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Pegasus supercomputer

Miyabi supercomputer

6.5PFLOPS
78.8 PFLOPS NVIDIA H100 GPU x 120
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No-core shell-model calculations (FCI approach)

All nucleons are active particles in a certain “model space”.

Solve time-independent Schrodinger’s equation : /
— - _ . [
shell

dg shell
Viodelspace y g/ | ijzhee” \\ /:4 sl

d shell
o \ Ashellzz

¥) = wviImqy) + vylmy) t vzlmg) +-ev p shell
Ngher=1

s shell

Solve Schrodinger’s Equation

— H|m' mr = Evpy = m :
H|¥Y) = E|P) ‘;:(ml m) v B %) Zv Im) Model space with

m
N, truncation

Pros: full many-body correlations inside the model space are included.
Cons: huge dimension of the Hamiltonian matrix.



no-core Monte Carlo Shell Model ,
(no-core MCSM) \

extrapolation to Nshell- oo

1 H H H \ INshe.II=5 -;

Full configuration interaction (FCI) approach Norar=4 I
shell” !

Harmonic Oscillator basis, Nshell=7 and N |
|

light nuclei up to 2°Ne

Daejeonl6 / JISP16 interaction (soft 2-body 0 T — | 7
interaction with minimizing 3-body-force effect). () "0, Daejeon16, Ngpey =3 - 7 -
12¢ -30 | ><ff =
Ground state Hoyle state % I ,
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T. Abe, P. Maris et a/,, Phys. Rev. C 104, 054315 (2021)
T. Otsuka, T. Abe et al, Nat. Comm. 13, 2234 (2022) hw (MeV)
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Nuclear Landscape

Ab initio
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ETHILAFEE (Monte Carlo Shell Model)

MCSMIZ. ZR 5T EDUVED (EFEVTAHILATIIALY)

ZRAL—2—1THI (UN—F) =TV DA NS ) ZHES =515, /\1)
T455E., ZREZEREHLEL. HERZDIRILF—ZZERLTHR/MET DL
ZDZETED B,

REEMEIEOLTIIET TEERE1ITEDLTUL,

MCSM iR ENB K J-projection Jr
Np ] Parity projection | (D)) = 1_[ al |-)
. aT = 'kCT
P) = Z Z fikPL P p(DD)) t ZD l
i:]_ K:—]

Slater determinants
Superposition of multi basis form of Hartree-Fock wave function

IRIILF—HFEWIHIY)ER/METBEIITRL—21THIRK |¢p(DY)) ZR&DB.
N, X 100~300F2 &



— %t EH{ERERE (Hill-Wheeler equation)

HI\]/IKL] = ( ‘HPI{/IK‘(p])

MKl] <¢ ‘PMK‘ng)

EREELOT, BYRLEL,
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INTIL N ZTUATHNER E /L LTI ESR
Slater determinant : |¢(D)>=nal|—> alt:ZDikCLT

k

_ _ - _ + 1 T .t
Hamiltonian: H = 21112 tlllzcllclz + Zlelzlg

1y V112,031, C1, €1, €1, Clg

1
¢’ H Q Q) _ Q
(@'|HPigxc | ) E WéMKN(Q)<E tl1lzpl(zli+§ E '01(311171112’1314'01(412)
Q

111, 111,031,

M) =(¢p'|R(Q)|¢p) = det (DgD’) Do = R(Q)D

o (@|der@]e)
Pt = (' R(Q)| )
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Efficient algorithm for evaluating Hamiltonian matrix
elementS |n the MCSM 1711121314 =0 unless my, +mlz = my, +ml4

1
/ I _ E IMK Q) E — (Q2)
Q

(l4.12)
M= 1 0 +1 _ ) R
2, SN
a3 O/ N S
=Tr* . xo|l ]+ ] x|p'p

+1

_________________________

Products of a sparse matrix and a vector are replaced by
the product of dense matrices

Matrix product is performed by DGEMM subroutine in BLAS level 3
DGEMM/BLAS is always highly tuned for LINPACK Benchmark
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Code tuning for Fugaku computer
(bottle neck)
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OpenACC

Insert “directive” for parallel computation on GPU like OpenMP.

In many case, the first trial would deaccelerate the code.
Many trials and errors to suppress the data transfer between CPU and GPU is required.

https://hpcworld.jp/archive/SPG/Pgi/OpenACC/004.html



CUBLAS

e BLAS library for Nvidia GPU
e product of dense matrices

n
Cij = 2 Aj By
k=1

Memory access : 0(n?)
Floating-point operations : 0(n3)

small n : memory intensive
large n : computation intensive
= tuned library for full performance!



Strided Batched GEMM performance n
c = A
k=1

Many matrix products are performed in parallel.

LR/ INRITT DEATE
BETHHEEIEE D,

ZIDITH DEITH %
KOBYTIL—F %
AESnTWb,

https://developer.nvidia.com/blog/cublas-strided-batched-matrix-multiply/



Togashi 2014

T. Togashi et al., Proc. Comp. Sci, 29, 1711 (2014)
Input of D(g"), D(q)- —

g

The mesh points of the Euler angle:

\ )
Y

" Loop for (1), (2), ... (), ... (N,).

1. Compute D(g) rotated by the Euler angle
corresponding to mesh point (i): D(¢").

2. Compute D(¢™)-(D(g")' - D(g”))" and N°(q',¢™).

3. Save D(¢™)-(D(g")' - D(¢"))™" as the (i)-th submatrix ||/
of ™.

.._End the loop.

>N N

(GPU computing)

-

7. Return H°(¢q',g™),....,H%(q',g™),....H*(¢',g"") into the host. -

N. B. no GPU library for the matrix inverse was available in 2014.

4. Transfer data of 8™ and D{(q')'into the GPU.

Present case

Transfer D and D' to GPU
1), [9")

The whole computation
of the projected matrix
elements is computed
on GPGPU using
OpenACC + cuBLAS.

~P—-

7. Return H°(q',g™),....,H*(q',q™),....H*(¢',¢""*) into the host.

(¢'|HPYic|#), (&' | Piric| @),

Data transfer between
GPU and CPU is
minimized as far as
possible.
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abcp_task_d(:,

e

exp_ja_d(:,

integer, , device ::
complex(8), , device ::

s

allocate o exp_je_d(:,:)
memory

on GPU

data ( abcp_task_d( (abcp_task_in, 1),
. . abcp_task_d(:,:) = abcp_task_in(:,:)
ranster Ce

istat = cublasCreate(h_d)

(abcp_task_in,2) ) )

istat = cuBlasZgemmStridedBatched( h_d, cublas_op_n, cublas_op_n, nf, ns, nf, ci1,

CUBLAS

] lwfdrwf1_d, nf, nf*nf,
strided 1wfd1_d, nf, 0, cz,
batched tmp1_d, nf, TG,

OpenACC
. : k = 1, nbatch
directive r d(k) = (1do. 0do)
1 =1, n

r_d(k) = r_d(k) * a_d(i, i, k)
(ipvt_d(i, k) /= 1) r_d(k) = - r_d(k)

additional ~800 lines for GPGPU
+ many “trials and errors” for tuning

istat = cublasDestroy(h_d)




MCSM code developments for GPU (bottle neck)
(d|HPyicP™|d")

0% e Nohen=8 tuned with OpenACC + cuBLAS library (batched BLAS)

—_X‘eon lcore] ,336
g 3 performance / peak = 35.8 % (estimation)
o 107F Pegasus supercomputer
£ Xeon 48core  xo3 ; 6.5PFLOPS @CCS U. Tsukuba
5 I | NVIDIA H100 PCle 51TFLOPS
§ 10%F \\L GPGPU]
| (H100) ] Miyabi-G supercomputer
- ] 78.8PFLOPS @Tsukuba-Tokyo JCAHPC

NVIDIA H100 NVL 66.9TFLOPS

30 300 3000 6000 9000 N,

The code development is almost completed. Ready for the production run on Miyabi-G.

MCSM calc. with Nshell=8 becomes feasible!

“Natural orbital” technique and Chiral N3LO force (EM 1.8/2.0) with NO2B approximation
were introduced by Miyagi-san.



NI P ZT U ERSTEBROR Y Fv—0 T X F
(1/ — ~dh7z ) ) EHEM (sec) e

10000

1000

c.f. ﬁéﬁ‘% E'— 7 '|$E\E 100 x58

= & AGAFX 3.1 TFLOPS
Xeon P8468 3.2 TFLOPS |,
Nvidia H100 PCle 51.0 TFLOPS

H100 @ Miyabi-G 66.9 TFLOPS *'°

1

" Nshell= 5 6 7 8

0.1

Fugaku 48 threads Fugaku 4process x 12 threads
—@— Xeon Pentium 8468 2.1GHz 48core = =#== Xeon Pentium 8468 2.1GHz 1thread
—@— NVIDIA H100 at Pegsus @®— GH200 at Miyabi-G
----@-+- Grace CPU at Miyabi-G 72 threads



MCSM code developments for GPU  seeeaupinntorseonas core

20.00

~30,000

(d|H Pl PT|9') = 2 Wi(p|HR;[$')
i=1 NVIDIA H100 @ Miyabi-G
x 17

* tuned with OpenACC + cuBLAS library
(batched BLAS)

» performance / peak = 35 % (hot spot,
estimation)

12.00

8.00

Speedup / node

X9
NVIDIA H100 @ Pegasus

Pegasus supercomputer .
6.5PFLOPS @CCS U. Tsukuba 4,00
NVIDIA H100 PCle 51TFLOPS

Xeon 48 core @ Pegasus

Miyabi-G supercomputer 000

78.8PFLOPS @Tsukuba-Tokyo JCAHPC " Nshell=5, 6, 7, 8
NVIDIA H100 NVL 66.9TFLOPS

Xeon Pentium 8468 2.1GHz 48core —@— NVIDIA H100 at Pegasus
@®— NVIDIA Hopper 100 at Miyabi-G
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!'Sacc kernels deviceptr(s, vrho d, vyd d)
!1Sacc loop independent
do kb =1, mb ! mb = 1000
do i =1, 1d vyd ! 1d vyd = 115200 (Nshell=8)
s(l,kb) = s(1,kb) + vrho d(i,1,kb) * vyd d(i,1,kb) &
& - vrho d(i,2,kb) * vyd d(i,2,kb)
s(2,kb) = s(2,kb) + vrho d(i,1,kb) * vyd d(i,2,kb) &
& + vrho d(i,2,kb) * vyd d(i,1,kb)
end do
end do
1Sacc end kernels

ZHEl, RN MILOREEROTWS, (EILEEIBICHOITTCEEL TWS)
Sk < Sk +zvi,k * Vi k

Miyabi-G T Z 4B —ElH 7Y 05481 A >TH Y. &THEL,
(NI 2T T ERFAREERO54%E S, )



nf(:’fT,ILEl DL:&@7 (/: E/) (/j— 7LC %ﬁﬁ@

!Sacc kernels deviceptr(s, vrho d, vyd d)

!Sacc loop independent

do kb =1, mb

s(l1,kb) = s(1,kb) + sum( vrho d(:,1,kb) * vyd d(:,1,kb) &
& - vrho d(:,2,kb) * vyd d(:,2,kb) )
s(2,kb) = s(2,kb) + sum( vrho d(:,1,kb) * vyd d(:,2,kb) &
& + vrho d(:,2,kb) * vyd d(:,1,kb) )
end do

1Sacc end kernels

L — 7 AREBIC sum() B@*ﬂz%ﬁv E. D ELABBLALIML L TN B,
0.54¥H . 0.062F) 2 &R (8.715))

BEEHBIEH L 721 . batchedBLAST A 77 U AEDS &R > TELE D,
HoEELTEBEWVWIFHIFHZTLEE Y, (FLtEBE2EDe%E HHTULNS)

AT —¥rik|E 180GB/s 1HE, (NVIDIAH100 D X EY —/N> KiglL 2TB/s)
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do k=1, n
nmat d(:,:) = nmat d(:,:) + wl d( :,:,k)
end do

ng; < ngj+ Z Wi jk
k

——

zvl d(:) = (140, 1dO0)
call cublaszgemv( 'n', njbase**2, n, cl, wl d, njbase**2, &

zvl d, 1, cl, nmat d, 1)

n; e ng;t z Wi jk Vk v =1

k
FZx1o~R7 MLERAEL. 1797 bILEE(cublaszgemv) ZH W3 E SR EI NS
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Summary
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