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1. a— FERAIIEOHER

2. HEERAEHRAER L X — - a— FERAINFE e Y =27 b THPC-GENIE)

3. ¥AF LM ==Y = ¥ M2 k% HPC 2 — FHEIR#EL 7 L — 247 —2 TVibeCodeHPC
(K 12 —HI)

4. LA LLM 1T X % BLAS 22— RAARES) D 3
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a— FAERAIWIZROER (1/2)

ABEESEETIL (LLM) (2&3 709 5 LRARSZESHTOSIRLERE
e LLM X ChatGPT iz B} 2 HAZFEUED & o — FAERA & CHHF 2K
o XFXFRHY—E X OpenAl Codex, Anthropic Claude Code, Google Gemini CLI, etc.
o MOTIIMBBETERI - IZE DRESI R EH

HPC £RICH115 01— RER Al ADOHR
o HEREMEETZY I MY 27Ty =7 DREADRL
o BUEFTE - HPC 2 — F OBIFICIINRIA W EFYHIGR & 5050 B
o Uyt DHERE - BHTHIN o RITEE 2 F
o —fHDAVNAT - BfE - A F =T —F T F v NONEHEHIT
e Fortran 2— R ¥ DL IS —EEADXE — Fortran to GPU, E& NEXT
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a— FAERAIWIZROER (2/2)

%%

|
o BUEFTH - HPC a— F OAENEENIITFEIZ W
» FUZENF IRV W — R 23 ER D EHER RE R LT B
> BUEEHHE O — FCIGEHEBRER CREOMEDL H 5
» Fortran 2 ¥’ D~ 4 F— SiEADHE
o HBBER - MY — v RIXEMREE D i
» Zffie g — B AT A THDE 21
» BEHY—E2ZHLOEFAEELTICEBE T L NLD Y AT LADRE
e USMHTHM?
> TTIAMEEN - THRHRVDITFIIFV2RWN
» Al FFRIGESDELSSALT OV
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HPC-GENIE
— High-Performance Computing with GEnerative Neural

Intelligence for Execution?

B R A X —

Dhttps: //www.hpc.itc.nagoya-u.ac.jp/menu/hpc_genie.html
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HPC-GENIE (1/2)

HPC-GENIE - High-Performance Computing with
GEnerative Neural Intelligence for Execution

o LB REIEREML L X —THELEAIICELS
HPC a— FAKHE T RS =7 +

o K% 3, BIRE A KM
e + B4/M1 O¥ARS (CTO : b f2—E)

PC-GENIE'

PROJECT
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HPC-GENIE (2/2)

MET—<
o JOAVI IV ZFTIYY - BB TRTIERZL, BHFIFury 7 MR - £

o EFIIRR - BINEE, 7y A Fa—=VT, MEBFEET L (Small Language
Model, SLM)

e INFI—TxYV b RTL - HEOME, SLM OIEH, X7 —5¥ V7«
o BHIFa—ZVIUBMEDRE — ST XAXMEEREE ALIZEE X3

o FRF—REy FOBEFER - ZOEFIFEE T -2V 0 - DIzl v
o BI7Z LLM D4REFTM

o RYFI—UDIEE - HPC, HUYHETE, <H %< H % Fortran 23— F

o ZANAVEVEA—ICEITB Y —ERRM — HOESIEITRE, ¥ — b 24t
e Vibe Coding
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Vibe Coding

Vibe Coding®

o NHEARAIBEASFENGEZECTHE 7 —2EKL, Y7 by =7 2HFETHED &
FBRFERT XA LY

o EHENY72a— FECb 2 R/NRICINZ, Bifittk & D b2 —F —DERENZ T 4 77 DERE%Z
(-5 )

o TR THKRT 2DX 512 T/ V) THELTWL
o O—F 47T —Y x> b (Claude Code) DEIGAH Vibe Coding EHDEE% B 72

3A. Karpathy, “There's a new kind of coding | call “vibe coding” ... ,” X. Accessed: Jul. 23, 2025. [Online]. Available:
https://x.com/karpathy/status/1886192184808149383

4C. Meske et al., “Vibe Coding as a Reconfiguration of Intent Mediation in Software Development: Definition, Implications,
and Research Agenda”, arXiv:2507.21928 [cs.SE], (29 July 2025) https://doi.org/10.48550/arXiv.2507.21928
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Vibe Coding v.s. Agentic Coding

Vibe Coding

Agentic Coding

Basic Concept

Based on human ‘“intuition” or
“vibe,” humans and Al collaborate

Al agents autonomously plan and
execute toward achieving goals

Main Driver

Humans (mainly developers in di-
rect dialogues)

Al (the agent drives tasks toward
the goal)

Interaction Conversation-based prompts with | Users specify tasks, while Al au-
frequent trial-and-error by devel- | tonomously performs sub-task di-
opers, supported by LLM vision, code generation, and exe-

cution until completion

Objective Rapid development, prototyping, | Long-term automation, task com-
and idea exploration pletion, and industry substitution

Process Iterative trial-and-error with im- | Strategic planning of optimal pro-
mediate improvements cedures by Al

Example Replit + Copilot (e.g., “Make a Ul | AutoGPT, AgentLLM, Open-

that feels modern” — “Simplify it
more”

Codelnterpreter, or Cl/PG tools
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VibeCodeHPC
— Multi Agentic Vibe Coding for HPC®

TEBAFEH:
M R—H (BEBERFERER AR Bt 14)

= LRI ORI ADHIAL 5.

Shttps://github.com/Katagiri-Hoshino-Lab/VibeCodeHPC-jp
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VibeCodeHPC — Demo

@ meme@DESKTOPUKQUTI: /0 X

8 ooy mapa B i
L - BSEL: geclo.u WMLy k7Y T ET. PUE0 EREB
) 5 - X CIL1: SSHIERY weguiRE
CEZERI Ry = LR - frua-rale 7oL BhE AR
- % SE2, CI2.1: Fjmpi-gecRMmO) %

/
| P (Project nanager) BaseCode) 7 (N=20000) 77 7IM) 6% TL THY . &PaH ¥FILEEEMUTI SRVTT .
B )
Agent.-shared/ (3~

k i/ (AR
e
o T

111 (oo gent)

L p61.1.1 (WIHPHLIEN)
o

ope
L p61.1.2 (openwpRFHEIN)
oo,

L o113 (STORHLEN) @ meme@pESKTOP-UKaLTS:
Loopopt/

I
3

. - o 1 J B PGI— 517 b A0 chang 13
L po1.1.4 (h-T7REEY) S selan (& o7+ ER®A. 1110 sshiz b
Py Sa . s -
|~ sez2 (systen Egineer) 2503 I
mat mat100¢ | cr2.1 (ssi ngent) esc to interrupt)
e

i

(1325 - 1 1.1k tokens

= ujitsu
L Tt cons s S memer ot upann. < a

pe2.1.2 (Fujitsu Opennp ML) 525 E #1568 (sTATY
)

T LRy tory_map.txt E SEL T K2 1"

33\ Mo nenline at end of file

OEFEBELHG.
T HAHAN

cuz 4.9k tokens
esc to interrupt)

PG1.1.4 Loop
Optimization Progress
Log

RRFH. WEEREANTE

o . 3 cc10.4. 0B MO PGEWEREL . 70
version: v1.0.0 e e R

(3985 - 1 7.3k tokens
esc to interrupt) 1

timestan 2 -1




VibeCodeHPC — Fully Automated
N DA A7 Lic HEREE ATHREDH)

SOTA Performance Progression - Hardware (Node Configuration)

Performance (GFLOPS equivalent)
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1. a— FERAIHEOE R

2. HHBARFIERESR Y 2 — - a— FAERAIFE TS =2 + THPC-GENIEJ

3. ¥AF LM = —Y x> M2k % HPC a— FHEIREL7 L —2 Y —2 [VibeCodeHPC |
bk B—5H)

4. SR LLM |2 & % BLAS O— REREEH DT
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SAE LLM |2 & % BLAS 01— R4RAEH D 5FE ©

)D. Mukunoki, S. Hayashi, T. Hoshino, T. Katagiri, “Performance Evaluation of General Purpose Large Language Models for
Basic Linear Algebra Subprograms Code Generation”, arXiv preprint arXiv:2507.04697, 2025.
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HRCHN

BE
e BLAS (Basic Linear Algebra Subprograms) =— R
> RIERIEE TR RSN B R bV ATHIHE 21T 5 EAREEAKEES 4 75V
» Fortran 12 Xk 2B BEHa— FARBIATWS (HEEREL - MHHLE A THARLY)
» BLAS iZZEBDON—F U THR I, 3SR 7 = —RERK, RITA T arvrdbh, FEE
HEGENL—F N XD B0, SRR A BE
» BLAS I Fortran DS BFEEZETLWL DDA —FE FFa XY ML Y Z—F v b EIZNB
INTEYD, LLM A28 LT 3 & A HE
o W NAMASH DOPLH LLM (GPT-4.1, o4-mini) @ BLAS 22— R4 RAE S 3T
» BARSHEIC X ZRDBOIETD 2 WIS Fortran 2— FEMJI2 X 2 C SiEa— FAEK
> EER R MREESEL (R Ly RIFIL, SIMD 1L, Ymvy$>2) @A LR C SiEa— FAEK
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B EAT ST

HPC OJ— REMMRE

e 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.

TS E O — FERK
e ChatBLAS (Valero-Lara et al., SC24-W)
» OpenMP, CUDA, HIP i2X& % BLAS ®~X 27 tLiEE L —F >~ (level-1 BLAS) % ChatGPT
(GPT 3.5-Turbo, 40) 1T X WA
» 10 2— FAR L OpenMP T 93-100%, CUDA T 66%, HIP T 75-82%2EifE
> TRV FINIUI=TIVYY, T AV Fa— K BUE
¢ QiMeng-GEMM (Zhou et al., AAAI 2025)
» GPT-40, Claude 3.5 Sonnet i F 370y 7 rxyo=71 22k 5175# (BLAS O
GEMM L —F ) da— FARR
» CPU (RISC-V C910) T OpenBLAS @ 211%, GPU (RTX4070) T cuBLAS ® 115%DMERE
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AN SR LLM £ 71

OpenAl GPT-4.1 £ o4-mini (2025 F 4 A1) —2X, REFHT—HAKH)
o GPT-4.1: IWEHEE L MRMECEREZEVWLNHET L
e od-mini : #EFRIEREICE N Treasoning By EF L
» OpenAl DA —T>U x4 FETIL gpt-0ss-120b (& 04-mini X EZFEDEAEE

e OpenAl O EMIEF NV TIZR WD, flitgHERELL,

SR I BN T B R U E 7L &

MEMISh T\

GPT-4.1 o4-mini
aAY7FX¥FAbMU 4Ry 1,047,576 200,000
wBRARHEI =2 32,768 100,000
FLodhy vAT 20246 A1 H 202446 A1H
AJEE (100 F h—2 > dH7=h) $2.00 $1.10
HklE (100 5 h—2 > dH=h) $8.00 $4.40
Hesm h—2 > L »HH
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FHii 5 BLAS )L—F

20 BREOEEERBIL—F>

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 4GS (U, 'N')

vVvyvYVvYyy

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

MERELICES , BLAS DI —FUB%Z5ZX3ITTELLEET I OA—FBEREIND
3y—207O>7+
e NameToCcode : L —F > ZDAREZTCEiBEa— FEAER

¢ NameToOptCcode : V—F ¥ DA% 5 2 TERER 2 ERERG#E L (5L - SIMD -
Fryvaryuvxrr) 2ERBLLCEEBa - F2EK

e FrtcodeToOptCcode : Fortran 254 a0 — N % 5.2 72 5 2 THEMEW 2 MEREREL (F L)
EEER L CEEa— FEAER (BRFEEa— FIQZEHEICEIEETEIN TV D)

70> 7 MIEZ B BNIER

¢ BLASH++D TR M7 u 77 MHAA LD DHEHE Fa— FORBEKES 2725
A E

e Python T APl Za—)L ONy FUEICT % L FEHICKR S)

e Hhieo v X EL7ay 7 T 10HHA (HEFLE DT 7 40 MEE)

o XEVKREIXEI 2 HIE QA KANEEFTEL THWRW)
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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 i2idn—F % (il : dgemm) 25K 5.
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a— RFERTar 7+ (2)

NameToOptCcode : LV —F V& DA% 5 2 TEEEN 2 MREREL Q5L - SIMD » ¥+ v
Yavuyxrr) 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 3.
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a—RERZTr Y7 3) (1/2)

FrtcodeToOptCcode : Fortran Zff % a— F& 5275 2 TR MEREREL (R ) %
ZRL CEiia— FRAR (BREEa— MR FHEICERIIEETEIN 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 X ROUTINE i2idn—F>% (il : dgemm) H3A 3.
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a— RERTe 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 + betaxC,

*> 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, 24/41




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 (2/3)

ERFERICOVWT
¢ L—FUEDHEZEZTHELLEET S I—RHRERTNTWVS
LHL#d LD Fortran DBBEEI— R FELREAH (3— KEE) TlERWL
> dgemm TSI — FIILTOEEE— F (transa/transb) OMERE if X THEFITL
ZFRZFICIE for L—FEENTND
» BT FOZIEEANTHIEE - FIZBUTT FLRZHRE
» ERa— RIER BN a— KT R B A
AREERP FF a2 XV F2EE LERICESWTa— FAERL TWB[EENDH 3
» FLLSEMELZRWS —ZDZLH D
» Ao — FEISRER - FZH 27 - UHEpPERIh TV
od-mini DM GPT-4.1 & hdHF LWN?
» o4-mini 1 NameToCcode OL—F > EZDAHD S C a— FAERK) & dtrsm ZREx2L—F 2 lTh
Level-3 BLAS /L —F VI3 AR MR
> NI RX—REERLUTZFIT R —VEBZ N
> Tny XU IRERT S EMESEMICK S
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FRa — FOEI{EREERER (3/3)

)

dgemm @ Fortran SR 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*xT+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 )

#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 * (*1db)
1 : blj + 1 % (*1db)];
sum += a_val * b_val;
¥
cli + j * (¥1dc)] = cij + (xalpha) * sum;
¥
¥
¥
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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 FiEEH) : 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 Hig
AR 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 > DE#E (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 > O1EfE (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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FRR

e OpenMP 23EH TV 22303 L & o 2 HIE Tld e w

e SIMD {kixZ < D& #pragma omp simd DM X523, AVX2/AVX-512 HH A5A A B
PHEHALTWREED DD

» ZOHE, v ru (LAVX_, _AVX512F_) Ta— KFAlExhTns
o fHAETED 7 a v 794 X13% L DIFE 64 DEBICREZINTVDS (—H 128 % 256)
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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— R4 AT 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
M 23 D PERERTHIMfi 12 oo AE Y))
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Anthropic Claude Code

Claude Code IC& % dgemm (fSFE{THTE) DR
e Claude Code v1.0.60, Opus 4
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 K (Pay72XLy F/ay, Eary 1ALy ¥/a7y)
e OpenBLAS 0.3.30 & TERELLER
ABLE7FOY T+
1. TCEFET BLAS @ dgemm L—F > 2R L TL 23V, CPU H#i% cat /proc/cpuinfo
THEREL, ZOBIETRAMRENFEMTE 2 &5 ITHERERELZTo T &,
OpenBLAS (/local iI4 Y A b —L XN TW3) LB/ REPHBELELLEMET 2%
MR L TLZE W,
2. TESICRBIELTLEES V. - ZhpER
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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: 1.39888le-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: 51.67 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
\
FE okt L T RSV
1

# 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

MAHIlIC BT THEY A X% 4096 £T, 10 HHIE L TREEEZFRRT 2 K5I L TLZE W) WIS HEREZBN.
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Claude Code — Ak — FiZoOWT

R O— FICERAIh - EREL
e OpenMP 2L v Filfi4l
e AVX2 SIMD 1t (intrinsics)
o w4 ruh—3k
e ¥yvrayuyFrs (MC=192, KC=256, NC=2048)
o LYZ2ZTHy*x>rr (MR=6, NR=16)
o fTHI%y X7 (XEVHEET 7€ 21L)
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Claude Code — /%

FARR

e 2 » HIZEFIH, 200 USD/H®D Max 77 >~

o KL CPU - GPU [Al BUBERT R 2 — NITxt 3 2 fiakat, BReEem, 7Ny 7

o Iiri31%IX Claude Code "D HAGEIER/ZIITa— FE2HFEWTW5S (Vibe Coding)
R

;@,

RO ZFHATHFICRoTNS (FizBEo20)
» R LRV Makefile BEIERR, WEREMEIVET 2 - BEITERZ ¥
» BTRICTFT 4 L7 FYNOa— FEES L TS HT 2 R
> BRI O S Ik & BT ICHER
o BN TF Ny JhE
> printf THEREX Y L TTF Ny 2T 2 00ER
» GPUDBAFRZA MITF—XBHILTHALED, 1 ALy RTX Y TREEBTFICR?
> TN TDDIIRREFEVIDH LT A TS 0% Eo THEE
o
> REH T T IREE M ThbrhReTWERES AN I CEHL (ANHEEFRTL)
» b LLM 2[RRI LS 2= a viFRZ 2
» BFICHED D, BFIGHYR GE5IR) BEmE 20 TKRLEIILH D

[ ]
g%\
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WFIEBIFIC BT 2B/ Al Fitid 4 > 87 b

Al DEFICE T B HAFERFE
o HEDIHEPE LS AIMERICTFFRIIFHLTERY
» 17 A WTHMA 1 AT 2%, 1EMELRDEDKE
> X EFNTEIBIC (RXEEZTEHHI) ROEMPHETLES
o MERHERITIFEAY arXivd:, HEZWVWEZDZE ML EEIZ WV

CS PHFICHITBHAREINORE

o I— NRAFE, FER, WOCHE, X 74 FMERRY, AITEREE#ICED 2055
> BEEZEFEE (T EARME, - &Y, 5987 — 2%, BHRl, Z2ENHRERY)
> a— FRRZT TRIEH SR RIS 2 Al & 27 L OWEENEE

o fLERAiifE - ZRKHEDZL
» IR L r ATR o TWFIIBBE TRM S T2 DAL DR S
> TUr5 I rIEMOMEIRKIER, T2 =7 KREREGET LNRNWESS

o Al RRERROEIR-F 21> T2 b DHWE (WODRHKD Z 5 7229)
» BMEEE Al (=BFD 22X 2000, vAFIT—Y x> M THEELLM BERAAZEA
» )L LM 25 2o EtE~ s v E, RNV ZRMICEZ BHREISEF
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