NSubroutine 100 200 300 400 500 ...11 12 11 11 11 ...17 18 19 19 19 M=NDGETRF,y 7 11 13 15 16 DGETRI 5 9 11 13 14 ...5 11 13 14 15 ...5 10 11 11 11 ...4 6 7 7 7 ...4 7 8 9 10 ...4 8 10 12 13 ...4 8 10 12 13 M=N6 11 13 14 14 DGEHRD 7 8 10 10 11 DSYTRD 6 8 8 7 7 y DLUBRforcessorspro5NSubroutine 100 200 300 400 500 ...10 12 13 13 12 ...10 11 11 11 12 M=NDGETRF,y 7 10 11 12 12 DGETRI 7 9 8 10 11 ...7 9 11 13 13 ...6 9 10 11 11 ...6 8 10 11 11 ...6 9 10 11 11 ...8 10 11 11 12 ...7 10 11 12 13 M=N10 12 13 14 14 DGEHRD 10 12 13 13 14 DSYTRD 8 9 10 11 11 y DLUBRfor3000tonly)ectorization16 NSubroutine 100 200 300 400 500 ...24 30 22 21 21 ...74 76 78 78 84 M=NDGETRF,y 13 30 41 47 53 DGETRI 8 20 28 36 42 ...11 27 38 49 54 ...10 20 25 27 29 ...6 11 14 15 15 ...7 15 20 23 26 ...9 15 22 29 32 ...8 15 23 29 33 M=N11 28 39 47 50 DGEHRD 13 20 25 27 27 DSYTRD 13 18 18 19 18 y DLUBRforcessorsNSubroutine 100 200 300 400 500 ...39 48 52 54 56 ...37 50 56 57 59 M=NDGETRF,y 13 19 25 29 33 DGETRI 18 32 42 47 52 ...20 35 42 47 49 ...22 36 44 48 51 ...18 34 42 48 53 ...16 31 40 46 50 ...22 33 38 42 45 ...22 32 39 42 45 M=N27 40 46 51 54 DGEHRD 27 39 43 48 52 DSYTRD 15 24 29 32 34 y DLUBRforcessorproComputingFPS15 NSubroutine 100 200 300 400 500 ...29 29 32 30 33 ...67 70 70 71 72 M=N22 33 39 44 47 DGETRI 44 56 63 64 66 ...34 54 65 65 67 ...34 54 56 61 65 ...34 45 58 59 63 ...34 54 62 63 65 ...17 22 27 34 34 ...17 27 29 36 36 M=N27 43 45 49 53 M=N=K27 41 46 51 53 DGEHRD 24 36 41 43 45 ...27 28 29 29 30 ...27 28 28 29 30 DGEBRD 22 24 27 30 32 RISC/6000-550NSubroutine 100 200 300 400 500 600 700 800 900 1000 ...18 19 19 20 20 20 20 20 20 20 ...42 44 44 43 43 43 43 43 44 43 M=NDGETRF,y 19 26 29 32 34 34 36 36 37 37 DGETRI 22 31 35 36 38 38 39 39 40 40 ...24 29 34 36 38 39 40 40 41 41 ...19 25 29 32 34 34 35 36 37 37 ...17 23 26 27 27 27 28 28 27 28 ...17 22 25 25 25 25 26 26 26 26 ...15 20 23 25 27 29 29 29 30 31 ...13 19 23 24 26 28 28 29 30 30 M=N19 26 30 32 34 34 35 36 36 37 DGEHRD 16 21 22 23 24 24 25 25 26 26 DSYTRD 15 16 17 17 17 18 18 18 18 18 y DLUBRforRISC/6000-530IBMECSECIBM14 NSubroutine 100 200 300 400 500 ...64 73 66 71 74 ...87 102 103 103 107 M=NDGETRF,y 25 42 53 59 66 DGETRI 16 24 28 30 32 ...30 44 56 62 67 ...48 63 65 66 67 ...14 22 25 27 28 ...13 20 26 29 31 ...37 55 65 71 75 ...37 55 64 71 75 M=N34 60 71 75 80 DGEHRD 37 59 65 70 74 DSYTRD 19 28 32 35 37 y DLUBRforcessorproESSLNSubroutine 100 200 300 400 500 ...44 45 46 48 51 ...70 70 70 71 73 M=NDGETRF,y 28 39 47 52 55 DGETRI 18 32 42 47 52 ...20 35 42 47 49 ...22 36 44 48 51 ...18 34 42 48 53 ...16 31 40 46 50 ...22 33 38 42 45 ...22 32 39 42 45 M=N27 40 46 51 54 DGEHRD 27 39 43 48 52 DSYTRD 15 24 29 32 34 y DLUBRforcessorprofromBLASECSECIBM13 NSubroutine 100 200 300 400 500 ...260 268 287 285 291 ...281 279 290 289 292 M=NSGETRF,y 129 208 241 256 266 SGETRI 200 242 270 274 282 ...123 208 242 259 268 ...123 208 243 259 268 ...136 212 252 263 274 ...136 216 252 266 274 ...89 161 199 221 235 ...94 167 206 227 238 M=N162 234 256 266 272 M=N=K194 250 265 271 276 SGEHRD 195 244 268 271 278 ...145 219 247 261 269 ...147 221 248 262 269 SGEBRD 161 234 256 266 272 y LUCroutcessorproBLASNSubroutine 100 200 300 400 500 ...44 70 102 128 150 ...151 155 156 154 159 M=NDGETRF,y 39 71 90 101 111 ...32 63 82 96 103 ...32 61 82 96 106 ...24 46 56 66 76 ...23 45 53 66 76 M=N41 65 82 97 106 DGEHRD 45 61 77 89 108 DSYTRD 25 36 41 46 48 y DLUBRforcessorsproCorp.Computer12 NSubroutine 100 200 300 400 500 ...262 554 791 945 1012 ...327 633 882 994 1080 M=NDGETRF,y 66 175 303 423 526 DGETRI 40 109 183 255 324 ...53 145 237 312 369 ...49 136 222 302 376 ...38 102 179 253 325 ...32 90 155 210 264 ...36 90 140 182 217 ...32 82 130 171 206 M=N101 237 329 388 457 DGEHRD 141 307 411 481 517 DSYTRD 37 89 138 183 223 y DLUBRforcessorproKarlsruheNSubroutine 100 200 300 400 500 ...289 324 354 353 365 ...415 411 446 436 450 M=NSGETRF,y 117 234 300 340 357 SGETRI y 204 296 360 375 399 ...’U’,y SPOTRF(105 216 289 317 358 ...’L’,y SPOTRF(105 215 288 311 357 ...’U’,y SPOTRI(119 241 315 349 379 ...’L’,y SPOTRI(117 239 311 347 379 ...59 131 189 225 254 ...62 130 186 222 249 M=N133 218 269 308 330 M=N=K152 229 279 312 335 SGEHRD 158 232 290 310 338 ...123 214 260 280 302 ...122 210 262 284 300 SGEBRD 132 203 227 258 278 y routinelibscicessorproBLASlibsci11 NSubroutine 100 250 500 750 1000 1250 1500 1750 2000 ...740 863 891 894 898 897 899 899 900 ...860 893 897 899 899 900 901 901 901 M=NSGETRF,y 327 650 789 832 851 862 871 875 878 SGETRI y 522 781 855 875 883 887 890 892 894 ...’U’,y SPOTRF(272 607 778 829 851 863 871 876 879 ...’L’,y SPOTRF(257 596 774 829 852 864 872 876 880 ...’U’,y SPOTRI(275 624 797 845 864 875 881 885 888 ...’L’,y SPOTRI(270 619 794 845 865 875 882 886 889 ...149 396 580 655 700 722 735 753 772 ...161 414 589 651 682 701 714 725 747 M=N349 669 781 812 827 834 842 846 844 M=N=K435 712 797 820 831 836 835 846 846 SGEHRD 456 738 817 833 842 845 844 842 847 ...276 573 730 788 816 833 846 852 860 ...278 571 727 783 813 827 838 846 853 SGEBRD 346 671 783 815 828 834 842 844 842 y ksizeccessorproBLASNSubroutine 100 200 300 400 500 ...706 1152 917 1202 1263 ...784 1206 927 1216 1272 M=NDGETRF,y 150 292 356 423 495 DGETRI 40 99 156 198 232 ...155 387 589 719 819 ...102 224 334 406 463 ...47 110 169 216 252 ...49 114 173 211 243 ...104 235 346 417 471 ...100 221 325 394 444 M=N217 498 617 690 768 DGEHRD 338 662 664 787 862 DSYTRD 117 244 335 392 430 y DLUBRforcessorpro041rev.ercomputersSup10 NSubroutine 100 250 500 750 1000 1250 1500 1750 2000 ..434 1398 5229 6422 6757 6610 6776 6874 6940 ...5954 6768 7039 7085 7077 7091 7125 7123 7119 M=NSGETRF,y 372 1506 3216 4192 4871 5196 5501 5680 5838 SGETRI y 902 2656 4308 5121 5375 5860 6058 6216 6366 ...’U’,y SPOTRF(361 1463 3078 4162 4863 5269 5612 5866 6052 ...’L’,y SPOTRF(355 1389 3074 4101 4814 5292 5625 5855 6038 ...’U’,y SPOTRI(355 1441 3073 4176 4877 5283 5619 5846 6023 ...’L’,y SPOTRI(356 1456 3112 4183 4852 5320 5629 5862 6034 ...134 584 1502 2321 2829 3300 3658 3890 4118 ...136 647 1701 2585 3229 3695 4006 4275 4468 M=N322 1361 3239 4368 5297 5635 5906 6080 6226 M=N=K377 1588 3525 4755 5480 5748 6003 6157 6298 SGEHRD 422 1757 3915 5098 5735 5919 6181 6300 6425 ...267 1120 2693 3907 4689 5088 5414 5664 5846 ...258 1127 2716 3924 4705 5095 5421 5654 5848 SGEBRD 320 1359 3224 4488 5278 5616 5861 6063 6214 y ksizecdedicatedcessors,BLASNSubroutine 100 200 300 400 500 600 700 800 900 1000 ...1043 2316 3329 3839 4315 4217 4566 4416 4441 4589 ...1567 2871 3545 4096 4550 4417 4743 4504 4554 4710 M=NDGETRF,y 217 648 1123 1603 2036 2323 2667 2837 3010 3179 DGETRI 134 391 663 925 1167 1392 1605 1762 1928 2073 ...164 454 753 1030 1263 1454 1607 1725 1827 1966 ...148 351 627 901 1158 1398 1615 1797 1955 2108 ...129 332 562 791 1026 1232 1430 1609 1771 1918 ...109 305 536 746 945 1128 1277 1406 1509 1615 ...126 335 521 671 787 874 945 1001 1089 1174 ...123 303 485 632 751 841 917 978 1027 1109 M=N309 779 1165 1455 1653 1849 2075 2267 2404 2554 DGEHRD 470 1094 1558 1859 2091 2197 2336 2449 2585 2734 DSYTRD 116 268 413 547 668 777 876 962 1045 1120 y DLUBRforcessorproKarlsruheat9 hineDGEMM DGEMV DGETRF Ratio c)7039 5229 3216 0.46 VP26004550 4315 2036 0.45 c)2449 2244 1422 0.58 c)1797 1276 822 0.46 SX21272 1263 495 0.39 EX1080 1012 526 0.49 c)451 364 357 0.79 c)312 311 284 0.91 c)159 150 111 0.70 3090J107 74 66 0.62 FX/8084 21 53 0.63 3090-600E73 51 56 0.77 50059 56 33 0.56 RISC/6000-53043 20 34 0.79 FX/419 11 16 0.80 500hineDGEMM DGEMV DGETRF Ratio c)7077 6757 4871 0.69 VP26004710 4589 3179 0.67 c)2448 2399 1926 0.79 c)1810 1386 1245 0.69 RISC/6000-53043 20 37 0.86 1000=8 hineDLUBL DLUBC DLUBR NB (Left) (Crout) t)VP26001238 1572 2036 64 c)1101 1261 1422 128 c)696 796 822 48 SX2423 577 495 1 EX344 398 526 64 c)340 361 331 64 c)278 284 286 16 c)116 112 111 32 3090J63 64 66 32 FX/8035 52 53 32 3090-600E53 50 56 32 50020 47 33 1 RISC/6000-53032 34 34 48 FX/413 15 16 32 500hineDGETRF DGETF2 Aeedup3)2)1)VP26002036 1199 229 8.9 c)1422 1400 173 8.2 c)822 584 93 8.8 SX2495 406 258 1.9 EX526 350 85 6.2 c)357 183 93 3.8 c)284 283 170 1.7 c)111 68 14 7.9 3090J66 25 24 2.8 FX/8053 8 5.6 9.5 3090-600E56 17 20 2.8 50033 23 12 2.7 RISC/6000-53034 13 11 3.1 FX/416 4 3.2 4.9 500=7 [2] baum,GreenSorensen. D.Users’CKGuide A1992.a,[3] hiPhiladelpCKA1989.v.[4] Noennessee,InCK.editors, al.,o-PrComputingCKA19).Note[5] orkingWfactorization. QRomputing{3(3):1931989.208,[6] ,cfactorizations.matrixeditor, Burkhart,457New210{221,erlag.V[7] Springer1990.art. StewGuide. Users’K1979.ia,[8] PhiladelphSIAM,linearbasicsubprograms. algebraSoft.1990.h[9] Marc{17,ofsetsubprograms. algebraSoft.,14(1):1{171988.h[10] Marc,electronicviamail. e arCM1987.July[11] 407,30(5):403{tomatricescomputations. aluedApplieMathematics and2).Note[12] orkingWIne.editors, Stefanelli,ComputeronrithmeticPress.y[13] cietSoMoler. B.ou-RExtensionSpringer-51.1977.ork,[14] YNewal. etGuideinNotes1976.edition,6 ofeedoneforInercomputers.sizeproblemtheN,DGEMM.ofselectionamatrixtheroutinesersionand,DGEBRD,edktoroutinekctheeofmostosimplyw,lo\optimizedecifysomeonlymadeeobtained).ereCKAfactorizationLUtest1991noistheforBLAS3forandtestlaterDSYTRDforhwhicstorage.triangularorderofell.wti�cscientheforwn.shoReferences aresize[1] kcbaum,GreenalgebralinearIn computers.’902{pagesCKA20).Note5 thewithinhine.macareresultsY-MPYsizekwithinresultsyma.necessarycouldsizesparameterstrollablecon�gurationhineetabkclargeoaluation.evetakintablescouldeandhmarkstunedh5[6,dmethodesire.e4 wyResultsanceandalgorithms3[4,sites,testcationsloandfriendsthistow.follo=NDLUBRtforhosenDGETRF.routineDGETRFroutine(usingDGETF2eWCK’sAYCRAseee.study500.=BLAS,34 Gaussianthegroupsintegerin2[Details].erformance.p3 optimizesthatuningTmail-asdefaulttheopti-er,algorithm.estheusingducingproon computationsmemory dhines.macerg,badmitall4[11,nearlyoftenalthoughmatrices,eddedbwsloexercisedcessorstaccountations.implementheselected,mostThearesize� kcedksomeecauseoptimized.een� bnothighisosinghoThiserformance.reductionandal-edthethanBLAS.2� elLevhsucthethanwingfollosection. thein� engivhosencybridh3 called tlyalabilitysubroutinesthejustnotroutinesforcaseedata.actualPortability the oflan-standardwithhine.tlyuseddele liknetlib ers serv10[requiresItateredim-istime runover owing, withoutatsophis-and12[hitecturesarcdescooftenyothers.the2 allonerviewOvtCouranhResearcoratoryLabLinearfor1[subroutinesofofrangecomputers.erformanceleast-equations,aluevgeneralizedur,factorizationsurnoisforvidedpublicthefrom ailablenetlib v. aandyb9[8,andectorvidedprocon-parallelusingyinparallelismuser.therequiresalsot endensizessubmatricesthe2 CK 44Note:NumericalofRoutinesAlgebraCS-92-156, 1992)y� aAndersonardGroupareInc.h55121MNDongarrakScienceComputerennesseeT30137996-1and ennesseeTryoratoSectionSciences37831ennessee199213,1 erbductiontro7[and]14[13,sharedonCKAmemoryeredusefuldoingusetoAlgebraLineartaccounone�ciencyhines.macerformancepontedersionsvtextconthings, othere ciency erformancepnot� NSF No. SC-8715728, pplied sub-Sciencesthe of nergy h, .S. of tract - C05-84 21400, y Inc.h1