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Multi-agent system for auto-tuning HPC code using CLI-based LLM
agents (currently based on Anthropic Claude Code)
® [ntended for vibe coding, but currently closer to agentic coding
® Multiple specialized agents collaborate, including Project Manager
(PM), System Engineer (SE), Programmer (PG), and Continuous
Deliverer (CD) (the configuration is customizable)
® Supports dynamic role reconfiguration and monitoring of activity,
| HPC GENIE resource, budget, etc.
k - ' / ® Compared to a single-agent setup, it improves code generation quality
per unit time and better detects requirement violations and other issues

/Introduction

® The Information Technology Center at Nagoya
University is conducting the HPC-GENIE project,
which explores the use of generative Al for the
automatic generation and optimization of HPC
codes. (See separate poster for project overview.)

® T[his poster presents several ongoing research
activities within the HPC-GENIE project
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® FEvaluate the ability of general-purpose LLMs (OpenAl GPT-4.1 and 04-mini, ‘ o
April 2025) to generate C Cod_es of BLAS routines_ GEMM%E{E?D;IQF%&HE =
® Code correctness and numerical accuracy are validated across all parameter
combinations (e.g., incx, trans, uplo, etc.) S e B0 e
® \Working codes are generated from only the BLAS routine name, but their fRAS: P
structure often differs from the Fortran reference implementations @ JOST U MNEE
® || Ms may rely on documentations and specifications available online, not only o B T Typell (Tesla V100) TGEMMIRENL. TEHIEHE060-50%8R,
existing codes, leading to diverse coding styles and approaches » TSR (ST 8 TFLOPS/GPU
® Performance optimization remains a major challenge, especially for level-3 o L ()

routines, which fall far short of OpenBLAS performance ———
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® Developed a prototype multi-agent system for autonomous, non-stop code
optimization as first step toward our own “Claude Code-like” solution

® Uses alocal LLM (OpenAl's gpt-0ss-120b, equivalent to 04-mini) FO I’tra N tO G P U

Runs on Ryzen Al Max+ 395 (128 GB), a ~$2,000 system
® Configured with 5 LLM agents: Project Manager (PM), 3 Programmers (PG), and GPU porting of GeoFEM/Cube - a fixed-length Fortran 90 finite volume Poisson
solver (with ICCG method) - using Anthropic Claude Code

Debugger . :
® Workflow: (1) PM assigns optimization tasks to PGs, (2) PGs implement code ¢ ghe mputt pte?ckage included OpenMP-enabled code plus Word/PDF
ocumentations.

independently, (3) Debugger evaluates performance and detects errors, (4) " | el '
Feedback is returned to PM - This loop continues until the time limit is reached ® The CG SOIver _Component was successtully ported to GPU, but the custom
matrix generation code was not effectively implemented

® The LLM appears to have learned “CG solver optimization techniques” rather

Input code Optimized output code than general optimization strategies.
(na|Ve G EM I\/l V\/|th tr|p|e |Oop) void matmul_naive(int N, double *restrict A, double *restrict B, double *restrict C) {

const int BS = 128;
const int VEC = 4;
A (double )_bUIItIn assume_aligned(A, 64);
voifd rrzatmulbnaive,\(lint N3 ?ouble *A, double *B, double *C) { C %ﬂgﬂgﬁ 3_33“22 gzzmg 3“8?12%% ))
or (inti=0;i<N;i++ L
for (intj = 0; j < N; j++) { i{#pragma omp parallel
I =0.0;
?c?r“(?n? Sam = 2.0 ki) { double *Bpack = (double *)_mm_malloc(BS * BS * sizeof(double), 64);
sum += Afi * N + k] * B[k * N + jJ; double *Apack = (double *)_mm_malloc(BS * BS * sizeof(double), 64);
} ’ Bpack = Edouble ; builtin_assume allgnengpack 64;
%N+ = . Apack = Apack, 64
} cl I = sum; #pragma omp for collapse(2) schedule(dynamic)
} for (inti0 = 0; i0 < N; i0 += BS)
} for (intj0 =0;j0<N;j0+=B
inti_max = i0+BS>N?N: i0 + BS;
intj max=j0+BS>N?N:j0+BS;
for'(inti =i0; i <i_max; ++i)
for (intj =jO; j < j_max; ++j)
Performance for (intK0 = 0:k0 < N: k0 += BS) {
intk_max = kO +BS >N ? N - k0 + BS;

160 int jo = j_max - j0;
intib =i_max - i0;
for (int k = kO; k < k_max; ++k)
const double *sreB = &B[k N+J0]

double *)_ builtin_assume_aligned

140 double *dstB = &Bpacki(k - k0) * jbi;
for (intj = 0;j < jb; ++j)
) dstB[j] = sch[j]
120 for (inti =i0; i <i_max; ++i

const double *srcArow = Ali * N + kOJ;
double *dstA = &Apack[0];
100 for (int k = kO; k < k_max; ++k)
dstA[k - kO] srcArow[k - kOJ;
for (intj =jO; j + VEC <=]_max; j += VEC) {
m256d cvec = _mmi256_loadu _pd(&C[i * N +j]);
for (int k = 0; k < k_max - kO; ++k) {
m256d avec = _mm256 _set1_pd(Apack[k]);
60 —_m256d bvec = _mm256_load_pd(&Bpack{k * jb + (j - jO)]);
cvec = _mm256_fmadd_pd(avec, bvec, cvec);

}
40 ) _mm256_storeu_pd(&CJ[i * N + j], cvec);
ford(lntj jO+ (G Cmax jO)]/ VEC) * VEC; j <j_max; ++j) {
=

GFlops/s
(0]}
(@]

20 f:ru(tl)ri?ksun(;_k <[Ik max - KO; ++k)
C[Isum :J] A%i%([k] Bpack[k jo+(-jo);
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