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AR
o BERNMEETZY I VY 2T YIS THRE
o HEFTHE - HPC 2 — FORRICB W TIIIRA WE I EIER A HE
> HIZENFIRV VW a - R R D, SRR LA E
> BEFHE o — FTIRERERER YRR OMED D 2
» Fortran 2— RR LY DL H S —BE, BEOTOY =7 + O « BHihEm» %L w»
KHRESEETIL (LLM) 1I2&3 707 5 LAESZERNTORRLEE
o LLM & ChatGPT %52 51) 2 BAS GBI & a2 — NARA & IS #iPH 2 5K
o XFXFhH¥—E X OpenAl Codex, Anthropic Claude Code, Google Gemini CLI, etc.
o HUEFIHE - HPC a— FOAEMICBWTIEHENH 5
> EMRDOBHIFIHT 3 7 DEEF D T FE IR TR
> EESREASE ¢ FEEE - MEREREIL O 72 D I BEFTAIRE - B PR SR
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HRH (2/2)

AREDOEE
e BLAS (Basic Linear Algebra Subprograms) @ C S§&a— AR

> RIEERMTETECILS R I RY ML ATHEE 21T 5 HAREREGEE S 4 75V
» Fortran 12 X 3B MREHEa— PN EINTWS (HEEEEL « FL I TWVIRW)

o W RAiSRF DILH LLM (GPT-4.1, o4-mini) % F|H

o HASIBIZ X 28/ MNRDIETRD 2 WIESR Fortran 2— Fiiffic k3 C Si6a— FARK

o HER e REREL (R Ly FAiFME, SIMD1L, Tav x> 2) ZEA L2 — FAK
RIRESR TE D ENFE

o BLAS I3 d EHLZBMEFE a— FOEME L THEY

e BLAS BZHDN—F CHRE N, A V27 = —RER, FTA T arrdh,
FEMAEPN—F XD R 270, ARERREHEAA] AE

e BLAS X Fortran OZBEEZEDL WL 20D —F 2 RFa XV AL v &Z—%v b R
NBEENTED, LLM DAz 28 LT\ 3 0ELR]EE

o I—F 4 VI TR WY KM HE OPLH LLM OFHii=1 —H L LLM 124 ?
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B EAT ST

HPC O— R&RHZE

o HPC-GPT (Ding et al., SC'23 Workshops), HPC-Coder (Nichols et al., ISC 2024),
LM4HPC (Chen et al., IWOMP 2023). MARCO (Rahman et al., arXiv, 2025), etc.

TEEI—FER
e ChatBLAS (Valero-Lara et al., SC24-W)

» OpenMP, CUDA, HIP i2& % BLAS O hLiEE L —F >~ (level-1 BLAS) % ChatGPT
(GPT 3.5-Turbo, 40) 12X D4R

» 10 2— FAR L OpenMP T 93-100%, CUDA T 66%, HIP T 75-82%2 EifE

> TRV FINIUI= TV, T AV Fa— K BUE

» — Level-1 BLAS ®&. level-1 3Tl WD ?

e QiMeng-GEMM (Zhou et al., AAAI 2025)

» GPT-40, Claude 3.5 Sonnet i ¥ 370y 7oy =71 22k 3175# (BLAS ©
GEMM L—F ) ®a— FAER

» CPU (RISC-V C910) T OpenBLAS @ 211%, GPU (RTX4070) T cuBLAS ® 115%DMERE

» — FHliTR CPU 25~ 4 +— (RISC-V C910), GEMM 3 52EH052 25 fi@ainty = 7" Fic% <
By, FETIEXZVD?
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AN SR LLM £ 71

OpenAl GPT-4.1 ¥ o4-mini (& 2025 F4 BV —2X)
o GPT-4.1: J0EHE L MRMICHERZEWNHET L
e od-mini : #EFHIEREICENTZ Treasoning B EF L
o WM D a— FAERFHLEITIZ/ L, OpenAl Of EAIEF A TIER WA, Mif&IERELL, 6
BRI BN IAERN R E T L e EM T BB

GPT-4.1 o4-mini
aAY7FFXFAbMU 4 Ry 1,047,576 200,000
BRAHH =2 32,768 100,000
FLoIAhy VAT 2024 6 H1H 202446 H1H
AR (100 Fv—27 > H7=b) $2.00 $1.10
HHklE (100 F h—2 > dH=h) $8.00 $4.40
Hamr—2r > L Hb
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FHii 5 BLAS )L—F

20 BEOBEERBIL—F > (REOREBR)

Level-1 BLAS (X7 FIL{#EE) : dasum, daxpy, ddot, idamax, dnrm2, drot, drotm
Level-2 BLAS (fT41l-X2 tLiEE) : dgemv, dger, dsymv, dsyr, dsyr2, dtrmv, dtrsv
Level-3 BLAS (fT#I-17%{#H%) : dgemm, dsymm, dsyrk, dsyr2k, dtrmm, dtrsm
N—F VLD BIRDET T X=X %P K-

incx/incy @ N2 MLVOERERE (1, 2)

trans : 75| 0#EE (N, 'T)

side : 175D fiE (L', 'R")

uplo : =AfTHIDERAS (L', 'U")

diag : i =A1THI G A (U, 'N')

vVvyvYVvYyy

ENEAREE
o BLAS++D 7 A b 7w 25 2 (run_tests.py) TEIFMGE
o Fortran DBMAFE L [T L~ v 4 o b 2D K BFFEMMEE /L 4 CRHE
o RIRX—RDEMEREERE, TINIES RO RLZIFIEHEX— b ER
> BV —F E T X — BB I (] © dtrsm T 256 47— )
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TSR BLAS

Level Routine | Description Parameters Equation
1 dasum sum of magnitudes of vector elements incx v=lzi|+ -+ |xn]
daxpy vector-scalar product and add vector incx, incy y=axr—+vy
ddot vector-vector dot product incx, incy v = :cTy
idamax index of element with max absolute value | incx v =1k 3 |re(x)| + |im(xc)|
dnrm2 Euclidean norm of vector incx v = ||z||2
drot rotation of points in plane incx, incy T, = cxi + SYi, Yi = —ST; + cy;
drotm modified Givens rotation incx, incy [zi/yi] = H[zi/y:]
2 dgemv general matrix-vector multiply trans, incx, incy y = aAzx + By
dger general matrix rank-1 update incx, incy A= azyT + A
dsymv symmetric matrix-vector multiply uplo, incx, incy y = aAx + By
dsyr symmetric rank-1 update uplo, incx A=oazz? +A
dsyr2 symmetric rank-2 update uplo, incx, incy A=oazyT +ayzT + A
dtrmv triangular matrix-vector multiply uplo, diag, incx r = Az
dtrsv triangular matrix-vector solve uplo, trans, diag, incx z=A"1z
3 dgemm general matrix-matrix multiply transa, transb C = aAB + pC
dsymm symmetric matrix-matrix multiply side, uplo C + aAB + pC
dsyrk symmetric rank-k update uplo, trans C = aAAT + 8C
dsyr2k symmetric rank-2k update uplo, trans C = aABT + aBAT 4+ BC
dtrmm triangular matrix-matrix multiply side, uplo, trans, diag B =aAB
dtrsm triangular matrix-matrix solve side, uplo, trans, diag B=aA"'B
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a— FER T 7 b

FRZ I

3 —z2070>7k
e NameToCcode : L —F > # DA% 52T CFia— FEAER
e NameToOptCcode : V—F ¥ DA% 5 2 TERER 2 ERER#E L Q%ML - SIMD -
Frvvayuyxrr) 2ERLL CEiia— FE2AK
e FrtcodeToOptCcode : Fortran Zff5E%E 0 — N & 5.2 72 5 2 THEMEW 2 MERERE L (F L)
FEER L CEEa— FEAER (SRFEEa— FIQZEHEIMEIEGETEI»N TV D)

bl

5%, BLASOIL—FB%Z5ZX31ITTELLEMET B - FHERINI B

70OY7 M5 X 3 FEBER

o BLASH+D TR b 702 T MTHHAAATHMIIS 2 72 DI1IfFH E, 2 — FOBEEKIET
2ieRE NS
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a— FER a7 (1)

NameToCcode : V1 —F > #DA%R 52T CEiEa— FEAERK

Prompt

“Implement #ROUTINE# routine in BLAS in C language. Function name must be "GPT-
BLAS_#ROUTINE#". "GPTBLAS" is capitalized. All function argument names must be in lower
case, all must be taken as pointers, and those that have not changed in the code must be marked
with const. Insert printf(” [gptblas]”); at the beginning of the routine. Do not output anything
other than the source code. Do not output Markdown code block symbols either.”

e % ROUTINE 23 —F % (il : dgemm) 25K 5.
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a— RFERTar 7+ (2)

NameToOptCcode : LV —F V& DA% 5 2 TEEEMN 2 MREREL QAEFE - SIMD » ¥+ v
avuyxrr) 2EELE CEiEa— FEEK

e Prompt

“Implement #ROUTINE# routine in BLAS in C language. Thread parallelization, SIMD
vectorization, and cache blocking should be considered for speed-up. Function name must be
"GPTBLAS_#ROUTINE#". "GPTBLAS" is capitalized. All function argument names must be
in lower case, all must be taken as pointers, and those that have not changed in the code must
be marked with const. Insert printf(” [gptblas]”); at the beginning of the routine. Do not output
anything other than the source code. Do not output Markdown code block symbols either.”

e 3 ROUTINE i2idn—F % (il : dgemm) H3A%.
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a—RERTr Y7 3) (1/2)

FrtcodeToOptCcode : Fortran Zff % a— F& 5275 2 TR MEREREL (R ) %
ZRL CEifa— FRAR (BREEa— MR FHEICERPIEETEIN TV D)

e Prompt ~

“Implement C code that has the same functionality as the attached Fortran code; the spec-
ifications are written at the beginning of the Fortran code. Thread parallelization, SIMD
vectorization, and cache blocking should be considered for speed-up. Function name must
be "GPTBLAS_#ROUTINE#". "GPTBLAS" is capitalized. All function argument names must
be in lower case, all must be taken as pointers, and those that have not changed in the code
must be marked with const. If you implement the XERBLA function, it must be named "xerbla”
and the function body must not be implemented, but the prototype declaration "void xerbla(const
char *srname, const int info);” must be added at the beginning of the code. Use macros named
"MIN()" for "min()” and "MAX()" for "max()". Insert printf(” [gptblas]”); at the beginning of
the routine. Do not output anything other than the source code. Do not output Markdown code
block symbols either.”

e 3 ROUTINE i2idnv—F>% (il : dgemm) H3A 3.
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a— RER T 7 (3) (2/2)

dsymm /L —F > @ Fortran 2% o — FEHICH 2 HHEOFHH (—EF)

> \brief \b DSYMM

= = DOCUMENTATION =
Online html documentation available at

http://www.netlib.org/lapack/esplore -html/

Definition:

*
*

*

*

*

* =

* SUBROUTINE DSYMM(SIDE,UPLO,M,N,ALPHA,A,LDA,B,LDB,BETA,C,LDC)
* .. Scalar Arguments

* DOUBLE PRECISION ALPHA,BETA

* INTEGER LDA,LDB,LDC,M,N

* CHARACTER SIDE,UPLO

* ..

*

*

*

*

.. Array Arguments ..
DOUBLE PRECISION A(LDA,*),B(LDB,*),C(LDC,%*)

> \par Purpos
* =
*> \verbatim
*> DSYMM performs one of the matrix-matrix operations

*> C := alpha*xA*B + betax*C,

*> or

*> C := alpha*B*A + betaxC,

*> where alpha and beta are scalars, A is a symmetric matrix and B and

%> C are m by n matrices.
*> \endverbatim

* Arguments:

x =
*> \param[in] SIDE
*> \verbatim

*> SIDE is CHARACTER*1

> On entry, SIDE specifies whether the symmetric matrix A

> appears on the left or right inm the operation as follows:

> SIDE = 'L’ or ’1’ C := alphaxAxB + betaxC,

x> SIDE = 'R’ or 'r’ C alpha*B*A + beta*C, 12/29




NameToCcode NameToOptCcode FrtcodeToOptCcode

Level Routine | GPT-4.1 o4-mini GPT-4.1 o4-mini GPT-4.1 o4-mini
1 dasum 10 10 9 7 8 8
daxpy 10 10 10 10 8 9

ddot 10 10 8 9 6 10

idamax 3 10 2 9 7 7

dnrm?2 10 10 7 5 8 6

drot 10 10 8 9 6 9

drotm 8 5 3 6 8 8

2 dgemv 8 9 3 6 3 4
dger 10 10 7 7 6 10

dsymv 8 8 0 2 0 3

dsyr 10 8 0 5 7 7

dsyr2 8 9 2 7 6 10

dtrmv 3 4 0 5 2 1

dtrsv 8 9 0 4 4 7

3 dgemm 10 10 3 0 5 7
dsymm 4 8 3 3 1 4

dsyrk 3 10 0 1 4 5

dsyr2k 3 10 0 0 7 6

dtrmm 0 1 0 0 1 0

dtrsm 0 0 0 0 5 1
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FRa — FOEI{EREERER (2/4)

ERERICOVWT

o N—FUHDAEHZTHIELLEET 2a— R2ERINTVS

o L2LAT LD Fortran DB RFEE a2 — R [ UEEFE (2— MEE) Tldiw
» dgemm TIESMFELE D — FMIILTOIEEE— F (transa/transb) OHAR% if XTHEDTIIL

FREFENIC3HE for L—F2ENTWVWS

» Bl — FOZERAMITEREE— FIZGLTT FLREFHEE
» ERRa— RidR 3L Ewa— R oA Xh 3 EA

o HREERRF XY MY ULAHEBICESWTa—FEKL TWAAEEWLDRH 5
» FLEBMELRWS —ZNZL BB
» o — FIESREEZa—-NCH 27 —UHBREKR I TWS
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FRa — F OEIEREERER (3/4)

)

dgemm @ Fortran ZE%E%E a0 —

IF (NOTB) THEN
IF (NOTA) THEN
x Form C := alpha*A*B + beta*C.
DO 90 J = 1,N (B§)

DO 80 L = 1,K
TEMP = ALPHAxB(L,J)
DO 70 I = 1,M
C(I,J3) = C(I,J) + TEMP*A(I,L

)
70 CONTINUE
80 CONTINUE
90 CONTINUE
ELSE
* Form C := alpha*A**T+B + beta*C

DO 120 J = 1,N
DO 110 I = 1,M
TEMP = ZERO
DO 100 L = 1,K
TEMP = TEMP + A(L,I)*B(L,J)
100 CONTINUE
IF (BETA.EQ.ZERO) THEN
C(I,J) = ALPHA*TEMP

ELSE
C(I,J) = ALPHA*TEMP + BETA*C
(1,3

END IF

110 CONTINUE

120 CONTINUE

END IF
ELSE

IF (NOTA) THEN

dgemm DK Iz CFiEa—F fH)

#include <stdio.h>
void GPTBLAS_dgemm(const char *transa, const char *
transb, const int *m, const int *n, const int *k,
const double *alpha, const double *a, const int *
lda, const double *b, const int *1db, const double
*beta, double *c, const int #*1dc)
{
printf (" [gptblas]");
int i, j, 1;
int nota = (*tramnsa == ’N’ || *transa == ’n’);
int notb = (*transb == ’N’ || *transb ‘n’);
for (j = 0; j < *n; j++) {
for (i = 0; i < *m; i++) {
double cij (¥beta) * c[i + j * (xldc)];
double sum = 0.0;
for (1 = 0; 1 < xk; 1++) {
double a_val = nota ? ali + 1 * (*lda)
1 : all + i * (*1lda)l;
double b_val = notb ? b[1l + j * (*x1db)
1 : blj + 1 % (%1db)];
sum += a_val * b_val;
¥
cli + j * (¥1dc)] = cij + (xalpha) * sum;
¥
¥
}
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FR T — F ORGSR (4/4)

2L ER
o o4-mini IZ LN GPT-4.1 X b 3 E4 M EER]
» o4-mini iX NameToCcode UL —F 2D AN S C a2 — RAER) & dtrsm ZRE 2L —F VTN
o Level-3 BLAS /L —F M IZ IR KN
> RS RX—REBERBLIZFITRR—VEHZD
> TRy X UIRIERT 2 CEENEMICR D

HaeRE L
e OpenMP 23 H XN T\ 325003 L b el 2 g Tld v

o SIMD 1bi3% < D55 pragma omp simd HMEH T 553, AVX2/AVX-512 #HAIA %4 BEEE
HHLTW2HEbH 3
» ZOHE, vr8v (LLAVX_, __AVX512F_) Ta—FalEXhTw3

o THFIHRED 7T v 794 X% K DHE 64 HEHITHRE SN TWS (i 128 % 256)
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PERERGE(L X 7z 3 — R O PEREFEAT

SHEIRIR
o HERY 'RE) Type l VX7 A4
e CPU : Intel Xeon Gold 6230 (20 =7, Cascade Lake) X 2
o ALy FEEWHE a7 I2EHbET40 ALy FRIEE
e Y84 )LX gee/gfortran 11.3.0, -march=native O AJ57E

SHii5 &
e Level-1/2 L—F > (XEYANY FigEEH) : GB/s THHM
Level-3 v —F > (HEHGH) © GFlops/s TaFHifi
MIRET A X F v v ad A REDKRELSHKE
> level-1:n = 16777216, level-2 : m =n = 8192, level-3:m =n =k = 2048
Fortran & 53 (WAL - b S TWigwy) L MEREZ HLig
A ENT 10 2— FRTRREOKMEZ RS
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Level-1 BLAS v —F > D1EiE (GB/s, n=

16777216)

NameToOptCcode FrtcodeToOptCcode

Routine Ref GPT-4.1 o4-mini GPT-4.1 o4-mini

dasum 6.0 | 68.0 (11.4x) | 63.5 (10.7x) | 61.5 (10.3x) | 63.6 (10.7x)
daxpy 172 | 776 (45x) | 68.8  (4.0x) | 71.9  (4.2x) | 67.8  (3.9%)
ddot 11.7 | 65.8 (5.6x) | 63.1 (5.4x) | 61.0 (5.2x) | 60.8 (5.2x)
idamax 7.1 ] 638 (9.0x) | 65.1 (9.2x) | 60.3  (8.6x) | 62.8  (8.9x)
dnrm?2 51| 665 (12.9x) | 64.0 (12.5x) | 60.6 (11.8x) | 63.5 (12.4x)
drot 106 | 40.6  (3.8x) | 341  (3.2x) | 349  (3.3x) | 344  (3.3x)
drotm 11.1 | 39.6 (3.6x) | 36.6 (3:3x) | 347 (3.1x) | 34.1 (3.1x)

e “Ref” i Fortran Z323% (AL - FoEL T TWizw)
o BFLDH1ODa— FTETLAEMRTIEIRL, BT RA—XRETUELLBHEDORRIE
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NameToOptCcode FrtcodeToOptCcode
Routine | Parameters GPT-4.1 04-mini GPT-4.1 o4-mini
dgemv trans=N 5.4 (0.6x) | 30.0 (3.3x) | 323 (3.5x) 6.6
trans=T 68.9 (10.4x) | 66.3 (10.0x) | 67.6 (10.2x) | 65.9
dger 463  (25x) | 649  (3.5x) | 66.4  (3.6x) | 64.2
dsymv uplo=L 4.6 (0.8x) 4.3
uplo=U 5.3 (0.9x) 4.7
dsyr uplo=L 32.4 (1.9x) | 64.0 (3.7x) | 64.5 (3.7x) | 60.9
uplo=U 61.5  (3.5x) | 644  (3.7x) | 58.9
dsyr2 uplo=L 26.4 (3.5x) | 63.7 (8.3x) | 61.0 (8.0x) | 60.2
uplo=U 29.0 (1.9x) | 59.6 (3.9x) | 62.1 (4.0x) | 58.6
dtrmv uplo=L, trans=N, diag=N 7.3 (1.0x) 3.0 (0.4x) 3.0
uplo=L, trans=N, diag=U 7.7 (1.0x) 2.9 (0.4x) 2.9
uplo=L, trans=T, diag=N 56.9 (8.8x) 33 (0.5x) 3.2
uplo=L, trans=T, diag=U 56.3 (8.7x) 33 (0.5x) 3.2
uplo=U, trans=N, diag=N 7.6 (0.8x) 31 (0.3x) 31
uplo=U, trans=N, diag=U 7.6 (0.9x) 3.1 (0.3x) 3.1
uplo=U, trans=T, diag=N 56.7 (9.3x) 32 (0.5x) 3.2
uplo=U, trans=T, diag=U 56.4 (9.3x) 3.2 (0.5x) 3.2

o “Ref” iX Fortran Zi854E (MiFL - FodfbIhTVRWY)
o ILDL1ODaA— RTHEITULEMBRTIEIRL, BRNIX—XFRETHEL-EEOREHE

o ZERIZENET 2 a— FOERS B L o L 2RT



Level-2 BLAS v —F > DEgE (GB/s, m=n=8129) (2/2)

NameToOptCcode FrtcodeToOptCcode
Routine | Parameters Ref GPT-4.1 o4-mini GPT-4.1 o4-mini
dtrsv uplo=L, trans=N, diag=N 84 | 120 (1.4x) | 175 (21x) | 42 (05x) | 35  (0.4x)
uplo=L, trans=N, diag=U 8.5 12.2 (1.4x) 15.4 (1.8x) 4.4 (0.5x) 3.4 (0.4x)
uplo=L, trans=T, diag=N 6.2 26.6 (43x) | 3.1 (05x) | 3.1  (0.5x)
uplo=L, trans=T, diag=U 6.2 26.8 (4.3x) | 3.1 (0.5x) | 3.1  (0.5x)
uplo=U, trans=N, diag=N | 7.7 | 11.7 (1.5x) | 151 (2.0x) | 43 (0.6x) | 3.0 (0.4x)
uplo=U, trans=N, diag=U | 7.8 | 12.4 (1.6x) | 151 (1.9x) | 44 (0.6x) | 3.1 (0.4x)
uplo=U, trans=T, diag=N | 6.5 275 (42x) | 3.3 (05x) | 3.3 (0.5x)
uplo=U, trans=T, diag=U | 6.5 27.1  (4.1x) | 3.2 (0.5x) | 3.3 (0.5x)

e “Ref” i Fortran Z323% (ML - BoEfL T TWiaw)
o BFLDH1ODa— FTEITLAEMRTIERL, BT RA—XRETUELLBHEORRE
o ZEIIES 23— FOER SN AP0 I L 2RT
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Level-3 BLAS v —F > D 14gE (GFlops/s, m=n=k=2048) (1/3)

NameToOptCcode FrtcodeToOptCcode
Routine | Parameters Ref GPT-4.1 o4-mini GPT-4.1 o4-mini
dgemm | transa=N, transb=N | 2.7 [ 17.4 (6.5x) | 205 (7.7x) | 18.0 (6.8x) | 20.8 (7.8x)
transa=N, transb=T | 2.5 | 16.5 (6.5x) 16.1 (6.3x) | 20.7 (8.1x)
transa=T, transb=N 1.8 | 16.8 (9.3x) 0.8 (0.5x) | 29.2 (16.1x) | 23.8 (13.1x)
transa=T, transb=T | 0.3 | 15.7  (46.3x) 35 (10.4x) | 20.3  (59.8x)
dsymm side=L, uplo=L 3.6 | 136 (3.7x) | 17.2 (4.7x) | 19.9 (5.5x) | 22.3 (6.2x)
side=L, uplo=U 35 | 139 (4.0x) | 17.3 (49%) | 19.9 (5.7x) | 22.4 (6.4x)
side=R, uplo=L 2.7 | 134 (4.9x) | 16.4 (6.0x) | 19.0 (7.0x) | 21.2 (7.8x)
side=R, uplo=U 27 | 134 (49x) | 213 (7.8x) | 187  (6.8x) | 21.1  (7.7%)
dsyrk uplo=L, trans=N 1.0 2.9 (29x) | 18.2 (18.2x) | 16.6  (16.6x)
uplo=L, trans=T 1.9 | 201  (10.6x) | 21.8 (11.5x) | 27.7 (14.7x) | 23.0 (12.2x)
uplo=U, trans=N 2.3 3.8 (1.6x) | 16.5 (7.1x) | 16.5 (7.1x)
uplo=U, trans=T 1.9 | 36,5 (19.2x) | 21.0 (11.0x) | 347 (18.2x) | 225 (11.9x)
dsyr2k uplo=L, trans=N 1.8 31.0 (16.8x) | 18.4  (10.0x)
uplo=L, trans=T 31 | 429 (13.8x) 29.6 (9.5x) | 23.1 (7.4x)
uplo=U, trans=N 3.1 30.2 (9.9x) | 18.1 (5.9x)
uplo=U, trans=T 3.1 43.2 (13.7x) 27.4 (8.7x) 23.0 (7.3x)

o “Ref” i Fortran 28322 (5L - @k S TWiRW)
o BFLDH1ODa— FTEITLEMRTIERL, BT RXA—XRETHELLHEORRE
o ZEMIIIES 23— FOER SN A»r oI L 2RT



Level-3 BLAS v —F > D14gE (GFlops/s, m=n=k=2048) (2/3)

NameToOptCcode FrtcodeToOptCcode
Routine | Parameters Ref | GPT-4.1 o4-mini GPT-4.1 o4-mini
dtrmm side=L, uplo=L, trans=N, diag=N 3.1 1.6 (0.5x) 22.4 (7.4x)
side=L, uplo=L, trans=N, diag=U 3.1 1.3 (0.4x) | 22.9 (7.4x) | 23.0 (7.4x)
side=L, uplo=L, trans=T, diag=N 1.8 28.7 (15.8x) | 23.6  (13.0x)
side=L, uplo=L, trans=T, diag=U 1.8 28.8  (15.7x) | 23.7  (12.9x)
side=L, uplo=U, trans=N, diag=N 3.0 1.7 (0.6x) | 22.6 (7.5x) | 22.4 (7.5x)
side=L, uplo=U, trans=N, diag=U 3.0 1.7  (0.6x) | 22.6 (7.6x) | 222 (7.5%)
side=L, uplo=U, trans=T, diag=N 1.1 27.7  (26.4x) | 23.3  (22.2x)
side=L, uplo=U, trans=T, diag=U 1.1 28.3  (26.7x) | 23.6  (22.2x)
side=R, uplo=L, trans=N, diag=N 3.0 0.3 (0.1x) 0.3 (0.1x)
side=R, uplo=L, trans=N, diag=U 3.1 0.3 (0.1x) 0.3 (0.1x)
side=R, uplo=L, trans=T, diag=N 3.4 0.3 (0.1x) 0.3 (0.1x)
side=R, uplo=L, trans=T, diag=U 35 0.3 (0.1x) 0.3 (0.1x)
side=R, uplo=U, trans=N, diag=N | 3.3 0.3 (0.1x) 0.3 (0.1x)
side=R, uplo=U, trans=N, diag=U | 3.2 03 (01x) | 03  (0.1x)
side=R, uplo=U, trans=T, diag=N 3.3 0.3 (0.1x) 0.3 (0.1x)
side=R, uplo=U, trans=T, diag=U | 3.3 0.3 (0.1x) 0.3 (0.1x)

o “Ref” iZ Fortran Zi85E%: (MiF(k - FEfbIhTwRW)
e MFLYH 1 oDa— FTFEITLIEMETIIRL, BT X—XRETHELGEOREME
o ZERIENEST 2 a— FAER SN Lo/l 8 BRT
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Level-3 BLAS v —F > O1E#E (GFlops/s, n=2048) (3/3)

NameToOptCcode FrtcodeToOptCcode
Routine | Parameters Ref | GPT-4.1 o4-mini GPT-4.1 o4-mini
dtrsm side=L, uplo=L, trans=N, diag=N 1.4 50 (3.5x) | 20.8 (14.6x) | 240 (16.9x)
side=L, uplo=L, trans=N, diag=U 1.4 54  (3.7x) | 209 (14.6x) | 247 (17.2%)
side=L, uplo=L, trans=T, diag=N 1.9 16.5 (8.8x) | 23.6 (12.6x) | 23.5 (12.6x)
side=L, uplo=L, trans=T, diag=U 1.9 18.0 (9.6x) | 23.6  (12.5x) | 23.7  (12.6x)
side=L, uplo=U, trans=N, diag=N 0.9 6.9 (8.0x) | 20.7 (23.8x) | 24.4 (28.0x)
side=L, uplo=U, trans=N, diag=U 0.9 44  (5.0x) | 209 (24.0x) | 245 (28.1x)
side=L, uplo=U, trans=T, diag=N 1.9 171 (9.2x) | 23.4 (12.6x) | 235 (12.7x)
side=L, uplo=U, trans=T, diag=U 1.9 16.5 (8.9x) | 234 (12.6x) | 235 (12.7x)
side=R, uplo=L, trans=N, diag=N 33 9.9 (3.0x) 0.3 (0.1x)
side=R, uplo=L, trans=N, diag=U 3.2 9.1 (2.8x) 0.3 (0.1x)
side=R, uplo=L, trans=T, diag=N 2.8 6.3 (2.3x) | 205 (7.4x)
side=R, uplo=L, trans=T, diag=U 2.8 5.8 (2.1x) | 18.0 (6.5x)
side=R, uplo=U, trans=N, diag=N | 3.3 8.8 (2.7x) 0.3 (0.1x)
side=R, uplo=U, trans=N, diag=U | 3.3 9.9 (3.0x) 0.3 (0.1x)
side=R, uplo=U, trans=T, diag=N 2.8 6.3 (2.3x) 20.2 (7.3x)
side=R, uplo=U, trans=T, diag=U | 2.8 6.5 (2.4x) | 18.9 (6.8x)

o “Ref” iZ Fortran Zi85E%: (MiF(k - FEfbIhTwRW)
e MFLYH 1 oDa— FTFEITLIEMETIIRL, BT X—XRETHELGEOREME
o ZERIENEST 2 a— FAER SN Lo/l 8 BRT
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ERalts)

b
o N—F U HDAEEZTHIELLEET2a— RPERINTVS
» R XNz a— RiX Fortran ZIFEE L MELP KX BRIGE0DH 5
> HHEER RF 2 XY FREP LRERICE SV Ta— FER LTV AATEENDH 2

o FEHERYZ2 LA LLM T% BLAS L UL D a— Fid+54: T fE
o LRMMERAE (level-2/3 L—F ) DOFERERGEILICIZTRE DSV

SEROFRE
o EMEENMI EDI2DDT 4 T 4 7 L RITEKROEM, Ter oI R, KESRY T,
BN, RAG, L FIT—T b, et
o F—7 A b LLM OMREFHET — v — AL LLM a— FAK S R 7 L DEIFEA
o BiHRIHE a— FAEKBIIRYFv—2ty POREE (BLASIEZFFaX Y bea— Rty
M2 3 D PERERTHIMfi 12 oo ANE Y))
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Anthropic Claude Code

Claude Code IC& % dgemm (fSFE{THE) DR
e Claude Code v1.0.60, Opus 4 (Max 77 Y#E& L TE O HIRIZETWRW)
e CPU: Intel Core i5-14400F (Raptor Lake) — 225.6 + 112.0 = 337.6 GFLOPS

» Performance-cores: 4.7 GHz X 4 (AVX2) X 2 (FMA) X 6 27 = 225.6 GFLOPS
» Efficient-cores: 3.5 GHz X 4 (AVX2) X 2 (FMA) X 4 27 = 112.0 GFLOPS
» 16 ALy F (Pay72XLy F/ay, Eary1ALy /a7y)

e OpenBLAS 0.3.30 & MErELLER
ABhLrE=7FOr7k

1. TC 3BT BLAS @ dgemm L —F » ZHEL TS W, CPU fH#iZ cat /proc/cpuinfo
THERRL, Z OB CTRAVERENIIETE 2 X 5 ITREREL 21T o T2 & W,
OpenBLAS (/local iI24 Y A b —=LENTWVW3) LEEMREHEBLIELLEET S22 %
MEFEL T Z&E V.

2. TEHITRBILTIEES WV,

3. TRIEY A X% 4096 £T, 10 FHIE L T2 £ RT 2 K512 LTL SV,
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Claude Code — A% — F D MH:HE

# Version 1

N= 128: Optimized: 24.81 GFLOPS, OpenBLAS: 140.74 GFLOPS, Efficiency: 17.6%, Error: 8.881784e-16
N= 256: Optimized: 36.09 GFLOPS, OpenBLAS: 231.48 GFLOPS, Efficiency: 15.6%, Error: 3.552714e-15
N= 512: Optimized: 37.43 GFLOPS, OpenBLAS: 289.88 GFLOPS, Efficiency: 12.9%, Error: 1.065814e-14
N= 768: Optimized: 58.06 GFLOPS, OpenBLAS: 291.67 GFLOPS, Efficiency: 19.9%, Error: 1.398881le-14
N=1024: Optimized: 55.44 GFLOPS, OpenBLAS: 310.42 GFLOPS, Efficiency: 17.9%, Error: 1.598721e-14
N=1536: Optimized: 52.42 GFLOPS, OpenBLAS: 313.46 GFLOPS, Efficiency: 16.7%, Error: 1.776357e-14
N=2048: Optimized: 51.14 GFLOPS, OpenBLAS: 315.77 GFLOPS, Efficiency: 16.2%, Error: 2.309264e-14
N=3072: Optimized: 561.67 GFLOPS, OpenBLAS: 323.50 GFLOPS, Efficiency: 16.0%, Error: 2.553513e-14
N=4096: Optimized: 48.36 GFLOPS, OpenBLAS: 329.53 GFLOPS, Efficiency: 14.7%, Error: 3.108624e-14
1
FEBICHRIBEL LTIV
\

# Version 2

N= 128: Optimized: 20.36 GFLOPS, OpenBLAS: 139.62 GFLOPS, Efficiency: 14.6%, Error: 8.881784e-16
N= 256: Optimized: 54.05 GFLOPS, OpenBLAS: 229.96 GFLOPS, Efficiency: 23.5%, Error: 3.552714e-15
N= 512: Optimized: 71.59 GFLOPS, OpenBLAS: 287.73 GFLOPS, Efficiency: 24.9%, Error: 5.329071e-15
N= 768: Optimized: 180.22 GFLOPS, OpenBLAS: 290.67 GFLOPS, Efficiency: 62.0%, Error: 0.000000e+00
N=1024: Optimized: 203.34 GFLOPS, OpenBLAS: 305.95 GFLOPS, Efficiency: 66.5%, Error: 7.771561e-15
N=1536: Optimized: 286.05 GFLOPS, OpenBLAS: 314.14 GFLOPS, Efficiency: 91.1%, Error: 0.000000e+00
N=2048: Optimized: 287.40 GFLOPS, OpenBLAS: 319.22 GFLOPS, Efficiency: 90.0%, Error: 1.154632e-14
N=3072: Optimized: 310.42 GFLOPS, OpenBLAS: 323.78 GFLOPS, Efficiency: 95.9%, Error: 0.000000e+00
N=4096: Optimized: 317.58 GFLOPS, OpenBLAS: 330.58 GFLOPS, Efficiency: 96.1%, Error: 1.509903e-14
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