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» Claude Code (Anthropic), Codex (OpenAl), Gemini CLI (Google)
e Vibe Coding — Al DA aFIBEMEZBLTI—Tr VI TIHREIZTIL

HPC ¥R(CH14% 01— FERL Al ADHERTF

o EEFKDOIEIL L AMTEDIEHE

e HPC DA - FRICKRO 5N B EELHH - FHilTDMHT
> SO OFHLBT—FTIF v (GPU, 28ILF], FPGA etc), 55 (C/C++/Fortran etc.)
» BEABRSEOME (REAT7ILI) ALER, HEREANDOXL etc.)

o {HRPTHEIEA TVS D XIZZREFED
» ChatHPC (Oak Ridge National Laboratory) Y — HPC BI%¢ - HRZRICHHMEL 7= Al 7O X4 b

Y EIL—LT—2Y

P, V. Lara, A. Young, J. S. Vetter, Z. Jin, S. Pophale, M. A. H. Monil, K. Teranishi, and W. F. Godoy. 2025. ChatHPC:
Building the Foundations for a Productive and Trustworthy Al-Assisted HPC Ecosystem. SC '25.
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HPC-GENIE

e High-Performance Computing with GEnerative
Neural Intelligence for Execution

o ZHERFBHRERE VI —TRELLAIILES
HPC J—FERMEIOZ T b (2025/4-)

e https://www.hpc.itc.nagoya-u.ac.jp/menu/
hpc_genie.html

o AEENRIEITDHHRVNENSEVDE, BLET

o FANERE - FED Al ANOBEDIBHERICEL
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https://www.hpc.itc.nagoya-u.ac.jp/menu/hpc_genie.html
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HPC-GENIE Z7O> o + (2/2)

FEZvI g3y
o IT—Tx Y N NHEE

» INFI—C Y MEOIXRICEDEEFEET IV EBMIIER
» BREEBRNMVERABREETILER IO 7 7O—F 2R
o IMNRIZEETILRF
» MZTHPC DI=HDFEBT—2ty MEE, RVFI—IDEE
e O—AILLM - BREY—EXKEZRST
SREIEF APIFIER - IR OKE
TSy IRy IR VA—XRY =X, AREARDO-HICFEANSNAEL
tFXal) TR N —NTI—FPHET—2HUIEBINB
EE AR
o EE NEXT 78D Fortran to GPU

vy vy vy

4/27



GPT-4.1 & o4-mini ZFAUL\= BLAS O— R4&R 2

ELL<ENMET 30— F# (10 EIEKH)

FEmE{tI—F SEtd—F
Level | Routine [GPT-4.1 | o4-mini | GPT-4.1 | o4-mini e OpenAl GPT-4.1 & o4-mini— T2 k1) —
1 dasum 10 10 9 7 Q 3]
d:f(py 10 10 10 10 LANLORALLM
gt | 10| 10| 8|9 o BEBTOVT MIEB—REM :
dnrm?2 10 10 7 5 IBLAS D #ROUTINE#IN—F>% CE
5 jg;tmv 12 12 § 2 BTEREEL (RBIFHE
daer 10 19 7 ! o L—FUEEITHSEETSZII—RHME
symv
d5§r2 8 9 2 7 Eﬁéh%
j::_:',v g g g 'Z e £ d—KIX Fortran U7 7L >X3—K
5 [dgemm 10 N g 0 CERBZO—RFEBEDZL (BREIREW
mm 4 “
dzrk 3 10 0 1 J—RZER)
dsyr2i 3 0] oo o MEERIE(LI— K O—RERIE+S
trmm 0 1 0 0
dtrsm 0 0 0 0

2D. 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.
AR, WE—ER, EFEW, FiFZE, BLAS O— FEEME L7 GPT EFILICL 2BMEHE I — FREZIRICHATZER, % 200

EINANT =TV RXAVEa—T 1 YITHRERRE (SWoPP2025), 2025 £8 A 4 H.
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Intel GPU [+ SYCL O— R&ERREHDREZE

Performance (Level 2: GB/s, Level 3: GFlops/s, Intel Arc B580, oneAPI 2025.2.1)

Level | Routine MKL run 1 run 2 run 3

2 SGEMV 413.96 408.49 328.53 316.64

SSYMV 123.01 158.93 151.03 87.72

STRSV 86.07 11.83 59.46 11.75

3 SGEMM | 14030.35 | 3340.28 4380.32 3643.29

SSYMM 8863.38 | 3247.80 4207.13 2359.42

SSYRK 7613.51 | 3287.25 5343.23 3680.24

e Claude Code® IZ& 3 Intel GPU [@iF SYCL O— R&ERL (R : BLAS)

e A CPUMITORELETATAVWI—F, HBELFIEE (2—45Fy N—FUx7, 3

YINAIWFE, TRFE)

o 7OVT b I TFIREICH > TREMLE L) - THoRBIELZ1 — THo>HEBLLS)
o NVIDIA IS ®D GPU ICRIEY 5 TRV E —0O v 7 > OELE AT

3)EF)L : claude-sonnet-4-5-20250929

“K. Morita, D. Mukunoki, T. Hoshino, T. Katagiri, Evaluation of the Capability of Coding Al in Generating SYCL-Based
Numerical Computation Codes for Intel GPUs, SCA/HPCAsia2026, poster session, Jan. 2026 (accepted).
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Claude Code & B Fortran A— K (GeoFEM) @ GPU 1t %

Execution time (sec)

N
@]

N
o

[
€]

=
o

wv

Matrix generation part was not optimized.
The instruction “use OpenACC” resulted in m CG solver
the original OpenMP being ignored. = Matrix

System: Miyabi (U. Toyko) 1 node
Problem size: 1283
Coloring / Reordering: RCM

Consequently, it runs on a single CPU core. generation

It is running on the GPU and the results are
correct, but it is slow because the directives
are not set appropriately.

Unlike CG solvers, the acceleration of
matrix generation part has not been
successful and is slower than CPU.

Al Al

Human Human Al Al Al
OpenMP OpenACC “Accelerate “Make it “Make it ”;":nk:r;{“;‘m;a‘;{* “Make it
Grace 72 cores GB200 on GPU using faster” faster” faster.” faster”
OpenAcCC” GB200 GB200 GB200 GB200
GB200

| The instruction “Make it faster” is effective. |

GPU acceleration of GeoFEM (matrix generation + CG solver) on NVIDIA GB200

5)

T. Hoshino, S. Hayashi, D. Mukunoki, T. Katagiri and T. Hanawa, Evaluating Claude Code’s Coding and Test Automation

for GPU Acceleration of a Legacy Fortran Application: A GeoFEM Case Study, LLM4HPCAsia 2026, 2026 (accepted).
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VibeCodeHP(C®)7)

PG1.1.4 Loop
Optimization Progress

Log

VibeCodeHPC (XEMEE . ME—B (BHEXF L 1H) )
o CLIOA—=F 4> IT—2x b (Claude Code) ZFALAZ/NOVEITI— RRAKI—
SIVbIRTLA
o REDELIEHDI—C Y b EELTHEETZIIINFI—C VMO RATLA
e Vibe Coding HARETH B3N REFETEEHEIELTTHEE

®https://github.com/Katagiri-Hoshino-Lab,/VibeCodeHPC-jp

") Shun-ichiro Hayashi, Koki Morita, Daichi Mukunoki, Tetsuya Hoshino, Takahiro Katagiri, VibeCodeHPC: An Agent-Based
Iterative Prompting Auto-Tuner for HPC Code Generation Using LLMs, arXiv preprint arXiv:2510.00031,2025.
WE—BR, HRENE, mAKM, EHFEH, FAZE. VibeCodeHPC : BEO— FRi#ifk CLI RTIILFI—S Vb, H255EPRTF
L 7=%FOF v c B22R2ENANT A=YV RAVE1—T 1 VI BRAAEHRKRSR, 2025 £12 A 15 H.
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VibeCodeHPC — - EEhiE

@ meme@DESKTOPUKQUTI: /0 X
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| 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
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P — - P >
e ER . FYBERES. T 1

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 -V OI—Y x> b vs ¥ILFI—=D T2k

G000

5000~

g

Perfarmance (GFLOPS)

1000

3000~

Solo vs Multi-Agent Performance Comparison - EX01

Solo Best: 1883.4 GFLOPS | X x ® Solo
Multl Best: 3365.3 GFLOPS B Mult
Multi Advantage: 1.79x
A Post-executed
—— Saola SOTA
—— Multi SOTA
=+ GPU 50% Peak
A
[ ]
| " *
; * : X
10 20 a0 B0 o

E 4o
Relative Time (minutes)
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VibeCodeHPC — & d1— FD14RE

DGEMM (17517&) EEHNFI—T (R7Y YV ILIN=)
FIREY A X: m=n=k=2048, in GFlops/s fIREH -« X . SMALL, in GFlops/s
PG role = Agent runl  run2 run 3 PG role = Agent |runl run2 run3
dir. config. | config. dir. config. config.

OpenMP Multi 197.7 2130 1896 OpenMP Multi | 472 77.8 67.1
Solo - - - Solo 215 239 399

MPI Multi 6.7 30.7 - MPI Multi 40.1 576 61.1
Solo - - - Solo - - -

CUDA Multi | 1384.6 3677.2 916.2 CUDA Multi 21.1 245 233
Solo 8045 606.9 1097.7 Solo 14.1 - 195

OpenACC Multi 249.8 - - OpenACC Multi 244 206 20.3
Solo - - - Solo 20.5 - -

MPI-+CUDA | Multi - - 3321 OpenMP+MPI | Multi | 68.8 54.2 -
Solo - - - Solo - - -

SIMD Multi - 183.5 = CPU: Xeon Gold 6230 (20 cores) x 2 (2.688 TFlops/s per
Solo - _ _ CPU, 281.5 GB/s)

GPU: Tesla V100 x 4, (7.8 TFlops/s per GPU, 900 GB/s)

PGI—Cxy hOEESDBIZEM FIAT3HEM) CCICEHITREINS.
RILFI—CxYhHEA (VOI—-S Y MMI2E%E 1 ATIAHLTWS).
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O—AJ PCIEIFCHET 32— REFHBRELS X T LDES

BE
o MEMAEMICO— FRERBILATLZVWENSRELTZL
» BRRTIEFMHGIFRICS > TILBHD
» B—O—-FOSELETZRENICEDERY
o LLM 3 E®TO—HJL PC TEMFSEH-L
» A22a—YPCTHILANLDLLM 37 w BRIOBARSET MEHOMEEZZERT S

(Epoch Al)
> gpt-0ss-120b  (OpenAl) ZFIA — od-mini #HY (—HEKFID ChatGPT < 5LY), Ryzen Al

Max+*% MacBook Pro @ 128GB X E!) TEIfE
o LTI FI—C Y METRENICREL
1. Project Manager (PM) LLM $'5 D Programmer (PG) (239 3 &RiE1LEEE % R
2. PG5 20— FZER
3. —ZERWVWI—FZFEAL PM 13B% - EMLRBEILEEZ DR

» B E% 20 BEIRTE

OkAKM, FENE, WME—EB, =%H, EFiEth, KIAE¥, gptoss-120b ZAVAI— FEBBBLILFI-SIY O XT

LOE, FB25ESRTL  T—FTIF v - F22ENANT+#—I Y RAVEa—T 1 YV GRAMEREERSR, 2025 F 12 A 15 H.
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EMM (CPU)

Input Code

1600
1400

void expl_opt(int N,
double =*A,
double *B,
double *C) {
for (int i = 0; i < N; i++) {

for (int j = 03 J < N; j++) o
double sum =
for (int k = 0' k < N; k++) {

sum += A[i*N+k] = B[k*N+J]

C[i*N+j] = sum;

1200
1000
800
600

Throughput (GFlops/s)

400
200

Performance Progress - DGEMM

A LA -
PR LI S e SO

% pamatt e

0 -
012345678 91011121314151617181920

Code Generation

runl —— run3 =% run5 —-m--
rUN 2 ===%===  [UN 4 B

e Intel Xeon Gold 6230 (20 A7) x 2, n= 1024 DIEATTY

o BEI— FIE MKL ZIFATUW: — LLM B O— F AT

FETH D L=

e BEDTIINAYSYFIA—FK :1173.42 GFlops/s (MKL @ 76%)

KRBRBICERIKRESRLZD, 1T

E#zEPE IR VWERNE

503
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DGEMM (CPU) - #pchicmx&EI—F (1/3)

1 static inline void pack_B_panel(const double *B_src, 34 const double *a_rowl = &A[(i + 1) * N +
double *B_pack, int N, int kp, int jp, int k_max, ;
int blk_width) { 35 const double xa_row2 = ZA[(i + 2) x N +
2 for (int k = kp; k < k_max; ++k) { H
3 const double *src = &B_srcl[k *x N + jpl; 36 const double *a_row3 = &A[(i + 3) * N +
4 double *dst = &B_pack[(k - kp) * blk_widthl; ;
5 int j = 0; 37 double *c_locO = &C_local_aligned[(i - ii
6 _mm_prefetch((const char *)src, MM HINT_TO) ; ) * BLOCK];
7 for (; j + 8 <= blk_width; j += 1 38 double *c_locl = &C_local_aligned[(i - ii
8 _m5i2d v = _mm512_loadu pd(&src[J]), + 1) * BLOCK]; )
9 “nm512_storeu_pd (kdst[j], 39 double *c_ loc2 = ac local_aligned [(i - ii
10 2) * BLOCK
11 for (; j < blk_width; ++j) { dst[j] = srcljl; } 40 double. ¥c_loc3 = &C_local_aligned[(i - ii
12 3} + 3) * BLOCK];
13 _mm_sfence (); 41 for (int j = 0; j < vec_width; j += 16) {
14 |} 42 —u512d c00 =" _nm512_loadu _pd (&c_ locO[
15 void expl_opt(int N, double *restrict A, double * i 01);
restrict B, double *restrict C) { 43 m512d c01 _mm512_loadu_pd (&c_locO[
16 const int BLOCK = 64; j ;
17 omp_set_num_threads (omp_get_max_threads ()) 44 m512d c10 = _mm512_loadu_pd (&c_loc1[
18 #pragma omp parallel for collapse(2) sehedule (static) j o+ 0l);
19 A0 Fae 4 0; ii < N 11 += BLOCK) { 45 ._m512d c11 = _mm512_loadu_pd(&c_loc1[
20 for (int jj = 0 <N jjo+= BLOCK) { j o+ 81);
21 int i_max (11 + BLUCK >N) 7 N : ii + BLOCK; 46 -m512d ¢20 = _mm512_loadu_pd(&c_loc2[

22 int jomax = (jj + BLOCK > M) ? N : jj + BLOCK; j+0
23 int blk_width j 47 --m512d c21 _mm512_loadu_pd (&c_loc2[
24 int vec_widt glk dth & ~31; j +8
25 double C_local [BL(]CK * BLOCK] _-attribute — (( 48 --m512d c30 _mm512_loadu_pd (&c_loc3[
aligned (64))); j + 01);
26 double *C_local_aligned = (double *) .. 49 --m512d ¢31 = _mm512_loadu_pd(&c_loc3[
builtin_assume _aligned(C_local, 64); j o+ 81);
27 for (int i = 0; i < BLOCK * BLOCK; ++i) 50 for (int k = kk; k < k max, ++k) {
C_local_aligned[i] = 0.0; 51 const int k_off = k kk;
28 for (int kk = 0; kk < N; kk += BLUCK) { 52 --m512d b0 = _mm512_load_ (
29 int k Il_nax = (kk + BLOCK > N) ? H + B pack lﬁvcal [k off * blk_width
5 i+ 0
30 double B_pack_local [BLOCK * BLOCK] __ 53 __m512d Jbi = _mm512_load_pd (&
attribute .. ((aligned(64))); B_pack_ local[k_off * blk_width
31 pack_B_panel (B, B_pack_local, N, kk, jj, ¥ o+ 8l);
k_max, blk_width); 54 __m512d a0 = _mm512_setdl _pd(a_rowO [
32 for (int i = ii; i + 3 < i_max; i += 4) { k_offl);
33 const double *a_row0 = &A[(i + 0) * N + 55 .-m512d al = _mm512_setl_pd(a_rowll[
kk]; k_offl);
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DGEMM (CPU)

56
57
58

59

60

61

62
63

64
65
66
67
68
69
70
71

73
74

ERRENIR

wI—FK (2/3)

._m512d a2 = _mm512_setl_pd(a_row2[ 7 s2 +=aa{::3"%k[k6foff]f]**b?; 3 =
; 76 3 - -
m512d a3 = _mm512_setl_pd(a_row3[ 77 c_10c0[j]l = s0; c_loci[j]l = si; c_loc2
k_off]); . [j]J = s2; c_loc3[j] = s3;
c00 = _mm512_fmadd_pd (a0, b0, c00); 78
c01 = _mm512_ fmadd_pd(a0, bi, 70 3
c01); e e S v 4y i<
€10 = _mm512_fmadd_pd(al, b0, c10); 80 for (pt 1= Lpex ((imax - 1) % 05 1
EH; “nn512 fmadd_pd (a1, bi, 81 const double *a_ptr = &A[i * N + kkl;
20 = “nnb12_fmadd_pd (a2, b0, c20); 82 do“ble**g:l.olglf]? %C_local_aligned [(i - ii)
cgif Zom512 fnadd pd (a2, bi, 83 for (int j = 0; j < vec_width; j += 8) {
c = d 1
c30 = _mm512_fmadd_pd (a3, b0, c30); 84 m512d covee -nms12_Toadu -pd(&e_loc
¢31 = _mm512 fmadd _pd(a3, b1, 85 for (1nt k = kk; k < k max, ++k) {
N c31); 86 const int k_off = k H ¢
.-m512d b = 512_load_pd (&
~em512_storeu pd (ko locO[j + 01, c00): 87 moiz paclﬂ‘(’elcocal D otf fabuf width
m512_storeu_pd(&c_locO[j + 8], 31
1) = 512_setl_pd
_nmS12. storeu _pd(&c_loc1[j + 0], c10); 88 “msfdp:rffcoff])m seti_pd(
m512_storeu_pd (&c loct[j + 81, 89 c_vec = _mm512_fmadd_pd(a_vec,
1) b_vec, c_vec);
_mm512. storeu _pd(&c_loc2[j + 0], c20); %0
1§s12 storeu_pd(&c loc2[j + 81, 91 _mm512_storeu_pd (&c_loc[jl, c_vec);
92
_mm512 scoreu _pd(&c_loc3[j + 0], c30); j = i ; j < blk_width; ++
w512 Stores pd(kc loc3(] + 81, 93 for (jlnt j vec_width; j _wi H
N c31) 94 double sum = c 105[]]. y
: - ++k
for (int j = vec_width; j < blk_width; ++ S for (int k = §k°f¥ S E-me t
i) { += tr[k_off] * B_pack_locall
double s0 = c_locO[jl; double s1 = o7 sum k_ gaffp f[bu? v,u]dth +PJ]
c_loct[jI;
double s2 = c_loc2[jl; double s3 = 33 ﬁ loc[j] = sum;
c_loc3[jT; 100 -
for (int k = kk; k < k_max; ++k) { 101 ¥
const int k_off = k - kk; 102
double b = B_pack_locallk off x 103 Tor (int i = ii; i < i_max; ++i) {
blk_width + jl; _ 104 double *c_ptr = &C[i * N + jjl;
SO += a_row0[k_off] * b; sl += 105 double *c_loc = &C_local allgned[(l - ii) *
a_rowl[k_off] = b; BLOCK] ;

15/27



DGEMM (CPU) -4%pichic&ZEI—F (3/3)

106 c_ptr = (double *) __builtin_assume_aligned(
c_ptr, 64);

107 c_loc = (double *) —_builtin_assume_aligned(
c_loc, 64);

108 int j = 0;

109 for (; j < vec_width; j += 8) {

110 _m512d tmp = _mm512_loadu_pd(&c_loc[jl);

111 _mm512_storeu_pd(&c_ptr[j], tmp);

112

113 for (; j < blk_width; ++j) {

114 c_ptr[jl = c_loc[jl;

115 }

116 }

117 }

118 }

119 }

XBHIAR—2OMEICL D RBICER SN -O— RH S BEEIIC
BASNEOXT L, 21T, AYHA T 710 include ZHIRL,
ATV M RITE—EMEEL .
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DTRSM (CPU)

Input Code
void exp2_opt(int N,
double *A, double *B,
double *X, double alpha) {
for (int i = 0; i < N; i++) {
for (int j = 0; j < N; j++) {
X[i*N+j] = alpha * B[i*N+jl;
}
for (int j = 0; j < N; j++) {
for (int i = 0; 1 < Nj i++) {
for (int k = 0; k < i; k++) {
X[i*N+j] -= A[i*N+k]*X[k*N+j];

}
X[i*N+j] /= A[ixN+il;

Throughput (GFlops/s)

160
140
120
100
80
60
40
20

Performance Progress - DTRSM

&= TR

f?f

0
0123456

runl —+—
run 2 ---x---

7 8 91011121314151617181920
Code Generation

o ZATIZRBL I ZAENDHE (T=A, n=1024) - T—REEFMEHL D D RBILDEE

BEHNEL

o EE : 146.33 GFlops/s (run 4) — MKL (305.74 GFlops/s) @ 48%
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DCSRMM (CPU)

Input Code Performance Progress - DCSRMM
. . . . 80
1 void exp3_opt(int m, int k, int n, RN y
2 const int *row_ptr, Y "
3 const int *col_indices,
4 const double *values, —_
5 const double *B, double #*C) { g
6 memset (C, 0, m*n*sizeof (double)); 1)
7 for (int i = 0; i < m; i++) { =
8 int row_start = row_ptrl[il; a
9 int row_end = row_ptr[i + 1]; S
10 for (int idx=row_start; 3
11 idx<row_end; idx++) { £
12 int col = col_indices[idx]; =
13 double val = values[idx];
14 for (int j = 0; j < mn; j++) { i s
15 Cli*n+j] += val*B[col*n+j]; ——y Y :'_‘.f' L O
16 s 0
17 b 01234567 891011121314151617181920
18 } i
1 |3 Code Generation
runl —— run3 % run 5 —-m--
run 2 ===x=== run 4 cog@e

o CSR R DBEETHI-F1THFE (gridgena.mtx: n = 48962, nnz = 512084, =018
m=128) ; FRAEBXEV 7R ; BT DOEEICKTF
o B 7845 GB/s (run 5 M 15 1#X) (MKL: 86.88 GB/s, MKL 0 90%)
o FP16 OFIAZHETT (KB, WX DOZEEZH1T (CSC, ELLPACK, k&) — CSRER
RELTWASH
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DGEMM (CUDA) - A d— R L RERFER

w

~o o s

10
11
12

13
14

16
17

AH3—F

—global - void expl_kernel(int N, const double *
A, const double *B, double *C) {
int row = blockIdx.y * blockDim.y + threadIdx

-V
int col = blockIdx.x * blockDim.x + threadIdx

LX;
if (row < N && col < N) {
double sum = 0.0;
for (int k = 0; k < N; k++) {
sum += A[row * N + k] * B[k * N + col

C[row * N + col] = sum;

}
extern "C" void expl_opt_kernel(int N, const
double *d_A, const double *d_B, double *d_C) {
dim3 blockDim (16, 16);
dim3 gridDim((N + blockDim.x - 1) / blockDim.
x, (N + blockDim.y - 1) / blockDim.y);
expl_kernel <<<gridDim, blockDim>>>(N, d_A,
d_B, d_C);
cudaDeviceSynchronize ();

Throughput (GFlops/s)

Performance Progress - exp1
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Code Generation

runl —+—
run 2

run3 -co#erun S —-mee

- runé4

NVIDIA Tesla V100

B&E— K: 3628.29 GFlops/s
cuBLAS: 6168.09 GFlops/s (cuBLAS
? 59%)
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1 #include <cuda_runtime.h> =
3 | #include <stdlib.h> b double regCl2112) {?3181 g’.gh; V2
x
4 | extern "C" cudaError_t cudaGetDeviceProperties_v2( 33 22 wn
cudaDeviceProp *prop, int device) 34 .- shared .. double As[2] [TILE][TILE];
g return cudaGetDeviceProperties (prop, device); 35 __shared .. double Bs[2] [TILE][TILE];
36
7 37 int numTiles = (N + TILE - 1) / TILE;
8 | extern "C" long -_-isoc23_strtol(const char *mptr, char 38
**xendptr, int base) { 39 int baseRow = blockIdx.y * TILE + threadldx.y * 2;
9 return strtol (nptr, endptr, base);
10 40 int baseCol = blockIdx.x * TILE + threadIdx.x * 2;
11 // 2 mey
12 | #define TILE 32 // x3232 s 41
13 | #define K_UNROLL 32 42 // ---- 1st sz load (ping = 0) ----
14 43 int ping = 0;
15 // Fmryo-nzon 44 for (int dy = 0; dy < 2; ++dy) {
16 | #define UNROLL_K(iter) 45 int aRow = baseRow + dy;
\ 46 int aCol = O * TILE + threadldx.x * 2;
17 do { 47 doubled a_pair = *((doubledx) (A + aRow * N +
aCol) .
\ . 48 double a0 = a_pair.x;
18 double a0 = As[calc][threadIdx.y*2 + O]l[iter]; 49 double al = a_pair.y;
\ 50 As[pmg][threadldx y * 2 + dyllthreadIdx.x x* 2]
19 double al = As[calc][threadIdx.y*2 + 1][iter]; al;
\ 51 As[p:mg][threadldx y * 2 + dyl[threadIdx.x * 2 +
20 double b0\= Bs[calc][iter][threadIdx.x*2 + 0]; 1] al;
52 }
21 double bl = Bs[calc][iter][threadIdx.x*2 + 1]; 53 for (int dy = 0; dy < 2; ++dy) {
54 int bRow * TILE + threadIdx.y * 2 + dy;
22 regC[0][0] += a0 * bO; 55 int bCol baseCol;
\ 56 double4 b_pair = *((double4*) (B + bRow * N +
23 regCl01[1] += a0 * bi; 5Co1y )
\ 57 double b0 = b_pair.x;
24 regC[1]1[0] += al * bO; 58 double bl = b_pair.y;
\ 59 Bs [ping] [threadTdx.y * 2 + dyl[threadldx.x * 2]
25 regC[1][1] += al * bil;
\ 60 Bs[pmg][threadldxy * 2 + dyl[threadIdx.x * 2 +
26 } while (0) 11 = b1;
27 61 ¥
28 | _.global _ void expl_kernel(int N, const double * .. 62 --syncthreads () ;
restrict - A, // wmscno—k
29 const double * _restrict-. B 63 | w5 |
30 double * __restrict _ C) { 64 for (int t = 0; t < numTiles; ++t) { ‘
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[ 1
65 | int calc = ping; | _
| . P 92 double;{l b g}g;f) *((doubled*) (B + bRow *
66 e 93 double b0 = b pAIr x;
67 /) === (calc syz7) - 94 double bl = b_pair.y;
68 ONROLL K(O) (U)NRCILL K(1); UNROLL_K(2); 95 Bs[Ping][th]readIdx go* 2 + dyl[threadIdx
UN 3 H
69 UNRDLL_K(4); UNROLL_K(5); UNROLL_K(6); 96 BSEP1ng][thread]Idxg * 2 + dyl[threadIdx
UNROLL_K (7) ; = b1;
70 UNROLL_K(8); UNROLL_K(9); UNROLL_K(10); 97 }
UNROLL _K 3 98
71 UNROLL_K (12) ; UNROLL_K(13); UNROLL_K (14); 99 .- syncthreads () ;
UNROLL_K (15) ; // riwicEzs
72 UNROLL_K (16) ; UNROLL_K(17); UNROLL_K (18); 100 }
UNROLL _K ( H 101
73 Umwr_r_ K(20), UNROLL_K (21) ; UNROLL_K(22); 102 /) ---- wamL ---
OLL 23); 103 ClbaseRow * N baseCol] = regC
74 UNRCILL K(24), UNROLL_K (25) ; UNROLL_K(26); 0
UNROLL _K ( 104 ClbaseRow * N + baseCol + 1] = regC
75 UNROLL_K (28) ; UNROLL_K(29); UNROLL_K (30); H
UNROLL_K (31) ; 105 C[(baseRow + 1) * N + baseCol] = regC
76 1 5
77 // rsane prefetch (ping rvs7) —TTBEOBARRFYT 106 Cl(baseRow + 1) * N + baseCol + 1] = regC
78 ping = 1 ng; (110115
// KvzreRs 107 |}
79 if (t + 1 < numTiles) { 108
80 for (int dy = 0; dy < 2; ++dy) { 109 | extern "C" void expl_opt_kernel(int N, const double *d_A
81 int aRow = baseRow + dy; 110 , const double xd B,
82 -
int aCol = (t + 1) x TILE + threadldx.x - o . qoeubte, t%
83 d ble4 a air = x((doubledx) (A + aRow * if (N % 8 1=0
o RS ((double akow 112 int Npad = ((N + 7) / 8) * 8;
84 double aO = a panmx; 113 size_t pitch_pad = (size_t)Npad * sizeof (double)
8 double al = apair 114 size_t pitch_orig = (size_t)N * sizeof (double);
86 “s[p“‘g][“"“d“x y '+ 2 + dyllthreadldx 115 Gouble ¥d_Apad = nullptz, +d.Bpad = mullptr, *
d_Cpad = nullptr;
87 As[pmg] [thread]ldx y ¥ 2+ dy] [threadIdx 116 cudalalloc (4d_Apad, pitch_pad * Npad);
88 3} 117 cudaMalloc E&d Bpad, pitch_pad * Npad;;
i -0 118 cudaMalloc (&d_Cpad, pitch_pad * Npad):
& for (ime dy = %,.% 5% };L%)+{thread1dx y 119 cudaMenset (d_Apad, 0, pitch_pad * Npad);
« 2 + dy; 120 cudaMenmset (d_Bpad, 0, pitch_pad * Npad);
91 int bCol = baseCol; 121 cudaMemset (d_Cpad, 0, pitch_pad * Npad);
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122 cudaMemcpyZD(d Apad pitch_pad, d_A, pitch_orig,
123 ch_orig, N,
cudaMemcpyDev1ceToDev1ce)

124 cudaMemcpy2D (d_Bpad, pitch_pad, d_B, pitch_orig,

125 pitch_orig, N,

196 CudaMemcpyDeviceToDevice) ;

127 dim3 blockDim(TILE / 2, TILE / 2);

128 dim3 gridDim((Npad + TILE - 1) / TILE, (Npad +
TILE - 1) TILE);

129 expl_kernel<<<gridDim, blockDim>>>(Npad, d_Apad,
d_Bpad, d_Cpad);

}g(l) cudaDeviceSynchronize () ;

132 cudaMemcpy2D(d_C, pitch_orig, d_Cpad, pitch_pad,

133 pitchiorig,

13 CudaMemcpyDeviceToDevice) ;

135 cudaFree (d_Apad);

136 cudaFree (d_Bpad) ;

137 cudaFree (d_Cpad) ;

138 return;

139 }

140

141 dim3 blockDim(TILE / 2, TILE / 2);

// x1616 =Lk

142 dim3 grllem((N + TILE - 1) / TILE, (N + TILE - 1) /
E);

143 expl_ kerne1<<<gr1dD1m, blockDim>>>(N, d_A, d_B, d_C)

144 cudaDevlceSynchronlze();

145 }

146

147 #undef K_UNROLL

148 #undef UNROLL_K
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w

o~ oA

11
12
13
14
15
16

17
18
19

20

21
22

—-global __

}

extern "C" void exp3_opt_kernel(int m,

void exp3_kernel(int m,
int *row_ptr, const int *col_indices, const

double *values, const double *B, double *C) {
int row = blockIdx.x * blockDim.x + threadIdx

int n, const

LX;
int col = blockIdx.y * blockDim.y + threadIdx

-V
if (row < m && col < n) {

double sum = 0.0;

int row_start = row_ptr[rowl;

int row_end = row_ptr[row + 1];

for (int idx = row_start; idx < row_end;
idx++) {
int sparse_col = col_indices[idx];
double val = values[idx];
sum += val * B[sparse_col * n + coll;

}

Clrow * n + coll = sum;

}

int k, int

n, const int *d_row_ptr, const int *

d_col_indices, const double *d_values,

double *d_B, double *d_C) {

cudaMemset(d_C, O, m * n * sizeof (double));

dim3 blockDim (16, 16);

dim3 gridDim((m + blockDim.x - 1) / blockDim.
x, (n + blockDim.y - 1) / blockDim.y);

exp3_kernel<<<gridDim, blockDim>>>(m, n,
d_row_ptr, d_col_indices, d_values,
d_C);

cudaDeviceSynchronize () ;

const

d_B,

Throughput (GB/s)

700

0
01234567 891011121314151617181920

Performance Progress - exp3

Code Generation

runl ——
run 2 ---x---

run3 - run5 --s--

run4 -

Best code: 666.78 GFlops/s
cuSparse: 397.58 GFlops/s

— HEDAAICHL L I&EILIC
24%)]
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The Al Scientist for HPC

The Al Scientist (Sakana Al) ?

o EDBEIMLERIE (7171 TER —
RE - RER - A - HXE)
o Al FZEICHEE, HPC FASEICRIATE AL

The Al Scientist ® HPC Ff33&1t °
o C/CH+ZEE > OVNAIL - TNy
7 - MEesHEE T3 —TEREL,
d— FOMEERELZ S HEICHRE
o BEFEMINIHRXISR+9THBHH
ROEEILEERLDODOH B

“The Al Scientist-v2: Workshop-Level Automated
Scientific Discovery via Agentic Tree Search,
arXiv:2504.08066, 2025.

bTakanori Kotama, Rio Yokota, Daichi Mukunoki, Tetsuya
Hoshino, Takahiro Katagiri, Proposal of The Al Scientist v2
for High Performance Computing with Local Large Language
Models, SCA/HPCAsia2026, Poster Session, Jan. 2026
(accepted).
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FLOFARKR
e Claude Code, Gemini CLI, Codex DETRAT S > % (A 10 A< H W)
e BIZ7O2 U (Fortran/C/C++) D¥EEEEM - REML - 7/\wv S - GPU {LTHIA
o RFEIFIFLAYOA—FREEDH <27 (Vibe Coding)

ES5SVWSenTEZIN?
o BIZO—FZIZIZLEHENT GPU B (FH FHA14HEE)
o HREICH > TWVB LANILO—BHNEHEATEZER L RELFEZRT
» O—FHROYVILNESRZIBRL, BTIEELTIERLARKMT7ILIU XL, BiLIE, BT
T7+#—I v bERELTLNDB

o AT ZVDFAAEEN > TLWTEHTHRIFIER
o I—FOZEMRIADI-HDEELT R bDERK
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E ]
o ¢CBEHCBEHRTARERI-RIFEHFZENLHS
o IE, KBY, FOIEERK, E4L4HKD, etc
o EEME, EEDFRTE, BEL Al K7F, etc.

“Vibe Resarch” FI% %
o A—FT A VIRIITHRS AT« THLPHXHAEANDFBAZHT
o FBEEH®D The Al Scientist for HPC
o NBFDKELIBTAT47ERT = (CIHBLLMI—Czr ) BEOZUY, BE
ARAE, FREOENS > R - ERAZEZIHTHXEENES > ThzFZECL
T7O7 7 L%ZRELER - RXICKR
BEADMES Y —ILTId A < EFIRHIMES K28
o PRABIABVWELE>TIABWVE (WIEARDOTOIST) B, FELWARE
e UFS LTHWIHRLEEZRD
o RELEAMELICDOVT WL
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o 4R Al O HPC O— FREAREADZEBRICTIT7-6A3E
o iR CI—C Y FERICT +—H X - VibeCodeHPC
o EHE - A —7> - O—HILRITAIBEL FEATRT 3

HPC O— FRRICEITBER Al ANDHIF

FREPHHWEFEZ<<H3D, HERREOMREZRMICALIETVS
EE NEXT ZRIEZX 70— RF®D GPU {LICE W TR LERFR
(EE?)
B -AlOFMADED, AMOBRDO-, AMOERDT-%
o RIRBEMER - WAEIZESDLWTWLLH
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