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B NTT OHREZ X 4 1233, M4 06, WHINTTICHE T =2—=7%EH L7555
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[6] Intel AVX-S12 R Z AV EBOED 1 5 MEHROERLE (BH)

V2 7Y, RGO SR EONE TR HNnbTnWd, TV 2 T HBIIIRE
Euclid @Eﬁi“{f%ﬂ%b\f FHETE DN, BN 2 OREFEOLETL Newton IENIRNTHD Z
ERMOBNTWNWD, wEBEHEHEEMSTOE Y MEE LI2GE, 2YEEZ LT H5EBOE 2
TG EAEEZ D, TO L9 RFEIT, BEEOEIZHT 5 Montgomery FHE R, HE DRI
\Z%9 % exact division ZFtH 95 & Z 2B 5, Intel Advanced Vector Extensions 512 (Intel
AVX-512) (3512 8y O hrfamty K THD, ztﬂﬁ TlE, Intel AVX-512 45 %
WY EIEL T OEBOEY 2 TG R A ma b L, PRt 21T - 72,

EN > 1T 2 HaDEY 278 E 1, ax=1 (modN) &R D K ) REHxThH D, a
DNZIEL T LOWBPFIET DO DORBEFZRML, abNPEWIZE (Thbb, KRR
Wtkged(a, N)23 1) &7 bHZ & Th D,

E Y2 7 Wia! mod 26%12%9 5 Newton £ %X 5 @ Algorithm 1 (Z7R 3, 22T, Ba)®

2i¥modulo 2° (5 'y k) O IEfERE Y = 7 TH U, @ITHEMIYGHEEFNHF 4 27", Newton
HEIE 2 IR 5 DT, a ' mod 2541351213 4 BIOKE THoTh 5,

Algorithm 1 £ 2 7 a~! mod 29 128F 3 Newton %
Input: a such that 0 < a < 2% 21a
Output: = = a~! mod 2%

. &+ {(3a) & 2} mod 2%

. for 7 from 1 to 4 do

1
2
3.z 2(2 — ar) mod 2%*
4

: return .

5 L a5##a ! mod 264129 B Newton i%

Algorithm 2 £ 2 7 o~ mod 2°2 (24§ % 2 RICHD

Newton i£& 3 KUK D Newton D EE 2 A G DB TR L FIE
Input: a such that 0 < a < 2°%, 2fa
Output: = = a~ ' mod 2°*

1: x ¢ a

2: for ¢ from 1 to 2 do

3:  t+ (1 —ar)mod 2%
40z« {z+z(t+1t*)} mod 2>
5. x4+ (2 — ar) mod 2°*

6: return .

6 a5 Ea ! mod2°2IZx9 B 2 KUINED Newton ik &
3 UKD Newton ;EDEH A EHE-IREFE
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Y 2 7 WiHa ! mod 25212%4 5 2 IRINH D Newton 5 & 3 IRINHK D Newton 1ED L %
MABDOETIRETELEK 6 O Algorithm 2 (2783, Z 2T, alimodulo2® 3 E v k) DIE
W/ EY 2 7 W TH D, amod 22 %15 5121% 3 IRILKE D Newton D% 2 8], 2 Ik
IH D Newton %% 1 BV AUZ 43 TH %, Intel AVX-512IFMA (Integer Fused Multiply-Add)
e & VT, Algorithm 2 @ 52 & hFEEEEFT - 72,

PERERHMIC 87z » TIE, EEOEY 2 7 WHGEHRITK LT, Intel 64 iy % AV 72 Algorithm
1 D64 & N Intel AVX-512 fiv43 & V7= Algorithm 1 @ 64 £ b 32333 1LY Algorithm
2052 vy MEEOHRDOHKZIT o1, BV 2 TWEGEGHRE D/ FH A X% 512 15 4096
IZZEL S To, A1T 58 alE, 64 £y NERETITLIN 628 — 1OFHOFHOEIL TH Y,
52 By FEETITIN G252 — 10OFHOFEOEE TH D, KNy TV A XDOEY 2 Tk
AR A 100 FEIFEITL, ZOFEHOREIERNS 1 BHTEV OF Y 2 7 EGEHR B
(Invmod x 10°/s) ZHH L7,

FEMERSE & L C, Intel Xeon Platinum 8468 7t vV d 1 27, 1 AL vy KE&HW=, o
734 7 Intel oneAPI DPC++/C++ Compiler 2024.0.2 Z H\Y, 22 /3A VA7 3 i icx -03
-xSAPPHIRERAPIDS -qopenmp-simd -qopt-zmm-usage=high % FH\ 7z,

Intel 64 1473 X W Intel AVX-512 @i &2 W2 EEOETY = 7 WHGHR OMEEZ R 11058
T, 1By TF A XN 512 DA, Intel AVX-512 i 2 HWIRET 5 52 By b3E
451%, Intel Xeon Platinum 8468 7' 2 » HHZH5\ T Intel 64 #7335 L U Intel AVX-512 5%
=64 By FEELHEL T, 22N 1191 5B L O 192 @il TH D 2 & X 0h
5o

=1 EROED A SHEHETEDMRE (Invmod x 10°/s)

Batch Intel 64 Intel AVX-512

size | Algorithm 1 (64-bit) | Algorithm 1 (64-bit) | Algorithm 2 (52-bit)
512 0.38605 2.40270 4.60871

1024 0.38681 2.40460 4.60600

2048 0.38712 2.40560 4.62205

4096 0.38731 2.40201 3.95695

(71 75y oFR—ILEEABSSaL—23 20 0penACC [2& 5 GPU{E (88H)

FHYHEM LM CHREEZED TWDE T T v 7 R— NV EERBE Y I 2L —vara—FR
INAZUMA (Z2WC, XV BIENRRHRTEHDO Y I 2 b—ra Y EITOERX AR E 1S5
72% GPU OFIFIZ L2 @EB(EBARRI K TH D, BFENF 22— R Th b 7= alwithk % El
L, 74 V774 7OAIZLY GPU{LEFT H OpenACC ZH:HT %,

GPU Lo HMiZ@m#EbThH Y, TOEEL 2L HETEa— FOBEEZHFET LI LD LT
%, INAZUMA 13 3 YRt AR A C, S92 3 /L — 7135 FE TR EETdH ¥, OpenACC
DT 4 V7T 4 7 18acc parallel loop collapse(3) % fF1F 41X GPU ZFIH L TFf73nbH=2— R
MEGIAERTE D, AA N —TICADLBEICUEREST —Z 22 TT NA AAEYI|ZE
% Z & TCPU & GPU BT —HEaik b/ NR E 722 5,
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TR Z AV TIIERE A 8O TR > 72, CPU X Wi bV, oD —F LD ELT
R ZEH L TR 2> TWDH Z &R0, £ b Tl GPU @ local memory ~D 7 7 & &
IMEHFEAEL TV, BD—#HOUEEZIT 5 RERD—FK NV TIE LV P A ERBENRLL 720,
RRTIUIAFEI T 7 BRERDTEOMNRPVLETH D, T /XA NI EDEE % local
memory (ZHI D Y TR EREIND, EOHFEHND AL > RT private F5E L TV HESIE
BRI TWEB X, ENEEBOAT TERORTHZ e Lie, £ —FLNT
FEEN DT T N—F NZONWTEA VT A VBT D, BIZA VT v 7 APV ELRGE
WIEEE 2T e T 5, Z DO fiflc X - T, Fortran HEHERS %> MATMUL <
DOTPRODUCT 72 E b BT 2 M ENRH 5, % Z T OpenACC @ private HilZHEE S 472 EL5
ERERMATDLIEI D Iear"—27a 77 LEERL, 2— FOEFHR LT IITBROE F
& L7z, PEHNCEEm 21T - 7245 5%, MATMUL <° DOTPRODUCT D ERRIZ LV K& ZeMEfEdk
ENRROI, SDBICVYRAZEHENZ W — LV TIEERDO A FRIC LD & HIZHEEN
L5472, Local memory ~D7 7 & A IMERE~DEEN KX, ZbDi#EIZE Y —
VO FELTIRER X T 1000 43 D 1 F2EE & TRME S LTV 5,

[8] &F HPC EHERFME ()

TR, AR REZZT CVWIEFa LV Ea—H L, ZhEThOarva—% L3R 5
JRERCENES 5 2 &0 n, TEROFHRMETITAES 2 & R TH - 72 RE ORI HIFF S 1
TWb, FlZ, BrarEa—FHEERTIER A= —ara—¥ LEEL RIHT &
1 HPC HEEFHEIL, WH ORREATET 2 & CTHi it EEEN 2 ERIT AL HME LT
HEHER TV,

AHFFETIE, &F HPC B A O D OFATREMBEL HE LT, A—R—aa—
Z N BT HPC BR B 2840 L 7=, BT oo B a—ZI3KRE L THRD O3 B E R
ThHY, LERFFICHICHAHATE S LITRL2Y, 207, EFaryBa—FIal—
% & HPC #HHEGHH ) — REHWe / — FHBEHRBREAHEL, &1 HPC Y AT LB
WCRAT DBENHEEZERE T D LI Lz, R LERETIE, IWTIZXSFHES
FerEr LUV RPC & HWcE R A 7 o — FREZ FE4E L, FEFROET HPC ¥ AT AT
WETOBIERIEA AReL Lz, 77, A—/X—a v ba—X% L TRE/ETLIT SV r—v g
VEARBREAEET L L LB, BRFORTFT I A= a R Fv—7 ZHWTERED
BN % RGIE L7z,

X BT, FRKFNEHT D A— 83— ¥ =2 —H Miyabi, Pegasus 35 & O Sirius & & 7=
VB a—X EOAEBIEL U CEREE 21D 72, Miyabi-G OFFHE / — K EIZRPC V7 b
VT ALy 7 2BAL, B (B ICREISNTWDIE IV E2—F &L HE
L7= API OEMERGEZ FhE L7=, 5%, G-QuUAT ICRESNI B B a—H L DO
ZEBLL, FEE Mo E T HPC BRI RIEREE O L O 2 D 5 TETH 5.
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Quantum HPC

) 3.0ms -
7->Simulator workload

'A@A’ 2.5ms
»4

2.0ms M

) [
1.5ms
)li)l#l( svc [l -
1.0ms Authorization :0.197ms on average

0.5ms

'[.'.t““!m"{.‘l!l om; 20000 40000 60000 80000 100000

(#¥2MB)

7 EF HPC EERIBED A A — & FEERRE O L

[0l BRBEI—RABRXICHT IREDNR A EHERELS B REREDOE HREILICE
THHRE (ZHEE)

B R & M N — IR GRS, RO RIS R 2 A v v a U ABERIEIE, fEiE
fiEeh, FEEMRAMT 2 EI2BWTHN, @l - mERBFERLELE SR TWD, [
AT 2172807 e vy 73 50THIE b h, LT XStk D,

N y][A

Z 2T, Ae RMIIEANTSI, B,C € R¥™ (n>m) 135|777 > 7475, 0 € R™™M|L5%
751 THY, x €RY, y € RMIKRMRY FL, fER, ge RMIBEMRY ML THD, 175
B, COFIEmM NG 5 EAREATHIN IS & 70 v, B BN — R 5 ﬁ#é&)u7

WAy R MIAE DR EAL L, RBPHREE L 72D, T ORMNEE S KT 5729
[F AR A SR O Tide <, Hﬁ&ﬁ@7u/&%ﬁ%ﬂﬁ¢é*&fﬁ%%ﬁw i
B FEEERAARKATINA, B OEEBAE NN h Vv E b @A — R RO KA 5 DI s S8
LHPREERRE L, S XY, 17HIB, ClafiE < ~_& sy — &ﬁ&ﬁ@%ﬁﬁﬂ;w@%&
é&<ﬁ5kw Wz SARENT — IR TR ORI T & L L CRLMFIC R D Z 2%, F

, BB DS — R FRROLD T SVEITIZAWITRAFRR D 2 W T2 D BN T 43 H
#T% TS X0 RFERTDEOLEDRT SV E S OB OB R TR EI T E

o IEIS TN — R AT FERSRAES FEETH Y, FHERABWIERM XD &M
%,$$&i%§@@iﬂ$%ﬁ#éofﬁEL@jQﬁﬁ&ﬁwﬁﬁﬂ%%mf@E@@
SR GRERORER 7 MVEHET LN, TORBEN I TRV ERH D, ZILETON
TENZBWN T, Fox (X FIRIEEAR Rk U OB BIEE#EH U TRl EZ2 R AT,
BT R S BAT & MRS BB AR E D 72 D mERB LI BT D F R & 1T o 72,

B 8 12, HemiihE s, — R R KT T 2 KBS BAT & B 5 EfE O T v T Y XA
T, RFEOFHFEOFEEIY, BEALNT MvE OB — kR HRERAX = BOXRAET
oD, FBATHIBEFNFENEITH 2 LT, PN — R

AR =W (j=1,2,...,P) @)
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IZHEIL, 2RO ZML Z Ik 0 iTaIR = [XD, 8@, ., XPN &k b, ZnzHn
T, AN — RGO Xy, yo it BT D, TD%, FHFhiviox, yo 2 HIHfEE L
TREGBELZFATL, ELRREEAZUET 5, REGRIEOFRE Y vt X TlX, #IH##E
FIRFIZR D 7ATHNU, S FHAIHT 5 2 & CHLEHREZ R T, FEARHEITEN KT
FEAv, = r, ORI & 72D,

Input: A € R™", B,C e R, f e R", g e R"

Ol.ltpllt: Xie1 € R, Yi+1 € R™

1. Set B =[B f] e R™"+D

Solve AX = B for X, where X = [ﬁ“), 2O J?(”’),fc('"*”]
Set U = [1,22,..., 2™,y = &)

Compute S =C'Uandt=C'v—g

Solve Sy, = t for yg

Compute xo =v — Uy,

Compute [ ;‘o ] :[ f —Axo — By ]
0

N kW

g-C'x,

For k£ = 0, 1,... until convergence, do:

8. Solve Ay, = ry for vy,

9. Compute t;, = CTv; — i

10. Solve S Ay, = t; for Ay,

11. Compute Ax; = v, — UAyy

12. Compute [ Y ] = | xetAn

Yi+1 Yi + Ayk

ry — AAxk - BAyk

g — CTAxy

13. Compute [ Tk ]:[
Gi+1
End For

8 BRAET-RABKICHT IREXRMFEMBLINBEKEREDNT LT Y XL

INETOMETIE, #AAGEN — RGO iR 2 B ISR D D 72dls, #Eh
BN — RGO FIEIEIC L D RE T 0 22BN T, i LWIGCHE SR 27 L T,
LU S, ZHUIEHERF OB RICENR S, AR T, EEAEN— R FEAOR
7 0 2B T HIACHERMFEZ RS RET D 2 & Tadba TV, BRI DWW T
IR ESREEZBETT S 2 L CREREZX -2, BARRZRIRCHIESM L LT, #y—
WHRREA (1) OFXIERENeLL TR o7 E e L, e RESHET H 2 & TRORHIE S
DFEMEX -T2, £z, KEXBEIESSO GPUALY FhE L7z, MR EN LN —k
FERXAv, =1, KOSAy, = t, ORFERS OFHE % GPU TITV, EALSDOFHIFIZHONT
1% CPU TEtBEZITo 7o, KW RIELIRIOFEHZIZHOWTIL, EDOHIET GPU 1kiF 4
Tbh b,

BUEFERIC LD, B B AT = M 00 5 RSB A s O PEREREA 21T 5, 1781AE L T,
SuiteSparse Matrix Collection TR 4L TV 54741 torso3 (A An @ 259,156, FIEFZEFEI
4,429,042) , o O¥atmosmodl (VA An : 1,489,752, FEFEFHL : 10,319,760) % H 7=, 1751
B,COBEHZITE I TH 2, FHmiL torso3 TliIm = 50,100,...,5000, atmosmodl TiIm =
50,100,...,2000 (I8 & L 7=, #Hy— W FRIN (1) L Avg=r, DfEE L L T Block
GWBICGSTABrQ-VG L& i\, midlEiis & UGB THIRTLEL 258 H L 7=, #3— R 5
X (1) xR AU ESME, Fx7EZEN e = 10715,10712,107°,10 LA FiZ /e » 2354 &
L, Avy = 1\ D UIHCHESIFITMRR ZE N 107 LU R e o 7ot & Uiz, EBRERER &
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SR HENERARL Y £ — SNLEE FRREE

LT, B ARFHER L X —DA—/S—a L Fa—X Pegasus D4 / — K&, 1/ —
R&H7=0 DO MPL 7t 2¥0d 1, 1 7atZ2&H7-0 D OpenMP A L v F¥E 48 & L7,

9. X 10 (Z1THIB, CDOFEm DO EACIT 53 2 Bk s AT — R H R O R AR D22 b %
R, RIS RT L 91T, 2207 &2 MTANCEBWT, GPU ZHWAHZ & TCPUM LY &k
SRR O @ LN TE TS Z B2 D, 175 torso3 (23 Tid, IUHCHIE E e x KX <
LHZ Ik, FERMNELS RAHEm AR LTz, — T, 174 atmosmodl (2T, €
ZREL L THRERMNE L 22BAIE A ONT, =107 OGA X FHER A %
TLEIF—AbfEER Iz, ZiuL, RIERBIEORERE P ez /NS <ELTZHEA LY
LEML TN ZENFKRTH D, 7 A MIFIDOENZ L > TERRDIEDL B ERTHIKIC
DWTIIESERIIT 21T > T <,

1112, 1751B, C DI Em D ZEAI kb3 2 e i RLE AT — IR TR ORI ZE OB L % 7R T,
1751 torso3 |IZBWTIE, KEGBEAEHT L Z EICXY, @WHLAE»-725G6 X0 b Ek
FEDOUENE SN TWND Z ENbnD, £72, 4 FEOeDWTITBWT b [FIFEE DR
ORISR T~ —J7, 174 atmosmodl IZBWTIE, KESKBEZ M L TP
EDOBGEILA LN -T2, SRITZOFKREZREDS & & bls, KEGKREO—HOFFEIZE
WT K EREREREAZBEHT 2 LT, B EOLEE K-> T L,

Lol . =1. = = 1. =15
S 600 | + lioxion %% 600l - lioxio ]
2 o £=10x10" ™ 2 £=10x10"
) £=10x10"° ] ..,*" ) £=10x10"°
g 45.0 | ] & =1.0x 1075 (No refinement) '(é. ’1 E 45.0 L £ =1.0x 1075 (No refinement) _
: o‘f‘* o’ :
s 0, o s
S 30.0 + 200 oy - S 30.0 + i
3 . g
2 275 2
g 15.0 - 4 g 5.0 -
15) 15) gttt
0.0 - | | | | 0 | aaainsesiensssessssyseees 1 | |
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Number of columns of B and C, m Number of columns of B and C, m
(a) CPU fifi. (b) GPU Jifi.
X 9 1751 B,C DHNEH m DEALIZxT HKEBFBDZEIL (4751 : torsol)
= 6000 [« o-roxi0s ' J < 6000 cot0x10® ' ]
5] o &=10x10" o) £=1.0x10"2
P D szl SR cigeies
c=1.0X% c= 10X
j‘é 450.0 H . Z = 1.0 x 107"% (No refinement) * gt 1 g 450.0 Z = 1.0 x 10~"% (No refinement) b
E | 3
5 300.0 - K ] 4 & 300.0 4
2 1500 L LTI 1 2 1500 L j
: agptastit! : bins
(1043 444 - . ° §ese
O g it . . S o0 aniissssiuesseisasgunadessaiedne
0 500 1000 1500 2000 0 500 1000 1500 2000
Number of columns of B and C, m Number of columns of B and C, m
(a) CPU fifi. (b) GPU hf.

10 751 B,C MHNE m DEALIZX T SR ARFEDZEIL (475 : atmosmod|)
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HRKRF FEMNFEMEL Y 2 —

SHCEE FRREE

10° . 105 | . _
g o g . . r ' ofy 448
3 107 _‘,..«'.".-"' ‘ﬂfa'ﬁ;:’ qd.‘f'-l".i 2 10 L, 8% ethe staks sl teetenaialite naly
o 10t :ﬁe"""‘ ”'." o 1071 | ]
'«3 s:l.OxlO::; ‘g e=10x10" :Z
S 10| s oSlioxio® IS TR Z10x10° |
~ e=10x10"° ~ e=10x10"°
& =1.0x 107" (No refinement) e=10x10"" (No refinement)
10—17 1 I I I 10_17 L L
0 1000 2000 3000 4000 5000 0 500 1000 1500 2000
Number of columns of B and C, m Number of columns of B and C, m
(a) torso3. (b)
B 11 4751 B,C DFE m OEILITH T HERREDEIL
[10] Intel Optane Persistent * £ ZRA V- XBRIRE> S aL—2 a3 VDRBF
P
(kM - &)
7<~/\°—:I‘/I:°:—5'0>?§i§k’“ ODﬁJ: IXLT, AEBEVUREDR ERRLE> TN E

WO BN DH, ZZ 10 FTHEE 159 50 5 E LTV A28, AEVREIFRKTH 7
H;b@%xﬁm&wom@?7)#~vH/fi%%Jmﬁ@mbWXy&;&D%ﬁw
72, ZTHETAEY AT M CREMITONTEL, LrLaernb, AEIR
BR MLR Y 7 0 HAENHIR SN AFHE LFTEL TV D, AIFJETIE, Pegasus ([ZHEE]
S LTV 5 Intel Optane Persistent Memory % £ 77 A€ U & UTEHEICHWS Z & TR
BNEBCTE LI &7 7, 0B, AT FEHYHEWFIEEM & oLEFTEE L THEmE L7
HDTHD,

ZMB? Tl¥, Vlasov ¥ = L'—3 3 Z Optane A€V Zi#H T %, Vlasov I = L— 3

NE, SR FH RGO X — 7 < X —D L5 I IEE L R O 347 BRI ISR <
Yialb—YaryFETHY, 6 WILhiFHZEME A E V| %ﬁ?ét MR 7p s B Bk &
Nz (128TB 3—2DX—4 > ) , F7z, Optane AEV &5 FEL LT, a—L~UL7p
APl Z{# 9 Fik &, Linux 77— R WVICAER 5 5% (Memory Tiering) % FL#g L 7=,

4.02
335
.12
212
1.45 1.46 1.4
I 0.38

Wall Time EEEMOBREHE

mmm DDR5-Baseline

mmm  Optane-Baseline
mm XEYTOVFVT
mmm Non-Temporal Store

Compute Time [s]
N N
o o1

o

1.151.15

o

o
o

B II'

ERZHEOBRE

0.0

X 12 O—L AL AP] FI RO 4 EEETM & DDRS FI A & D ELER
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9225 = Optane-Baseline

876.0 mmm Optane-Optimized

mmm Memory Tierlin

800 Y 2

637.6
505.2
446.4
381.9
300.2 2807
) II2051 I
0

Wall Time BEZEOBRH ERZEEOBRAE

13 Linux Memory Tiering ¥|FEEFDRESEM

o2}
[}
=}

Compute Time [s]
ey
S
<]

X 12 &[X 13 (TPEBEREAM Ok 5t 27797, Optane AV ZFIH4 5 Z & THHEMBEH D 2.2
FEOHAERFRNMLEIIR D000, /— Kb 8 (FOMBEBIKOFELZER L, *
7z, Optane AE Y AT O LDVERRIC K E 08 (429%~+39%) & 52 HHFELA R LI, £
L C, Linux Memory Tiering %\ % &, 77U 7r—2 3 O 7 LIZ Optane Memory %
HT&x5Z %R LTz, PEEEIX Optane AE VU OFHFBITIKGET D0, HEl STy
Optane A E Y ZEEHIHT 2 F4L L [FIRE ORI G HILD,

SO E L TIE, Optane AV X End-of-Life & 72> CTE Y, 5% OB RGN RIAD 72
Weh, OREEAEY & FEBLT 2HINOFNEHMETE, Viasov USAOT 7Y rr— g v
~DOEMD D 5,

[11] CPU-GPU =T 7 A FHBEAEV7—F TV F v ICEAT 5K (A - i -
)

AEAEEE X — T, 2=7 7 A4 FAE VA= R—a Pa—XDEAZED T
Y, NVIDIA GH200 #£# > A 7 A Miyabi] (JCAHPC & U CHEKT & ILFEEA) , AMD
MI300A #5482 A7 2 [Sirius (PACS 12.0)] #EH L T\ 5, WEkT7—F7 7 F % Tix, CPU
L GPU (D AEY) N TWAHTZD, GPU 7 u /T X v IRNEME L W BIEN S Y, CPU
—GPU MOTF7 — 2 B8 Z Rl 28RN H 5, Fxld, =2=774 RAE RO
AT LEHND L TCTF—2BENCET AT 00T I VAR L TE D L EZ TNV D,

GH200 & MI300A (%, Ebbb2=T 74 KAERVRIOT X7 7 F v 2 HT DN, TD
FALT A B D720, R TIEMFH 2 x5 & U THREFHG Ok 21T 9 . GH200 1% Grace
CPU & Hopper GPU N —1KRE T 2 — /L& 7o 78 TH D, CPU & GPU 3R TF v
ThY, ThbEEMEREREE /3 A NVLInk-C2C THi& L TW5b, 7 KL 2%E[ix CPU-GPU
MCHAEINTWDEN, AEV TS24 TU 5, MI300A |% Zend CPU, CDNA3 GPU, HBM3
Z 1l OO —VICRE LR T, 7 R RZEMPET TP A £V CPU-GPU [
THHELTND,
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copy Malloc (CPU) to Malloc (CPU) by GPU

4000 Size of each array 14 —— GPU SAM—ODP
3500 —o— 128MB 2"
—o— 256MB O —eo— GPU GDR
—e— 512MB o
3000 —e— 1GB z 1.2
- —o— 2GB =
22500 —e— 4GB g
&) a8 £ 10 —0mt—t—t 00—t
£ 2000 —o— 16GB S
E 3268 o
& 1500 208
©
1000 9]
! X 0.6
5004|| | P8 'gp R
ST 1 10 100  1KB 10KB 100KB 1MB
20 40 60 80 100 Message Size [B]
Iteration
Z:SAM7 Ot MEE A:InfiniBand@{Ettae. CPUREEZ1& U TIE

F1t. GPU SAM-ODPHSAMZRWEZEDT,
GPU GDRMMERFZEZERWEZTD.

14 GH200 I2H1+5 SMM 7 2R E L UR Y bT—2 tERESTE

GH200 Tl System Allocated Memory (SAM) & FE{EAL A FiFED CPU-GPU 5 X €U B3 d 5,
GH200 (£ CPU & GPU TAEU NN TWDHT-®, HHGAE Y ZHHAT L ET, EHH0
AEVICT =L EZRETIRENEZRDDLZENFE LN E W) END D, SAM ZFH LT
WBEE, VAT ANAEY T 7B AL U T CPU-GPU OF — 4 BB # HE)TITH (G5
FIMERERI T A U v FA W= HEE S v 14 (/£) 1T SAM 7 7 & AVEREDFE
ks SR A2 ", Z OMREIL CPU ICHEIRE L7 AFEVIZKI LT, GPUMLSLT ZE AL, SAM 7
—ABEEREIHEILLEOLDOTHD, BIBEIZDO AT T 7 & AVERRITHREfEIR O 5
ARXEIFELTED, REWIZEBEZOMERENEWNZ EAVHB Lz, R MR IX E
258 T LTV RV, GPU il TLB Miss 2MEREIZHEE A 5.2 T\ 5 £5 2 B, HugePage
W RRGEZ 51T 9 TETH S, K 14 (F) I InfiniBand % F V72 38{E PERE O HLissfs 2R
#2757, SAM #1252 & T, CPU AEV LW BEMHRESI S OND Z ERbhoT,
£72, #EkTFE (GDR) ZHWEFKELV b, haWnWA vy tE—VEOHEKTEETHL Z &
O, SAMAIHPBEMRICREWEEZ X5 Z LR LT,

e
o
o
o

3000 -

-

1 —— regular

—— HugePage

1 —— hipMalloc

—e— hipMallocManaged

Memory Bandwidth [GiB/s]
= N
o o
IS) S
o o

o

0 20 40 60 80 100
Iteration

15 MI300A g 1+5EFAEY 7Y AMERE (from GPU)

MI300A TiE, AE Y2 CPU & GPU T b MEAIIZ H A ST 5728, GH200
DED T —H2BEL EZICT 20V MBEIFRELRY, LLRREL, XAEY O
FTEC L > THREN R D Z ENEZBNDH T2, YRR AT o 7=, X 15 [ZRHlAE % R
9", HugePage, hipMalloc, hipMallocManaged (Z K & 72 MHEREZEIZ /W2 ERA LN E T2,
hipMalloc 7% GPU IZ & o TR A T 1 772 ER 715 TH U, HugePage & hipMallocManaged 73 %
NWERIZFHOMREE WD Z T A— =~y RN EE X HDH, 7272 L, Regular (ZMEREIR
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THRHSNTH Y, HugePage DFIH S L < 1X HIP API OFHMNEETH D L2 5, MI300A
IZBT HBEERITELHENTETELT, S%ROWETH D,

Linux 77— /UIZX Transparent Huge Page (THP) & 9 #§E72 % ¥, THP % i L T HugePage
ZFHTE D, THP 1T R E W AT U EIRA MRS 2B%Z, BE)C HugePage #H1Y X4 T 5 HRE
ThoH, REBRTIX THP Z# L T HugePage ZFIH L T\ 5, L22L7e3 6, THP (FAA b
T 74— M 2HERETH U, HugePage OFIH DX TII72 <, MERE THIASEE L vy & vy o SR
o5, WHFREIZBW TR b BWVETRBICHAERRBHEREREIND, T, R

HEZD
YN e

4.

L.

\{b4 % THP IX HPC 3 S AEMEDN W, L7220 - T, 5% 0OfELE LT, HPC v AT
31T % HugePage A FEDIKRFI 21T 5 WERN H D,

#H
L.

hE B, Bt (I, H—Amoiny o ZICE S HRLY V= M ) —
e =B —=2 hNy 7 7 (2T D058, SRR PP L @AM P e 27
DAEHR LR 53R, S 83 A (FeiE - & ER)

g 1748, 18+ (1.%%) , Fastcomputation of the number of magic series on processors with
SIMD or matrix multiplication unit (SIMD F 72 (3f78IRHA L= F&{H 2 7= 7 vt v ¥
BT D BEIESN OO ERREFR) |, BLE KPR PP B LI @A FINPE > A 7 L L
THREREE LR, B8 3 A (FRE : mikE KOM)

iy OREAE, B (T5) , KEMEEEA b L—U 7 —3%7 7 F 2 OFEBICH T 729
I RPC SR DORRGE, B KPR PP LIFMAM FINEE > A 7 LG H LA FEREE £
AL, B4R 3 A (FBE - A &)

JE Bk, &t (T%) , XK FFT 2 FW - @S 7 FFT OFHE FIEICBE T
DWFTE, TR FRFFEE CIFSRAM AT S A 7 MG LA ERHME 13RS, S8
F3H (FE - miE )

CHOIYEONKYU, &+ (L%) , ¥ alb—va il 2HMEKOFIHIC L i
R DRG] |, BLE R R P Pe B LG A PN DL o A 7 MG LA FR e 5 3¢,
S8 H3 A (FiE : #HE )

IR B, b (BRI, NEBEATVICBIT O REESHEET VKV v

o OPEREREAM, FU AR AIE PG WA A ER S, M8 43 A (FeE @ &
)

FE A, P BHAER) , A—R—a L P a—X B2 A BT HPC BfEts
VX o b—va VBB O L BEMERERHE, S KR RS R T SRR O,

S8 AE3 A (FEE kb 4, M A, i ERF)

Pl HER, =t (R L5) , Group-wise BEH1Z L % Block BiCGGR {5 D T {LLfif i
WEFIEOWE, SRR AIER PGSR PR, SM749 A (B8 2H%y
LN

RPERE

BHRES s ar P a—2 Y A 2D DR B R
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Pk SHERSEHT LY X — SMEEE ERBEE

HU RSP TS A fy A Pe el B P SRR B TRHRER 2D 72 8 O iR RE N 51 5 R
1, 202549 H 16 H~17 H

5. ZH, NERE NHMEES

5
1.

10.

11.

BEE

BLEarse B i Bh & R 7E (A) , BME R (fv3R) , RA~R84EJE, 5,200 T-H,
[RMARA L= T —F T 7 F v O]

NEDO, ZEERER (4rHH) , R5~R9 4B, 33,605 TH, oo Ea—T7
7 HAEDRFFERA%E |

el BEEIAFSE, BETE R (fR3R) , R4~R10 4, 25,400 T, A7 —F7 1
PRT A A NT RO T — 2 AL B 2 MR R

SCH R R, e R (04) , RT AR, 29,700 T-H, [HPCI OiEE (HPCI
HHA NV =V KRBT 7 AV AT AOBKBER /2 L)

BHEar BB & sE (O, M RIT (R&K) , RT~RI -, 1,300 T (R7
R, TGPU 7 A XIZHIT DEGREM DT V2 ) XN D458
SCERVEEEE, BME () | RTAEE, 109,070 FF,  TWHEF HPC - AT B
FEHL TR

WRIOEMSARE 7 v 77T &, dH3Ef1 (9f) |, 2023, 21,483 TM (MR
iA) ,60,483 TH (MEREA) BV 7bhy=7& HPCe I al— g
B oA X D0 AT 70 AT WFFEHLS

BHEF R BB &R ARASE (C) , ZHE%EA ((8F) , R6~RT7 -, 900 T,
(e p RGBS, — R AR IS KT~ 2 il + (R ks B i 17 51 PR i D B |
BEafse g iBh &g mrse (C) , MEMELA ((RZE) , R6~R8 A, 900 T,
MEH O ERNEERE 2 IS TE DR MREEEV AT A0 T v 77
> T ERER

JST ASPIRE, FEMH/A (434H) , R6~RS4EJE, 1,000 TH, [wIERDERE
B 2 BT DI T — 2 B ~N— R v = 7 O%EK

SCEEH A ZERE, A () - @& R, R6~R84FAE, 3,179 T, THPCI
He i 1 A AT

6. WFERFRR
(1) BEJX
A EFEMEIHX

1.

Mingzhe Yu, Osamu Tatebe, "AD-KFAC: Asynchronous Decentralized Distributed K-FAC
with Dynamic Load Balancing and Fault Tolerance", Proceedings of 2025 10th International
Conference  on  Machine  Learning  Technologies = (ICMLT), pp.373-382,
10.1109/ICMLT65785.2025.11193392, 2025.

Sohei Koyama, Osamu Tatebe, "BBView: A View-Aware Burst-Buffer Mechanism for MPI-
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Osamu Tatebe: Program Committee, [IEEE/ACM International Conference for High Performance
Computing, Networking, Storage and Analysis (SC25)

. Osamu Tatebe: Program Track Chair, ACM International Conference on High Performance

Computing in Asia-Pacific Region (HPC Asia 2025)

Osamu Tatebe: Program Committee, 31st International European Conference on Parallel and
Distributed Computing (Euro-Par 2025)

Osamu Tatebe: Program Committee, IEEE/ACM International Conference on Big Data
Computing, Applications and Technologies (BDCAT2025)

Osamu Tatebe: Program Committee, IEEE International Conference on Cloud Computing
(CLOUD 2025)

Osamu Tatebe: Program Committee, 10th International Parallel Data Systems Workshop (PDSW
2025)

Osamu Tatebe: Program Committee, 6th Workshop on Extreme-Scale Storage and Analysis
(ESSA 2025)

Osamu Tatebe: Program Committee, 15th International Workshop on Advances in High-
Performance Computational Earth Sciences: Numerical Methods, Frameworks & Applications
(IHPCES 2025)

Taisuke Boku: General Co-Chair, International Conference IEEE Cluster 2025, Edinburgh, Sep.
2025.

Taisuke Boku: Steering Committee Chair, International Conference HPC Asia Series

Taisuke Boku: Steering Committee Member, International Conference ICPP

Taisuke Boku: interim Board of Directors Member, NVIDIA Supercomputing Users Group
(NVSUG)
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Daisuke Takahashi: The International Journal of High Performance Computing Applications
Editor

Daisuke Takahashi: Supercomputing Asia and the International Conference on High Performance
Computing in Asia-Pacific Region (SCA/HPCAsia 2026) Tutorial Committee Member

Daisuke Takahashi: The International Conference on Computational Science (ICCS 2025)
Program Committee Member

Daisuke Takahashi: The 25th International Conference on Computational Science and Its
Applications (ICCSA 2025) Publicity Committee Member

Daisuke Takahashi: The 20th International Workshop on Automatic Performance Tuning
(IWAPT 2025) Program Committee Member

Daisuke Takahashi: The 39th IEEE International Parallel & Distributed Processing Symposium
(IPDPS 2025) Program Committee Member
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d-EF1 : xSIG (cross-disciplinary workshop on computing Systems, Infrastructures, and
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Miwako Tsuji: Subject Area Editor, International Journal of High Performance Computing
Applications

Miwako Tsuji: Associate Editor, ACM Transactions on Parallel Computing

Miwako Tsuji: Publicity & Media Chair, Supercomputing Asia and International Conference on
High Performance Computing in Asia Pacific Region (SCA/HPCAsia 2026)

Miwako Tsuji: Program Committee member, The 32nd IEEE International Conference on High
Performance Computing, Data, and Analytics (HiPC 2025)

Miwako Tsuji: Program Committee member, The 9th Annual Parallel Applications Workshop
(PAW-ATM 25)

Miwako Tsuji: Program Committee member, The International Conference for High Performance
Computing, Networking, Storage, and Analysis (SC25)

Miwako Tsuji: Research/ACM SRC Posters Member, The International Conference for High
Performance Computing, Networking, Storage, and Analysis (SC25)

Miwako Tsuji: Keynote, Plenaries, and Invited Speakers Member, The International Conference
for High Performance Computing, Networking, Storage, and Analysis (SC25)

Miwako Tsuji: Program Committee member, 37th IEEE/SBC International Symposium on
Computer Architecture and High Performance Computing (SBAC-PAD)

Miwako Tsuji: Publicity, 37th IEEE/SBC International Symposium on Computer Architecture
and High Performance Computing (SBAC-PAD)
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Miwako Tsuji: Posters Chair, IEEE International Conference on Cluster Computing
(CLUSTER2025)

Miwako Tsuji: Program Committee member, 54th International Conference on Parallel
Processing (ICPP25)

Miwako Tsuji: Program Committee member, 3 1th International European Conference on Parallel
and Distributed Computing (Euro-Par 2025)

Miwako Tsuji: Program Committee member, ISC High Performance (ISC25)

Miwako Tsuji: Program Committee member, 3 1st International Workshop on High-level Parallel
Programming Models and Supportive Environments

Miwako Tsuji: Program Committee member, 39th IEEE International Parallel & Distributed
Processing Symposium (IPDPS2025)

Miwako Tsuji: Program Committee member, [EEE/ACM International Symposium on Cluster,
Cloud and Internet Computing (CCGRID2025)

Miwako Tsuji: Associate Directors, ARM HPC User Group
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Norihisa Fujita: Program Chair, The 5th International Workshop on Extreme Heterogeneity
Solutions (ExHET 2026)
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