cveveeririieeeritiee ettt bbbttt 247
5.4.27. cUSPArSECDSISM2_ANAIYSIS......ccvriiiveriiriieiietsiseiete ettt b st na s a s s s naas 248
5.4.28. CUSPArSEZDSISM2_ANAIYSIS. .....c.cveceeerereieirieeeireseie st sese et see et e st eb st st ene et ee s 248
5.4.29. CUSPAIrSESDSISM2_SOIVE.....cucuiiieeiiiiieiiete sttt ettt sttt s bttt 248
5.4.30. CUSPArSEDDSISMZ_SOIVE........cuiuiieiiriiiiieiecictcte ettt ettt bbbt b bbb bbb st es 248
5.4.31. CUSPArSECDSISM2_SOIVE........coiiriieiriieeriscieieisie ettt e st s s a sttt enns 249
5.4.32. CUSPArSEZDSISMZ_SOIVE........cuiviviriteieisisiieee ettt bbb b bbbt s e sttt s s s 249
5.4.33. cUSPArSEXDSISM2_ZEIOPIVOL........cvu vttt 249
5.5, CUSPARSE EXIra FUNCHONS.......coovuiuiiiririisiieiseisiisieistte ettt sttt ss s ss s ss sttt ssesnnsnns 249
5.5.1. CUSPArSEXCSIIEAMMNNZ. .....ceuvritrieireiceeeseiee s 249
5.5.2. CUSPAISESCSIGEAM. .. ..vvvivetisiteiesetss sttt ettt et ss st b s s b s s bbb s s b s et b st b st b s s bbbt sn bt s et e b st sn et s nais 250
5.5.3. CUSPArSEDICSIGEAM........covrieiieiretieieice ettt bbbttt bbb 250
5.5.4. CUSPArSECCSIZEAM.... ... cvvieereiieteteese ettt ettt sttt s et bbbt b s s bbbt et b s s bbb sttt nse b s 250
5.5.5. CUSPAISEZCSIGEAM. .......euvuieesterieesetseaseseeses st ebes b s bbb 251
5.5.6. CUSPArSEXCSTIEMIMNNZ. ......vuivuiiiririieiseice et 251
D 5.7 CUSPAISESCSIGEMIML ... ..ceeieieeeiereere ettt ettt ses et es et e s ee e b e e e e ee s e R e E bt see e e bes e et ae st esnneas 251
5.5.8. CUSPArSEDCSIGEMML.......cuiritiiiretseieesetreiee ettt ettt b bbbt 251
5.5.9. CUSPArSECCSIGEMM.......ciivrieiieisetesieesetsere st ss ettt st b et b et bttt bbbttt en e en st s 252
5.5.10. CUSPAISEZCSIGEMM......ovuieuireriereseereeseseeseeseseeesseseeess s b s cs e ss bbbt a bbb st s bbb 252
5.5.11. cusparseScsrgemm2_DUMErSIZEEXL.........coiiirieirrecse et 252
5.5.12. cusparseDcsrgemm2_DUMFEISIZEEXL. ..o 253
5.5.13. cusparseCcsrgemm2_bUFErSIZEEXL..........cocvicviiiceisicscs e 253
5.5.14. cusparseZcsrgemm2_DUMFEISIZEEXL. ........c.oueviiiiieirece e 253
5.5.15. CUSPArSEXCSIGEMMEZNNZ........ceuerriririiiiseeetetetsts s sttt se st e s s b e bbb s e s s e e s st et eses et s s s s nsnsnsnsenas 253
5.5.16. CUSPAISESCSIGEMMZ.......covriteieseereietet sttt ettt ettt b ettt bbb 254
5.5.17. CUSPArSEDCSIGEIMMZ........ouiveiiieteiissctei ettt sttt eas sttt s e st b s bbb s et s s bt et s et s snnis 254
5.5.18. CUSPAIrSECCSIIEIMMZ.........euiuiieeeieeeeeeeiets et et se et esse e ee b ees e s s et st e s e b et e s e s e e ees b e s e s e b s et es s neesennas 255
5.5.19. CUSPAISEZCSIGEMMZ........cuuererieereireeeseeeeseseeessesee st es s es b es bbb st s bbb 255
5.6. CUSPARSE Preconditioning FUNCHONS..........ceuiiriieiiirieiiciseiseisse sttt sttt sssassesas 255
5.6.1. CUSPAISESCSIICO. ..o vrivuieereiiierettie ettt ettt bbb bbb bbbt 256
5.6.2. CUSPAISEDCSIICO.......cviveveiiiiiittcieie ettt et bbb bbb bbb s e e e s bbb bbb s s nereran 256
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5.6.3. CUSPArSECCSIICO. ... ...euevieieiisiieetsescte sttt sttt bbb bbb s b bbbt bbbt 256

5.6.4. CUSPAISEZESHICO. ... .. ceeeeeieeeseeeereseieeseee ettt ses et es et s e b e b e e e e e s e et s b s e st b e bt st eens 256
5.6.5. CUSPAISESCSIIUD. ... cucvevrieeiicieii ettt st b bbb s bbbt ea e s s et s et s e ne b s 257
5.6.6. CUSPAISEDCSIIUQ........cucviiiiiiiitcteic et et bbb bbbt b s s bbbt b bbb en s nereean 257
5.6.7. CUSPArSEUCSIIIUD........covrieeirtecei et 257
5.6.8. CUSPAISEZCSIIUD........cueviviiiiiiicetete ettt bbbttt bbbt s s s ss s bbb b b s s n s reris 257
5.8.9. CUSPAISESGISV. ... vueeieirceisei ettt AR 258
5.6.10. CUSPAIrSEDGISV.......ouceeiieeisiete ettt 258
5.8.11. CUSPAISEOGLSV. ... ettt 258
5.6.12. CUSPAISEZOLSV.....cecuivevetiteiitsisist ettt b bbb a e b bbbt s st s e e se s e bbb e b s b st ettt s s 258
5.6.13. CUSPAIrSESGLSV_NOPIVOL......iieeiieieieieerireeeireeie sttt es ettt e st s et nenes e 258
5.6.14. cUSPArSEDGISV_NOPIVOL.........oieeieiiieieisisiriie ettt s bbb nn e 259
5.6.15. CUSPArSECGISY_NOPIVOL. .......cuiiieiriceetrccieer ettt se sttt ees et s e en et nnnns 259
5.6.16. CUSPArSEZGISV_NOPIVOL........cveiiicieiiicieiiieisietetss sttt b s sss st b bbbt b st s bbbt et s s s s 259
5.6.17. cusparseSGtSVSIAEUBALICN. ..o 259
5.6.18. cusparseDgtSVSHAEABALCN.........c.cuvieiirecr e 260
5.6.19. cusparseCgtsVSIAEABALCN. ........c.cceieiiiriesere s 260
5.6.20. cusparseZgtsvStridedBatCN...........cceiuiirire st 260
5.6.21. cusparseSCSICO2_DUMEISIZE........cccviiuiiieiieiictc ettt ettt bbb sbns 260
5.6.22. cusparseDCSHCO2_DUTEISIZE. ..o 261
5.6.23. cusparseCCSICO2_DUMBISIZE. ........cccvvviveiicie ettt 261
5.6.24. cusparseZCsriCO2_BUMErSIZE.........cou ettt nnes 261
5.6.25. CUSPArSESCSIICO2_ANAIYSIS.......ovcvevireriiiriteiieeiseretss ettt bbb b s bbb bbbt et s bbbt 261
5.6.26. cUSPArSEDCSICO2_ANAIYSIS.......c..cvvreeieereirieeiseistiee ettt bbb 261
5.6.27. CUSPArSECCSIICO2_ANAIYSIS. .......cvevieiueisiieiictcise ettt sttt bbb s bbb bbb 262
5.6.28. cUSPArSEZCSICO2_ANAIYSIS......c..cuevrivieeerieiieeeeesee et 262
B5.6.29. CUSPAISESTSIICOZ......c..cevreeeereitieesetretee ettt b bbbt ee 262
5.6.30. CUSPArSEDCSIICOZ.......cocviiiiiicecteie ettt ettt bbb bbb bbbttt s b b s s aebenan 262
B5.6.31. CUSPAISECCSTICOZ. ......cuvuieereirceereereieeseises sttt 263
5.6.32. CUSPAISEZCSIICOZ.......cvcveiiiieieetetete ettt a bbb bbb s bbbt s s s s e s s e s b e bbb b e s s n e senenis 263
5.6.33. cusparseXCcsriC02_ZEIOPIVOL.........covueurieiririee ettt 263
5.6.34. cusparseScsrilu02_NUMETICBOOSE...........cccciiveiieieiece ettt b bbb bbbt 263
5.6.35. cusparseDCesrilu02_NUMENICBOOSLE. ..o 264
5.6.36. cusparseCcsHlUO2_NUMEICBOOSL..........cccviueviiciciiiee et naes 264
5.6.37. cusparseZcsrilu02_NUMEICBOOSE. .........cuouirerrcier et 264
5.6.38. cusparseSCsrilUQ2_DUMEISIZE........cccviiveiiiceicc ettt 264
5.6.39. cusparseDCSHIUO2_DUIFEISIZE........c..uovuiueeiecer ettt 264
5.6.40. cusparseCCSHlUO2_DUITEISIZE. .......ccciveieeiieiricicss ettt bbb 265
5.6.41. cusparseZCsrilu02_DUMFEISIZE........c.curiiiereeeee ettt 265
5.6.42. cUSPArSESCSIIUDZ2_ANAIYSIS.........cuiurireiriirireiieirie et 265
5.6.43. cuSParseDCSIIUDZ_ANAIYSIS.......c.cviurureriieericeririeie ettt 265
5.6.44. cuSParSECCSHIUOZ_BNAIYSIS.........ovueueerereirieriseisieeiet st eesese e bbb bbb 266
5.6.45. cuSPArseZCSIilUO2_ANAIYSIS.......c.curcururerieeurieieirereieireeie sttt 266
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5.6.46. CUSPAISESCSIIIUDZ.........cocvieireiiiceeisiscte ettt b bbbt ea bbb s bbbttt b s 266

5.6.47. CUSPAIrSEDCSIIUDZ..........eeeeceieecteiret ettt bbbttt enn e 266
5.6.48. CUSPArSECCSTIUDZ..........cviviriieiiicieisie sttt sttt bbbt s et 267
5.6.49. CUSPAIrSEZCSHIUDZ........cocviiiiecteteteee et bbbttt s s s e bbb bbb s snn s senenis 267
5.6.50. cusparseXCsrilUD2_zZErOPIVOL.........cceurieeririiieirieisire ettt essnnesenns 267
5.6.51. cusparseShSiCO2_DUMEISIZE. .........couieiicie ettt bbb bt 267
5.6.52. cusparseDDSICO2_DUMEISIZE. .......corirruriieeririese et 268
5.6.53. cusparseChSICO2_DUMEISIZE........cccviueueiieiieiie ettt bbb bbb 268
5.6.54. cusparseZbsriC02_DUMEISIZE. ... 268
5.6.55. CUSPArSESDSICO2_ANAIYSIS. .......ccviviveiriiericrciet ettt bbb bbb bbb a bbb 268
5.6.56. cUSPArSEDDSIICO2_ANAIYSIS........coevrevieeirieriieeretrtiei ittt 269
5.6.57. cuSPArseCDSIICO2_ANAIYSIS........ccevirerriiriiiisiietiiere sttt b st bbbttt anas 269
5.6.58. CUSPArSEZDSIICO2_ANAIYSIS. .....v.evuierreiiirieiseiee ettt 269
5.6.59. CUSPAIrSESDSTICOZ. . ..o vucviiriceeiiescteistset sttt sttt s bbb bbbt n b n bbb n e 269
5.6.60. CUSPArSEDDSIICOZ........cocviiicececietete ettt ettt bbb bbb bbbt n ettt b b s s 270
B5.6.67. CUSPAISECDSIICOZ. ... ... cvuieevriecieeeereieeeiee ettt ettt 270
5.6.62. CUSPAISEZDSIICOZ.......c.cvcvviiieecictctete et ettt bbb bbbt e s bbb et bbb b s e s st ettt n s s s 270
5.6.63. cuUSPArsEXbSHCO2_ZEIOPIVOL. ... ittt ettt nnes 271
5.6.64. cusparseSbsrlu02_NUMEICBOOSL..........ccccoieuiiiiiieiiciscte ettt 271
5.6.65. cusparseDDSIilu02_NUMETICBOOSE...........cuiuriieiieriieieiree et 271
5.6.66. cusparseChsrilu02_NUMETICBOOSL...........cccccuiuiiiieiictcireee st 271
5.6.67. cusparseZbsrilu02_NUMETICBOOSE. .........ccrrururirerireieire et ee st ses e ese s seenes 272
5.6.68. cusparseSbSHlUO2_DUITEISIZE.........cccvieiicieicicri ettt 272
5.6.69. cusparseDDSTilUO2_DUEISIZE. ..ottt 272
5.6.70. cusparseChSTilUD2_DUEISIZE.......ccvvreveieecieiesce et 272
5.6.71. cusparseZbsrilu02_DUFEISIZE. ..ottt 273
5.6.72. cUSPArSESDSHIIUOZ_BNAIYSIS........ccovrevieeerieriirireerieriseisete ettt ses bbbt 273
5.6.73. cuSPArseDDSIIIUOZ2_ANAIYSIS. .......c.ovrueurieeeirercieerieie et ese ettt 273
5.6.74. cusparseCDSIIIUDZ_aNEIYSIS.........c.eviieiiuriieieirieieirte ettt 273
5.6.75. cuSPArseZDSIilUOZ2_aNAIYSIS........ceiueuririrrireiieirieieire ettt st 274
5.6.76. CUSPAISESDSTIIUDZ.........coieerieieircirieeices ettt 274
5.6.77. CUSPArSEDDSHIUDZ. ..ottt bbbttt b b bbb s 274
5.6.78. CUSPAISECDSIIUDZ........coucvvreeeieeeteieeete ettt bbbt r e 275
5.6.79. CUSPAIrSEZDSTIUDZ.........coveiieeecectctete ettt s st b bbb n s s bbbt n s 275
5.6.80. cusparseXbsrilUO2_ZEIOPIVOL..........c.cvi ettt 275
5.7. CUSPARSE ReO0rdering FUNCHONS. .......c.cciuiiiieiiiicicsiee ettt bbbttt 275
LT BT o= T 1] 7o) Lo TP 276
5.7.2. CUSPAISEDCSICOION. .. ...ttt bbbt n e 276
5.7.3. CUSPAISECCSICOION. ... .ottt sttt ettt bbb bbb bbb s bbbttt s s s s s nnnebebetas 276
D74, CUSPAISEZCSICOION. ....coevveeireeceise s bbb 276
5.8. CUSPARSE Format Conversion FUNCHONS............coirieiiiniieieisseieissie ettt sssssessssssessssssessessssessesns 277
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PREFACE

This document describes the PGI Fortran interfaces to cuBLAS, cuFFT, cuRAND, and
CUSPARSE, which are CUDA Libraries used in scientific and engineering applications built upon
the CUDA computing architecture.

Intended Audience

This guide isintended for application programmers, scientists and engineers proficient in
programming with the Fortran language. This guide assumes some familiarity with either CUDA
Fortran or OpenACC.

Organization

The organization of this document is as follows:

Introduction
contains ageneral introduction to Fortran interfaces, OpenACC, CUDA Fortran, and CUDA
Library functions
BLASRuntimeLibrary APIs
describes the Fortran interfaces to the various cuBLAS libraries
FFT RuntimeLibrary APIs
describes the module types, definitions and Fortran interfaces to the cuFFT library
Random Number Runtime APIs
describes the Fortran interfaces to the host and device cuRAND libraries
Sparse Matrix Runtime APIs
describes the modul e types, definitions and Fortran interfaces to the cuSPARSE Library
Examples
provides sample code and an explanation of each of the simple examples.

Conventions

This guide uses the following conventions:
italic
isused for emphasis.
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Constant Width
isused for filenames, directories, arguments, options, examples, and for language statements
in the text, including assembly language statements.
Bold
isused for commands.
[item1]
in general, square brackets indicate optional items. In this case item1 is optional. In the
context of p/t-sets, square brackets are required to specify a p/t-set.
{item2|item 3}
braces indicate that a selection is required. In this case, you must select either item?2 or item3.
filename....
élipsisindicate a repetition. Zero or more of the preceding item may occur. In this example,
multiple filenames are allowed.
FORTRAN
Fortran language statements are shown in the text of this guide using a reduced fixed point
size.
C/C++
C/C++ language statements are shown in the test of this guide using a reduced fixed point
size.

The PGI compilers and tools are supported on wide variety of Linux, macOS and Windows
operating systems running on x86-compatible processors, and on Linux running on OpenPOWER
processors. (Currently, the PGDBG debugger is supported on x86 only.) See the Compatibility
and Installation section on the PGl website for a comprehensive listing of supported platforms.

Support for 32-bit development is deprecated in PGl 2016 and will no longer be available as of the PGl
2017 release. PGI 2017 will only be available for 64-bit operating systems and will not include the ability to
compile 32-bit applications for execution on either 32- or 64-bit operating systems.

Terminology

If there are terms in this guide with which you are unfamiliar, PGl provides a glossary of terms
which you can access at www.pgroup.com/support/definitions.htm

Related Publications

The following documents contain additional information related to OpenACC and CUDA Fortran
programming, CUDA, and the CUDA Libraries.

» ISO/IEC 1539-1:1997, Information Technology — Programming Languages — FORTRAN,
Geneva, 1997 (Fortran 95).

» NVIDIA CUDA Programming Guide, NVIDIA, Version 3.1.1, 7/21/2010. Available online
at http://www.nvidia.com/cuda.

» NVIDIA CUDA Compute Unified Device Architecture Reference Manual, NVIDIA,
Version 3.1, June 2010. Available online at http://www.nvidia.com/cuda.

» PGl Compiler User”s Guide, The Portland Group, Release 2016. Available online at
www.pgroup.com/doc/pgiug.pdf.
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Chapter 1.
INTRODUCTION

This document provides areference for calling CUDA Library functions from PGI Fortran. It
can be used from Fortran code using the OpenACC programming model, or from PGI CUDA
Fortran. Currently, the CUDA libraries which PGI provides pre-built interface modules for, and
which are documented here, are:

CUBLAS, an implementation of the BLAS.

CUFFT, alibrary of Fast Fourier Transform (FFT) routines.

CURAND, alibrary for random number generation.

CUSPARSE, alibrary of linear algebra routines used with sparse matrices.

vV v v VY

The OpenACC Application Program Interface is a collection of compiler directives and runtime
routines that allows the programmer to specify loops and regions of code for offloading from a
host CPU to an attached accelerator, such as a GPU. The OpenACC APl was designed and is
maintained by an industry consortium. See the OpenA CC website http://www.openacc.org for
more information about the OpenACC API.

CUDA Fortranisasmall set of extensionsto Fortran that supports and is built upon the CUDA
computing architecture. CUDA Fortran includes a Fortran 2003 compiler and tool chain for
programming NVIDIA GPUs using Fortran, and is an analog to NVIDIA's CUDA C compiler.
Compared to the PGI Accelerator and OpenACC directives-based model and compilers, CUDA
Fortran is alower-level explicit programming model with substantial runtime library components
that give expert programmers direct control of all aspects of GPGPU programming.

This document does not contain explanations or purposes of the library functions, nor does

it contain details of the approach used in the CUDA implementation to target GPUs. For that
information, please see the appropriate library document that comes with the NVIDIA CUDA
Toolkit. This document does provide the Fortran module contents: derived types, enumerations,
and interfaces, to make use of the libraries from Fortran rather than from C or C++.

Many of the examples used in this document are provided in the PGl compiler and tools
distribution, along with Makefiles, and are stored in the yearly directory, suchas2016/CUDA-
Libraries.
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1.1. Fortran Interfaces and Wrappers

Almost al of the function interfaces shown in this document make use of features from the
Fortran 2003 iso_c binding intrinsic module. This module provides a standard way for
dealing with isues such as inter-language data types, capitalization, adding underscores to symbol
names, or passing arguments by value.

Often, the iso_ ¢ binding module enables Fortran programs containing properly written
interfaces to call directly into the C library functions. In some cases, PGl has written small
wrappers around the C library function, to make the Fortran call site more "Fortran-like",
hiding some issues exposed in the C interfaces like handle management, host vs. device pointer
management, or character and complex data type issues.

In asmall number of cases, the C Library may contain multiple entry points to handle different
datatypes, perhapsan int inonefunctionand asize t inanother, otherwise the functions are
identical. In these cases, PGl may provide just one generic Fortran interface, and will call the
appropriate C function under the hood.

1.2. Using CUDA Libraries from OpenACC Host Code

All four of the libraries covered in this document contain functions which are callable from
OpenACC host code. Most functions take some arguments which are expected to be device
pointers (the address of a variable in device global memory). There are several waysto do that in
OpenACC.

If the call islexically nested within an OpenACC data directive, the PGI Fortran compiler, in the
presence of an explicit interface such as those provided by the PGI library modules, will default
to passing the device pointer when required.

subroutine hostcall (a, b, n)
use cublas

real a(n), b(n)

!'Sacc data copy(a, b)

call cublasSswap(n, a, 1, b, 1)
!'Sacc end data

return

end

A Fortran interface is made explicit when you use the module that containsit, asintheline use
cublas inthe example above. If you look ahead to the actual interface for cublasSswap, you will
see that the arrays a and b are declared with the CUDA Fortran device attribute, so they take only
device addresses as arguments.

It is more acceptable and general when using OpenACC to pass device pointers to subprograms
by usingthehost data clause as most implementations don't have away to mark arguments
as device pointers. The host data construct with the use device clause makes the device
addresses available in host code for passing to the subprogram.

use cufft
use openacc

!'Sacc data copyin(a), copyout (b, c)
ierr = cufftPlan2D(iplanl,m,n,CUFFT_C2C)
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ierr = ierr + cufftSetStream(iplanl,acc get cuda stream(acc_async_sync))
!Sacc host data use device(a,b,c)

ierr ierr + cufftExecC2C(iplanl,a,b,CUFFT FORWARD)

ierr ierr + cufftExecC2C(iplanl,b,c,CUFFT INVERSE)

!$acc end host data

! scale c

!'Sacc kernels

c =c / (m*n)
!Sacc end kernels
!Sacc end data

This code snippet also shows an example of sharing the stream that OpenACC and the cuFFT
library use. Every library in this document has a function for setting the CUDA stream which the
library runs on. Usually, when using OpenACC, you want the OpenACC kernelsto run on the
same stream as the library functions. In the case above, this guarantees that thekernel ¢ = ¢ /
(m*n) does not start until the FFT operations complete. The function acc_get cuda stream
and the definition for acc_async_sync arein the openacc module.

1.3. Using CUDA Libraries from OpenACC Device Code

Two libraries are available from withn OpenACC compute regions, though the two can behave
quite differently. Functionsin both the openacc_cublas module and the openacc_curand module
aremarked acc routine seq. The cuBLAS interfacesfrom device code closely mirror
what's available from the host, but the underlying implementation may launch a new kernel using
CUDA dynamic parallelism. The routines should not be called by multiple threads if you expect
the threads to cooperate together to compute the answer.

subroutine testdev( a, b, n )
use openacc_cublas

real :: a(n), b(n)

type (cublasHandle) :: h

!Sacc parallel num gangs(l) copy(a,b,h)
Jj cublasCreate (h)

3 cublasSswap(h,n,a,1,b,1)
j = cublasDestroy (h)

!Sacc end parallel

return

end subroutine

When using the openacc_cublas module, you must link with -Icublas_device (or
defaultlib:cublas_device on Windows) and compile and link with -Mcuda.

The cuRAND devicelibrary isal contained within CUDA header files. In device codg, it is
designed to return one or asmall number of random numbers per thread. The thread's random
generators run independently of each other, and it is usually advised for performance reasons to
give each thread a different seed, rather than a different offset.

program t
use openacc_curand

integer, parameter :: n = 500
real a(n,n,4)

type (curandStateXORWOW) :: h
integer (8) :: seed, seq, offset
a=0.0

!'Sacc parallel num gangs (n) vector length(n) copy(a)
!Sacc loop gang
do j =1, n
!'Sacc loop vector private (h)
doi=1, n
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seed = 12345 8 + j*n*n + i*2

seq = 0_8

offset = 0 8

call curand init (seed, seq, offset, h)
!'Sacc loop seq

do k =1, 4

a(i,j, k) = curand uniform (h)
end do
end do

end do
!Sacc end parallel
print *,maxval (a),minval (a),sum(a)/ (n*n*4)
end

When using the openacc_curand module, since all the code is contained in CUDA header

files, you do not need any additional libraries on the link line. However, since the current
implementation relies on CUDA compilation, you must compile with -ta=tesla,nollvm.

1.4. Using CUDA Libraries from CUDA Fortran Host Code

The predominant usage model for the library functions listed in this document isto call them
from CUDA Host code. CUDA Fortran alows some special capabilitiesin that the compiler is
able to recognize the device and managed attribute in resolving generic interfaces. Device actual
arguments can only match the interface's device dummy arguments; managed actual arguments,
by precedence, match managed dummy arguments first, then device dummies, then host.

program testisamax ! link with -Mcudalib=cublas -lblas
use cublas

real*4 x(1000)

real*4, device :: xd(1000)

real*4, managed :: xm(1000)

call random number (x)

! Call host BLAS
j = isamax(1000,x,1)

xd = x

! Call cuBLAS

k = isamax (1000,xd, 1)
print *,j.eq.k

Xxm = X

! Also calls cuBLAS

k = isamax (1000, xm, 1)

print *,j.eq.k

end

Using the cudafor module, the full set of CUDA functionality is available to programmers for
managing CUDA events, streams, synchronization, and asynchronous behaviors. CUDA Fortran
can be used in OpenMP programs, and the CUDA Librariesin this document are thread safe with
respect to host CPU threads. Further examples are included in chapter Examples.

1.5. Using CUDA Libraries from CUDA Fortran Device Code

The cuBLAS and cuRAND libraries have functions callable from CUDA Fortran device code,
and their interfaces are accessed viathe cublas device and curand device modules,
respectively. The module interfaces are very similar to the modules used in OpenACC device
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code, but for CUDA Fortran, each subroutine and function is declared attributes(device), and the
subroutines and functions do not need to be marked asacc routine seq.

! cuBLAS in device code requires -Mcuda=cc35 or higher

! since it potentially uses dynamic parallelism to launch kernels.
! pgfortran -Mcuda=cc35 testcu.cuf -lcublas device

attributes (global) subroutine testcu( a, b, n )

use cublas device

real, device :: a(*), b(*)
type (cublasHandle) : h
integer, value :: n

i = threadIdx%x

if (i.eg.l) then
Jj cublasCreate (h)
3 cublasSswap(h,n,a,1,b,1)
I cublasDestroy (h)

end 1if

return

end subroutine

Using the device cuRAND library with CUDA Fortran also requires compiling with -
Mcuda=nollvm so the CUDA in the cuRAND headers can get compiled.

module mrand
use curand device

integer, parameter :: n = 500
contains
attributes (global) subroutine randsub (a)
real, device :: a(n,n,4)
type (curandStateXORWOW) :: h
integer (8) :: seed, seq, offset

J = blockIdx%x; i = threadIdx%x
seed = 12345 8 + j*n*n + i*2
seq = 0_8
offset = 0 8
call curand init (seed, seq, offset, h)
do k =1, 4
a(i,j, k) = curand uniform (h)
end do
end subroutine
end module

program t ! pgfortran -Mcuda=nollvm t.cuf

use mrand

use cudafor ! recognize maxval, minval, sum w/managed
real, managed :: a(n,n,4)

a=20.0

call randsub<<<n,n>>>(a)
print *,maxval (a),minval (a),sum(a)/ (n*n*4)
end program

1.6. Pointer Modes in cuBLAS and cuSPARSE

Because the PGI Fortran compiler can distinguish between host and device arguments, the PGI
modules for interfacing to cuBLAS and cuSPARSE handle pointer modes differently than CUDA
C, which requires setting the mode explicitly for scalar arguments. Examples of scalar arguments
which can reside either on the host or device are the alpha and beta scale factors to the * gemm
functions.

Typically, when using the normal "non-_v2" interfacesin the cuBLAS and cuSPARSE modules,
the runtime wrappers will implicitly add the setting and restoring of the library pointer modes
behind the scenes. This adds some negligible but non-zero overhead to the calls.
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To avoid theimplicit getting and setting of the pointer mode with every invocation of alibrary
function do the following:

» Forthe BLAS, usethe cublas v2 module, and the v2 entry points, such as
cublasIsamax_ v2. Itisthe programmer's responsibility to properly set the pointer mode
when needed. Examples of scalar arguments which do require setting the pointer mode are
the a pha and beta scale factors passed to the * gemm routines, and the scalar results returned
from the v2 versions of the *amax(), *amin(), *asum(), *rotg(), *rotmg(), *nrm2(), and
*dot() functions. In the v2 interfaces shown in the chapter 2, these scalar arguments will have
thecomment ! device or host variable. Examplesof scalar arguments which do
not require setting the pointer mode are increments, extents, and lengths such asincx, incy, n,
Ida, Idb, and Idc.

» For the cuSPARSE library, each function listed in chapter 5 which contains scalar
arguments with thecomment ! device or host variable hasacorresponding v2
interface, though it is not documented here. For instance, in addition to the interface named
cusparseSaxpyi, thereis another interface named cusparseSaxpyi v2 with the exact
same argument list which callsinto the cuSPARSE library directly and will not implicitly get
or set the library pointer mode.

The CUDA default pointer mode is that the scalar arguments reside on the host. The PGI runtime
does not change that setting.

1.7. Writing Your Own CUDA Interfaces

Despite the large number of interfaces included in the modules described in this document, users
will have the need from time-to-time to write their own interfaces to new libraries or their own
tuned CUDA, perhaps written in C/C++. There are some standard techniques to use, and some
non-standard PGI extensions which can make creating working interfaces easier.

! cufftExecC2C
interface cufftExecC2C

integer function cufftExecC2C( plan, idata, odata, direction )
bind (C, name="'cufftExecC2C")

integer, value :: plan
complex, device, dimension(*) :: idata, odata
integer, value :: direction

end function cufftExecC2C
end interface cufftExecC2C

Thisinterface calls the C library function directly. Y ou can deal with Fortran's capitalization
issues by putting the properly capitalized C functioninthebind (C) attribute. If the C function
expects input arguments passed by value, you can add the value attribute to the dummy
declaration aswell. A nice feature of Fortran is that the interface can change, but the code at the
call site may not have to. The compiler changes the details of the call to fit the interface.

Now suppose a user of thisinterface would like to call this function with REAL data (F77 codeis
notorious for mixing REAL and COMPLEX declarations). There are two waysto do this:

! cufftExecC2C

interface cufftExecC2C

integer function cufftExecC2C( plan, idata, odata, direction )
bind (C, name="cufftExecC2C")

integer, value :: plan
complex, device, dimension(*) :: idata, odata
integer, value :: direction
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end function cufftExecC2C
integer function cufftExecR2R( plan, idata, odata, direction )
bind (C, name="cufftExecC2C")

integer, value :: plan
real, device, dimension(*) :: idata, odata
integer, value :: direction

end function cufftExecR2R
end interface cufftExecC2C

Here the C name hasn't changed. The compiler will now accept actual arguments

corresponding to idata and odata that are declared REAL. A generic interface is created named
cufftExecC2C. If you have problems debugging your generic interface, as a debugging aid you
can try calling the specific name, cuf ftExecR2R in this case, to help diagnose the problem.

A commonly used extension which is supported by PGl isignore tkr. A programmer can use
it in an interface to instruct the compiler to ignore any combination of the type, kind, and rank
during the interface matching process. The previous example using ignore tkr lookslike this:

! cufftExecC2C
interface cufftExecC2C

integer function cufftExecC2C( plan, idata, odata, direction )
bind (C, name="cufftExecC2C")

integer, value :: plan

!dir$ ignore tkr(tr) idata, (tr) odata
complex, device, dimension(*) :: idata, odata
integer, value :: direction

end function cufftExecC2C
end interface cufftExecC2C

Now the compiler will ignore both the type and rank (F77 could also be sloppy in its handling of
array dimensions) of idata and odata when matching the call site to the interface. An unfortunate
side-effect is that the interface will now allow integer, logical, and character data for idata and
odata. It is up to the implementor to determine if that is acceptable.

A final aid, specific to PGI, worth mentioning hereis ignore tkr (d), whichignoresthe
device attribute of an actual argument during interface matching.

Of course, if you write awrapper, a narrow strip of code between the Fortran call and your library
function, you are not limited by the simple transormations that a compiler can do, such as those
listed here. As mentioned earlier, many of the interfaces provided in the cuBLAS and cuSPARSE
modul es use wrappers.

A common request is away for Fortran programmers to take advantage of the thrust library.
Explaining thrust and C++ programming is outside of the scope of this document, but this ssmple
example can show how to take advantage of the excellent sort capabilitiesin thrust:

// Filename: csort.cu

// nvcc -c -arch sm 35 csort.cu
#include <thrust/device vector.h>
#include <thrust/copy.h>

#include <thrust/sort.h>

extern "C" {

//Sort for integer arrays

void thrust int sort wrapper( int *data, int N)
{

thrust::device ptr <int> dev ptr(data);
thrust::sort (dev ptr, dev ptr+N);

}

//Sort for float arrays
void thrust float sort wrapper( float *data, int N)
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{

thrust::device_ptr <float> dev ptr(data);
thrust::sort (dev ptr, dev ptr+N);

}

//Sort for double arrays
void thrust double sort wrapper ( double *data, int N)
{
thrust::device ptr <double> dev ptr (data);
thrust::sort (dev_ptr, dev ptr+N);
}

}

Set up interface to the sort subroutine in Fortran and calls are simple:

program t
interface sort
subroutine sort int(array, n) &
bind(C, name='thrust int sort wrapper')
integer(4), device, dimension(*) :: array
integer(4), value :: n
end subroutine
end interface

integer(4), parameter :: n = 100
integer (4), device :: a d(n)
integer(4) :: a h(n)
!'Scuf kernel do
do i =1, n
a d(i) = 1 + mod(47*i,n)
end do
call sort(a_d, n)
a h=ad
nres = count(a_h .eq. (/(i,i=1,n)/))

if (nres.eqg.n) then

print *,"test PASSED"
else

print *,"test FAILED"
endif
end

1.8. PGI Fortran Compiler Options

Introduction

The PGI Fortran compiler driver iscalled pgfortran. General information on the compiler
options which can be passed to pgfortran can be obtained by typing pgfortran -help.TO
enable targeting NVIDIA GPUs using OpenACC, use pgfortran -ta=tesla. TOenable
targeting NVIDIA GPUsusing CUDA Fortran, use pgfortran -Mcuda. CUDA Fortran
is also supported by the PGI Fortran compilers when the filename usesthe . cuf extension.
Uppercase file extensions, . 790 or . CUF, for example, may also be used, in which case the

program is processed by the preprocessor before being compiled.

Other options which are pertinent to the examples in this document are:

» —-Mcudalib[=cublas|cufft|curand|cusparse] : thisoption addsthe appropriate
versions of the CUDA-optimized libraries to the link line. It handles static and dynamic

linking, and platform (Linux, Windows, macOS) differences unobtrusively.

» —-Mcuda=[no]llvm: thisoption chooses between two choices for the compiler back-
end code generator. Currently, using the cuRAND library from device code requires -

Mcuda=nollvm.
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--ta=tesla:cc35: thisoption compilesfor compute capability 3.5. Certain device
functionality, such as dynamic parallelism in the cuBLAS library, requires compute
capability 3.5 or higher.

—-lcublas device: thisaddsthe cuBLAS device library to set of linker options. On
Windows, use --defaultlib:cublas device.
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Chapter 2.
BLAS RUNTIME APIS

This section describes the Fortran interfaces to the CUDA BLAS libraries. There are currently
four somewhat separate collections of function entry points which are commonly referred to as
the cuBLAS:

» Theorigina CUDA implementation of the BLAS routines, referred to asthe legacy AP,
which are callable from the host and expect and operate on device data.

» Thenewer "v2" CUDA implementation of the BLAS routines, plus some extensions for
batched operations. These are also callable from the host and operate on device data. In
Fortran terms, these entry points have been changed from subroutines to functions which
return status.

»  Another implementation of the BLAS routines using the v2 entry points, callable from device
code and which may take advantage of dynamic parallelism.

» A new cuBLAS XT library which can target multiple GPUs using only host-resident data.

PGI currently ships with five Fortran modules which programmers can use to call into this
CUBLAS functionality:

» cublas, which provides interfacesto into the main cublas library. Both the legacy and v2
names are supported. In this module, the cublas names (such as cublasSaxpy) use the legacy
calling conventions. Interfaces to ahost BLAS library (for instance libblas.ain the PGI
distribution) are also included in the cublas module.

» cublas v2, whichis similar to the cublas module in most ways except the cublas names
(such as cublasSaxpy) use the v2 calling conventions. For instance, instead of a subroutine,
cublasSaxpy is afunction which takes a handle as the first argument and returns an integer
containing the status of the call.

» cublasxt, which interfaces directly to the cublasXT API.

» cublas device, which isuseable from CUDA Fortran device code and interfaces into the
static cuBLAS Library cublas device.a. The legacy cuBLAS API is not supported in this
library or module.

» openacc_cublas, which is useable from OpenACC device code and also provides interfaces
into cublas_device.a. For convenience, this module marks each function as "!$acc routine
seq". Thelegacy cuBLAS AP is not supported in this library or module.
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The v2 routines are integer functions that return an error status code; they return a value of
CUBLAS STATUS SUCCESS f the call was successful, or other cuBLAS status return value if
there was an error.

Documented interfaces to the traditional BLAS names in the subsequent sections, which contain
thecomment ! device or host variable should not be confused with the pointer mode
issue from section 1.6. The traditional BLAS names are overloaded generic namesin the cublas
module. For instance, in thisinterface

subroutine scopy(n, x, incx, y, incy)

integer :: n
real (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

The arrays x and y can either both be device arrays, in which case cublasScopy iscalled via
the generic interface, or they can both be host arrays, in which case scopy from the host BLAS
library is called. Using CUDA Fortran managed data as actual argumentsto scopy posesan
interesting case, and calling cublasScopy ischosen by default. If you wish to call the host
library version of scopy with managed data, don't expose the generic scopy interface at the call
site.

Unless a specific kind is provided, in the following interfaces the plain integer type implies
integer(4) and the plain real type impliesrea (4).

2.1. CUBLAS Definitions and Helper Functions

This section contains definitions and data types used in the cuBLAS library and interfaces to the
CUBLAS Helper Functions.

The cublas module contains the following derived type definitions:

TYPE cublasHandle
TYPE (C_PTR) :: handle
END TYPE

The cuBLAS module contains the following enumerations:

enum, bind(c)

enumerator :: CUBLAS STATUS SUCCESS =0
enumerator :: CUBLAS STATUS NOT INITIALIZED =1
enumerator :: CUBLAS STATUS ALLOC FAILED =3
enumerator :: CUBLAS STATUS INVALID VALUE =7
enumerator :: CUBLAS STATUS ARCH MISMATCH =8
enumerator :: CUBLAS STATUS MAPPING ERROR =11
enumerator :: CUBLAS STATUS EXECUTION FAILED=13
enumerator :: CUBLAS STATUS INTERNAL ERROR =14
end enum

enum, bind(c)

enumerator :: CUBLAS FILL MODE LOWER=O0
enumerator :: CUBLAS FILL MODE UPPER=1
end enum

enum, bind(c)

enumerator :: CUBLAS DIAG NON UNIT=0
enumerator :: CUBLAS DIAG UNIT=1
end enum

enum, bind(c)

enumerator :: CUBLAS SIDE LEFT =0
enumerator :: CUBLAS SIDE RIGHT=1
end enum
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enum, bind(c)

enumerator :: CUBLAS OP N=0

enumerator :: CUBLAS OP T=1

enumerator :: CUBLAS OP C=2
end enum

enum, bind(c)

enumerator :: CUBLAS POINTER MODE HOST =0
enumerator :: CUBLAS POINTER MODE DEVICE = 1
end enum

2.1.1. cublasCreate

Thisfunction initializes the CUBLAS library and creates a handle to an opague structure
holding the CUBLAS library context. It allocates hardware resources on the host and device
and must be called prior to making any other CUBLAS library calls. The CUBLAS library
context istied to the current CUDA device. To use the library on multiple devices, one CUBLAS
handle needs to be created for each device. Furthermore, for a given device, multiple CUBLAS
handles with different configuration can be created. Because cublasCreate allocates some
internal resources and the release of those resources by calling cublasDestroy will implicitly
call cublasDeviceSynchronize, it is recommended to minimize the number of cublasCreate/
cublasDestroy occurences. For multi-threaded applications that use the same device from
different threads, the recommended programming model is to create one CUBLAS handle per
thread and use that CUBLAS handle for the entire life of the thread.

integer (4) function cublasCreate (handle)
type (cublasHandle) :: handle

2.1.2. cublasDestroy

This function releases hardware resources used by the CUBLAS library. This function is usually
the last call with a particular handle to the CUBLAS library. Because cublasCreate allocates some
internal resources and the release of those resources by calling cublasDestroy will implicitly

call cublasDeviceSynchronize, it is recommended to minimize the number of cublasCreate/
cublasDestroy occurences.

integer (4) function cublasDestroy (handle)
type (cublasHandle) :: handle

2.1.3. cublasGetVersion

This function returns the version number of the cuBLAS library.

integer (4) function cublasGetVersion (handle, version)
type (cublasHandle) :: handle
integer(4) :: version

2.1.4. cublasSetStream

Thisfunction setsthe cuBLAS library stream, which will be used to execute all subsequent calls
to the cuBLAS library functions. If the cuBLAS library stream is not set, all kernels use the
default NULL stream. In particular, this routine can be used to change the stream between kernel
launches and then to reset the cuBLAS library stream back to NULL.

integer (4) function cublasSetStream(handle, stream)
type (cublasHandle) :: handle
integer (kind=cuda stream kind()) :: stream
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2.1.5. cublasGetStream

This function getsthe cuBLAS library stream, which is being used to execute all callsto the
cuBLAS library functions. If the cuBLAS library stream is not set, all kernels use the default
NULL stream.

integer (4) function cublasGetStream(handle, stream)
type (cublasHandle) :: handle
integer (kind=cuda stream kind()) :: stream

2.1.6. cublasGetPointerMode

This function obtains the pointer mode used by the cuBLAS library. In the cublas module, the
pointer mode is set and reset on a call-by-call basis depending on the whether the device attribute
is set on scalar actual arguments. See section 1.6 for adiscussion of pointer modes.

integer (4) function cublasGetPointerMode (handle, mode)
type (cublasHandle) :: handle
integer (4) :: mode

2.1.7. cublasSetPointerMode

This function sets the pointer mode used by the cuBLAS library. When using the cublas
module, the pointer modeis set on a call-by-call basis depending on the whether the device
attribute is set on scalar actua arguments. When using the cublas v2 module with v2
interfaces, it is the programmer's responsibility to make callsto cublasSetPointerMode SO
scalar arguments are handled correctly by the library. See section 1.6 for a discussion of pointer
modes.

integer (4) function cublasSetPointerMode (handle, mode)
type (cublasHandle) :: handle
integer (4) :: mode

2.1.8. cublasGetHandle

This function gets the cuBLAS handle currently in use by athread. The CUDA Fortran runtime
keeps track of a CPU thread's current handle, if you are either using the legacy BLAS AP, or do
not wish to pass the handle through to low-level functions or subroutines manually.

type (cublashandle) function cublasGetHandle ()

integer (4) function cublasGetHandle (handle)
type (cublasHandle) :: handle

2.1.9. cublasSetVector

This function copies n elements from a vector x in host memory space to avector y in GPU
memory space. It is assumed that each element requires storage of elemSize bytes. In CUDA
Fortran, the type of vector x and y is overloaded to take any data type, but the size of the
datatype must still be specified in bytes. This functionality can also be implemented using
cudaMemcpy or array assignment statements.

integer (4) function cublassetvector (n, elemsize, x, incx, y, incy)
integer :: n, elemsize, incx, incy
integer*1l, dimension(*) :: x
integer*1l, device, dimension(*) :: y
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2.1.10. cublasGetVector

This function copies n elements from a vector x in GPU memory space to avector y in host
memory space. It is assumed that each element requires storage of elemSize bytes. In CUDA
Fortran, the type of vector x and y is overloaded to take any data type, but the size of the
datatype must still be specified in bytes. This functionality can also be implemented using
cudaMemcpy or array assignment statements.

integer (4) function cublasgetvector (n, elemsize, x, incx, y, incy)
integer :: n, elemsize, incx, incy
integer*1l, device, dimension(*) :: x
integer*1l, dimension(*) :: y

2.1.11. cublasSetMatrix

This function copies atile of rows x cols elements from amatrix A in host memory space to a
matrix B in GPU memory space. It is assumed that each element requires storage of elemSize
bytes. In CUDA Fortran, the type of Matrix A and B is overloaded to take any data type, but the
size of the datatype must still be specified in bytes. This functionality can also be implemented
using cudaMemcpy, cudaMemcpy2D, or array assignment statements.

integer (4) function cublassetmatrix(rows, cols, elemsize, a, lda, b, 1ldb)

integer :: rows, cols, elemsize, lda, 1ldb
integer*1l, dimension(lda, *) :: a
integer*1l, device, dimension(ldb, *) :: Db

2.1.12. cublasGetMatrix

This function copies atile of rows x cols elements from amatrix A in GPU memory spaceto
amatrix B in host memory space. It is assumed that each element requires storage of elemSize
bytes. In CUDA Fortran, the type of Matrix A and B is overloaded to take any data type, but the
size of the data type must still be specified in bytes. This functionality can also be implemented
using cudaMemcpy, cudaMemcpy2D, or array assignment statements.

integer (4) function cublasgetmatrix (rows, cols, elemsize, a, lda, b, 1ldb)

integer :: rows, cols, elemsize, lda, 1ldb
integer*1l, device, dimension(lda, *) :: a
integer*1l, dimension(ldb, *) :: b

2.1.13. cublasSetVectorAsync

This function copies n elements from a vector x in host memory space to avector y in GPU
memory space, asynchronously, on the given CUDA stream. It is assumed that each element
reguires storage of elemSize bytes. In CUDA Fortran, the type of vector x and y is overloaded to
take any datatype, but the size of the data type must still be specified in bytes. This functionality
can a so be implemented using cudaM emcpyAsync.

integer (4) function cublassetvectorasync(n, elemsize, x, incx, y, incy, stream)
integer :: n, elemsize, incx, incy
integer*1l, dimension(*) :: x
integer*1l, device, dimension(*) :: y
integer (kind=cuda stream kind()) :: stream
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2.1.14. cublasGetVectorAsync

This function copies n elements from a vector x in host memory space to avector y in GPU
memory space, asynchronously, on the given CUDA stream. It is assumed that each element
requires storage of elemSize bytes. In CUDA Fortran, the type of vector x and y is overloaded to
take any datatype, but the size of the datatype must still be specified in bytes. This functionality
can also be implemented using cudaM emcpyAsync.

integer (4) function cublasgetvectorasync(n, elemsize, x, incx, y, incy, stream)
integer :: n, elemsize, incx, incy
integer*1l, device, dimension(*) :: x
integer*1l, dimension(*) :: y
integer (kind=cuda stream kind()) :: stream

2.1.15. cublasSetMatrixAsync

This function copies atile of rows x cols elements from amatrix A in host memory space to a
matrix B in GPU memory space, asynchronously using the specified stream. It is assumed that
each element requires storage of elemSize bytes. In CUDA Fortran, the type of Matrix A and B is
overloaded to take any data type, but the size of the data type must still be specified in bytes. This
functionality can aso be implemented using cudaMemcpyAsync or cudaM emcpy2DAsync.

integer (4) function cublassetmatrixasync (rows, cols, elemsize, a, lda, b, 1ldb,
stream)

integer :: rows, cols, elemsize, lda, 1ldb
integer*1l, dimension(lda, *) :: a
integer*1l, device, dimension(ldb, *) :: Db
integer (kind=cuda stream kind()) :: stream

2.1.16. cublasGetMatrixAsync

This function copies atile of rows x cols elements from amatrix A in GPU memory spaceto a
matrix B in host memory space, asynchronously, using the specified stream. It is assumed that
each element requires storage of elemSize bytes. In CUDA Fortran, the type of Matrix A and B is
overloaded to take any data type, but the size of the data type must still be specified in bytes. This
functionality can aso be implemented using cudaMemcpyAsync or cudaM emcpy2DAsync.

integer (4) function cublasgetmatrixasync (rows, cols, elemsize, a, lda, b, 1ldb,
stream)

integer :: rows, cols, elemsize, lda, 1ldb
integer*1l, device, dimension(lda, *) :: a
integer*1l, dimension(ldb, *) :: b

integer (kind=cuda stream kind()) :: stream

2.2. Single Precision Functions and Subroutines

This section contains interfaces to the single precision BLAS and cuBLAS functions and
subroutines.

2.2.1. isamax

ISAMAX finds the index of the element having the maximum absolute val ue.

integer (4) function isamax(n, x, incx)
integer :: n
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real (4), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIsamax(n, x, 1incx)

integer :: n
real (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIsamax v2(h, n, X, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.2.2.1samin

ISAMIN finds the index of the element having the minimum absolute value.

integer (4) function isamin(n, x, incx)

integer :: n
real (4), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIsamin(n, x, 1incx)

integer :: n
real (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIsamin v2(h, n, X, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.2.3. sasum
SASUM takes the sum of the absolute values.

real (4) function sasum(n, x, incx)

integer :: n
real (4), device, dimension(*) :: x ! device or host variable
integer :: incx

real (4) function cublasSasum(n, x, incx)

integer :: n
real (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasSasum v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x

integer :: incx

real (4), device :: res ! device or host variable

2.2.4. saxpy

SAXPY constant times a vector plus a vector.

subroutine saxpy(n, a, x, incx, y, incy)

integer :: n

real (4), device :: a ! device or host variable

real (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy
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subroutine cublasSaxpy(n, a, x, incx, y, incy)

integer :: n

real (4), device :: a ! device or host variable
real (4), device, dimension(*) :: x, y

integer :: incx, incy

integer (4) function cublasSaxpy v2(h, n, a, x, incx, y, incy)

type (cublasHandle) :: h

integer :: n

real (4), device :: a ! device or host variable
real (4), device, dimension(*) :: x, y

integer :: incx, incy

2.2.5. scopy

SCOPY copies avector, X, to avector, y.

subroutine scopy(n, x, incx, y, incy)

integer :: n
real (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasScopy(n, x, incx, y, incy)

integer :: n
real (4), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasScopy v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x, y
integer :: incx, incy

2.2.6. sdot

SDOT formsthe dot product of two vectors.

real (4) function sdot(n, x, incx, y, incy)

integer :: n
real (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

real (4) function cublasSdot (n, x, incx, y, incy)

integer :: n
real (4), device, dimension(*) :: x, Vv
integer :: incx, incy

integer (4) function cublasSdot v2(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x, y

integer :: incx, incy

real (4), device :: res ! device or host variable

2.2.7.snrm2

SNRM2 returns the euclidean norm of a vector viathe function name, so that SNRM2 :=
sgrt( X™*x ).

real (4) function snrm2 (n, x, incx)

integer :: n
real (4), device, dimension(*) :: x ! device or host variable
integer :: incx

real (4) function cublasSnrm2 (n, x, incx)
integer :: n
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real (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasSnrm2 v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x

integer :: incx

real (4), device :: res ! device or host variable

2.2.8. srot

SROT applies a plane rotation.

subroutine srot(n, x, incx, y, incy, sc, ss)

integer :: n

real (4), device :: sc, ss ! device or host variable

real (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasSrot(n, x, incx, y, incy, sc, ss)

integer :: n

real (4), device :: sc, ss ! device or host variable
real (4), device, dimension(*) :: x, Vv

integer :: incx, incy

integer (4) function cublasSrot v2(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer :: n

real (4), device :: sc, ss ! device or host variable
real (4), device, dimension(*) :: x, y

integer :: incx, incy

2.2.9. srotg

SROTG constructs a Givens plane rotation.

subroutine srotg(sa, sb, sc, ss)
real (4), device :: sa, sb, sc, ss ! device or host variable

subroutine cublasSrotg(sa, sb, sc, ss)
real (4), device :: sa, sb, sc, ss ! device or host variable

integer (4) function cublasSrotg v2(h, sa, sb, sc, ss)
type (cublasHandle) :: h
real (4), device :: sa, sb, sc, ss ! device or host variable

2.2.10. srotm

SROTM applies the modified Givens transformation, H, to the 2 by N matrix (SX**T) ,

where **T indicates transpose. The elements of SX arein (SX**T) SX(LX+I*INCX), I =0to
N-1, whereLX = 1if INCX .GE. 0, ELSE LX = (-INCX)*N, and similarly for SY using LY

and INCY. With SPARAM(1)=SFLAG, H has one of the following forms.. SFLAG=-1.EQ
SFLAG=0.E0 SFLAG=1.EQ SFLAG=-2.E0Q (SH11 SH12) (1.E0 SH12) (SH11 1.EO) (1.EO 0.EQ)
H=() () () () (SH21 SH22), (SH21 1.E0), (-1.E0 SH22), (0.EQ 1.EQ). See SROTMG for a
description of data storage in SPARAM.

subroutine srotm(n, x, incx, y, incy, param)

integer :: n
real (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasSrotm(n, x, incx, y, incy, param)
integer :: n
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real (4), device, dimension(*) :: x, y
integer :: incx, incy
real (4), device :: param(*) ! device or host variable

integer (4) function cublasSrotm v2(h, n, x, incx, y, incy, param)

type (cublasHandle) :: h

integer :: n

real (4), device :: param(*) ! device or host variable
real (4), device, dimension(*) :: x, y

integer :: incx, incy

2.2.11. srotmg

SROTMG constructs the modified Givens transformation matrix H which zeros the

second component of the 2-vector (SQRT(SD1)* SX1,SQRT(SD2)* SY 2)**T. With
SPARAM(1)=SFLAG, H has one of the following forms.. SFLAG=-1.E0 SFLAG=0.E0Q
SFLAG=1.E0 SFLAG=-2.EQ (SH11 SH12) (1.E0 SH12) (SH11 1.EQ0) (1.EO
0.E0) H=( ) () () () (SH21 SH22), (SH21 1.EO0), (-1.E0 SH22),

(0.E0 1.E0). Locations2-4 of SPARAM contain SH11,SH21,SH12, and SH22 respectively.
(Valuesof 1.EOQ, -1.EO, or 0.EO implied by the value of SPARAM(1) are not stored in SPARAM.)

subroutine srotmg(dl, d2, x1, yl, param)
real (4), device :: dl, d2, x1, yl, param(*) ! device or host variable

subroutine cublasSrotmg(dl, d2, x1, yl, param)
real (4), device :: dl, d2, x1, yl, param(*) ! device or host variable

integer (4) function cublasSrotmg v2(h, dl, d2, x1, yl, param)
type (cublasHandle) :: h
real (4), device :: dl, d2, x1, yl, param(*) ! device or host variable

2.2.12. sscal

SSCAL scales avector by a constant.

subroutine sscal(n, a, x, incx)

integer :: n

real (4), device :: a ! device or host variable

real (4), device, dimension(*) :: x ! device or host variable
integer :: incx

subroutine cublasSscal (n, a, x, incx)

integer :: n

real (4), device :: a ! device or host variable
real (4), device, dimension(*) :: x

integer :: incx

integer (4) function cublasSscal v2(h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real (4), device :: a ! device or host variable
real (4), device, dimension(*) :: x

integer :: incx

2.2.13. sswap

SSWAP interchanges two vectors.

subroutine sswap(n, x, incx, y, incy)

integer :: n
real (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasSswap(n, x, incx, y, incy)
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integer :: n
real (4), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasSswap v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x, Vv
integer :: incx, incy

2.2.14. sgbmv

SGBMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan m by n
band matrix, with kl sub-diagonals and ku super-diagonals.

subroutine sgbmv(t, m, n, kl, ku, alpha, a, lda, x, incx, beta, y, incy)
character*l :: t
integer :: m, n, kl, ku, lda, incx, incy
real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x, y ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSgbmv(t, m, n, k1, ku, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, kl, ku, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSgbmv v2(h, t, m, n, kl, ku, alpha, a, lda, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

2.2.15. sgemv

SGEMYV performs one of the matrix-vector operationsy := apha*A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan m by n
matrix.

subroutine sgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x, y ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, Vv

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSgemv v2(h, t, m, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a
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real (4), device, dimension(*) :: x, y
real (4), device :: alpha, beta ! device or host variable

2.2.16. sger

SGER performsthe rank 1 operation A := alpha*x*y**T + A, where alphaisascalar, xisanm

element vector, y is an n element vector and A is an m by n matrix.

subroutine sger (m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x, y ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasSger (m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha ! device or host variable

integer (4) function cublasSger v2(h, m, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, Vv

real (4), device :: alpha ! device or host variable

2.2.17. ssbmv

SSBMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta are

scalars, x and y are n element vectors and A isan n by n symmetric band matrix, with k super-

diagonals.
subroutine ssbmv(t, n, k, alpha, a, lda, x, incx, beta, y, incy)
character*l :: t
integer :: k, n, lda, incx, incy
real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x, y ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSsbmv(t, n, k, alpha, a, lda, x, incx, beta, y, incy)
character*l :: t
integer :: k, n, lda, incx, incy
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x, y
real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSsbmv v2(h, t, n, k, alpha, a, lda, x, incx, beta,
incy)

type (cublasHandle) :: h

integer :: t

integer :: k, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

2.2.18. sspmv

Yr

SSPMV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta are

scalars, x and y are n element vectors and A is an n by n symmetric matrix, supplied in packed
form.

subroutine sspmv(t, n, alpha, a, x, incx, beta, y, incy)
character*l :: t
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integer :: n, incx, incy
real (4), device, dimension(*) :: a, x, y ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSspmv(t, n, alpha, a, x, incx, beta, y, incy)

character*l :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, x, y

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSspmv v2(h, t, n, alpha, a, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, %X, y

real (4), device :: alpha, beta ! device or host variable

2.2.19. sspr

SSPR performs the symmetric rank 1 operation A := alpha*x*x**T + A, where alphais area
scalar, X isan n element vector and A is an n by n symmetric matrix, supplied in packed form.

subroutine sspr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

real (4), device, dimension(*) :: a, x ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasSspr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

real (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

integer (4) function cublasSspr v2(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

real (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

2.2.20. sspr2

SSPR2 performs the symmetric rank 2 operation A := apha*x*y**T + alpha*y*x**T + A, where
alphaisascalar, x and y are n element vectors and A isan n by n symmetric matrix, supplied in
packed form.

subroutine sspr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, x, y ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasSspr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, x, y

real (4), device :: alpha ! device or host variable

integer (4) function cublasSspr2 v2(h, t, n, alpha, x, incx, y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, x, y

real (4), device :: alpha ! device or host variable
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2.2.21. ssymv

SSYMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta are
scalars, x and y are n element vectors and A isan n by n symmetric matrix.

subroutine ssymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x, y ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSsymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSsymv v2(h, t, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

2.2.22. ssyr

SSY R performs the symmetric rank 1 operation A := alpha*x*x**T + A, where alphais areal
scalar, x isan n element vector and A is an n by n symmetric matrix.

subroutine ssyr(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x ! device or host variable

real (4), device :: alpha ! device or host variable

subroutine cublasSsyr(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x

real (4), device :: alpha ! device or host variable

integer (4) function cublasSsyr v2(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x

real (4), device :: alpha ! device or host variable

2.2.23. sSyr2

SSY R2 performs the symmetric rank 2 operation A := alpha*x*y**T + alpha*y*x**T + A, where
alphaisascalar, x and y are n element vectors and A isan n by n symmetric matrix.

subroutine ssyr2(t, n, alpha, x, incx, vy, incy, a, lda)

character*l :: t
integer :: n, incx, incy, lda
real (4), device, dimension(lda, *) :: a ! device or host variable
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real (4), device, dimension(*) :: x, y ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasSsyr2(t, n, alpha, x, incx, y, incy, a, lda)

character*l :: t

integer :: n, incx, incy, lda

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, Vv

real (4), device :: alpha ! device or host variable
integer (4) function cublasSsyr2 v2(h, t, n, alpha, x, incx, y, incy,

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha ! device or host variable

2.2.24. stbmv

a, lda)

STBMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, wherex isann
element vector and A isan n by n unit, or non-unit, upper or lower triangular band matrix, with

(k + 1) diagonals.
subroutine stbmv(u, t, d, n, k, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, k, incx, lda
real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x ! device or host variable

subroutine cublasStbmv(u, t, d, n, k, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, k, incx, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

integer (4) function cublasStbmv v2(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.2.25. sthsv

STBSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectors and A is an n by n unit, or non-unit, upper or lower triangular band matrix, with
(k+ 1) diagonals. No test for singularity or near-singularity isincluded in this routine. Such tests

must be performed before calling this routine.

subroutine stbsv(u, t, d, n, k, a, lda, x, incx)

character*l :: u, t, d

integer :: n, k, incx, lda

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x ! device or host variable

subroutine cublasStbsv(u, t, d, n, k, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, k, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

integer (4) function cublasStbsv v2(h, u, t, 4, n, k, a, lda, x, incx)

type (cublasHandle) :: h
integer :: u, t, d
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integer :: n, k, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.2.26. stpmv

STPMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, wherex isann
element vector and A isan n by n unit, or non-unit, upper or lower triangular matrix, supplied in
packed form.

subroutine stpmv(u, t, d, n, a, x, incx)
character*1l :: u, t, d
integer :: n, incx
real (4), device, dimension(*) :: a, x ! device or host variable

subroutine cublasStpmv(u, t, d, n, a, x, incx)
character*1l :: u, t, d
integer :: n, incx
real (4), device, dimension(*) :: a, x

integer (4) function cublasStpmv v2(h, u, t, 4, n, a, X, incx)
type (cublasHandle) :: h

integer :: u, t, d
integer :: n, incx
real (4), device, dimension(*) :: a, x

2.2.21. stpsv

STPSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x are n
element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix, supplied in
packed form. No test for singularity or near-singularity isincluded in this routine. Such tests must
be performed before calling this routine.

subroutine stpsv(u, t, d, n, a, x, incx)
character*1l :: u, t, d
integer :: n, incx
real (4), device, dimension(*) :: a, x ! device or host variable

subroutine cublasStpsv(u, t, d, n, a, x, incx)
character*1l :: u, t, d
integer :: n, incx
real (4), device, dimension(*) :: a, x

integer (4) function cublasStpsv v2(h, u, t, d, n, a, X, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (4), device, dimension(*) :: a, X

2.2.28. strmv

STRMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, wherex isann
element vector and A is an n by n unit, or non-unit, upper or lower triangular matrix.

subroutine strmv(u, t, d, n, a, lda, x, incx)

character*l :: u, t, d

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x ! device or host variable

subroutine cublasStrmv(u, t, d, n, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, incx, lda
real (4), device, dimension(lda, *) :: a
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real (4), device, dimension(*) :: x

integer (4) function cublasStrmv v2(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.2.29. strsv

STRSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectorsand A is an n by n unit, or non-unit, upper or lower triangular matrix. No test for
singularity or near-singularity isincluded in this routine. Such tests must be performed before
calling this routine.

subroutine strsv(u, t, d, n, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(*) :: x ! device or host variable

subroutine cublasStrsv(u, t, d, n, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

integer (4) function cublasStrsv v2(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.2.30. sgemm

SGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta* C,
where op( X ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars, and A, B and C
are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.

subroutine sgemm(transa, transb, m, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: transa, transb

integer :: m, n, k, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(ldb, *) :: b ! device or host variable
real (4), device, dimension(ldc, *) :: c ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSgemm(transa, transb, m, n, k, alpha, a, lda, b, 1ldb, beta, c,
ldc)

character*1l :: transa, transb

integer :: m, n, k, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: b

real (4), device, dimension (ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSgemm vZ2(h, transa, transb, m, n, k, alpha, a, lda,
b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: transa, transb

integer :: m, n, k, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(ldb, *) :: b
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real (4), device, dimension(ldc, *) :: c
real (4), device :: alpha, beta ! device or host variable

2.2.31. ssymm

SSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B*A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices.

subroutine ssymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*l :: side, uplo

integer :: m, n, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(ldb, *) :: b ! device or host variable
real (4), device, dimension(ldc, *) :: c ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSsymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*l :: side, uplo

integer :: m, n, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: b

real (4), device, dimension (ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSsymm v2(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: b

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

2.2.32. ssyrk

SSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha* A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isan n by k matrix in the first case and a k by n matrix in the second case.

subroutine ssyrk(uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*l :: uplo, trans

integer :: n, k, lda, ldc

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(ldc, *) :: c ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasSsyrk(uplo, trans, n, k, alpha, a, lda, beta, c, ldc)

character*1l :: uplo, trans

integer :: n, k, lda, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasSsyrk v2(h, uplo, trans, n, k, alpha, a, lda, beta,
c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable
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SSYR2K performs one of the symmetric rank 2k operations C ;= alpha* A*B** T +
alpha*B*A**T + beta*C, or C ;= alpha* A**T*B + alpha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case
and k by n matrices in the second case.

subroutine ssyr2k(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
real (4), device, dimension (lda, *) a ! device or host variable
real (4), device, dimension (1ldb, *) b ! device or host variable
real (4), device, dimension (ldc, *) c ! device or host variable
real (4), device alpha, beta ! device or host variable
subroutine cublasSsyr2k(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
real (4), device, dimension (lda, *) a
real (4), device, dimension (1ldb, *) b
real (4), device, dimension (ldc, *) c
real (4), device alpha, beta ! device or host variable
integer (4) function cublasSsyr2k v2(h, uplo, trans, n, k, alpha, a, lda, b,
1db, beta, c¢, 1ldc)
type (cublasHandle) h
integer uplo, trans
integer n, k, lda, 1ldb, ldc
real (4), device, dimension (lda, *) a
real (4), device, dimension (1ldb, *) b
real (4), device, dimension (ldc, *) €
real (4), device alpha, beta ! device or host variable

2.2.34. ssyrkx

SSYRKX performs avariation of the symmetric rank k update C := alpha*A*B**T + beta* C,
where alpha and beta are scalars, C isan n by n symmetric matrix stored in lower or upper mode,
and A and B are n by k matrices. This routine can be used when B isin such away that the result
is guaranteed to be symmetric. See the CUBLAS documentation for more details.

subroutine ssyrkx(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
real (4), device, dimension (lda, *) a ! device or host variable
real (4), device, dimension (1db, *) b ! device or host variable
real (4), device, dimension (ldc, *) c ! device or host variable
real (4), device alpha, beta ! device or host variable
subroutine cublasSsyrkx (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
real (4), device, dimension (lda, *) a
real (4), device, dimension (1ldb, *) b
real (4), device, dimension (ldc, *) €
real (4), device alpha, beta ! device or host variable
integer (4) function cublasSsyrkx v2(h, uplo, trans, n, k, alpha, a, lda, b,
1ldb, beta, c¢, 1ldc)
type (cublasHandle) h
integer uplo, trans
integer n, k, lda, 1ldb, ldc
real (4), device, dimension (lda, *) a
real (4), device, dimension (1ldb, *) b
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real (4), device, dimension(ldc, *) :: c
real (4), device :: alpha, beta ! device or host variable

2.2.35. strmm

STRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ), where alphaisascalar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A ) =A orop( A ) = A**T.

subroutine strmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(ldb, *) :: b ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasStrmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1db)
character*l :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(ldb, *) :: Db
real (4), device :: alpha ! device or host variable

integer (4) function cublasStrmm v2(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1db, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: Db

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha ! device or host variable

2.2.36. strsm

STRSM solves one of the matrix equations op( A )*X = apha*B, or X*op( A ) = alpha*B, where
alphaisascaar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A) =A or op( A ) = A**T. Thematrix X is overwritten on B.

subroutine strsm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

real (4), device, dimension(lda, *) :: a ! device or host variable
real (4), device, dimension(ldb, *) :: b ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasStrsm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)
character*l :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(ldb, *) :: b
real (4), device :: alpha ! device or host variable

integer (4) function cublasStrsm v2(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: Db

real (4), device :: alpha ! device or host variable
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2.2.37. cublasSgetrfBatched

SGETRF computes an LU factorization of ageneral M-by-N matrix A using partial pivoting with
row interchanges. The factorization hastheform A = P* L * U where P is a permutation matrix,
L islower triangular with unit diagonal elements (lower trapezoidal if m > n), and U is upper
triangular (upper trapezoidal if m < n). Thisistheright-looking Level 3 BLAS version of the
algorithm.

integer (4) function cublasSgetrfBatched(h, n, Aarray, lda, ipvt, info,
batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info(*)

integer :: batchCount

2.2.38. cublasSgetriBatched

SGETRI computes the inverse of a matrix using the LU factorization computed by SGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
inv(A).

integer (4) function cublasSgetriBatched (h, n, Aarray, lda, ipvt, Carray, ldc,
info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray(*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray (*)
integer :: ldc

integer, device :: info (*)

integer :: batchCount

2.2.39. cublasSgetrsBatched

SGETRS solves asystem of linear equations A * X =B or A**T * X = B with agenera N-by-N
matrix A using the LU factorization computed by SGETRF.

integer (4) function cublasSgetrsBatched(h, trans, n, nrhs, Aarray, lda, ipvt,
Barray, 1ldb, info, batchCount)

type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
integer :: n, nrhs

type (c_devptr), device :: Aarray (*)

integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Barray (*)

integer :: 1ldb

integer :: info (*)

integer :: batchCount

2.2.40. cublasSgemmBatched

SGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta* C,
where op( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars, and A, B and C
are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.
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integer (4) function cublasSgemmBatched (h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, 1ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa ! integer or character(l) variable
integer :: transb ! integer or character(l) variable
integer :: m, n, k

real (4), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray(*)

integer :: 1ldb

real (4), device :: beta ! device or host variable
type (c_devptr), device :: Carray (*)

integer :: ldc

integer :: batchCount

integer (4) function cublasSgemmBatched v2(h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, 1ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

real (4), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray (*)

integer :: 1db

real (4), device :: beta ! device or host variable
type (c_devptr), device :: Carray (*)

integer :: ldc

integer :: batchCount

2.2.41. cublasStrsmBatched

STRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A ) =A or op( A ) = A**T. Thematrix X is overwritten on B.

integer (4) function cublasStrsmBatched( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h

integer :: side ! integer or character(l) variable
integer :: uplo ! integer or character(l) variable
integer :: trans ! integer or character(l) variable
integer :: diag ! integer or character(l) variable
integer :: m, n

real (4), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)

integer :: lda

type (c_devptr), device :: B(*)

integer :: 1db

integer :: batchCount

integer (4) function cublasStrsmBatched v2( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h
integer :: side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

real (4), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb
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integer :: batchCount

2.2.42. cublasSmatinvBatched

cublasSmatinvBatched is a short cut of cublasSgetrfBatched plus cublasSgetriBatched. However
it only worksif nislessthan 32. If not, the user has to go through cublasSgetrfBatched and
cublasSgetriBatched.

integer (4) function cublasSmatinvBatched(h, n, Aarray, lda, Ainv, lda inv,
info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Ainv(*)

integer :: lda inv

integer, device :: info(*)

integer :: batchCount

2.2.43. cublasSgeqrfBatched

SGEQRF computes a QR factorization of areal M-by-N matrix A: A=Q* R.

integer (4) function cublasSgeqrfBatched(h, m, n, Aarray, lda, Tau, info,
batchCount)

type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: Aarray (*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer :: info (*)

integer :: batchCount

2.2.44. cublasSgelsBatched

SGEL S solves overdetermined or underdetermined real linear systems involving an M-by-N
matrix A, or itstranspose, using a QR or LQ factorization of A. It isassumed that A has full
rank. The following options are provided: 1. If TRANS ='N' and m >= n: find the least squares
solution of an overdetermined system, i.e., solve the least squares problem minimize || B - A*X
[|. 2. If TRANS ='N"and m < n: find the minimum norm solution of an underdetermined system
A * X =B. 3. If TRANS ="T"and m >= n: find the minimum norm solution of an undetermined
system A**T * X =B. 4. If TRANS ='T' and m < n: find the least squares solution of an
overdetermined system, i.e., solve the least squares problem minimize || B - A**T * X ||. Severa
right hand side vectors b and solution vectors x can be handled in asingle call; they are stored as
the columns of the M-by-NRHS right hand side matrix B and the N-by-NRHS solution matrix X.

integer (4) function cublasSgelsBatched(h, trans, m, n, nrhs, Aarray, lda,
Carray, ldc, info, devinfo, batchCount)

type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
integer :: m, n, nrhs

type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Carray(*)

integer :: ldc

integer :: info (*)

integer, device :: devinfo (*)

integer :: batchCount

PGI Fortran CUDA Library Interfaces 32



BLAS Runtime APIs

2.3. Double Precision Functions and Subroutines

This section contains interfaces to the double precision BLAS and cuBLAS functions and
subroutines.

2.3.1. idamax

IDAMAX finds the the index of the element having the maximum absolute value.

integer (4) function idamax(n, x, incx)

integer :: n
real (8), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIdamax(n, x, incx)

integer :: n
real (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIdamax v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.3.2. idamin

IDAMIN findsthe index of the element having the minimum absolute value.

integer (4) function idamin(n, x, incx)

integer :: n
real (8), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIdamin(n, x, incx)

integer :: n
real (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIdamin v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.3.3. dasum

DASUM takes the sum of the absolute values.

real (8) function dasum(n, x, incx)

integer :: n
real (8), device, dimension(*) :: x ! device or host variable
integer :: incx

real (8) function cublasDasum(n, x, incx)

integer :: n
real (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasDasum v2(h, n, x, incx, res)
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type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x

integer :: incx

real (8), device :: res ! device or host variable

2.3.4. daxpy

DAXPY constant times a vector plus a vector.

subroutine daxpy(n, a, x, incx, y, incy)

integer :: n

real (8), device :: a ! device or host variable

real (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasDaxpy(n, a, x, incx, y, incy)

integer :: n

real (8), device :: a ! device or host variable
real (8), device, dimension(*) :: x, y

integer :: incx, incy

integer (4) function cublasDaxpy v2(h, n, a, x, incx, y, incy)
type (cublasHandle) :: h

integer :: n

real (8), device :: a ! device or host variable
real (8), device, dimension(*) :: x, y

integer :: incx, incy

2.3.5. dcopy

DCOPY copies avector, X, to avector, y.

subroutine dcopy(n, x, incx, y, incy)

integer :: n
real (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasDcopy(n, x, incx, y, incy)

integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasDcopy v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy

2.3.6. ddot

DDOT forms the dot product of two vectors.

real (8) function ddot(n, x, incx, y, incy)

integer :: n
real (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

real (8) function cublasDdot (n, x, incx, y, incy)

integer :: n
real (8), device, dimension(*) :: x, Vv
integer :: incx, incy

integer (4) function cublasDdot v2(h, n, x, incx, y, incy, res)
type (cublasHandle) :: h
integer :: n
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real (8), device, dimension(*) :: x, y
integer :: incx, incy
real (8), device :: res ! device or host variable

2.3.7. dnrm2

DNRM?2 returns the euclidean norm of avector via the function name, so that DNRM2 :=
sart( xX™*x)
real (8) function dnrm2 (n, x, incx)
integer :: n
real (8), device, dimension(*) :: x ! device or host variable
integer :: incx

real (8) function cublasDnrm2 (n, x, incx)

integer :: n
real (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasDnrm2 v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x

integer :: incx

real (8), device :: res ! device or host variable

2.3.8. drot

DROT applies a plane rotation.

subroutine drot(n, x, incx, y, incy, sc, ss)

integer :: n

real (8), device :: sc, ss ! device or host variable

real (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasDrot(n, x, incx, y, incy, sc, ss)

integer :: n

real (8), device :: sc, ss ! device or host variable
real (8), device, dimension(*) :: x, y

integer :: incx, incy

integer (4) function cublasDrot v2(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer :: n

real (8), device :: sc, ss ! device or host variable
real (8), device, dimension(*) :: x, y

integer :: incx, incy

2.3.9. drotg

DROTG constructs a Givens plane rotation.

subroutine drotg(sa, sb, sc, ss)
real (8), device :: sa, sb, sc, ss ! device or host variable

subroutine cublasDrotg(sa, sb, sc, ss)
real (8), device :: sa, sb, sc, ss ! device or host variable

integer (4) function cublasDrotg v2(h, sa, sb, sc, ss)
type (cublasHandle) :: h
real (8), device :: sa, sb, sc, ss ! device or host variable
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2.3.10. drotm

DROTM applies the modified Givens transformation, H, to the 2 by N matrix (DX**T) ,
where **T indicates transpose. The elements of DX arein (DX**T) DX(LX+I*INCX), 1 =0
toN-1, where LX = 1if INCX .GE. 0, ELSE LX = (-INCX)*N, and similarly for DY using LY
and INCY . With DPARAM(1)=DFLAG, H has one of the following forms.. DFLAG=-1.D0
DFLAG=0.D0 DFLAG=1.D0 DFLAG=-2.D0 (DH11 DH12) (1.D0 DH12) (DH11 1.D0) (1.D0
0.D0) H=() () () () (DH21 DH22), (DH21 1.D0), (-1.D0 DH22), (0.D0 1.D0). See DROTMG
for adescription of data storage in DPARAM.

subroutine drotm(n, x, incx, y, incy, param)

integer :: n
real (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasDrotm(n, x, incx, y, incy, param)

integer :: n

real (8), device, dimension(*) :: x, y

integer :: incx, incy

real (8), device :: param(*) ! device or host variable

integer (4) function cublasDrotm v2(h, n, x, incx, y, incy, param)

type (cublasHandle) :: h

integer :: n

real (8), device :: param(*) ! device or host variable
real (8), device, dimension(*) :: x, y

integer :: incx, incy

2.3.11. drotmg

DROTMG constructs the modified Givens transformation matrix H which zeros the

second component of the 2-vector (SQRT(DD1)*DX1,SQRT(DD2)*DY 2)**T. With
DPARAM(1)=DFLAG, H has one of the following forms.. DFLAG=-1.D0 DFLAG=0.D0
DFLAG=1.D0 DFLAG=-2.D0 (DH11 DH12) (1.D0 DH12) (DH11 1.D0) (1.D0 0.D0) H=() ()
() () (DH21 DH22), (DH21 1.D0), (-1.D0 DH22), (0.DO 1.DO0). Locations 2-4 of DPARAM
contain DH11, DH21, DH12, and DH22 respectively. (Values of 1.DO0, -1.D0, of 0.D0 implied by
the value of DPARAM(1) are not stored in DPARAM.)

subroutine drotmg(dl, d2, x1, yl, param)
real (8), device :: dl, d2, x1, yl, param(*) ! device or host variable

subroutine cublasDrotmg(dl, d2, x1, yl, param)
real (8), device :: dl, d2, x1, yl, param(*) ! device or host variable

integer (4) function cublasDrotmg v2(h, dl, d2, x1, yl, param)
type (cublasHandle) :: h
real (8), device :: dl, d2, x1, yl, param(*) ! device or host variable

2.3.12. dscal

DSCAL scaes avector by a constant.

subroutine dscal (n, a, x, incx)

integer :: n

real (8), device :: a ! device or host variable

real (8), device, dimension(*) :: x ! device or host variable
integer :: incx

subroutine cublasDscal (n, a, x, incx)
integer :: n
real (8), device :: a ! device or host variable
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real (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasDscal v2(h, n, a, x, incx)

type (cublasHandle) :: h
integer :: n
real (8), device :: a ! device or host variable
real (8), device, dimension(*) :: x
integer :: incx

2.3.13. dswap

interchanges two vectors.

subroutine dswap(n, x, incx, y, incy)

integer :: n
real (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasDswap(n, x, incx, y, incy)

integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasDswap v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x, vy
integer :: incx, incy

2.3.14. dgbmv

DGBMYV performs one of the matrix-vector operationsy := apha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan m by n
band matrix, with kl sub-diagonals and ku super-diagonals.

subroutine dgbmv(t, m, n, kl, ku, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, k1, ku, lda, incx, incy

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x, y ! device or host variable
real (8), device :: alpha, beta ! device or host variable

subroutine cublasDgbmv(t, m, n, k1, ku, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, k1, ku, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable

integer (4) function cublasDgbmv v2(h, t, m, n, kl, ku, alpha, a, lda, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable

2.3.15. dgemv

DGEMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan m by n
matrix.
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subroutine dgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)
character*1l t
integer m, n, lda, incx, incy
real (8), device, dimension (lda, *) a ! device or host variable
real (8), device, dimension (*) X, y ! device or host variable
real (8), device alpha, beta ! device or host variable
subroutine cublasDgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)
character*1l t
integer m, n, lda, incx, incy
real (8), device, dimension (lda, *) a
real (8), device, dimension (*) X, VY
real (8), device alpha, beta ! device or host variable
integer (4) function cublasDgemv v2(h, t, m, n, alpha, a, lda, x, incx, beta, vy,
incy)
type (cublasHandle) h
integer t
integer m, n, lda, incx, incy
real (8), device, dimension (lda, *) a
real (8), device, dimension (*) X, VY
real (8), device alpha, beta ! device or host variable

2.3.16. dger

DGER performs the rank 1 operation A := apha*x*y**T + A, where alphaisascaar, X isanm

element vector, y is an n element vector and A isan m by n matrix.

subroutine dger (m, n, alpha, x, incx, y, incy, a, lda)
integer m, n, lda, incx, incy
real (8), device, dimension (lda, *) a ! device or host variable
real (8), device, dimension (*) %X, y ! device or host wvariable
real (8), device alpha ! device or host variable

subroutine cublasDger (m, n, alpha, x, incx, y, incy, a, lda)
integer m, n, lda, incx, incy
real (8), device, dimension (lda, *) a
real (8), device, dimension (*) X, VY
real (8), device alpha ! device or host variable

integer (4) function cublasDger v2(h, m, n, alpha, x, incx, y, incy, a, lda)
type (cublasHandle) h
integer m, n, lda, incx, incy
real (8), device, dimension (lda, *) a
real (8), device, dimension (*) X, Y
real (8), device alpha ! device or host variable

2.3.17. dsbmv

DSBMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n symmetric band matrix, with k super-

diagonals.

subroutine dsbmv(t, n, k, alpha, a, lda,
character*l t
integer k, n, lda, incx, incy
real (8), device, dimension (lda, *) a
real (8), device, dimension (*) x, y !
real (8), device alpha, beta ! device

subroutine cublasDsbmv(t, n, k, alpha, a,
character*1l t
integer k, n, lda, incx, incy
real (8), device, dimension (lda, *) a
real (8), device, dimension (*) X, VY
real (8), device alpha, beta ! device
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integer (4) function cublasDsbmv v2(h, t, n, k, alpha, a, lda, x, incx, beta,
incy)

type (cublasHandle) :: h

integer :: t

integer :: k, n, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable

2.3.18. dspmv

Y

DSPMV performs the matrix-vector operation y := apha* A*x + beta*y, where alpha and beta are

scalars, x and y are n element vectors and A isan n by n symmetric matrix, supplied in packed
form.

subroutine dspmv (t, n, alpha, a, x, incx, beta, y, incy)

character*l :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, x, y ! device or host variable
real (8), device :: alpha, beta ! device or host variable

subroutine cublasDspmv(t, n, alpha, a, x, incx, beta, y, incy)

character*l :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, x, y

real (8), device :: alpha, beta ! device or host variable

integer (4) function cublasDspmv _v2(h, t, n, alpha, a, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, x, y

real (8), device :: alpha, beta ! device or host variable

2.3.19. dspr

DSPR performs the symmetric rank 1 operation A := alpha*x*x**T + A, where alphais ared
scalar, X isan n element vector and A is an n by n symmetric matrix, supplied in packed form.

subroutine dspr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

real (8), device, dimension(*) :: a, x ! device or host variable
real (8), device :: alpha ! device or host variable

subroutine cublasDspr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

real (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

integer (4) function cublasDspr v2(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

real (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

2.3.20. dspr2

DSPR2 performs the symmetric rank 2 operation A := alpha*x*y**T + alpha*y*x**T + A, where

alphaisascalar, x and y are n element vectors and A isan n by n symmetric matrix, supplied in
packed form.
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subroutine dspr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, x, y ! device or host variable
real (8), device :: alpha ! device or host variable

subroutine cublasDspr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, x, y

real (8), device :: alpha ! device or host variable

integer (4) function cublasDspr2 v2(h, t, n, alpha, x, incx, y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, x, y

real (8), device :: alpha ! device or host variable

2.3.21. dsymv

DSYMV performs the matrix-vector operationy := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n symmetric matrix.

subroutine dsymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x, y ! device or host variable
real (8), device :: alpha, beta ! device or host variable

subroutine cublasDsymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable

integer (4) function cublasDsymv v2(h, t, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable

2.3.22. dsyr

DSYR performs the symmetric rank 1 operation A := apha*x*x**T + A, where alphaisareal
scalar, x isan n element vector and A is an n by n symmetric matrix.

subroutine dsyr(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x ! device or host variable

real (8), device :: alpha ! device or host variable

subroutine cublasDsyr(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x

real (8), device :: alpha ! device or host variable
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integer (4) function cublasDsyr v2(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x

real (8), device :: alpha ! device or host variable

2.3.23. dsyr2

DSY R2 performs the symmetric rank 2 operation A := apha*x*y**T + alpha*y*x**T + A,
where alphaisascalar, x and y are n element vectors and A is an n by n symmetric matrix.

subroutine dsyr2(t, n, alpha, x, incx, vy, incy, a, lda)

character*l :: t

integer :: n, incx, incy, lda

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x, y ! device or host variable
real (8), device :: alpha ! device or host variable

subroutine cublasDsyr2(t, n, alpha, x, incx, y, incy, a, lda)

character*l :: t

integer :: n, incx, incy, lda

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha ! device or host variable

integer (4) function cublasDsyr2 v2(h, t, n, alpha, x, incx, y, incy, a, lda)
type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha ! device or host variable

2.3.24. dtbmv

DTBMYV performs one of the matrix-vector operations x := A*X, or X := A**T*x, wherex isan
n element vector and A isan n by n unit, or non-unit, upper or lower triangular band matrix, with
(k+ 1) diagonals.

subroutine dtbmv(u, t, d, n, k, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, k, incx, lda

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x ! device or host variable

subroutine cublasDtbmv(u, t, d, n, k, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, k, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

integer (4) function cublasDtbmv v2(h, u, t, 4, n, k, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, k, incx, lda

real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.3.25. dtbsv

DTBSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectors and A is an n by n unit, or non-unit, upper or lower triangular band matrix, with
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(k+ 1) diagonals. No test for singularity or near-singularity isincluded in this routine. Such tests
must be performed before calling this routine.

subroutine dtbsv(u, t, d, n, k, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, k, incx, lda

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x ! device or host variable

subroutine cublasDtbsv(u, t, d, n, k, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, k, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

integer (4) function cublasDtbsv v2(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.3.26. dtpmv

DTPMYV performs one of the matrix-vector operations x ;= A*X, or X := A**T*x, wherex isann
element vector and A isan n by n unit, or non-unit, upper or lower triangular matrix, supplied in
packed form.

subroutine dtpmv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
real (8), device, dimension(*) :: a, x ! device or host variable

subroutine cublasDtpmv(u, t, d, n, a, x, incx)
character*1l :: u, t, d
integer :: n, incx
real (8), device, dimension(*) :: a, x

integer (4) function cublasDtpmv v2(h, u, t, d, n, a, X, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (8), device, dimension(*) :: a, x

2.3.27. dipsv

DTPSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectorsand A is an n by n unit, or non-unit, upper or lower triangular matrix, supplied in
packed form. No test for singularity or near-singularity isincluded in this routine. Such tests must
be performed before calling this routine.

subroutine dtpsv(u, t, d, n, a, X, incx)
character*1l :: u, t, d
integer :: n, incx
real (8), device, dimension(*) :: a, x ! device or host variable

subroutine cublasDtpsv(u, t, d, n, a, x, incx)
character*1l :: u, t, d
integer :: n, incx
real (8), device, dimension(*) :: a, x

integer (4) function cublasDtpsv v2(h, u, t, d, n, a, X, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx
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real (8), device, dimension(*) :: a, x

2.3.28. dtrmv

DTRMV performs one of the matrix-vector operations x := A*x, or X := A**T*x, wherex isan n

element vector and A is an n by n unit, or non-unit, upper or lower triangular matrix.

subroutine dtrmv(u, t, d, n, a, lda, x, incx)

character*l :: u, t, d

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x ! device or host variable

subroutine cublasDtrmv(u, t, d, n, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

integer (4) function cublasDtrmv v2(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension (*)

2.3.29. dtrsv

DTRSV solves one of the systems of equations A*x = b, or A**T*x = b, whereband x aren

element vectorsand A is an n by n unit, or non-unit, upper or lower triangular matrix. No test for

singularity or near-singularity isincluded in this routine. Such tests must be performed before
calling this routine.

subroutine dtrsv(u, t, d, n, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(*) :: x ! device or host variable

subroutine cublasDtrsv(u, t, d, n, a, lda, x, incx)

character*1l :: u, t, d
integer :: n, incx, lda
real (8), device, dimension(lda, *) :: a

real (8), device, dimension (*)

integer (4) function cublasDtrsv v2(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.3.30. dgemm

DGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,

whereop( X ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars, and A, B and C

are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.

subroutine dgemm (transa, transb, m, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: transa, transb

integer :: m, n, k, lda, 1ldb, 1ldc

real (8), device, dimension (lda, *) : a ! device or host variable
real (8), device, dimension (1db, *) : b ! device or host variable
real (8), device, dimension(ldc, *) :: c ! device or host variable
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real (8), device alpha, beta ! device or host variable
subroutine cublasDgemm (transa, transb, m, n, k, alpha, a, lda,
ldc)

character*1 transa, transb

integer :: m, n, k, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: Db

real (8), device, dimension(ldc, *) :: c

real (8), device alpha, beta ! device or host variable

integer (4)

b, 1ldb, beta, c, 1ldc)
type (cublasHandle) :: h
integer transa, transb
integer :: m, n, k, lda, 1ldb, 1ldc
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldb, *) :: b
real (8), device, dimension(ldc, *) :: c
real (8), device alpha, beta ! device or host variable

2.3.31. dsymm

function cublasDgemm v2 (h, transa, transb, m, n, k,

BLAS Runtime APIs

b, 1db, beta, c,

alpha, a, lda,

DSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B*A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are

m by n matrices.

subroutine dsymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
character*l side, uplo
integer :: m, n, lda, 1ldb, ldc
real (8), device, dimension (lda, *) a ! device or host variable
real (8), device, dimension(ldb, *) :: b ! device or host variable
real (8), device, dimension(ldc, *) :: c ! device or host variable
real (8), device alpha, beta ! device or host variable
subroutine cublasDsymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
character*l side, uplo
integer :: m, n, lda, 1ldb, ldc
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldb, *) :: b
real (8), device, dimension(ldc, *) :: c
real (8), device alpha, beta ! device or host variable
integer (4) function cublasDsymm v2(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)
type (cublasHandle) :: h
integer side, uplo
integer :: m, n, lda, 1ldb, ldc
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldb, *) :: b
real (8), device, dimension(ldc, *) :: c
real (8), device alpha, beta ! device or host variable

2.3.32. dsyrk

DSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha* A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and

A isan n by k matrix in the first case and a k by n matrix in the second case.

subroutine dsyrk(uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)
character*1l uplo, trans
integer :: n, k, lda, ldc
real (8), device, dimension (lda, *) a ! device or host variable
real (8), device, dimension(ldc, *) :: c ! device or host variable
real (8), device alpha, beta ! device or host variable
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subroutine cublasDsyrk(uplo, trans, n, k, alpha, a, lda, beta, c,
character*1l :: uplo, trans
integer :: n, k, lda, ldc
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldc, *) :: c
real (8), device :: alpha, beta ! device or host variable

BLAS Runtime APIs

1ldc)

integer (4) function cublasDsyrk v2(h, uplo, trans, n, k, alpha, a, lda, beta,

c, 1ldc)
type (cublasHandle) :: h
integer :: uplo, trans
integer :: n, k, lda, ldc
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldc, *) :: c
real (8), device :: alpha, beta ! device or host variable

2.3.33. dsyr2k

DSYR2K performs one of the symmetric rank 2k operations C := apha* A*B** T

+

apha*B*A**T + beta* C, or C := apha* A**T*B + apha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case

and k by n matrices in the second case.

subroutine dsyr2k (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)
character*1l :: uplo, trans
integer :: n, k, lda, 1ldb, ldc
real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(ldb, *) :: b ! device or host variable
real (8), device, dimension(ldc, *) :: c ! device or host variable
real (8), device :: alpha, beta ! device or host variable

subroutine cublasDsyr2k (uplo, trans, n, k, alpha, a, lda, b, 1ldb,

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension (ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable

beta, c, 1ldc)

integer (4) function cublasDsyr2k v2(h, uplo, trans, n, k, alpha, a, lda, b,

1db, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable

2.3.34. dsyrkx

DSYRKX performs a variation of the symmetric rank k update C := apha* A*B**T + beta* C,

where apha and beta are scalars, C isan n by n symmetric matrix stored in lower

or upper mode,

and A and B are n by k matrices. This routine can be used when B isin such away that the result

is guaranteed to be symmetric. See the CUBLAS documentation for more details.

subroutine dsyrkx(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
character*l :: uplo, trans
integer :: n, k, lda, 1ldb, ldc
real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(ldb, *) :: b ! device or host variable
real (8), device, dimension(ldc, *) :: c ! device or host variable
real (8), device :: alpha, beta ! device or host variable
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subroutine cublasDsyrkx(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable

integer (4) function cublasDsyrkx v2(h, uplo, trans, n, k, alpha, a, lda, b,
1db, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: Db

real (8), device, dimension(ldc, *) :: cC

real (8), device :: alpha, beta ! device or host variable

2.3.35. dtrmm

DTRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ), where alphaisascalar, B isan m by n matrix, A is aunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A ) =A or op( A ) = A**T.

subroutine dtrmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1db)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(ldb, *) :: b ! device or host variable
real (8), device :: alpha ! device or host variable

subroutine cublasDtrmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)
character*l :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldb, *) :: b
real (8), device :: alpha ! device or host variable

integer (4) function cublasDtrmm v2(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1db, c, ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

real (8), device, dimension (lda, *) a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension(ldc, *) :: c

real (8), device :: alpha ! device or host variable

2.3.36. dtrsm

DTRSM solves one of the matrix equations op( A )* X = apha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A ) =A or op( A) = A**T. Thematrix X is overwritten on B.

subroutine dtrsm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

real (8), device, dimension(lda, *) :: a ! device or host variable
real (8), device, dimension(ldb, *) :: b ! device or host variable
real (8), device :: alpha ! device or host variable

subroutine cublasDtrsm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb
real (8), device, dimension(lda, *) :: a
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real (8), device, dimension(ldb, *) :: b
real (8), device :: alpha ! device or host variable

integer (4) function cublasDtrsm v2(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device :: alpha ! device or host variable

2.3.37. cublasDgetrfBatched

DGETRF computes an LU factorization of ageneral M-by-N matrix A using partial pivoting
with row interchanges. The factorization hastheform A = P* L * U where P isa permutation
matrix, L islower triangular with unit diagonal elements (lower trapezoidal if m>n), and U is
upper triangular (upper trapezoida if m < n). Thisistheright-looking Level 3 BLAS version of
the algorithm.

integer (4) function cublasDgetrfBatched (h, n, Aarray, lda, ipvt, info,
batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info(*)

integer :: batchCount

2.3.38. cublasDgetriBatched

DGETRI computes the inverse of a matrix using the LU factorization computed by DGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
inv(A).

integer (4) function cublasDgetriBatched (h, n, Aarray, lda, ipvt, Carray, ldc,
info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray (*)
integer :: ldc

integer, device :: info(*)

integer :: batchCount

2.3.39. cublasDgetrsBatched

DGETRS solves a system of linear equations A * X =B or A**T * X = B with ageneral N-by-N
matrix A using the LU factorization computed by DGETRF.

integer (4) function cublasDgetrsBatched (h, trans, n, nrhs, Aarray, lda, ipvt,
Barray, 1ldb, info, batchCount)

type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
integer :: n, nrhs

type (c_devptr), device :: Aarray(*)

integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Barray (*)
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integer :: 1db
integer :: info (%)
integer :: batchCount

2.3.40. cublasDgemmBatched

DGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,

where op( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars, and A, B and C

are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.

integer (4) function cublasDgemmBatched (h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa ! integer or character(l) variable
integer :: transb ! integer or character(l) variable
integer :: m, n, k

real (8), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray (*)

integer :: 1ldb

real (8), device :: beta ! device or host variable
type (c_devptr), device :: Carray(*)

integer :: ldc

integer :: batchCount

integer (4) function cublasDgemmBatched v2(h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, 1ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

real (8), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray(*)

integer :: 1ldb

real (8), device :: beta ! device or host variable
type (c_devptr), device :: Carray (*)

integer :: ldc

integer :: batchCount

2.3.41. cublasDtrsmBatched

DTRSM solves one of the matrix equations op( A )* X = apha*B, or X*op( A ) = alpha*B, where

alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular

matrix and op( A ) isoneof op( A ) =A or op( A) = A**T. Thematrix X is overwritten on B.

integer (4) function cublasDtrsmBatched( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h

integer :: side ! integer or character(l) variable
integer :: uplo ! integer or character(l) variable
integer :: trans ! integer or character(l) variable
integer :: diag ! integer or character(l) variable
integer :: m, n

real (8), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)

integer :: lda

type (c_devptr), device :: B(*)

integer :: 1db

integer :: batchCount

integer (4) function cublasDtrsmBatched v2( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)
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type (cublasHandle) :: h
integer :: side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

real (8), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb

integer :: batchCount

2.3.42. cublasDmatinvBatched

cublasDmatinvBatched is a short cut of cublasDgetrfBatched plus cublasDgetriBatched. However
it only worksif nislessthan 32. If not, the user has to go through cublasDgetrfBatched and
cublasDgetriBatched.

integer (4) function cublasDmatinvBatched(h, n, Aarray, lda, Ainv, lda inv,
info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

type (c_devptr), device :: Ainv(*)
integer :: lda inv

integer, device :: info (*)

integer :: batchCount

2.3.43. cublasDgeqrfBatched

DGEQRF computes a QR factorization of areal M-by-N matrix A: A=Q* R.

integer (4) function cublasDgeqrfBatched(h, m, n, Aarray, lda, Tau, info,
batchCount)

type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: Aarray (*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer :: info (%)

integer :: batchCount

2.3.44. cublasDgelsBatched

DGEL S solves overdetermined or underdetermined real linear systems involving an M-by-N
matrix A, or itstranspose, using a QR or LQ factorization of A. It isassumed that A hasfull
rank. The following options are provided: 1. If TRANS ='N' and m >= n: find the least squares
solution of an overdetermined system, i.e., solve the least squares problem minimize || B - A*X
[|. 2. If TRANS="N"and m < n: find the minimum norm solution of an underdetermined system
A* X =B.3.If TRANS="T"and m >= n: find the minimum norm solution of an undetermined
system A**T * X =B. 4. If TRANS ="T" and m < n: find the least squares solution of an
overdetermined system, i.e., solve the least squares problem minimize || B - A**T * X ||. Severa
right hand side vectors b and solution vectors x can be handled in asingle call; they are stored as
the columns of the M-by-NRHS right hand side matrix B and the N-by-NRHS solution matrix X.

integer (4) function cublasDgelsBatched (h, trans, m, n, nrhs, Aarray, lda,
Carray, ldc, info, devinfo, batchCount)

type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
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integer :: m, n, nrhs

type (c_devptr), device :: Aarray(*)
integer :: lda

type (c_devptr), device :: Carray (*)
integer :: ldc

integer :: info (%)

integer, device :: devinfo (*)
integer :: batchCount

2.4. Single Precision Complex Functions and Subroutines

This section contains interfaces to the single precision complex BLAS and cuBLAS functions and
subroutines.

2.4.1. icamax

ICAMAX finds the index of the element having the maximum absolute value.

integer (4) function icamax(n, x, incx)

integer :: n
complex (4), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIcamax(n, x, incx)

integer :: n
complex (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIcamax v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.4.2. icamin

ICAMIN finds the index of the element having the minimum absolute value.

integer (4) function icamin(n, x, incx)

integer :: n
complex (4), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIcamin(n, x, incx)

integer :: n
complex (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIcamin v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.4.3. scasum

SCASUM takes the sum of the absolute values of a complex vector and returns a single precision
result.

real (4) function scasum(n, x, incx)
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integer :: n
complex (4), device, dimension(*) :: x ! device or host variable
integer :: incx

real (4) function cublasScasum(n, x, incx)

integer :: n
complex (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasScasum v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x

integer :: incx

real (4), device :: res ! device or host variable

2.4.4. caxpy

CAXPY constant times a vector plus a vector.

subroutine caxpy(n, a, x, incx, y, incy)

integer :: n

complex (4), device :: a ! device or host variable

complex (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasCaxpy(n, a, x, incx, y, incy)

integer :: n

complex (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x, y

integer :: incx, incy

integer (4) function cublasCaxpy v2(h, n, a, x, incx, y, incy)

type (cublasHandle) :: h

integer :: n

complex (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x, vy

integer :: incx, incy

2.4.5. ccopy

CCOPY copies avector x to avector y.

subroutine ccopy(n, x, incx, y, incy)

integer :: n
complex (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasCcopy(n, x, incx, y, incy)

integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasCcopy v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

2.4.6. cdotc

forms the dot product of two vectors, conjugating the first vector.

complex (4) function cdotc(n, x, incx, y, incy)
integer :: n
complex (4), device, dimension(*) :: x, y ! device or host variable
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integer :: incx, incy

complex (4) function cublasCdotc(n, x, incx, y, incy)

integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasCdotc v2(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x, y

integer :: incx, incy

complex (4), device :: res ! device or host variable

2.4.7. cdotu

CDOTU formsthe dot product of two vectors.

complex (4) function cdotu(n, x, incx, y, incy)

integer :: n
complex (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

complex (4) function cublasCdotu(n, x, incx, y, incy)

integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasCdotu v2(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x, y

integer :: incx, incy

complex (4), device :: res ! device or host variable

2.4.8. scnrm?2

SCNRM2 returns the euclidean norm of a vector viathe function name, so that SCNRM?2 :=
sgrt( x**H*x )
real (4) function scnrm2(n, x, incx)
integer :: n
complex (4), device, dimension(*) :: x ! device or host variable
integer :: incx

real (4) function cublasScnrm2 (n, x, incx)

integer :: n
complex (4), device, dimension(*) :: x
integer :: incx

integer (4) function cublasScnrm2 v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x

integer :: incx

real (4), device :: res ! device or host variable

2.4.9. crot

CROT applies a plane rotation, where the cos (C) isrea and the sin (S) is complex, and the
vectors CX and CY are complex.

subroutine crot(n, x, incx, y, incy, sc, ss)

integer :: n
real (4), device :: sc ! device or host variable
complex (4), device :: ss ! device or host variable
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complex (4), device, dimension(*) :: x, y ! device or host variable

integer

incx, incy

subroutine cublasCrot(n, x, incx, y, incy, sc, ss)

integer
real (4),

n
device :: sc ! device or host variable

complex (4), device :: ss ! device or host variable
complex (4), device, dimension(*) :: x, y

integer

integer (4)

incx, incy

function cublasCrot v2(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer n

real (4), device :: sc ! device or host variable
complex (4), device :: ss ! device or host variable
complex (4), device, dimension(*) :: x, vy

integer incx, incy

2.4 .10. csrot

CSROT applies a plane rotation, where the cos and sin (c and s) are real and the vectors cx and cy

are complex.
subroutine csrot(n, x, incx, y, incy, sc, ss)
integer n
real (4), device :: sc, ss ! device or host variable
complex (4), device, dimension(*) :: x, y ! device or host variable
integer incx, incy

subroutine cublasCsrot(n, x, incx, y, incy, sc, ss)

integer n

real (4), device :: sc, ss ! device or host variable
complex (4), device, dimension(*) :: x, vy

integer incx, incy

integer (4)

function cublasCsrot v2(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer n

real (4), device :: sc, ss ! device or host variable
complex (4), device, dimension(*) :: x, y

integer :: incx, incy

2.4.11. crotg

CROTG determines a complex Givens rotation.

subroutine crotg(sa, sb, sc, ss)
complex (4), device :: sa, sb, ss ! device or host variable
real (4), device :: sc ! device or host variable

subroutine cublasCrotg(sa, sb, sc, ss)
complex (4), device :: sa, sb, ss ! device or host variable
real (4), device :: sc ! device or host variable

integer (4) function cublasCrotg v2(h, sa, sb, sc, ss)

type (cublasHandle) :: h
complex (4), device :: sa, sb, ss ! device or host variable
real (4), device :: sc ! device or host variable

2.4.12. cscal

CSCAL scales avector by aconstant.

subroutine cscal(n, a, x, 1incx)
integer :: n
complex (4), device :: a ! device or host variable
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complex (4), device, dimension(*) :: x ! device or host variable
integer :: incx

subroutine cublasCscal (n, a, x, incx)

integer :: n

complex (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x

integer :: incx

integer (4) function cublasCscal v2(h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

complex (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x

integer :: incx

2.4.13. csscal

CSSCAL scales acomplex vector by areal constant.

subroutine csscal (n, a, x, incx)

integer :: n

real (4), device :: a ! device or host variable

complex (4), device, dimension(*) :: x ! device or host variable
integer :: incx

subroutine cublasCsscal (n, a, x, incx)

integer :: n

real (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x

integer :: incx

integer (4) function cublasCsscal v2(h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x

integer :: incx

2.4.14. cswap

CSWAP interchanges two vectors.

subroutine cswap(n, x, incx, y, incy)

integer :: n
complex (4), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasCswap(n, x, incx, y, incy)

integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasCswap v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

2.4.15. cgbmv

CGBMYV performs one of the matrix-vector operationsy := apha* A*x + beta*y, ory :=
apha* A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x and
y are vectorsand A isan m by n band matrix, with kl sub-diagonals and ku super-diagonals.

subroutine cgbmv(t, m, n, kl, ku, alpha, a, lda, x, incx, beta, y, incy)
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character*l :: t

integer :: m, n, k1, ku, lda, incx, incy

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x, y ! device or host variable
complex (4), device :: alpha, beta ! device or host variable

subroutine cublasCgbmv(t, m, n, k1, ku, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, k1, ku, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, vy

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasCgbmv v2(h, t, m, n, kl, ku, alpha, a, lda, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, k1, ku, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, vy

complex (4), device :: alpha, beta ! device or host variable

2.4.16. cgemv

CGEMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, or y :=
alpha* A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x and
y arevectorsand A isan m by n matrix.

subroutine cgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x, y ! device or host variable
complex (4), device :: alpha, beta ! device or host variable

subroutine cublasCgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasCgemv v2(h, t, m, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha, beta ! device or host variable

2.4.17. cgerc

CGERC performsthe rank 1 operation A := alpha*x*y**H + A, where alphaisascaar, xisanm
element vector, y is an n element vector and A isan m by n matrix.

subroutine cgerc(m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x, y ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasCgerc(m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, y
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complex (4), device :: alpha ! device or host variable

integer (4) function cublasCgerc v2(h, m, n, alpha, x, incx, vy,

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, vy

complex (4), device :: alpha ! device or host variable

2.4.18. cgeru

BLAS Runtime APIs

incy, a, lda)

CGERU performstherank 1 operation A := alpha*x*y**T + A, where alphaisascalar, xisanm

element vector, y isan n element vector and A isan m by n matrix.

subroutine cgeru(m, n, alpha, x, incx, vy, incy, a, lda)

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x, y ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasCgeru(m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, vy

complex (4), device :: alpha ! device or host variable

integer (4) function cublasCgeru v2(h, m, n, alpha, x, incx, vy,

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha ! device or host variable

2.4.19. csymv

incy, a, lda)

CSYMYV performs the matrix-vector operation y := apha* A*x + beta*y, where alpha and beta are

scalars, x and y are n element vectors and A isan n by n symmetric matrix.

subroutine csymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a ! device or host variable

complex (4), device, dimension(*) :: x, y ! device or host variable

complex (4), device :: alpha, beta ! device or host variable
subroutine cublasCsymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, vy

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasCsymv v2(h, t, n, alpha, a, lda, x,
incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, vy

complex (4), device :: alpha, beta ! device or host variable
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2.4.20. csyr

CSYR performs the symmetric rank 1 operation A ;= apha*x*x**H + A, where alphaisa

complex scalar, x is an n element vector and A is an n by n symmetric matrix.

subroutine csyr(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasCsyr(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x

complex (4), device :: alpha ! device or host variable

integer (4) function cublasCsyr v2(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x

complex (4), device :: alpha ! device or host variable

2.4.21. csyr2

CSYR2 performs the symmetric rank 2 operation A := apha*x*y' + alpha*y*x' + A, where apha

isacomplex scalar, x and y are n element vectorsand A isan n by n SY matrix.

subroutine csyr2(t, n, alpha, x, incx, y, incy, a, lda)

character*l :: t

integer :: n, incx, incy, lda

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x, y ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasCsyr2(t, n, alpha, x, incx, y, incy, a, lda)
character*l :: t
integer :: n, incx, incy, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, vy
complex (4), device :: alpha ! device or host variable

integer (4) function cublasCsyr2 v2(h, t, n, alpha, x, incx, y, incy, a,
type (cublasHandle) :: h
integer :: t
integer :: n, incx, incy, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, y
complex (4), device :: alpha ! device or host variable

2.4.22. ctbmv

CTBMYV performs one of the matrix-vector operations X := A*X, or X := A**T*x, or X :=

lda)

A**H*x, where x isan n element vector and A isan n by n unit, or non-unit, upper or lower

triangular band matrix, with ( k + 1) diagonals.

subroutine ctbmv(u, t, d, n, k, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, k, incx, lda

PGI Fortran CUDA Library Interfaces

57



BLAS Runtime APIs

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x ! device or host variable

subroutine cublasCtbmv(u, t, d, n, k, a, lda, x, 1incx)
character*1l :: u, t, d
integer :: n, k, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

integer (4) function cublasCtbmv v2(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.4.23. ctbsv

CTBSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where
b and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular band
matrix, with (k + 1) diagonals. No test for singularity or near-singularity isincluded in this
routine. Such tests must be performed before calling this routine.

subroutine ctbsv(u, t, d, n, k, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, k, incx, lda

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x ! device or host variable

subroutine cublasCtbsv(u, t, 4, n, k, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, k, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

integer (4) function cublasCtbsv v2(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.4.24. ctpmv

CTPMYV performs one of the matrix-vector operations X := A*x, or X := A**T*x, or X :=
A**H*x, where x isan n element vector and A isan n by n unit, or non-unit, upper or lower
triangular matrix, supplied in packed form.

subroutine ctpmv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (4), device, dimension(*) :: a, x ! device or host variable

subroutine cublasCtpmv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (4), device, dimension(*) :: a, x

integer (4) function cublasCtpmv v2(h, u, t, 4, n, a, X, incx)
type (cublasHandle) :: h

integer :: u, t, d
integer :: n, incx
complex (4), device, dimension(*) :: a, x
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2.4.25. ctpsv

CTPSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where b
and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix,
supplied in packed form. No test for singularity or near-singularity isincluded in this routine.
Such tests must be performed before calling this routine.

subroutine ctpsv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (4), device, dimension(*) :: a, x ! device or host variable

subroutine cublasCtpsv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (4), device, dimension(*) :: a, x

integer (4) function cublasCtpsv v2(h, u, t, d, n, a, X, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (4), device, dimension(*) :: a, x

2.4.26. ctrmv

CTRMYV performs one of the matrix-vector operations X := A*X, or X := A**T*x, or X :=
A**H*x, where x isan n element vector and A isan n by n unit, or non-unit, upper or lower
triangular matrix.

subroutine ctrmv(u, t, d, n, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x ! device or host variable

subroutine cublasCtrmv(u, t, d, n, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

integer (4) function cublasCtrmv v2(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.4.27. ctrsv

CTRSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, whereb
and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix.
No test for singularity or near-singularity isincluded in this routine. Such tests must be performed
before calling this routine.

subroutine ctrsv(u, t, d, n, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(*) :: x ! device or host variable

subroutine cublasCtrsv(u, t, d, n, a, lda, x, incx)
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character*l u, t, d

integer n, incx, lda

complex (4), device, dimension(lda, *) a

complex (4), device, dimension (*) X
integer (4) function cublasCtrsv v2(h, u, t,

type (cublasHandle) h

integer w, t, @l

integer n, incx, lda

complex (4), device, dimension (lda, *) a

complex (4), device, dimension (*) X

2.4.28. chbmv

CHBMYV performs the matrix-vector operationy := ap
are scalars, x and y are n element vectorsand A isann
diagonals.

subroutine chbmv (uplo, n, k, alpha, a, lda,
character*1l uplo
integer k, n, lda, incx, incy
complex (4), device, dimension (lda, *) a
complex (4), device, dimension (*) X, y !
complex (4), device alpha, beta ! device
subroutine cublasChbmv (uplo, n, k, alpha, a,
character*1l uplo
integer k, n, lda, incx, incy
complex (4), device, dimension(lda, *) a
complex (4), device, dimension (*) X, Y
complex (4), device alpha, beta ! device
integer (4) function cublasChbmv v2(h, uplo,
y, incy)
type (cublasHandle) h
integer uplo
integer k, n, lda, incx, incy
complex (4), device, dimension(lda, *) a
complex (4), device, dimension (*) X, Y
complex (4), device alpha, beta ! device

2.4.29. chemv

BLAS Runtime APIs

d, n, a, lda, x, incx)

ha* A*x + beta*y, where alpha and beta
by n hermitian band matrix, with k super-

X, 1incx, beta, y, incy)

! device or host variable

device or host variable

or host variable

lda, x, incx, beta, y, incy)

or host variable

n, k, alpha, a, lda, x, incx, beta,
or host variable

CHEMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta

are scalars, x and y are n element vectorsand A isann

by n hermitian matrix.

subroutine chemv (uplo, n, alpha, a, lda, x, incx, beta, y, incy)
character*1l uplo
integer n, lda, incx, incy
complex (4), device, dimension (lda, *) a ! device or host wvariable
complex (4), device, dimension (*) x, y ! device or host variable
complex (4), device alpha, beta ! device or host variable
subroutine cublasChemv (uplo, n, alpha, a, lda, x, incx, beta, y, incy)
character*1l uplo
integer n, lda, incx, incy
complex (4), device, dimension (lda, *) a
complex (4), device, dimension (*) X, Y
complex (4), device alpha, beta ! device or host variable
integer (4) function cublasChemv v2(h, uplo, n, alpha, a, lda, x, incx, beta, vy,
incy)
type (cublasHandle) h
integer uplo
integer n, lda, incx, incy
complex (4), device, dimension (lda, *) a
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complex (4), device, dimension(*) :: x, y
complex (4), device :: alpha, beta ! device or host variable

2.4.30. chpmv

CHPMYV performs the matrix-vector operation y := apha* A*x + beta*y, where alpha and beta
arescalars, x and y are n element vectors and A is an n by n hermitian matrix, supplied in packed
form.

subroutine chpmv (uplo, n, alpha, a, x, incx, beta, y, incy)

character*1l :: uplo

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y ! device or host variable
complex (4), device :: alpha, beta ! device or host variable

subroutine cublasChpmv (uplo, n, alpha, a, x, incx, beta, y, incy)

character*1l :: uplo

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasChpmv v2(h, uplo, n, alpha, a, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: uplo

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y

complex (4), device :: alpha, beta ! device or host variable

2.4.31. cher

CHER performs the hermitian rank 1 operation A := alpha*x*x**H + A, where alphais areal
scalar, x isan n element vector and A is an n by n hermitian matrix.

subroutine cher(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

complex (4), device, dimension(*) :: a, x ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasCher(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

complex (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

integer (4) function cublasCher v2(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

2.4.32. cher2

CHERZ2 performs the hermitian rank 2 operation A := alpha*x*y**H + conjg( alpha )*y*x**H +
A, where aphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix.

subroutine cher2(t, n, alpha, x, incx, vy, incy, a, lda)

character*l :: t

integer :: n, incx, incy, lda

complex (4), device, dimension(*) :: a, x, y ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasCher2(t, n, alpha, x, incx, y, incy, a, lda)
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character*l :: t

integer :: n, incx, incy, lda

complex (4), device, dimension(*) :: a, x, y

complex (4), device :: alpha ! device or host variable

integer (4) function cublasCher2 v2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

complex (4), device, dimension(*) :: a, x, y

complex (4), device :: alpha ! device or host variable

2.4.33. chpr

CHPR performs the hermitian rank 1 operation A := alpha*x*x**H + A, where alphais areal
scalar, X isan n element vector and A is an n by n hermitian matrix, supplied in packed form.

subroutine chpr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

complex (4), device, dimension(*) :: a, x ! device or host variable
real (4), device :: alpha ! device or host variable

subroutine cublasChpr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

complex (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

integer (4) function cublasChpr v2(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

complex (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

2.4.34. chpr2

CHPR2 performs the hermitian rank 2 operation A := alpha*x*y**H + conjg( alpha)*y*x**H
+ A, where alphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix,
supplied in packed form.

subroutine chpr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasChpr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, Yy

complex (4), device :: alpha ! device or host variable

integer (4) function cublasChpr2 v2(h, t, n, alpha, x, incx, y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y

complex (4), device :: alpha ! device or host variable
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CGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C

an m by n matrix.

subroutine cgemm(transa, transb, m,
character*1 transa, transb
integer m, n, k, lda, 1ldb, 1ldc
complex (4), device, dimension (lda,
complex (4), device, dimension (1ldb,
complex (4), device, dimension (ldc,
complex (4), device alpha, beta

subroutine cublasCgemm (transa,

ldc)
character*1 transa, transb
integer m, n, k, lda, 1ldb, 1ldc
complex (4), device, dimension(lda,
complex (4), device, dimension (1ldb,
complex (4), device, dimension (ldc,
complex (4), device alpha, beta

integer (4)

function cublasCgemm v2 (h,

b, 1ldb, beta, c, 1ldc)

type (cublasHandle) h

integer transa, transb

integer m, n, k, lda, 1ldb, 1ldc
complex (4), device, dimension (lda,
complex (4), device, dimension (1db,
complex (4), device, dimension (ldc,
complex (4), device alpha, beta

2.4.36. csymm

transb, m,

n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
*) a ! device or host variable
*) b ! device or host variable
*) c ! device or host variable
! device or host variable
n, k, alpha, a, lda, b, 1ldb, beta, c,
*) :: a
*) b
*) i C
! device or host variable
transa, transb, m, n, k, alpha, a, lda,
*) a
*) b
*) c
! device or host variable

CSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B*A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are

m by n matrices.

subroutine csymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, ldc)

character*l side, uplo

integer m, n, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a ! device or host variable

complex (4), device, dimension (ldb, *) b ! device or host variable

complex (4), device, dimension (ldc, *) c ! device or host wvariable

complex (4), device alpha, beta ! device or host variable
subroutine cublasCsymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*l side, uplo

integer m, n, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a

complex (4), device, dimension (ldb, *) b

complex (4), device, dimension (ldc, *) @

complex (4), device alpha, beta ! device or host variable
integer (4) function cublasCsymm v2(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) h

integer side, uplo

integer m, n, lda, 1ldb, ldc

complex (4), device, dimension (lda, ) a

complex (4), device, dimension (1db, ) b

complex (4), device, dimension (ldc, ) c

PGI Fortran CUDA Library Interfaces

63



BLAS Runtime APIs

complex (4), device :: alpha, beta ! device or host variable

2.4.37. csyrk

CSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha* A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and ak by n matrix in the second case.

subroutine csyrk(uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(ldc, *) :: c ! device or host variable
complex (4), device :: alpha, beta ! device or host variable

subroutine cublasCsyrk(uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*l :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasCsyrk v2(h, uplo, trans, n, k, alpha, a, lda, beta,
c, ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

2.4.38. csyr2k

CSYR2K performs one of the symmetric rank 2k operations C := alpha* A*B**T +
alpha*B*A**T + beta* C, or C := alpha* A**T*B + alpha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin the first case
and k by n matrices in the second case.

subroutine csyr2k (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a ! device or host variable
complex (4), device, dimension (ldb, *) b ! device or host variable
complex (4), device, dimension(ldc, *) :: c ! device or host variable
complex (4), device :: alpha, beta ! device or host variable

subroutine cublasCsyr2k(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a

complex (4), device, dimension (ldb, *) :: b

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasCsyr2k v2(h, uplo, trans, n, k, alpha, a, lda, b,
1db, beta, ¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a

complex (4), device, dimension(ldb, *) :: b

complex (4), device, dimension(ldc, *) :: cC

complex (4), device :: alpha, beta ! device or host variable
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2.4.39. csyrkx

CSYRKX performs a variation of the symmetric rank k update C := alpha* A*B**T + beta*C,
where alpha and beta are scalars, C isan n by n symmetric matrix stored in lower or upper mode,
and A and B are n by k matrices. This routine can be used when B isin such away that the result
is guaranteed to be symmetric. See the CUBLAS documentation for more details.

subroutine csyrkx(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a ! device or host wvariable
complex (4), device, dimension (ldb, *) b ! device or host variable
complex (4), device, dimension(ldc, *) :: c ! device or host variable
complex (4), device :: alpha, beta ! device or host variable

subroutine cublasCsyrkx(uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)

character*l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a

complex (4), device, dimension(ldb, *) :: b

complex (4), device, dimension(ldc, *) :: cC

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasCsyrkx v2(h, uplo, trans, n, k, alpha, a, lda, b,
1db, beta, c¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a

complex (4), device, dimension (ldb, *) b

complex (4), device, dimension (ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

2.4.40. ctrmm

CTRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ) where alphaisascaar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A)=A orop(A)=A**Torop( A) =A**H.

subroutine ctrmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(ldb, *) :: b ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasCtrmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: b

complex (4), device :: alpha ! device or host variable

integer (4) function cublasCtrmm v2(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb, c¢, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: b

complex (4), device, dimension(ldc, *) :: cC

complex (4), device :: alpha ! device or host variable
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CTRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A)=Aorop(A)=A**T orop( A) = A**H. The matrix X is

overwritten on B.

subroutine ctrsm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1db)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(ldb, *) :: b ! device or host variable
complex (4), device :: alpha ! device or host variable

subroutine cublasCtrsm(side, uplo, transa, diag, m, n, alpha,

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension (ldb, *) :: b

complex (4), device :: alpha ! device or host variable

a, lda, b, 1ldb)

integer (4) function cublasCtrsm v2(h, side, uplo, transa, diag, m, n, alpha, a,

lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension (ldb, *) :: b

complex (4), device :: alpha ! device or host variable

2.4.42. chemm

CHEMM performs one of the matrix-matrix operations C := apha*A*B + beta*C, or C :=
alpha*B* A + beta* C, where alpha and beta are scalars, A is an hermitian matrix and B and C are

m by n matrices.

subroutine chemm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*l :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a ! device or host
complex (4), device, dimension (ldb, *) b ! device or host
complex (4), device, dimension(ldc, *) :: c ! device or host
complex (4), device :: alpha, beta ! device or host variable

variable
variable
variable

subroutine cublasChemm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*l :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) a

complex (4), device, dimension(ldb, *) :: b

complex (4), device, dimension (ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

integer (4) function cublasChemm v2(h, side, uplo, m, n, alpha,

beta, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a

complex (4), device, dimension (ldb, *) :: b

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable
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2.4.43. cherk

CHERK performs one of the hermitian rank k operations C := alpha* A* A**H + beta*C, or C ;=
alpha* A**H* A + beta* C, where alphaand beta are real scalars, C isan n by n hermitian matrix
and A isan n by k matrix in the first case and ak by n matrix in the second case.

subroutine cherk (uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(ldc, *) :: c ! device or host variable
real (4), device :: alpha, beta ! device or host variable

subroutine cublasCherk (uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension (ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

integer (4) function cublasCherk v2(h, uplo, trans, n, k, alpha, a, lda, beta,
c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension (ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

2.4.44. cher2k

CHERZ2K performs one of the hermitian rank 2k operations C := alpha* A*B**H +
conjg( apha)*B*A**H + beta*C, or C := alpha* A**H*B + conjg( apha)*B**H*A + beta*C,
where apha and beta are scalars with betareal, C isan n by n hermitian matrix and A and B aren
by k matricesin the first case and k by n matrices in the second case.

subroutine cher2k (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(ldb, *) :: b ! device or host variable
complex (4), device, dimension(ldc, *) :: c ! device or host variable
complex (4), device :: alpha ! device or host variable

real (4), device :: beta ! device or host variable

subroutine cublasCher2k (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension (ldb, *) :: b

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha ! device or host variable
real (4), device :: beta ! device or host variable

integer (4) function cublasCher2k v2(h, uplo, trans, n, k, alpha, a, lda, b,
1db, beta, c¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: Db

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha ! device or host variable
real (4), device :: beta ! device or host variable
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2.4.45. cherkx

CHERKX performs avariation of the hermitian rank k operations C := alpha* A*B**H + beta*C,

where apha and beta are real scalars, C isan n by n hermitian matrix stored in lower or upper

mode, and A and B are n by k matrices. See the CUBLAS documentation for more details.
subroutine cherkx (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a ! device or host variable
complex (4), device, dimension(ldb, *) :: b ! device or host variable
complex (4), device, dimension(ldc, *) :: c ! device or host variable
complex (4), device :: alpha ! device or host variable

real (4), device :: beta ! device or host variable

subroutine cublasCherkx (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: Db

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha ! device or host variable
real (4), device :: beta ! device or host variable

integer (4) function cublasCherkx v2(h, uplo, trans, n, k, alpha, a, lda, b,
1ldb, beta, c¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension (ldb, *) :: b

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha ! device or host variable
real (4), device :: beta ! device or host variable

2.4.46. cublasCgetrfBatched

CGETRF computes an LU factorization of ageneral M-by-N matrix A using partial pivoting
with row interchanges. The factorization hastheform A = P* L * U where Pis a permutation
matrix, L islower triangular with unit diagonal elements (lower trapezoidal if m>n), and U is
upper triangular (upper trapezoidal if m < n). Thisistheright-looking Level 3 BLAS version of
the algorithm.

integer (4) function cublasCgetrfBatched(h, n, Aarray, lda, ipvt, info,
batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info(*)

integer :: batchCount

2.4.47. cublasCgetriBatched

CGETRI computes the inverse of a matrix using the LU factorization computed by CGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
inv(A).

integer (4) function cublasCgetriBatched (h, n, Aarray, lda, ipvt, Carray, ldc,
info, batchCount)
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type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray(*)
integer :: ldc

integer, device :: info(*)

integer :: batchCount

2.4 48. cublasCgetrsBatched

CGETRS solves a system of linear equationsA * X =B, A**T* X =B, or A**H* X =B witha
general N-by-N matrix A using the LU factorization computed by CGETRF.

integer (4) function cublasCgetrsBatched (h, trans, n, nrhs, Aarray, lda, ipvt,
Barray, ldb, info, batchCount)

type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
integer :: n, nrhs

type (c_devptr), device :: Aarray (*)

integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Barray (*)

integer :: 1db

integer :: info (*)

integer :: batchCount

2.4.49. cublasCgemmBatched

CGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C
an m by n matrix.

integer (4) function cublasCgemmBatched (h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa ! integer or character(l) variable
integer :: transb ! integer or character(l) variable
integer :: m, n, k

complex (4), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray (*)

integer :: 1ldb

complex (4), device :: beta ! device or host variable
type (c_devptr), device :: Carray(*)

integer :: ldc

integer :: batchCount

integer (4) function cublasCgemmBatched v2(h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, 1ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

complex (4), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray(*)

integer :: 1ldb

complex (4), device :: beta ! device or host variable
type (c_devptr), device :: Carray (*)
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integer :: ldc
integer :: batchCount

2.4.50. cublasCtrsmBatched

CTRSM solves one of the matrix equations op( A )*X = apha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A) =A orop(A)=A**T or op( A ) = A**H. The matrix X is
overwritten on B.

integer (4) function cublasCtrsmBatched( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)

type(cublasHandle) g8 In

integer :: side ! integer or character(l) variable
integer :: uplo ! integer or character(l) variable
integer :: trans ! integer or character(l) wvariable
integer :: diag ! integer or character(l) variable
integer :: m, n

complex(4), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)

integer :: lda

type (c_devptr), device :: B(*)

integer :: 1db

integer :: batchCount

integer (4) function cublasCtrsmBatched v2( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)

type(cublasHandle) HE!
integer side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

complex (4), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb

integer :: batchCount

2.4.51. cublasCmatinvBatched

cublasCmatinvBatched is a short cut of cublasCgetrfBatched plus cublasCgetriBatched. However
it only worksif nislessthan 32. If not, the user has to go through cublasCgetrfBatched and
cublasCgetriBatched.

integer (4) function cublasCmatinvBatched(h, n, Aarray, lda, Ainv, lda inv,
info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

type (c_devptr), device :: Ainv(*)
integer :: lda inv

integer, device :: info (*)

integer :: batchCount

2.4.52. cublasCgeqrfBatched

CGEQRF computes a QR factorization of acomplex M-by-N matrix A: A=Q* R.

integer (4) function cublasCgeqrfBatched(h, m, n, Aarray, lda, Tau, info,
batchCount)
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type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: Aarray (*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer :: info (%)

integer :: batchCount

2.4.53. cublasCgelsBatched

CGELS solves overdetermined or underdetermined complex linear systemsinvolving an M-
by-N matrix A, or its conjugate-transpose, using a QR or LQ factorization of A. It is assumed
that A hasfull rank. The following options are provided: 1. If TRANS ='N'and m >=n: find
the least squares solution of an overdetermined system, i.e., solve the least squares problem
minimize || B - A*X ||. 2. If TRANS ="'N" and m < n: find the minimum norm solution of an
underdetermined system A * X = B. 3. If TRANS = 'C' and m >= n: find the minimum norm
solution of an undetermined system A**H * X = B. 4. If TRANS ='C' and m < n: find the least
squares solution of an overdetermined system, i.e., solve the least squares problem minimize || B
- A**H* X ||. Severd right hand side vectors b and solution vectors x can be handled in asingle
call; they are stored as the columns of the M-by-NRHS right hand side matrix B and the N-by-
NRHS solution matrix X.

integer (4) function cublasCgelsBatched(h, trans, m, n, nrhs, Aarray, lda,
Carray, ldc, info, devinfo, batchCount)

type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
integer :: m, n, nrhs

type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Carray (*)

integer :: ldc

integer :: info (*)

integer, device :: devinfo (*)

integer :: batchCount

2.5. Double Precision Complex Functions and Subroutines

This section contains interfaces to the double precision complex BLAS and cuBLAS functions
and subroutines.

2.5.1. izamax

IZAMAX finds the index of the element having the maximum absolute value.

integer (4) function izamax(n, x, incx)

integer :: n
complex (8), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIzamax(n, x, incx)

integer :: n
complex (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIzamax v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x
integer :: incx
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integer, device :: res ! device or host variable

2.5.2. izamin

IZAMIN finds the index of the element having the minimum absolute value.

integer (4) function izamin(n, x, incx)

integer :: n
complex (8), device, dimension(*) :: x ! device or host variable
integer :: incx

integer (4) function cublasIzamin(n, x, incx)

integer :: n
complex (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasIzamin v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.5.3. dzasum
DZASUM takes the sum of the absolute values.

real (8) function dzasum(n, x, incx)

integer :: n
complex (8), device, dimension(*) :: x ! device or host wvariable
integer :: incx

real (8) function cublasDzasum(n, x, incx)

integer :: n
complex (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasDzasum v2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x

integer :: incx

real (8), device :: res ! device or host variable

2.5.4. zaxpy

ZAXPY constant times a vector plus a vector.

subroutine zaxpy(n, a, x, incx, y, incy)

integer :: n

complex (8), device :: a ! device or host variable

complex (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasZaxpy(n, a, x, incx, y, incy)

integer :: n

complex (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x, y

integer :: incx, incy

integer (4) function cublasZaxpy v2(h, n, a, x, incx, y, incy)

type (cublasHandle) :: h

integer :: n

complex (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x, y

integer :: incx, incy
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2.5.5. zcopy

ZCOPY copies avector, X, to avector, y.

subroutine zcopy(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasZcopy(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy

integer (4) function cublasZcopy v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy

2.5.6. zdotc

ZDOTC formsthe dot product of avector.

complex (8) function zdotc(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

complex (8) function cublasZdotc(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasZdotc v2(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x, y

integer :: incx, incy

complex (8), device :: res ! device or host variable

2.5.7. zdotu

ZDOTU forms the dot product of two vectors.

complex (8) function zdotu(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

complex (8) function cublasZdotu(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasZdotu v2(h, n, x, incx, y, incy, res)
type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x, vy

integer :: incx, incy

complex (8), device :: res ! device or host variable
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2.5.8. dznrm2

DZNRM2 returns the euclidean norm of avector via the function name, so that DZNRM?2 :=
sart( x**H*x)
real (8) function dznrm2 (n, x, incx)
integer :: n
complex (8), device, dimension(*) :: x ! device or host variable
integer :: incx

real (8) function cublasDznrm2 (n, x, incx)

integer :: n
complex (8), device, dimension(*) :: x
integer :: incx

integer (4) function cublasDznrmZ2 v2(h, n, X, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x

integer :: incx

real (8), device :: res ! device or host variable

2.5.9. zrot

ZROT applies aplane rotation, where the cos (C) isreal and the sin (S) is complex, and the
vectors CX and CY are complex.

subroutine zrot(n, x, incx, y, incy, sc, ss)
integer :: n
real (8), device :: sc ! device or host variable
complex (8), device :: ss ! device or host variable
complex (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasZrot(n, x, incx, y, incy, sc, ss)
integer :: n
real (8), device :: sc ! device or host variable
complex (8), device :: ss ! device or host variable
complex (8), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasZrot v2(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer :: n

real (8), device :: sc ! device or host variable
complex (8), device :: ss ! device or host variable
complex (8), device, dimension(*) :: x, y

integer :: incx, incy

2.5.10. zsrot

ZSROT applies a plane rotation, where the cos and sin (¢ and s) are real and the vectors cx and cy
are complex.

subroutine zsrot(n, x, incx, y, incy, sc, Ss)

integer :: n

real (8), device :: sc, ss ! device or host variable

complex (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasZsrot(n, x, incx, y, incy, sc, ss)

integer :: n
real (8), device :: sc, ss ! device or host variable
complex (8), device, dimension(*) :: x, y
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integer :: incx, incy
integer (4) function cublasZsrot v2(h, n, x, incx, y, incy, sc, ss)
type (cublasHandle) :: h
integer :: n
real (8), device :: sc, ss ! device or host variable
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy
2.5.11. zrotg
ZROTG determines a double complex Givens rotation.
subroutine zrotg(sa, sb, sc, ss)
complex (8), device :: sa, sb, ss ! device or host variable
real (8), device :: sc ! device or host variable
subroutine cublasZrotg(sa, sb, sc, ss)
complex (8), device :: sa, sb, ss ! device or host variable
real (8), device :: sc ! device or host variable
integer (4) function cublasZrotg v2(h, sa, sb, sc, ss)
type (cublasHandle) :: h
complex (8), device :: sa, sb, ss ! device or host variable
real (8), device :: sc ! device or host variable
2.5.12. zscal
ZSCAL scales avector by a constant.
subroutine zscal (n, a, x, incx)
integer :: n
complex (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x ! device or host variable
integer :: incx
subroutine cublasZscal (n, a, x, incx)
integer :: n
complex (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x
integer :: incx
integer (4) function cublasZscal v2(h, n, a, x, incx)
type (cublasHandle) :: h
integer :: n
complex (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x
integer :: incx
2.5.13. zdscal
ZDSCAL scales avector by a constant.
subroutine zdscal (n, a, X, incx)
integer :: n
real (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x ! device or host variable
integer :: incx

subroutine cublasZdscal (n, a, x, incx)

integer :: n

real (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x

integer :: incx

integer (4) function cublasZdscal v2(h, n, a, x, incx)
type (cublasHandle) :: h
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integer :: n

real (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x

integer :: incx

2.5.14. zswap

ZSWAP interchanges two vectors.

subroutine zswap(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, y ! device or host variable
integer :: incx, incy

subroutine cublasZswap(n, x, incx, y, incy)

integer :: n
complex (8), device, dimension(*) :: x, y
integer :: incx, incy

integer (4) function cublasZswap v2(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy

2.5.15. zgbmv

ZGBMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=

alpha* A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x and

y arevectorsand A isan m by n band matrix, with kl sub-diagonals and ku super-diagonals.

subroutine zgbmv(t, m, n, kl, ku, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, k1, ku, lda, incx, incy

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZgbmv(t, m, n, k1, ku, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, kl, ku, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZgbmv v2(h, t, m, n, kl, ku, alpha, a, lda, x, incx,

beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, k1, ku, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

2.5.16. zgemv

ZGEMYV performs one of the matrix-vector operationsy := apha* A*x + beta*y, ory :=

alpha*t A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x and

y arevectorsand A isan m by n matrix.

subroutine zgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t
integer :: m, n, lda, incx, incy
complex (8), device, dimension(lda, *) :: a ! device or host variable
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complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZgemv(t, m, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZgemv v2(h, t, m, n, alpha, a, lda, x, incx, beta, y,
incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

2.5.17. zgerc

ZGERC performstherank 1 operation A := alpha*x*y**H + A, where dphaisascalar, xisanm
element vector, y is an n element vector and A isan m by n matrix.

subroutine zgerc(m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZgerc(m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZgerc v2(h, m, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha ! device or host variable

2.5.18. zgeru

ZGERU performstherank 1 operation A := alpha*x*y**T + A, where alphaisascaar, xisanm
element vector, y is an n element vector and A is an m by n matrix.

subroutine zgeru(m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZgeru(m, n, alpha, x, incx, y, incy, a, lda)

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZgeru v2(h, m, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha ! device or host variable
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2.5.19. zsymv

ZSYMV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta are
scalars, x and y are n element vectors and A isan n by n symmetric matrix.

subroutine zsymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZsymv(t, n, alpha, a, lda, x, incx, beta, y, incy)

character*l :: t

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZsymv v2(h, t, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

2.5.20. zsyr

ZSYR performs the symmetric rank 1 operation A := alpha*x*x**H + A, where alphaisa
complex scalar, x isan n element vector and A is an n by n symmetric matrix.

subroutine zsyr(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZsyr(t, n, alpha, x, incx, a, 1lda)

character*l :: t

integer :: n, incx, lda

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZsyr v2(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x

complex (8), device :: alpha ! device or host wvariable

2.5.21. zsyr2

ZSY R2 performs the symmetric rank 2 operation A := alpha*x*y' + apha*y*x' + A, where alpha
isacomplex scalar, x and y are n element vectorsand A isan n by n SY matrix.

subroutine zsyr2(t, n, alpha, x, incx, vy, incy, a, lda)

character*l :: t
integer :: n, incx, incy, lda
complex (8), device, dimension(lda, *) :: a ! device or host variable
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complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZsyr2(t, n, alpha, x, incx, y, incy, a, 1lda)

character*l :: t

integer :: n, incx, incy, lda

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZsyr2 v2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, vy

complex (8), device :: alpha ! device or host variable

2.5.22. ztbmv

ZTBMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, or X :=
A**H*x, where x isan n element vector and A isan n by n unit, or non-unit, upper or lower
triangular band matrix, with ( k + 1) diagonals.

subroutine ztbmv(u, t, d, n, k, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, k, incx, lda

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x ! device or host wvariable

subroutine cublasZtbmv(u, t, d, n, k, a, lda, x, 1incx)
character*1l :: u, t, d
integer :: n, k, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

integer (4) function cublasZtbmv v2(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.5.23. ztbsv

ZTBSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where
b and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular band
matrix, with (k + 1) diagonals. No test for singularity or near-singularity isincluded in this
routine. Such tests must be performed before calling this routine.

subroutine ztbsv(u, t, d, n, k, a, lda, x, incx)

character*l :: u, t, d

integer :: n, k, incx, lda

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x ! device or host variable

subroutine cublasZtbsv(u, t, 4, n, k, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, k, incx, lda

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

integer (4) function cublasZtbsv v2(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
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integer :: n, k, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.5.24. ztpmv

ZTPMV performs one of the matrix-vector operations x := A*x, or X := A**T*x, or X :=
A**H*x, where x isan n element vector and A isan n by n unit, or non-unit, upper or lower
triangular matrix, supplied in packed form.

subroutine ztpmv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (8), device, dimension(*) :: a, x ! device or host variable

subroutine cublasZtpmv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (8), device, dimension(*) :: a, x

integer (4) function cublasZtpmv v2(h, u, t, 4, n, a, X, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (8), device, dimension(*) :: a, x

2.9.25. ztpsv

ZTPSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where b
and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix,
supplied in packed form. No test for singularity or near-singularity isincluded in this routine.
Such tests must be performed before calling this routine.

subroutine ztpsv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (8), device, dimension(*) :: a, x ! device or host variable

subroutine cublasZtpsv(u, t, d, n, a, x, incx)

character*1l :: u, t, d
integer :: n, incx
complex (8), device, dimension(*) :: a, x

integer (4) function cublasZtpsv v2(h, u, t, d, n, a, X, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (8), device, dimension(*) :: a, x

2.5.26. ztrmv

ZTRMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, or X :=
A**H*x, where x is an n element vector and A is an n by n unit, or non-unit, upper or lower
triangular matrix.

subroutine ztrmv(u, t, d, n, a, lda, x, incx)

character*l :: u, t, d

integer :: n, incx, lda

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x ! device or host variable

subroutine cublasZtrmv(u, t, d, n, a, lda, x, incx)
character*1l :: u, t, d
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integer :: n, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

integer (4) function cublasZtrmv v2(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.5.27. ztrsv

ZTRSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where b
and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix.

No test for singularity or near-singularity isincluded in this routine. Such tests must be performed
before calling this routine.

subroutine ztrsv(u, t, d, n, a, lda, x, incx)

character*1l :: u, t, d

integer :: n, incx, lda

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x ! device or host variable

subroutine cublasZtrsv(u, t, d, n, a, lda, x, incx)
character*1l :: u, t, d
integer :: n, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

integer (4) function cublasZtrsv v2(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.5.28. zhbmv

ZHBMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n hermitian band matrix, with k super-
diagonals.

subroutine zhbmv (uplo, n, %k, alpha, a, lda, x, incx, beta, y, incy)

character*1l :: uplo

integer :: k, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZhbmv (uplo, n, k, alpha, a, lda, x, incx, beta, y, incy)

character*1l :: uplo

integer :: k, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZhbmv v2(h, uplo, n, k, alpha, a, lda, x, incx, beta,
y, 1incy)

type (cublasHandle) :: h

integer :: uplo

integer :: k, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable
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2.5.29. zhemv

ZHEMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta are
scalars, x and y are n element vectors and A isan n by n hermitian matrix.

subroutine zhemv (uplo, n, alpha, a, lda, x, incx, beta, y, incy)

character*1l :: uplo

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(*) :: x, y ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZhemv (uplo, n, alpha, a, lda, x, incx, beta, y, incy)

character*1l :: uplo

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZhemv v2(h, uplo, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: uplo

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

2.5.30. zhpmv

ZHPMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
arescalars, x and y are n element vectors and A is an n by n hermitian matrix, supplied in packed
form.

subroutine zhpmv (uplo, n, alpha, a, x, incx, beta, y, incy)

character*1l :: uplo

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZhpmv (uplo, n, alpha, a, x, incx, beta, y, incy)

character*1l :: uplo

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZhpmv v2(h, uplo, n, alpha, a, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: uplo

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha, beta ! device or host variable

2.5.31. zher

ZHER performs the hermitian rank 1 operation A := apha*x*x**H + A, where aphaisareal
scalar, x isan n element vector and A is an n by n hermitian matrix.

subroutine zher(t, n, alpha, x, incx, a, lda)

character*l :: t
integer :: n, incx, lda
complex (8), device, dimension(*) :: a, x ! device or host variable
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real (8), device :: alpha ! device or host variable

subroutine cublasZher(t, n, alpha, x, incx, a, lda)

character*l :: t

integer :: n, incx, lda

complex (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

integer (4) function cublasZher v2(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

2.5.32. zher2

ZHER? performs the hermitian rank 2 operation A := alpha*x*y**H + conjg( alpha)*y*x**H +
A, where alphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix.

subroutine zher2(t, n, alpha, x, incx, vy, incy, a, lda)

character*l :: t

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZher2(t, n, alpha, x, incx, y, incy, a, lda)

character*l :: t

integer :: n, incx, incy, lda

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZher2 v2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha ! device or host variable

2.5.33. zhpr

ZHPR performs the hermitian rank 1 operation A := alpha*x*x**H + A, where alphais areal
scalar, x isan n element vector and A is an n by n hermitian matrix, supplied in packed form.

subroutine zhpr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

complex (8), device, dimension(*) :: a, x ! device or host variable
real (8), device :: alpha ! device or host variable

subroutine cublasZhpr(t, n, alpha, x, incx, a)

character*l :: t

integer :: n, incx

complex (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

integer (4) function cublasZhpr v2(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

complex (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable
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2.5.34. zhpr2

ZHPR2 performs the hermitian rank 2 operation A := alpha*x*y**H + conjg( alpha )*y*x**H
+ A, where alphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix,
supplied in packed form.

subroutine zhpr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZhpr2(t, n, alpha, x, incx, y, incy, a)

character*l :: t

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZhpr2 v2(h, t, n, alpha, x, incx, y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha ! device or host variable

2.5.35. zgemm

ZGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are

scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C

an m by n matrix.

subroutine zgemm (transa, transb, m, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: transa, transb
integer :: m, n, k, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a ! device or host variable
complex (8), device, dimension (ldb, *) b ! device or host variable
complex (8), device, dimension(ldc, *) :: c ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZgemm (transa, transb, m, n, k, alpha, a, lda, b, 1ldb, beta,
1dc)

character*1l :: transa, transb

integer :: m, n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension (ldb, *) :: b
complex (8), device, dimension(ldc, *) :: c
complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZgemm v2(h, transa, transb, m, n, k, alpha, a, lda,

b, 1ldb, beta, ¢, 1ldc)
type (cublasHandle) :: h
integer :: transa, transb
integer :: m, n, k, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a
complex (8), device, dimension(ldb, *) :: b
complex (8), device, dimension(ldc, *) :: cC
complex (8), device :: alpha, beta ! device or host variable
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2.5.36. zsymm

ZSY MM performs one of the matrix-matrix operations C := alpha*A*B + beta*C, or C .=
alpha*B*A + beta* C, where alpha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices.

subroutine zsymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
character*1l :: side, uplo
integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a ! device or host variable
complex (8), device, dimension (ldb, *) b ! device or host variable
complex (8), device, dimension(ldc, *) :: c ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZsymm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, ldc)
character*l :: side, uplo
integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(ldb, *) :: b
complex (8), device, dimension(ldc, *) :: cC
complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZsymm v2(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a
complex (8), device, dimension(ldb, *) :: Db
complex (8), device, dimension(ldc, *) :: c
complex (8), device :: alpha, beta ! device or host variable

2.5.37. zsyrk

ZSYRK performs one of the symmetric rank k operations C := apha* A* A**T + beta*C, or C :=
alpha*t A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and ak by n matrix in the second case.

subroutine zsyrk(uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(ldc, *) :: c ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZsyrk(uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*l :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZsyrk v2(h, uplo, trans, n, k, alpha, a, lda, beta,
c, ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha, beta ! device or host variable
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ZSYR2K performs one of the symmetric rank 2k operations C := alpha* A*B**T +
alpha*B*A**T + beta*C, or C ;= alpha* A**T*B + alpha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case

and k by n matrices in the second case.

subroutine zsyr2k (uplo, trans, n, k,
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
complex (8), device, dimension (lda,
complex (8), device, dimension (1ldb,
complex (8), device, dimension (ldc,
complex (8), device alpha, beta

subroutine cublasZsyr2k(uplo, trans,
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
complex (8), device, dimension (lda,
complex (8), device, dimension (1ldb,
complex (8), device, dimension (ldc,
complex (8), device alpha, beta

integer (4)

1db, beta, c¢, 1ldc)
type (cublasHandle) h
integer uplo, trans
integer n, k, lda, 1ldb, ldc
complex (8), device, dimension (lda,
complex (8), device, dimension (ldb,
complex (8), device, dimension (ldc,
complex (8), device alpha, beta

2.5.39. zsyrkx

function cublasZsyr2k v2(h, uplo,

alpha, a, lda, b, 1ldb, beta, c, ldc)
*) :: a ! device or host variable
*) :: b ! device or host variable
%) : ¢ ! device or host variable
device or host variable
n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)
*) a
*) b
*) c
device or host variable
trans, n, k, alpha, a, lda, b,

a
b
@

evice or host variable

*
*
*

)
)
)
d

ZSYRKX performs a variation of the symmetric rank k update C := alpha* A*B**T + beta*C,
where alpha and beta are scalars, C isan n by n symmetric matrix stored in lower or upper mode,
and A and B are n by k matrices. This routine can be used when B isin such away that the result
is guaranteed to be symmetric. See the CUBLAS documentation for more details.

subroutine zsyrkx (uplo, trans, n, k,
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
complex (8), device, dimension (lda,
complex (8), device, dimension (1db,
complex (8), device, dimension (ldc,
complex (8), device alpha, beta

subroutine cublasZsyrkx (uplo, trans,
character*1l uplo, trans
integer n, k, lda, 1ldb, ldc
complex (8), device, dimension (lda,
complex (8), device, dimension (1ldb,
complex (8), device, dimension (ldc,
complex (8), device alpha, beta

integer (4)

1ldb, beta, c¢, 1ldc)
type (cublasHandle) h
integer uplo, trans
integer n, k, lda, 1ldb, ldc
complex (8), device, dimension (lda,
complex (8), device, dimension (1ldb,
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function cublasZsyrkx v2(h, uplo,

alpha, a, lda, b, 1ldb, beta, c, 1ldc)

*) :: a ! device or host variable

*) :: b ! device or host variable

) : ¢ ! device or host variable

device or host variable
n, k, alpha, a, lda, b, 1ldb, beta, c, ldc)
*) a

*) b

*) c

device or host variable

trans, n, k, alpha, a, lda, b,
*) 1 oa
*y 1 b
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complex (8), device, dimension (ldc, *) :: c
complex (8), device :: alpha, beta ! device or host variable

2.5.40. ztrmm

ZTRMM performs one of the matrix-matrix operations B := apha*op( A )*B, or B :=
alpha*B*op( A ) where alphaisascaar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A)=A orop(A)=A**Torop( A) =A**H.

subroutine ztrmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(ldb, *) :: b ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZtrmm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: Db

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZtrmm v2(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1db, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: Db

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha ! device or host variable

2.5.41. ztrsm

ZTRSM solves one of the matrix equations op( A )* X = apha*B, or X*op( A ) = alpha*B, where
alphaisascaar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A)=Aorop(A)=A**T orop( A) = A**H. The matrix X is
overwritten on B.

subroutine ztrsm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(ldb, *) :: b ! device or host variable
complex (8), device :: alpha ! device or host variable

subroutine cublasZtrsm(side, uplo, transa, diag, m, n, alpha, a, lda, b, 1ldb)

character*l :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: b

complex (8), device :: alpha ! device or host variable

integer (4) function cublasZtrsm v2(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: b

complex (8), device :: alpha ! device or host variable
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2.5.42. zhemm

ZHEMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B*A + beta* C, where alpha and beta are scalars, A is an hermitian matrix and B and C are
m by n matrices.

subroutine zhemm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a ! device or host variable
complex (8), device, dimension (ldb, *) b ! device or host variable
complex (8), device, dimension(ldc, *) :: c ! device or host variable
complex (8), device :: alpha, beta ! device or host variable

subroutine cublasZhemm(side, uplo, m, n, alpha, a, lda, b, 1ldb, beta, c, ldc)
character*l :: side, uplo
integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(ldb, *) :: b
complex (8), device, dimension(ldc, *) :: cC
complex (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZhemm v2(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a
complex (8), device, dimension(ldb, *) :: Db
complex (8), device, dimension(ldc, *) :: c
complex (8), device :: alpha, beta ! device or host variable

2.5.43. zherk

ZHERK performs one of the hermitian rank k operations C := apha* A*A**H + beta*C, or C :=
alpha* A**H* A + beta* C, where alpha and beta are real scalars, C isan n by n hermitian matrix
and A isan n by k matrix in thefirst case and ak by n matrix in the second case.

subroutine zherk(uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(ldc, *) :: c ! device or host variable
real (8), device :: alpha, beta ! device or host variable

subroutine cublasZherk (uplo, trans, n, k, alpha, a, lda, beta, c, 1ldc)

character*l :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable

integer (4) function cublasZherk v2(h, uplo, trans, n, k, alpha, a, lda, beta,
c, ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable
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2.5.44. zher2k

ZHERZ2K performs one of the hermitian rank 2k operations C := alpha* A*B**H +
conjg( apha)*B*A**H + beta*C, or C := alpha* A**H*B + conjg( apha)*B**H*A + beta*C,
where apha and beta are scalars with betareal, Cisan n by n hermitian matrix and A and B aren
by k matricesin the first case and k by n matrices in the second case.

subroutine zher2k (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(ldb, *) :: b ! device or host variable
complex (8), device, dimension(ldc, *) :: c ! device or host variable
complex (8), device :: alpha ! device or host variable

real (8), device :: beta ! device or host variable

subroutine cublasZher2k (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: Db

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha ! device or host variable
real (8), device :: beta ! device or host variable

integer (4) function cublasZher2k v2(h, uplo, trans, n, k, alpha, a, lda, b,
1ldb, beta, c¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension (ldb, *) :: b

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha ! device or host variable
real (8), device :: beta ! device or host variable

2.5.45. zherkx

ZHERKX performs avariation of the hermitian rank k operations C := alpha* A*B**H + beta* C,

where alpha and beta are real scalars, C isan n by n hermitian matrix stored in lower or upper

mode, and A and B are n by k matrices. See the CUBLAS documentation for more details.
subroutine zherkx (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a ! device or host variable
complex (8), device, dimension(ldb, *) :: b ! device or host variable
complex (8), device, dimension(ldc, *) :: c ! device or host variable
complex (8), device :: alpha ! device or host variable

real (8), device :: beta ! device or host variable

subroutine cublasZherkx (uplo, trans, n, k, alpha, a, lda, b, 1ldb, beta, c, 1ldc)

character*1l :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: Db

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha ! device or host variable
real (8), device :: beta ! device or host variable

integer (4) function cublasZherkx v2(h, uplo, trans, n, k, alpha, a, lda, b,
1ldb, beta, c¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans
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integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: Db

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha ! device or host variable
real (8), device :: beta ! device or host variable

2.5.46. cublasZgetrfBatched

ZGETRF computes an LU factorization of ageneral M-by-N matrix A using partia pivoting with
row interchanges. The factorization hastheform A =P * L * U where P is a permutation matrix,
L islower triangular with unit diagonal elements (lower trapezoidal if m > n), and U is upper
triangular (upper trapezoidal if m < n). Thisistheright-looking Level 3 BLAS version of the
algorithm.

integer (4) function cublasZgetrfBatched(h, n, Aarray, lda, ipvt, info,
batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info(*)

integer :: batchCount

2.5.47. cublasZgetriBatched

ZGETRI computes the inverse of amatrix using the LU factorization computed by ZGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
inv(A).

integer (4) function cublasZgetriBatched (h, n, Aarray, lda, ipvt, Carray, ldc,
info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray (*)
integer :: ldc

integer, device :: info(*)

integer :: batchCount

2.5.48. cublasZgetrsBatched

ZGETRS solves asystem of linear equationsA * X =B, A**T* X =B, or A**H* X =B witha
general N-by-N matrix A using the LU factorization computed by ZGETRF.

integer (4) function cublasZgetrsBatched (h, trans, n, nrhs, Aarray, lda, ipvt,
Barray, 1ldb, info, batchCount)

type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
integer :: n, nrhs

type (c_devptr), device :: Aarray(*)

integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Barray (*)

integer :: 1db

integer :: info (*)

integer :: batchCount
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2.5.49. cublasZgemmBatched

ZGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are

scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C

an m by n matrix.

integer (4) function cublasZgemmBatched (h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa ! integer or character(l) variable
integer :: transb ! integer or character(l) variable
integer :: m, n, k

complex (8), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray(*)

integer :: lda

type (c_devptr), device :: Barray (*)

integer :: 1db

complex (8), device :: beta ! device or host variable
type (c_devptr), device :: Carray (*)

integer :: ldc

integer :: batchCount

integer (4) function cublasZgemmBatched v2(h, transa, transb, m, n, k, alpha,
Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

complex (8), device :: alpha ! device or host variable
type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray (*)

integer :: 1ldb

complex (8), device :: beta ! device or host variable
type (c_devptr), device :: Carray(*)

integer :: ldc

integer :: batchCount

2.5.50. cublasZtrsmBatched

ZTRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where

alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular

matrix and op( A ) isoneof op(A)=Aorop(A)=A**T orop( A) = A**H. The matrix X is
overwritten on B.

integer (4) function cublasZtrsmBatched( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h

integer :: side ! integer or character(l) variable
integer :: uplo ! integer or character(l) variable
integer :: trans ! integer or character(l) variable
integer :: diag ! integer or character(l) variable
integer :: m, n

complex (8), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)

integer :: lda

type (c_devptr), device :: B(*)

integer :: 1ldb

integer :: batchCount

integer (4) function cublasZtrsmBatched v2( h, side, uplo, trans, diag, m, n,
alpha, A, lda, B, 1ldb, batchCount)
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type (cublasHandle) :: h
integer :: side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

complex (8), device :: alpha ! device or host variable
type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb

integer :: batchCount

2.5.51. cublasZmatinvBatched

cublasZzmatinvBatched is a short cut of cublasZgetrfBatched plus cublasZgetriBatched. However
it only worksif nislessthan 32. If not, the user has to go through cublasZgetrfBatched and
cublasZgetriBatched.

integer (4) function cublasZmatinvBatched(h, n, Aarray, lda, Ainv, lda inv,
info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Ainv(*)

integer :: lda inv

integer, device :: info (*)

integer :: batchCount

2.5.52. cublasZgeqrfBatched

ZGEQRF computes a QR factorization of acomplex M-by-N matrix A: A=Q* R.

integer (4) function cublasZgeqrfBatched(h, m, n, Aarray, lda, Tau, info,
batchCount)

type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: Aarray (*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer :: info (%)

integer :: batchCount

2.5.53. cublasZgelsBatched

ZGEL S solves overdetermined or underdetermined complex linear systems involving an M-
by-N matrix A, or its conjugate-transpose, using a QR or LQ factorization of A. It is assumed
that A hasfull rank. The following options are provided: 1. If TRANS ='N'and m >=n: find
the least squares solution of an overdetermined system, i.e., solve the least squares problem
minimize || B - A*X ||. 2. If TRANS ="'N" and m < n: find the minimum norm solution of an
underdetermined system A * X = B. 3. If TRANS = 'C' and m >= n: find the minimum norm
solution of an undetermined system A**H * X = B. 4. If TRANS ='C' and m < n: find the least
squares solution of an overdetermined system, i.e., solve the least squares problem minimize || B
- A**H* X ||. Severd right hand side vectors b and solution vectors x can be handled in asingle
call; they are stored as the columns of the M-by-NRHS right hand side matrix B and the N-by-
NRHS solution matrix X.

integer (4) function cublasZgelsBatched(h, trans, m, n, nrhs, Aarray, lda,
Carray, ldc, info, devinfo, batchCount)
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type (cublasHandle) :: h

integer :: trans ! integer or character(l) variable
integer :: m, n, nrhs

type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Carray(*)

integer :: ldc

integer :: info (*)

integer, device :: devinfo (*)

integer :: batchCount

2.6. CUBLAS V2 Module Functions

This section contains interfaces to the cuBLAS V2 Module Functions. Users can access this
module by inserting thelineuse cublas v2 into the program unit. One major differencein
the cublas v2 versusthe cublas moduleis the cublas entry points, such as cublasIsamax
are changed to take the handle as the first argument. The second differencein the cublas v2
moduleis the v2 entry points, such as cublasIsamax v2 do not implicitly handle the pointer
modes for the user. It is up to the programmer to make callsto cublasSetPointerMode to tell
thelibrary if scalar arguments reside on the host or device. The actual interfaces to the v2 entry
points do not change, and are not listed in this section.

2.6.1. Single Precision Functions and Subroutines

This section contains the V2 interfaces to the single precision BLAS and cuBLAS functions and
subroutines.

2.6.1.1. isamax

If you use the cublas_v2 module, the interface for cublasl samax is changed to the following:

integer (4) function cublasIsamax(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x
integer :: incx
integer, device :: res ! device or host variable

2.6.1.2. isamin

If you use the cublas_v2 module, the interface for cublaslsamin is changed to the following:

integer (4) function cublasIsamin(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x
integer :: incx
integer, device :: res ! device or host variable

2.6.1.3. sasum

If you use the cublas_v2 module, the interface for cublasSasum is changed to the following:

integer (4) function cublasSasum(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x
integer :: incx
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real (4), device :: res ! device or host variable

2.6.1.4. saxpy

If you use the cublas_v2 module, the interface for cublasSaxpy is changed to the following:

integer (4) function cublasSaxpy(h, n, a, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (4), device :: a ! device or host variable
real (4), device, dimension(*) :: x, y
integer :: incx, incy

2.6.1.5. scopy

If you use the cublas_v2 module, the interface for cublasScopy is changed to the following:

integer (4) function cublasScopy(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x, Vv
integer :: incx, incy

2.6.1.6. sdot

If you use the cublas_v2 module, the interface for cublasSdot is changed to the following:

integer (4) function cublasSdot(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x, y

integer :: incx, incy

real (4), device :: res ! device or host variable
2.6.1.7. snrm2

If you use the cublas v2 module, the interface for cublasSnrm2 is changed to the following:

integer (4) function cublasSnrm2(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x
integer :: incx
real (4), device :: res ! device or host variable

2.6.1.8. srot

If you use the cublas v2 module, the interface for cublasSrot is changed to the following:

integer (4) function cublasSrot(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h
integer :: n
real (4), device :: sc, ss ! device or host variable
real (4), device, dimension(*) :: x, Vv
integer :: incx, incy
2.6.1.9. srotg

If you use the cublas v2 module, the interface for cublasSrotg is changed to the following:

integer (4) function cublasSrotg(h, sa, sb, sc, ss)
type (cublasHandle) :: h
real (4), device :: sa, sb, sc, ss ! device or host variable
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2.6.1.10. srotm

If you use the cublas v2 module, the interface for cublasSrotm is changed to the following:

integer (4) function cublasSrotm(h, n, x, incx, y, incy, param)

type (cublasHandle) :: h

integer :: n

real (4), device :: param(*) ! device or host variable
real (4), device, dimension(*) :: x, y

integer :: incx, incy

2.6.1.11. srotmg

If you use the cublas v2 module, the interface for cublasSrotmg is changed to the following:

integer (4) function cublasSrotmg(h, dl1, d2, x1, yl, param)
type (cublasHandle) :: h
real (4), device :: dl, d2, x1, yl, param(*) ! device or host variable

2.6.1.12. sscal

If you use the cublas_v2 module, the interface for cublasSscal is changed to the following:

integer (4) function cublasSscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real (4), device :: a ! device or host variable
real (4), device, dimension(*) :: x

integer :: incx

2.6.1.13. sswap

If you use the cublas_v2 module, the interface for cublasSswap is changed to the following:

integer (4) function cublasSswap(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x, y
integer :: incx, incy

2.6.1.14. sgbmv

If you use the cublas v2 module, the interface for cublasSgbmv is changed to the following:

integer (4) function cublasSgbmv(h, t, m, n, k1, ku, alpha, a, lda, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

2.6.1.15. sgemv

If you use the cublas_v2 module, the interface for cublasSgemv is changed to the following:

integer (4) function cublasSgemv(h, t, m, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x, Vv
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real (4), device :: alpha, beta ! device or host variable

2.6.1.16. sger

If you use the cublas_v2 module, the interface for cublasSger is changed to the following:

integer (4) function cublasSger (h, m, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha ! device or host variable

2.6.1.17. ssbmv

If you use the cublas_v2 module, the interface for cublasSsbmv is changed to the following:

integer (4) function cublasSsbmv(h, t, n, k, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: k, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

2.6.1.18. sspmv

If you use the cublas_v2 module, the interface for cublasSspmv is changed to the following:

integer (4) function cublasSspmv(h, t, n, alpha, a, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, x, vy

real (4), device :: alpha, beta ! device or host variable
2.6.1.19. sspr

If you use the cublas_v2 module, the interface for cublasSspr is changed to the following:

integer (4) function cublasSspr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

real (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

2.6.1.20. sspr2

If you use the cublas_v2 module, the interface for cublasSspr2 is changed to the following:

integer (4) function cublasSspr2(h, t, n, alpha, x, incx, y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, x, Vv

real (4), device :: alpha ! device or host variable

2.6.1.21. ssymv
If you use the cublas_v2 module, the interface for cublasSsymv is changed to the following:

integer (4) function cublasSsymv(h, t, n, alpha, a, lda, x, incx, beta, y, incy)
type (cublasHandle) :: h
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integer :: t

integer :: n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha, beta ! device or host variable

2.6.1.22. ssyr

If you use the cublas_v2 module, the interface for cublasSsyr is changed to the following:

integer (4) function cublasSsyr(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x

real (4), device :: alpha ! device or host variable

2.6.1.23. ssyr2

If you use the cublas_v2 module, the interface for cublasSsyr2 is changed to the following:

integer (4) function cublasSsyr2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4), device :: alpha ! device or host variable

2.6.1.24. stbmv

If you use the cublas_v2 module, the interface for cublasStbmv is changed to the following:

integer (4) function cublasStbmv(h, u, t, 4, n, k, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, k, incx, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.6.1.25. stbsv

If you use the cublas_v2 module, the interface for cublasStbsv is changed to the following:

integer (4) function cublasStbsv(h, u, t, 4, n, k, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, k, incx, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.6.1.26. stpmv

If you use the cublas_v2 module, the interface for cublasStpmv is changed to the following:

integer (4) function cublasStpmv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (4), device, dimension(*) :: a, x
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2.6.1.27. stpsv

If you use the cublas v2 module, the interface for cublasStpsv is changed to the following:

integer (4) function cublasStpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (4), device, dimension(*) :: a, x

2.6.1.28. strmv

If you use the cublas_v2 module, the interface for cublasStrmv is changed to the following:

integer (4) function cublasStrmv(h, u, t, 4, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.6.1.29. strsv

If you use the cublas_v2 module, the interface for cublasStrsv is changed to the following:

integer (4) function cublasStrsv(h, u, t, 4, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.6.1.30. sgemm

If you use the cublas_v2 module, the interface for cublasSgemm is changed to the following:

integer (4) function cublasSgemm(h, transa, transb, m, n, k, alpha, a, lda, b,
1db, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: transa, transb

integer :: m, n, k, lda, 1ldb, 1ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: b

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

2.6.1.31. ssymm

If you use the cublas_v2 module, the interface for cublasSsymm is changed to the following:

integer (4) function cublasSsymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: Db

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

2.6.1.32. ssyrk

If you use the cublas_v2 module, the interface for cublasSsyrk is changed to the following:
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integer (4) function cublasSsyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,

1dc)
type (cublasHandle) :: h
integer :: uplo, trans
integer :: n, k, lda, ldc
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(ldc, *) :: cC
real (4), device :: alpha, beta ! device or host variable

2.6.1.33. ssyr2k

If you use the cublas v2 module, the interface for cublasSsyr2k is changed to the following:

integer (4) function cublasSsyr2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,

beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: b

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

2.6.1.34. ssyrkx

If you use the cublas_v2 module, the interface for cublasSsyrkx is changed to the following:

integer (4) function cublasSsyrkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,

beta, ¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: b

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

2.6.1.35. strmm

If you use the cublas_v2 module, the interface for cublasStrmm is changed to the following:

integer (4) function cublasStrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1db, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: Db

real (4), device, dimension(ldc, *) :: c

real (4), device :: alpha ! device or host variable

2.6.1.36. strsm

If you use the cublas_v2 module, the interface for cublasStrsm is changed to the following:

integer (4) function cublasStrsm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(ldb, *) :: b

real (4), device :: alpha ! device or host variable
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2.6.2. Double Precision Functions and Subroutines

This section contains the V2 interfaces to the double precision BLAS and cuBLAS functions and
subroutines.

2.6.2.1. idamax

If you use the cublas_v2 module, the interface for cublasldamax is changed to the following:

integer (4) function cublasIdamax(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x
integer :: incx
integer, device :: res ! device or host variable

2.6.2.2. idamin

If you use the cublas_v2 module, the interface for cublasldamin is changed to the following:

integer (4) function cublasIdamin(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x
integer :: incx
integer, device :: res ! device or host variable

2.6.2.3. dasum

If you use the cublas_v2 module, the interface for cublasDasum is changed to the following:

integer (4) function cublasDasum(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x
integer :: incx
real (8), device :: res ! device or host variable

2.6.2.4. daxpy

If you use the cublas_v2 module, the interface for cublasDaxpy is changed to the following:

integer (4) function cublasDaxpy(h, n, a, x, incx, y, incy)

type (cublasHandle) :: h
integer :: n
real (8), device :: a ! device or host variable
real (8), device, dimension(*) :: x, y
integer :: incx, incy
2.6.2.5. dcopy

If you use the cublas_v2 module, the interface for cublasDcopy is changed to the following:

integer (4) function cublasDcopy(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy
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2.6.2.6. ddot

If you use the cublas v2 module, the interface for cublasDdot is changed to the following:

integer (4) function cublasDdot (h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x, y

integer :: incx, incy

real (8), device :: res ! device or host variable
2.6.2.7. dnrm2

If you use the cublas v2 module, the interface for cublasDnrm2 is changed to the following:

integer (4) function cublasDnrm2 (h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x
integer :: incx
real (8), device :: res ! device or host variable

2.6.2.8. drot

If you use the cublas_v2 module, the interface for cublasDrot is changed to the following:

integer (4) function cublasDrot(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h
integer :: n
real (8), device :: sc, ss ! device or host variable
real (8), device, dimension(*) :: x, y
integer :: incx, incy
2.6.2.9. drotg

If you use the cublas v2 module, the interface for cublasDrotg is changed to the following:

integer (4) function cublasDrotg(h, sa, sb, sc, ss)
type (cublasHandle) :: h
real (8), device :: sa, sb, sc, ss ! device or host variable

2.6.2.10. drotm

If you use the cublas_v2 module, the interface for cublasDrotm is changed to the following:

integer (4) function cublasDrotm(h, n, x, incx, y, incy, param)

type (cublasHandle) :: h

integer :: n

real (8), device :: param(*) ! device or host variable
real (8), device, dimension(*) :: x, y

integer :: incx, incy

2.6.2.11. drotmg

If you use the cublas_v2 module, the interface for cublasDrotmg is changed to the following:

integer (4) function cublasDrotmg(h, dl1, d2, x1, yl, param)
type (cublasHandle) :: h
real (8), device :: dl, d2, x1, yl, param(*) ! device or host variable

2.6.2.12. dscal

If you use the cublas_v2 module, the interface for cublasDscal is changed to the following:
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integer (4) function cublasDscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real (8), device :: a ! device or host variable
real (8), device, dimension(*) :: x

integer :: incx

2.6.2.13. dswap

If you use the cublas_v2 module, the interface for cublasDswap is changed to the following:

integer (4) function cublasDswap(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy

2.6.2.14. dgbmv

If you use the cublas_v2 module, the interface for cublasDgbmv is changed to the following:

integer (4) function cublasDgbmv(h, t, m, n, kl, ku, alpha, a, lda, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, k1, ku, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable

2.6.2.15. dgemv

If you use the cublas_v2 module, the interface for cublasDgemv is changed to the following:

integer (4) function cublasDgemv (h, t, m, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable

2.6.2.16. dger

If you use the cublas_v2 module, the interface for cublasDger is changed to the following:

integer (4) function cublasDger (h, m, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha ! device or host variable

2.6.2.17. dsbmv

If you use the cublas_v2 module, the interface for cublasDsbmv is changed to the following:

integer (4) function cublasDsbmv(h, t, n, k, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: k, n, lda, incx, incy

real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x, y
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real (8), device :: alpha, beta ! device or host variable

2.6.2.18. dspmv

If you use the cublas_v2 module, the interface for cublasDspmv is changed to the following:

integer (4) function cublasDspmv(h, t, n, alpha, a, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, %X, y

real (8), device :: alpha, beta ! device or host variable
2.6.2.19. dspr

If you use the cublas_v2 module, the interface for cublasDspr is changed to the following:

integer (4) function cublasDspr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

real (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

2.6.2.20. dspr2

If you use the cublas_v2 module, the interface for cublasDspr2 is changed to the following:

integer (4) function cublasDspr2(h, t, n, alpha, x, incx, y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, %X, y

real (8), device :: alpha ! device or host variable

2.6.2.21. dsymv

If you use the cublas_v2 module, the interface for cublasDsymv is changed to the following:

integer (4) function cublasDsymv(h, t, n, alpha, a, lda, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha, beta ! device or host variable
2.6.2.22. dsyr

If you use the cublas_v2 module, the interface for cublasDsyr is changed to the following:

integer (4) function cublasDsyr(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x

real (8), device :: alpha ! device or host variable

2.6.2.23. dsyr2

If you use the cublas_v2 module, the interface for cublasDsyr2 is changed to the following:

integer (4) function cublasDsyr2(h, t, n, alpha, x, incx, y, incy, a, lda)
type (cublasHandle) :: h
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integer :: t

integer :: n, incx, incy, lda

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8), device :: alpha ! device or host variable

2.6.2.24. dtbmv

If you use the cublas_v2 module, the interface for cublasDtbmv is changed to the following:

integer (4) function cublasDtbmv(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.6.2.25. dtbsv

If you use the cublas_v2 module, the interface for cublasDtbsv is changed to the following:

integer (4) function cublasDtbsv(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.6.2.26. dtpmv

If you use the cublas_v2 module, the interface for cublasDtpmv is changed to the following:

integer (4) function cublasDtpmv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (8), device, dimension(*) :: a, x

2.6.2.27. dtpsv

If you use the cublas v2 module, the interface for cublasDtpsv is changed to the following:

integer (4) function cublasDtpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (8), device, dimension(*) :: a, x

2.6.2.28. dtrmv

If you use the cublas_v2 module, the interface for cublasDtrmv is changed to the following:

integer (4) function cublasDtrmv(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.6.2.29. dtrsv

If you use the cublas_v2 module, the interface for cublasDtrsv is changed to the following:

integer (4) function cublasDtrsv(h, u, t, 4, n, a, lda, x, incx)
type (cublasHandle) :: h
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integer :: u, t, d

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.6.2.30. dgemm

If you use the cublas v2 module, the interface for cublasDgemm is changed to the following:

integer (4) function cublasDgemm(h, transa, transb, m, n, k, alpha, a, lda, Db,
1db, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: transa, transb

integer :: m, n, k, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable

2.6.2.31. dsymm

If you use the cublas_v2 module, the interface for cublasDsymm is changed to the following:

integer (4) function cublasDsymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable

2.6.2.32. dsyrk

If you use the cublas_v2 module, the interface for cublasDsyrk is changed to the following:

integer (4) function cublasDsyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
1dc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldc, *) :: cC

real (8), device :: alpha, beta ! device or host variable

2.6.2.33. dsyr2k

If you use the cublas v2 module, the interface for cublasDsyr2k is changed to the following:

integer (4) function cublasDsyr2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable

2.6.2.34. dsyrkx

If you use the cublas_v2 module, the interface for cublasDsyrkx is changed to the following:

PGI Fortran CUDA Library Interfaces



integer (4)

beta, ¢, ldc)

type (cublasHandle) :: h
integer uplo, trans

integer n, k, lda, 1ldb, ldc
real (8), device, dimension (lda,
real (8), device, dimension (1db,
real (8), device, dimension (ldc,
real (8), device alpha, beta

function cublasDsyrkx(h,

2.6.2.35. dtrmm

If you use the cublas_v2 module, the interface for cublasDtrmm is changed to the following:
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uplo, trans, n, k, alpha, a, lda, b, 1ldb,
@) 33 &
*y :: b
)y 11 cC

! device or host variable

integer (4) function cublasDtrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1db, ¢, ldc)

type (cublasHandle) :: h

integer side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(ldb, *) :: b

real (8), device, dimension(ldc, *) :: cC

real (8), device alpha ! device or host variable

2.6.2.36. dtrsm

If you use the cublas v2 module, the interface for cublasDtrsm is changed to the following:

integer (4) function cublasDtrsm(h,
lda, b, 1ldb)
type (cublasHandle) :: h
integer side, uplo, transa,
integer :: m, n, lda, 1ldb
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldb, *) :: b
real (8), device alpha ! device or host variable

side, uplo, transa, diag, m, n,

diag

2.6.3. Single Precision Complex Functions and Subroutines

This section contains the V2 interfaces to the single precision complex BLAS and cuBLAS
functions and subroutines.

2.6.3.1. icamax
If you use the cublas v2 module, the interface for cublaslcamax is changed to the following:
integer (4) function cublasIcamax(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x
integer incx
integer, device res ! device or host variable
2.6.3.2. icamin
If you use the cublas v2 module, the interface for cublaslcamin is changed to the following:
integer (4) function cublasIcamin(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x
integer incx
integer, device res ! device or host variable
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2.6.3.3. scasum

If you use the cublas v2 module, the interface for cublasScasum is changed to the following:

integer (4) function cublasScasum(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x
integer :: incx
real (4), device :: res ! device or host variable

2.6.3.4. caxpy

If you use the cublas v2 module, the interface for cublasCaxpy is changed to the following:

integer (4) function cublasCaxpy(h, n, a, x, incx, y, incy)

type (cublasHandle) :: h
integer :: n
complex (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x, y
integer :: incx, incy
2.6.3.5. ccopy

If you use the cublas v2 module, the interface for cublasCcopy is changed to the following:

integer (4) function cublasCcopy(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x, vy
integer :: incx, incy

2.6.3.6. cdotc

If you use the cublas_v2 module, the interface for cublasCdotc is changed to the following:

integer (4) function cublasCdotc(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x, y

integer :: incx, incy

complex (4), device :: res ! device or host variable
2.6.3.7. cdotu

If you use the cublas_v2 module, the interface for cublasCdotu is changed to the following:

integer (4) function cublasCdotu(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x, y

integer :: incx, incy

complex (4), device :: res ! device or host variable

2.6.3.8. scnrm2

If you use the cublas_v2 module, the interface for cublasScnrm2 is changed to the following:

integer (4) function cublasScnrm2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x

integer :: incx

real (4), device :: res ! device or host variable
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2.6.3.9. crot

If you use the cublas_v2 module, the interface for cublasCrot is changed to the following:

integer (4) function cublasCrot(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer :: n

real (4), device :: sc ! device or host variable
complex (4), device :: ss ! device or host variable
complex (4), device, dimension(*) :: x, y

integer :: incx, incy

2.6.3.10. csrot

If you use the cublas_v2 module, the interface for cublasCsrot is changed to the following:

integer (4) function cublasCsrot(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer :: n

real (4), device :: sc, ss ! device or host variable
complex (4), device, dimension(*) :: x, y

integer :: incx, incy

2.6.3.11. crotg

If you use the cublas_v2 module, the interface for cublasCrotg is changed to the following:

integer (4) function cublasCrotg(h, sa, sb, sc, ss)

type (cublasHandle) :: h
complex (4), device :: sa, sb, ss ! device or host variable
real (4), device :: sc ! device or host variable

2.6.3.12. cscal

If you use the cublas_v2 module, the interface for cublasCscal is changed to the following:

integer (4) function cublasCscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

complex (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x

integer :: incx

2.6.3.13. csscal

If you use the cublas_v2 module, the interface for cublasCsscal is changed to the following:

integer (4) function cublasCsscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real (4), device :: a ! device or host variable
complex (4), device, dimension(*) :: x

integer :: incx

2.6.3.14. cswap

If you use the cublas_v2 module, the interface for cublasCswap is changed to the following:

integer (4) function cublasCswap(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy
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2.6.3.15. cgbmv

If you use the cublas v2 module, the interface for cublasCgbmv is changed to the following:

integer (4) function cublasCgbmv(h, t, m, n, k1, ku, alpha, a, lda, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha, beta ! device or host variable

2.6.3.16. cgemv

If you use the cublas_v2 module, the interface for cublasCgemv is changed to the following:

integer (4) function cublasCgemv(h, t, m, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha, beta ! device or host variable

2.6.3.17. cgerc

If you use the cublas v2 module, the interface for cublasCgerc is changed to the following:

integer (4) function cublasCgerc(h, m, n, alpha, x, incx, vy, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha ! device or host variable

2.6.3.18. cgeru

If you use the cublas v2 module, the interface for cublasCgeru is changed to the following:

integer (4) function cublasCgeru(h, m, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha ! device or host variable

2.6.3.19. csymv

If you use the cublas v2 module, the interface for cublasCsymv is changed to the following:

integer (4) function cublasCsymv(h, t, n, alpha, a, lda, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha, beta ! device or host variable
2.6.3.20. csyr

If you use the cublas_v2 module, the interface for cublasCsyr is changed to the following:
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integer (4) function cublasCsyr(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x

complex (4), device :: alpha ! device or host variable

2.6.3.21. csyr2

If you use the cublas_v2 module, the interface for cublasCsyr2 is changed to the following:

integer (4) function cublasCsyr2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha ! device or host variable

2.6.3.22. ctbmv

If you use the cublas v2 module, the interface for cublasCtbmv is changed to the following:

integer (4) function cublasCtbmv(h, u, t, d, n, k, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, k, incx, lda

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.6.3.23. ctbsv

If you use the cublas v2 module, the interface for cublasCtbsv is changed to the following:

integer (4) function cublasCtbsv(h, u, t, d, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.6.3.24. ctpmv

If you use the cublas v2 module, the interface for cublasCtpmv is changed to the following:

integer (4) function cublasCtpmv(h, u, t, d, n, a, %X, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (4), device, dimension(*) :: a, x

2.6.3.25. ctpsv

If you use the cublas_v2 module, the interface for cublasCtpsv is changed to the following:

integer (4) function cublasCtpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (4), device, dimension(*) :: a, x
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2.6.3.26. ctrmv

If you use the cublas v2 module, the interface for cublasCtrmv is changed to the following:

integer (4) function cublasCtrmv(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.6.3.27. ctrsv

If you use the cublas v2 module, the interface for cublasCtrsv is changed to the following:

integer (4) function cublasCtrsv(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.6.3.28. chbmv

If you use the cublas v2 module, the interface for cublasChbmv is changed to the following:

integer (4) function cublasChbmv(h, uplo, n, k, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: uplo

integer :: k, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha, beta ! device or host variable

2.6.3.29. chemv

If you use the cublas_v2 module, the interface for cublasChemv is changed to the following:

integer (4) function cublasChemv (h, uplo, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: uplo

integer :: n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(*) :: x, y

complex (4), device :: alpha, beta ! device or host variable

2.6.3.30. chpmv

If you use the cublas v2 module, the interface for cublasChpmv is changed to the following:

integer (4) function cublasChpmv(h, uplo, n, alpha, a, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: uplo

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, Yy

complex (4), device :: alpha, beta ! device or host variable

2.6.3.31. cher

If you use the cublas v2 module, the interface for cublasCher is changed to the following:

integer (4) function cublasCher(h, t, n, alpha, x, incx, a, lda)
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type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

2.6.3.32. cher?

If you use the cublas_v2 module, the interface for cublasCher2 is changed to the following:

integer (4) function cublasCher2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

complex (4), device, dimension(*) :: a, x, y

complex (4), device :: alpha ! device or host variable

2.6.3.33. chpr

If you use the cublas_v2 module, the interface for cublasChpr is changed to the following:

integer (4) function cublasChpr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

complex (4), device, dimension(*) :: a, x

real (4), device :: alpha ! device or host variable

2.6.3.34. chpr2

If you use the cublas_v2 module, the interface for cublasChpr2 is changed to the following:

integer (4) function cublasChpr2(h, t, n, alpha, x, incx, y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y

complex (4), device :: alpha ! device or host variable

2.6.3.35. cgemm

If you use the cublas_v2 module, the interface for cublasCgemm is changed to the following:

integer (4) function cublasCgemm(h, transa, transb, m, n, k, alpha, a, lda, b,
1db, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: transa, transb

integer :: m, n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a

complex (4), device, dimension (ldb, *) b

complex (4), device, dimension(ldc, *) :: cC

complex (4), device :: alpha, beta ! device or host variable

2.6.3.36. csymm

If you use the cublas v2 module, the interface for cublasCsymm is changed to the following:

integer (4) function cublasCsymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a
complex (4), device, dimension (ldb, *) b
complex (4), device, dimension(ldc, *) :: c
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complex (4), device :: alpha, beta ! device or host variable

2.6.3.37. csyrk

If you use the cublas_v2 module, the interface for cublasCsyrk is changed to the following:

integer (4) function cublasCsyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
1dc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

2.6.3.38. csyr2k

If you use the cublas_v2 module, the interface for cublasCsyr2k is changed to the following:

integer (4) function cublasCsyr2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) a

complex (4), device, dimension (ldb, *) b

complex (4), device, dimension (ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

2.6.3.39. csyrkx

If you use the cublas_v2 module, the interface for cublasCsyrkx is changed to the following:

integer (4) function cublasCsyrkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) a

complex (4), device, dimension (ldb, *) b

complex (4), device, dimension (ldc, *) :: c

complex (4), device :: alpha, beta ! device or host variable

2.6.3.40. ctrmm

If you use the cublas_v2 module, the interface for cublasCtrmm is changed to the following:

integer (4) function cublasCtrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb, ¢, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: b

complex (4), device, dimension(ldc, *) :: cC

complex (4), device :: alpha ! device or host variable

2.6.3.41. ctrsm

If you use the cublas v2 module, the interface for cublasCtrsm is changed to the following:

integer (4) function cublasCtrsm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag
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integer :: m, n, lda, 1ldb

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: Db

complex (4), device :: alpha ! device or host variable

2.6.3.42. chemm

If you use the cublas v2 module, the interface for cublasChemm is changed to the following:

integer (4) function cublasChemm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a
complex (4), device, dimension (ldb, *) b
complex (4), device, dimension(ldc, *) :: c
complex (4), device :: alpha, beta ! device or host variable

2.6.3.43. cherk

If you use the cublas_v2 module, the interface for cublasCherk is changed to the following:

integer (4) function cublasCherk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension (ldc, *) :: c

real (4), device :: alpha, beta ! device or host variable

2.6.3.44. cher2k

If you use the cublas_v2 module, the interface for cublasCher2k is changed to the following:

integer (4) function cublasCher2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: b

complex (4), device, dimension(ldc, *) :: cC

complex (4), device :: alpha ! device or host variable
real (4), device :: beta ! device or host variable

2.6.3.45. cherkx

If you use the cublas_v2 module, the interface for cublasCherkx is changed to the following:

integer (4) function cublasCherkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldb, *) :: b

complex (4), device, dimension(ldc, *) :: cC

complex (4), device :: alpha ! device or host variable
real (4), device :: beta ! device or host variable
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2.6.4. Double Precision Complex Functions and Subroutines

This section contains the V2 interfaces to the double precision complex BLAS and cuBLAS
functions and subroutines.

2.6.4.1. izamax

If you use the cublas_v2 module, the interface for cublaslzamax is changed to the following:

integer (4) function cublasIzamax(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x
integer :: incx
integer, device :: res ! device or host variable

2.6.4.2. izamin

If you use the cublas_v2 module, the interface for cublaslzamin is changed to the following:

integer (4) function cublasIzamin(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x

integer :: incx

integer, device :: res ! device or host variable

2.6.4.3. dzasum

If you use the cublas_v2 module, the interface for cublasDzasum is changed to the following:

integer (4) function cublasDzasum(h, n, x, incx, res)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x
integer :: incx
real (8), device :: res ! device or host variable

2.6.4.4. zaxpy

If you use the cublas_v2 module, the interface for cublasZaxpy is changed to the following:

integer (4) function cublasZaxpy(h, n, a, x, incx, y, incy)

type (cublasHandle) :: h
integer :: n
complex (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x, y
integer :: incx, incy
2.6.4.5. zcopy

If you use the cublas_v2 module, the interface for cublasZcopy is changed to the following:

integer (4) function cublasZcopy(h, n, x, incx, y, incy)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x, y
integer :: incx, incy
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2.6.4.6. zdotc

If you use the cublas v2 module, the interface for cublasZdotc is changed to the following:

integer (4) function cublasZdotc(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x, vy

integer :: incx, incy

complex (8), device :: res ! device or host variable

2.6.4.7. zdotu

If you use the cublas v2 module, the interface for cublasZdotu is changed to the following:

integer (4) function cublasZdotu(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x, vy

integer :: incx, incy

complex (8), device :: res ! device or host variable

2.6.4.8. dznrm2

If you use the cublas v2 module, the interface for cublasDznrm?2 is changed to the following:

integer (4) function cublasDznrm2 (h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x

integer :: incx

real (8), device :: res ! device or host variable

2.6.4.9. zrot

If you use the cublas v2 module, the interface for cublasZrot is changed to the following:

integer (4) function cublasZrot(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer :: n

real (8), device :: sc ! device or host variable
complex (8), device :: ss ! device or host variable
complex (8), device, dimension(*) :: x, y

integer :: incx, incy

2.6.4.10. zsrot

If you use the cublas_v2 module, the interface for cublasZsrot is changed to the following:

integer (4) function cublasZsrot(h, n, x, incx, y, incy, sc, ss)

type (cublasHandle) :: h

integer :: n

real (8), device :: sc, ss ! device or host variable
complex (8), device, dimension(*) :: x, y

integer :: incx, incy

2.6.4.11. zrotg

If you use the cublas_v2 module, the interface for cublasZrotg is changed to the following:

integer (4) function cublasZrotg(h, sa, sb, sc, ss)

type (cublasHandle) :: h
complex (8), device :: sa, sb, ss ! device or host variable
real (8), device :: sc ! device or host variable
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2.6.4.12. zscal

If you use the cublas v2 module, the interface for cublasZscal is changed to the following:

integer (4) function cublasZscal(h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

complex (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x

integer :: incx

2.6.4.13. zdscal

If you use the cublas_v2 module, the interface for cublasZdscal is changed to the following:

integer (4) function cublasZdscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real (8), device :: a ! device or host variable
complex (8), device, dimension(*) :: x

integer :: incx

2.6.4.14. zswap

If you use the cublas_v2 module, the interface for cublasZswap is changed to the following:

integer (4) function cublasZswap(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy

2.6.4.15. zgbmv

If you use the cublas_v2 module, the interface for cublasZzgbmv is changed to the following:

integer (4) function cublasZgbmv(h, t, m, n, kl, ku, alpha, a, lda, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

2.6.4.16. zgemv

If you use the cublas_v2 module, the interface for cublasZzgemv is changed to the following:

integer (4) function cublasZgemv(h, t, m, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, vy

complex (8), device :: alpha, beta ! device or host variable

2.6.4.17. zgerc

If you use the cublas_v2 module, the interface for cublasZgerc is changed to the following:

integer (4) function cublasZgerc(h, m, n, alpha, x, incx, y, incy, a, lda)
type (cublasHandle) :: h
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integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha ! device or host variable

2.6.4.18. zgeru

If you use the cublas v2 module, the interface for cublasZgeru is changed to the following:

integer (4) function cublasZgeru(h, m, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha ! device or host variable

2.6.4.19. zsymv

If you use the cublas v2 module, the interface for cublasZsymv is changed to the following:

integer (4) function cublasZsymv(h, t, n, alpha, a, lda, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y

complex (8), device :: alpha, beta ! device or host variable

2.6.4.20. zsyr

If you use the cublas_v2 module, the interface for cublasZsyr is changed to the following:

integer (4) function cublasZsyr(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x

complex (8), device :: alpha ! device or host variable

2.6.4.21. zsyr2

If you use the cublas_v2 module, the interface for cublasZsyr2 is changed to the following:

integer (4) function cublasZsyr2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, vy

complex (8), device :: alpha ! device or host variable

2.6.4.22. ztbmv

If you use the cublas_v2 module, the interface for cublaszZtbmv is changed to the following:

integer (4) function cublasZtbmv(h, u, t, 4, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x
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2.6.4.23. ztbsv

If you use the cublas v2 module, the interface for cublasZtbsv is changed to the following:

integer (4) function cublasZtbsv(h, u, t, d, n, k, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.6.4.24. ztpmv

If you use the cublas v2 module, the interface for cublasZtpmv is changed to the following:

integer (4) function cublasZtpmv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (8), device, dimension(*) :: a, x

2.6.4.25. ztpsv

If you use the cublas_v2 module, the interface for cublasZtpsv is changed to the following:

integer (4) function cublasZtpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (8), device, dimension(*) :: a, x

2.6.4.26. ztrmv

If you use the cublas_v2 module, the interface for cublasZtrmv is changed to the following:

integer (4) function cublasZtrmv(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

complex (8), device, dimension (lda, *) :: a
complex (8), device, dimension(*) :: x

2.6.4.27. ztrsv

If you use the cublas_v2 module, the interface for cublasZtrsv is changed to the following:

integer (4) function cublasZtrsv(h, u, t, 4, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.6.4.28. zhbmv

If you use the cublas_v2 module, the interface for cublaszhbmv is changed to the following:

integer (4) function cublasZhbmv (h, uplo, n, k, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: uplo

integer :: k, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, y
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complex (8), device :: alpha, beta ! device or host variable

2.6.4.29. zhemv

If you use the cublas_v2 module, the interface for cublaszhemv is changed to the following:

integer (4) function cublasZhemv (h, uplo, n, alpha, a, lda, x, incx, beta, vy,
incy)

type (cublasHandle) :: h

integer :: uplo

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(*) :: x, vy

complex (8), device :: alpha, beta ! device or host variable

2.6.4.30. zhpmv

If you use the cublas_v2 module, the interface for cublasZzhpmv is changed to the following:

integer (4) function cublasZhpmv (h, uplo, n, alpha, a, x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: uplo

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha, beta ! device or host variable
2.6.4.31. zher

If you use the cublas_v2 module, the interface for cublasZher is changed to the following:

integer (4) function cublasZher (h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

2.6.4.32. zher2

If you use the cublas_v2 module, the interface for cublasZher2 is changed to the following:

integer (4) function cublasZher2(h, t, n, alpha, x, incx, y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha ! device or host variable
2.6.4.33. zhpr

If you use the cublas_v2 module, the interface for cublasZhpr is changed to the following:

integer (4) function cublasZhpr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

complex (8), device, dimension(*) :: a, x

real (8), device :: alpha ! device or host variable

2.6.4.34. zhpr2

If you use the cublas_v2 module, the interface for cublasZhpr2 is changed to the following:

integer (4) function cublasZhpr2(h, t, n, alpha, x, incx, y, incy, a)
type (cublasHandle) :: h
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integer :: t

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y

complex (8), device :: alpha ! device or host variable

2.6.4.35. zgemm

If you use the cublas v2 module, the interface for cublaszgemm is changed to the following:

integer (4) function cublasZgemm(h, transa, transb, m, n, k, alpha, a, lda, Db,
1ldb, beta, c¢, 1ldc)

type (cublasHandle) :: h

integer :: transa, transb

integer :: m, n, k, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a
complex (8), device, dimension (ldb, *) b
complex (8), device, dimension(ldc, *) :: c
complex (8), device :: alpha, beta ! device or host variable

2.6.4.36. zsymm

If you use the cublas_v2 module, the interface for cublasZzsymm is changed to the following:

integer (4) function cublasZsymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) a

complex (8), device, dimension (ldb, *) b

complex (8), device, dimension (ldc, *) :: c

complex (8), device :: alpha, beta ! device or host variable

2.6.4.37. zsyrk

If you use the cublas_v2 module, the interface for cublasZsyrk is changed to the following:

integer (4) function cublasZsyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
1dc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldc, *) :: cC

complex (8), device :: alpha, beta ! device or host variable

2.6.4.38. zsyr2k

If you use the cublas v2 module, the interface for cublasZsyr2k is changed to the following:

integer (4) function cublasZsyr2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a

complex (8), device, dimension (ldb, *) b

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha, beta ! device or host variable

2.6.4.39. zsyrkx

If you use the cublas_v2 module, the interface for cublasZsyrkx is changed to the following:
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integer (4) function cublasZsyrkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a

complex (8), device, dimension (ldb, *) b

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha, beta ! device or host variable

2.6.4.40. ztrmm

If you use the cublas_v2 module, the interface for cublasZtrmm is changed to the following:

integer (4) function cublasZtrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb, ¢, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: b

complex (8), device, dimension(ldc, *) :: cC

complex (8), device :: alpha ! device or host variable

2.6.4.41. ztrsm

If you use the cublas v2 module, the interface for cublasZtrsm is changed to the following:

integer (4) function cublasZtrsm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: b

complex (8), device :: alpha ! device or host variable

2.6.4.42. zhemm

If you use the cublas_v2 module, the interface for cublaszhemm is changed to the following:

integer (4) function cublasZhemm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a
complex (8), device, dimension (ldb, *) b
complex (8), device, dimension(ldc, *) :: c
complex (8), device :: alpha, beta ! device or host variable

2.6.4.43. zherk

If you use the cublas_v2 module, the interface for cublasZherk is changed to the following:

integer (4) function cublasZherk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
1dc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldc, *) :: c

real (8), device :: alpha, beta ! device or host variable
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2.6.4.44. zher2k

If you use the cublas v2 module, the interface for cublaszher2k is changed to the following:

integer (4) function cublasZher2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension(ldb, *) :: b

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha ! device or host variable
real (8), device :: beta ! device or host variable

2.6.4.45. zherkx

If you use the cublas v2 module, the interface for cublaszherkx is changed to the following:

integer (4) function cublasZherkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a

complex (8), device, dimension (ldb, *) :: b

complex (8), device, dimension(ldc, *) :: c

complex (8), device :: alpha ! device or host variable
real (8), device :: beta ! device or host variable

2.7. CUBLAS XT Module Functions

This section contains interfaces to the cuBLAS XT Module Functions. Users can access this
module by inserting thelineuse cublasxt into the program unit. The cublasXt library isa
host-side library, which supports multiple GPUs. Here is an example:

subroutine testxt (n)
use cublasXt
complex*16 :: a(n,n), b(n,n), c(n,n), alpha, beta
type (cublasXtHandle) :: h
integer ndevices (1)
a = cmplx(1.0d0,0.0d0)
b = cmplx(2.0d0,0.0d0)
c = cmplx(-1.0d0,0.0d0)
alpha = cmplx(1.0d0,0.0d0)
beta = cmplx(0.0d0,0.0d0)
istat = cublasXtCreate (h)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
ndevices (1) = 0
istat = cublasXtDeviceSelect (h, 1, ndevices)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
istat = cublasXtZgemm(h, CUBLAS OP N, CUBLAS OP N, &
n, n, n, &
alpha, A, n, B, n, beta, C, n)

if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
istat = cublasXtDestroy (h)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
if (all(dble(c).eq.2.0d0*n)) then

print *,"Test PASSED"
else

print *,"Test FAILED"
endif
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end

The cublasxt module contains all the types and definitions from the cub1as module, and
these additional types and enumerations:

TYPE cublasXtHandle
TYPE (C_PTR) :: handle
END TYPE

! Pinned memory mode
enum, bind(c)

enumerator :: CUBLASXT PINNING DISABLED=0
enumerator :: CUBLASXT PINNING ENABLED=1

end enum

! cublasXtOpType

enum, bind(c)
enumerator :: CUBLASXT FLOAT=0
enumerator :: CUBLASXT DOUBLE=1
enumerator :: CUBLASXT COMPLEX=2
enumerator :: CUBLASXT DOUBLECOMPLEX=3

end enum

! cublasXtBlasOp

enum, bind(c)
enumerator :: CUBLASXT GEMM=0
enumerator :: CUBLASXT SYRK=1
enumerator :: CUBLASXT HERK=2
enumerator :: CUBLASXT SYMM=3
enumerator :: CUBLASXT HEMM=4
enumerator :: CUBLASXT TRSM=5
enumerator :: CUBLASXT SYR2K=6
enumerator :: CUBLASXT HER2K=7
enumerator :: CUBLASXT SPMM=8
enumerator :: CUBLASXT SYRKX=9
enumerator :: CUBLASXT HERKX=10
enumerator :: CUBLASXT TRMM=11
enumerator :: CUBLASXT ROUTINE MAX=12

end enum

2.7.1. cublasXiCreate

This function initializes the cublasXt APl and creates a handle to an opaque structure holding
the cublasXT library context. It allocates hardware resources on the host and device and must be
called prior to making any other cublasXt APl library calls.

integer (4) function cublasXtcreate (h)
type (cublasXtHandle) :: h

2.7.2. cublasXtDestroy

This function releases hardware resources used by the cublasXt API context. Thisfunctionis
usually the last call with a particular handle to the cublasXt API.

integer (4) function cublasXtdestroy (h)
type (cublasXtHandle) :: h

2.7.3. cublasXtDeviceSelect

This function allows the user to provide the number of GPU devices and their respective Ids that
will participate to the subsequent cublasXt API math function calls. This function will create a

CUBLAS context for every GPU provided in that list. Currently the device configuration is static
and cannot be changed between math function calls. In that regard, this function should be called
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only once after cublasXtCreate. To be able to run multiple configurations, multiple cublasXt AP
contexts should be created.

integer (4) function cublasXtdeviceselect (h, ndevices, deviceid)
type (cublasXtHandle) :: h
integer :: ndevices
integer, dimension(*) :: deviceid

2.7.4. cublasXtSetBlockDim

This function allows the user to set the block dimension used for the tiling of the matrices for
the subsequent Math function calls. Matrices are split in square tiles of blockDim x blockDim
dimension. This function can be called anytime and will take effect for the following math
function calls. The block dimension should be chosen in away to optimize the math operation
and to make sure that the PCI transfers are well overlapped with the computation.

integer (4) function cublasXtsetblockdim(h, blockdim)
type (cublasXtHandle) :: h
integer :: blockdim

2.7.5. cublasXtGetBlockDim

This function allows the user to query the block dimension used for the tiling of the matrices.

integer (4) function cublasXtgetblockdim(h, blockdim)
type (cublasXtHandle) :: h
integer :: blockdim

2.7.6. cublasXtSetCpuRoutine

This function allows the user to provide a CPU implementation of the corresponding BLAS
routine. This function can be used with the function cublasXtSetCpuRatio() to define an hybrid
computation between the CPU and the GPUs. Currently the hybrid feature is only supported for
the XxGEMM routines.

integer (4) function cublasXtsetcpuroutine (h, blasop, blastype)
type (cublasXtHandle) :: h
integer :: blasop, blastype

2.7.7. cublasXtSetCpuRatio

This function allows the user to define the percentage of workload that should be done on a
CPU in the context of an hybrid computation. This function can be used with the function
cublasXtSetCpuRoutine() to define an hybrid computation between the CPU and the GPUs.
Currently the hybrid feature is only supported for the xGEMM routines.

integer (4) function cublasXtsetcpuratio(h, blasop, blastype, ratio)

type (cublasXtHandle) :: h
integer :: blasop, blastype
real (4) :: ratio

2.7.8. cublasXtSetPinningMemMode

This function allows the user to enable or disable the Pinning Memory mode. When enabled, the
matrices passed in subsequent cublasXt API calls will be pinned/unpinned using the CUDART
routine cudaHostRegister and cudaHostUnregister respectively if the matrices are not already
pinned. If amatrix happened to be pinned partialy, it will also not be pinned. Pinning the
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memory improve PCI transfer performace and allows to overlap PCI memory transfer with
computation. However pinning/unpinning the memory takes some time which might not be
amortized. It is advised that the user pins the memory on its own using cudaMallocHost or
cudaHostRegister and unpins it when the computation sequence is completed. By default, the
Pinning Memory mode is disabled.

integer (4) function cublasXtsetpinningmemmode (h, mode)
type (cublasXtHandle) :: h
integer :: mode

2.7.9. cublasXtGetPinningMemMode

This function allows the user to query the Pinning Memory mode. By default, the Pinning
Memory modeis disabled.

integer (4) function cublasXtgetpinningmemmode (h, mode)
type (cublasXtHandle) :: h
integer :: mode

2.7.10. cublasXtSgemm

SGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta*C,
whereop( X ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars, and A, B and C
are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.

integer (4) function cublasXtsgemm (h, transa, transb, m, n, k, alpha, a, lda, b,
1db, beta, c, 1ldc)

type (cublasXtHandle) :: h

integer :: transa, transb

integer (kind=c intptr t) :: m, n, k, lda, 1ldb, ldc
real (4), dimension(lda, *) :: a

real (4), dimension (ldb, *) :: b

real (4), dimension (ldc, *) :: c

real (4) :: alpha, beta

2.7.11. cublasXtSsymm

SSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B* A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices.

integer (4) function cublasXtssymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c_intptr t) :: m, n, lda, 1ldb, ldc
real (4), dimension(lda, *) :: a

real (4), dimension(ldb, *) :: b

real (4), dimension (ldc, *) :: c

real (4) :: alpha, beta

2.7.12. cublasXtSsyrk

SSYRK performs one of the symmetric rank k operations C := alpha* A* A**T + beta*C, or C :=
alpha*t A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and ak by n matrix in the second case.

integer (4) function cublasXtssyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
1dc)
type (cublasXtHandle) :: h
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integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, ldc
real (4), dimension(lda, *) :: a

real (4), dimension(ldc, *) :: c

real (4) :: alpha, beta

2.7.13. cublasXtSsyr2k

SSYR2K performs one of the symmetric rank 2k operations C := apha* A*B**T +
apha*B*A**T + beta*C, or C ;= apha* A**T*B + apha*B**T*A + beta* C, where apha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case
and k by n matrices in the second case.

integer (4) function cublasXtssyr2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, 1ldb, ldc
real (4), dimension(lda, *) :: a

real (4), dimension (ldb, *) :: b

real (4), dimension(ldc, *) :: c

real (4) alpha, beta

2.7.14. cublasXtSsyrkx

SSYRKX performs a variation of the symmetric rank k update C := alpha* A*B**T + beta* C,
where alpha and beta are scalars, C isan n by n symmetric matrix stored in lower or upper mode,
and A and B are n by k matrices. This routine can be used when B isin such away that the result
is guaranteed to be symmetric. See the CUBLAS documentation for more details.

integer (4) function cublasXtssyrkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c intptr t) :: n, k, 1lda, 1ldb, ldc
real (4), dimension(lda, *) :: a

real (4), dimension (ldb, *) :: b

real (4), dimension (ldc, *) :: c

real (4) alpha, beta

2.7.15. cublasXtStrmm

STRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ), where alphaisascalar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A ) =A orop(A ) = A**T.

integer (4) function cublasXtstrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lea, b, ley, @, leke)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag

integer (kind=c_intptr t) :: m, n, lda, 1ldb, ldc
real (4), dimension(lda, *) :: a

real (4), dimension(ldb, *) :: b

real (4), dimension (ldc, *) :: c

real (4) alpha
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2.7.16. cublasXtStrsm

STRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A) =A or op( A) = A**T. The matrix X is overwritten on B.

integer (4) function cublasXtstrsm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag
integer (kind=c_intptr t) :: m, n, lda, 1ldb
real (4), dimension(lda, *) :: a

real (4), dimension (ldb, *) :: b

real (4) :: alpha

2.7.17. cublasXtSspmm

SSPMM performs one of the symmetric packed matrix-matrix operations C := apha*A*B +
beta* C, or C := apha*B*A + beta* C, where alpha and beta are scalars, A isan by n symmetric
matrix stored in packed format, and B and C are m by n matrices.

integer (4) function cublasXtsspmm(h, side, uplo, m, n, alpha, ap, b, ldb, beta,
c, ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c_intptr t) :: m, n, 1ldb, ldc
real (4), dimension(*) :: ap

real (4), dimension (ldb, *) :: b

real (4), dimension(ldc, *) :: c

real (4) : alpha, beta

2.7.18. cublasXtCgemm

CGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X ) isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C
an m by n matrix.

integer (4) function cublasXtcgemm(h, transa, transb, m, n, k, alpha, a, lda, b,
1db, beta, c¢, 1ldc)

type (cublasXtHandle) :: h

integer :: transa, transb

integer (kind=c_intptr t) :: m, n, k, lda, 1ldb, ldc

complex (4), dimension(lda, *) :: a

complex (4), dimension(ldb, *) :: b

complex (4), dimension(ldc, *) :: c

complex (4) :: alpha, beta

2.7.19. cublasXtChemm

CHEMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B*A + beta* C, where alpha and beta are scalars, A is an hermitian matrix and B and C are
m by n matrices.
integer (4) function cublasXtchemm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c intptr t) :: m, n, lda, 1ldb, 1ldc

complex (4), dimension(lda, *) :: a
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complex (4), dimension(ldb, *) :: b
complex (4), dimension(ldc, *) :: c
complex (4) :: alpha, beta

2.7.20. cublasXtCherk

CHERK performs one of the hermitian rank k operations C := alpha*A* A**H + beta*C, or C :=
alpha* A**H* A + beta* C, where alpha and beta are real scalars, C isan n by n hermitian matrix
and A isan n by k matrix in the first case and ak by n matrix in the second case.

integer (4) function cublasXtcherk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, ldc
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldc, *) :: c

real (4) :: alpha, beta

2.7.21. cublasXtCher2k

CHERZ2K performs one of the hermitian rank 2k operations C := alpha* A*B**H +

conjg( apha)*B*A**H + beta*C, or C := alpha* A**H*B + conjg( apha)*B**H*A + beta*C,
where apha and beta are scalars with betareal, C isan n by n hermitian matrix and A and B aren
by k matricesin the first case and k by n matrices in the second case.

integer (4) function cublasXtcher2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasXtHandle) :: h
integer :: uplo, trans
integer (kind=c_intptr t) , k, 1lda, 1ldb, 1ldc

(k

complex(4), dimension (1da, * a

complex (4), dimension (ldb, * : b
(4 ( * t: C
(4

n
) i
)
)

complex (4), dimension (ldc,
complex (4) :: alpha
real (4) :: beta

2.7.22. cublasXtCherkx

CHERKX performs avariation of the hermitian rank k operations C := alpha* A*B**H + beta*C,
where alpha and beta are real scalars, C isan n by n hermitian matrix stored in lower or upper
mode, and A and B are n by k matrices. See the CUBLAS documentation for more details.

integer (4) function cublasXtcherkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) n, k, lda, 1ldb, 1ldc
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldb, *) :: b

complex (4), dimension(ldc, *) :: c

complex (4) :: alpha

real (4) :: beta

2.7.23. cublasXtCsymm

CSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B*A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices.
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integer (4) function cublasXtcsymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c_intptr t) m, n, lda, 1ldb, ldc
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldb, *) :: b

complex (4), dimension (ldc, *) @

complex (4) :: alpha, beta

2.7.24. cublasXtCsyrk

CSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha* A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and ak by n matrix in the second case.

integer (4) function cublasXtcsyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
1dc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, 1ldc
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldc, *) :: c
complex (4) :: alpha, beta

2.7.25. cublasXtCsyr2k

CSYR2K performs one of the symmetric rank 2k operations C := alpha* A*B**T +
alpha*B*A**T + beta*C, or C := alpha* A**T*B + alpha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin the first case
and k by n matrices in the second case.

integer (4) function cublasXtcsyr2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) n, k, lda, 1ldb, 1ldc
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldb, *) :: b

complex (4), dimension (ldc, *) @

complex (4) :: alpha, beta

2.7.26. cublasXtCsyrkx

CSYRKX performs avariation of the symmetric rank k update C := apha* A*B**T + beta* C,
where apha and beta are scalars, C isan n by n symmetric matrix stored in lower or upper mode,
and A and B are n by k matrices. This routine can be used when B isin such away that the result
is guaranteed to be symmetric. See the CUBLAS documentation for more details.

integer (4) function cublasXtcsyrkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) n, k, lda, 1ldb, ldc
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldb, *) :: b

complex (4), dimension(ldc, *) :: c

complex (4) : alpha, beta
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2.7.27. cublasXtCtrmm

CTRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ) where alphaisascalar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A)=A orop(A)=A**Torop( A) = A**H.

integer (4) function cublasXtctrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1db, ¢, ldc)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag

integer (kind=c intptr t) :: m, n, lda, 1ldb, ldc
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldb, *) :: b

complex (4), dimension(ldc, *) :: c

complex (4) :: alpha

2.7.28. cublasXtCtrsm

CTRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A)=Aorop(A)=A**T orop( A) = A**H. The matrix X is
overwritten on B.

integer (4) function cublasXtctrsm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag
integer (kind=c_intptr t) :: m, n, lda, 1ldb
complex (4), dimension(lda, *) :: a

complex (4), dimension(ldb, *) :: b
complex (4) :: alpha

2.7.29. cublasXtCspmm

CSPMM performs one of the symmetric packed matrix-matrix operations C := alpha* A*B +
beta*C, or C := apha*B*A + beta* C, where alpha and beta are scalars, A isan by n symmetric
matrix stored in packed format, and B and C are m by n matrices.

integer (4) function cublasXtcspmm(h, side, uplo, m, n, alpha, ap, b, 1ldb, beta,
c, ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c_intptr t) :: m, n, 1ldb, ldc
complex (4), dimension(*) :: ap

complex (4), dimension(ldb, *) :: b

complex (4), dimension(ldc, *) :: c
complex (4) :: alpha, beta

2.7.30. cublasXtDgemm

DGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars, and A, B and C
are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.
integer (4) function cublasXtdgemm (h, transa, transb, m, n, k, alpha, a, lda, b,
1db, beta, c, 1ldc)
type (cublasXtHandle) :: h
integer :: transa, transb
integer (kind=c intptr t) :: m, n, k, lda, 1ldb, ldc
real (8), dimension(lda, *) :: a
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real (8), dimension (ldb, *) :: b
real (8), dimension(ldc, *) :: c
real (8) :: alpha, beta

2.7.31. cublasXtDsymm

DSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B* A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices.

integer (4) function cublasXtdsymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c_intptr t) :: m, n, lda, 1ldb, ldc
real (8), dimension(lda, *) :: a

real (8), dimension(ldb, *) :: b

real (8), dimension (ldc, *) :: c

real (8) :: alpha, beta

2.7.32. cublasXtDsyrk

DSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha*t A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and ak by n matrix in the second case.

integer (4) function cublasXtdsyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
1dc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, 1ldc
real (8), dimension(lda, *) :: a

real (8), dimension(ldc, *) :: c

real (8) :: alpha, beta

2.7.33. cublasXtDsyr2k

DSYR2K performs one of the symmetric rank 2k operations C := adpha* A*B**T +
alpha*B*A**T + beta*C, or C ;= alpha* A**T*B + alpha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case
and k by n matrices in the second case.

integer (4) function cublasXtdsyr2k (h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c intptr t) :: n, k, 1lda, 1ldb, ldc
real (8), dimension(lda, *) :: a

real (8), dimension (ldb, *) :: b

real (8), dimension(ldc, *) :: c

real (8) :: alpha, beta

2.7.34. cublasXtDsyrkx

DSYRKX performs a variation of the symmetric rank k update C := apha* A*B**T + beta*C,
where apha and beta are scalars, C is an n by n symmetric matrix stored in lower or upper mode,
and A and B are n by k matrices. This routine can be used when B isin such away that the result
is guaranteed to be symmetric. See the CUBLAS documentation for more details.
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integer (4) function cublasXtdsyrkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, 1ldb, ldc
real (8), dimension(lda, *) :: a

real (8), dimension (ldb, *) :: b

real (8), dimension(ldc, *) :: c

real (8) :: alpha, beta

2.7.35. cublasXtDtrmm

DTRMM performs one of the matrix-matrix operations B := apha*op( A )*B, or B :=
alpha*B*op( A ), where alphaisascalar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A ) =A orop( A ) = A**T.

integer (4) function cublasXtdtrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag

integer (kind=c_intptr t) :: m, n, lda, 1ldb, ldc
real (8), dimension(lda, *) :: a

real (8), dimension (ldb, *) :: b

real (8), dimension(ldc, *) :: c

real (8) :: alpha

2.7.36. cublasXtDtrsm

DTRSM solves one of the matrix equations op( A )*X = apha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A) =A or op( A ) = A**T. The matrix X is overwritten on B.

integer (4) function cublasXtdtrsm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1ldb)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag
integer (kind=c_ intptr t) :: m, n, 1lda, 1ldb
real (8), dimension(lda, *) :: a

real (8), dimension (ldb, *) :: b

real (8) :: alpha

2.7.37. cublasXtDspmm

DSPMM performs one of the symmetric packed matrix-matrix operations C := alpha*A*B +
beta* C, or C := apha*B*A + beta* C, where alpha and beta are scalars, A isan by n symmetric
matrix stored in packed format, and B and C are m by n matrices.

integer (4) function cublasXtdspmm(h, side, uplo, m, n, alpha, ap, b, ldb, beta,
c, ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c_intptr t) :: m, n, 1ldb, ldc
real (8), dimension(*) :: ap

real (8), dimension (ldb, *) :: b

real (8), dimension(ldc, *) :: c

real (8) : alpha, beta

2.7.38. cublasXtZgemm

ZGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
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scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C
an m by n matrix.

integer (4) function cublasXtzgemm(h, transa, transb, m, n, k, alpha, a, lda, b,
1ldb, beta, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: transa, transb

integer (kind=c_intptr t) m, n, k, lda, 1ldb, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldb, *) :: b

complex (8), dimension (ldc, *) @

complex (8) : alpha, beta

2.7.39. cublasXtZhemm

ZHEMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B* A + beta* C, where alpha and beta are scalars, A is an hermitian matrix and B and C are
m by n matrices.

integer (4) function cublasXtzhemm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c_intptr t) m, n, lda, 1ldb, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension (ldb, *) : b

complex (8), dimension(ldc, *) €

complex (8) : alpha, beta

2.7.40. cublasXtZherk

ZHERK performs one of the hermitian rank k operations C ;= alpha* A*A**H + beta*C, or C :=
alpha* A**H* A + beta* C, where alpha and beta are real scalars, C isan n by n hermitian matrix
and A isan n by k matrix in the first case and ak by n matrix in the second case.

integer (4) function cublasXtzherk (h, uplo, trans, n, k, alpha, a, lda, beta, c,
1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_ intptr t) :: n, k, 1lda, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldc, *) :: c

real (8) :: alpha, beta

2.7.41. cublasXtZher2k

ZHERZ2K performs one of the hermitian rank 2k operations C := alpha* A*B**H +

conjg( apha)*B*A**H + beta*C, or C := alpha* A**H*B + conjg( apha)*B**H*A + beta*C,
where apha and beta are scalars with betareal, C isan n by n hermitian matrix and A and B aren
by k matricesin the first case and k by n matrices in the second case.

integer (4) function cublasXtzher2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) n, k, lda, 1ldb, 1ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldb, *) :: b

complex (8), dimension (ldc, *) @

complex (8) :: alpha

real(8) :: beta
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2.7.42. cublasXtZherkx

ZHERKX performs avariation of the hermitian rank k operations C := alpha* A*B**H + beta* C,
where apha and beta are real scalars, C isan n by n hermitian matrix stored in lower or upper
mode, and A and B are n by k matrices. See the CUBLAS documentation for more details.

integer (4) function cublasXtzherkx (h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c intptr t) n, k, lda, 1ldb, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldb, *) :: b

complex (8), dimension(ldc, *) :: c

complex (8) :: alpha

real (8) :: beta

2.7.43. cublasXtZsymm

ZSY MM performs one of the matrix-matrix operations C := alpha*A*B + beta*C, or C .=
alpha*B*A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices.

integer (4) function cublasXtzsymm(h, side, uplo, m, n, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

type (cublasXtHandle) :: h

integer :: side, uplo

integer (kind=c intptr t) :: m, n, lda, 1ldb, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldb, *) :: b

complex (8), dimension(ldc, *) :: c

complex (8) :: alpha, beta

2.7.44. cublasXtZsyrk

ZSYRK performs one of the symmetric rank k operations C := alpha* A* A**T + beta*C, or C :=
alpha* A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isan n by k matrix in the first case and a k by n matrix in the second case.

integer (4) function cublasXtzsyrk(h, uplo, trans, n, k, alpha, a, lda, beta, c,
ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldc, *) :: c
complex (8) :: alpha, beta

2.7.45. cublasXtZsyr2k

ZSYR2K performs one of the symmetric rank 2k operations C := alpha*A*B**T +
apha*B*A**T + beta*C, or C ;= apha* A**T*B + apha*B**T*A + beta* C, where apha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case
and k by n matrices in the second case.

integer (4) function cublasXtzsyr2k(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, ¢, 1ldc)

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c_intptr t) :: n, k, lda, 1ldb, ldc
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complex (8), dimension (lda, *)
complex (8), dimension (ldb, *) ::
complex (8), dimension(ldc, *) :: c
complex (8) :: alpha, beta

2.7.46. cublasXtZsyrkx

ZSYRKX performs avariation of the symmetric rank k update C := alpha* A*B** T + beta*C,
where alpha and beta are scalars, C isan n by n symmetric matrix stored in lower or upper mode,
and A and B are n by k matrices. This routine can be used when B isin such away that the result
is guaranteed to be symmetric. See the CUBLAS documentation for more details.

integer (4) function cublasXtzsyrkx(h, uplo, trans, n, k, alpha, a, lda, b, 1ldb,
beta, c, 1ldc)

o o

type (cublasXtHandle) :: h

integer :: uplo, trans

integer (kind=c intptr t) :: n, k, 1lda, 1ldb, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldb, *) :: b

complex (8), dimension(ldc, *) :: c

complex (8) :: alpha, beta

2.7.47. cublasXtZtrmm

ZTRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ) where alphaisascalar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A)=Aorop(A)=A**Torop( A ) =A**H.

integer (4) function cublasXtztrmm(h, side, uplo, transa, diag, m, n, alpha, a,
lea, b, ley, @, leke)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag

integer (kind=c_intptr t) :: m, n, lda, 1ldb, ldc
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldb, *) :: b

complex (8), dimension(ldc, *) :: c

complex (8) : alpha

2.7.48. cublasXtZtrsm

ZTRSM solves one of the matrix equations op( A )* X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A) =A orop(A)=A**T or op( A ) = A**H. The matrix X is
overwritten on B.

integer (4) function cublasXtztrsm(h, side, uplo, transa, diag, m, n, alpha, a,
lda, b, 1db)

type (cublasXtHandle) :: h

integer :: side, uplo, transa, diag
integer (kind=c_intptr t) :: m, n, lda, 1ldb
complex (8), dimension(lda, *) :: a

complex (8), dimension(ldb, *) :: b
complex (8) :: alpha

2.7.49. cublasXtZspmm

ZSPMM performs one of the symmetric packed matrix-matrix operations C := alpha* A*B +
beta* C, or C := alpha*B* A + beta* C, where alpha and beta are scalars, A isan by n symmetric
matrix stored in packed format, and B and C are m by n matrices.
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integer (4) function cublasXtzspmm(h, side, uplo, m, n, alpha, ap, b, 1ldb, beta,
c, ldc)

type (cublasXtHandle) :: h

integer side, uplo

integer (kind=c_intptr t) :: m, n, 1ldb, ldc

complex (8), dimension(*) :: ap

complex (8), dimension(ldb, *) :: b

complex (8), dimension(ldc, *) :: c

complex (8) :: alpha, beta

2.8. CUBLAS DEVICE Module Functions

This section contains interfaces to the cuBLASS functions accessible from device code.

CUDA Fortran users can access this module by inserting thelineuse cublas device

into the program unit. OpenACC users can access this module by inserting the line use
openacc cublas into the program unit. Examples for making cuBLAS calls from device code
areincluded in Chapter 6.

The cublas device moduleandthe openacc cublas module contain all the types and
definitions from the cublas module:
TYPE cublasHandle

TYPE (C_PTR)
END TYPE

handle

Each device module contains the following enumerations:

enum, bind(c)
enumerator
enumerator
enumerator
enumerator
enumerator
enumerator
enumerator
enumerator

end enum

enum, bind(c)
enumerator
enumerator
end enum

enum, bind(c)
enumerator
enumerator
end enum

enum, bind(c)
enumerator
enumerator
end enum

enum, bind(c)
enumerator
enumerator
enumerator
end enum

enum, bind(c)
enumerator
enumerator
end enum

CUBLAS_STATUS_SUCCESS =0
CUBLAS_STATUS_NOT INITIALIZED =1
CUBLAS_ STATUS ALLOC_FAILED =3
CUBLAS_STATUS_ INVALID VALUE =7
CUBLAS_STATUS ARCH MISMATCH =8
CUBLAS STATUS MAPPING ERROR =11

CUBLAS STATUS EXECUTION FAILED=13
CUBLAS STATUS INTERNAL ERROR =14

CUBLAS FILL MODE LOWER=0
CUBLAS_FILL MODE UPPER=1

CUBLAS DIAG _NON UNIT=0
CUBLAS_DIAG UNIT=1

CUBLAS_SIDE LEFT =0
CUBLAS_SIDE RIGHT=1

CUBLAS_OP_N=0
CUBLAS_OP T=1
CUBLAS_OP C=2

|
o

CUBLAS POINTER MODE HOST
CUBLAS POINTER MODE DEVICE =

|
=
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2.8.1. Device Library Helper Functions

This section contains the cuBLAS interfaces to the device-side single precision BLAS and
CcuBLAS functions and subroutines.

2.8.1.1. cublasCreate

Thisfunction initializes the CUBLAS library and creates a handle to an opague structure
holding the CUBLAS library context. It allocates hardware resources on the host and device
and must be called prior to making any other CUBLAS library calls. The CUBLAS library
context istied to the current CUDA device. To use the library on multiple devices, one CUBLAS
handle needs to be created for each device. Furthermore, for a given device, multiple CUBLAS
handles with different configuration can be created. Because cublasCreate all ocates some
internal resources and the release of those resources by calling cublasDestroy will implicitly
call cublasDeviceSynchronize, it is recommended to minimize the number of cublasCreate/
cublasDestroy occurences. For multi-threaded applications that use the same device from
different threads, the recommended programming model isto create one CUBLAS handle

per thread and use that CUBLAS handle for the entire life of the thread. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublasCreate (handle)
type (cublasHandle) :: handle

2.8.1.2. cublasDestroy

This function releases hardware resources used by the CUBLAS library. Thisfunction is usually
the last call with a particular handle to the CUBLAS library. Because cublasCreate allocates some
internal resources and the release of those resources by calling cublasDestroy will implicitly

call cublasDeviceSynchronize, it is recommended to minimize the number of cublasCreate/
cublasDestroy occurences. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq” in OpenACC.

integer (4) function cublasDestroy (handle)
type (cublasHandle) :: handle

2.8.1.3. cublasGetVersion

This function returns the version number of the cuBLAS library. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasGetVersion (handle, version)
type (cublasHandle) :: handle
integer (4) :: version

2.8.1.4. cublasSetStream

Thisfunction sets the cuBLAS library stream, which will be used to execute all subsequent
callsto the cuBLAS library functions. If the cuBLAS library stream is not set, al kernels use

the default NULL stream. In particular, this routine can be used to change the stream between
kernel launches and then to reset the cuBLAS library stream back to NULL. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublasSetStream(handle, stream)
type (cublasHandle) :: handle
integer (kind=cuda stream kind()) :: stream
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2.8.1.5. cublasGetStream

Thisfunction getsthe cuBLAS library stream, which is being used to execute all callsto the
cuBLAS library functions. If the cuBLAS library stream is not set, all kernels use the default
NULL stream. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublasGetStream(handle, stream)
type (cublasHandle) :: handle
integer (kind=cuda stream kind()) :: stream

2.8.2. Single Precision Functions and Subroutines

This section contains the cuBLAS interfaces to the device-side single precision BLAS and
CUBLAS functions and subroutines.

2.8.2.1. cublaslsamax

ISAMAX findsthe index of the first element having maximum absolute value. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasisamax(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x
integer :: incx

integer :: res

2.8.2.2. cublaslsamin

ISAMIN finds the index of the first element having minimum absol ute value. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasisamin(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x
integer :: incx

integer :: res

2.8.2.3. cublasSasum

SASUM takes the sum of the absolute values. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublassasum(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x
integer :: incx

real(4) :: res

2.8.2.4. cublasSaxpy

SAXPY constant times a vector plus avector. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublassaxpy(h, n, a, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
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real(4) :: a
real (4), device, dimension(*) :: x, y
integer :: incx, incy

2.8.2.5. cublasScopy

SCOPY copies avector, X, to avector, y. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.
integer (4) function cublasscopy(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x, y
integer :: incx, incy

2.8.2.6. cublasSdot

SDOT forms the dot product of two vectors. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublassdot(h, n, x, incx, y, incy, res)
type (cublasHandle) :: h
integer :: n
real (4), device, dimension(*) :: x, y
integer :: incx, incy
real (4) :: res

2.8.2.7. cublasSnrm2

SNRM2 returns the euclidean norm of a vector viathe function name, so that SNRM?2 :=
sgrt( x™*x ). Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublassnrm2 (h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x
integer :: incx

real (4) :: res

2.8.2.8. cublasSrot

SROT applies a plane rotation. Device Functions are declared "attributes(device)" in CUDA
Fortran and "!$acc routine() seq" in OpenACC.
integer (4) function cublassrot(h, n, x, incx, y, incy, sc, ss)
type (cublasHandle) :: h
integer :: n
real (4) :: sc, sSs
real (4), device, dimension(*) :: x, y
integer :: incx, incy

2.8.2.9. cublasSrotg

SROTG constructs a Givens plane rotation. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublassrotg(h, sa, sb, sc, ss)
type (cublasHandle) :: h
real (4) :: sa, sb, sc, ss
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2.8.2.10. cublasSrotm

SROTM applies the modified Givens transformation, H, to the 2 by N matrix (SX**T) ,

where **T indicates transpose. The elements of SX arein (SX**T) SX(LX+I*INCX), | =0to
N-1, whereLX = 1if INCX .GE. 0, ELSE LX = (-INCX)*N, and similarly for SY using LY

and INCY . With SPARAM(1)=SFLAG, H has one of the following forms.. SFLAG=-1.EQ
SFLAG=0.E0 SFLAG=1.EO0 SFLAG=-2.E0 (SH11 SH12) (1.E0 SH12) (SH11 1.EO) (1.EO 0.EO0)
H=() () () () (SH21 SH22), (SH21 1.EO0), (-1.E0 SH22), (0.EQ 1.EQ). See SROTMG for a
description of data storage in SPARAM. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublassrotm(h, n, x, incx, y, incy, param)
type (cublasHandle) :: h
integer :: n
real (4) :: param(*)
real (4), device, dimension(*) :: x, Vv
integer :: incx, incy

2.8.2.11. cublasSrotmg

SROTMG constructs the modified Givens transformation matrix H which zeros the
second component of the 2-vector (SQRT(SD1)* SX1,SQRT(SD2)*SY 2)**T. With
SPARAM(1)=SFLAG, H has one of the following forms..

SFLAG=-1.EO0 SFLAG=0.E0 SFLAG=1.EO SFLAG=-2.E0
(SH11 SH12) (1.EO SH12) (SH11 1.EO0) (1.EO 0.EO0)

H= ( ) ( ) ( ) ( )
(SH21 SH22), (SH21 1.EO0), (-1.E0 SH22), (0.EO0 1.EO0).

Locations 2-4 of SPARAM contain SH11,SH21,SH12, and SH22 respectively. (Values of
1.EO, -1.EOQ, or 0.EQ implied by the value of SPARAM(1) are not stored in SPARAM.) Device
Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublassrotmg(h, dl1, d2, x1, yl, param)
type (cublasHandle) :: h
real (4) :: dl, d2, x1, yl, param(*)

2.8.2.12. cublasSscal

SSCAL scales avector by a constant. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublassscal(h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real(4) :: a

real (4), device, dimension(*) :: x
integer :: incx

2.8.2.13. cublasSswap

SSWAP interchanges two vectors. Device Functions are declared "attributes(device)" in CUDA
Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublassswap(h, n, x, incx, y, incy)
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type (cublasHandle) :: h

integer :: n

real (4), device, dimension(*) :: x, Vv
integer :: incx, incy

2.8.2.14. cublasSgbmv

SGBMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isanm
by n band matrix, with kl sub-diagonals and ku super-diagonals. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.
integer (4) function cublassgbmv(h, t, m, n, k1, ku, alpha, a, 1lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, y

real (4) :: alpha, beta

2.8.2.15. cublasSgemv

SGEMV performs one of the matrix-vector operationsy := apha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alphaand beta are scalars, x and y are vectorsand A isanm by n
matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq” in OpenACC.
integer (4) function cublassgemv(h, t, m, n, alpha, a, lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a

real (4), device, dimension(*) :: x, Vv

real (4) :: alpha, beta

2.8.2.16. cublasSger

SGER performsthe rank 1 operation A := alpha*x*y**T + A, where dphaisascalar, xisanm
element vector, y is an n eement vector and A isan m by n matrix. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublassger(h, m, n, alpha, x, incx, y, incy,
a, lda)
type (cublasHandle) :: h
integer :: m, n, lda, incx, incy
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x, y
real (4) :: alpha

2.8.2.17. cublasSsbmv

SSBMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n symmetric band matrix, with k
super-diagonals. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasssbmv(h, t, n, k, alpha, a, lda,
X, 1incx, beta, y, incy)
type (cublasHandle) :: h
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integer :: t

integer :: k, n, lda, incx, incy

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x, y
real (4) :: alpha, beta

2.8.2.18. cublasSspmv

SSPMV performs the matrix-vector operation y := apha* A*x + beta*y, where alpha and beta are
scalars, x and y are n element vectors and A isan n by n symmetric matrix, supplied in packed
form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing()
seq” in OpenACC.

integer (4) function cublassspmv(h, t, n, alpha, a, x, incx,
beta, y, incy)
type (cublasHandle) :: h
integer :: t
integer :: n, incx, incy
real (4), device, dimension(*) :: a, x, y
real (4) :: alpha, beta

2.8.2.19. cublasSspr

SSPR performs the symmetric rank 1 operation A := alpha*x*x**T + A, where alphais area
scalar, X isan n element vector and A is an n by n symmetric matrix, supplied in packed form.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublassspr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

real (4), device, dimension(*) :: a, x
real (4) :: alpha

2.8.2.20. cublasSspr2

SSPR2 performs the symmetric rank 2 operation A := alpha*x*y**T + alpha*y*x**T + A, where
alphaisascalar, x and y are n element vectors and A is an n by n symmetric matrix, supplied in
packed form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.
integer (4) function cublassspr2(h, t, n, alpha, x, incx,
y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (4), device, dimension(*) :: a, x, vy

real (4) :: alpha

2.8.2.21. cublasSsymv

SSYMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta are
scalars, x and y are n element vectors and A isan n by n symmetric matrix. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublasssymv(h, t, n, alpha, a, lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h
integer :: t
integer :: n, lda, incx, incy

PGI Fortran CUDA Library Interfaces 143



BLAS Runtime APIs

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x, y
real (4) :: alpha, beta

2.8.2.22. cublasSsyr

SSYR performs the symmetric rank 1 operation A := alpha*x*x**T + A, where alphaisared
scalar, x isan n element vector and A is an n by n symmetric matrix. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq” in OpenACC.

integer (4) function cublasssyr(h, t, n, alpha, x, incx, a, lda)
type (cublasHandle) :: h
integer :: t
integer :: n, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x
real (4) :: alpha

2.8.2.23. cublasSsyr2

SSY R2 performs the symmetric rank 2 operation A := alpha*x*y**T + alpha*y*x**T + A,
where aphaisascalar, x and y are n element vectors and A is an n by n symmetric matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasssyr2(h, t, n, alpha, x, incx,
y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x, y
real (4) :: alpha

2.8.2.24. cublasStbmv

STBMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, wherex isann
element vector and A is an n by n unit, or non-unit, upper or lower triangular band matrix, with
(k + 1) diagonas. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq” in OpenACC.

integer (4) function cublasstbmv(h, u, t, 4, n, k, a, lda,
x, 1incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.8.2.25. cublasStbsv

STBSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectorsand A is an n by n unit, or non-unit, upper or lower triangular band matrix, with
(k + 1) diagonals. No test for singularity or near-singularity isincluded in this routine. Such tests
must be performed before calling this routine. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasstbsv(h, u, t, 4, n, k, a, 1lda,
X, 1ncx)
type (cublasHandle) :: h
integer :: u, t, d
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integer :: n, k, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.8.2.26. cublasStpmv

STPMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, wherex isan
n element vector and A isan n by n unit, or non-unit, upper or lower triangular matrix, supplied
in packed form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublasstpmv(h, u, t, 4, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (4), device, dimension(*) :: a, x

2.8.2.27. cublasStpsv

STPSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x are n
element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix, supplied
in packed form. No test for singularity or near-singularity isincluded in this routine. Such tests
must be performed before calling this routine. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublasstpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (4), device, dimension(*) :: a, x

2.8.2.28. cublasStrmv

STRMV performs one of the matrix-vector operations X := A*x, or X := A**T*x, where x
isan n element vector and A isan n by n unit, or non-unit, upper or lower triangular matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.
integer (4) function cublasstrmv(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x

2.8.2.29. cublasStrsv

STRSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix. No test for
singularity or near-singularity isincluded in this routine. Such tests must be performed before
calling this routine. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq" in OpenACC.

integer (4) function cublasstrsv(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(*) :: x
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2.8.2.30. cublasSgemm

SGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta* C,
whereop( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars, and A, B and
C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublassgemm(h, transa, transb, m, n,
k, alpha, a, lda, b, 1ldb, beta, ¢, 1ldc)

type (cublasHandle) :: h
integer :: transa, transb
integer :: m, n, k, lda, 1ldb, ldc
real (4), device, dimension (lda, *)
real (4), device, dimension (ldb, *) ::
real (4), device, dimension(ldc, *) :: c
real (4) :: alpha, beta

oo

2.8.2.31. cublasSsymm

SSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B* A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.
integer (4) function cublasssymm(h, side, uplo, m, n,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)
type (cublasHandle) :: h
integer :: side, uplo
integer :: m, n, lda, ldb, ldc
real (4), device, dimension (lda, *)
real (4), device, dimension (ldb, *) ::
real (4), device, dimension (ldc, *) :: c
real (4) : alpha, beta

2.8.2.32. cublasSsyrk

SSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha*t A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and a k by n matrix in the second case. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublasssyrk(h, uplo, trans, n, k,
alpha, a, lda, beta, c, 1ldc)
type (cublasHandle) :: h
integer :: uplo, trans
integer :: n, k, lda, ldc
real (4), device, dimension(lda, *) :: a
real (4), device, dimension(ldc, *) :: cC
real (4) :: alpha, beta

2.8.2.33. cublasSsyr2k

SSYR2K performs one of the symmetric rank 2k operations C ;= alpha* A*B** T +
alpha*B*A**T + beta*C, or C ;= alpha* A**T*B + apha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case
and k by n matrices in the second case. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq” in OpenACC.

oo
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integer (4) function cublasssyr2k(h, uplo, trans, n, k,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

real (4), device, dimension (lda, *) :a
real (4), device, dimension (1ldb, *) : b
real (4), device, dimension(ldc, *) :: c
real (4) alpha, beta

2.8.2.34. cublasStrmm

STRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ), where alphaisascalar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isone of op( A ) = A or op( A ) = A**T. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasstrmm(h, side, uplo, transa,
diag, m, n, alpha, a, lda, b, 1ldb, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb, ldc

real (4), device, dimension(lda, *) :: a
real (4), device, dimension(ldb, *) :: Db
real (4), device, dimension(ldc, *) :: cC
real (4) alpha

2.8.2.35. cublasStrsm

STRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A) =A or op( A ) = A**T. The matrix X is overwritten on B.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasstrsm(h, side, uplo, transa,
diag, m, n, alpha, a, lda, b, 1db)

type (cublasHandle) :: h
integer :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb

real (4), device, dimension (lda, *)
real (4), device, dimension (1ldb, *)
real (4) :: alpha

oo

2.8.2.36. cublasSgemmBatched

SGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta* C,
where op( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars, and A, B and
C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

integer (4) function cublasSgemmBatched (h, transa, transb, m, n,
k, alpha, Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

real (4) :: alpha

type (c_devptr), device :: Aarray (*)

integer :: lda

type (c_devptr), device :: Barray(*)
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integer :: 1db

real (4) :: beta

type (c_devptr), device :: Carray (*)
integer :: ldc

integer :: batchCount

2.8.2.37. cublasSgetrfBatched

SGETRF computes an LU factorization of ageneral M-by-N matrix A using partial pivoting
with row interchanges. The factorization hastheform A = P* L * U where P isa permutation
matrix, L islower triangular with unit diagonal elements (lower trapezoidal if m>n), and U is
upper triangular (upper trapezoida if m < n). Thisisthe right-looking Level 3 BLAS version of
the algorithm. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasSgetrfBatched(h, n, Aarray, lda,
ipvt, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info (*)

integer :: batchCount

2.8.2.38. cublasSgetriBatched

SGETRI computes the inverse of a matrix using the LU factorization computed by SGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
inv(A). Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq" in OpenACC.

integer (4) function cublasSgetriBatched(h, n, Aarray, lda,
ipvt, Carray, ldc, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray(*)
integer :: ldc

integer, device :: info(*)

integer :: batchCount

2.8.2.39. cublasSgetrsBatched

SGETRS solves a system of linear equations A * X =B or A**T * X = B with ageneral N-by-
N matrix A using the LU factorization computed by SGETRF. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasSgetrsBatched (h, trans, n, nrhs,
A, lda, ipvt, B, 1ldb, info, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

integer, device :: ipvt (*)
type (c_devptr), device :: B(*)
integer :: 1db

integer, device :: info(*)
integer :: batchCount
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2.8.2.40. cublasStrsmBatched

STRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A) =A or op( A ) = A**T. The matrix X is overwritten on B.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasStrsmBatched(h, side, uplo,
trans, diag, m, n, alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h
integer :: side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

real (4) :: alpha

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb

integer :: batchCount

2.8.2.41. cublasSmatinvBatched

cublasSmatinvBatched is a short cut of cublasSgetrfBatched plus cublasSgetriBatched. However
it only worksif nislessthan 32. If not, the user has to go through cublasSgetrfBatched and
cublasSgetriBatched. Device Functions are declared "attributes(device)" in CUDA Fortran and "'!
$acc routine() seq” in OpenACC.

integer (4) function cublasSmatinvBatched(h, n, A, lda,
Ainv, lda inv, info, batchCount)
type (cublasHandle) :: h
integer :: n
type (c_devptr), device :: A(*)
integer :: lda
type (c_devptr), device :: Ainv(*)
integer :: lda inv
integer, device :: info (*)
integer :: batchCount

2.8.2.42. cublasSgeqrfBatched

SGEQRF computes a QR factorization of areal M-by-N matrix A: A = Q * R. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasSgeqrfBatched(h, m, n,
A, lda, Tau, info, batchCount)

type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer, device :: info(*)
integer :: batchCount

2.8.2.43. cublasSgelsBatched

SGEL S solves overdetermined or underdetermined real linear systems involving an M-by-N
matrix A, or itstranspose, using a QR or LQ factorization of A. It isassumed that A hasfull
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rank. The following options are provided: 1. If TRANS ="'N"and m >= n: find the |east squares
solution of an overdetermined system, i.e., solve the least squares problem minimize || B - A*X
[l 2. If TRANS ="N"and m < n: find the minimum norm solution of an underdetermined system
A* X =B. 3. If TRANS="T"and m >= n: find the minimum norm solution of an undetermined
system A**T * X =B. 4. If TRANS ="T" and m < n: find the least squares solution of an
overdetermined system, i.e., solve the least squares problem minimize || B - A**T * X ||. Severa
right hand side vectors b and solution vectors x can be handled in asingle call; they are stored as
the columns of the M-by-NRHS right hand side matrix B and the N-by-NRHS solution matrix X.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

integer (4) function cublasSgelsBatched(h, trans, m, n,
nrhs, A, lda, C, 1ldc, info, dinfo, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: m, n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: C(*)
integer :: ldc

integer, device :: info(*)
integer, device :: dinfo(¥*)
integer :: batchCount

2.8.3. Single Precision Complex Functions and Subroutines

This section contains the cuBLAS interfaces to the device-side single precision complex BLAS
and cuBLASS functions and subroutines.

2.8.3.1. cublasCaxpy

CAXPY constant times a vector plus avector. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublascaxpy(h, n, a, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (4) :: a
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

2.8.3.2. cublasCcopy

CCOPY copies avector x to avector y. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.
integer (4) function cublasccopy(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x, y
integer :: incx, incy

2.8.3.3. cublasCdotc

forms the dot product of two vectors, conjugating the first vector. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublascdotc(h, n, x, incx, y, incy, res)
type (cublasHandle) :: h
integer :: n
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complex (4), device, dimension(*) :: x, y
integer :: incx, incy
complex (4) :: res

2.8.3.4. cublasCdotu

CDOTU formsthe dot product of two vectors. Device Functions are declared "attributes(device)”
in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublascdotu(h, n, x, incx, y, incy, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x, y
integer :: incx, incy

complex (4) :: res

2.8.3.5. cublasCrot

CROT applies a plane rotation, where the cos (C) isrea and the sin (S) is complex, and the
vectors CX and CY are complex. Device Functions are declared "attributes(device)" in CUDA
Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublascrot(h, n, x, incx, y, incy, sc, cs)

type (cublasHandle) :: h

integer :: n

real(4) :: sc

complex (4) :: cs

complex (4), device, dimension(*) :: x, y
integer :: incx, incy

2.8.3.6. cublasCscal

CSCAL scales avector by aconstant. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublascscal(h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

complex (4) :: a

complex (4), device, dimension(*) :: x
integer :: incx

2.8.3.7. cublasCsscal

CSSCAL scales acomplex vector by areal constant. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublascsscal(h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real(4) :: a

complex (4), device, dimension(*) :: x
integer :: incx

2.8.3.8. cublasCswap

CSWAP interchanges two vectors. Device Functions are declared "attributes(device)" in CUDA
Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublascswap(h, n, x, incx, y, incy)

type (cublasHandle) :: h
integer :: n
complex (4), device, dimension(*) :: x, vy
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integer :: incx, incy

2.8.3.9. cublaslcamax

ICAMAX finds the index of the first element having maximum absolute value. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasicamax(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x
integer :: incx

integer :: res

2.8.3.10. cublaslcamin

ICAMIN finds the index of the first element having minimum absolute value. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasicamin(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x
integer :: incx

integer :: res

2.8.3.11. cublasScasum

SCASUM takes the sum of the absolute values of a complex vector and returns a single precision
result. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq” in OpenACC.

integer (4) function cublasscasum(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x
integer :: incx

real(4) :: res

2.8.3.12. cublasScnrm?2

SCNRM 2 returns the euclidean norm of a vector via the function name, so that SCNRM2 :=
sgrt( x**H*x ) Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasscnrm2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (4), device, dimension(*) :: x
integer :: incx

real(4) :: res

2.8.3.13. cublasCgbmv

CGBMYV performs one of the matrix-vector operationsy := alpha*A*x + beta*y, ory :=

alpha*t A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x
and y are vectorsand A isan m by n band matrix, with kl sub-diagonals and ku super-diagonals.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.
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integer (4) function cublascgbmv(h, t, m, n, k1, ku, alpha, a, lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, y
complex (4) :: alpha, beta

2.8.3.14. cublasCgemv

CGEMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=

alpha* A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x and
y arevectorsand A isan m by n matrix. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublascgemv(h, t, m, n, alpha, a, lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, y
complex (4) :: alpha, beta

2.8.3.15. cublasCgerc

CGERC performsthe rank 1 operation A := alpha*x*y**H + A, where alphaisascaar, xisanm
element vector, y is an n element vector and A isan m by n matrix. Device Functions are declared
“attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublascgerc(h, m, n, alpha, x, incx, y, incy,

a, lda)
type (cublasHandle) :: h
integer :: m, n, lda, incx, incy
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, vy
complex (4) :: alpha

2.8.3.16. cublasCgeru

CGERU performstherank 1 operation A := alpha*x*y**T + A, where alphaisascalar, xisanm
element vector, y isan n element vector and A isan m by n matrix. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublascgeru(h, m, n, alpha, x, incx, y, incy,

a, lda)
type (cublasHandle) :: h
integer :: m, n, lda, incx, incy
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, y
complex (4) :: alpha

2.8.3.17. cublasChbmv

CHBMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n hermitian band matrix, with k super-
diagonals. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublaschbmv(h, t, n, k, alpha, a, lda,
x, incx, beta, y, incy)
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type (cublasHandle) :: h

integer :: t

integer :: k, n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, y
complex (4) :: alpha, beta

2.8.3.18. cublasChemv

CHEMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n hermitian matrix. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaschemv(h, t, n, alpha, a, lda,
X, 1incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, y
complex (4) :: alpha, beta

2.8.3.19. cublasCher

CHER performs the hermitian rank 1 operation A := apha*x*x**H + A, where alphaisa
real scalar, x isan n element vector and A is an n by n hermitian matrix. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublascher(h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

real (4) :: alpha

2.8.3.20. cublasCher2

CHER?2 performs the hermitian rank 2 operation A := alpha*x*y**H + conjg( apha)*y*x**H

+ A, where alphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

integer (4) function cublascher2(h, t, n, alpha, x, incx, y, incy,

a, lda)
type (cublasHandle) :: h
integer :: t
integer :: n, incx, incy, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x, vy
complex (4) :: alpha

2.8.3.21. cublasChpmv

CHPMYV performs the matrix-vector operation y := apha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n hermitian matrix, supplied in packed
form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq" in OpenACC.

integer (4) function cublaschpmv(h, t, n, alpha, a, x, incx,
beta, y, incy)
type (cublasHandle) :: h
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integer :: t

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y
complex (4) :: alpha, beta

2.8.3.22. cublasChpr

CHPR performs the hermitian rank 1 operation A := alpha*x*x**H + A, where alphais area
scalar, X isan n element vector and A isan n by n hermitian matrix, supplied in packed form.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublaschpr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

complex (4), device, dimension(*) :: a, x
real (4) :: alpha

2.8.3.23. cublasChpr2

CHPR2 performs the hermitian rank 2 operation A := alpha*x*y**H + conjg( alpha)*y*x**H
+ A, where alphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix,
supplied in packed form. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq” in OpenACC.

integer (4) function cublaschpr2(h, t, n, alpha, x, incx,
y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

complex (4), device, dimension(*) :: a, x, y
complex (4) :: alpha

2.8.3.24. cublasCtbmv

CTBMYV performs one of the matrix-vector operations X := A*X, or X ;= A**T*X, or X :=
A**H*x, where x is an n element vector and A is an n by n unit, or non-unit, upper or
lower triangular band matrix, with ( k + 1) diagonals. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasctbmv(h, u, t, 4, n, k, a, lda,

X, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.8.3.25. cublasCtbsv

CTBSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where
b and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular band
matrix, with (k + 1) diagonals. No test for singularity or near-singularity isincluded in this
routine. Such tests must be performed before calling this routine. Device Functions are declared
“attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasctbsv(h, u, t, 4, n, k, a, lda,
x, 1incx)
type (cublasHandle) :: h
integer :: u, t, d
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integer :: n, k, incx, lda
complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.8.3.26. cublasCtpmv

CTPMYV performs one of the matrix-vector operations X := A*x, or X := A**T*x, or X :=
A**H*x, where x isan n element vector and A isan n by n unit, or non-unit, upper or lower
triangular matrix, supplied in packed form. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasctpmv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (4), device, dimension(*) :: a, x

2.8.3.27. cublasCtpsv

CTPSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where
b and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular
matrix, supplied in packed form. No test for singularity or near-singularity isincluded in this
routine. Such tests must be performed before calling this routine. Device Functions are declared
“attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasctpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (4), device, dimension(*) :: a, x

2.8.3.28. cublasCtrmv

CTRMV performs one of the matrix-vector operations x := A*x, or X := A**T*x, or X :=
A**H*x, where x is an n element vector and A is an n by n unit, or non-unit, upper or lower
triangular matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasctrmv(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x

2.8.3.29. cublasCtrsv

CTRSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, whereb
and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix.
No test for singularity or near-singularity isincluded in this routine. Such tests must be performed
before calling this routine. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq” in OpenACC.

integer (4) function cublasctrsv(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(*) :: x
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2.8.3.30. cublasCgemm

CGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and
C an m by n matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq” in OpenACC.

integer (4) function cublascgemm(h, transa, transb, m, n,
k, alpha, a, lda, b, 1ldb, beta, ¢, 1ldc)
type (cublasHandle) :: h
integer :: transa, transb
integer :: m, n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a
complex (4), device, dimension (ldb, *) :: b
complex (4), device, dimension(ldc, *) :: c
complex (4) :: alpha, beta

2.8.3.31. cublasChemm

CHEMM performs one of the matrix-matrix operations C := apha*A*B + beta*C, or C :=
alpha*B* A + beta* C, where apha and beta are scalars, A is an hermitian matrix and B and C are
m by n matrices. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublaschemm(h, side, uplo, m, n,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, ldb, ldc

complex (4), device, dimension (lda, *) a
complex (4), device, dimension (ldb, *) :: b
complex (4), device, dimension (ldc, *) :: c
complex (4) : alpha, beta

2.8.3.32. cublasCherk

CHERK performs one of the hermitian rank k operations C := alpha* A* A**H + beta*C, or
C :=dpha*A**H*A + beta* C, where alpha and beta are real scalars, C isan n by n hermitian
matrix and A isan n by k matrix in thefirst case and ak by n matrix in the second case. Device
Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.
integer (4) function cublascherk(h, uplo, trans, n, k,
alpha, a, lda, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a

complex (4), device, dimension(ldc, *) :: cC

real (4) :: alpha, beta

2.8.3.33. cublasCher2k

CHER2K performs one of the hermitian rank 2k operations C := alpha* A*B**H +
conjg( apha)*B*A**H + beta*C, or C := alpha* A**H*B + conjg( apha)*B**H*A + beta*C,
where apha and beta are scalars with betareal, C isan n by n hermitian matrix and A and B are
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n by k matricesin the first case and k by n matricesin the second case. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublascher2k(h, uplo, trans, n, k,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension (lda, *) a
complex (4), device, dimension(ldb, *) :: Db
complex (4), device, dimension (ldc, *) :: c
complex (4) : alpha

real (4) :: beta

2.8.3.34. cublasCsymm

CSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B*A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublascsymm(h, side, uplo, m, n,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(ldb, *) :: Db
complex (4), device, dimension(ldc, *) :: c
complex (4) : alpha, beta

2.8.3.35. cublasCsyrk

CSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha*t A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and a k by n matrix in the second case. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublascsyrk(h, uplo, trans, n, k,
alpha, a, lda, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(ldc, *) :: c
complex (4) :: alpha, beta

2.8.3.36. cublasCsyr2k

CSYR2K performs one of the symmetric rank 2k operations C := alpha* A*B**T +
apha*B*A**T + beta*C, or C := alpha* A**T*B + alpha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin the first case
and k by n matrices in the second case. Device Functions are declared "attributes(device)” in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublascsyr2k(h, uplo, trans, n, k,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(ldb, *) :: b
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complex (4), device, dimension (ldc, *) :: c
complex (4) :: alpha, beta

2.8.3.37. cublasCtrmm

CTRMM performs one of the matrix-matrix operations B := alpha*op( A )*B, or B :=
alpha*B*op( A ) where alphaisascaar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A)=A orop(A)=A**Torop( A) =A**H.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

integer (4) function cublasctrmm(h, side, uplo, transa,
diag, m, n, alpha, a, lda, b, 1ldb, c, 1ldc)
type (cublasHandle) :: h
integer :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb, ldc

complex (4), device, dimension(lda, *) a
complex (4), device, dimension (ldb, *) b
complex (4), device, dimension (ldc, *) :: c
complex (4) :: alpha

2.8.3.38. cublasCtrsm

CTRSM solves one of the matrix equations op( A )*X = apha*B, or X*op( A ) = alpha*B, where
alphaisascaar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A)=Aorop(A)=A**T orop( A) = A**H. The matrix X is
overwritten on B. Device Functions are declared "attributes(device)" in CUDA Fortran and !
$acc routine() seq" in OpenACC.

integer (4) function cublasctrsm(h, side, uplo, transa,
diag, m, n, alpha, a, lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb

complex (4), device, dimension(lda, *) :: a
complex (4), device, dimension(ldb, *) :: b
complex (4) :: alpha

2.8.3.39. cublasCgemmBatched

CGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and
C an m by n matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq" in OpenACC.

integer (4) function cublasCgemmBatched (h, transa, transb, m, n,

k, alpha, Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)
type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

complex (4) :: alpha

type (c_devptr), device :: Aarray (*)
integer :: lda

type (c_devptr), device :: Barray (*)
integer :: 1ldb

complex (4) :: beta

type (c_devptr), device :: Carray(*)
integer :: ldc

integer :: batchCount
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2.8.3.40. cublasCgetrfBatched

CGETRF computes an LU factorization of ageneral M-by-N matrix A using partial pivoting
with row interchanges. The factorization hastheform A = P* L * U where Pis a permutation
matrix, L islower triangular with unit diagonal elements (lower trapezoidal if m>n), and U is
upper triangular (upper trapezoidal if m < n). Thisistheright-looking Level 3 BLAS version of
the algorithm. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublasCgetrfBatched(h, n, Aarray, lda,
ipvt, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info(*)

integer :: batchCount

2.8.3.41. cublasCgetriBatched

CGETRI computes the inverse of amatrix using the LU factorization computed by CGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
inv(A). Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq" in OpenACC.

integer (4) function cublasCgetriBatched (h, n, Aarray, lda,
ipvt, Carray, ldc, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray(*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray (*)
integer :: ldc

integer, device :: info (*)

integer :: batchCount

2.8.3.42. cublasCgetrsBatched

CGETRS solves asystem of linear equationsA * X =B, A**T* X =B, or A**H * X = B with
agenera N-by-N matrix A using the LU factorization computed by CGETRF. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasCgetrsBatched(h, trans, n, nrhs,
A, lda, ipvt, B, 1ldb, info, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

integer, device :: ipvt (*)
type (c_devptr), device :: B(*)
integer :: 1ldb

integer, device :: info(*)
integer :: batchCount
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2.8.3.43. cublasCtrsmBatched

CTRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A)=Aorop(A)=A**T orop( A) = A**H. The matrix X is
overwritten on B. Device Functions are declared "attributes(device)" in CUDA Fortran and !
$acc routine() seq” in OpenACC.

integer (4) function cublasCtrsmBatched(h, side, uplo,
trans, diag, m, n, alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h
integer :: side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

complex (4) :: alpha

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb

integer :: batchCount

2.8.3.44. cublasCmatinvBatched

cublasCmatinvBatched is a short cut of cublasCgetrfBatched plus cublasCgetriBatched. However
it only worksif nislessthan 32. If not, the user has to go through cublasCgetrfBatched and
cublasCgetriBatched. Device Functions are declared "attributes(device)" in CUDA Fortran and !
$acc routine() seq” in OpenACC.

integer (4) function cublasCmatinvBatched(h, n, A, lda,
Ainv, lda inv, info, batchCount)
type (cublasHandle) :: h
integer :: n
type (c_devptr), device :: A(*)
integer :: lda
type (c_devptr), device :: Ainv(*)
integer :: lda inv
integer, device :: info (*)
integer :: batchCount

2.8.3.45. cublasCgeqrfBatched

CGEQRF computes a QR factorization of acomplex M-by-N matrix A: A = Q* R. Device
Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasCgeqrfBatched(h, m, n,
A, lda, Tau, info, batchCount)

type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer, device :: info(*)
integer :: batchCount
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2.8.3.46. cublasCgelsBatched

CGEL S solves overdetermined or underdetermined complex linear systemsinvolving an M-
by-N matrix A, or its conjugate-transpose, using a QR or LQ factorization of A. It is assumed
that A hasfull rank. The following options are provided: 1. If TRANS='N"'and m >=n: find
the least squares solution of an overdetermined system, i.e., solve the least squares problem
minimize || B - A*X ||. 2. If TRANS ='N' and m < n: find the minimum norm solution of an
underdetermined system A * X = B. 3. If TRANS ='C' and m >= n: find the minimum norm
solution of an undetermined system A**H * X = B. 4. If TRANS ="'C' and m < n: find the least
squares solution of an overdetermined system, i.e., solve the least squares problem minimize || B
-A**H* X ||. Severd right hand side vectors b and solution vectors x can be handled in asingle
call; they are stored as the columns of the M-by-NRHS right hand side matrix B and the N-by-
NRHS solution matrix X. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq” in OpenACC.

integer (4) function cublasCgelsBatched(h, trans, m, n,
nrhs, A, lda, C, 1ldc, info, dinfo, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: m, n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: C(*)
integer :: ldc

integer, device :: info(*)
integer, device :: dinfo(*)
integer :: batchCount

2.8.4. Double Precision Functions and Subroutines

This section contains the cuBLAS interfaces to the device-side double precision BLAS and
CUBLAS functions and subroutines.

2.8.4.1. cublasldamax

IDAMAX finds the the index of the first element having maximum absolute value. Device
Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasidamax(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x
integer :: incx

integer :: res

2.8.4.2. cublasldamin

IDAMIN finds the index of the first element having minimum absolute value. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasidamin(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x
integer :: incx

integer :: res
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2.8.4.3. cublasDasum

DASUM takes the sum of the absolute values. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasdasum(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x
integer :: incx

real (8) :: res

2.8.4.4. cublasDaxpy

DAXPY constant times a vector plus a vector. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq” in OpenACC.
integer (4) function cublasdaxpy(h, n, a, x, incx, y, incy)

type (cublasHandle) :: h

integer :: n

real(8) :: a

real (8), device, dimension(*) :: x, Vv

integer :: incx, incy

2.8.4.5. cublasDcopy

DCOPY copies avector, X, to avector, y. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.
integer (4) function cublasdcopy(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy

2.8.4.6. cublasDdot

DDOT forms the dot product of two vectors. Device Functions are declared "attributes(device)”
in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasddot(h, n, x, incx, y, incy, res)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy
real (8) :: res

2.8.4.7. cublasDnrm2

DNRM?2 returns the euclidean norm of avector via the function name, so that DNRM2 :=
sgrt( x*x ) Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasdnrm2 (h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

real (8), device, dimension(*) :: x
integer :: incx

real(8) :: res
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2.8.4.8. cublasDrot

DROT applies a plane rotation. Device Functions are declared "attributes(device)" in CUDA
Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdrot(h, n, x, incx, y, incy, dc, ds)
type (cublasHandle) :: h
integer :: n
real (8) :: dc, ds
real (8), device, dimension(*) :: x, Vv
integer :: incx, incy

2.8.4.9. cublasDrotg

DROTG constructs a Givens plane rotation. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdrotg(h, sa, sb, sc, ss)
type (cublasHandle) :: h
real (8) :: sa, sb, sc, ss

2.8.4.10. cublasDrotm

DROTM applies the modified Givens transformation, H, to the 2 by N matrix (DX**T) ,

where **T indicates transpose. The elements of DX arein (DX**T) DX(LX+I*INCX), | =0

to N-1, where LX = 1if INCX .GE. O, ELSE LX = (-INCX)*N, and similarly for DY using LY
and INCY . With DPARAM(1)=DFLAG, H has one of the following forms.. DFLAG=-1.D0
DFLAG=0.D0 DFLAG=1.D0 DFLAG=-2.D0 (DH11 DH12) (1.D0 DH12) (DH11 1.D0) (1.D0
0.00) H=() () () () (DH21 DH22), (DH21 1.D0), (-1.D0 DH22), (0.D0 1.D0). See DROTMG
for a description of data storage in DPARAM. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublasdrotm(h, n, x, incx, y, incy, param)
type (cublasHandle) :: h
integer :: n
real (8) :: param(*)
real (8), device, dimension(*) :: x, y
integer :: incx, incy

2.8.4.11. cublasDrotmg

DROTMG constructs the modified Givens transformation matrix H which zeros the
second component of the 2-vector (SQRT(DD1)*DX1,SQRT(DD2)*DY 2)**T. With
DPARAM(1)=DFLAG, H has one of the following forms..

DFLAG=-1.DO0 DFLAG=0.DO0 DFLAG=1.DO0 DFLAG=-2.D0
(DH11 DH12) (1.D0  DHI12) (DH11 1.D0) (1.D0 0.DO0)

H= ( ) ( ) ( ) ( )
(DH21 DH22), (DH21 1.D0), (-1.D0 DH22), (0.DO  1.D0).

Locations 2-4 of DPARAM contain DH11, DH21, DH12, and DH22 respectively. (Vaues

of 1.D0, -1.D0, of 0.D0 implied by the value of DPARAM(1) are not stored in DPARAM.)
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasdrotmg(h, dl1, d2, x1, yl, param)
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type (cublasHandle) :: h
real(8) :: dl, d2, x1, yl, param(¥*)

2.8.4.12. cublasDscal

DSCAL scales avector by a constant. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real(8) :: a

real (8), device, dimension(*) :: x
integer :: incx

2.8.4.13. cublasDswap

interchanges two vectors. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdswap(h, n, x, incx, y, incy)
type (cublasHandle) :: h
integer :: n
real (8), device, dimension(*) :: x, y
integer :: incx, incy

2.8.4.14. cublasDgbmv

DGBMYV performs one of the matrix-vector operationsy := apha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isanm
by n band matrix, with kI sub-diagonals and ku super-diagonals. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasdgbmv(h, t, m, n, k1, ku, alpha, a, lda,
X, 1incx, beta, y, incy)
type (cublasHandle) :: h
integer :: t
integer :: m, n, k1, ku, lda, incx, incy
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x, y
real (8) :: alpha, beta

2.8.4.15. cublasDgemv

DGEMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, or y :=

alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan m by n
matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing()
seq" in OpenACC.

integer (4) function cublasdgemv(h, t, m, n, alpha, a, lda,
x, 1incx, beta, y, incy)
type (cublasHandle) :: h
integer :: t
integer :: m, n, lda, incx, incy
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x, y
real (8) :: alpha, beta
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2.8.4.16. cublasDger

DGER performs the rank 1 operation A := apha*x*y**T + A, where alphaisascaar, X isanm
element vector, y is an n dement vector and A isan m by n matrix. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.
integer (4) function cublasdger (h, m, n, alpha, x, incx, y, incy,
a, lda)

type (cublasHandle) :: h

integer :: m, n, lda, incx, incy

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x, y

real (8) :: alpha

2.8.4.17. cublasDsbmv

DSBMV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n symmetric band matrix, with k
super-diagonals. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seg” in OpenACC.

integer (4) function cublasdsbmv(h, t, n, k, alpha, a, lda,
X, 1incx, beta, y, incy)
type (cublasHandle) :: h
integer :: t
integer :: k, n, lda, incx, incy
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x, y
real (8) :: alpha, beta

2.8.4.18. cublasDspmv

DSPMV performs the matrix-vector operation y := apha* A*x + beta*y, where alpha and beta are
scalars, x and y are n element vectors and A isan n by n symmetric matrix, supplied in packed
form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq" in OpenACC.

integer (4) function cublasdspmv(h, t, n, alpha, a, x, incx,
beta, y, incy)
type (cublasHandle) :: h
integer :: t
integer :: n, incx, incy
real (8), device, dimension(*) :: a, x, y
real (8) :: alpha, beta

2.8.4.19. cublasDspr

DSPR performs the symmetric rank 1 operation A ;= apha*x*x**T + A, where dphaisareal
scalar, X isan n element vector and A isan n by n symmetric matrix, supplied in packed form.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasdspr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

real (8), device, dimension(*) :: a, x
real (8) :: alpha
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2.8.4.20. cublasDspr2

DSPR2 performs the symmetric rank 2 operation A := alpha*x*y**T + alpha*y*x**T + A, where
alphaisascalar, x and y are n element vectors and A isan n by n symmetric matrix, supplied in
packed form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.
integer (4) function cublasdspr2(h, t, n, alpha, x, incx,
y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

real (8), device, dimension(*) :: a, %X, y

real (8) :: alpha

2.8.4.21. cublasDsymv

DSYMV performs the matrix-vector operationy := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n symmetric matrix. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.
integer (4) function cublasdsymv(h, t, n, alpha, a, lda,
X, incx, beta, y, incy)
type (cublasHandle) :: h
integer :: t
integer :: n, lda, incx, incy
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x, y
real (8) :: alpha, beta

2.8.4.22. cublasDsyr

DSYR performs the symmetric rank 1 operation A := alpha*x*x**T + A, where alphais areal
scalar, x isan n element vector and A is an n by n symmetric matrix. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublasdsyr(h, t, n, alpha, x, incx, a, lda)
type (cublasHandle) :: h
integer :: t
integer :: n, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x
real (8) :: alpha

2.8.4.23. cublasDsyr2

DSY R2 performs the symmetric rank 2 operation A := alpha*x*y**T + alpha*y*x**T + A,
where aphaisascalar, x and y are n element vectors and A is an n by n symmetric matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasdsyr2(h, t, n, alpha, x, incx,
y, incy, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy, lda

real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x, y
real (8) :: alpha

PGI Fortran CUDA Library Interfaces 167



BLAS Runtime APIs

2.8.4.24. cublasDtbmv

DTBMYV performs one of the matrix-vector operations x := A*X, or X := A**T*x, where x isan
n element vector and A isan n by n unit, or non-unit, upper or lower triangular band matrix, with
(k + 1) diagonals. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq” in OpenACC.

integer (4) function cublasdtbmv(h, u, t, 4, n, k, a, lda,
%X, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.8.4.25. cublasDtbsv

DTBSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectors and A is an n by n unit, or non-unit, upper or lower triangular band matrix, with
(k+ 1) diagonals. No test for singularity or near-singularity isincluded in this routine. Such tests
must be performed before calling this routine. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdtbsv(h, u, t, 4, n, k, a, lda,
X, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.8.4.26. cublasDtpmv

DTPMV performs one of the matrix-vector operations x := A*x, or X := A**T*x, wherex isan
n element vector and A isan n by n unit, or non-unit, upper or lower triangular matrix, supplied
in packed form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublasdtpmv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (8), device, dimension(*) :: a, x

2.8.4.27. cublasDtpsv

DTPSV solves one of the systems of equations A*x = b, or A**T*x = b, whereb and x aren
element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix, supplied
in packed form. No test for singularity or near-singularity isincluded in this routine. Such tests
must be performed before calling this routine. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdtpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

real (8), device, dimension(*) :: a, x
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2.8.4.28. cublasDtrmv

DTRMYV performs one of the matrix-vector operations X := A*X, or X := A**T*X, where x
isan n element vector and A isan n by n unit, or non-unit, upper or lower triangular matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.
integer (4) function cublasdtrmv(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(*) :: x

2.8.4.29. cublasDtrsv

DTRSV solves one of the systems of equations A*x = b, or A**T*x = b, whereband x aren
element vectorsand A is an n by n unit, or non-unit, upper or lower triangular matrix. No test for
singularity or near-singularity isincluded in this routine. Such tests must be performed before
calling this routine. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq” in OpenACC.
integer (4) function cublasdtrsv(h, u, t, d, n, a, lda, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx, lda

real (8), device, dimension(lda, *) :: a

real (8), device, dimension(*) :: x

2.8.4.30. cublasDgemm

DGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
where op( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars, and A, B and
C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasdgemm(h, transa, transb, m, n,
k, alpha, a, lda, b, 1ldb, beta, ¢, 1ldc)

type (cublasHandle) :: h
integer :: transa, transb
integer :: m, n, k, lda, 1ldb, ldc
real (8), device, dimension (lda, *)
real (8), device, dimension (1ldb, *)
real (8), device, dimension(ldc, *) :: c
real (8) :: alpha, beta

2.8.4.31. cublasDsymm

DSYMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B* A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasdsymm(h, side, uplo, m, n,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)
type (cublasHandle) :: h
integer :: side, uplo
integer :: m, n, lda, 1ldb, ldc

oo
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real (8), device, dimension (lda, *)
real (8), device, dimension (1ldb, *)
(8),
(8)

oo

real device, dimension(ldc, *) :: cC
real : alpha, beta

2.8.4.32. cublasDsyrk

DSYRK performs one of the symmetric rank k operations C := alpha* A*A**T + beta*C, or C :=
alpha* A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isan n by k matrix in thefirst case and ak by n matrix in the second case. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasdsyrk(h, uplo, trans, n, k,
alpha, a, lda, beta, c, 1ldc)
type (cublasHandle) :: h
integer :: uplo, trans
integer :: n, k, lda, ldc
real (8), device, dimension(lda, *) :: a
real (8), device, dimension(ldc, *) :: c
real (8) :: alpha, beta

2.8.4.33. cublasDsyr2k

DSYR2K performs one of the symmetric rank 2k operations C := alpha* A*B**T +
apha*B*A**T + beta* C, or C := apha* A**T*B + apha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin thefirst case
and k by n matricesin the second case. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdsyr2k(h, uplo, trans, n, k,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h
integer :: uplo, trans
integer :: n, k, lda, 1ldb, ldc

real (8), device, dimension (lda, *)
real (8), device, dimension (1ldb, *)

real (8), device, dimension(ldc, *) :: c
real (8) :: alpha, beta

2.8.4.34. cublasDtrmm

DTRMM performs one of the matrix-matrix operations B := apha*op( A )*B, or B :=
alpha*B*op( A ), where alphaisascalar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isone of op( A ) = A or op( A ) = A**T. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasdtrmm(h, side, uplo, transa,
diag, m, n, alpha, a, lda, b, 1ldb, c, 1ldc)
type (cublasHandle) :: h
integer :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb, ldc
real (8), device, dimension (lda, *)

oo

(o}

real (8), device, dimension (1ldb, *)
real (8), device, dimension(ldc, *) :: cC
real (8) :: alpha

2.8.4.35. cublasDtrsm

DTRSM solves one of the matrix equations op( A )*X = apha*B, or X*op( A ) = apha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
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matrix and op( A ) isoneof op(A ) =A orop( A ) = A**T. The matrix X is overwritten on B.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

integer (4) function cublasdtrsm(h, side, uplo, transa,
diag, m, n, alpha, a, lda, b, 1ldb)

type (cublasHandle) :: h
integer :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb
real (8), device, dimension (lda, *)
real (8), device, dimension (1ldb, *)
real (8) :: alpha

oo

2.8.4.36. cublasDgemmBatched

DGEMM performs one of the matrix-matrix operations C := alpha*op( A )*op( B ) + beta*C,
whereop( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars, and A, B and
C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and C an m by n matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasDgemmBatched (h, transa, transb, my, i,
k, alpha, Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)

type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

real (8) :: alpha

type (c_devptr), device :: Aarray(*)

integer :: lda

type (c_devptr), device :: Barray (*)

integer :: 1db

real(8) :: beta

type (c_devptr), device :: Carray (*)

integer :: ldc

integer :: batchCount

2.8.4.37. cublasDgetrfBatched

DGETRF computes an LU factorization of ageneral M-by-N matrix A using partial pivoting
with row interchanges. The factorization hastheform A = P* L * U where P isa permutation
matrix, L islower triangular with unit diagonal elements (lower trapezoidal if m>n), and U is
upper triangular (upper trapezoidal if m < n). Thisisthe right-looking Level 3 BLAS version of
the algorithm. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasDgetrfBatched (h, n, Aarray, lda,
ipvt, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info (*)

integer :: batchCount

2.8.4.38. cublasDgetriBatched

DGETRI computes the inverse of amatrix using the LU factorization computed by DGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
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inv(A). Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq” in OpenACC.

integer (4) function cublasDgetriBatched (h, n, Aarray, lda,
ipvt, Carray, ldc, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray (*)
integer :: ldc

integer, device :: info(*)

integer :: batchCount

2.8.4.39. cublasDgetrsBatched

DGETRS solves a system of linear equations A * X =B or A**T * X = B with agenera N-by-
N matrix A using the LU factorization computed by DGETRF. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasDgetrsBatched (h, trans, n, nrhs,
A, lda, ipvt, B, 1ldb, info, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

integer, device :: ipvt (*)
type (c_devptr), device :: B(*)
integer :: 1ldb

integer, device :: info(*)
integer :: batchCount

2.8.4.40. cublasDtrsmBatched

DTRSM solves one of the matrix equations op( A )*X = apha*B, or X*op( A ) = apha*B, where
alphaisascaar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op( A) =A or op( A ) = A**T. Thematrix X is overwritten on B.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

integer (4) function cublasDtrsmBatched(h, side, uplo,
trans, diag, m, n, alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h
integer :: side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

real (8) :: alpha

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb

integer :: batchCount

2.8.4.41. cublasDmatinvBatched

cublasDmatinvBatched is a short cut of cublasDgetrfBatched plus cublasDgetriBatched. However
it only worksif nislessthan 32. If not, the user hasto go through cublasDgetrfBatched and
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cublasDgetriBatched. Device Functions are declared "attributes(device)" in CUDA Fortran and "'!
$acc routine() seq” in OpenACC.

integer (4) function cublasDmatinvBatched(h, n, A, 1lda,
Ainv, lda inv, info, batchCount)
type (cublasHandle) :: h
integer :: n
type (c_devptr), device :: A(*)
integer :: lda
type (c_devptr), device :: Ainv (*)
integer :: lda inv
integer, device :: info(*)
integer :: batchCount

2.8.4.42. cublasDgeqrfBatched

DGEQRF computes a QR factorization of areal M-by-N matrix A: A = Q * R. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasDgeqgrfBatched (h, m, n,
A, lda, Tau, info, batchCount)

type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer, device :: info(*)
integer :: batchCount

2.8.4.43. cublasDgelsBatched

DGELS solves overdetermined or underdetermined real linear systemsinvolving an M-by-N
matrix A, or itstranspose, using a QR or LQ factorization of A. It is assumed that A hasfull
rank. The following options are provided: 1. If TRANS ="'N" and m >= n: find the |east squares
solution of an overdetermined system, i.e., solve the least squares problem minimize || B - A*X
[l 2. If TRANS ="N"and m < n: find the minimum norm solution of an underdetermined system
A * X =B. 3. If TRANS ="T"and m >= n: find the minimum norm solution of an undetermined
system A**T * X = B. 4. If TRANS ="T" and m < n: find the least squares solution of an
overdetermined system, i.e., solve the least squares problem minimize || B - A**T * X ||. Severa
right hand side vectors b and solution vectors x can be handled in asingle call; they are stored as
the columns of the M-by-NRHS right hand side matrix B and the N-by-NRHS solution matrix X.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

integer (4) function cublasDgelsBatched(h, trans, m, n,
nrhs, A, lda, C, ldc, info, dinfo, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: m, n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: C(*)
integer :: ldc

integer, device :: info(*)
integer, device :: dinfo(*)
integer :: batchCount
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2.8.5. Double Precision Complex Functions and Subroutines

This section contains the cuBLAS interfaces to the device-side doubl e precision complex BLAS
and cuBLASS functions and subroutines.

2.8.5.1. cublasDzasum

DZASUM takes the sum of the absolute values. Device Functions are declared
“attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasdzasum(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x
integer :: incx

real(8) :: res

2.8.5.2. cublasDznrm2

DZNRM2 returns the euclidean norm of avector via the function name, so that DZNRM?2 :=
sgrt( x**H*x ) Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublasdznrm2(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x
integer :: incx

real(8) :: res

2.8.5.3. cublaslzamax

IZAMAX findstheindex of the first element having maximum absolute value. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasizamax(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x
integer :: incx

integer :: res

2.8.5.4. cublaslzamin

IZAMIN finds the index of the first element having minimum absolute value. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasizamin(h, n, x, incx, res)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x
integer :: incx

integer :: res

2.8.5.5. cublasZaxpy

ZAXPY constant times avector plus avector. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublaszaxpy(h, n, a, x, incx, y, incy)
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type (cublasHandle) :: h

integer :: n

complex (8) :: a

complex (8), device, dimension(*) :: x, y
integer :: incx, incy

2.8.5.6. cublasZcopy

ZCOPY copies avector, X, to avector, y. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszcopy(h, n, x, incx, y, incy)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x, y
integer :: incx, incy

2.8.5.7. cublasZdotc

ZDOTC formsthe dot product of avector. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routing() seq" in OpenACC.
integer (4) function cublaszdotc(h, n, x, incx, y, incy, res)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy
complex (8) :: res

2.8.5.8. cublasZdotu

ZDOTU forms the dot product of two vectors. Device Functions are declared "attributes(device)"
in CUDA Fortran and "!$acc routine() seq” in OpenACC.
integer (4) function cublaszdotu(h, n, x, incx, y, incy, res)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy
complex (8) :: res

2.8.5.9. cublasZdrot

Applies a plane rotation, where the cos and sin (c and s) are real and the vectors cx and cy are
complex. jack dongarra, linpack, 3/11/78. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszdrot(h, n, x, incx, y, incy, sc, cs)
type (cublasHandle) :: h
integer :: n
complex (8), device, dimension(*) :: x, vy
integer :: incx, incy
real (8) :: sc, cs

2.8.5.10. cublasZrot

ZROT applies aplane rotation, where the cos (C) isreal and the sin (S) is complex, and the
vectors CX and CY are complex. Device Functions are declared "attributes(device)" in CUDA
Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszrot(h, n, x, incx, y, incy, sc, cs)
type (cublasHandle) :: h
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integer :: n

complex (8), device, dimension(*) :: x, vy
integer :: incx, incy

real (8) :: sc

complex (4) :: cs

2.8.5.11. cublasZscal

ZSCAL scales avector by a constant. Device Functions are declared "attributes(device)” in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

complex (8) :: a

complex (8), device, dimension(*) :: x
integer :: incx

2.8.5.12. cublasZdscal

ZDSCAL scaesavector by aconstant. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszdscal (h, n, a, x, incx)

type (cublasHandle) :: h

integer :: n

real(8) :: a

complex (8), device, dimension(*) :: x
integer :: incx

2.8.5.13. cublasZswap

ZSWAP interchanges two vectors. Device Functions are declared "attributes(device)" in CUDA
Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszswap(h, n, x, incx, y, incy)

type (cublasHandle) :: h

integer :: n

complex (8), device, dimension(*) :: x, y
integer :: incx, incy

2.8.5.14. cublasZgbmv

ZGBMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=

alpha* A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x
and y are vectors and A isan m by n band matrix, with kl sub-diagonals and ku super-diagonals.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublaszgbmv(h, t, m, n, k1, ku, alpha, a, 1lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, kl, ku, lda, incx, incy
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x, y
complex (8) :: alpha, beta
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2.8.5.15. cublasZgemv

ZGEMYV performs one of the matrix-vector operationsy := apha*A*x + beta*y, ory :=

alpha* A**T*x + beta*y, or y := alpha* A**H*x + beta*y, where alpha and beta are scalars, x and
y arevectorsand A isan m by n matrix. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszgemv(h, t, m, n, alpha, a, lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: m, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x, y
complex (8) :: alpha, beta

2.8.5.16. cublasZgerc

ZGERC performstherank 1 operation A := alpha*x*y**H + A, where dphaisascalar, xisanm
element vector, y is an n element vector and A isan m by n matrix. Device Functions are declared
“attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszgerc(h, m, n, alpha, x, incx, y, incy,

a, lda)
type (cublasHandle) :: h
integer :: m, n, lda, incx, incy
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x, vy
complex (8) :: alpha

2.8.5.17. cublasZgeru

ZGERU performstherank 1 operation A := alpha*x*y**T + A, where alphaisascalar, x isanm
element vector, y isan n element vector and A isan m by n matrix. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublaszgeru(h, m, n, alpha, x, incx, y, incy,

a, lda)
type (cublasHandle) :: h
integer :: m, n, lda, incx, incy
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x, y
complex (8) :: alpha

2.8.5.18. cublasZhbmv

ZHBMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
are scalars, x and y are n element vectors and A is an n by n hermitian band matrix, with k super-
diagonals. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublaszhbmv(h, t, n, k, alpha, a, lda,
x, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: k, n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x, y
complex (8) :: alpha, beta
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2.8.5.19. cublasZhemv

ZHEMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta are
scalars, x and y are n element vectors and A isan n by n hermitian matrix. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublaszhemv(h, t, n, alpha, a, lda,
%X, incx, beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, lda, incx, incy

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x, y
complex (8) :: alpha, beta

2.8.5.20. cublasZher

ZHER performs the hermitian rank 1 operation A := apha*x*x**H + A, where aphaisareal
scalar, x isan n element vector and A isan n by n hermitian matrix. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublaszher (h, t, n, alpha, x, incx, a, lda)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, lda

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

real (8) :: alpha

2.8.5.21. cublasZher2

ZHER?2 performs the hermitian rank 2 operation A := apha*x*y**H + conjg( alpha )*y*x**H

+ A, where alphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq” in
OpenACC.

integer (4) function cublaszher2(h, t, n, alpha, x, incx, y, incy,

a, lda)
type (cublasHandle) :: h
integer :: t
integer :: n, incx, incy, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x, y
complex (8) :: alpha

2.8.5.22. cublasZhpmv

ZHPMYV performs the matrix-vector operation y := alpha* A*x + beta*y, where alpha and beta
arescaars, x and y are n element vectors and A is an n by n hermitian matrix, supplied in packed
form. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing()
seq” in OpenACC.

integer (4) function cublaszhpmv(h, t, n, alpha, a, x, incx,
beta, y, incy)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y
complex (8) :: alpha, beta
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2.8.5.23. cublasZhpr

ZHPR performs the hermitian rank 1 operation A := apha*x*x**H + A, where alphaisarea
scalar, X isan n element vector and A isan n by n hermitian matrix, supplied in packed form.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublaszhpr(h, t, n, alpha, x, incx, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx

complex (8), device, dimension(*) :: a, x
real (8) :: alpha

2.8.5.24. cublasZhpr2

ZHPR2 performs the hermitian rank 2 operation A := alpha*x*y**H + conjg( alpha )*y*x**H
+ A, where alphaisascalar, x and y are n element vectors and A is an n by n hermitian matrix,
supplied in packed form. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq” in OpenACC.

integer (4) function cublaszhpr2(h, t, n, alpha, x, incx,
y, incy, a)

type (cublasHandle) :: h

integer :: t

integer :: n, incx, incy

complex (8), device, dimension(*) :: a, x, y
complex (8) :: alpha

2.8.5.25. cublasZtbmv

ZTBMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, or X :=
A**H*x, where x isan n element vector and A is an n by n unit, or non-unit, upper or
lower triangular band matrix, with ( k + 1) diagonals. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasztbmv(h, u, t, 4, n, k, a, lda,

X, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.8.5.26. cublasZtbsv

ZTBSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where
b and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular band
matrix, with (k + 1) diagonals. No test for singularity or near-singularity isincluded in this
routine. Such tests must be performed before calling this routine. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasztbsv(h, u, t, 4, n, k, a, lda,

x, 1incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, k, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x
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2.8.5.27. cublasZtpmv

ZTPMV performs one of the matrix-vector operations x := A*x, or X := A**T*x, or X ;=
A**H*x, where x is an n element vector and A is an n by n unit, or non-unit, upper or lower
triangular matrix, supplied in packed form. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasztpmv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (8), device, dimension(*) :: a, x

2.8.5.28. cublasZtpsv

ZTPSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where
b and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular
matrix, supplied in packed form. No test for singularity or near-singularity isincluded in this
routine. Such tests must be performed before calling this routine. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

integer (4) function cublasztpsv(h, u, t, d, n, a, x, incx)

type (cublasHandle) :: h

integer :: u, t, d

integer :: n, incx

complex (8), device, dimension(*) :: a, x

2.8.5.29. cublasZtrmv

ZTRMYV performs one of the matrix-vector operations x := A*x, or X := A**T*x, or X :=
A**H*x, where x isan n element vector and A isan n by n unit, or non-unit, upper or lower
triangular matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublasztrmv(h, u, t, 4, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x

2.8.5.30. cublasZtrsv

ZTRSV solves one of the systems of equations A*x = b, or A**T*x = b, or A**H*x = b, where b
and x are n element vectors and A is an n by n unit, or non-unit, upper or lower triangular matrix.
No test for singularity or near-singularity isincluded in this routine. Such tests must be performed
before calling this routine. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq" in OpenACC.

integer (4) function cublasztrsv(h, u, t, d, n, a, lda, x, incx)
type (cublasHandle) :: h
integer :: u, t, d
integer :: n, incx, lda
complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(*) :: x
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2.8.5.31. cublasZgemm

ZGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and
C an m by n matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq” in OpenACC.

integer (4) function cublaszgemm(h, transa, transb, m, n,
k, alpha, a, lda, b, 1ldb, beta, ¢, 1ldc)
type (cublasHandle) :: h
integer :: transa, transb
integer :: m, n, k, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a
complex (8), device, dimension (ldb, *) :: b
complex (8), device, dimension(ldc, *) :: c
complex (8) :: alpha, beta

2.8.5.32. cublasZhemm

ZHEMM performs one of the matrix-matrix operations C := alpha* A*B + beta*C, or C :=
alpha*B* A + beta* C, where apha and beta are scalars, A is an hermitian matrix and B and C are
m by n matrices. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublaszhemm(h, side, uplo, m, n,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)
type (cublasHandle) :: h
integer :: side, uplo
integer :: m, n, lda, ldb, ldc

complex (8), device, dimension(lda, *) a
complex (8), device, dimension (ldb, *) :: b
complex (8), device, dimension (ldc, *) :: c
complex (8) : alpha, beta

2.8.5.33. cublasZherk

ZHERK performs one of the hermitian rank k operations C := apha* A*A**H + beta*C, or

C :=dpha*A**H*A + beta* C, where alpha and beta are real scalars, C isan n by n hermitian
matrix and A isan n by k matrix in thefirst case and ak by n matrix in the second case. Device
Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublaszherk(h, uplo, trans, n, k,
alpha, a, lda, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(ldc, *) :: cC
real (8) :: alpha, beta

2.8.5.34. cublasZher2k

ZHERZ2K performs one of the hermitian rank 2k operations C := alpha* A*B**H +
conjg( apha)*B*A**H + beta*C, or C := alpha* A**H*B + conjg( apha)*B**H*A + beta*C,
where apha and beta are scalars with betareal, C isan n by n hermitian matrix and A and B are
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n by k matricesin the first case and k by n matricesin the second case. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in OpenACC.

integer (4) function cublaszher2k(h, uplo, trans, n, k,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension (lda, *) a
complex (8), device, dimension(ldb, *) :: Db
complex (8), device, dimension (ldc, *) :: c
complex (8) : alpha

real(8) :: beta

2.8.5.35. cublasZsymm

ZSYMM performs one of the matrix-matrix operations C := apha*A*B + beta*C, or C :=
alpha*B*A + beta* C, where apha and beta are scalars, A isasymmetric matrix and B and C are
m by n matrices. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function cublaszsymm(h, side, uplo, m, n,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: side, uplo

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(ldb, *) :: Db
complex (8), device, dimension(ldc, *) :: c
complex (8) : alpha, beta

2.8.5.36. cublasZsyrk

ZSYRK performs one of the symmetric rank k operations C := alpha* A* A**T + beta*C, or C :=
alpha*t A**T*A + beta* C, where apha and beta are scalars, C isan n by n symmetric matrix and
A isann by k matrix in the first case and a k by n matrix in the second case. Device Functions are
declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszsyrk(h, uplo, trans, n, k,
alpha, a, lda, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, ldc

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(ldc, *) :: c
complex (8) :: alpha, beta

2.8.5.37. cublasZsyr2k

ZSYR2K performs one of the symmetric rank 2k operations C := alpha* A*B**T +
apha*B*A**T + beta*C, or C := alpha* A**T*B + alpha*B**T*A + beta* C, where alpha and
beta are scalars, C isan n by n symmetric matrix and A and B are n by k matricesin the first case
and k by n matrices in the second case. Device Functions are declared "attributes(device)” in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublaszsyr2k(h, uplo, trans, n, k,
alpha, a, lda, b, 1ldb, beta, c, 1ldc)

type (cublasHandle) :: h

integer :: uplo, trans

integer :: n, k, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension (ldb, *) :: b
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complex (8), device, dimension (ldc, *) :: c
complex (8) :: alpha, beta

2.8.5.38. cublasZtrmm

ZTRMM performs one of the matrix-matrix operations B := apha*op( A )*B, or B :=
alpha*B*op( A ) where alphaisascaar, B isan m by n matrix, A isaunit, or non-unit, upper or
lower triangular matrix and op( A ) isoneof op(A)=A orop(A)=A**Torop( A) =A**H.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq” in
OpenACC.
integer (4) function cublasztrmm(h, side, uplo, transa,
diag, m, n, alpha, a, lda,
b, 1ldb, c, ldc)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag

integer :: m, n, lda, 1ldb, ldc

complex (8), device, dimension(lda, *) a
complex (8), device, dimension(ldb, *) :: b
complex (8), device, dimension (ldc, *) :: c
complex (8) : alpha

2.8.5.39. cublasZtrsm

ZTRSM solves one of the matrix equations op( A )* X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A) =A orop(A)=A**T or op( A ) = A**H. The matrix X is
overwritten on B. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq” in OpenACC.

integer (4) function cublasztrsm(h, side, uplo, transa,
diag, m, n, alpha, a, lda, b, 1ldb)

type (cublasHandle) :: h

integer :: side, uplo, transa, diag
integer :: m, n, lda, 1ldb

complex (8), device, dimension(lda, *) :: a
complex (8), device, dimension(ldb, *) :: Db
complex (8) :: alpha

2.8.5.40. cublasZgemmBatched

ZGEMM performs one of the matrix-matrix operations C := alpha* op( A )*op( B ) + beta*C,
whereop( X )isoneof op( X ) =X orop( X ) =X**T or op( X ) = X**H, alphaand beta are
scalars, and A, B and C are matrices, with op( A ) an m by k matrix, op( B ) ak by n matrix and
C an m by n matrix. Device Functions are declared "attributes(device)" in CUDA Fortran and "'!
$acc routine() seq” in OpenACC.

integer (4) function cublasZgemmBatched (h, transa, transb, my, i,

k, alpha, Aarray, lda, Barray, ldb, beta, Carray, ldc, batchCount)
type (cublasHandle) :: h

integer :: transa

integer :: transb

integer :: m, n, k

complex (8) :: alpha

type (c_devptr), device :: Aarray(*)
integer :: lda

type (c_devptr), device :: Barray (*)
integer :: 1db

complex (8) :: beta

type (c_devptr), device :: Carray (*)
integer :: ldc
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integer :: batchCount

2.8.5.41. cublasZgetrfBatched

ZGETRF computes an LU factorization of ageneral M-by-N matrix A using partia pivoting
with row interchanges. The factorization hastheform A = P* L * U where P isa permutation
matrix, L islower triangular with unit diagonal elements (lower trapezoidal if m>n), and U is
upper triangular (upper trapezoidal if m < n). Thisisthe right-looking Level 3 BLAS version of
the algorithm. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

integer (4) function cublasZgetrfBatched(h, n, Aarray, lda,
ipvt, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

integer, device :: info (*)

integer :: batchCount

2.8.5.42. cublasZgetriBatched

ZGETRI computes the inverse of amatrix using the LU factorization computed by ZGETRF.
This method inverts U and then computes inv(A) by solving the system inv(A)*L = inv(U) for
inv(A). Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine()
seq" in OpenACC.

integer (4) function cublasZgetriBatched(h, n, Aarray, lda,
ipvt, Carray, ldc, info, batchCount)

type (cublasHandle) :: h

integer :: n

type (c_devptr), device :: Aarray (*)
integer :: lda

integer, device :: ipvt (*)

type (c_devptr), device :: Carray(*)
integer :: ldc

integer, device :: info (*)

integer :: batchCount

2.8.5.43. cublasZgetrsBatched

ZGETRS solves asystem of linear equations A * X =B, A**T* X =B, or A**H * X =B with
agenera N-by-N matrix A using the LU factorization computed by ZGETRF. Device Functions
are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

integer (4) function cublasZgetrsBatched (h, trans, n, nrhs,
A, lda, ipvt, B, 1ldb, info, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

integer, device :: ipvt (*)
type (c_devptr), device :: B(*)
integer :: 1db

integer, device :: info (*)
integer :: batchCount
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2.8.5.44. cublasZtrsmBatched

ZTRSM solves one of the matrix equations op( A )*X = alpha*B, or X*op( A ) = alpha*B, where
alphaisascalar, X and B are m by n matrices, A isaunit, or non-unit, upper or lower triangular
matrix and op( A ) isoneof op(A)=Aorop(A)=A**T orop( A) = A**H. The matrix X is
overwritten on B. Device Functions are declared "attributes(device)" in CUDA Fortran and !
$acc routine() seq” in OpenACC.

integer (4) function cublasZtrsmBatched(h, side, uplo,
trans, diag, m, n, alpha, A, lda, B, 1ldb, batchCount)

type (cublasHandle) :: h
integer :: side

integer :: uplo

integer :: trans

integer :: diag

integer :: m, n

complex (8) :: alpha

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: B(*)
integer :: 1ldb

integer :: batchCount

2.8.5.45. cublasZmatinvBatched

cublasZzmatinvBatched is a short cut of cublasZgetrfBatched plus cublasZgetriBatched. However
it only worksif nislessthan 32. If not, the user has to go through cublasZgetrfBatched and
cublasZgetriBatched. Device Functions are declared "attributes(device)" in CUDA Fortran and "!
$acc routine() seq” in OpenACC.

integer (4) function cublasZmatinvBatched(h, n, A, lda,
Ainv, lda inv, info, batchCount)
type (cublasHandle) :: h
integer :: n
type (c_devptr), device :: A(*)
integer :: lda
type (c_devptr), device :: Ainv(*)
integer :: lda inv
integer, device :: info (*)
integer :: batchCount

2.8.5.46. cublasZgeqrfBatched

ZGEQRF computes a QR factorization of acomplex M-by-N matrix A: A =Q* R. Device
Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

integer (4) function cublasZgeqrfBatched(h, m, n,
A, lda, Tau, info, batchCount)

type (cublasHandle) :: h

integer :: m, n

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: Tau(*)
integer, device :: info(*)
integer :: batchCount
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2.8.5.47. cublasZgelsBatched

ZGEL S solves overdetermined or underdetermined complex linear systems involving an M-
by-N matrix A, or its conjugate-transpose, using a QR or LQ factorization of A. It is assumed
that A hasfull rank. The following options are provided: 1. If TRANS='N"and m >=n: find
the least squares solution of an overdetermined system, i.e., solve the least squares problem
minimize || B - A*X ||. 2. If TRANS ='N' and m < n: find the minimum norm solution of an
underdetermined system A * X = B. 3. If TRANS ='C' and m >= n: find the minimum norm
solution of an undetermined system A**H * X = B. 4. If TRANS ="'C' and m < n: find the least
squares solution of an overdetermined system, i.e., solve the least squares problem minimize || B
- A**H* X ||. Severd right hand side vectors b and solution vectors x can be handled in asingle
call; they are stored as the columns of the M-by-NRHS right hand side matrix B and the N-by-
NRHS solution matrix X. Device Functions are declared "attributes(device)" in CUDA Fortran
and "!$acc routine() seq” in OpenACC.

integer (4) function cublasZgelsBatched(h, trans, m, n,
nrhs, A, lda, C, 1ldc, info, dinfo, batchCount)

type (cublasHandle) :: h
integer :: trans

integer :: m, n, nrhs

type (c_devptr), device :: A(*)
integer :: lda

type (c_devptr), device :: C(*)
integer :: ldc

integer, device :: info(*)
integer, device :: dinfo(*)
integer :: batchCount
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This section describes the Fortran interfaces to the cuFFT library. The FFT functions are only
accessible from host code. All of the runtime API routines are integer functions that return an
error code; they return avalue of CUFFT_SUCCESS if the call was successful, or another cuFFT
status return value if there was an error.

Unless a specific kind is provided in the following interfaces, the plain integer type implies
integer(4) and the plain real type impliesrea (4).

3.1. CUFFT Definitions and Helper Functions

This section contains definitions and data types used in the cuFFT library and interfaces to the
CUFFT helper functions.

The cuFFT module contains the following constants and enumerations:

integer, parameter :: CUFFT FORWARD =1l
integer, parameter :: CUFFT INVERSE 1

! CUFFT Status
enum, bind(C)

enumerator :: CUFFT SUCCESS =0
enumerator :: CUFFT INVALID PLAN = 1
enumerator :: CUFFT ALLOC FAILED = 2
enumerator :: CUFFT INVALID TYPE =3
enumerator :: CUFFT_ INVALID VALUE = 4
enumerator :: CUFFT INTERNAL ERROR = 5
enumerator :: CUFFT EXEC FAILED =6
enumerator :: CUFFT SETUP FAILED S
enumerator :: CUFFT INVALID SIZE =8
enumerator :: CUFFT UNALIGNED DATA = 9
end enum

! CUFFT Transform Types
enum, bind(C)

enumerator :: CUFFT R2C = z'2a' ! Real to Complex (interleaved)

enumerator :: CUFFT C2R = z'2c' ! Complex (interleaved) to Real

enumerator :: CUFFT C2C = z'29' ! Complex to Complex, interleaved

enumerator :: CUFFT D2Z = z'é6a' ! Double to Double-Complex

enumerator :: CUFFT Z2D = z'é6c' ! Double-Complex to Double

enumerator :: CUFFT 727 = z'69' ! Double-Complex to Double-Complex
end enum

! CUFFT Data Layouts
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enum, bind(C)

enumerator :: CUFFT COMPATIBILITY NATIVE =0
enumerator :: CUFFT COMPATIBILITY FFTW PADDING =1
enumerator :: CUFFT COMPATIBILITY FFTW ASYMMETRIC = 2
enumerator :: CUFFT COMPATIBILITY FFTW ALL = 3
end enum
integer, parameter :: CUFFT_COMPATIBILITY_DEFAULT =

CUFFT COMPATIBILITY FFTW PADDING

3.1.1. cufftSetCompatibilityMode

This function configures the layout of cuFFT output in FFTW-compatible modes.

integer (4) function cufftSetCompatibilityMode ( plan, mode )
integer :: plan
integer :: mode

3.1.2. cufftSetStream

This function sets the stream to be used by the cuFFT library to execute its routines.

integer (4) function cufftSetStream(plan, stream)
integer :: plan
integer (kind=cuda stream kind()) :: stream

3.1.3. cufftGetVersion

This function returns the version number of cuFFT.

integer (4) function cufftGetVersion( version )
integer :: version

3.1.4. cufftSetAutoAllocation

This function indicates that the caller intends to allocate and manage work areas for plans that
have been generated. cUFFT default behavior isto allocate the work area at plan generation

time. If cufftSetAutoAllocation() has been called with autoAllocate set to O prior to one of the
cufftMakePlan* () calls, cuFFT does not allocate the work area. Thisis the preferred sequence for
callers wishing to manage work area alocation.

integer (4) function cufftSetAutoAllocation (plan, autoAllocate)
integer(4) :: plan, autoallocate

3.1.5. cufftSetWorkArea

This function overrides the work area pointer associated with a plan. If the work area was auto-
alocated, cuFFT frees the auto-allocated space. The cufftExecute* () calls assume that the work
area pointer isvalid and that it points to a contiguous region in device memory that does not
overlap with any other work area. If thisis not the case, results are indeterminate.

integer (4) function cufftSetWorkArea (plan, workArea)
integer (4) :: plan
integer, device :: workArea (*)

3.1.6. cufftDestroy

Thisfunction frees all GPU resources associated with a cuFFT plan and destroys the internal plan
data structure.
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integer (4) function cufftDestroy( plan )
integer :: plan

3.2. CUFFT Plans and Estimated Size Functions

This section contains functions from the cuFFT library used to create plans and estimate work
buffer size.

3.2.1. cufftPlan1d

Thisfunction creates a 1D FFT plan configuration for a specified signal size and datatype. Nx is
the size of the transform; batch is the number of transforms of size nx.
integer (4) function cufftPlanld(plan, nx, ffttype, batch)

integer :: plan
integer :: nx
integer :: ffttype
integer :: batch

3.2.2. cufftPlan2d

Thisfunction creates a 2D FFT plan configuration according to a specified signal size and
datatype. Nx isthe size of the of the 1st dimension in the transform; ny is the size of the 2nd
dimension.

integer (4) function cufftPlan2d( plan, nx, ny, ffttype )

integer :: plan
integer :: nx, ny
integer :: ffttype

3.2.3. cufftPlan3d

Thisfunction creates a 3D FFT plan configuration according to a specified signal size and
datatype. Nx isthe size of the of the 1st dimension in the transform; ny isthe size of the 2nd
dimension; nz isthe size of the 3rd dimension.

integer (4) function cufftPlan3d( plan, nx, ny, nz, ffttype )

integer :: plan
integer :: nx, ny, nz
integer :: ffttype

3.2.4. cufftPlanMany

This function creates an FFT plan configuration of dimension rank, with sizes specified in the
array n. Batch isthe number of transforms to configure. This function supports more complicated
input and output data layouts using the arguments inembed, istride, idist, onembed, ostride, and
odist. In the C function, if inembed and onembed are set to NULL, al other stride information
isignored. Fortran programmers can pass NULL when using the PGI cufft module by setting

an F90 pointer to null(), either through direct assignment, using c_f_pointer() with ¢_null_ptr as
the first argument, or the nullify statement, then passing the nullified FOO pointer as the actual
argument for the inembed and onembed dummies.

integer (4) function cufftPlanMany(plan, rank, n, inembed, istride, idist,
onembed, ostride, odist, ffttype, batch )

integer :: plan

integer :: rank
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integer :: n

integer :: inembed, onembed

integer :: istride, idist, ostride, odist
integer :: ffttype, batch

3.2.5. cufftCreate

This function creates an opague handle for further cuFFT calls and allocates some small data
structures on the host. In C, the handle typeis currently typedef'ed to an int, so in Fortran we use
an integer*4 to hold the plan.

integer (4) function cufftCreate(plan)
integer (4) :: plan

3.2.6. cufftMakePlan1d

Following acall to cufftCreate(), this function creates a 1D FFT plan configuration for a specified
signal size and datatype. Nx isthe size of the transform; batch is the number of transforms of size
nXx.

integer (4) function cufftMakePlanld(plan, nx, ffttype, batch, worksize)

integer(4) :: plan

integer(4) :: nx

integer (4) :: ffttype

integer (4) :: batch

integer (kind=int ptr kind()) :: workSize

3.2.7. cufftMakePlan2d

Following acall to cufftCreate(), this function creates a 2D FFT plan configuration according to a
specified signal size and datatype. Nx isthe size of the of the 1st dimension in the transform; ny
isthe size of the 2nd dimension.

integer (4) function cufftMakePlan2d(plan, nx, ny, ffttype, workSize)

integer(4) :: plan

integer(4) :: nx, ny

integer (4) :: ffttype
integer(kind:int_ptr_kind()) :: workSize

3.2.8. cufftMakePlan3d

Following acall to cufftCreate(), this function creates a 3D FFT plan configuration according to a
specified signal size and datatype. Nx isthe size of the of the 1st dimension in the transform; ny
is the size of the 2nd dimension; nz is the size of the 3rd dimension.

integer (4) function cufftMakePlan3d(plan, nx, ny, nz, ffttype, workSize)

integer(4) :: plan

integer(4) :: nx, ny, nz

integer (4) :: ffttype

integer (kind=int ptr kind()) :: workSize

3.2.9. cufftMakePlanMany

Following acall to cufftCreate(), this function creates an FFT plan configuration of dimension
rank, with sizes specified in the array n. Batch is the number of transforms to configure. This
function supports more complicated input and output data layouts using the arguments inembed,
istride, idist, onembed, ostride, and odist. In the C function, if inembed and onembed are set to
NULL, al other stride information isignored. Fortran programmers can pass NULL when using
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the PGI cufft module by setting an F90 pointer to null(), either through direct assignment, using
c_f_pointer() with ¢_null_ptr asthe first argument, or the nullify statement, then passing the

nullified F90 pointer as the actual argument for the inembed and onembed dummies.

integer (4) function cufftMakePlanMany (plan, rank, n, inembed, istride, idist,

onembed, ostride, odist, ffttype, batch, workSize)

integer(4) :: plan

integer (4) :: rank

integer :: n

integer :: inembed, onembed

integer (4) :: istride, idist, ostride, odist
integer (4) :: ffttype, batch

integer (kind=int ptr kind()) :: workSize

3.2.10. cufftEstimate1d

This function returns an estimate for the size of the work arearequired, in bytes, given the
specified size and data type, and assuming default plan settings.
integer (4) function cufftEstimateld(nx, ffttype, batch, workSize)

integer(4) :: nx

integer (4) :: ffttype

integer (4) :: batch

integer (kind=int ptr kind()) :: workSize

3.2.11. cufftEstimate2d

This function returns an estimate for the size of the work arearequired, in bytes, given the
specified size and data type, and assuming default plan settings.
integer (4) function cufftEstimate2d(nx, ny, ffttype, workSize)

integer (4) :: nx, ny
integer (4) :: ffttype
integer (kind=int ptr kind()) :: workSize

3.2.12. cufftEstimate3d

This function returns an estimate for the size of the work arearequired, in bytes, given the
specified size and data type, and assuming default plan settings.
integer (4) function cufftEstimate3d(nx, ny, nz, ffttype, workSize)

integer(4) :: nx, ny, nz
integer (4) :: ffttype
integer (kind=int ptr kind()) :: workSize

3.2.13. cufftEstimateMany

This function returns an estimate for the size of the work arearequired, in bytes, given the
specified size and data type, and assuming default plan settings.

integer (4) function cufftEstimateMany (rank, n, inembed, istride, idist,
onembed, ostride, odist, ffttype, batch, workSize)

integer(4) :: rank, istride, idist, ostride, odist
integer :: n, inembed, onembed

integer (4) :: ffttype

integer (4) :: batch

integer (kind=int ptr kind()) :: workSize

PGI Fortran CUDA Library Interfaces

191



FFT Runtime Library APIs

3.2.14. cufftGetSize1d

This function gives a more accurate estimate than cufftEstimateld() of the size of the work area
required, in bytes, given the specified plan parameters and taking into account any plan settings
which may have been made.

integer (4) function cufftGetSizeld(plan, nx, ffttype, batch, workSize)
integer(4) :: plan, nx, ffttype, batch
integer (kind=int ptr kind()) :: workSize

3.2.15. cufftGetSize2d

This function gives a more accurate estimate than cufftEstimate2d() of the size of the work area
required, in bytes, given the specified plan parameters and taking into account any plan settings
which may have been made.

integer (4) function cufftGetSize2d(plan, nx, ny, ffttype, workSize)
integer(4) :: plan, nx, ny, ffttype
integer (kind=int ptr kind()) :: workSize

3.2.16. cufftGetSize3d

This function gives a more accurate estimate than cufftEstimate3d() of the size of the work area
required, in bytes, given the specified plan parameters and taking into account any plan settings
which may have been made.

integer (4) function cufftGetSize3d(plan, nx, ny, nz, ffttype, workSize)
integer(4) :: plan, nx, ny, nz, ffttype
integer(kind:int_ptr_kind()) :: workSize

3.2.17. cufftGetSizeMany

This function gives a more accurate estimate than cufftEstimateMany() of the size of the work
arearequired, in bytes, given the specified plan parameters and taking into account any plan
settings which may have been made.

integer (4) function cufftGetSizeMany(plan, rank, n, inembed, istride, idist,
onembed, ostride, odist, ffttype, batch, workSize)

integer(4) :: plan, rank, istride, idist, ostride, odist
integer :: n, inembed, onembed

integer (4) :: ffttype

integer (4) :: batch

integer (kind=int ptr kind()) :: workSize

3.2.18. cufftGetSize

Once plan generation has been done, either with the original API or the extensible AP, this call
returns the actual size of the work area required, in bytes, to support the plan. Callers who choose
to manage work area allocation within their application must use this cal after plan generation,
and after any cufftSet* () calls subsequent to plan generation, if those calls might alter the required
work space size.

integer (4) function cufftGetSize(plan, workSize)
integer (4) :: plan
integer (kind=int ptr kind()) :: workSize
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3.3. CUFFT Execution Functions

This section contains definitions and data types used in the cuFFT library and interfaces to the
CUFFT helper functions.

3.3.1. cufftExecC2C

This function executes a single precision complex-to-complex transform plan in the transform
direction as specified by the direction parameter. If idata and odata are the same, this function
does an in-place transform.

integer (4) function cufftExecC2C( plan, idata, odata, direction )

integer :: plan
complex (4), device, dimension(*) :: idata, odata
integer :: direction

3.3.2. cufftExecR2C

This function executes a single precision real-to-complex, implicity forward, cuFFT transform
plan. If idata and odata are the same, this function does an in-place transform, but note there are
data layout differences between in-place and out-of-place transforms for real-to- complex FFTsin
CUFFT.

integer (4) function cufftExecR2C( plan, idata, odata )

integer :: plan
real (4), device, dimension(*) :: idata
complex (4), device, dimension(*) :: odata

3.3.3. cufftExecC2R

This function executes a single precision complex-to-real, implicity inverse, cuFFT transform
plan. If idata and odata are the same, this function does an in-place transform.

integer (4) function cufftExecC2R( plan, idata, odata )

integer :: plan
complex (4), device, dimension(*) :: idata
real (4), device, dimension(*) :: odata

3.3.4. cufftExecZ2Z

This function executes a double precision complex-to-complex transform plan in the transform
direction as specified by the direction parameter. If idata and odata are the same, this function
does an in-place transform.

integer (4) function cufftExecZ2Z( plan, idata, odata, direction )

integer :: plan
complex (8), device, dimension(*) :: idata, odata
integer :: direction

3.3.5. cufftExecD2Z

This function executes a double precision real-to-complex, implicity forward, cCuFFT transform
plan. If idata and odata are the same, this function does an in-place transform, but note there are
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data layout differences between in-place and out-of-place transforms for real-to- complex FFTsin
CUFFT.

integer (4) function cufftExecD2Z( plan, idata, odata )

integer :: plan
real (8), device, dimension(*) :: idata
complex (8), device, dimension(*) :: odata

3.3.6. cufftExecZ2D

This function executes a double precision complex-to-real, implicity inverse, cuFFT transform
plan. If idata and odata are the same, this function does an in-place transform.
integer (4) function cufftExecZ2D( plan, idata, odata )

integer :: plan
complex (8), device, dimension(*) :: idata
real (8), device, dimension(*) :: odata
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RANDOM NUMBER RUNTIME LIBRARY APIS

This section describes the Fortran interfaces to the CUDA cuRAND library. The cuRAND
functionality is accessible from both host and device code. In the host library, all of the

runtime API routines are integer functions that return an error code; they return avalue of
CURAND_STATUS SUCCESSIf the call was successful, or other cuRAND return status value
if there was an error. The host library routines are meant to produce a series or array of random
numbers. In the device library, the init routines are subroutines and the generator functions return
the type of the value being generated. The device library routines are meant for producing a
single value per thread per call.

Unless a specific kind is provided, the plain integer type impliesinteger(4) and the plain real type
impliesrea (4).

4.1. CURAND Definitions and Helper Functions

This section contains definitions and data types used in the cuRAND library and interfaces to the
CURAND helper functions.

The curand module contains the following derived type definitions:

TYPE curandGenerator
TYPE(C_PTR) :: handle
END TYPE

The curand modul e contains the following enumerations:

! CURAND Status
enum, bind(c)

enumerator :: CURAND STATUS SUCCESS =0

enumerator :: CURAND STATUS VERSION MISMATCH = 100
enumerator :: CURAND STATUS NOT INITIALIZED = 101
enumerator :: CURAND STATUS ALLOCATION FAILED = 102
enumerator :: CURAND STATUS TYPE ERROR = 103
enumerator :: CURAND STATUS OUT OF RANGE = 104
enumerator :: CURAND STATUS LENGTH NOT MULTIPLE = 105
enumerator :: CURAND STATUS DOUBLE PRECISION REQUIRED = 106
enumerator :: CURAND STATUS LAUNCH FAILURE = 201
enumerator :: CURAND STATUS PREEXISTING FAILURE = 202
enumerator :: CURAND STATUS INITIALIZATION FAILED = 203
enumerator :: CURAND STATUS ARCH MISMATCH = 204
enumerator :: CURAND STATUS INTERNAL ERROR = 999

end enum
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! CURAND Generator Types
enum, bind(c)

enumerator :: CURAND RNG TEST =0

enumerator :: CURAND RNG PSEUDO DEFAULT = 100
enumerator :: CURAND RNG PSEUDO_ XORWOW = 101
enumerator :: CURAND RNG PSEUDO MRG32K3A = 121
enumerator :: CURAND RNG PSEUDO MTGP32 = 141
enumerator :: CURAND RNG PSEUDO MT19937 = 142
enumerator :: CURAND RNG PSEUDO PHILOX4 32 10 = 161
enumerator :: CURAND RNG QUASI DEFAULT = 200
enumerator :: CURAND_RNG_QUASI_SOBOL32 = 201
enumerator :: CURAND RNG QUASI SCRAMBLED SOBOL32 = 202
enumerator :: CURAND RNG QUASI SOBOLG64 = 203
enumerator :: CURAND RNG QUASI SCRAMBLED SOBOL64 = 204

end enum

! CURAND Memory Ordering
enum, bind(c)

enumerator :: CURAND ORDERING PSEUDO BEST = 100
enumerator :: CURAND ORDERING PSEUDO DEFAULT = 101
enumerator :: CURAND ORDERING PSEUDO SEEDED = 102
enumerator :: CURAND ORDERING QUASI DEFAULT = 201

end enum

! CURAND Direction Vectors

enum, bind(c)
enumerator :: CURAND_DIRECTION_VECTORS_32_JOEKU06 = 101
enumerator :: CURAND_SCRAMBLED_DIRECTION_VECTORS_32_JOEKUO6 = 102
enumerator :: CURAND DIRECTION VECTORS 64 JOEKUOG6 = 103
enumerator :: CURAND SCRAMBLED DIRECTION VECTORS 64 JOEKUO6 = 104

end enum

! CURAND Methods
enum, bind(c)

enumerator :: CURAND CHOOSE BEST =0
enumerator :: CURAND ITR =1
enumerator :: CURAND KNUTH = 2
enumerator :: CURAND HITR = 3
enumerator :: CURAND M1 =4
enumerator :: CURAND M2 =5
enumerator :: CURAND BINARY SEARCH = 6
enumerator :: CURAND DISCRETE GAUSS = 7
enumerator :: CURAND REJECTION = 8
enumerator :: CURAND DEVICE APT =9
enumerator :: CURAND FAST REJECTION = 10
enumerator :: CURAND 3RD = i
enumerator :: CURAND DEFINITION =12
enumerator :: CURAND POISSON = 13
end enum

4 .1.1. curandCreateGenerator

This function creates a new random number generator of type rng. See the beginning of this
section for valid values of rng.

integer (4) function curandCreateGenerator (generator, rng)
type (curandGenerator) :: generator
integer :: rng

4 1.2. curandCreateGeneratorHost

This function creates a new host CPU random number generator of type rng. See the beginning of
this section for valid values of rng.

integer (4) function curandCreateGeneratorHost (generator, rng)
type (curandGenerator) :: generator
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integer :: rng

4.1.3. curandDestroyGenerator

This function destroys an existing random number generator.

integer (4) function curandDestroyGenerator (generator)
type (curandGenerator) :: generator

4.1.4. curandGetVersion

This function returns the version number of the cuRAND library.

integer (4) function curandGetVersion (version)
integer(4) :: version

4.1.5. curandSetStream

This function sets the current stream for the cuRAND kernd launches.

integer (4) function curandSetStream(generator, stream)
type (curandGenerator) :: generator
integer (kind=c_intptr t) :: stream

4.1.6. curandSetPseudoRandomGeneratorSeed

This function sets the seed value of the pseudo-random number generator.

integer (4) function curandSetPseudoRandomGeneratorSeed (generator, seed)
type (curandGenerator) :: generator
integer(8) :: seed

4 1.7. curandSetGeneratorOffset

This function sets the absol ute offset of the pseudo or quasirandom number generator.

integer (4) function curandSetGeneratorOffset (generator, offset)
type (curandGenerator) :: generator
integer (8) :: offset

4.1.8. curandSetGeneratorOrdering

This function sets the ordering of results of the pseudo or quasirandom number generator.

integer (4) function curandSetGeneratorOrdering(generator, order)
type (curandGenerator) :: generator
integer (4) :: order

4.1.9. curandSetQuasiRandomGeneratorDimensions

This function sets number of dimensions of the quasirandom number generator.

integer (4) function curandSetQuasiRandomGeneratorDimensions (generator, num)
type (curandGenerator) :: generator
integer (4) :: num

4.2. CURAND Generator Functions

This section contains interfaces for the cuRAND generator functions.
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4.2 .1. curandGenerate

This function generates 32-bit pseudo or quasirandom numbers.

integer (4) function curandGenerate (generator, array, num )

type (curandGenerator) :: generator
integer (4), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

4.2.2. curandGenerateLonglLong

This function generates 64-bit integer quasirandom numbers. The function curandGenerate() has
also been overloaded to accept these function arguments.

integer (4) function curandGeneratelLonglong (generator, array, num )

type (curandGenerator) :: generator
integer (8), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

4.2.3. curandGenerateUniform

This function generates 32-bit floating point uniformly distributed random numbers. The function
curandGenerate() has a so been overloaded to accept these function arguments.

integer (4) function curandGenerateUniform(generator, array, num )

type (curandGenerator) :: generator
real (4), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

4.2.4. curandGenerateUniformDouble

This function generates 64-bit floating point uniformly distributed random numbers. The function
curandGenerate() has aso been overloaded to accept these function arguments.

integer (4) function curandGenerateUniformDouble (generator, array, num )

type (curandGenerator) :: generator
real (8), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

4.2.5. curandGenerateNormal

This function generates 32-bit floating point normally distributed random numbers. The function
curandGenerate() has a so been overloaded to accept these function arguments.

integer (4) function curandGenerateNormal (generator, array, num, mean, stddev )

type (curandGenerator) :: generator

real (4), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

real (4) :: mean, stddev

4.2.6. curandGenerateNormalDouble

This function generates 64-bit floating point normally distributed random numbers. The function
curandGenerate() has also been overloaded to accept these function arguments.

integer (4) function curandGenerateNormalDouble (generator, array, num, mean,
stddev )

type (curandGenerator) :: generator

real (8), device :: array(*) ! Host or device depending on the generator
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integer (kind=c_intptr t) :: num
real (8) :: mean, stddev

4.2.7. curandGeneratePoisson

This function generates Poisson-distributed random numbers. The function curandGenerate() has
also been overloaded to accept these function arguments.

integer (4) function curandGeneratePoisson (generator, array, num, lambda )

type (curandGenerator) :: generator

real (8), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

real (8) :: lambda

4.2.8. curandGenerateSeeds

This function sets the starting state of the generator.

integer (4) function curandGenerateSeeds (generator)
type (curandGenerator) :: generator

4.2.9. curandGenerateLogNormal

This function generates 32-bit floating point log-normally distributed random numbers.

integer (4) function curandGeneratelLogNormal (generator, array, num, mean,
stddev )

type (curandGenerator) :: generator

real (4), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

real (4) :: mean, stddev

4.2.10. curandGenerateLogNormalDouble

This function generates 64-bit floating point log-normally distributed random numbers.

integer (4) function curandGeneratelLogNormalDouble (generator, array, num, mean,
stddev )

type (curandGenerator) :: generator

real (8), device :: array(*) ! Host or device depending on the generator
integer (kind=c_intptr t) :: num

real (8) :: mean, stddev

4.3. CURAND Device Definitions and Functions

This section contains definitions and data types used in the cuRAND device library and interfaces
to the cuRAND functions.

The curand device module contains the following derived type definitions:
TYPE curandStateXORWOW

integer (4) :: d

integer (4) : v (5)

integer (4) :: boxmuller flag

integer (4) : boxmuller flag double
real (4) :: boxmuller extra

real (8) :: boxmuller extra double

END TYPE curandStateXORWOW

TYPE curandStateMRG32k3a
real (8) :: s1(3)
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real (8) 11 s2(3)

integer (4) :: boxmuller flag
integer (4) :: boxmuller flag double
real (4) :: boxmuller extra

real (8) :: boxmuller extra double

END TYPE curandStateMRG32k3a

TYPE curandStateSobol32

integer (4) :: d
integer(4) :: x
integer(4) :: c
integer (4) :: direction vectors(32)

END TYPE curandStateSobol32

TYPE curandStateScrambledSobol32

integer(4) :: d
integer (4) :: x
integer (4) :: c
integer (4) :: direction vectors (32)

END TYPE curandStateScrambledSobol32

TYPE curandStateSobol64

integer (8) :: d
integer(8) :: x
integer(8) :: c
integer(8) :: direction vectors(32)

END TYPE curandStateSobol64

TYPE curandStateScrambledSobol64

integer(8) :: d
integer(8) :: x
integer (8) :: c
integer (8) :: direction vectors(32)

END TYPE curandStateScrambledSobol64

TYPE curandStateMtgp32

integer(4) :: s(MTGP32 STATE SIZE)
integer (4) :: offset

integer(4) :: plIdx

integer (kind=int ptr kind()) :: k
integer (4) :: precise double flag

END TYPE curandStateMtgp32

TYPE curandStatePhilox4 32 10

integer (4) :: ctr

integer (4) :: output

integer (2) :: key

integer (4) :: state

integer (4) :: boxmuller_flag
integer(4) :: boxmuller flag double
real (4) :: boxmuller extra

real (8) :: boxmuller extra double

END TYPE curandStatePhilox4 32 10

4.3.1. curand_lInit

Random Number Runtime Library APls

This overloaded device subroutine initializes the state for the random number generator. These
device subroutines are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq" in

OpenACC.

4.3.1.1. curandInitXORWOW

Thisfunction initializes the state for the XORWOW random number generator. The function
curand_init() has also been overloaded to accept these function arguments, asin CUDA C++.
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Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

subroutine curandInitXORWOW (seed, sequence, offset, state)

integer (8) :: seed

integer (8) :: sequence
integer (8) :: offset

TYPE (curandStateXORWOW) :: state

4.3.1.2. curandInitMRG32k3a

Thisfunction initializes the state for the MRG32k3a random number generator. The function
curand_init() has also been overloaded to accept these function arguments, asin CUDA C++.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq" in
OpenACC.

subroutine curandInitMRG32k3a (seed, sequence, offset, state)

integer (8) :: seed

integer (8) :: sequence

integer (8) :: offset

TYPE (curandStateMRG32k3a) :: state

4.3.1.3. curandnitPhilox4 32 10

This function initializes the state for the Philox4 _32_10 random number generator. The function
curand_init() has also been overloaded to accept these function arguments, asin CUDA C++.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

subroutine curandInitPhilox4 32 10 (seed, sequence, offset, state)

integer (8) :: seed

integer (8) :: sequence

integer (8) :: offset

TYPE (curandStatePhilox4 32 10) :: state

4.3.1.4. curandlnitSobol32

This function initializes the state for the Sobol 32 random number generator. The function
curand_init() has also been overloaded to accept these function arguments, asin CUDA C++.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq” in
OpenACC.

subroutine curandInitSobol32 (direction vectors, offset, state)
integer :: direction vectors (*)
integer (4) :: offset
TYPE (curandStateSobol32) :: state

4.3.1.5. curandInitScrambledSobol32

Thisfunction initializes the state for the scrambled Sobol 32 random number generator. The
function curand_init() has also been overloaded to accept these function arguments, asin CUDA
C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing()
seq” in OpenACC.

subroutine curandInitScrambledSobol32 (direction vectors, scramble, offset,
state)

integer :: direction vectors(*)

integer (4) :: scramble

integer (4) :: offset

TYPE (curandStateScrambledSobol32) :: state
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4.3.1.6. curandInitSobol64

Thisfunction initializes the state for the Sobol 64 random number generator. The function
curand_init() has also been overloaded to accept these function arguments, asin CUDA C++.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routine() seq” in
OpenACC.

subroutine curandInitSobol64 (direction vectors, offset, state)
integer :: direction vectors (*)
integer (8) :: offset
TYPE (curandStateSobol64) :: state

4.3.1.7. curandlnitScrambledSobol64

Thisfunction initializes the state for the scrambled Sobol 64 random number generator. The
function curand_init() has also been overloaded to accept these function arguments, asin CUDA
C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing()
seq” in OpenACC.

subroutine curandInitScrambledSobol64 (direction vectors, scramble, offset,
state)

integer :: direction vectors(*)

integer (8) :: scramble

integer (8) :: offset

TYPE (curandStateScrambledSobol64d) :: state

4.3.2. curand

This overloaded device function returns 32 or 64 bits or random data based on the state argument.
Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing() seq” in
OpenACC.

4.3.2.1. curandGetXORWOW

This function returns 32 bits of pseudorandomness from the XORWOW random number
generator. The function curand() has also been overloaded to accept these function arguments, as
in CUDA C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function curandGetXORWOW (state)
TYPE (curandStateXORWOW) :: state

4.3.2.2. curandGetMRG32k3a

This function returns 32 bits of pseudorandomness from the MRG32k3a random number
generator. The function curand() has also been overloaded to accept these function arguments, as
in CUDA C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function curandGetMRG32k3a (state)
TYPE (curandStateMRG32k3a) :: state

4.3.2.3. curandGetPhilox4 32 10

This function returns 32 bits of pseudorandomness from the Philox4 32 10 random number
generator. The function curand() has also been overloaded to accept these function arguments, as
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in CUDA C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function curandGetPhilox4 32 10 (state)
TYPE (curandStatePhilox4 32 10) :: state

4.3.2.4. curandGetSobol32

This function returns 32 bits of quasirandomness from the Sobol32 random number generator.
The function curand() has also been overloaded to accept these function arguments, asin CUDA
C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing()
seq” in OpenACC.

integer (4) function curandGetSobol32 (state)
TYPE (curandStateSobol32) :: state

4.3.2.5. curandGetScrambledSobol32

This function returns 32 bits of quasirandomness from the scrambled Sobol 32 random number
generator. The function curand() has aso been overloaded to accept these function arguments, as
in CUDA C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function curandGetScrambledSobol32 (state)
TYPE (curandStateScrambledSobol32) :: state

4.3.2.6. curandGetSobol64

This function returns 64 bits of quasirandomness from the Sobol64 random number generator.
The function curand() has also been overloaded to accept these function arguments, asin CUDA
C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc routing()
seq” in OpenACC.

integer (4) function curandGetSobol64 (state)
TYPE (curandStateSobol64) :: state

4.3.2.7. curandGetScrambledSobol64

This function returns 64 bits of quasirandomness from the scrambled Sobol 64 random number
generator. The function curand() has also been overloaded to accept these function arguments, as
in CUDA C++. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

integer (4) function curandGetScrambledSobol64 (state)
TYPE (curandStateScrambledSobol6o4d) :: state

4.3.3. Curand_Normal

This overloaded device function returns a 32-bit floating point normally distributed random
number. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

4.3.3.1. curandNormalXORWOW

This function returns a 32-bit floating point normally distributed random number from an
XORWOW generator. The function curand_normal () has also been overloaded to accept these
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function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandNormalXORWOW (state)
TYPE (curandStateXORWOW) :: state

4.3.3.2. curandNormalMRG32k3a

This function returns a 32-bit floating point normally distributed random number from an
MRG32k3a generator. The function curand_normal() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)” in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandNormalMRG32k3a (state)
TYPE (curandStateMRG32k3a) :: state

4.3.3.3. curandNormalPhilox4_32_10

This function returns a 32-bit floating point normally distributed random number from a
Philox4 32 10 generator. The function curand_normal() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandNormalPhilox4 32 10 (state)
TYPE (curandStatePhilox4 32 10) :: state

4.3.3.4. curandNormalSobol32

This function returns a 32-bit floating point normally distributed random number from an
Sobol 32 generator. The function curand_normal () has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandNormalSobol32 (state)
TYPE (curandStateSobol32) :: state

4.3.3.5. curandNormalScrambledSobol32

This function returns a 32-bit floating point normally distributed random number from an
scrambled Sobol 32 generator. The function curand_normal() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandNormalScrambledSobol32 (state)
TYPE (curandStateScrambledSobol32) :: state

4.3.3.6. curandNormalSobol64

This function returns a 32-bit floating point normally distributed random number from an
Sobol 64 generator. The function curand_normal () has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandNormalSobol64 (state)
TYPE (curandStateSobol64) :: state
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4.3.3.7. curandNormalScrambledSobol64

This function returns a 32-bit floating point normally distributed random number from an
scrambled Sobol64 generator. The function curand_normal() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandNormalScrambledSobol64 (state)
TYPE (curandStateScrambledSobol64) :: state

4.3.4. Curand_Normal_Double

This overloaded device function returns a 64-bit floating point normally distributed random
number. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

4.3.4.1. curandNormalDoubleXORWOW

This function returns a 64-bit floating point normally distributed random number from an
XORWOW generator. The function curand_normal_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandNormalDoubleXORWOW (state)
TYPE (curandStateXORWOW) :: state

4.3.4.2. curandNormalDoubleMRG32k3a

This function returns a 64-bit floating point normally distributed random number from an
MRG32k3a generator. The function curand_normal_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandNormalDoubleMRG32k3a (state)
TYPE (curandStateMRG32k3a) :: state

4.3.4.3. curandNormalDoublePhilox4_32_10

This function returns a 64-bit floating point normally distributed random number from a
Philox4_32 10 generator. The function curand_normal _double() has also been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandNormalDoublePhilox4 32 10 (state)
TYPE (curandStatePhilox4 32 10) :: state

4.3.4.4. curandNormalDoubleSobol32

This function returns a 64-bit floating point normally distributed random number from an

Sobol 32 generator. The function curand_normal_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandNormalDoubleSobol32 (state)
TYPE (curandStateSobol32) :: state
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4.3.4.5. curandNormalDoubleScrambledSobol32

This function returns a 64-bit floating point normally distributed random number from an
scrambled Sobol 32 generator. The function curand _normal_double() has also been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandNormalDoubleScrambledSobol32 (state)
TYPE (curandStateScrambledSobol32) :: state

4.3.4.6. curandNormalDoubleSobol64

This function returns a 64-bit floating point normally distributed random number from an
Sobol64 generator. The function curand_normal_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandNormalDoubleSobol64 (state)
TYPE (curandStateSobol64) :: state

4.3.4.7. curandNormalDoubleScrambledSobol64

This function returns a 64-bit floating point normally distributed random number from an
scrambled Sobol64 generator. The function curand_normal_double() has also been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandNormalDoubleScrambledSobol64d (state)
TYPE (curandStateScrambledSobol64) :: state

4.3.5. Curand_Log_Normal

This overloaded device function returns a 32-bit floating point log-normally distributed random
number. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

4.3.5.1. curandLogNormalXORWOW

This function returns a 32-bit floating point log-normally distributed random number from an
XORWOW generator. The function curand_log_normal() has aso been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandLogNormalXORWOW (state)
TYPE (curandStateXORWOW) :: state

4.3.5.2. curandLogNormalMRG32k3a

This function returns a 32-bit floating point log-normally distributed random number from an
MRG32k3a generator. The function curand_log_normal () has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandLogNormalMRG32k3a (state)
TYPE (curandStateMRG32k3a) :: state
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4.3.5.3. curandLogNormalPhilox4_32_10

This function returns a 32-bit floating point log-normally distributed random number from a
Philox4 32 10 generator. The function curand_log_normal() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandLogNormalPhilox4 32 10 (state)
TYPE (curandStatePhilox4 32 10) :: state

4.3.5.4. curandLogNormalSobol32

This function returns a 32-bit floating point log-normally distributed random number from an
Sobol 32 generator. The function curand _log_normal() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (4) function curandLogNormalSobol32 (state)
TYPE (curandStateSobol32) :: state

4.3.5.5. curandLogNormalScrambledSobol32

This function returns a 32-bit floating point log-normally distributed random number from an
scrambled Sobol 32 generator. The function curand_log_normal () has also been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (4) function curandLogNormalScrambledSobol32 (state)
TYPE (curandStateScrambledSobol32) :: state

4.3.5.6. curandLogNormalSobol64

This function returns a 32-bit floating point log-normally distributed random number from an
Sobol64 generator. The function curand log_normal() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandLogNormalSobol64 (state)
TYPE (curandStateSobol64d) :: state

4.3.5.7. curandLogNormalScrambledSobol64

This function returns a 32-bit floating point log-normally distributed random number from an
scrambled Sobol64 generator. The function curand_log_normal () has also been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (4) function curandLogNormalScrambledSobol64 (state)
TYPE (curandStateScrambledSobol64) :: state

4.3.6. Curand_Log_Normal_Double

This overloaded device function returns a 64-bit floating point log-normally distributed random
number. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.
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4.3.6.1. curandLogNormalDoubleXORWOW

This function returns a 64-bit floating point log-normally distributed random number from an
XORWOW generator. The function curand _log_normal _double() has also been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandLogNormalDoubleXORWOW (state)
TYPE (curandStateXORWOW) :: state

4.3.6.2. curandLogNormalDoubleMRG32k3a

This function returns a 64-bit floating point log-normally distributed random number from an
MRG32k3a generator. The function curand_log_normal_double() has aso been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandLogNormalDoubleMRG32k3a (state)
TYPE (curandStateMRG32k3a) :: state

4.3.6.3. curandLogNormalDoublePhilox4_32_10

This function returns a 64-bit floating point log-normally distributed random number from a
Philox4 32 10 generator. The function curand_log_normal_double() has also been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandLogNormalDoublePhilox4 32 10 (state)
TYPE (curandStatePhilox4 32 10) :: state

4.3.6.4. curandLogNormalDoubleSobol32

This function returns a 64-bit floating point log-normally distributed random number from an
Sobol 32 generator. The function curand log_normal_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandLogNormalDoubleSobol32 (state)
TYPE (curandStateSobol32) :: state

4.3.6.5. curandLogNormalDoubleScrambledSobol32

This function returns a 64-bit floating point log-normally distributed random number from

an scrambled Sobol 32 generator. The function curand log_normal_double() has also been
overloaded to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandLogNormalDoubleScrambledSobol32 (state)
TYPE (curandStateScrambledSobol32) :: state

4.3.6.6. curandLogNormalDoubleSobol64

This function returns a 64-bit floating point log-normally distributed random number from an
Sobol64 generator. The function curand log_normal_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

PGI Fortran CUDA Library Interfaces 208



Random Number Runtime Library APls

real (8) function curandLogNormalDoubleSobol64 (state)
TYPE (curandStateSobol64) :: state

4.3.6.7. curandLogNormalDoubleScrambledSobol64

This function returns a 64-bit floating point log-normally distributed random number from

an scrambled Sobol64 generator. The function curand_log_normal_double() has also been
overloaded to accept these function arguments, asin CUDA C++. Device Functions are declared
“attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandLogNormalDoubleScrambledSobol64 (state)
TYPE (curandStateScrambledSobol64d) :: state

4.3.7. Curand_Uniform

This overloaded device function returns a 32-bit floating point uniformly distributed random
number. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq" in OpenACC.

4.3.7.1. curandUniformXORWOW

This function returns a 32-bit floating point uniformly distributed random number from an
XORWOW generator. The function curand_uniform() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandUniformXORWOW (state)
TYPE (curandStateXORWOW) :: state

4.3.7.2. curandUniformMRG32k3a

This function returns a 32-bit floating point uniformly distributed random number from an
MRG32k3a generator. The function curand_uniform() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandUniformMRG32k3a (state)
TYPE (curandStateMRG32k3a) :: state

4.3.7.3. curandUniformPhilox4_32_10

This function returns a 32-bit floating point uniformly distributed random number from a
Philox4 32 10 generator. The function curand_uniform() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (4) function curandUniformPhilox4 32 10 (state)
TYPE (curandStatePhilox4 32 10) :: state

4.3.7.4. curandUniformSobol32

This function returns a 32-bit floating point uniformly distributed random number from an
Sobol 32 generator. The function curand_uniform() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandUniformSobol32 (state)
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TYPE (curandStateSobol32) :: state

4.3.7.5. curandUniformScrambledSobol32

This function returns a 32-bit floating point uniformly distributed random number from an
scrambled Sobol 32 generator. The function curand_uniform() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandUniformScrambledSobol32 (state)
TYPE (curandStateScrambledSobol32) :: state

4.3.7.6. curandUniformSobol64

This function returns a 32-bit floating point uniformly distributed random number from an
Sobol 64 generator. The function curand_uniform() has also been overloaded to accept these
function arguments, asin CUDA C++. Device Functions are declared "attributes(device)” in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandUniformSobol64 (state)
TYPE (curandStateSobol64) :: state

4.3.7.7. curandUniformScrambledSobol64

This function returns a 32-bit floating point uniformly distributed random number from an
scrambled Sobol64 generator. The function curand_uniform() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (4) function curandUniformScrambledSobol64 (state)
TYPE (curandStateScrambledSobol64) :: state

4.3.8. Curand_Uniform_Double

This overloaded device function returns a 64-bit floating point uniformly distributed random
number. Device Functions are declared "attributes(device)" in CUDA Fortran and "!$acc
routine() seq” in OpenACC.

4.3.8.1. curandUniformDoubleXORWOW

This function returns a 64-bit floating point uniformly distributed random number from an
XORWOW generator. The function curand_uniform_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandUniformDoubleXORWOW (state)
TYPE (curandStateXORWOW) :: state

4.3.8.2. curandUniformDoubleMRG32k3a

This function returns a 64-bit floating point uniformly distributed random number from an
MRG32k3a generator. The function curand_uniform_double() has aso been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandUniformDoubleMRG32k3a (state)
TYPE (curandStateMRG32k3a) :: state
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4.3.8.3. curandUniformDoublePhilox4 32 10

This function returns a 64-bit floating point uniformly distributed random number from a
Philox4 32 10 generator. The function curand_uniform_double() has aso been overloaded
to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandUniformDoublePhilox4 32 10 (state)
TYPE (curandStatePhilox4 32 10) :: state

4.3.8.4. curandUniformDoubleSobol32

This function returns a 64-bit floating point uniformly distributed random number from an

Sobol 32 generator. The function curand_uniform_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandUniformDoubleSobol32 (state)
TYPE (curandStateSobol32) :: state

4.3.8.5. curandUniformDoubleScrambledSobol32

This function returns a 64-bit floating point uniformly distributed random number from

an scrambled Sobol 32 generator. The function curand _uniform_double() has also been
overloaded to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandUniformDoubleScrambledSobol32 (state)
TYPE (curandStateScrambledSobol32) :: state

4.3.8.6. curandUniformDoubleSobol64

This function returns a 64-bit floating point uniformly distributed random number from an
Sobol64 generator. The function curand_uniform_double() has also been overloaded to accept
these function arguments, asin CUDA C++. Device Functions are declared "attributes(device)" in
CUDA Fortran and "!$acc routine() seq" in OpenACC.

real (8) function curandUniformDoubleSobol64 (state)
TYPE (curandStateSobol64d) :: state

4.3.8.7. curandUniformDoubleScrambledSobol64

This function returns a 64-bit floating point uniformly distributed random number from

an scrambled Sobol64 generator. The function curand _uniform_double() has also been
overloaded to accept these function arguments, asin CUDA C++. Device Functions are declared
"attributes(device)" in CUDA Fortran and "!$acc routine() seq” in OpenACC.

real (8) function curandUniformDoubleScrambledSobol64 (state)
TYPE (curandStateScrambledSobol64) :: state
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Chapter 5.
SPARSE MATRIX RUNTIME LIBRARY APIS

This section describes the Fortran interfaces to the CUDA cuSPARSE library. The cuSPARSE
functions are only accessible from host code. All of the runtime API routines are integer functions
that return an error code; they return avalue of CUSPARSE _STATUS SUCCESSIf the call was
successful, or another cuSPARSE status return value if there was an error.

Chapter 6 contains examples of accessing the cuSPARSE library routines from OpenACC and
CUDA Fortran. In both cases, the interfaces to the library can be exposed by adding the line

use cusparse
to your program unit.

A number of the function interfaces listed in this chapter can take host or device scalar
arguments. Those functions have an additional v2 interface, which does not implicitly manage
the pointer mode for these calls. See section 1.6 for further discussion on the handling of pointer
modes.

Unless a specific kind is provided, the plain integer type used in the interfaces implies integer(4)
and the plain real typeimpliesreal (4).

5.1. CUSPARSE Definitions and Helper Functions

This section contains definitions and data types used in the cuSPARSE library and interfaces to
the cCUSPARSE helper functions.

The cuSPARSE module contains the following derived type definitions:

type cusparseHandle
type(c ptr) :: handle
end type cusparseHandle

type :: cusparseMatDescr
type (c_ptr) :: descr
end type cusparseMatDescr

type cusparseSolveAnalysisInfo
type (c_ptr) :: info
end type cusparseSolveAnalysisInfo

type cusparseHybMat

type (c_ptr) :: mat
end type cusparseHybMat
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type cusparseCsrsv2Info
type (c_ptr) :: info
end type cusparseCsrsv2Info

type cusparseCsric02Info
type (c_ptr) :: info
end type cusparseCsric02Info

type cusparseCsrilul2Info
type(c_ptr) :: info
end type cusparseCsrilu02Info

type cusparseBsrsv2Info
type (c_ptr) :: info
end type cusparseBsrsv2Info

type cusparseBsric02Info
type (c_ptr) :: info
end type cusparseBsric02Info

type cusparseBsrilu02Info
type (c_ptr) :: info
end type cusparseBsrilu02Info

type cusparseBsrsm2Info
type (c_ptr) :: info
end type cusparseBsrsm2Info

type cusparseCsrgemm2Info
type (c_ptr) :: info
end type cusparseCsrgemm2Info

type cusparseColorInfo
type (c_ptr) :: info
end type cusparseColorInfo

type cusparseCsru2csrinfo
type (c_ptr) :: info
end type cusparseCsru2csrInfo

The cuSPARSE module contains the following enumerations:

! cuSPARSE status return values

enum, bind(C)
enumerator
enumerator
enumerator
enumerator
enumerator
enumerator
enumerator
enumerator
enumerator

end enum

enum, bind(c)
enumerator
enumerator
end enum

enum, bind(c)
enumerator
enumerator
end enum

enum, bind(C)
enumerator
enumerator
enumerator
enumerator
end enum

! cusparseStatus t

:: CUSPARSE STATUS SUCCESS=0
CUSPARSE STATUS NOT INITIALIZED=1
CUSPARSE STATUS ALLOC FAILED=2
CUSPARSE STATUS INVALID VALUE=3
CUSPARSE STATUS ARCH MISMATCH=4
CUSPARSE STATUS MAPPING ERROR=5
CUSPARSE STATUS EXECUTION FAILED=6
CUSPARSE STATUS INTERNAL ERROR=7
CUSPARSE STATUS MATRIX TYPE NOT SUPPORTED=8

! cusparsePointerMode t
CUSPARSE POINTER MODE HOST = 0

CUSPARSE POINTER MODE DEVICE 1

! cusparseAction t
CUSPARSE ACTION SYMBOLIC = 0
CUSPARSE ACTION NUMERIC = 1

! cusparseMatrixType t
CUSPARSE MATRIX TYPE GENERAL = 0
CUSPARSE MATRIX TYPE SYMMETRIC = 1
CUSPARSE MATRIX TYPE HERMITIAN = 2
CUSPARSE MATRIX TYPE TRIANGULAR = 3
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enum, bind(C) ! cusparseFillMode t
enumerator :: CUSPARSE FILL MODE LOWER = 0
enumerator :: CUSPARSE FILL MODE UPPER = 1

end enum

enum, bind(C) ! cusparseDiagType t
enumerator :: CUSPARSE DIAG TYPE NON UNIT = O
enumerator :: CUSPARSE DIAG TYPE UNIT = 1

end enum

enum, bind(C) ! cusparselndexBase t
enumerator :: CUSPARSE INDEX BASE ZERO = 0
enumerator :: CUSPARSE INDEX BASE ONE = 1

end enum

enum, bind(C) ! cusparseOperation t
enumerator :: CUSPARSE OPERATION NON TRANSPOSE = 0
enumerator :: CUSPARSE OPERATION TRANSPOSE = 1
enumerator :: CUSPARSE OPERATION CONJUGATE TRANSPOSE = 2

end enum

enum, bind(C) ! cusparseDirection t
enumerator :: CUSPARSE DIRECTION ROW = 0
enumerator :: CUSPARSE DIRECTION COLUMN = 1

end enum

enum, bind(C) ! cusparseHybPartition t
enumerator :: CUSPARSE HYB PARTITION AUTO = O
enumerator :: CUSPARSE HYB PARTITION USER = 1
enumerator :: CUSPARSE HYB PARTITION MAX = 2

end enum

enum, bind(C) ! cusparseSolvePolicy t
enumerator :: CUSPARSE SOLVE POLICY NO LEVEL = 0
enumerator :: CUSPARSE SOLVE POLICY USE LEVEL = 1

end enum

5.1.1. cusparseCreate

This function initializes the cuSPARSE library and creates a handle on the cuUSPARSE context.
It must be called before any other cuSPARSE API function isinvoked. It alocates hardware
resources necessary for accessing the GPU.

integer (4) function cusparseCreate (handle)
type (cusparseHandle) :: handle

5.1.2. cusparseDestroy

This function releases CPU-side resources used by the cuSPARSE library. The release of GPU-
side resources may be deferred until the application shuts down.

integer (4) function cusparseDestroy (handle)
type (cusparseHandle) :: handle

5.1.3. cusparseGetVersion

This function returns the version number of the cuSPARSE library.

integer (4) function cusparseGetVersion (handle, version)
type (cusparseHandle) :: handle
integer (c_int) :: version
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5.1.4. cusparseSetStream
This function sets the stream to be used by the cuSPARSE library to execute its routines.

integer (4) function cusparseSetStream(handle, stream)
type (cusparseHandle) :: handle
integer (cuda stream kind) :: stream

5.1.5. cusparseGetPointerMode

This function obtains the pointer mode used by the cuUSPARSE library. Please see section 1.6 for
more details on pointer modes.

integer (4) function cusparseGetPointerMode (handle, mode)
type (cusparseHandle) :: handle
integer (c_int) :: mode

5.1.6. cusparseSetPointerMode

This function sets the pointer mode used by the cuUSPARSE library. In these Fortran interfaces,
this only has an effect when using the * _v2 interfaces. The default is for the values to be passed
by reference on the host. Please see section 1.6 for more details on pointer modes.

integer (4) function cusparseSetPointerMode (handle, mode)
type (cusparseHandle) :: handle
integer (4) :: mode

5.1.7. cusparseCreateMatDescr

This function initializes the matrix descriptor. It setsthe fields MatrixType and
IndexBase to the default values CUSPARSE_MATRIX_TYPE_GENERAL and
CUSPARSE_INDEX_BASE_ZERO, respectively, while leaving other fields uninitialized.

integer (4) function cusparseCreateMatDescr (descrA)
type (cusparseMatDescr) :: descrA

5.1.8. cusparseDestroyMatDescr

This function releases the memory allocated for the matrix descriptor.

integer (4) function cusparseDestroyMatDescr (descrA)
type (cusparseMatDescr) :: descrA

5.1.9. cusparseSetMatType

This function sets the MatrixType of the matrix descriptor descrA.

integer (4) function cusparseSetMatType (descrA, type)
type (cusparseMatDescr) :: descrA
integer (4) :: type

5.1.10. cusparseGetMatType

This function returns the MatrixType of the matrix descriptor descrA.

integer (4) function cusparseGetMatType (descrh)
type (cusparseMatDescr) :: descrA
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5.1.11. cusparseSetMatFillMode

This function sets the FillMode field of the matrix descriptor descrA.

integer (4) function cusparseSetMatFillMode (descrA, mode)
type (cusparseMatDescr) :: descrA
integer (4) :: mode

5.1.12. cusparseGetMatFillMode

This function returns the FillMode field of the matrix descriptor descrA.

integer (4) function cusparseGetMatFillMode (descrA)
type (cusparseMatDescr) :: descrA

5.1.13. cusparseSetMatDiagType

This function sets the DiagType of the matrix descriptor descrA.

integer (4) function cusparseSetMatDiagType (descrA, type)
type (cusparseMatDescr) :: descrA
integer (4) :: type

9.1.14. cusparseGetMatDiagType

This function returns the DiagType of the matrix descriptor descrA.

integer (4) function cusparseGetMatDiagType (descrA)
type (cusparseMatDescr) :: descrA

5.1.15. cusparseSetMatindexBase

This function sets the IndexBase field of the matrix descriptor descrA.

integer (4) function cusparseSetMatIndexBase (descrA, base)
type (cusparseMatDescr) :: descrA
integer (4) :: base

5.1.16. cusparseGetMatIndexBase

This function returns the IndexBase field of the matrix descriptor descrA.

integer (4) function cusparseGetMatIndexBase (descrA)
type (cusparseMatDescr) :: descrA

5.1.17. cusparseCreateSolveAnalysisinfo

This function creates and initializes the solve and analysis structure to default values.

integer (4) function cusparseCreateSolveAnalysisInfo (info)
type (cusparseSolveAnalysisinfo) :: info

5.1.18. cusparseDestroySolveAnalysisinfo

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroySolveAnalysisInfo (info)
type (cusparseSolveAnalysisinfo) :: info
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5.1.19. cusparseGetLevellnfo

This function returns the number of levels and the assignment of rows into the levels computed
by either the csrsv_analysis, csrsm_analysis or hybsv_analysis routines.

integer (4) function cusparseGetLevellInfo(handle, info, nlevels, levelPtr,
levelInd)

type (cusparseHandle) :: handle

type (cusparseSolveAnalysisinfo) :: info

integer (c_int) :: nlevels

type (c_ptr) :: levelPtr

type (c_ptr) :: levellnd

5.1.20. cusparseCreateHybMat

This function creates and initializes the hybA opaque data structure.

integer (4) function cusparseCreateHybMat (hybA)
type (cusparseHybMat) :: hybA

5.1.21. cusparseDestroyHybMat

This function destroys and releases any memory required by the hybA structure.

integer (4) function cusparseDestroyHybMat (hybA)
type (cusparseHybMat) :: hybA

5.1.22. cusparseCreateCsrsv2Info

This function creates and initializes the solve and analysis structure of csrsv2 to default values.

integer (4) function cusparseCreateCsrsv2Info (info)
type (cusparseCsrsv2Info) :: info

5.1.23. cusparseDestroyCsrsv2info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyCsrsv2Info (info)
type (cusparseCsrsv2Info) :: info

5.1.24. cusparseCreateCsric02Info

This function creates and initializes the solve and analysis structure of incomplete Cholesky to
default values.

integer (4) function cusparseCreateCsric02Info(info)
type (cusparseCsric02Info) :: info

5.1.25. cusparseDestroyCsric02Info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyCsric02Info (info)
type (cusparseCsric02Info) :: info
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5.1.26. cusparseCreateCsrilu02Info

This function creates and initializes the solve and analysis structure of incomplete LU to default
values.

integer (4) function cusparseCreateCsrilu02Info (info)
type (cusparseCsrilu02Info) :: info

5.1.27. cusparseDestroyCsrilu02Info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyCsrilu02Info (info)
type (cusparseCsrilu02Info) :: info

5.1.28. cusparseCreateBsrsv2Info

This function creates and initializes the solve and analysis structure of bsrsv2 to default values.

integer (4) function cusparseCreateBsrsv2Info (info)
type (cusparseBsrsv2Info) :: info

5.1.29. cusparseDestroyBsrsv2Info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyBsrsv2Info (info)
type (cusparseBsrsv2Info) :: info

5.1.30. cusparseCreateBsric02Info

This function creates and initializes the solve and analysis structure of block incomplete Cholesky
to default values.

integer (4) function cusparseCreateBsric02Info (info)
type (cusparseBsric02Info) :: info

5.1.31. cusparseDestroyBsric02Info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyBsric02Info (info)
type (cusparseBsric02Info) :: info

5.1.32. cusparseCreateBsrilu02Info

This function creates and initializes the solve and analysis structure of block incomplete LU to
default values.

integer (4) function cusparseCreateBsrilu02Info (info)
type (cusparseBsrilu02Info) :: info

5.1.33. cusparseDestroyBsrilu02Info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyBsrilu02Info (info)
type (cusparseBsrilu02Info) :: info
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5.1.34. cusparseCreateBsrsm2Info

This function creates and initializes the solve and analysis structure of bsrsm2 to default values.

integer (4) function cusparseCreateBsrsm2Info (info)
type (cusparseBsrsm2Info) :: info

5.1.35. cusparseDestroyBsrsm2Info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyBsrsm2Info (info)
type (cusparseBsrsm2Info) :: info

5.1.36. cusparseCreateCsrgemmz2Info

This function creates and initializes the analysis structure of general sparse matrix-matrix

multiplication.
integer (4) function cusparseCreateCsrgemm2Info (info)
type (cusparseCsrgemm2Info) :: info

5.1.37. cusparseDestroyCsrgemm2Info

This function destroys and releases any memory required by the structure.

integer (4) function cusparseDestroyCsrgemm2Info (info)
type (cusparseCsrgemm2Info) :: info

5.1.38. cusparseCreateColorinfo
This function creates coloring information used in calls like CSRCOLOR.

integer (4) function cusparseCreateColorInfo (info)
type (cusparseColorInfo) :: info

5.1.39. cusparseDestroyColorinfo
This function destroys coloring information used in calls like CSRCOLOR.

integer (4) function cusparseDestroyColorInfo (info)
type (cusparseColorInfo) :: info

5.1.40. cusparseCreateCsru2csrinfo
This function creates sorting information used in calls like CSRU2CSR.

integer (4) function cusparseCreateCsru2csrInfo (info)
type (cusparseCsru2csrInfo) :: info

5.1.41. cusparseDestroyCsru2csrinfo
This function creates sorting information used in calls like CSRU2CSR.

integer (4) function cusparseDestroyCsru2csrInfo (info)
type (cusparseCsru2csrInfo) :: info
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5.2. CUSPARSE Level 1 Functions

This section contains interfaces for the level 1 sparse linear algebra functions that perform
operations between dense and sparse vectors.

5.2.1. cusparseSaxpyi

SAXPY performs constant times a vector plus a vector. This function multiplies the vector x in
sparse format by the constant al pha and adds the result to the vector y in dense format, i.e.y =y +
alpha* xVal(xInd)

integer (4) function cusparseSaxpyi (handle, nnz, alpha, xVal, xInd, y, idxBase)
type (cusparseHandle) :: handle
integer :: nnz
real (4), device :: alpha ! device or host variable
real (4), device :: xVal (*)
integer (4), device :: xInd(*)
real (4), device :: y(*)
integer :: idxBase

5.2.2. cusparseDaxpyi

DAXPY performs constant times a vector plus avector. This function multiplies the vector x in
sparse format by the constant alpha and adds the result to the vector y in dense format, i.e y =y +
alpha* xVal(xInd)
integer (4) function cusparseDaxpyi (handle, nnz, alpha, xVal, xInd, y, idxBase)
type (cusparseHandle) :: handle
integer :: nnz
real (8), device :: alpha ! device or host variable
real (8), device :: xVal (*)
integer (4), device :: xInd(*)
real (8), device :: y(*)
integer :: idxBase

5.2.3. cusparseCaxpyi

CAXPY performs constant times avector plus avector. This function multiplies the vector x in
gparse format by the constant alpha and adds the result to the vector y in dense format, i.e y =y +
alpha* xVal(xInd)

integer (4) function cusparseCaxpyi (handle, nnz, alpha, xVal, xInd, y, idxBase)

type (cusparseHandle) :: handle

integer :: nnz

complex (4), device :: alpha ! device or host variable
complex (4), device :: xVal (*)

integer (4), device :: xInd(*)

complex (4), device :: y(*)

integer :: idxBase

5.2.4. cusparseZaxpyi

ZAXPY performs constant times a vector plus a vector. This function multiplies the vector X in
sparse format by the constant alpha and adds the result to the vector y in dense format, i.e y =y +
alpha* xVal(xInd)

integer (4) function cusparseZaxpyi (handle, nnz, alpha, xVal, xInd, y, idxBase)
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type (cusparseHandle) :: handle

integer :: nnz

complex (8), device :: alpha ! device or host variable
complex (8), device :: xVal (*)

integer (4), device :: xInd(*)

complex (8), device :: y(*)

integer :: idxBase

5.2.5. cusparseSdoti

SDOT formsthe dot product of two vectors. This function returns the dot product of avector x in
sparse format and vector y in dense format, i.e. res = sum(y * xVal(xind))

integer (4) function cusparseSdoti (handle, nnz, xVal, xInd, y, res, idxBase)
type (cusparseHandle) :: handle
integer :: nnz
real (4), device :: xVal (*)
integer (4), device :: xInd(*)
real (4), device :: y(*)
real (4), device :: res ! device or host variable
integer :: idxBase

5.2.6. cusparseDdoti

DDOT forms the dot product of two vectors. This function returns the dot product of avector x in
sparse format and vector y in dense format, i.e. res = sum(y * xVal(xInd))

integer (4) function cusparseDdoti (handle, nnz, xVal, xInd, y, res, idxBase)
type (cusparseHandle) :: handle
integer :: nnz
real (8), device :: xVal (*)
integer (4), device :: xInd(*)
real (8), device :: y(*)
real (8), device :: res ! device or host variable
integer :: idxBase

5.2.7. cusparseCdoti

CDOT forms the dot product of two vectors. This function returns the dot product of avector x in
sparse format and vector y in dense format, i.e. res = sum(y * xVal(xind))

integer (4) function cusparseCdoti (handle, nnz, xVal, xInd, y, res, idxBase)

type (cusparseHandle) :: handle

integer :: nnz

complex (4), device :: xVal (*)

integer(4), device :: xInd(*)

complex (4), device :: y(*)

complex (4), device :: res ! device or host variable
integer :: idxBase

5.2.8. cusparseZdoti

ZDOT formsthe dot product of two vectors. This function returns the dot product of avector x in
sparse format and vector y in dense format, i.e. res = sum(y * xVal(xInd))

integer (4) function cusparseZdoti (handle, nnz, xVal, xInd, y, res, idxBase)

type (cusparseHandle) :: handle

integer :: nnz

complex (8), device :: xVal (*)

integer (4), device :: xInd(*)

complex (8), device :: y(*)

complex (8), device :: res ! device or host variable
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integer :: idxBase

5.2.9. cusparseCdotci

CDOTC forms the dot product of two vectors, conjugating the first vector. This function returns
the dot product of a vector x in sparse format and vector y in dense format, i.e. res = sum(y *
conjg(xVal(xInd))

integer (4) function cusparseCdotci (handle, nnz, xVal, xInd, y, res, idxBase)

type (cusparseHandle) :: handle

integer :: nnz

complex (4), device :: xVal (*)

integer (4), device :: xInd(*)

complex (4), device :: y(*)

complex (4), device :: res ! device or host variable
integer :: idxBase

5.2.10. cusparseZdotci

ZDOTC formsthe dot product of two vectors, conjugating the first vector. This function returns
the dot product of avector x in sparse format and vector y in dense format, i.e. res = sum(y *
conjg(xVal(xind))

integer (4) function cusparseZdotci (handle, nnz, xVal, xInd, y, res, idxBase)

type (cusparseHandle) :: handle

integer :: nnz

complex (8), device :: xVal (*)

integer(4), device :: xInd(*)

complex (8), device :: y(*)

complex (8), device :: res ! device or host variable
integer :: idxBase

5.2.11. cusparseSgthr

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVa = y(xInd) Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseSgthr (handle, nnz, y, xVal, xInd, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

real (4), device :: y(*)

real (4), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase

5.2.12. cusparseDgthr

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVal = y(xInd) Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseDgthr (handle, nnz, y, xVal, xInd, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

real (8), device :: y(*)

real (8), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase
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5.2.13. cusparseCgthr

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVa = y(xInd) Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseCgthr (handle, nnz, y, xVal, xInd, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

complex (4), device :: y(*)
complex (4), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase

5.2.14. cusparseZgthr

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVal = y(xInd) Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseZgthr (handle, nnz, y, xVal, xInd, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

complex (8), device :: y(*)
complex (8), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase

5.2.15. cusparseSgthrz

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVal = y(xInd); y(xInd) = 0.0 Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseSgthrz (handle, nnz, y, xVal, xInd, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

real (4), device :: y(*)

real (4), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase

5.2.16. cusparseDgthrz

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVa = y(xInd); y(xInd) = 0.0 Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseDgthrz (handle, nnz, y, xVal, xInd, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

real (8), device :: y(*)

real (8), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase

5.2.17. cusparseCgthrz

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVa = y(xInd); y(xInd) = 0.0 Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseCgthrz (handle, nnz, y, xVal, xInd, idxBase)
type (cusparseHandle) :: handle
integer (4) :: nnz
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complex (4), device :: y(*)
complex (4), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase

5.2.18. cusparseZgthrz

This function gathers the elements of the vector y listed in the index array xInd into data array
xVal, i.e. xVa = y(xInd); y(xInd) = 0.0 Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseZgthrz (handle, nnz, y, xVal, xInd, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

complex (8), device :: y(*)
complex (8), device :: xVal (*)
integer (4), device :: xInd(*)
integer (4) :: idxBase

5.2.19. cusparseSsctr

This function scatters the elements of the dense format vector X into the vector y in sparse format,
i.e. y(xInd) = x Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseSsctr (handle, nnz, xVal, xInd, y, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

real (4), device :: xVal (*)
integer (4), device :: xInd(*)
real (4), device :: y(*)
integer (4) :: idxBase

5.2.20. cusparseDsctr

This function scatters the elements of the dense format vector x into the vector y in sparse format,
i.e. y(xInd) = x Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseDsctr (handle, nnz, xVal, xInd, y, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

real (8), device :: xVal (*)
integer (4), device :: xInd(*)
real (8), device :: y(¥*)
integer (4) :: idxBase

5.2.21. cusparseCsctr

This function scatters the el ements of the dense format vector x into the vector y in sparse format,
i.e. y(xInd) = x Fortran programmers should normally use idxBase == 1.

integer (4) function cusparseCsctr (handle, nnz, xVal, xInd, y, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

complex (4), device :: xVal (*)
integer (4), device :: xInd(*)
complex (4), device :: y(*)
integer (4) :: idxBase

5.2.22. cusparseZsctr

This function scatters the elements of the dense format vector X into the vector y in sparse format,
i.e. y(xInd) = x Fortran programmers should normally use idxBase == 1.
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integer (4) function cusparseZsctr (handle, nnz, xVal, xInd, y, idxBase)

type (cusparseHandle) :: handle
integer (4) :: nnz

complex (8), device :: xVal (*)
integer (4), device :: xInd(*)
complex (8), device :: y(*)
integer (4) :: idxBase

5.2.23. cusparseSroti

SROT applies aplane rotation. X isasparse vector and Y isdense.

integer (4) function cusparseSroti (handle, nnz, xVal, xInd, y, c, s, idxBase)
type (cusparseHandle) :: handle
integer :: nnz
real (4), device :: xVal (*)
integer (4), device :: xInd(*)
real (4), device :: y(*)
real (4), device :: ¢, s ! device or host variable
integer :: idxBase

5.2.24. cusparseDroti

DROT applies aplanerotation. X isasparse vector and Y is dense.

integer (4) function cusparseDroti (handle, nnz, xVal, xInd, y, c, s, idxBase)
type (cusparseHandle) :: handle
integer :: nnz
real (8), device :: xVal (*)
integer (4), device :: xInd(*)
real (8), device :: y(*)
real (8), device :: ¢, s ! device or host variable
integer :: idxBase

5.3. CUSPARSE Level 2 Functions

This section contains interfaces for the level 2 sparse linear algebra functions that perform
operations between sparse matrices and dense vectors.

5.3.1. cusparseSbsrmv

BSRMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan
(mb*blockDim) x (nb*blockDim) sparse matrix that is defined in BSR storage format by the
three arrays bsrVal, bsrRowPtr, and bsrCol Ind

integer (4) function cusparseSbsrmv (handle, dir, trans, mb, nb, nnzb, alpha,
descr, bsrVal, bsrRowPtr, bsrColInd, blockDim, x, beta, vy)

type (cusparseHandle) :: handle

integer :: dir

integer :: trans

integer :: mb, nb, nnzb

real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

real (4), device :: bsrVval (*)

integer (4), device :: bsrRowPtr (*)

integer (4), device :: bsrColInd(*)

integer :: blockDim

real (4), device :: x(%*)

real (4), device :: beta ! device or host variable
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real (4), device :: y(*)

5.3.2. cusparseDbsrmv

BSRMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan
(mb*blockDim) x (nb*blockDim) sparse matrix that is defined in BSR storage format by the
three arrays bsrVal, bsrRowPtr, and bsrCol Ind

integer (4) function cusparseDbsrmv (handle, dir, trans, mb, nb, nnzb, alpha,
descr, bsrVal, bsrRowPtr, bsrColInd, blockDim, x, beta, vy)

type (cusparseHandle) :: handle

integer :: dir

integer :: trans

integer :: mb, nb, nnzb

real (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

real (8), device :: bsrVval (*)

integer (4), device :: bsrRowPtr (*)

integer (4), device :: bsrColInd(*)

integer :: blockDim

real (8), device :: x(%*)

real (8), device :: beta ! device or host variable
real (8), device :: y(¥*)

5.3.3. cusparseCbsrmv

BSRMV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=
alphat A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan
(mb*blockDim) x (nb* blockDim) sparse matrix that is defined in BSR storage format by the
three arrays bsrVal, bsrRowPtr, and bsrCol Ind

integer (4) function cusparseCbsrmv (handle, dir, trans, mb, nb, nnzb, alpha,
descr, bsrVal, bsrRowPtr, bsrColInd, blockDim, x, beta, vy)

type (cusparseHandle) :: handle

integer :: dir

integer :: trans

integer :: mb, nb, nnzb

complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

complex (4), device :: bsrVal (*)

integer (4), device :: bsrRowPtr (*)

integer (4), device :: bsrColInd(¥*)

integer :: blockDim

complex (4), device :: x(*)

complex (4), device :: beta ! device or host variable
complex (4), device :: y(*)

5.3.4. cusparseZbsrmv

BSRMYV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=
alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isan
(mb*blockDim) x (nb* blockDim) sparse matrix that is defined in BSR storage format by the
three arrays bsrVal, bsrRowPtr, and bsrCollnd

integer (4) function cusparseZbsrmv (handle, dir, trans, mb, nb, nnzb, alpha,
descr, bsrVal, bsrRowPtr, bsrColInd, blockDim, x, beta, vy)

type (cusparseHandle) :: handle
integer :: dir

integer :: trans

integer :: mb, nb, nnzb
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complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

complex (8), device :: bsrVal (*)

integer (4), device :: bsrRowPtr (*)

integer (4), device :: bsrColInd(*)

integer :: blockDim

complex (8), device :: x(*)

complex (8), device :: beta ! device or host variable
complex (8), device :: y(*)

5.3.5. cusparseSbsrxmv
BSRXMYV performs aBSRMV and amask operation.

integer (4) function cusparseSbsrxmv (handle, dir, trans, sizeOfMask, mb, nb,
nnzb, alpha, descr, bsrVal, bsrMaskPtr, bsrRowPtr, bsrEndPtr, bsrColInd,
blockDim, x, beta, y)

type (cusparseHandle) :: handle

integer :: dir

integer :: trans

integer :: sizeOfMask

integer :: mb, nb, nnzb

real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

real (4), device :: bsrVal (*)

integer (4), device :: bsrMaskPtr(*), bsrRowPtr (*), bsrEndPtr (*)
integer (4), device :: bsrColInd(*)

integer :: blockDim

real (4), device :: x(%*)

real (4), device :: beta ! device or host variable
real (4), device :: y(*)

5.3.6. cusparseDbsrxmv
BSRXMYV performs aBSRMV and a mask operation.

integer (4) function cusparseDbsrxmv (handle, dir, trans, sizeOfMask, mb, nb,
nnzb, alpha, descr, bsrVal, bsrMaskPtr, bsrRowPtr, bsrEndPtr, bsrCollInd,
blockDim, x, beta, y)

type (cusparseHandle) :: handle

integer :: dir

integer :: trans

integer :: sizeOfMask

integer :: mb, nb, nnzb

real (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

real (8), device :: bsrVal (*)

integer (4), device :: bsrMaskPtr(*), bsrRowPtr(*), bsrEndPtr (*)
integer (4), device :: bsrColInd(¥*)

integer :: blockDim

real (8), device :: x(%*)

real (8), device :: beta ! device or host variable
real (8), device :: y(*)

5.3.7. cusparseCbsrxmv
BSRXMYV performs a BSRMV and a mask operation.

integer (4) function cusparseCbsrxmv (handle, dir, trans, sizeOfMask, mb, nb,
nnzb, alpha, descr, bsrVal, bsrMaskPtr, bsrRowPtr, bsrEndPtr, bsrCollInd,
blockDim, x, beta, y)

type (cusparseHandle) :: handle
integer :: dir

integer :: trans

integer :: sizeOfMask
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integer :: mb, nb, nnzb

complex (4), device :: alpha ! device or host variable

type (cusparseMatDescr) :: descr

complex (4), device :: bsrVal (*)

integer (4), device :: bsrMaskPtr(*), bsrRowPtr(*), bsrEndPtr (*)
integer (4), device :: bsrColInd(*)

integer :: blockDim

complex (4), device :: x(*)

complex (4), device :: beta ! device or host variable

complex (4), device :: y(*)

5.3.8. cusparseZbsrxmv
BSRXMYV performs aBSRMV and amask operation.

integer (4) function cusparseZbsrxmv (handle, dir, trans, sizeOfMask, mb, nb,
nnzb, alpha, descr, bsrVal, bsrMaskPtr, bsrRowPtr, bsrEndPtr, bsrColInd,
blockDim, x, beta, vy)

type (cusparseHandle) :: handle

integer :: dir

integer :: trans

integer :: sizeOfMask

integer :: mb, nb, nnzb

complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

complex (8), device :: bsrVal (*)

integer (4), device :: bsrMaskPtr(*), bsrRowPtr(*), bsrEndPtr (*)
integer (4), device :: bsrColInd(*)

integer :: blockDim

complex (8), device :: x(*)

complex (8), device :: beta ! device or host variable
complex (8), device :: y(*)

5.3.9. cusparseScsrmy

CSRMV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=

alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isanmx n
sparse matrix that is defined in CSR storage format by the three arrays csrVaA, csrRowPtrA, and
csrCollndA

integer (4) function cusparseScsrmv (handle, trans, m, n, nnz, alpha, descr,
csrVal, csrRowPtr, csrCollInd, x, beta, vy)

type (cusparseHandle) :: handle

integer :: trans

integer :: m, n, nnz

real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

real (4), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)

integer (4), device :: csrColInd(*)

real (4), device :: x(%*)

real (4), device :: beta ! device or host variable
real (4), device :: y(*)

5.3.10. cusparseDcsrmv

CSRMV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=

alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isanmx n
sparse matrix that is defined in CSR storage format by the three arrays csrVaA, csrRowPtrA, and
csrColIndA

integer (4) function cusparseDcsrmv (handle, trans, m, n, nnz, alpha, descr,
csrVal, csrRowPtr, csrCollInd, x, beta, vy)
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type (cusparseHandle) :: handle

integer :: trans

integer :: m, n, nnz

real (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

real (8), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)

integer (4), device :: csrColInd(*)

real (8), device :: x(%*)

real (8), device :: beta ! device or host variable
real (8), device :: y(*)

5.3.11. cusparseCcsrmv

CSRMV performs one of the matrix-vector operationsy := alpha* A*x + beta*y, ory :=

alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isanmx n
sparse matrix that is defined in CSR storage format by the three arrays csrVaA, csrRowPtrA, and
csrCollndA

integer (4) function cusparseCcsrmv (handle, trans, m, n, nnz, alpha, descr,
csrVal, csrRowPtr, csrCollInd, x, beta, vy)

type (cusparseHandle) :: handle

integer :: trans

integer :: m, n, nnz

complex (4), device :: alpha ! device or host variable
type(cusparseMatDescr) :: descr

complex (4), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)

integer (4), device :: csrColInd(¥*)

complex (4), device :: x(*)

complex (4), device :: beta ! device or host variable
complex (4), device :: y(*)

5.3.12. cusparseZcsrmv

CSRMV performs one of the matrix-vector operationsy := apha* A*x + beta*y, ory :=

alpha* A**T*x + beta*y, where alpha and beta are scalars, x and y are vectorsand A isanmx n
gparse matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA, and
csrCollndA

integer (4) function cusparseZcsrmv (handle, trans, m, n, nnz, alpha, descr,
csrVal, csrRowPtr, csrCollInd, x, beta, y)

type (cusparseHandle) :: handle

integer :: trans

integer :: m, n, nnz

complex (8), device :: alpha ! device or host variable
type(cusparseMatDescr) :: descr

complex (8), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)

integer (4), device :: csrColInd (%)

complex (8), device :: x(*)

complex (8), device :: beta ! device or host variable
complex (8), device :: y(*)

5.3.13. cusparseScsrsv_analysis

This function performs the analysis phase of csrsv.

integer (4) function cusparseScsrsv_analysis(handle, trans, m, nnz, descr,
csrVal, csrRowPtr, csrColInd, info)

type (cusparseHandle) :: handle
integer (4) :: trans
integer(4) :: m, nnz
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type (cusparseMatDescr) :: descr

real (4), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)
integer (4), device :: csrColInd(*)

type (cusparseSolveAnalysisInfo) :: info

5.3.14. cusparseDcsrsv_analysis

This function performs the analysis phase of csrsv.

integer (4) function cusparseDcsrsv_analysis(handle, trans, m, nnz, descr,
csrVal, csrRowPtr, csrColInd, info)

type (cusparseHandle) :: handle
integer (4) :: trans

integer(4) :: m, nnz

type (cusparseMatDescr) :: descr

real (8), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)
integer (4), device :: csrColInd(*)

type (cusparseSolveAnalysisInfo) :: info

5.3.15. cusparseCcsrsv_analysis

This function performs the analysis phase of csrsv.

integer (4) function cusparseCcsrsv_analysis(handle, trans, m, nnz, descr,
csrVal, csrRowPtr, csrColInd, info)

type (cusparseHandle) :: handle
integer (4) :: trans

integer(4) :: m, nnz

type (cusparseMatDescr) :: descr

complex (4), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)
integer (4), device :: csrColInd(*)

type (cusparseSolveAnalysisInfo) :: info

5.3.16. cusparseZcsrsv_analysis

This function performs the analysis phase of csrsv.

integer (4) function cusparseZcsrsv_analysis(handle, trans, m, nnz, descr,
csrVal, csrRowPtr, csrColInd, info)

type (cusparseHandle) :: handle
integer (4) :: trans

integer(4) :: m, nnz

type (cusparseMatDescr) :: descr

complex (8), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)
integer (4), device :: csrColInd(*)

type (cusparseSolveAnalysisInfo) :: info

5.3.17. cusparseScsrsv_solve

This function performs the solve phase of csrsv.

integer (4) function cusparseScsrsv_solve (handle, trans, m, alpha, descr,
csrVal, csrRowPtr, csrColInd, info, x, y)

type (cusparseHandle) :: handle

integer :: trans

integer :: m

real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

real (4), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)
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integer (4), device :: csrColInd(*)

type (cusparseSolveAnalysisInfo) :: info
real (4), device :: x(%*)

real (4), device :: y(*)

5.3.18. cusparseDcsrsv_solve

This function performs the solve phase of csrsv.

integer (4) function cusparseDcsrsv_solve (handle, trans, m, alpha, descr,
csrVal, csrRowPtr, csrColInd, info, x, y)

type (cusparseHandle) :: handle

integer :: trans

integer :: m

real (8), device :: alpha ! device or host variable

type (cusparseMatDescr) :: descr

real (8), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)

integer (4), device :: csrColInd(*)

type (cusparseSolveAnalysisInfo) :: info

real (8), device :: x(%*)

real (8), device :: y(*)

5.3.19. cusparseCcsrsv_solve

This function performs the solve phase of csrsv.

integer (4) function cusparseCcsrsv_solve (handle, trans, m, alpha, descr,
csrVal, csrRowPtr, csrCollInd, info, x, V)

type (cusparseHandle) :: handle

integer :: trans

integer :: m

complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

complex (4), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)
integer (4), device :: csrColInd(¥*)

type (cusparseSolveAnalysisInfo) :: info
complex (4), device :: x(*)

complex (4), device :: y(*)

9.3.20. cusparseZcsrsv_solve

This function performs the solve phase of csrsv.

integer (4) function cusparseZcsrsv_solve (handle, trans, m, alpha, descr,
csrVal, csrRowPtr, csrColInd, info, x, vy)

type (cusparseHandle) :: handle

integer :: trans

integer :: m

complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

complex (8), device :: csrVal (*)

integer (4), device :: csrRowPtr (*)
integer (4), device :: csrColInd(¥*)

type (cusparseSolveAnalysisInfo) :: info
complex (8), device :: x(*)

complex (8), device :: y(*)
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5.3.21. cusparseShybmv

HYBMV performs the matrix-vector operationsy := alpha* A*x + beta*y where alpha and beta
are scalars, x and y are vectorsand A isan m x n sparse matrix that is defined in the HY B storage
format.

integer (4) function cusparseShybmv (handle, trans, alpha, descr, hyb, x, beta,
y)

type (cusparseHandle) :: handle

integer :: trans

real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb

real (4), device :: x(%*)

real (4), device :: beta ! device or host variable
real (4), device :: y(*)

5.3.22. cusparseDhybmv

HYBMV performs the matrix-vector operationsy := alpha* A*x + beta*y where alpha and beta
are scalars, x and y are vectorsand A isan m x n sparse matrix that is defined in the HY B storage
format.

integer (4) function cusparseDhybmv (handle, trans, alpha, descr, hyb, x, beta,
y)

type (cusparseHandle) :: handle

integer :: trans

real (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb

real (8), device :: x(%*)

real (8), device :: beta ! device or host variable
real (8), device :: y(*)

5.3.23. cusparseChybmv

HYBMV performs the matrix-vector operationsy := alpha* A*x + beta*y where alpha and beta
are scalars, x and y are vectorsand A isan m x n sparse matrix that is defined in the HY B storage
format.

integer (4) function cusparseChybmv (handle, trans, alpha, descr, hyb, x, beta,
y)

type (cusparseHandle) :: handle

integer :: trans

complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb

complex (4), device :: x(*)

complex (4), device :: beta ! device or host variable
complex (4), device :: y(*)

5.3.24. cusparseZhybmv

HYBMV performs the matrix-vector operationsy := alpha* A*x + beta*y where alpha and beta
are scalars, x and y are vectorsand A isan m x n sparse matrix that is defined in the HY B storage
format.

integer (4) function cusparseZhybmv (handle, trans, alpha, descr, hyb, x, beta,

V)
type (cusparseHandle) :: handle
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integer :: trans

complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb

complex (8), device :: x(*)

complex (8), device :: beta ! device or host variable
complex (8), device :: y(*)

5.3.25. cusparseShybsv_analysis

This function performs the analysis phase of hybsv.

integer (4) function cusparseShybsv analysis(handle, trans, descr, hyb,
type (cusparseHandle) :: handle
integer (4) :: trans
type (cusparseMatDescr) :: descr
type (cusparseHybMat) :: hyb
type (cusparseSolveAnalysisInfo) :: info

5.3.26. cusparseDhybsv_analysis

This function performs the analysis phase of hybsv.

integer (4) function cusparseDhybsv analysis(handle, trans, descr, hyb,
type (cusparseHandle) :: handle
integer (4) :: trans
type (cusparseMatDescr) :: descr
type (cusparseHybMat) :: hyb
type (cusparseSolveAnalysisInfo) :: info

5.3.27. cusparseChybsv_analysis

This function performs the analysis phase of hybsv.

integer (4) function cusparseChybsv analysis(handle, trans, descr, hyb,
type (cusparseHandle) :: handle
integer (4) :: trans
type (cusparseMatDescr) :: descr
type (cusparseHybMat) :: hyb
type (cusparseSolveAnalysisInfo) :: info

5.3.28. cusparseZhybsv_analysis

This function performs the analysis phase of hybsv.

integer (4) function cusparseZhybsv analysis(handle, trans, descr, hyb,
type (cusparseHandle) :: handle
integer (4) :: trans
type (cusparseMatDescr) :: descr
type (cusparseHybMat) :: hyb
type (cusparseSolveAnalysisInfo) :: info

5.3.29. cusparseShybsv_solve

This function performs the solve phase of hybsv.

integer (4) function cusparseShybsv solve (handle, trans, alpha, descr,
info, x, Vy)

type (cusparseHandle) :: handle

integer :: trans

real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb
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type (cusparseSolveAnalysisInfo) :: info
real (4), device :: x(%*)
real (4), device :: y(*)

5.3.30. cusparseDhybsv_solve

This function performs the solve phase of hybsv.

integer (4) function cusparseDhybsv solve (handle, trans, alpha, descr, hyb,
info, x, vy)

type (cusparseHandle) :: handle

integer :: trans

real (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb

type (cusparseSolveAnalysisInfo) :: info

real (8), device :: x(%*)

real (8), device :: y(*)

5.3.31. cusparseChybsv_solve

This function performs the solve phase of hybsv.

integer (4) function cusparseChybsv solve (handle, trans, alpha, descr, hyb,
info, x, V)

type (cusparseHandle) :: handle

integer :: trans

complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb

type (cusparseSolveAnalysisInfo) :: info

complex (4), device :: x(*)

complex (4), device :: y(*)

5.3.32. cusparseZhybsv_solve

This function performs the solve phase of hybsv.

integer (4) function cusparseZhybsv solve (handle, trans, alpha, descr, hyb,
info, x, V)

type (cusparseHandle) :: handle

integer :: trans

complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descr

type (cusparseHybMat) :: hyb

type (cusparseSolveAnalysisInfo) :: info

complex (8), device :: x(*)

complex (8), device :: y(*)

5.3.33. cusparseSbsrsv2_bufferSize

This function returns the size of the buffer used in bsrsv2.

integer (4) function cusparseSbsrsv2 bufferSize (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted
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5.3.34. cusparseDbsrsv2_bufferSize

This function returns the size of the buffer used in bsrsv2.

integer (4) function cusparseDbsrsv2 bufferSize (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)
integer (4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.3.35. cusparseCbsrsv2_bufferSize

This function returns the size of the buffer used in bsrsv2.

integer (4) function cusparseCbsrsv2 bufferSize (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: dirA, transA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)
integer (4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.3.36. cusparseZbsrsv2_bufferSize

This function returns the size of the buffer used in bsrsv2.

integer (4) function cusparseZbsrsv2 bufferSize (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer (4) :: pBufferSize ! integer (8) also accepted

5.3.37. cusparseSbsrsv2_analysis

This function performs the analysis phase of bsrsv2.

integer (4) function cusparseSbsrsv2 analysis (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

integer(4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer (4) :: policy
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character (c_char), device :: pBuffer (*)

5.3.38. cusparseDbsrsv2_analysis

This function performs the analysis phase of bsrsv2.

integer (4) function cusparseDbsrsv2 analysis (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA, transA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.3.39. cusparseCbsrsv2_analysis

This function performs the analysis phase of bsrsv2.

integer (4) function cusparseCbsrsv2 analysis (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.3.40. cusparseZbsrsv2_analysis

This function performs the analysis phase of bsrsv2.

integer (4) function cusparseZbsrsv2 analysis (handle, dirA, transA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA, transA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)
integer (4) :: blockDim

type (cusparseBsrsv2Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.3.41. cusparseSbsrsv2_solve

This function performs the solve phase of bsrsv2.

integer (4) function cusparseSbsrsv2 solve (handle, dirA, transA, mb, nnzb,
alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, x, y, policy,
pBuffer)

type (cusparseHandle) :: handle

integer :: dirA, transA, mb, nnzb

real (4), device :: alpha ! device or host variable

type (cusparseMatDescr) :: descrA
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real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer :: blockDim

type (cusparseBsrsv2Info) :: info

real (4), device :: x(*), y(*)

integer :: policy

character, device :: pBuffer (*)

5.3.42. cusparseDbsrsv2_solve

This function performs the solve phase of bsrsv2.

integer (4) function cusparseDbsrsv2 solve (handle, dirA, transA, mb,

nnzb,

alpha, descrA, bsrValAh, bsrRothrA,_bsrColIndA, blockDim, info, x, y, policy,

pBuffer)
type (cusparseHandle) :: handle
integer :: dirA, transA, mb, nnzb
real (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA
real (8), device :: bsrValA(*)
integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer :: blockDim
type (cusparseBsrsv2Info) :: info
real (8), device :: x(*), y(*)
integer :: policy
character, device :: pBuffer (*)

5.3.43. cusparseCbsrsv2_solve

This function performs the solve phase of bsrsv2.

integer (4) function cusparseCbsrsv2 solve (handle, dirA, transA, mb,

nnzb,

alpha, descrA, bsrValAh, bsrRowPtrA, bsrColIndA, blockDim, info, x, y, policy,

pBuffer)
type (cusparseHandle) :: handle
integer :: dirA, transA, mb, nnzb
complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA
complex (4), device :: bsrValA(*)
integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer :: blockDim
type (cusparseBsrsv2Info) :: info
complex (4), device :: x(*), y(*)
integer :: policy
character, device :: pBuffer (*)

5.3.44. cusparseZbsrsv2_solve

This function performs the solve phase of bsrsv2.

integer (4) function cusparseZbsrsv2 solve (handle, dirA, transA, mb,

nnzb,

alpha, descrA, bsrValAh, bsrRowPtrA, bsrColIndA, blockDim, info, x, y, policy,

pBuffer)
type (cusparseHandle) :: handle
integer :: dirA, transA, mb, nnzb
complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA
complex (8), device :: bsrValA(*)
integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer :: blockDim
type (cusparseBsrsv2Info) :: info
complex (8), device :: x(*), y(*)
integer :: policy
character, device :: pBuffer (*)
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5.3.45. cusparseXbsrsv2_zeroPivot

This function returns an error code equal to CUSPARSE _STATUS ZERO PIVOT and sets
position to j when A(j,j) is either structural zero or numerical zero. Otherwise, position is set to
-1.

integer (4) function cusparseXbsrsv2 zeroPivot (handle, info, position)

type (cusparseHandle) :: handle
type (cusparseBsrsv2Info) :: info
integer (4), device :: position ! device or host variable

5.3.46. cusparseScsrsv2_bufferSize

This function returns the size of the buffer used in csrsv2.

integer (4) function cusparseScsrsv2 bufferSize (handle, transA, m, nnz, descrA,

csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)
type (cusparseHandle) :: handle
integer(4) :: transA, m, nnz
type (cusparseMatDescr) :: descrA
real (4), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsv2Info) :: info
integer (4) :: pBufferSize ! integer(8) also accepted

5.3.47. cusparseDcsrsv2_bufferSize

This function returns the size of the buffer used in csrsv2.

integer (4) function cusparseDcsrsv2 bufferSize (handle, transA, m, nnz, descrAi,

csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)
type (cusparseHandle) :: handle
integer (4) :: transA, m, nnz
type (cusparseMatDescr) :: descrA
real (8), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsvz2Info) :: info
integer (4) :: pBufferSize ! integer(8) also accepted

5.3.48. cusparseCcsrsv2_bufferSize

This function returns the size of the buffer used in csrsv2.

integer (4) function cusparseCcsrsv2 bufferSize (handle, transA, m, nnz, descrA,

csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)
type (cusparseHandle) :: handle
integer(4) :: transA, m, nnz
type (cusparseMatDescr) :: descrA
complex (4), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsrsv2Info) :: info
integer (4) :: pBufferSize ! integer (8) also accepted

5.3.49. cusparseZcsrsv2_bufferSize

This function returns the size of the buffer used in csrsv2.

integer (4) function cusparseZcsrsv2 bufferSize (handle, transA, m, nnz, descrA,

csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)
type (cusparseHandle) :: handle
integer(4) :: transA, m, nnz
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type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsv2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.3.50. cusparseScsrsv2_analysis

This function performs the analysis phase of csrsv2.

integer (4) function cusparseScsrsv2 analysis (handle, transA, m, nnz, descrA,

csrValA, csrRowPtrA, csrColIndA, info, policy, pBuffer)
type (cusparseHandle) :: handle
integer (4) :: transA, m, nnz
type (cusparseMatDescr) :: descrA
real (4), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsvz2Info) :: info
integer (4) :: policy
character (c_char), device :: pBuffer (*)

5.3.51. cusparseDcsrsv2_analysis

This function performs the analysis phase of csrsv2.

integer (4) function cusparseDcsrsv2 analysis (handle, transA, m, nnz, descrA,

csrValA, csrRowPtrA, csrColIndA, info, policy, pBuffer)
type (cusparseHandle) :: handle
integer (4) :: transA, m, nnz
type (cusparseMatDescr) :: descrA
real (8), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsv2Info) :: info
integer(4) :: policy
character (c_char), device :: pBuffer (*)

5.3.52. cusparseCcsrsv2_analysis

This function performs the analysis phase of csrsv2.

integer (4) function cusparseCcsrsv2 analysis (handle, transA, m, nnz, descrA,

csrValA, csrRowPtrA, csrColIndA, info, policy, pBuffer)
type (cusparseHandle) :: handle
integer (4) :: transA, m, nnz
type (cusparseMatDescr) :: descrA
complex (4), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsvz2Info) :: info
integer(4) :: policy
character (c_char), device :: pBuffer (*)

5.3.53. cusparseZcsrsv2_analysis

This function performs the analysis phase of csrsv2.

integer (4) function cusparseZcsrsv2 analysis (handle, transA, m, nnz, descrA,

csrValA, csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: transA, m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsvz2Info) :: info

integer (4) :: policy

PGI Fortran CUDA Library Interfaces

239



SPARSE Matrix Runtime Library APIs

character (c_char), device :: pBuffer (*)

5.3.54. cusparseScsrsv2_solve

This function performs the solve phase of csrsv2.

integer (4) function cusparseScsrsv2 solve (handle, transA, m, nnz, alpha,
descrA, csrValA, csrRowPtrA, csrColIndA, info, x, y, policy, pBuffer)

type (cusparseHandle) :: handle

real (4), device :: alpha ! device or host variable

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*), x(*), y(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseCsrsv2Info) :: info

integer :: policy

character, device :: pBuffer (*)

5.3.55. cusparseDcsrsv2_solve

This function performs the solve phase of csrsv2.

integer (4) function cusparseDcsrsv2 solve (handle, transA, m, nnz, alpha,
descrA, csrValA, csrRowPtrA, csrColIndA, info, x, y, policy, pBuffer)

type (cusparseHandle) :: handle

real (8), device :: alpha ! device or host variable

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*), x(*), y(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseCsrsv2Info) :: info

integer :: policy

character, device :: pBuffer (*)

5.3.56. cusparseCcsrsv2_solve

This function performs the solve phase of csrsv2.

integer (4) function cusparseCcsrsv2 solve (handle, transA, m, nnz, alpha,
descrA, csrValA, csrRowPtrA, csrColIndA, info, x, y, policy, pBuffer)

type (cusparseHandle) :: handle

complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*), x(*), y(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsvz2Info) :: info

integer :: policy

character, device :: pBuffer (*)

5.3.57. cusparseZcsrsv2_solve

This function performs the solve phase of csrsv2.

integer (4) function cusparseZcsrsv2 solve (handle, transA, m, nnz, alpha,
descrA, csrValA, csrRowPtrA, csrColIndA, info, x, y, policy, pBuffer)

type (cusparseHandle) :: handle

complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*), x(*), y(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrsvz2Info) :: info

integer :: policy

character, device :: pBuffer (*)
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5.3.58. cusparseXcsrsv2_zeroPivot

This function returns an error code equal to CUSPARSE _STATUS ZERO PIVOT and sets
position to j when A(j,j) is either structural zero or numerical zero. Otherwise, position is set to
-1.

integer (4) function cusparseXcsrsv2 zeroPivot (handle, info, position)

type (cusparseHandle) :: handle
type (cusparseCsrsv2Info) :: info
integer (4), device :: position ! device or host variable

5.4. CUSPARSE Level 3 Functions

This section contains interfaces for the level 3 sparse linear algebra functions that perform
operations between sparse and dense matrices.

5.4.1. cusparseScsrmm

CSRMM performs one of the matrix-matrix operations C := alpha*op( A ) * B + beta* C, where
op(A)isoneof op(A)=Aorop(A)=A**T, dphaand betaare scalars. A isan m x k sparse
matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA, and
csrColIndA. B and C are dense matrices.

integer (4) function cusparseScsrmm(handle, transA, m, n, k, nnz, alpha, descrA,
csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)

type (cusparseHandle) :: handle

integer :: transA, m, n, k, nnz

real (4), device :: alpha, beta ! device or host variable

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*), B(*), C(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

integer :: 1ldb, 1ldc

5.4.2. cusparseDcsrmm

CSRMM performs one of the matrix-matrix operations C := apha*op( A ) * B + beta* C, where
op(A)isoneof op(A)=Aorop(A)=A**T, dphaand betaare scalars. A isan m x k sparse
matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA, and
csrCollndA. B and C are dense matrices.

integer (4) function cusparseDcsrmm(handle, transA, m, n, k, nnz, alpha, descra,
csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)

type (cusparseHandle) :: handle

integer :: transA, m, n, k, nnz

real (8), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*), B(*), C(%*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
integer :: 1ldb, 1ldc

5.4.3. cusparseCcsrmm

CSRMM performs one of the matrix-matrix operations C := apha*op( A ) * B + beta* C, where
op(A)isoneof op(A)=Aorop(A)=A**T, dphaand betaare scalars. A isan m x k sparse
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matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA, and
csrCollndA. B and C are dense matrices.

integer (4) function cusparseCcsrmm(handle, transA, m, n, k, nnz, alpha, descra,
csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)

type (cusparseHandle) :: handle

integer :: transA, m, n, k, nnz

complex (4), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*), B(*), C(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

integer :: 1ldb, ldc

5.4.4. cusparseZcsrmm

CSRMM performs one of the matrix-matrix operations C := apha*op( A ) * B + beta* C, where
op(A)isoneof op(A)=Aorop(A)=A**T, dphaand betaare scalars. A isan m x k sparse
matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA, and
csrCollndA. B and C are dense matrices.

integer (4) function cusparseZcsrmm(handle, transA, m, n, k, nnz, alpha, descrA,
csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)

type (cusparseHandle) :: handle

integer :: transA, m, n, k, nnz

complex (8), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*), B(*), C(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

integer :: 1ldb, ldc

5.4.5. cusparseScsrmm2

CSRMM2 performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
whereop( A ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars. A isanm x k
sparse matrix that is defined in CSR storage format by the three arrays csrVaA, csrRowPtrA, and
csrColIndA. B and C are dense matrices.

integer (4) function cusparseScsrmm2 (handle, transA, transB, m, n, k, nnz,
alpha, descrA, csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)

type (cusparseHandle) :: handle

integer :: transA, transB, m, n, k, nnz

real (4), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*), B(*), C(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
integer :: 1ldb, 1ldc

5.4.6. cusparseDcsrmm?2

CSRMM2 performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
whereop( A ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars. A isan m x k
sparse matrix that is defined in CSR storage format by the three arrays csrVaA, csrRowPtrA, and
csrCollndA. B and C are dense matrices.

integer (4) function cusparseDcsrmm2 (handle, transA, transB, m, n, k, nnz,
alpha, descrA, csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)
type (cusparseHandle) :: handle
integer :: transA, transB, m, n, k, nnz
real (8), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA
real (8), device :: csrValA(*), B(*), C(%*)
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integer (4), device :: csrRowPtrA(*), csrColIndA (*)
integer :: 1ldb, 1ldc

5.4.7. cusparseCcsrmm?2

CSRMM2 performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
whereop( A ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars. A isanm x k
gparse matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA, and
csrCollndA. B and C are dense matrices.

integer (4) function cusparseCcsrmm2 (handle, transA, transB, m, n, k, nnz,
alpha, descrA, csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)

type (cusparseHandle) :: handle

integer :: transA, transB, m, n, k, nnz

complex (4), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*), B(*), C(¥*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

integer :: 1ldb, ldc

5.4.8. cusparseZcsrmm?2

CSRMM2 performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
whereop( A ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars. A isanm x k
sparse matrix that is defined in CSR storage format by the three arrays csrVaA, csrRowPtrA, and
csrCollndA. B and C are dense matrices.

integer (4) function cusparseZcsrmm2 (handle, transA, transB, m, n, k, nnz,
alpha, descrA, csrValA, csrRowPtrA, csrColIndA, B, 1ldb, beta, C, 1ldc)

type (cusparseHandle) :: handle

integer :: transA, transB, m, n, k, nnz

complex (8), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*), B(*), C(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

integer :: 1ldb, ldc

5.4.9. cusparseScsrsm_analysis

This function performs the analysis phase of csrsm.

integer (4) function cusparseScsrsm analysis(handle, transA, m, nnz, descra,
csrValA, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: transA, m, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info

5.4.10. cusparseDcsrsm_analysis

This function performs the analysis phase of csrsm.

integer (4) function cusparseDcsrsm _analysis (handle, transA, m, nnz, descrA,
csrValA, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: transA, m, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info
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5.4.11. cusparseCcsrsm_analysis

This function performs the analysis phase of csrsm.

integer (4) function cusparseCcsrsm analysis (handle, transA, m, nnz, descrA,
csrValA, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: transA, m, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

type (cusparseSolveAnalysisInfo) :: info

5.4.12. cusparseZcsrsm_analysis

This function performs the analysis phase of csrsm.

integer (4) function cusparseZcsrsm analysis(handle, transA, m, nnz, descrA,
csrValA, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: transA, m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

type (cusparseSolveAnalysisInfo) :: info

5.4.13. cusparseScsrsm_solve

This function performs the solve phase of csrsm.

integer (4) function cusparseScsrsm solve (handle, transA, m, n, alpha, descrA,
csrValA, csrRowPtrA, csrColIndA, info, X, 1ldx, Y, 1ldy)
type (cusparseHandle) :: handle
integer :: transA, m, n
real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA
real (4), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseSolveAnalysisInfo) :: info
real (4), device :: X(*), Y(*)
integer :: 1ldx, ldy

5.4.14. cusparseDcsrsm_solve

This function performs the solve phase of csrsm.

integer (4) function cusparseDcsrsm solve (handle, transA, m, n, alpha, descrA,
csrValA, csrRowPtrA, csrColIndA, info, X, 1ldx, Y, 1ldy)
type (cusparseHandle) :: handle
integer :: transA, m, n
real (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA
real (8), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseSolveAnalysisInfo) :: info
real (8), device :: X(*), Y(*)
integer :: 1ldx, ldy

9.4.15. cusparseCcsrsm_solve

This function performs the solve phase of csrsm.
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integer (4) function cusparseCcsrsm_solve (handle, transA, m, n, alpha, descrA,
csrValA, csrRowPtrA, csrColIndA, info, X, 1ldx, Y, 1ldy)

type (cusparseHandle) :: handle

integer :: transA, m, n

complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseSolveAnalysisInfo) :: info

complex (4), device :: X(*), Y (*)

integer :: 1ldx, ldy

5.4.16. cusparseZcsrsm_solve

This function performs the solve phase of csrsm.

integer (4) function cusparseZcsrsm solve (handle, transA, m, n, alpha, descrA,
csrValA, csrRowPtrA, csrColIndA, info, X, 1ldx, Y, 1ldy)

type (cusparseHandle) :: handle

integer :: transA, m, n

complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseSolveAnalysisInfo) :: info

complex (8), device :: X(*), Y(*)

integer :: 1ldx, ldy

5.4.17. cusparseSbsrmm

BSRMM performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
whereop( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars. A isan mb x
kb sparse matrix that is defined in BSR storage format by the three arrays bsrVaA, bsrRowPtrA,
and bsrColIndA. B and C are dense matrices.

integer (4) function cusparseSbsrmm(handle, dirA, transA, transB, mb, n, kb,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, B, 1ldb, beta,
C, 1ldc)

type (cusparseHandle) :: handle

integer :: dirA, transA, transB, mb, n, kb, nnzb, blockDim
real (4), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*), B(*), C(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)

integer :: 1ldb, ldc

5.4.18. cusparseDbsrmm

BSRMM performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
where op( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars. A isan mb x
kb sparse matrix that is defined in BSR storage format by the three arrays bsrVaA, bsrRowPtrA,
and bsrColIndA. B and C are dense matrices.

integer (4) function cusparseDbsrmm (handle, dirA, transA, transB, mb, n, kb,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, B, 1ldb, beta,
C, 1ldc)

type (cusparseHandle) :: handle

integer :: dirA, transA, transB, mb, n, kb, nnzb, blockDim
real (8), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*), B(*), C(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)

integer :: 1ldb, ldc
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5.4.19. cusparseCbsrmm

BSRMM performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
where op( X ) isoneof op( X ) =X orop( X ) = X**T, alphaand betaare scalars. A isan mb x
kb sparse matrix that is defined in BSR storage format by the three arrays bsrVaA, bsrRowPtrA,
and bsrColIndA. B and C are dense matrices.

integer (4) function cusparseCbsrmm(handle, dirA, transA, transB, mb, n, kb,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, B, 1ldb, beta,
C, 1ldc)

type (cusparseHandle) :: handle

integer :: dirA, transA, transB, mb, n, kb, nnzb, blockDim
complex (4), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*), B(*), C(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

integer :: 1ldb, ldc

5.4.20. cusparseZbsrmm

BSRMM performs one of the matrix-matrix operations C := alpha*op( A ) * op( B ) + beta*C,
where op( X ) isoneof op( X ) =X or op( X ) = X**T, alphaand betaare scalars. A isan mb x
kb sparse matrix that is defined in BSR storage format by the three arrays bsrVaA, bsrRowPtrA,
and bsrColIndA. B and C are dense matrices.

integer (4) function cusparseZbsrmm(handle, dirA, transA, transB, mb, n, kb,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, B, 1ldb, beta,
C, 1ldc)

type (cusparseHandle) :: handle

integer :: dirA, transA, transB, mb, n, kb, nnzb, blockDim
complex (8), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*), B(*), C(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

integer :: 1ldb, ldc

5.4.21. cusparseShsrsm2_bufferSize

This function returns the size of the buffer used in bsrsm2.

integer (4) function cusparseSbsrsm2 bufferSize (handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info,
pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: dirA, transA, transX, mb, n, nnzb, blockDim

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

type (cusparseBsrsm2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.4.22. cusparseDbsrsm2_bufferSize

This function returns the size of the buffer used in bsrsm2.

integer (4) function cusparseDbsrsm2 bufferSize (handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info,

pBufferSize)
type (cusparseHandle) :: handle
integer (4) :: dirA, transA, transX, mb, n, nnzb, blockDim
type (cusparseMatDescr) :: descrA
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real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
type (cusparseBsrsm2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.4.23. cusparseCbsrsm2_bufferSize

This function returns the size of the buffer used in bsrsm2.

integer (4) function cusparseCbsrsm2 bufferSize (handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info,
pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA, transX, mb, n, nnzb, blockDim

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

type (cusparseBsrsm2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.4.24. cusparseZbsrsm2_bufferSize

This function returns the size of the buffer used in bsrsm2.

integer (4) function cusparseZbsrsm2 bufferSize (handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info,
pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA, transX, mb, n, nnzb, blockDim

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

type (cusparseBsrsm2Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.4.25. cusparseShsrsm2_analysis

This function performs the analysis phase of bsrsm2.

integer (4) function cusparseSbsrsm2 analysis(handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy,
pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA, transX, mb, n, nnzb, blockDim

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

type (cusparseBsrsm2Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.4.26. cusparseDbsrsm2_analysis

This function performs the analysis phase of bsrsmz2.

integer (4) function cusparseDbsrsm2 analysis(handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy,
pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA, transX, mb, n, nnzb, blockDim

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

type (cusparseBsrsm2Info) :: info
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integer (4) :: policy
character (c_char), device :: pBuffer (*)

9.4.27. cusparseCbsrsm2_analysis

This function performs the analysis phase of bsrsm?2.

integer (4) function cusparseCbsrsm2 analysis (handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy,
pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA, transX, mb, n, nnzb, blockDim

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

type (cusparseBsrsm2Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.4.28. cusparseZbsrsm2_analysis

This function performs the analysis phase of bsrsm?2.

integer (4) function cusparseZbsrsm2 analysis (handle, dirA, transA, transX,
mb, n, nnzb, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy,
pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA, transA, transX, mb, n, nnzb, blockDim

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

type (cusparseBsrsm2Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.4.29. cusparseSbsrsm2_solve

This function performs the solve phase of bsrsm?2.

integer (4) function cusparseSbsrsm2 solve (handle, dirA, transA, transX, mb, n,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, x, 1ldx,
vy, 1ldy, policy, pBuffer)

type (cusparseHandle) :: handle

integer :: dirA, transA, transX, mb, n, nnzb

real (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*), x(*), y(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)
integer :: blockDim, policy, 1ldx, ldy

type (cusparseBsrsm2Info) :: info

character, device :: pBuffer (*)

9.4.30. cusparseDbsrsm2_solve

This function performs the solve phase of bsrsm2.

integer (4) function cusparseDbsrsm2 solve (handle, dirA, transA, transX, mb, n,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, x, 1ldx,
y, ldy, policy, pBuffer)

type (cusparseHandle) :: handle

integer :: dirA, transA, transX, mb, n, nnzb

real (8), device :: alpha ! device or host variable

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*), x(*), y(*)
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integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer :: blockDim, policy, 1ldx, ldy

type (cusparseBsrsm2Info) :: info

character, device :: pBuffer (*)

5.4.31. cusparseChsrsm2_solve

This function performs the solve phase of bsrsm2.

integer (4) function cusparseCbsrsm2 solve (handle, dirA, transA, transX, mb, n,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, x, 1ldx,
vy, 1ldy, policy, pBuffer)

type (cusparseHandle) :: handle

integer :: dirA, transA, transX, mb, n, nnzb

complex (4), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*), x(*), y(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer :: blockDim, policy, 1ldx, ldy

type (cusparseBsrsm2Info) :: info

character, device :: pBuffer (*)

9.4.32. cusparseZbsrsm2_solve

This function performs the solve phase of bsrsm2.

integer (4) function cusparseZbsrsm2 solve (handle, dirA, transA, transX, mb, n,
nnzb, alpha, descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, x, 1ldx,
y, ldy, policy, pBuffer)

type (cusparseHandle) :: handle

integer :: dirA, transA, transX, mb, n, nnzb

complex (8), device :: alpha ! device or host variable
type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*), x(*), y(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer :: blockDim, policy, 1ldx, ldy

type (cusparseBsrsm2Info) :: info

character, device :: pBuffer (*)

5.4.33. cusparseXbsrsm2_zeroPivot

This function returns an error code equal to CUSPARSE _STATUS ZERO PIVOT and sets
position to j when A(j,j) is either structural zero or numerical zero. Otherwise, position is set to
-1.

integer (4) function cusparseXbsrsm2 zeroPivot (handle, info, position)

type (cusparseHandle) :: handle
type (cusparseBsrsm2Info) :: info
integer (4), device :: position ! device or host variable

5.5. CUSPARSE Extra Functions

This section contains interfaces for the extra functions that are used to manipulate sparse
matrices.

5.5.1. cusparseXcsrgeamNnz

cusparseX csrgeamNnz computes the number of nonzero elements which will be produced by
CSRGEAM.
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integer (4) function cusparseXcsrgeamNnz (handle, m, n, descrA, nnzA, csrRowPtrA,
csrColIndA, descrB, nnzB, csrRowPtrB, csrColIndB, descrC, csrRowPtrC,
nnzTotalDevHostPtr)

type (cusparseHandle) :: handle

integer :: m, n, nnzA, nnzB

type (cusparseMatDescr) :: descrA, descrB, descrC

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrC(*)

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

5.5.2. cusparseScsrgeam

CSRGEAM performs the matrix-matrix operation C := alpha* A + beta* B, alphaand betaare
scaars. A, B, and C are m x n sparse matrices that are defined in CSR storage format by the three
arrays csrVa{A|B|C}, csrRowPtr{ A|B|C}, and csrColInd{ A|B|C} . cusparseX csrgeamNnz should
be used to determine csrRowPtrC and the number of nonzero elementsin the result.

integer (4) function cusparseScsrgeam(handle, m, n, alpha, descrA,
nnzA, csrValA, csrRowPtrA, csrColIndA, beta, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer :: m, n, nnzA, nnzB

real (4), device :: alpha, beta ! device or host variable

type (cusparseMatDescr) : : descrA, descrB, descrC

real (4), device :: csrValA(*), csrValB(*), csrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.3. cusparseDcsrgeam

CSRGEAM performs the matrix-matrix operation C := alpha* A + beta* B, dphaand betaare
scalars. A, B, and C are m x n sparse matrices that are defined in CSR storage format by the three
arrays csrVa{A|B|C}, csrRowPtr{ A|B|C}, and csrColInd{ A|B|C} . cusparseX csrgeamNnz should
be used to determine csrRowPtrC and the number of nonzero elementsin the result.
integer (4) function cusparseDcsrgeam(handle, m, n, alpha, descrA,
nnzA, csrValA, csrRowPtrA, csrColIndA, beta, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)
type (cusparseHandle) :: handle
integer :: m, n, nnzA, nnzB
real (8), device :: alpha, beta ! device or host variable
type (cusparseMatDescr) : : descrA, descrB, descrC
real (8), device :: csrValA(*), csrValB(*), csrValC(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.4. cusparseCcsrgeam

CSRGEAM performs the matrix-matrix operation C := alpha* A + beta* B, alphaand betaare
scalars. A, B, and C are m x n sparse matrices that are defined in CSR storage format by the three
arrays csrVa{A|B|C}, csrRowPtr{ A|B|C}, and csrColInd{ A|B|C} . cusparseX csrgeamNnz should
be used to determine csrRowPtrC and the number of nonzero elementsin the resullt.

integer (4) function cusparseCcsrgeam(handle, m, n, alpha, descrA,
nnzA, csrValA, csrRowPtrA, csrColIndA, beta, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer :: m, n, nnzA, nnzB

complex (4), device :: alpha, beta ! device or host variable

type (cusparseMatDescr) : : descrA, descrB, descrC

complex (4), device :: csrValA(*), csrValB(*), csrValC(*)
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integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.5. cusparseZcsrgeam

CSRGEAM performs the matrix-matrix operation C := alpha* A + beta* B, alphaand betaare
scalars. A, B, and C are m x n sparse matrices that are defined in CSR storage format by the three
arrays csrVa{A|B|C}, csrRowPtr{ A|B|C}, and csrColInd{ A|B|C} . cusparseX csrgeamNnz should
be used to determine csrRowPtrC and the number of nonzero elementsin the resullt.

integer (4) function cusparseZcsrgeam(handle, m, n, alpha, descrA,
nnzA, csrValA, csrRowPtrA, csrColIndA, beta, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer :: m, n, nnzA, nnzB

complex (8), device :: alpha, beta ! device or host variable

type (cusparseMatDescr) : : descrA, descrB, descrC

complex (8), device :: csrValA(*), csrValB(*), csrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),

csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.6. cusparseXcsrgemmNnz

cusparseX csrgemmNnz computes the number of nonzero elements which will be produced by
CSRGEMM.

integer (4) function cusparseXcsrgemmNnz (handle, transA, transB, m, n, k,

descrA, nnzA, csrRowPtrA, csrColIndA, descrB, nnzB, csrRowPtrB,

csrColIndB, descrC, csrRowPtrC, nnzTotalDevHostPtr)

type (cusparseHandle) :: handle

integer :: transA, transB, m, n, k, nnzA, nnzB

type (cusparseMatDescr) :: descrA, descrB, descrC

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrC(*)

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

5.5.7. cusparseScsrgemm

CSRGEMM performs the matrix-matrix operation C := op( A ) * op( B ), whereop( X ) isone
of op( X )=Xorop( X)=X**T, A, B,and Care mx k, k x n, and m x n sparse matrices that
are defined in CSR storage format by the three arrays csrVa{ A|B|C}, csrRowPtr{ A|B|C}, and
csrCollnd{ A[B|C} . cusparseX csrgemmNnz should be used to determine csrRowPtrC and the
number of nonzero elements in the result.

integer (4) function cusparseScsrgemm (handle, transA, transB, m, n, k,

descrA, nnzA, csrValA, csrRowPtrA, csrColIndA, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: transA, transB, m, n, k, nnzA, nnzB

type (cusparseMatDescr) :: descrA, descrB, descrC

real (4), device :: csrValA(*), csrValB(*), csrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),

csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.8. cusparseDcsrgemm

CSRGEMM performs the matrix-matrix operation C :=op( A ) * op( B ), whereop( X ) isone
of op( X)=Xorop( X)=X**T, A, B, and Caremx Kk, k x n, and m x n sparse matrices that
are defined in CSR storage format by the three arrays csrVal{ A|B|C}, csrRowPtr{ A|B|C}, and
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csrCollnd{ A[B|C} . cusparseX csrgemmNnz should be used to determine csrRowPtrC and the
number of nonzero elementsin the result.

integer (4) function cusparseDcsrgemm (handle, transA, transB, m, n, k,

descrA, nnzA, csrValA, csrRowPtrA, csrColIndA, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: transA, transB, m, n, k, nnzA, nnzB

type (cusparseMatDescr) :: descrA, descrB, descrC

real (8), device :: csrValA(*), csrValB(*), csrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),

csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.9. cusparseCcsrgemm

CSRGEMM performs the matrix-matrix operation C := op( A ) * op( B ), whereop( X ) isone
of op( X )=Xorop( X)=X**T, A, B,and Care mx k, k x n, and m x n sparse matrices that
are defined in CSR storage format by the three arrays csrVal{ A|B|C}, csrRowPtr{ A|B|C}, and
csrCollnd{ A[B|C} . cusparseX csrgemmNnz should be used to determine csrRowPtrC and the
number of nonzero elements in the result.

integer (4) function cusparseCcsrgemm (handle, transA, transB, m, n, k,

descrA, nnzA, csrValA, csrRowPtrA, csrColIndA, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: transA, transB, m, n, k, nnzA, nnzB

type (cusparseMatDescr) :: descrA, descrB, descrC

complex (4), device :: csrValA(*), csrValB(*), csrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),

csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.10. cusparseZcsrgemm

CSRGEMM performs the matrix-matrix operation C :=op( A ) * op( B ), whereop( X ) isone
of op( X)=Xorop( X)=X**T, A, B, and Caremx Kk, k x n, and m x n sparse matrices that
are defined in CSR storage format by the three arrays csrVal{ A|B|C}, csrRowPtr{ A|B|C}, and
csrColInd{ A[B|C} . cusparseX csrgemmNnz should be used to determine csrRowPtrC and the
number of nonzero elements in the result.

integer (4) function cusparseZcsrgemm(handle, transA, transB, m, n, Xk,

descrA, nnzA, csrValA, csrRowPtrA, csrColIndA, descrB, nnzB, csrVvalB,
csrRowPtrB, csrColIndB, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer (4) :: transA, transB, m, n, k, nnzA, nnzB

type (cusparseMatDescr) :: descrA, descrB, descrC

complex (8), device :: csrValA(*), csrValB(*), csrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),

csrColIndB(*), csrRowPtrC(*), csrColIndC(*)

5.5.11. cusparseScsrgemm?2_bufferSizeExt

This function returns the size of the buffer used in csrgemm2.

integer (4) function cusparseScsrgemm2 bufferSizeExt (handle, m, n, Xk,

alpha, descrA, nnzA, csrRowPtrA, csrCollIndA, descrB,
nnzB, csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrRowPtrD,
csrColIndD, info, pBufferSizelInBytes)
type (cusparseHandle) :: handle
real (4), device :: alpha, beta ! device or host variable
integer :: m, n, k, nnzA, nnzB, nnzD
type (cusparseMatDescr) :: descrA, descrB, descrD
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integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*)

type (cusparseCsrgemm2Info) :: info

integer(8) :: pBufferSizelInBytes

5.5.12. cusparseDcsrgemm2_bufferSizeExt

This function returns the size of the buffer used in csrgemm2.

integer (4) function cusparseDcsrgemmZ2 bufferSizeExt (handle, m, n, Xk,
alpha, descrA, nnzA, csrRowPtrA, csrColIndA, descrB,

nnzB, csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrRowPtrD,
csrColIndD, info, pBufferSizelInBytes)

type (cusparseHandle) :: handle

real (8), device :: alpha, beta ! device or host variable

integer :: m, n, k, nnzA, nnzB, nnzD

type (cusparseMatDescr) :: descrA, descrB, descrD

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*)

type (cusparseCsrgemm2Info) :: info

integer (8) :: pBufferSizeInBytes

9.5.13. cusparseCcsrgemm?2_bufferSizeExt

This function returns the size of the buffer used in csrgemm2.

integer (4) function cusparseCcsrgemm2 bufferSizeExt (handle, m, n, Xk,
alpha, descrA, nnzA, csrRowPtrA, csrColIndA, descrB,

nnzB, csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrRowPtrD,
csrColIndD, info, pBufferSizelInBytes)

type (cusparseHandle) :: handle

complex (4), device :: alpha, beta ! device or host variable

integer :: m, n, k, nnzA, nnzB, nnzD

type (cusparseMatDescr) :: descrA, descrB, descrD

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*)

type (cusparseCsrgemm2Info) :: info

integer(8) :: pBufferSizelInBytes

5.5.14. cusparseZcsrgemm2_bufferSizeExt

This function returns the size of the buffer used in csrgemm2.

integer (4) function cusparseZcsrgemmZ2 bufferSizeExt (handle, m, n, Xk,
alpha, descrA, nnzA, csrRowPtrA, csrColIndA, descrB,

nnzB, csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrRowPtrD,
csrColIndD, info, pBufferSizelInBytes)

type (cusparseHandle) :: handle

complex (8), device :: alpha, beta ! device or host variable

integer :: m, n, k, nnzA, nnzB, nnzD

type (cusparseMatDescr) :: descrA, descrB, descrD

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB(*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*)

type (cusparseCsrgemm2Info) :: info

integer (8) :: pBufferSizeInBytes

9.5.15. cusparseXcsrgemm2Nnz

cusparseX csrgemm2Nnz computes the number of nonzero elements which will be produced by

CSRGEMM2.
integer (4) function cusparseXcsrgemm2Nnz (handle, m, n, k,
descrA, nnzA, csrRowPtrA, csrColIndA, descrB, nnzB, csrRowPtrB,
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csrColIndB, descrD, nnzD, csrRowPtrD, csrColIndD, descrC,
csrRowPtrC, nnzTotalDevHostPtr, info, pBuffer)
type (cusparseHandle) :: handle
type (cusparseMatDescr) :: descrA, descrB, descrD, descrC
type (cusparseCsrgemm2Info) :: info
integer(4) :: m, n, k, nnzA, nnzB, nnzD
integer (4), device :: csrRowPtrA(*), csrColIndA(*),
csrRowPtrB(*), csrColIndB(*), csrRowPtrD(*), csrColIndD(*), csrRowPtrC(*)
integer (c_int) :: nnzTotalDevHostPtr
character (c_char), device :: pBuffer (*)

5.5.16. cusparseScsrgemm?2

CSRGEMM2 performs the matrix-matrix operation C := alpha* A * B + beta* D alphaand
betaare scalars. A, B, and C are m x k, k x n, and m x n sparse matrices that are defined in CSR
storage format by the three arrays csrVal{ A|B|C|D}, csrRowPtr{ A|B|C|D}, and csrCol Ind{ A|
B|CID} . cusparseX csrgemm2Nnz should be used to determine csrRowPtrC and the number of
nonzero elementsin the result.

integer (4) function cusparseScsrgemm2 (handle, m, n, k, alpha,
descrA, nnzA, csrValA, csrRowPtrA, csrColIndA, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrValD, csrRowPtrD,
csrColIndD, descrC, csrValC, csrRowPtrC, csrColIndC, info, pBuffer)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA, descrB, descrD, descrC

type (cusparseCsrgemm2Info) :: info

integer :: m, n, k, nnzA, nnzB, nnzD

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB (*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*), csrRowPtrC(*),
csrColIndC (*)

real (4), device :: csrValA(*), csrValB(*), csrValD(*), csrValC(*)

real (4), device :: alpha, beta ! device or host variable

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

character, device :: pBuffer (*)

5.5.17. cusparseDcsrgemm2

CSRGEMM2 performs the matrix-matrix operation C := alpha* A * B + beta* D alphaand
beta are scalars. A, B, and C arem x k, k x n, and m x n sparse matrices that are defined in CSR
storage format by the three arrays csrVa{ A|B|C|D}, csrRowPtr{ A|B|C|D}, and csrColInd{ A|
B|C|D} . cusparseX csrgemm2Nnz should be used to determine csrRowPtrC and the number of
nonzero elementsin the result.

integer (4) function cusparseDcsrgemm?2 (handle, m, n, k, alpha,
descrA, nnzA, csrValA, csrRowPtrA, csrCollIndA, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrValD, csrRowPtrD,
csrColIndD, descrC, csrValC, csrRowPtrC, csrColIndC, info, pBuffer)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA, descrB, descrD, descrC

type (cusparseCsrgemm2Info) :: info

integer :: m, n, k, nnzA, nnzB, nnzD

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB (*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*), csrRowPtrC(*),
csrColIndC (*)

real (8), device :: csrValA(*), csrValB(*), csrValD(*), csrValC(*)

real (8), device :: alpha, beta ! device or host variable

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

character, device :: pBuffer (*)
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5.5.18. cusparseCcsrgemm?2

CSRGEMM2 performs the matrix-matrix operation C ;= alpha* A * B + beta* D alphaand
beta are scalars. A, B, and C arem x k, k x n, and m x n sparse matrices that are defined in CSR
storage format by the three arrays csrVa{ A|B|C|D}, csrRowPtr{ A|B|C|D}, and csrColInd{ A|
B|C|D} . cusparseX csrgemm2Nnz should be used to determine csrRowPtrC and the number of
nonzero elementsin the result.

integer (4) function cusparseCcsrgemm2 (handle, m, n, k, alpha,
descrA, nnzA, csrValA, csrRowPtrA, csrColIndA, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrValD, csrRowPtrD,
csrColIndD, descrC, csrValC, csrRowPtrC, csrColIndC, info, pBuffer)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA, descrB, descrD, descrC

type (cusparseCsrgemm2Info) :: info

integer :: m, n, k, nnzA, nnzB, nnzD

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRowPtrB (*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*), csrRowPtrC(*),
csrColIndC (*)

complex (4), device :: csrValA(*), csrValB(*), csrValD(*), csrValC(*)

complex (4), device :: alpha, beta ! device or host variable

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

character, device :: pBuffer (*)

5.5.19. cusparseZcsrgemm?2

CSRGEMM2 performs the matrix-matrix operation C := alpha* A * B + beta* D alphaand
betaare scalars. A, B, and C are m x k, k x n, and m x n sparse matrices that are defined in CSR
storage format by the three arrays csrVa{ A|B|C|D}, csrRowPtr{ A|B|C|D}, and csrColInd{ A|
B|CID} . cusparseX csrgemm2Nnz should be used to determine csrRowPtrC and the number of
nonzero elementsin the result.

integer (4) function cusparseZcsrgemm2 (handle, m, n, k, alpha,
descrA, nnzA, csrValA, csrRowPtrA, csrColIndA, descrB, nnzB, csrValB,
csrRowPtrB, csrColIndB, beta, descrD, nnzD, csrValD, csrRowPtrD,
csrColIndD, descrC, csrValC, csrRowPtrC, csrColIndC, info, pBuffer)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA, descrB, descrD, descrC

type (cusparseCsrgemm2Info) :: info

integer :: m, n, k, nnzA, nnzB, nnzD

integer (4), device :: csrRowPtrA(*), csrColIndA(*), csrRoOwPtrB (*),
csrColIndB(*), csrRowPtrD(*), csrColIndD(*), csrRowPtrC(*),
csrColIndC (*)

complex (8), device :: csrValA(*), csrValB(*), csrValD(*), csrValC(*)

complex (8), device :: alpha, beta ! device or host variable

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

character, device :: pBuffer (*)

5.6. CUSPARSE Preconditioning Functions

This section contains interfaces for the preconditioning functions that are used in processing
Sparse matrices.
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5.6.1. cusparseScsric0

CSRICO computes the incompl ete-Cholesky factorization with zero fill-in and no pivoting. A
isan m x n Hermitian/symmetric positive definite sparse matrix that is defined in CSR storage
format by the three arrays csrVaA, csrRowPtrA, and csrColIndA.

integer (4) function cusparseScsricO (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

real (4), device :: csrValM(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info

5.6.2. cusparseDcsric0

CSRICO computes the incompl ete-Cholesky factorization with zero fill-in and no pivoting. A
isan m x n Hermitian/symmetric positive definite sparse matrix that is defined in CSR storage
format by the three arrays csrValA, csrRowPtrA, and csrColIndA.

integer (4) function cusparseDcsricO (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

real (8), device :: csrValM(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info

5.6.3. cusparseCcsric0

CSRICO0 computes the incompl ete-Cholesky factorization with zero fill-in and no pivoting. A
isan m x n Hermitian/symmetric positive definite sparse matrix that is defined in CSR storage
format by the three arrays csrValA, csrRowPtrA, and csrColIndA.

integer (4) function cusparseCcsricO (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValM(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info

5.6.4. cusparseZcsric

CSRICO computes the incompl ete-Cholesky factorization with zero fill-in and no pivoting. A
isan m x n Hermitian/symmetric positive definite sparse matrix that is defined in CSR storage
format by the three arrays csrVa A, csrRowPtrA, and csrColIndA.

integer (4) function cusparseZcsricO (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValM(¥*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info
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5.6.5. cusparseScsrilu0

CSRILUO computes the incomplete-L U factorization with zero fill-in and no pivoting. A isanm
X N sparse matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA,
and csrColIndA.

integer (4) function cusparseScsrilul (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

real (4), device :: csrValM(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info

5.6.6. cusparseDcsrilu0

CSRILUO computes the incomplete-LU factorization with zero fill-in and no pivoting. A isanm
X n sparse matrix that is defined in CSR storage format by the three arrays csrVaA, csrRowPtrA,
and csrColIndA.

integer (4) function cusparseDcsrilul (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

real (8), device :: csrValM(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info

5.6.7. cusparseCcsrilu0

CSRILUO computes the incomplete-L U factorization with zero fill-in and no pivoting. A isanm
X N sparse matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA,
and csrColIndA.

integer (4) function cusparseCcsrilu0l (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValM(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info

5.6.8. cusparseZcsrilu0

CSRILUO computes the incomplete-LU factorization with zero fill-in and no pivoting. A isanm
X n sparse matrix that is defined in CSR storage format by the three arrays csrValA, csrRowPtrA,
and csrColIndA.

integer (4) function cusparseZcsrilul (handle, trans, m, descrA,
csrValM, csrRowPtrA, csrColIndA, info)

type (cusparseHandle) :: handle

integer(4) :: trans, m

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValM(¥*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseSolveAnalysisInfo) :: info
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5.6.9. cusparseSgtsv

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y

=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors

corresponding to its lower (dl), main (d), and upper (du) matrix diagonals; the right-hand sides

are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
integer (4) function cusparseSgtsv(handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
real (4), device :: dl(*), d(*), du(*), B(*)

5.6.10. cusparseDgtsv

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y

=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors

corresponding to its lower (dI), main (d), and upper (du) matrix diagonals; the right-hand sides

are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
integer (4) function cusparseDgtsv(handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
real (8), device :: dl(*), d(*), du(*), B(*)

5.6.11. cusparseCgtsv

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y

=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors

corresponding to its lower (dl), main (d), and upper (du) matrix diagonals; the right-hand sides

are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
integer (4) function cusparseCgtsv(handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
complex (4), device :: dl(*), d(*), du(*), B(*)

5.6.12. cusparseZgtsv

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y

=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors

corresponding to its lower (dl), main (d), and upper (du) matrix diagonals; the right-hand sides

are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
integer (4) function cusparseZgtsv(handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
complex (8), device :: dl(*), d(*), du(*), B(*)

5.6.13. cusparseSgtsv_nopivot

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y
=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors
corresponding to its lower (dl), main (d), and upper (du) matrix diagonals; the right-hand sides
are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
This function does not perform pivoting.
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integer (4) function cusparseSgtsv _nopivot (handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
real (4), device :: dl(*), d(*), du(*), B(*)

5.6.14. cusparseDgtsv_nopivot

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y
=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors
corresponding to its lower (dl), main (d), and upper (du) matrix diagonals; the right-hand sides
are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
This function does not perform pivoting.

integer (4) function cusparseDgtsv nopivot (handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
real (8), device :: dl(*), d(*), du(*), B(*)

5.6.15. cusparseCgtsv_nopivot

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y
=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors
corresponding to its lower (dI), main (d), and upper (du) matrix diagonals; the right-hand sides
are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
This function does not perform pivoting.

integer (4) function cusparseCgtsv _nopivot (handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
complex (4), device :: dl(*), d(*), du(*), B(*)

5.6.16. cusparseZgtsv_nopivot

GTSV computes the solution of atridiagonal linear system with multiple right hand sides: A * Y
=a* x The coefficient matrix A of thistri-diagonal linear system is defined with three vectors
corresponding to its lower (dl), main (d), and upper (du) matrix diagonals; the right-hand sides
are stored in the dense matrix X. The solution Y overwrites the righthand-side matrix X on exit.
This function does not perform pivoting.

integer (4) function cusparseZgtsv nopivot (handle, m, n, dl, d, du, B, 1ldb)

type (cusparseHandle) :: handle
integer(4) :: m, n, 1ldb
complex (8), device :: dl(*), d(*), du(*), B(*)

5.6.17. cusparseSgtsvStridedBatch

GTSV StridedBatch computes the solution of multiple tridiagonal linear systems with multiple
right hand sides: A * Y = a* x The coefficient matrix A of each tri-diagonal linear system

is defined with three vectors corresponding to its lower (dl), main (d), and upper (du) matrix
diagonals; the right-hand sides are stored in the dense matrix X. The solution Y overwrites the
righthand-side matrix X on exit.

integer (4) function cusparseSgtsvStridedBatch (handle, m, dl, d, du, x,
batchCount, batchStride)

type (cusparseHandle) :: handle
integer(4) :: m, n, batchCount, batchStride
real (4), device :: dl(*), d(*), du(*), x(*)
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5.6.18. cusparseDgtsvStridedBatch

GTSV StridedBatch computes the solution of multiple tridiagonal linear systems with multiple
right hand sides: A * Y = a* x The coefficient matrix A of each tri-diagonal linear system

is defined with three vectors corresponding to its lower (dl), main (d), and upper (du) matrix
diagonals; the right-hand sides are stored in the dense matrix X. The solution Y overwrites the
righthand-side matrix X on exit.

integer (4) function cusparseDgtsvStridedBatch (handle, m, dl, d, du, x,
batchCount, batchStride)

type (cusparseHandle) :: handle

integer(4) :: m, n, batchCount, batchStride

real (8), device :: dl(*), d(*), du(*), x(*)

5.6.19. cusparseCgtsvStridedBatch

GTSV StridedBatch computes the solution of multiple tridiagonal linear systems with multiple
right hand sides: A * Y =a* x The coefficient matrix A of each tri-diagonal linear system

is defined with three vectors corresponding to itslower (dl), main (d), and upper (du) matrix
diagonals; the right-hand sides are stored in the dense matrix X. The solution Y overwritesthe
righthand-side matrix X on exit.

integer (4) function cusparseCgtsvStridedBatch (handle, m, dl1, d, du, x,
batchCount, batchStride)

type (cusparseHandle) :: handle
integer(4) :: m, n, batchCount, batchStride
complex (4), device :: dl(*), d(*), du(*), x(*)

5.6.20. cusparseZgtsvStridedBatch

GTSV StridedBatch computes the solution of multiple tridiagonal linear systems with multiple
right hand sides: A * Y = a* x The coefficient matrix A of each tri-diagonal linear system

is defined with three vectors corresponding to its lower (dl), main (d), and upper (du) matrix
diagonals; the right-hand sides are stored in the dense matrix X. The solution Y overwrites the
righthand-side matrix X on exit.

integer (4) function cusparseZgtsvStridedBatch (handle, m, dl1, d, du, x,
batchCount, batchStride)

type (cusparseHandle) :: handle
integer(4) :: m, n, batchCount, batchStride
complex (8), device :: dl(*), d(*), du(*), x(*)

5.6.21. cusparseScsric02_bufferSize

This function returns the size of the buffer used in csric02.

integer (4) function cusparseScsric02 bufferSize (handle, m, nnz, descrAi,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsric02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted
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5.6.22. cusparseDcsric02_bufferSize

This function returns the size of the buffer used in csric02.

integer (4) function cusparseDcsric02 bufferSize (handle, m, nnz, descra,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

type (cusparseCsric02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.23. cusparseCcsric02_bufferSize

This function returns the size of the buffer used in csric02.

integer (4) function cusparseCcsric02 bufferSize (handle, m, nnz, descra,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsric02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

9.6.24. cusparseZcsric02_bufferSize

This function returns the size of the buffer used in csric02.

integer (4) function cusparseZcsric02 bufferSize (handle, m, nnz, descra,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsric02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.25. cusparseScsric02_analysis

This function performs the analysis phase of csric02.

integer (4) function cusparseScsric02 analysis(handle, m, nnz, descrhA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseCsric02Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.6.26. cusparseDcsric02_analysis

This function performs the analysis phase of csric02.
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integer (4) function cusparseDcsric02 analysis(handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseCsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.27. cusparseCcsric02_analysis

This function performs the analysis phase of csric02.

integer (4) function cusparseCcsric02 analysis(handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(¥*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.28. cusparseZcsric02_analysis

This function performs the analysis phase of csric02.

integer (4) function cusparseZcsric02 analysis(handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.29. cusparseScsric02

CSRICO02 performs the solve phase of computing the incomplete-Cholesky factorization with
zero fill-in and no pivoting.

integer (4) function cusparseScsric02 (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.30. cusparseDcsric02

CSRICO02 performs the solve phase of computing the incomplete-Cholesky factorization with
zero fill-in and no pivoting.
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integer (4) function cusparseDcsric02 (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.31. cusparseCcsric02

CSRICO02 performs the solve phase of computing the incomplete-Cholesky factorization with
zero fill-in and no pivoting.

integer (4) function cusparseCcsric02 (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(¥*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.32. cusparseZcsric02

CSRICO02 performs the solve phase of computing the incomplete-Cholesky factorization with
zero fill-in and no pivoting.

integer (4) function cusparseZcsric02 (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.33. cusparseXcsric02_zeroPivot

This function returns an error code equal to CUSPARSE_STATUS ZERO_PIVOT and sets
position to j when A(j,j) is either structural zero or numerical zero. Otherwise, position is set to
-1

integer (4) function cusparseXcsric02 zeroPivot (handle, info, position)

type (cusparseHandle) :: handle
type (cusparseCsric02Info) :: info
integer (4), device :: position ! device or host variable

5.6.34. cusparseScsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on the tol input argument.

integer (4) function cusparseScsrilu02 numericBoost (handle, info, enable boost,
tol, boost val)
type (cusparseHandle) :: handle
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type (cusparseCsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

real (4), device :: boost val ! device or host variable

5.6.35. cusparseDcsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on the tol input argument.

integer (4) function cusparseDcsrilu02 numericBoost (handle, info, enable boost,
tol, boost val)

type (cusparseHandle) :: handle

type (cusparseCsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

real (8), device :: boost val ! device or host variable

5.6.36. cusparseCcsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on thetol input argument.

integer (4) function cusparseCcsrilu02 numericBoost (handle, info, enable boost,
tol, boost val)

type (cusparseHandle) :: handle

type (cusparseCsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

complex (4), device :: boost val ! device or host variable

9.6.37. cusparseZcsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on thetol input argument.

integer (4) function cusparseZcsrilu02 numericBoost (handle, info, enable boost,
tol, boost val)

type (cusparseHandle) :: handle

type (cusparseCsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

complex (8), device :: boost val ! device or host variable

5.6.38. cusparseScsrilu02_bufferSize

This function returns the size of the buffer used in csrilu02.

integer (4) function cusparseScsrilu02 bufferSize (handle, m, nnz, descrAi,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsrilu02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

9.6.39. cusparseDcsrilu02_bufferSize

This function returns the size of the buffer used in csrilu02.
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integer (4) function cusparseDcsrilu02 bufferSize (handle, m, nnz, descrA,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseCsrilu02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.40. cusparseCcsrilu02_bufferSize

This function returns the size of the buffer used in csrilu02.

integer (4) function cusparseCcsrilu02 bufferSize(handle, m, nnz, descra,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrilul02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.41. cusparseZcsrilu02_bufferSize

This function returns the size of the buffer used in csrilu02.

integer (4) function cusparseZcsrilu02 bufferSize(handle, m, nnz, descra,
csrValA, csrRowPtrA, csrColIndA, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrilu02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.42. cusparseScsrilu02_analysis

This function performs the analysis phase of csrilu02.

integer (4) function cusparseScsrilu02 analysis (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

type (cusparseCsrilu02Info) :: info

integer(4) :: policy

character(c_char), device :: pBuffer (*)

5.6.43. cusparseDcsrilu02_analysis

This function performs the analysis phase of csrilu02.

integer (4) function cusparseDcsrilu02 analysis (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
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type (cusparseCsrilu02Info) :: info
integer(4) :: policy
character (c_char), device :: pBuffer (*)

5.6.44. cusparseCcsrilu02_analysis

This function performs the analysis phase of csrilu02.

integer (4) function cusparseCcsrilu02 analysis (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsrilu02Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.6.45. cusparseZcsrilu02_analysis

This function performs the analysis phase of csrilu02.

integer (4) function cusparseZcsrilu02 analysis (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsrilu02Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.6.46. cusparseScsrilu02

CSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A isan m x m sparse matrix that is defined in CSR storage format by the three arrays
csrtValA_vaM, csrRowPtrA, and csrColIndA.

integer (4) function cusparseScsrilu02 (handle, m, nnz, descrA,

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseCsrilu02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.47. cusparseDcsrilu02

CSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A isan m x m sparse matrix that is defined in CSR storage format by the three arrays
csrValA_valM, csrRowPtrA, and csrColIndA.

integer (4) function cusparseDcsrilu02 (handle, m, nnz, descrA, csrValAh,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle
integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA
real (8), device :: csrValA(*)
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integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsrilu02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.48. cusparseCcsrilu02

CSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A isan m x m sparse matrix that is defined in CSR storage format by the three arrays
csrVaA_vaM, csrRowPtrA, and csrColIndA.

integer (4) function cusparseCcsrilu02 (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsrilu02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.49. cusparseZcsrilu02

CSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A isan m x m sparse matrix that is defined in CSR storage format by the three arrays
csrVaA_vaM, csrRowPtrA, and csrColIndA.

integer (4) function cusparseZcsrilu02 (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseCsrilu02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.50. cusparseXcsrilu02_zeroPivot

This function returns an error code equal to CUSPARSE _STATUS ZERO PIVOT and sets
position to j when A(j,j) is either structural zero or numerical zero. Otherwise, position is set to
-1.

integer (4) function cusparseXcsrilu02 zeroPivot (handle, info, position)

type (cusparseHandle) :: handle
type (cusparseCsrilu02Info) :: info
integer (4), device :: position ! device or host variable

5.6.51. cusparseSbsric02_bufferSize

This function returns the size of the buffer used in bsric02.

integer (4) function cusparseSbsric02 bufferSize (handle, dirA, mb, nnzb, descrA,
bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
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integer (4) :: blockDim
type (cusparseBsric02Info) :: info
integer (4) :: pBufferSize ! integer(8) also accepted

5.6.52. cusparseDbsric02_bufferSize

This function returns the size of the buffer used in bsric02.

integer (4) function cusparseDbsric02 bufferSize (handle, dirA, mb, nnzb, descri,
bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.53. cusparseCbsric02_bufferSize

This function returns the size of the buffer used in bsric02.

integer (4) function cusparseCbsric02 bufferSize (handle, dirA, mb, nnzb, descrA,
bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.54. cusparseZbsric02_bufferSize

This function returns the size of the buffer used in bsric02.

integer (4) function cusparseZbsric02 bufferSize (handle, dirA, mb, nnzb, descrA,
bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

9.6.55. cusparseSbsric02_analysis

This function performs the analysis phase of bsric02.

integer (4) function cusparseSbsric02 analysis(handle, dirA, mb, nnzb, descrA,
bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
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integer (4) :: blockDim

type (cusparseBsric02Info) :: info
integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.56. cusparseDbsric02_analysis

This function performs the analysis phase of bsric02.

integer (4) function cusparseDbsric02 analysis(handle, dirA, mb, nnzb, descri,

bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.57. cusparseCbsric02_analysis

This function performs the analysis phase of bsric02.

integer (4) function cusparseCbsric02 analysis(handle, dirA, mb, nnzb, descrA,

bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.58. cusparseZbsric02_analysis

This function performs the analysis phase of bsric02.

integer (4) function cusparseZbsric02 analysis(handle, dirA, mb, nnzb, descri,

bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.59. cusparseSbsric02

BSRICO02 performs the solve phase of the incomplete-Cholesky factorization with zero fill-in
and no pivoting. A isan (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR

storage format by the three arrays bsrVaA, bsrRowPtrA, and bsrColIndA.
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integer (4) function cusparseSbsric02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.60. cusparseDbsric02

BSRICO02 performs the solve phase of the incompl ete-Cholesky factorization with zero fill-in
and no pivoting. A isan (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR
storage format by the three arrays bsrVa A, bsrRowPtrA, and bsrColIndA.

integer (4) function cusparseDbsric02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.61. cusparseCbsric02

BSRICO02 performs the solve phase of the incomplete-Cholesky factorization with zero fill-in
and no pivoting. A isan (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR
storage format by the three arrays bsrVaA, bsrRowPtrA, and bsrColIndA.

integer (4) function cusparseCbsric02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.62. cusparseZbsric02

BSRICO02 performs the solve phase of the incompl ete-Cholesky factorization with zero fill-in
and no pivoting. A isan (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR
storage format by the three arrays bsrVa A, bsrRowPtrA, and bsrColIndA.

integer (4) function cusparseZbsric02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle
integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA
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complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsric02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.63. cusparseXbsric02_zeroPivot

This function returns an error code equal to CUSPARSE_STATUS ZERO_PIVOT and sets
position to j when A(j,j) is either structural zero or numerical zero. Otherwise, position is set to
-1

integer (4) function cusparseXbsric02 zeroPivot (handle, info, position)

type (cusparseHandle) :: handle
type (cusparseBsric02Info) :: info
integer (4), device :: position ! device or host variable

5.6.64. cusparseSbsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on the tol input argument.

integer (4) function cusparseSbsrilu02 numericBoost (handle, info, enable boost,
tol, boost val)

type (cusparseHandle) :: handle

type (cusparseBsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

real (4), device :: boost val ! device or host variable

5.6.69. cusparseDbsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on thetol input argument.

integer (4) function cusparseDbsrilu02 numericBoost (handle, info, enable boost,
tol, boost wval)

type(cusgarseHandle) :: handle

type (cusparseBsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

real (8), device :: boost val ! device or host variable

5.6.66. cusparseCbsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on thetol input argument.

integer (4) function cusparseCbsrilu02 numericBoost (handle, info, enable boost,
tol, boost val)

type (cusparseHandle) :: handle

type (cusparseBsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

complex (4), device :: boost val ! device or host variable
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5.6.67. cusparseZbsrilu02_numericBoost

This function boosts the value to replace a numerical value in incomplete LU factorization, based
on the tol input argument.

integer (4) function cusparseZbsrilu02 numericBoost (handle, info, enable boost,
tol, boost val)

type (cusparseHandle) :: handle

type (cusparseBsrilu02Info) :: info

integer :: enable boost

real (8), device :: tol ! device or host variable

complex (8), device :: boost val ! device or host variable

5.6.68. cusparseSbsrilu02_bufferSize

This function returns the size of the buffer used in bsrilu02.

integer (4) function cusparseSbsrilu02 bufferSize (handle, dirA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

9.6.69. cusparseDbsrilu02_bufferSize

This function returns the size of the buffer used in bsrilu02.

integer (4) function cusparseDbsrilu02 bufferSize (handle, dirA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.70. cusparseCbsrilu02_bufferSize

This function returns the size of the buffer used in bsrilu02.

integer (4) function cusparseCbsrilu02 bufferSize (handle, dirA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted
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5.6.71. cusparseZbsrilu02_bufferSize

This function returns the size of the buffer used in bsrilu02.

integer (4) function cusparseZbsrilu02 bufferSize (handle, dirA, mb, nnzb,
descrA, bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)
integer(4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer (4) :: pBufferSize ! integer(8) also accepted

5.6.72. cusparseSbsrilu02_analysis

This function performs the analysis phase of bsrilu02.

integer (4) function cusparseSbsrilul02 analysis(handle, dirA, mb, nnzb, descrA,
bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.6.73. cusparseDbsrilu02_analysis

This function performs the analysis phase of bsrilu02.

integer (4) function cusparseDbsrilu02 analysis(handle, dirA, mb, nnzb, descrAi,
bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsrilul02Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.6.74. cusparseCbsrilu02_analysis

This function performs the analysis phase of bsrilu02.

integer (4) function cusparseCbsrilu02 analysis(handle, dirA, mb, nnzb, descrA,
bsrvValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim
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type (cusparseBsrilu02Info) :: info
integer(4) :: policy
character (c_char), device :: pBuffer (*)

5.6.75. cusparseZbsrilu02_analysis

This function performs the analysis phase of bsrilu02.

integer (4) function cusparseZbsrilu02 analysis(handle, dirA, mb, nnzb, descrAi,
bsrValA, bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.76. cusparseSbsrilu02

BSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A is an (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR storage
format by the three arrays bsrVaA, bsrRowPtrA, and bsrColIndA.

integer (4) function cusparseSbsrilu02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)

5.6.77. cusparseDbsrilu02

BSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A isan (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR storage
format by the three arrays bsrVaA, bsrRowPtrA, and bsrColIndA.

integer (4) function cusparseDbsrilu02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer(4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer(4) :: policy

character (c_char), device :: pBuffer (*)
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5.6.78. cusparseCbsrilu02

BSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A isan (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR storage
format by the three arrays bsrValA, bsrRowPtrA, and bsrColIndA.

integer (4) function cusparseCbsrilu02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.79. cusparseZbsrilu02

BSRILUO2 performs the solve phase of the incomplete-LU factorization with zero fill-in and no
pivoting. A is an (mb*blockDim) x (mb*blockDim) sparse matrix that is defined in BSR storage
format by the three arrays bsrVaA, bsrRowPtrA, and bsrColIndA.

integer (4) function cusparseZbsrilu02 (handle, dirA, mb, nnzb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, blockDim, info, policy, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dirA

integer (4) :: mb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: blockDim

type (cusparseBsrilu02Info) :: info

integer (4) :: policy

character (c_char), device :: pBuffer (*)

5.6.80. cusparseXbsrilu02_zeroPivot

This function returns an error code equal to CUSPARSE _STATUS ZERO PIVOT and sets
position to j when A(j,j) is either structural zero or numerical zero. Otherwise, position is set to
-1.

integer (4) function cusparseXbsrilu02 zeroPivot (handle, info, position)

type (cusparseHandle) :: handle
type (cusparseBsrilu02Info) :: info
integer (4), device :: position ! device or host variable

5.7. CUSPARSE Reordering Functions

This section contains interfaces for the reordering functions that are used to manipul ate sparse
matrices.
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5.7.1. cusparseScsrColor

This function performs the coloring of the adjacency graph associated with the matrix A stored in
CSR format.

integer (4) function cusparseScsrColor (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, fractionToColor, ncolors, coloring, reordering, info)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseColorInfo) :: info

integer :: m, nnz

real (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), coloring(*),
reordering (*)

real (4), device :: fractionToColor ! device or host variable

integer (4), device :: ncolors ! device or host variable

5.7.2. cusparseDcsrColor

This function performs the coloring of the adjacency graph associated with the matrix A stored in
CSR format.

integer (4) function cusparseDcsrColor (handle, m, nnz, descrA, csrValh,
csrRowPtrA, csrColIndA, fractionToColor, ncolors, coloring, reordering, info)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseColorInfo) :: info

integer :: m, nnz

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), coloring(*),
reordering (*)

real (8), device :: fractionToColor ! device or host variable

integer (4), device :: ncolors ! device or host variable

5.7.3. cusparseCcsrColor

This function performs the coloring of the adjacency graph associated with the matrix A stored in
CSR format.

integer (4) function cusparseCcsrColor (handle, m, nnz, descrA, csrValAh,
csrRowPtrA, csrColIndA, fractionToColor, ncolors, coloring, reordering, info)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseColorInfo) :: info

integer :: m, nnz

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), coloring(*),
reordering (*)

real (4), device :: fractionToColor ! device or host variable

integer (4), device :: ncolors ! device or host variable

5.7.4. cusparseZcsrColor

This function performs the coloring of the adjacency graph associated with the matrix A stored in
CSR format.

integer (4) function cusparseZcsrColor (handle, m, nnz, descrA, csrValA,
csrRowPtrA, csrColIndA, fractionToColor, ncolors, coloring, reordering, info)

type (cusparseHandle) :: handle
type (cusparseMatDescr) :: descrA
type (cusparseColorInfo) :: info
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integer :: m, nnz

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), coloring(*),
reordering (*)

real (8), device :: fractionToColor ! device or host variable

integer (4), device :: ncolors ! device or host variable

5.8. CUSPARSE Format Conversion Functions

This section contains interfaces for the conversion functions that are used to switch between
different sparse and dense matrix storage formats.

5.8.1. cusparseSbsr2csr

This function converts a sparse matrix in BSR format that is defined by the three arrays bsrValA,
bsrRowPtrA, and bsrColIndA into a sparse matrix in CSR format that is defined by the arrays
csrvVaC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseSbsr2csr (handle, dirA, nm, nb, descrA, bsrValAh,
bsrRowPtrA, bsrColIndA, blockDim, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dirA, mb, nb, blockDim

type (cusparseMatDescr) :: descrA, descrC

real (4), device :: bsrValA(*), csrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*), csrRowPtrC(*),
csrColIndC (*)

5.8.2. cusparseDbsr2csr

This function converts a sparse matrix in BSR format that is defined by the three arrays bsrValA,
bsrRowPtrA, and bsrCollndA into a sparse matrix in CSR format that is defined by the arrays
csrVaC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseDbsr2csr (handle, dirA, nm, nb, descrA, bsrValAa,
bsrRowPtrA, bsrColIndA, blockDim, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dirA, mb, nb, blockDim

type (cusparseMatDescr) :: descrA, descrC

real (8), device :: bsrValA(*), csrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*), csrRowPtrC(*),
csrColIndC (*)

5.8.3. cusparseCbsr2csr

This function converts a sparse matrix in BSR format that is defined by the three arrays bsrValA,
bsrRowPtrA, and bsrColIndA into a sparse matrix in CSR format that is defined by the arrays
csrvVaC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseCbsr2csr (handle, dirA, nm, nb, descrA, bsrValAh,
bsrRowPtrA, bsrColIndA, blockDim, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dirA, mb, nb, blockDim

type (cusparseMatDescr) :: descrA, descrC

complex (4), device :: bsrValA(*), csrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*), csrRowPtrC(*),
csrColIndC (*)
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5.8.4. cusparseZbsr2csr

This function converts a sparse matrix in BSR format that is defined by the three arrays bsrValA,
bsrRowPtrA, and bsrColIndA into a sparse matrix in CSR format that is defined by the arrays
csrvVaC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseZbsr2csr (handle, dirA, nm, nb, descrA, bsrValAh,
bsrRowPtrA, bsrColIndA, blockDim, descrC, csrValC, csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dirA, mb, nb, blockDim

type (cusparseMatDescr) :: descrA, descrC

complex (8), device :: bsrValA(*), csrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*), csrRowPtrC(*),
csrColIndC (*)

5.8.5. cusparsexXcoo2csr

This function converts the array containing the uncompressed row indices (corresponding to COO
format) into an array of compressed row pointers (corresponding to CSR format).

integer (4) function cusparseXcoo2csr (handle, cooRowInd, nnz, m, csrRowPtr,
idxBase)

type (cusparseHandle) :: handle
integer(4) :: nnz, m, idxBase
integer (4), device :: cooRowInd(*), csrRowPtr (*)

5.8.6. cusparseScsc2dense

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscVaA, cscCol PtrA, and cscRowlIndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros elsewhere.

integer (4) function cusparseScsc2dense (handle, m, n, descrA, cscValA,
cscRowIndA, cscColPtrA, A, lda)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (4), device :: cscValA(*), A(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

5.8.7. cusparseDcsc2dense

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscVaA, cscCol PtrA, and cscRowlIndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros el sewhere.

integer (4) function cusparseDcsc2dense (handle, m, n, descrA, cscValA,
cscRowIndA, cscColPtrA, A, lda)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (8), device :: cscValA(*), A(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)
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5.8.8. cusparseCcsc2dense

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscValA, cscColPtrA, and cscRowlndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros el sewhere.

integer (4) function cusparseCcsc2dense (handle, m, n, descrA, cscValA,
cscRowIndA, cscColPtrA, A, lda)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

complex (4), device :: cscValA(*), A(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

5.8.9. cusparseZcsc2dense

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscVaA, cscCol PtrA, and cscRowlIndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros elsewhere.

integer (4) function cusparseZcsc2dense (handle, m, n, descrA, cscValA,
cscRowIndA, cscColPtrA, A, lda)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

complex (8), device :: cscValA(*), A(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

5.8.10. cusparseScsc2hyb

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscValA, cscColPirA, and cscRowlndA into the sparse matrix A in HY B format.

integer (4) function cusparseScsc2hyb (handle, m, n, descrA, cscValA, cscRowIndA,
cscColPtrA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEl1lWidth, partitionType

type (cusparseMatDescr) :: descrA

real (4), device :: cscValA(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

type (cusparseHybMat) :: hybA

5.8.11. cusparseDcsczhyb

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscVaA, cscCol PtrA, and cscRowlIndA into the sparse matrix A in HY B format.

integer (4) function cusparseDcsc2hyb (handle, m, n, descrA, cscValA, cscRowIndA,
cscColPtrA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEllWidth, partitionType

type (cusparseMatDescr) :: descrA

real (8), device :: cscValA(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

type (cusparseHybMat) :: hybA
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5.8.12. cusparseCcsc2hyb

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscVaA, cscCol PtrA, and cscRowlIndA into the sparse matrix A in HY B format.

integer (4) function cusparseCcsc2hyb (handle, m, n, descrA, cscValA, cscRowIndA,
cscColPtrA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEllWidth, partitionType
type (cusparseMatDescr) :: descrA

complex (4), device :: cscValA (*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)
type (cusparseHybMat) :: hybA

5.8.13. cusparseZcsczhyb

This function converts the sparse matrix in CSC format that is defined by the three arrays
cscValA, cscColPirA, and cscRowlndA into the sparse matrix A in HY B format.

integer (4) function cusparseZcsc2hyb (handle, m, n, descrA, cscValA, cscRowIndA,
cscColPtrA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEl1lWidth, partitionType
type (cusparseMatDescr) :: descrA

complex (8), device :: cscValA(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)
type (cusparseHybMat) :: hybA

5.8.14. cusparseXcsr2bsrNnz

cusparseX csrgeamNnz computes the number of nonzero elements which will be produced by
CSRGEAM.

integer (4) function cusparseXcsr2bsrNnz (handle, dirA, m, n, descrA, csrRowPtrA,
csrColIndA, blockDim, descrC, bsrRowPtrC, nnzTotalDevHostPtr)

type (cusparseHandle) :: handle

integer :: dirA, m, n, blockdim

type (cusparseMatDescr) :: descrA, descrC

integer (4), device :: csrRowPtrA(*), csrColIndA(*), bsrRowPtrC(*)
integer (4), device :: nnzTotalDevHostPtr ! device or host variable

5.8.15. cusparseScsr2bsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in BSR format that is defined by
arrays bsrValC, bsrRowPtrC, and bsrCol IndC.

integer (4) function cusparseScsr2bsr (handle, dirA, m, n, descrA, csrValh,
csrRowPtrA, csrColIndA, blockDim, descrC, bsrValC, bsrRowPtrC, bsrColIndC)

type (cusparseHandle) :: handle

integer (4) :: dirA, m, n, blockdim

type (cusparseMatDescr) :: descrA, descrC

real (4), device :: csrValA(*), bsrvalC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), bsrRowPtrC(*),
bsrColIndC (*)
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5.8.16. cusparseDcsr2bsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in BSR format that is defined by
arrays bsrValC, bsrRowPtrC, and bsrCol IndC.

integer (4) function cusparseDcsr2bsr (handle, dirA, m, n, descrA, csrValAh,
csrRowPtrA, csrColIndA, blockDim, descrC, bsrValC, bsrRowPtrC, bsrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dirA, m, n, blockdim

type (cusparseMatDescr) :: descrA, descrC

real (8), device :: csrValA(*), bsrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), bsrRowPtrC(*),
bsrColIndC (*)

5.8.17. cusparseCcsr2bsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in BSR format that is defined by
arrays bsrValC, bsrRowPtrC, and bsrColIndC.

integer (4) function cusparseCcsr2bsr (handle, dirA, m, n, descrA, csrValh,
csrRowPtrA, csrColIndA, blockDim, descrC, bsrValC, bsrRowPtrC, bsrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dirA, m, n, blockdim

type (cusparseMatDescr) :: descrA, descrC

complex (4), device :: csrValA(*), bsrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), bsrRowPtrC(*),
bsrColIndC (*)

5.8.18. cusparseZcsr2bsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in BSR format that is defined by
arrays bsrValC, bsrRowPtrC, and bsrCol IndC.

integer (4) function cusparseZcsr2bsr (handle, dirA, m, n, descrA, csrValAh,
csrRowPtrA, csrColIndA, blockDim, descrC, bsrValC, bsrRowPtrC, bsrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dirA, m, n, blockdim

type (cusparseMatDescr) :: descrA, descrC

complex (8), device :: csrValA(*), bsrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*), bsrRowPtrC(*),
bsrColIndC (*)

5.8.19. cusparseXcsr2coo

This function converts the array containing the compressed row pointers (corresponding to CSR
format) into an array of uncompressed row indices (corresponding to COO format).

integer (4) function cusparseXcsr2coo (handle, csrRowPtr, nnz, m, cooRowlInd,
idxBase)

type (cusparseHandle) :: handle
integer(4) :: nnz, m, idxBase
integer (4), device :: csrRowPtr (*), cooRowInd(*)
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5.8.20. cusparseScsr2csc

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVal, csrRowPtr, and csrColInd into a sparse matrix in CSC format that is defined by arrays
cscVal, cscRowlnd, and cscCol Prr.

integer (4) function cusparseScsr2csc (handle, m, n, nnz, csrVal, csrRowPtr,
csrColInd, cscVal, cscRowInd, cscColPtr, copyValues, idxBase)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz, copyValues, idxBase

real (4), device :: csrVal(*), cscVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*), cscRowInd(*), cscColPtr (*)

5.8.21. cusparseDcsr2csc

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVal, csrRowPtr, and csrColInd into a sparse matrix in CSC format that is defined by arrays
cscVal, cscRowlnd, and cscCol Prr.

integer (4) function cusparseDcsr2csc (handle, m, n, nnz, csrVal, csrRowPtr,
csrColInd, cscVal, cscRowInd, cscColPtr, copyValues, idxBase)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz, copyValues, idxBase

real (8), device :: csrVal(*), cscVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*), cscRowInd(*), cscColPtr (*)

5.8.22. cusparseCcsr2csc

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVal, csrRowPtr, and csrColInd into a sparse matrix in CSC format that is defined by arrays
cscVal, cscRowlnd, and cscCol Prr.

integer (4) function cusparseCcsr2csc (handle, m, n, nnz, csrVal, csrRowPtr,
csrColInd, cscVal, cscRowInd, cscColPtr, copyValues, idxBase)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz, copyValues, idxBase

complex (4), device :: csrVal(*), cscVal(¥*)

integer (4), device :: csrRowPtr(*), csrColInd(*), cscRowInd(*), cscColPtr (*)

5.8.23. cusparseZcsr2csc

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVal, csrRowPtr, and csrColInd into a sparse matrix in CSC format that is defined by arrays
cscVal, cscRowlnd, and cscCol Prr.

integer (4) function cusparseZcsr2csc (handle, m, n, nnz, csrVal, csrRowPtr,
csrColInd, cscVal, cscRowInd, cscColPtr, copyValues, idxBase)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz, copyValues, idxBase

complex (8), device :: csrVal(*), cscVal(¥*)

integer (4), device :: csrRowPtr(*), csrColInd(*), cscRowInd(*), cscColPtr (*)

5.8.24. cusparseScsr2dense

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscVaA, cscRowPtrA, and cscCollndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros el sewhere.
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integer (4) function cusparseScsr2dense (handle, m, n, descrA, csrValA,
csrRowPtrA, csrColIndA, A, lda)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*), A(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

5.8.25. cusparseDcsr2dense

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscVaA, cscRowPtrA, and cscCollndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros el sewhere.

integer (4) function cusparseDcsr2dense (handle, m, n, descrA, csrValA,
csrRowPtrA, csrColIndA, A, lda)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*), A(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

5.8.26. cusparseCcsr2dense

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscVaA, cscRowPtrA, and cscCollndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros el sewhere.
integer (4) function cusparseCcsr2dense (handle, m, n, descrA, csrValA,
csrRowPtrA, csrColIndA, A, lda)
type (cusparseHandle) :: handle
integer(4) :: m, n, lda
type (cusparseMatDescr) :: descrA
complex (4), device :: csrValA(*), A(*)
integer (4), device :: csrRowPtrA(*), csrColIndA (*)

5.8.27. cusparseZcsr2dense

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscVaA, cscRowPtrA, and cscCollndA into the matrix A in dense format. The dense matrix A is
filled in with the values of the sparse matrix and with zeros elsewhere.

integer (4) function cusparseZcsr2dense (handle, m, n, descrA, csrValA,
csrRowPtrA, csrColIndA, A, lda)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*), A(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

5.8.28. cusparseScsr2hyb

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscValA, cscRowPtrA, and cscCollndA into a sparse matrix in HY B format.

integer (4) function cusparseScsr2hyb (handle, m, n, descrA, csrValA, csrRowPtrA,
csrColIndA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEl1lWidth, partitionType
type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA
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real (4), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)

5.8.29. cusparseDcsr2hyb

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscValA, cscRowPtrA, and cscCollndA into a sparse matrix in HY B format.

integer (4) function cusparseDcsr2hyb (handle, m, n, descrA, csrValA, csrRowPtrA,
csrColIndA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEl1lWidth, partitionType

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

5.8.30. cusparseCcsrzhyb

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscVaA, cscRowPtrA, and cscCollndA into a sparse matrix in HY B format.

integer (4) function cusparseCcsr2hyb (handle, m, n, descrA, csrValA, csrRowPtrA,
csrColIndA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEllWidth, partitionType
type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

5.8.31. cusparseZcsr2hyb

This function converts the sparse matrix in CSR format that is defined by the three arrays
cscValA, cscRowPtrA, and cscCollndA into a sparse matrix in HY B format.

integer (4) function cusparseZcsr2hyb (handle, m, n, descrA, csrValA, csrRowPtrA,
csrColIndA, hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, userEl1lWidth, partitionType
type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

5.8.32. cusparseSdense2csc

This function converts the matrix A in dense format into a sparse matrix in CSC format.

integer (4) function cusparseSdense2csc (handle, m, n, descrA, A, lda, nnzPerCol,
cscValA, cscRowIndA, cscColPtrAh)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (4), device :: A(*), cscValA(*)

integer (4), device :: nnzPerCol (*), cscRowIndA(*), cscColPtrA (*)

5.8.33. cusparseDdense2csc

This function converts the matrix A in dense format into a sparse matrix in CSC format.
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integer (4) function cusparseDdense2csc (handle, m, n, descrA, A, lda, nnzPerCol,
cscValA, cscRowIndA, cscColPtrA)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (8), device :: A(*), cscValA(*)

integer (4), device :: nnzPerCol (*), cscRowIndA(*), cscColPtrA (*)

5.8.34. cusparseCdense2csc

This function converts the matrix A in dense format into a sparse matrix in CSC format.

integer (4) function cusparseCdense2csc (handle, m, n, descrA, A, lda, nnzPerCol,
cscValA, cscRowIndA, cscColPtrAh)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

complex (4), device :: A(*), cscValA(*)

integer (4), device :: nnzPerCol (*), cscRowIndA(*), cscColPtrA(*)

5.8.35. cusparseZdense2csc

This function converts the matrix A in dense format into a sparse matrix in CSC format.

integer (4) function cusparseZdense2csc (handle, m, n, descrA, A, lda, nnzPerCol,
cscValA, cscRowIndA, cscColPtrAh)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

complex (8), device :: A(*), cscValA(*)

integer (4), device :: nnzPerCol (*), cscRowIndA(*), cscColPtrA (*)

5.8.36. cusparseSdense2csr

This function converts the matrix A in dense format into a sparse matrix in CSR format.

integer (4) function cusparseSdense2csr (handle, m, n, descrA, A, lda, nnzPerRow,
csrValA, csrRowPtrA, csrColIndA)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (4), device :: A(*), csrValA(*)

integer (4), device :: nnzPerRow (*), csrRowPtrA(*), csrColIndA (*)

5.8.37. cusparseDdense2csr

This function converts the matrix A in dense format into a sparse matrix in CSR format.

integer (4) function cusparseDdense2csr (handle, m, n, descrA, A, lda, nnzPerRow,
csrValA, csrRowPtrA, csrColIndA)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

real (8), device :: A(*), csrValA(*)

integer (4), device :: nnzPerRow(*), csrRowPtrA(*), csrColIndA (*)

5.8.38. cusparseCdense2csr

This function converts the matrix A in dense format into a sparse matrix in CSR format.

integer (4) function cusparseCdense2csr (handle, m, n, descrA, A, lda, nnzPerRow,
csrValA, csrRowPtrA, csrColIndA)
type (cusparseHandle) :: handle
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integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

complex (4), device :: A(*), csrValA(*)

integer (4), device :: nnzPerRow (*), csrRowPtrA(*), csrColIndA (*)

5.8.39. cusparseZdense2csr

This function converts the matrix A in dense format into a sparse matrix in CSR format.

integer (4) function cusparseZdense2csr (handle, m, n, descrA, A, lda, nnzPerRow,
csrValA, csrRowPtrA, csrColIndA)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda

type (cusparseMatDescr) :: descrA

complex (8), device :: A(*), csrValA(*)

integer (4), device :: nnzPerRow (*), csrRowPtrA(*), csrColIndA (*)

5.8.40. cusparseSdensezhyb

This function converts the matrix A in dense format into a sparse matrix in HY B format.

integer (4) function cusparseSdense2hyb (handle, m, n, descrA, A, lda, nnzPerRow,
hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer (4) :: m, n, lda, userEllWidth, partitionType
type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

real (4), device :: A(*)

integer (4), device :: nnzPerRow (*)

5.8.41. cusparseDdense2hyb

This function converts the matrix A in dense format into a sparse matrix in HY B format.

integer (4) function cusparseDdensez2hyb (handle, m, n, descrA, A, lda, nnzPerRow,
hybA, userEl1lWidth, partitionType)

type (cusparseHandle) :: handle

integer(4) :: m, n, lda, userEllWidth, partitionType
type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

real (8), device :: A(*)

integer (4), device :: nnzPerRow (*)

5.8.42. cusparseCdense2hyb

This function converts the matrix A in dense format into a sparse matrix in HY B format.

integer (4) function cusparseCdense2hyb (handle, m, n, descrA, A, lda, nnzPerRow,
hybA, userEllWidth, partitionType)

type (cusparseHandle) :: handle

integer (4) :: m, n, lda, userEllWidth, partitionType
type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (4), device :: A(*)

integer (4), device :: nnzPerRow (*)

5.8.43. cusparseZdense2hyb

This function converts the matrix A in dense format into a sparse matrix in HY B format.

integer (4) function cusparseZdensezhyb (handle, m, n, descrA, A, lda, nnzPerRow,
hybA, userEl1lWidth, partitionType)
type (cusparseHandle) :: handle
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integer(4) :: m, n, lda, userEllWidth, partitionType
type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (8), device :: A(*)

integer (4), device :: nnzPerRow (*)

5.8.44. cusparseShyb2csc

This function converts the sparse matrix A in HY B format into a sparse matrix in CSC format.

integer (4) function cusparseShyb2csc(handle, descrA, hybA, cscValA, cscRowIndA,
cscColPtrA)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

real (4), device :: cscValA(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

5.8.45. cusparseDhyb2csc

This function converts the sparse matrix A in HY B format into a sparse matrix in CSC format.

integer (4) function cusparseDhyb2csc (handle, descrA, hybA, cscValA, cscRowIndA,
cscColPtrA)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

real (8), device :: cscValA(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

5.8.46. cusparseChyb2csc

This function converts the sparse matrix A in HY B format into a sparse matrix in CSC format.

integer (4) function cusparseChyb2csc(handle, descrA, hybA, cscValA, cscRowIndA,
cscColPtrA)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (4), device :: cscValA(*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

5.8.47. cusparseZhyb2csc

This function converts the sparse matrix A in HY B format into a sparse matrix in CSC format.

integer (4) function cusparseZhyb2csc (handle, descrA, hybA, cscValA, cscRowIndA,
cscColPtrA)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (8), device :: cscValA (*)

integer (4), device :: cscRowIndA(*), cscColPtrA(*)

5.8.48. cusparseShyb2csr

This function converts the sparse matrix A in HY B format into a sparse matrix in CSR format.

integer (4) function cusparseShyb2csr (handle, descrA, hybA, csrValA, csrRowPtrA,
csrColIndA)

type (cusparseHandle) :: handle
type (cusparseMatDescr) :: descrA
type (cusparseHybMat) :: hybA
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real (4), device :: csrValA(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)

5.8.49. cusparseDhyb2csr

This function converts the sparse matrix A in HY B format into a sparse matrix in CSR format.

integer (4) function cusparseDhyb2csr (handle, descrA, hybA, csrValA, csrRowPtrA,
csrColIndA)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

real (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

5.8.50. cusparseChyb2csr

This function converts the sparse matrix A in HY B format into a sparse matrix in CSR format.

integer (4) function cusparseChyb2csr (handle, descrA, hybA, csrValA, csrRowPtrA,
csrColIndA)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (4), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA (*)

5.8.51. cusparseZhyb2csr

This function converts the sparse matrix A in HY B format into a sparse matrix in CSR format.

integer (4) function cusparseZhyb2csr (handle, descrA, hybA, csrValA, csrRowPtrA,
csrColIndA)

type (cusparseHandle) :: handle

type (cusparseMatDescr) :: descrA

type (cusparseHybMat) :: hybA

complex (8), device :: csrValA(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

5.8.52. cusparseShyb2dense

This function converts the sparse matrix in HY B format into the matrix A in dense format. The
dense matrix A isfilled in with the values of the sparse matrix and with zeros el sewhere.
integer (4) function cusparseShyb2dense (handle, descrA, hybA, A, 1lda)

type (cusparseHandle) :: handle
type (cusparseMatDescr) :: descrA
type (cusparseHybMat) :: hybA
real (4), device :: A(*)
integer(4) :: lda

5.8.53. cusparseDhyb2dense

This function converts the sparse matrix in HY B format into the matrix A in dense format. The
dense matrix A isfilled in with the values of the sparse matrix and with zeros el sewhere.
integer (4) function cusparseDhyb2dense (handle, descrA, hybA, A, lda)

type (cusparseHandle) :: handle
type (cusparseMatDescr) :: descrA
type (cusparseHybMat) :: hybA
real (8), device :: A(*)
integer(4) :: lda
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5.8.94. cusparseChyb2dense

This function converts the sparse matrix in HY B format into the matrix A in dense format. The
dense matrix A isfilled in with the values of the sparse matrix and with zeros elsewhere.

integer (4) function cusparseChyb2dense (handle, descrA, hybA, A, 1lda)

type (cusparseHandle) :: handle
type (cusparseMatDescr) :: descrA
type (cusparseHybMat) :: hybA
complex (4), device :: A(*)
integer(4) :: lda

5.8.55. cusparseZhyb2dense

This function converts the sparse matrix in HY B format into the matrix A in dense format. The
dense matrix A isfilled in with the values of the sparse matrix and with zeros el sewhere.

integer (4) function cusparseZhyb2dense (handle, descrA, hybA, A, 1lda)

type (cusparseHandle) :: handle
type (cusparseMatDescr) :: descrA
type (cusparseHybMat) :: hybA
complex (8), device :: A(*)
integer(4) :: lda

5.8.56. cusparseSnnz

This function computes the number of nonzero elements per row or column and the total number
of nonzero elementsin a dense matrix.

integer (4) function cusparseSnnz (handle, dirA, m, n, descrA, A, lda,
nnzPerRowColumn, nnzTotalDevHostPtr)

type (cusparseHandle) :: handle

integer :: dirA, m, n, lda

type (cusparseMatDescr) :: descrA

real (4), device :: A(*)

integer (4), device :: nnzPerRowColumn (*)

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

5.8.57. cusparseDnnz

This function computes the number of nonzero elements per row or column and the total number
of nonzero elementsin a dense matrix.

integer (4) function cusparseDnnz (handle, dirA, m, n, descrA, A, lda,
nnzPerRowColumn, nnzTotalDevHostPtr)

type (cusparseHandle) :: handle

integer :: dirA, m, n, lda

type (cusparseMatDescr) :: descrA

real (8), device :: A(*)

integer (4), device :: nnzPerRowColumn (*)

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

5.8.58. cusparseCnnz

This function computes the number of nonzero elements per row or column and the total number
of nonzero elementsin a dense matrix.

integer (4) function cusparseCnnz (handle, dirA, m, n, descrA, A, lda,
nnzPerRowColumn, nnzTotalDevHostPtr)
type (cusparseHandle) :: handle
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integer :: dirA, m, n, lda

type (cusparseMatDescr) :: descrA

complex (4), device :: A(*)

integer (4), device :: nnzPerRowColumn (*)

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

5.8.59. cusparseZnnz

This function computes the number of nonzero elements per row or column and the total number
of nonzero elementsin a dense matrix.

integer (4) function cusparseZnnz (handle, dirA, m, n, descrA, A, lda,
nnzPerRowColumn, nnzTotalDevHostPtr)

type (cusparseHandle) :: handle

integer :: dirA, m, n, lda

type (cusparseMatDescr) :: descrA

complex (8), device :: A(*)

integer (4), device :: nnzPerRowColumn (*)

integer (4), device :: nnzTotalDevHostPtr ! device or host variable

5.8.60. cusparseSgebsr2gebsc_bufferSize

This function returns the size of the buffer used in gebsr2gebsc.

integer (4) function cusparseSgebsr2gebsc bufferSize (handle, mb, nb, nnzb,
bsrvVal, bsrRowPtr, bsrCollInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: mb, nb, nnzb

real (4), device :: bsrVal (*)

integer (4), device :: bsrRowPtr(*), bsrCollInd(*)
integer (4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.61. cusparseDgebsr2gebsc_bufferSize

This function returns the size of the buffer used in gebsr2gebsc.

integer (4) function cusparseDgebsr2gebsc bufferSize (handle, mb, nb, nnzb,
bsrvVal, bsrRowPtr, bsrColInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: mb, nb, nnzb

real (8), device :: bsrVval (*)

integer (4), device :: bsrRowPtr (*), bsrColInd(*)

integer(4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.62. cusparseCgebsr2gebsc_bufferSize

This function returns the size of the buffer used in gebsr2gebsc.

integer (4) function cusparseCgebsr2gebsc bufferSize (handle, mb, nb, nnzb,
bsrvVal, bsrRowPtr, bsrCollInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: mb, nb, nnzb

complex (4), device :: bsrVal (*)

integer (4), device :: bsrRowPtr(*), bsrColInd(*)
integer (4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.63. cusparseZgebsr2gebsc_bufferSize

This function returns the size of the buffer used in gebsr2gebsc.
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integer (4) function cusparseZgebsr2gebsc bufferSize (handle, mb, nb, nnzb,
bsrVal, bsrRowPtr, bsrColInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: mb, nb, nnzb

complex (8), device :: bsrVal (*)

integer (4), device :: bsrRowPtr (*), bsrColInd(*)
integer (4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.64. cusparseSgebsr2gebsc

This function converts a sparse matrix in general block-CSR storage format to a sparse matrix in
general block-CSC storage format.

integer (4) function cusparseSgebsr2gebsc (handle, mb, nb, nnzb, bsrVal,
bsrRowPtr, bsrColInd, rowBlockDim, colBlockDim, bscVal, bscRowInd, bscColPtr,
copyValues, baselIdx, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: mb, nb, nnzb

real (4), device :: bsrVval (*)

integer (4), device :: bsrRowPtr (*), bsrColInd(*)

integer(4) :: rowBlockDim, colBlockDim

real (4), device :: bscVal (*)

integer (4), device :: bscRowInd(*), bscColPtr (*)

integer (4) :: copyValues, baseIdx

character (c_char), device :: pBuffer (*)

5.8.69. cusparseDgebsr2gebsc

This function converts a sparse matrix in general block-CSR storage format to a sparse matrix in
general block-CSC storage format.

integer (4) function cusparseDgebsr2gebsc (handle, mb, nb, nnzb, bsrval,
bsrRowPtr, bsrColInd, rowBlockDim, colBlockDim, bscVal, bscRowInd, bscColPtr,
copyValues, baseldx, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: mb, nb, nnzb

real (8), device :: bsrVal (*)

integer (4), device :: bsrRowPtr(*), bsrColInd(*)

integer (4) :: rowBlockDim, colBlockDim

real (8), device :: bscVal (*)

integer (4), device :: bscRowInd(*), bscColPtr (*)

integer (4) :: copyValues, baseldx

character (c_char), device :: pBuffer (*)

5.8.66. cusparseCgebsr2gebsc

This function converts a sparse matrix in general block-CSR storage format to a sparse matrix in
general block-CSC storage format.

integer (4) function cusparseCgebsr2gebsc (handle, mb, nb, nnzb, bsrVal,
bsrRowPtr, bsrColInd, rowBlockDim, colBlockDim, bscVal, bscRowInd, bscColPtr,
copyValues, baselIdx, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: mb, nb, nnzb

complex (4), device :: bsrVal (*)

integer (4), device :: bsrRowPtr(*), bsrColInd(*)
integer(4) :: rowBlockDim, colBlockDim

complex (4), device :: bscVal (*)

integer (4), device :: bscRowInd(*), bscColPtr (*)
integer (4) :: copyValues, baseIdx

character (c_char), device :: pBuffer (*)
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5.8.67. cusparseZgebsr2gebsc

This function converts a sparse matrix in general block-CSR storage format to a sparse matrix in
general block-CSC storage format.
integer (4) function cusparseZgebsr2gebsc (handle, mb, nb, nnzb, bsrVal,

bsrRowPtr, bsrColInd, rowBlockDim, colBlockDim, bscVal, bscRowInd, bscColPtr,
copyValues, baselIdx, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: mb, nb, nnzb

complex (8), device :: bsrVal (*)

integer (4), device :: bsrRowPtr (*), bsrColInd(*)
integer(4) :: rowBlockDim, colBlockDim

complex (8), device :: bscVal (*)

integer (4), device :: bscRowInd(*), bscColPtr (*)
integer (4) :: copyValues, baselIdx

character (c_char), device :: pBuffer (*)

5.8.68. cusparseSgebsr2gebsr_bufferSize

This function returns the size of the buffer used in gebsr2gebsrnnz and gebsr2gebsr.

integer (4) function cusparseSgebsr2gebsr bufferSize (handle, mb, nb, nnzb,
bsrval, bsrRowPtr, bsrColInd, rowBlockDimA, colBlockDimA, rowBlockDimC,
colBlockDimC, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: mb, nb, nnzb

real (4), device :: bsrVal (*)

integer (4), device :: bsrRowPtr(*), bsrColInd(*)

integer (4) :: rowBlockDimA, colBlockDimA, rowBlockDimC, colBlockDimC
integer (4) :: pBufferSize ! integer(8) also accepted

5.8.69. cusparseDgebsr2gebsr_bufferSize

This function returns the size of the buffer used in gebsr2gebsrnnz and gebsr2gebsr.

integer (4) function cusparseDgebsr2gebsr bufferSize (handle, mb, nb, nnzb,
bsrval, bsrRowPtr, bsrColInd, rowBlockDimA, colBlockDimA, rowBlockDimC,
colBlockDimC, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: mb, nb, nnzb

real (8), device :: bsrVal (*)

integer (4), device :: bsrRowPtr (*), bsrColInd(*)

integer (4) :: rowBlockDimA, colBlockDimA, rowBlockDimC, colBlockDimC
integer (4) :: pBufferSize ! integer(8) also accepted

5.8.70. cusparseCgebsr2gebsr_bufferSize

This function returns the size of the buffer used in gebsr2gebsrnnz and gebsr2gebsr.

integer (4) function cusparseCgebsr2gebsr bufferSize (handle, mb, nb, nnzb,
bsrvVal, bsrRowPtr, bsrColInd, rowBlockDimA, colBlockDimA, rowBlockDimC,
colBlockDimC, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: mb, nb, nnzb

complex (4), device :: bsrVal (*)

integer (4), device :: bsrRowPtr(*), bsrColInd(*)

integer (4) :: rowBlockDimA, colBlockDimA, rowBlockDimC, colBlockDimC
integer (4) :: pBufferSize ! integer (8) also accepted
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5.8.71. cusparseZgebsr2gebsr_bufferSize

This function returns the size of the buffer used in gebsr2gebsrnnz and gebsr2gebsr.

integer (4) function cusparseZgebsr2gebsr bufferSize (handle, mb, nb, nnzb,
bsrvVal, bsrRowPtr, bsrColInd, rowBlockDimA, colBlockDimA, rowBlockDimC,
colBlockDimC, pBufferSize)

type (cusparseHandle) :: handle

integer (4) :: mb, nb, nnzb

complex (8), device :: bsrVal (*)

integer (4), device :: bsrRowPtr (*), bsrColInd(*)

integer (4) :: rowBlockDimA, colBlockDimA, rowBlockDimC, colBlockDimC
integer (4) :: pBufferSize ! integer (8) also accepted

5.8.72. cusparseXgebsr2gebsrNnz

cusparseX csrgeamNnz computes the number of nonzero elements which will be produced by
CSRGEAM.
integer (4) function cusparseXgebsr2gebsrNnz (handle, dir, mb, nb, nnzb, descra,

bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, bsrRowPtrC,
rowBlockDimC, colBlockDimC, nnzTotalDevHostPtr, pBuffer)

type (cusparseHandle) :: handle

integer :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

integer :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*)

integer :: rowBlockDimC, colBlockDimC

integer (4), device :: nnzTotalDevHostPtr ! device or host variable
character, device :: pBuffer (*)

5.8.73. cusparseSgebsr2gebsr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in another general BSR format
that is defined by arrays bsrVaC, bsrRowPtrC, and bsrColIndC.

integer (4) function cusparseSgebsr2gebsr (handle, dir, mb, nb, nnzb, descrA,
bsrvalA, bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, bsrValC,
bsrRowPtrC, bsrColIndC, rowBlockDimC, colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*), bsrvValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

integer(4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC (*)

integer (4) :: rowBlockDimC, colBlockDimC

character (c_char), device :: pBuffer (*)

5.8.74. cusparseDgebsr2gebsr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in another general BSR format
that is defined by arrays bsrVaC, bsrRowPtrC, and bsrColIndC.

PGI Fortran CUDA Library Interfaces 293



SPARSE Matrix Runtime Library APIs

integer (4) function cusparseDgebsr2gebsr (handle, dir, mb, nb, nnzb, descrAi,
bsrvalA, bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, bsrValC,
bsrRowPtrC, bsrColIndC, rowBlockDimC, colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*), bsrvValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)

integer(4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC(*)

integer (4) :: rowBlockDimC, colBlockDimC

character (c_char), device :: pBuffer (*)

5.8.75. cusparseCgebsr2gebsr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in another general BSR format
that is defined by arrays bsrVaC, bsrRowPtrC, and bsrColIndC.

integer (4) function cusparseCgebsr2gebsr (handle, dir, mb, nb, nnzb, descrAi,
bsrvValA, bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, bsrValC,
bsrRowPtrC, bsrColIndC, rowBlockDimC, colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*), bsrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)

integer (4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC(*)

integer (4) :: rowBlockDimC, colBlockDimC

character (c_char), device :: pBuffer (*)

5.8.76. cusparseZgebsr2gebsr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in another general BSR format
that is defined by arrays bsrVaC, bsrRowPtrC, and bsrColIndC.

integer (4) function cusparseZgebsr2gebsr (handle, dir, mb, nb, nnzb, descrA,
bsrvValA, bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, bsrValC,
bsrRowPtrC, bsrColIndC, rowBlockDimC, colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer (4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*), bsrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)

integer (4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC(*)

integer (4) :: rowBlockDimC, colBlockDimC

character (c_char), device :: pBuffer (*)

5.8.77. cusparseSgebsr2csr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in CSR format that is defined
by arrays csrValC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseSgebsr2csr (handle, dir, mb, nb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, csrValcC,
csrRowPtrC, csrColIndC)
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type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: bsrValA(*), csrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer(4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: csrRowPtrC(*), csrColIndC(*)

5.8.78. cusparseDgebsr2csr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in CSR format that is defined
by arrays csrVaC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseDgebsr2csr (handle, dir, mb, nb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, csrValC,
csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer (4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: bsrValA(*), csrValC(*)

integer (4), device :: bsrRowPtrA(*), bsrColIndA(*)

integer (4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: csrRowPtrC(*), csrColIndC(*)

5.8.79. cusparseCgebsr2csr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in CSR format that is defined
by arrays csrVaC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseCgebsr2csr (handle, dir, mb, nb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, csrValcC,
csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: bsrValA(*), csrValC(*)
integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: csrRowPtrC(*), csrColIndC(*)

5.8.80. cusparseZgebsr2csr

This function converts a sparse matrix in general BSR storage format that is defined by the three
arrays bsrValA, bsrRowPtrA, and bsrColIndA into a sparse matrix in CSR format that is defined
by arrays csrVaC, csrRowPtrC, and csrCol IndC.

integer (4) function cusparseZgebsr2csr (handle, dir, mb, nb, descrA, bsrValA,
bsrRowPtrA, bsrColIndA, rowBlockDimA, colBlockDimA, descrC, csrValcC,
csrRowPtrC, csrColIndC)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: bsrValA(*), csrValC(¥*)
integer (4), device :: bsrRowPtrA(*), bsrColIndA (*)
integer (4) :: rowBlockDimA, colBlockDimA

type (cusparseMatDescr) :: descrC

integer (4), device :: csrRowPtrC(*), csrColIndC(*)
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5.8.81. cusparseScsr2gebsr_bufferSize

This function returns the size of the buffer used in csr2gebsrnnz and csr2gebsr.

integer (4) function cusparseScsr2gebsr bufferSize (handle, dir, m, n, descrA,
csrVal, csrRowPtr, csrColInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dir, m, n

real (4), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)
integer (4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.82. cusparseDcsr2gebsr_bufferSize

This function returns the size of the buffer used in csr2gebsrnnz and csr2gebsr.

integer (4) function cusparseDcsr2gebsr bufferSize (handle, dir, m, n, descrA,
csrVal, csrRowPtr, csrColInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dir, m, n

real (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

integer (4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.83. cusparseCcsr2gebsr_bufferSize

This function returns the size of the buffer used in csr2gebsrnnz and csr2gebsr.

integer (4) function cusparseCcsr2gebsr bufferSize (handle, dir, m, n, descrA,
csrVal, csrRowPtr, csrColInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dir, m, n

complex (4), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)
integer (4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.84. cusparseZcsr2gebsr_bufferSize

This function returns the size of the buffer used in csr2gebsrnnz and csr2gebsr.

integer (4) function cusparseZcsr2gebsr bufferSize (handle, dir, m, n, descrA,
csrVal, csrRowPtr, csrColInd, rowBlockDim, colBlockDim, pBufferSize)

type (cusparseHandle) :: handle

integer(4) :: dir, m, n

complex (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)
integer (4) :: rowBlockDim, colBlockDim

integer (4) :: pBufferSize ! integer(8) also accepted

5.8.85. cusparseXcsr2gebsrNnz

cusparseX csrgeamNnz computes the number of nonzero elements which will be produced by
CSRGEAM.

integer (4) function cusparseXcsr2gebsrNnz (handle, dir, m, n, descrA,
csrRowPtrA, csrColIndA, descrC, bsrRowPtrC, rowBlockDimC, colBlockDimC,
nnzTotalDevHostPtr, pBuffer)

type (cusparseHandle) :: handle

integer :: dir, m, n
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type (cusparseMatDescr) :: descrA

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC (*)

integer :: rowBlockDimC, colBlockDimC

integer (4), device :: nnzTotalDevHostPtr ! device or host variable
character, device :: pBuffer (*)

5.8.86. cusparseScsr2gebsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in general BSR format that is defined
by arrays bsrVaC, bsrRowPtrC, and bsrColIndC.

integer (4) function cusparseScsr2gebsr (handle, dir, m, n, descrA, csrValA,
csrRowPtrA, csrColIndA, descrC, bsrValC, bsrRowPtrC, bsrColIndC, rowBlockDimC,
colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

real (4), device :: csrValA(*), bsrValC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC(*)

integer (4) :: rowBlockDimC, colBlockDimC

character (c_char), device :: pBuffer (*)

5.8.87. cusparseDcsr2gebsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in general BSR format that is defined
by arrays bsrVaC, bsrRowPtrC, and bsrCol IndC.

integer (4) function cusparseDcsr2gebsr (handle, dir, m, n, descrA, csrValA,
csrRowPtrA, csrColIndA, descrC, bsrValC, bsrRowPtrC, bsrColIndC, rowBlockDimC,
colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

real (8), device :: csrValA(*), bsrvalC(*)

integer (4), device :: csrRowPtrA(*), csrColIndA(*)

type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC(*)

integer (4) :: rowBlockDimC, colBlockDimC

character (c_char), device :: pBuffer (*)

5.8.88. cusparseCcsr2gebsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays
csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in general BSR format that is defined
by arrays bsrVaC, bsrRowPtrC, and bsrColIndC.

integer (4) function cusparseCcsr2gebsr (handle, dir, m, n, descrA, csrValA,

csrRowPtrA, csrColIndA, descrC, bsrValC, bsrRowPtrC, bsrColIndC, rowBlockDimC,
colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

complex (4), device :: csrValA(*), bsrValC(*)
integer (4), device :: csrRowPtrA(*), csrColIndA (*)
type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC(*)
integer (4) :: rowBlockDimC, colBlockDimC
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character (c_char), device :: pBuffer (*)

5.8.89. cusparseZcsr2gebsr

This function converts a sparse matrix in CSR storage format that is defined by the three arrays

csrVaA, csrRowPtrA, and csrColIndA into a sparse matrix in general BSR format that is defined

by arrays bsrVaC, bsrRowPtrC, and bsrCol IndC.

integer (4) function cusparseZcsr2gebsr (handle, dir, m, n, descrA, csrValA,

csrRowPtrA, csrColIndA, descrC, bsrValC, bsrRowPtrC, bsrColIndC, rowBlockDimC,

colBlockDimC, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: dir, mb, nb, nnzb

type (cusparseMatDescr) :: descrA

complex (8), device :: csrValA(*), bsrValC(*)
integer (4), device :: csrRowPtrA(*), csrColIndA(*)
type (cusparseMatDescr) :: descrC

integer (4), device :: bsrRowPtrC(*), bsrColIndC(*)
integer(4) :: rowBlockDimC, colBlockDimC
character (c_char), device :: pBuffer (*)

5.8.90. cusparseCreateldentityPermutation

This function creates an identity map. The output parameter p represents such map by p = 0:1:
(n-1). Thisfunction istypically used with coosort, csrsort, cscsort, and csr2csc_indexOnly.

integer (4) function cusparseCreateldentityPermutation (handle, n, p)

type (cusparseHandle) :: handle
integer(4) :: n
integer (4), device :: p(*)

5.8.91. cusparseXcoosort_bufferSize

This function returns the size of the buffer used in coosort.

integer (4) function cusparseXcoosort bufferSize (handle, m, n, nnz, cooRows,
cooCols, pBufferSizelInBytes)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

integer (4), device :: cooRows (*), cooCols (*)
integer (8) :: pBufferSizeInBytes

5.8.92. cusparseXcoosortByRow

This function sorts the sparse matrix stored in COO format.

integer (4) function cusparseXcoosortByRow (handle, m, n, nnz, cooRows, cooCols,

P, pBuffer)
type (cusparseHandle) :: handle
integer(4) :: m, n, nnz
integer (4), device :: cooRows (*), cooCols(*), P(*)
character (c_char), device :: pBuffer (*)

5.8.93. cusparseXcoosortByColumn

This function sorts the sparse matrix stored in COO format.

integer (4) function cusparseXcoosortByColumn (handle, m, n, nnz, cooRows,
cooCols, P, pBuffer)

type (cusparseHandle) :: handle
integer(4) :: m, n, nnz
integer (4), device :: cooRows (*), cooCols(*), P(*)
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character (c_char), device :: pBuffer (*)

5.8.94. cusparseXcsrsort_bufferSize

This function returns the size of the buffer used in csrsort.

integer (4)
csrColInd, pBufferSizeInBytes)

type (cusparseHandle) :: handle
integer(4) :: m, n, nnz
integer (4), device csrRowInd (*), csrColInd(*)

integer(8) :: pBufferSizelInBytes

5.8.93. cusparseXcsrsort
This function sorts the sparse matrix stored in CSR format.

integer (4) function cusparseXcsrsort (handle, m, n,
P, pBuffer)

type (cusparseHandle) : handle

integer(4) :: m, n, nnz

integer (4), device csrRowInd (*), csrColInd(*),

character (c_char), device :: pBuffer (*)

5.8.96. cusparseXcscsort_bufferSize

This function returns the size of the buffer used in cscsort.

integer (4)
cscRowInd, pBufferSizelInBytes)

type (cusparseHandle) :: handle
integer(4) :: m, n, nnz
integer (4), device cscColPtr(*), cscRowInd(*)

integer(8) :: pBufferSizelInBytes

5.8.97. cusparseXcscsort
This function sorts the sparse matrix stored in CSC format.

integer (4) function cusparseXcscsort (handle, m, n,
P, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

integer (4), device cscColPtr (*), cscRowInd(*),

character (c_char), device :: pBuffer (*)

5.8.98. cusparseScsru2csr_bufferSize

This function returns the size of the buffer used in csru2csr.

integer (4)
csrRowPtr, csrCollInd, info, pBufferSizeInBytes)
type (cusparseHandle) :: handle
integer(4) :: m, n, nnz
real (4), device csrVal (*)
integer (4), device csrRowPtr (*), csrColInd(*)
type (cusparseCsru2csrInfo) info
integer(8) :: pBufferSizelInBytes

5.8.99. cusparseDcsru2csr_bufferSize

This function returns the size of the buffer used in csru2csr.
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integer (4) function cusparseDcsru2csr bufferSize (handle, m, n, nnz, csrVal,
csrRowPtr, csrCollInd, info, pBufferSizeInBytes)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

real (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

integer(8) :: pBufferSizelInBytes

5.8.100. cusparseCcsru2csr_bufferSize

This function returns the size of the buffer used in csru2csr.

integer (4) function cusparseCcsru2csr bufferSize (handle, m, n, nnz, csrval,
csrRowPtr, csrCollInd, info, pBufferSizeInBytes)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

complex (4), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

integer (8) :: pBufferSizeInBytes

5.8.101. cusparseZcsru2csr_bufferSize

This function returns the size of the buffer used in csru2csr.

integer (4) function cusparseZcsru2csr bufferSize (handle, m, n, nnz, csrVal,
csrRowPtr, csrCollInd, info, pBufferSizeInBytes)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

complex (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

integer(8) :: pBufferSizelInBytes

5.8.102. cusparseScsru2csr
This function transfers unsorted CSR format to CSR format.

integer (4) function cusparseScsru2csr (handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrCollInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)
type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)

5.8.103. cusparseDcsru2csr
This function transfers unsorted CSR format to CSR format.

integer (4) function cusparseDcsru2csr (handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrColInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)
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5.8.104. cusparseCcsru2csr
This function transfers unsorted CSR format to CSR format.

integer (4) function cusparseCcsru2csr (handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrCollInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)

5.8.105. cusparseZcsru2csr
This function transfers unsorted CSR format to CSR format.

integer (4) function cusparseZcsru2csr (handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrColInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)

5.8.106. cusparseScsr2csru

This function performs the backwards transformation from sorted CSR format to unsorted CSR
format.

integer (4) function cusparseScsr2csru(handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrCollInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

real (4), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)

5.8.107. cusparseDcsr2csru

This function performs the backwards transformation from sorted CSR format to unsorted CSR
format.

integer (4) function cusparseDcsr2csru(handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrCollInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

real (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)
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5.8.108. cusparseCcsr2csru

This function performs the backwards transformation from sorted CSR format to unsorted CSR
format.

integer (4) function cusparseCcsr2csru(handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrCollInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

complex (4), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)

5.8.109. cusparseZcsr2csru

This function performs the backwards transformation from sorted CSR format to unsorted CSR
format.

integer (4) function cusparseZcsr2csru(handle, m, n, nnz, descrA, csrVal,
csrRowPtr, csrColInd, info, pBuffer)

type (cusparseHandle) :: handle

integer(4) :: m, n, nnz

type (cusparseMatDescr) :: descrA

complex (8), device :: csrVal (*)

integer (4), device :: csrRowPtr(*), csrColInd(*)

type (cusparseCsru2csrInfo) :: info

character (c_char), device :: pBuffer (*)
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Chapter 6.
EXAMPLES

This section contains examples with source code.

6.1. Using cuBLAS from OpenACC Host Code

This example demonstrates the use of the cublas module, the cublasHandle type, and severa
forms of blas calls from OpenACC data regions.

Simple OpenACC BLAS Test

program testcublas
! compile with pgfortran -ta=tesla -Mcudalib=cublas -Mcuda testcublas.f90
call testcul (1000)
call testcu2(1000)
end
i
subroutine testcul (n)
use openacc
use cublas
integer :: a(n), b(n)
type (cublasHandle) :: h
istat = cublasCreate (h)
! Force OpenACC kernels and cuBLAS to use the OpenACC stream.
istat = cublasSetStream(h, acc get cuda stream(acc_async_sync))
!'Sacc data copyout (a, b)
!Sacc kernels
a =1
b =2
!Sacc end kernels
! No host data, we are lexically inside a data region
! sswap will accept any kind(4) data type
call sswap(n, a, 1, b, 1)
call cublasSswap(n, a, 1, b, 1)
!Sacc end data
if (all(a.eg.l).and.all(b.eq.2)) then
print *,"Test PASSED"
else
print *,"Test FAILED"
endif
end
|
subroutine testcu2 (n)
use openacc
use cublas
real(8) :: a(n), b(n)
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a 1.0d0

b = 2.0d0

!'Sacc data copy(a, b)

!Sacc host data use device(a,b)

call dswap(n, a, 1, b, 1)

call cublasDswap(n, a, 1, b, 1)

!$acc end host data

!'Sacc end data

if (all(a.eq.1.0d0).and.all(b.eqg.2.0d0)) then
print *,"Test PASSED"

else
print *,"Test FAILED"
endif
end
CUBLASXT BLAS Test

This example demonstrates the use of the cublasxt module

program testcublasxt
call testxtl (1000)
call testxt2(1000)
end
i
subroutine testxtl (n)
use cublasxt
real(4) :: a(n,n), b(n,n), c(n,n), alpha, beta
type (cublasXtHandle) :: h
integer ndevices (1)
a=1.0
b =2.0
c=-1.0
alpha = 1.0
beta = 0.0
istat = cublasXtCreate (h)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
ndevices (1) = 0
istat = cublasXtDeviceSelect (h, 1, ndevices)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
istat = cublasXtSgemm(h, CUBLAS OP N, CUBLAS OP N, &
n, n, n, &
alpha, A, n, B, n, beta, C, n)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
istat = cublasXtDestroy (h)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
if (all(c.eq.2.0*n)) then
print *,"Test PASSED"

else

print *,"Test FAILED"
endif
print *,c(1,1),c(n,n)
end

subroutine testxt2 (n)

use cublasxt

real(8) :: a(n,n), b(n,n), c(n,n), alpha, beta
type (cublasXtHandle) :: h

integer ndevices (1)

a = 1.0d0

b = 2.0d0

c = -1.0d0

alpha = 1.0d0

beta = 0.0

istat = cublasXtCreate (h)

if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
ndevices (1) = 0

istat = cublasXtDeviceSelect (h, 1, ndevices)
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if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
istat = cublasXtDgemm(h, CUBLAS OP N, CUBLAS OP N, &
n, n, n, &
alpha, A, n, B, n, beta, C, n)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
istat = cublasXtDestroy (h)
if (istat .ne. CUBLAS STATUS SUCCESS) print *,istat
if (all(c.eqg.2.0d0*n)) then
print *,"Test PASSED"

else

print *,"Test FAILED"
endif
print *,c(1,1),c(n,n)
end

6.2. Using cuBLAS from OpenACC Device Code

This example demonstrates the use of the openacc_cublas module from within an OpenACC
kernel.

Simple BLAS Test from Device Code

module mtests
integer, parameter :: n = 100
contains
subroutine testcu( a, b )
use openacc_cublas
real :: a(n), b(n)
type (cublasHandle) :: h
!$acc parallel num gangs(l) copy(a,b,h)
j = cublasCreate (h)
Jj cublasSswap(h,n,a,1,b,1)
j = cublasDestroy (h)
!Sacc end parallel
return
end subroutine
end module mtests

program t
! compile with pgfortran -ta=tesla:cc35 -Mcuda t.f90 -lcublas device
use mtests
real :: a(n), b(n), c(n)
logical passing
a=1.0
b=2.0
passing = .true.
call testcu(a,b)
print *,"Should all be 2.0"
print *,a
passing = passing .and. all(a.eqg.2.0)
print *,"Should all be 1.0"
print *,
passing passing .and. all(b.eqg.1.0)
if (passing) then
print *,"Test PASSED"
else
print *,"Test FAILED"
endif
end program

I o

PGI Fortran CUDA Library Interfaces

305



Examples

6.3. Using cuBLAS from CUDA Fortran Host Code

This example demonstrates the use of the cublas module, the cublasHandle type, and several
forms of blas calls.

Simple BLAS Test

program testisamax

! Compile with "pgfortran testisamax.cuf -Mcudalib=cublas -1lblas"
! Use the PGI cudafor and cublas modules

use cudafor

use cublas

|

real*4, device, allocatable :: xd(:)

real*4d x(1000)
integer, device :: kd
type (cublasHandle) :: h

call random number (x)

! FO90 way

i = maxloc(x,dim=1)

print *,1

print *,x(i-1),x(i),x(i+1)

! Host way

j = isamax(1000,x,1)

print *,J

print *,x(j-1),x(3),x(j+1)

! CUDA Generic BLAS way
allocate (xd (1000))

xd = x
k = isamax(1000,xd,1)
print *,k

print *,x(k-1),x(k),x(k+1)

! CUDA Specific BLAS way

k = cublasIsamax(1000,xd,1)
print *,k

print *,x(k-1),x(k),x(k+1)

! CUDA V2 Host Specific BLAS way

istat = cublasCreate (h)
if (istat .ne. 0) print *,"cublasCreate returned ",istat
k =0

istat = cublasIsamax v2(h, 1000, xd, 1, k)

if (istat .ne. 0) print *,"cublasIsamax 1 returned ",istat
print *,k

print *,x(k-1),x(k),x(k+1)

! CUDA V2 Device Specific BLAS way

k=0

istat = cublasIsamax v2(h, 1000, xd, 1, kd)

if (istat .ne. 0) print *,"cublasIsamax 2 returned ",istat
k = kd

print *,k

print *,x(k-1),x(k),x(k+1)

istat = cublasDestroy (h)
if (istat .ne. 0) print *,"cublasDestroy returned ",istat

end program
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Multi-threaded BLAS Test

This example demonstrates the use of the cublas module in a multi-threaded code. Each thread
will attach to a different GPU, create a context, and combine the results at the end.

program tsgemm
|

! Multi-threaded example calling sgemm from cuda fortran.
! Compile with "pgfortran -mp tsgemm.cuf -Mcudalib=cublas"
! Set OMP_NUM THREADS=number of GPUs in your system.

l§

use cublas
use cudafor
use omp lib
l§

! Size this according to number of GPUs
|

! Small

!integer, parameter K = 2500
!integer, parameter :: M = 2000
!integer, parameter N = 2000

! Large

integer, parameter :: K = 10000
integer, parameter :: M = 10000
integer, parameter :: N = 10000
integer, parameter NTIMES = 10
|

real*4, device, allocatable :: a d(:,:), b d(:,:), c d(:,:)

!$omp THREADPRIVATE (a d,b d,c d)
real*4d a(m,k), b(k,n), c(m,n)
real*4 alpha, beta

integer, allocatable :: offs(:)
type (cudaEvent) :: start, stop

=1.0; b =0.0; ¢c=20.0
i 1, N

b(i,i) = 1.0

end do

alpha = 1.0; beta = 1.0

a
do

! Break up the B and C array into sections
nthr = omp get max threads ()
nsec = N / nthr

print *,"Running with ",nthr," threads, each section = ",nsec
allocate (offs (nthr))
offs = (/ (i*nsec,i=0,nthr-1) /)

! Allocate and initialize the arrays
! Each thread connects to a device and creates a CUDA context.
!'Somp PARALLEL private (i,istat)

i = omp get thread num() + 1

istat = cudaSetDevice (i-1)
allocate(a_d(M,K), b d(K,nsec), c d(M,nsec))
ad=a

b d = Db(:,0ffs(i)+1l:0ffs (i) +nsec)

c d = c(:,0ffs(i)+1l:0ffs (i) +nsec)
!Somp end parallel

istat = cudaEventCreate(start)
istat = cudaEventCreate (stop)
time = 0.0

istat = cudaEventRecord(start, 0)

! Run the traditional blas kernel
!'Somp PARALLEL private (j,istat)
do j = 1, NTIMES
call sgemm('n','n', M, N/nthr, K, alpha, a d, M, b d, K, beta, c_d, M)
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end do
istat = cudaDeviceSynchronize ()
!Somp end parallel

istat cudaEventRecord (stop, 0)
istat = cudaEventElapsedTime (time, start, stop)
time = time / (NTIMES*1.0e3)
!'Somp PARALLEL private (i)
i = omp _get thread num() + 1
c(:,0ffs(i)+1l:0ffs(i)+nsec) = c d
!Somp end parallel
nerrors = 0
do j =1, N
doi=1, M
if (c(i,]j) .ne. NTIMES) nerrors = nerrors + 1
end do
end do
print *,"Number of Errors:",nerrors
gflops = 2.0 * N * M * K/time/1le9
write (*,901) m,k,k,N,time*1.0e3,gflops
901 format(iO,'x',i0,"' * ',i0,'x"',1i0,":\t',£f8.3,"' ms\t',f12.3,"' GFlops/s"')
end

6.4. Using cuBLAS from CUDA Fortran Device Code

This example demonstrates the use of the cublas_device module from a CUDA Fortran global
subroutines.

Simple BLAS Test from Device Code

module mtests
use cublas device
contains
attributes (global) subroutine testb( a, b, n )
real, device :: a(*), b(*)
integer, value :: n
type (cublasHandle) :: h
i = threadIdx%x
if (i.eg.l) then
j = cublasCreate (h)
j = cublasSswap(h,n,a,1l,b,1)
j = cublasDestroy (h)
end 1if
return
end subroutine
end module mtests

program tdewv
! Compile and link with "pgfortran -Mcuda=cc35 tdev.cuf -lcublas device"
use mtests

integer, parameter :: nt = 128

real, device :: a(nt), b(nt)

real c(nt)

a=1.0

b =2.0

call testb<<<l,nt>>> (a,b,nt)

c = a

print *,"Should be 2.0",all(c.eq.2.0)
c =Db

print *,"Should be 1.0",all(c.eq.1.0)
end

end program
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6.5. Using cuFFT from OpenACC Host Code

This example demonstrates the use of the cufft module, the cuf ftHandle type, and several
CUFFT library calls.

Simple cuFFT Test

program cufft2dTest
use cufft
use openacc

integer, parameter :: m=768, n=512

complex, allocatable :: af(:,:),b(:,:),c(:,:)
real, allocatable cror(:,:),q(:,:)
integer :: iplanl, iplan2, iplan3, ierr

allocate(a(m,n),b(m,n),c(m,n))
allocate(r (m,n),q(m,n))
a=1; r =1

xmx = -99.0

ierr = cufftPlan2D(iplanl,m,n,CUFFT_C2C)

ierr = ierr + cufftSetStream(iplanl,acc get cuda stream(acc async sync))
!$acc host data use device(a,b,c)

ierr = ierr + cufftExecC2C(iplanl,a,b,CUFFT FORWARD)

ierr = ierr + cufftExecC2C(iplanl,b,c,CUFFT INVERSE)

!$acc end host data

! scale ¢

!Sacc kernels

c = c / (m*n)
!Sacc end kernels

! Check forward answer

write(*,*) 'Max error C2C FWD: ', cmplx (maxval (real (b)) - sum(real (b)), &
maxval (imag (b)) )

! Check inverse answer

write(*,*) 'Max error C2C INV: ', maxval (abs(a-c))

! Real transform

ierr = ierr + cufftPlan2D(iplan2,m,n,CUFFT_R2C)

ierr = ierr + cufftPlan2D(iplan3,m,n,CUFFT_C2R)

ierr = ierr + cufftSetStream(iplan2,acc get cuda stream(acc async sync))
ierr = ierr + cufftSetStream(iplan3,acc get cuda stream(acc_async_sync))

!Sacc host data use device(r,b,q)

ierr = ierr + cufftExecR2C(iplan2,r,b)
ierr = ierr + cufftExecC2R(iplan3,b,q)
!$acc end host data

!'Sacc kernels
xmx = maxval (abs (r-gq/ (m*n)))

!Sacc end kernels

! Check R2C + C2R answer

write(*,*) 'Max error R2C/C2R: ', xmx
ierr = ierr + cufftDestroy(iplanl)
ierr = ierr + cufftDestroy(iplan2)
ierr = ierr + cufftDestroy(iplan3)

if (ierr.eq.0) then
print *,"test PASSED"
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else
print *,"test FAILED"
endif

end program cufft2dTest

6.6. Using cuFFT from CUDA Fortran Host Code

This example demonstrates the use of the cuFFT module, the cuf ftHandle type, and several
CUFFT library cals.

Simple cuFFT Test

program cufft2dTest
use cudafor
use cufft
implicit none

integer, parameter :: m=768, n=512
complex, managed :: a(m,n),b(m,n)
real, managed :: ar(m,n),br(m,n)
real X

integer plan, ierr
logical passing

ierr = cufftPlan2D(plan,m,n,CUFFT_ C2C)
ierr = ierr + cufftExecC2C(plan,a,b,CUFFT FORWARD)
ierr = ierr + cufftExecC2C(plan,b,b,CUFFT INVERSE)

ierr = ierr + cudaDeviceSynchronize ()
x = maxval (abs (a-b/ (m*n)))
write(*,*) 'Max error C2C: ', x

passing = x .le. 1.0e-5

ierr = ierr + cufftPlan2D(plan,m,n,CUFFT_ R2C)
ierr = ierr + cufftExecR2C(plan,ar,b)

ierr = ierr + cufftPlan2D(plan,m,n,CUFFT C2R)
ierr = ierr + cufftExecC2R(plan,b,br)

ierr = ierr + cudaDeviceSynchronize ()

X = maxval (abs (ar-br/ (m*n)))

write(*,*) 'Max error R2C/C2R: ', x

passing = passing .and. (x .le. 1.0e-5)

ierr = ierr + cufftDestroy(plan)
print *,ierr
passing = passing .and. (ierr .eq. 0)
if (passing) then
print *,"Test PASSED"
else
print *,"Test FAILED"
endif
end program cufft2dTest

6.7. Using cuRAND from OpenACC Host Code

This example demonstrates the use of the curand module, the curandHandle type, and several
forms of rand calls.

Simple cuRAND Tests

program testcurand
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! compile with the flags -ta=tesla -Mcuda -Mcudalib=curand
.false.)
.false.)
.false.)

call curl (1000, .true.); call curl (1000,
call cur2(1000, .true.); call cur2(1000,
call cur3(1000, .true.); call cur3 (1000,
end

|
subroutine curl (n, onhost)
use curand

integer :: a(n)

type (curandGenerator) :: g
integer (8) nbits

logical onhost, passing
a=20

passing = .true.

if (onhost) then

istat = curandCreateGeneratorHost (g, CURAND RNG PSEUDO_ XORWOW)

istat = curandGenerate(g, a, n)
istat = curandDestroyGenerator (qg)
else

!'Sacc data copy(a)

istat = curandCreateGenerator (g, CURAND RNG PSEUDO_XORWOW)

!Sacc host data use device(a)
istat = curandGenerate (g, a, n)
!$acc end host data
istat = curandDestroyGenerator (g)
!Sacc end data

endif

nbits = 0

do i =1, n
if (1.1t.10) print *,i,a (i)
nbits = nbits + popcnt(a(i))

end do

print *,"Should be roughly half the bits set"

nbits = nbits / n

if ((nbits .1lt. 12) .or. (nbits .gt. 20))
passing = .false.

else

then

print *,"nbits is ",nbits," which passes"

endif
if (passing) then

print *,"Test PASSED"
else

print *,"Test FAILED"
endif
end
!
subroutine cur2(n, onhost)
use curand
real :: a(n)
type (curandGenerator) :: g
logical onhost, passing
a=20.0
passing = .true.
if (onhost) then

istat = curandCreateGeneratorHost (g, CURAND RNG PSEUDO XORWOW)

istat = curandGenerate (g, a, n)
istat = curandDestroyGenerator (g)
else

!'Sacc data copy(a)

istat = curandCreateGenerator (g, CURAND RNG PSEUDO_ XORWOW)

!Sacc host data use device(a)
istat = curandGenerate(g, a, n)
!$acc end host data
istat = curandDestroyGenerator (g)
!Sacc end data

endif

print *,"Should be uniform around 0.5"

PGI Fortran CUDA Library Interfaces

Examples

31



Examples

do i =1, n
if (1.1t.10) print *,i,a (i)

if ((a(i).1lt.0.0) .or. (a(i).gt.1.0)) passing = .false.
end do
rmean = sum(a)/n
if ((rmean .lt. 0.4) .or. (rmean .gt. 0.6)) then
passing = .false.
else
print *,"Mean is ",rmean," which passes"
endif

if (passing) then
print *,"Test PASSED"

else
print *,"Test FAILED"

endif

end

|

subroutine cur3(n, onhost)

use curand

real(8) :: a(n)

type (curandGenerator) :: g

logical onhost, passing

a = 0.0d0

passing = .true.

if (onhost) then
istat = curandCreateGeneratorHost (g, CURAND RNG PSEUDO_ XORWOW)
istat = curandGenerate (g, a, n)
istat = curandDestroyGenerator (g)

else
!'Sacc data copy(a)
istat = curandCreateGenerator (g, CURAND RNG PSEUDO XORWOW)
!Sacc host data use device(a)
istat = curandGenerate(g, a, n)
!Sacc end host data
istat = curandDestroyGenerator (qg)
!'Sacc end data

endif

do i =1, n
if (1i.1t.10) print *,i,a(i)

if ((a(i).1lt.0.0d0) .or. (a(i).gt.1.0d0)) passing = .false.
end do
rmean = sum(a)/n
if ((rmean .lt. 0.4d0) .or. (rmean .gt. 0.6d0)) then
passing = .false.
else
print *,"Mean is ",rmean," which passes"
endif

if (passing) then

print *,"Test PASSED"
else

print *,"Test FAILED"
endif
end

6.8. Using cuRAND from OpenACC Device Code

This example demonstrates the use of the curand_device module from a CUDA Fortran global
subroutines.

Simple cuRAND Test from OpenACC Device Code

module mtests
integer, parameter :: n = 1000
contains
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subroutine testrand( a, b )
use openacc curand

real :: a(n), b(n)
type (curandStateXORWOW) :: h
integer(8) :: seed, seq, offset

!$acc parallel num gangs(l) vector length (1)
seed = 12345
seq = 0
offset = 0
call curand init (seed, seq, offset, h)
!'Sacc loop seq
do i =1, n
a(i) = curand uniform(h)
b (i) = curand normal (h)
end do
!Sacc end parallel
return
end subroutine
end module mtests
program t
use mtests
real :: a(n), b(n), c(n)
logical passing
a=1.0
b =2.0
passing = .true.
call testrand(a,b)
c = a
print *,"Should be uniform around 0.5"
doi=1, n
if (1.1t.10) print *,i,c (i)
if ((c(i).1t.0.0) .or. (c(i).gt.1.0)) passing =
end do
rmean = sum(c)/n
if ((rmean .lt. 0.4) .or. (rmean .gt. 0.6)) then
passing = .false.
else
print *,"Mean is ",rmean," which passes"
endif
c =D
print *,"Should be normal around 0.0"
ncl = 0;
nc?2 = 0;
do i =1, n
if (1i.1t.10) print *,i,c(i)
if ((c(i) .gt. -4.0) .and. (c(i) .lt. 0.0)) ncl
if ((c(i) .gt. 0.0) .and. (c(i) .lt. 4.0)) nc2
end do
print *,"Found on each side of zero ",ncl,nc2
if (abs(ncl-nc2) .gt. (n/10)) npassing = .false.
rmean = sum(c,mask=abs(c).1lt.4.0)/n
if ((rmean .lt. -0.1) .or. (rmean .gt. 0.1)) then
passing = .false.
else

print *,"Mean is ",rmean," which passes"

endif

if (passing) then

print *,"Test PASSED"
else

print *,"Test FAILED"
endif
end program
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6.9. Using cuRAND from CUDA Fortran Host Code

This example demonstrates the use of the curand module, the curandHandle type, and several
forms of rand calls.

Simple cuRAND Test

program testcurandl
call testrl(1000)

call testr2(1000)

call testr3(1000)

end

|

subroutine testrl (n)

use cudafor

use curand

integer, managed :: a(n)
type (curandGenerator) :: g
integer (8) nbits
logical passing

a =20

passing = .true.

istat = curandCreateGenerator (g, CURAND RNG PSEUDO XORWOW)
istat = curandGenerate (g, a, n)

istat = cudaDeviceSynchronize ()

istat = curandDestroyGenerator (g)

nbits = 0

doi =1, n

if (1.1t.10) print *,i,a (i)
nbits = nbits + popcnt(a(i))
end do
print *,"Should be roughly half the bits set"
nbits = nbits / n
if ((nbits .1t. 12) .or. (nbits .gt. 20)) then

passing = .false.
else

print *,"nbits is ",nbits," which passes"
endif

if (passing) then
print *,"Test PASSED"
else
print *,"Test FAILED"
endif
end
|
subroutine testr2 (n)
use cudafor
use curand
real, managed :: a(n)
type (curandGenerator) :: g
logical passing
a = 0.0
passing = .true.
istat = curandCreateGenerator (g, CURAND RNG PSEUDO_ XORWOW)
istat = curandGenerate (g, a, n)
istat = cudaDeviceSynchronize ()
istat = curandDestroyGenerator (g)
print *,"Should be uniform around 0.5"

doi=1, n

if (1.1t.10) print *,i,a(i)

if ((a(i).1t.0.0) .or. (a(i).gt.1.0)) passing = .false.
end do
rmean = sum(a)/n
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if ((rmean .lt. 0.4) .or. (rmean .gt. 0.6)) then
passing = .false.

else
print *,"Mean is ",rmean," which passes"

endif

if (passing) then

print *,"Test PASSED"
else

print *,"Test FAILED"
endif
end
i
subroutine testr3(n)
use cudafor
use curand

real (8), managed :: a(n)
type (curandGenerator) :: g
logical passing
a = 0.0d0
passing = .true.
istat = curandCreateGenerator (g, CURAND RNG PSEUDO_XORWOW)
istat = curandGenerate(g, a, n)
istat = cudaDeviceSynchronize ()
istat = curandDestroyGenerator (g)
do i =1, n
if (1.1t.10) print *,i,a (i)
if ((a(i).1t.0.0d0) .or. (a(i).gt.1.0d0)) passing = .false.
end do
rmean = sum(a)/n
if ((rmean .lt. 0.4d0) .or. (rmean .gt. 0.6d0)) then
passing = .false.
else
print *,"Mean is ",rmean," which passes"
endif

if (passing) then

print *,"Test PASSED"
else

print *,"Test FAILED"
endif
end
end program

6.10. Using cuRAND from CUDA Fortran Device Code

This example demonstrates the use of the curand_device module from a CUDA Fortran global
subroutines.

Simple cuRAND Test from Device Code

module mtests
use curand device

integer, parameter :: n = 10000
contains
attributes (global) subroutine testr( a, b )
real, device :: a(n), b(n)
type (curandStateXORWOW) :: h
integer (8) :: seed, seq, offset
integer :: iam

iam = threadIdx%$x

seed = iam*64 + 12345

seq = 0

offset = 0

call curand init (seed, seq, offset, h)
do i = iam, n, blockdim%x
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a(i) = curand uniform(h)
b (i) = curand normal (h)
end do
return

end subroutine
end module mtests

program t

use mtests

real, allocatable, device :: a(:), b(:)
real c(n), rmean

logical passing

allocate(a(n))

allocate (b (n))

a=0.0
b =10.0
passing = .true.
call testr<<<l,32>>> (a,b)
c = a
print *,"Should be uniform around 0.5"
do i =1, n
if (1.1t.10) print *,i,c (1)
if ((c(i).1t.0.0) .or. (c(i).gt.l1.0)) passing = .false.
end do
rmean = sum(c)/n
if ((rmean .lt. 0.4) .or. (rmean .gt. 0.6)) then
passing = .false.
else
print *,"Mean is ",rmean," which passes"
endif
c =Db
print *,"Should be normal around 0.0"
ncl = 0;
nc2 = 0;
doi=1, n
if (1.1t.10) print *,i,c (i)
if ((c(i) .gt. -4.0) .and. (c(i) .lt. 0.0)) ncl = ncl + 1
if ((c(i) .gt. 0.0) .and. (c(i) .1t. 4.0)) nc2 = ncz2 + 1
end do
print *,"Found on each side of zero ",ncl,nc2
if (abs(ncl-nc2) .gt. (n/10)) npassing = .false.
rmean = sum(c,mask=abs(c).lt.4.0)/n
if ((rmean .lt. -0.1) .or. (rmean .gt. 0.1)) then
passing = .false.
else
print *,"Mean is ",rmean," which passes"
endif

if (passing) then

print *,"Test PASSED"
else

print *,"Test FAILED"
endif
end
end program

6.11. Using cuSPARSE from OpenACC Host Code

Examples

This example demonstrates the use of the cuSPARSE module, the cusparseHandle type, and

several callsto the cuSPARSE library.
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Simple BLAS Test

program sparseMatVec
integer n

n =25 1! # rows/cols in dense matrix
call sparseMatVecSubl (n)
n = 45 ! # rows/cols in dense matrix

call sparseMatVecSubl (n)
end program

subroutine sparseMatVecSubl (n)
use openacc
use cusparse

implicit none
integer n

! dense data
real (4), allocatable :: Ade(:,:), x(:), y(:)

! sparse CSR arrays
real (4), allocatable :: csrValA(:)
integer, allocatable :: nnzPerRowA(:), csrRowPtrA(:), csrColIndA(:)

allocate (Ade(n,n), x(n), y(n))
allocate (csrValA(n))
allocate (nnzPerRowA (n), csrRowPtrA(n+l), csrColIndA (n))

call sparseMatVecSub2 (Ade, x, y, csrValA, nnzPerRowA, csrRowPtrA, &

csrColIndA, n)
deallocate (Ade)
deallocate (x)
deallocate (y)
deallocate (csrValAh)
deallocate (nnzPerRowA)
deallocate (csrRowPtrA)
deallocate (csrColIndA)
end subroutine

subroutine sparseMatVecSub2 (Ade, x, y, csrValA, nnzPerRowA, csrRowPtrA, &
csrColIndA, n)
use openacc
use cusparse

implicit none

! dense data
real (4) :: Ade(n,n), x(n), y(n)

! sparse CSR arrays

real (4) :: csrValA (n)

integer :: nnzPerRowA(n), csrRowPtrA(n+l), csrColIndA (n)
integer :: n, nnz, status, 1

type (cusparseHandle) :: h

type (cusparseMatDescr) :: descrA

! parameters

real (4) :: alpha, beta

! result

real (4) :: xerr

! initalize CUSPARSE and matrix descriptor
status = cusparseCreate (h)
if (status /= CUSPARSE STATUS SUCCESS) &
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write(*,*) 'cusparseCreate error: ', status
status = cusparseCreateMatDescr (descrh)
status = cusparseSetMatType (descrA, &
CUSPARSEiMATRIXiTYPEiGENERAL)

status = cusparseSetMatIndexBase (descrA, &
CUSPARSE INDEX BASE ONE)
status = cusparseSetStream(h, acc get cuda stream(acc async sync))

!Sacc data create(Ade, x, y, csrValA, nnzPerRowA, csrRowPtrA, csrColIndA)

! Initialize matrix (upper circular shift matrix)
!Sacc kernels
Ade = 0.0
do i =1, n-1
Ade(i,i+1l) = 1.0
end do
Ade(n,1) = 1.0

! Initialize vectors and constants
doi=1, n
x(1i) = 1
enddo
y = 0.0
!'Sacc end kernels

!'Sacc update host (x)
write(*,*) 'Original vector:'
write(*,"'(5(1x,£7.2))"') x

! convert matrix from dense to csr format
!$acc host data use device (Ade, nnzPerRowA, csrValA, csrRowPtrA, csrColIndA)
status = cusparseSnnz v2(h, CUSPARSE DIRECTION ROW, &
n, n, descrA, Ade, n, nnzPerRowA, nnz)
status = cusparseSdense2csr (h, n, n, descrA, Ade, n, &
nnzPerRowA, csrValA, csrRowPtrA, csrColIndA)
!$acc end host data

! A is upper circular shift matrix
! v = alpha*A*x + beta*y
alpha = 1.0
beta = 0.0
!Sacc host data use device(csrValA, csrRowPtrA, csrColIndA, x, y)
status = cusparseScsrmv (h, CUSPARSE OPERATION NON TRANSPOSE, &
n, n, n, alpha, descrA, csrValA, csrRowPtrA, &
csrColIndA, x, beta, vy)
!Sacc end host data

!Sacc wait
write(*,*) 'Shifted vector:'
write(*,'(5(1x,£7.2))"') y

! shift-down y and add original x
! A' is lower circular shift matrix
! x = alpha*A'*y + beta*x
beta = -1.0
!Sacc host data use device(csrValA, csrRowPtrA, csrColIndA, x, y)
status = cusparseScsrmv (h, CUSPARSE OPERATION TRANSPOSE, &
n, n, n, alpha, descrA, csrValA, csrRowPtrA, &
csrColIndA, y, beta, x)
!$acc end host data

!Sacc kernels

xerr = maxval (abs(x))
!Sacc end kernels
!Sacc end data

write(*,*) 'Max error = ', xerr
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if (xerr.le.l.e-5) then
write(*,*) 'Test PASSED'
else
write(*,*) 'Test FAILED'
endif

end subroutine

6.12. Using cuSPARSE from CUDA Fortran Host Code

Examples

This example demonstrates the use of the cuSPARSE module, the cusparseHandle type, and

several forms of cusparse cals.
Simple BLAS Test

program sparseMatVec

use cudafor
use cusparse

implicit none
integer, parameter :: n =

type (cusparseHandle) :: h
type (cusparseMatDescr)

! dense data

real (4), managed :: Ade(n,n),

! sparse CSR arrays

25

# rows/cols in dense matrix

descrA

real (4), managed :: csrValA(n)
integer, managed :: nnzPerRowA(n), &
csrRowPtrA (n+l), csrColIndA (n)

integer :: nnz, status, 1

! parameters
real (4) :: alpha, beta

x(n), y(n)

! initalize CUSPARSE and matrix descriptor

status = cusparseCreate (h)

if (status /= CUSPARSE STATUS SUCCESS) &
write(*,*) 'cusparseCreate error: ', status

status = cusparseCreateMatDescr (descrh)

status = cusparseSetMatType (descrA, &
CUSPARSE MATRIX TYPE GENERAL)

status = cusparseSetMatIndexBase (descrA, &

CUSPARSE INDEX BASE ONE)

! Initialize matrix (upper circular shift matrix)

Ade = 0.0
do i =1, n-1
Ade (i,i+1) = 1.0
end do
Ade(n,1) = 1.0

! ITnitialize vectors and constants

x = [(i,1=1,n)]

y = 0.0

write(*,*) 'Original vector:'
write(*, ' (5(1x,£f7.2))") x

! convert matrix from dense to csr format
status = cusparseSnnz v2(h, CUSPARSE DIRECTION ROW, &
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n, n, descrA, Ade, n, nnzPerRowA, nnz)
status = cusparseSdense2csr (h, n, n, descrA, Ade, n, &
nnzPerRowA, csrValA, csrRowPtrA, csrColIndA)

! A is upper circular shift matrix

! v = alpha*A*x + beta*y

alpha = 1.0

beta = 0.0

status =
n, n, n, alpha, descrA, csrValA, csrRowPtrA, &

csrColIndA, x, beta, vy)

! shift-down y and add original x

' A' is lower circular shift matrix

! x = alpha*A'*y + beta*x

beta = -1.0

status = cusparseScsrmv (h, CUSPARSE OPERATION TRANSPOSE, &
n, n, n, alpha, descrA, csrValA, csrRowPtrA, &
csrColIndA, y, beta, x)

status = cudaDeviceSynchronize ()

write(*,*) 'Shifted wvector:'
write(*,"'(5(1x,£7.2))") vy

write(*,*) 'Max error = ', maxval (abs(x))
if (maxval (abs(x)).le.l.e-5) then
write(*,*) 'Test PASSED'
else
write(*,*) 'Test FAILED'
endif

end program sparseMatVec

PGI Fortran CUDA Library Interfaces

cusparseScsrmv (h, CUSPARSE OPERATION NON TRANSPOSE,

&

Examples

320



Chapter 7.
CONTACT INFORMATION

Y ou can contact PGI at:

20400 NW Amberwood Drive Suite 100
Beaverton, OR 97006

Or electronically using any of the following means:

Fax: +1-503-682-2637
Sales. sales@pgroup.com
WWW: http://www.pgroup.com

The PGI User Forum is monitored by members of the PGl engineering and support teams as
well as other PGI customers. The forum newsgroups may contain answers to commonly asked
guestions. Log in to the PGI website to access the forum:

http://www.pgroup.com/userforum/index.php

Many questions and problems can be resolved by following instructions and the information
available at our frequently asked questions (FAQ) site:

http://www.pgroup.com/support/fag.htm
Submit technical support requests through the online form at:
https://www.pgroup.com/support/support_request.php

PGI documentation is available at http://www.pgroup.com/resources/docs.htm.
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