


R21d?bnl12s-m5 Wm: bk-lWsd ?drdW?bg

Bk-<Y/d ]gYm4d -r 9md 98 /gd a-44dr/
/g’dY/r 8Y]-m4 g2<Ym-/x
Bk-<Y/d <9,dkr mdd, /9 ]Y1/2’d r]Ykdr
8’9< 4k9aYk ,9vm /9 ’Y-m ,’91 r-yd
Bk-<Y/d <9,dkr gYud YkvYxr addm a-4
2rd’r 98 GOB

on33c Kdv-r E) P-]gY’,r9m qg2<Ym
r21d’]9<12/d’q 89’ 4k9aYk vdY/gd’ 89’d]Yr/
onssc MB�P ’r/ 9]-Yk ]2r/9<d’ 98 B’Yx
PdrdY’]g: v-/g B’Yxho r21d’]9<12/d’
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Cmd?5x CwWrbWkd CW?sg Rxrsdl Kn:dk pCtRK(

CND”r r/Y/dh98h/gdhY’/ DY’/g rxr/d< <9,dk:
89’jd, 8’9< BDRL -m 3zo5)
Rdud’Yk ]9<19mdm/rc Y/<9r1gd’d: kYm,:
9]dYm: kYm,h-]d: rdYh-]d: d/])
A’9Y, uY’-d/x 98 /-<d6r1Y]d r]Ykdr)
L9r/kx v’-//dm -m E9’/’Ym)
Cdudk91d, ax g2m,’d,r 98 1d91kd: ]9m/Y-mr
rm-11d/r 98 ]9,dr v’-//dm Y]’9rr rdud’Yk
,d]Y,dr)

t



CtRK �slnr1gd?d Kn:dk pC�K(

A’9Y,kx r1dYj-m4: ,-u-,d, -m /v9 1Y’/rc ,xmY<-]r Ym, 1gxr-]r
CxmY<-]rc r9kudr MYu-d’hR/9jdr d+2Y/-9mr -m ’9/Y/-m4 r1gd’-]Yk 8’Y<dv9’j) H/ Ykr9
r9kudr 89’ /gd /’Ymr19’/ 98 /’Y]d’r -m /gd Y/<9r1gd’d) DtRL 2rdr G-4g N’,d’
Ld/g9,r L9,dk-m4 Dmu-’9m<dm/ pGNLLD: L)SYxk9’( 1Y]jY4d: vg-]g

,db921kdr g9q-y9m/Xk Xm, udq/-bXk ,-fdqdm/-Xk 91dqX/9qrs
2rdr R1db/qXk Dkdldm/ ld/g9, -m g9q-y9m/Xk ,-qdb/-9ms
2rdr E-m-/d C-fdqdmbd ld/g9,r -m udq/-bXk ,-qdb/-9ms

Ogxr-]rc Y11’9w-<Y/dr 1’9]drrdr m9/ ’dr9kud, ax ,xmY<-]r) DwY<1kdr -m]k2,dc
l-bq91gxr-brc vX/dq puX19q: k-.2-,: -bd( 1gXrd bgXm4dr Xm, 1qdb-1-/X/-9ms
lXbq91gxr-brc r2a4q-, bk92, Xm, /2qa2kdm/ 1q9bdrrdrs
qX,-X/-9mc qX,-X/-ud dfdb/r 9m X/l /dl1dqX/2qds
Xdq9r9krc bk92, Xm, qX,-X/-ud dfdb/r 98 /qXmr19q/d, 1Xq/-bkdr)
,dd1 b9mudb/-9mc /gdqlXkkx ,q-udm /2qa2kdm/ l-w-m4 98 X-q
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C�K :-rb?ds-yWs-nm
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pa( Esq2bs2qd ne S udqshbSiix dvsq2,d, t,
EodbsqSi �idldms)

pb( nudqiSo ne ,xmSlhbr pai2d ihmdc fqddm
,nsr( Sm, ogxrhbr pqd, ihmdr( t,
bnlo2sSshnmSi didldms)

fi



Tgx bkn2:h?drnku-m5 ?drnk2s-nmr.

Fk9aYk Bk92,hPdr9ku-m4 L9,dkr pFBPL(
Yu9-, /gd mdd, 89’ ]9mud]/-9m
1Y’Y<d/d’-yY/-9mr: vg-]g Y’d /gd <Y-m r92’]d
98 ]k-<Y/d ]gYm4d 2m]d’/Y-m/x pRgd’v99, d/
Yk): MY/2’d 3zo5(
Pdr9kud, ]9mud]/-9m v-kk r2ar/Ym/-Ykkx ’d,2]d
<Yi9’ rxr/d<Y/-] d’’9’r -m 1’d]-1-/Y/-9m
ad]Y2rd 98 -/r <9’d ’dYk-r/-] Ym, dw1k-]-/
/’dY/<dm/ 98 ]9mud]/-ud r/9’<r)
H<1’9ud 92’ Ya-k-/x /9 Yrrdrr ’d4-9mYk -<1Y]/r
98 ]k-<Y/d ]gYm4d 9m /gd vY/d’ ]x]kd /gY/
,-’d]/kx Yfd]/ <2k/-1kd rd]/9’r 98 /gd TR Ym,
4k9aYk d]9m9<-dr: dr1d]-Ykkx Y4’-]2k/2’d Ym,
dmd’4x 1’9,2]/-9m)
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Tgx bkn2:h?drnku-m5 ?drnk2s-nmr.

DtPI P-l3iY/-nmr

Svo-bYi )drni3/-nmc ozz j<:
75 RXOC 9m efi BOT m9,dr

Ain3:h)drniu-mfic t)3fi j<:
o)3 RXOC 9m t3:zzz FOTr

FBPLr Y’d -m]’d,-akx dw1dmr-ud Ym, /x1-]Ykkx ’2m 9m /gd v9’k,”r kY’4dr/ ]9<12/d’r

g//orcssbrpjajpfl9usmdvrhld:-�smdvrsmdvrh�.bg-udstyynsfl.ddmhfi�rgho.9idb/h.2mrhf.r/ho.9/9/wodhr2bbdrre2jjws
;



R-l1kd Akn2:hPdrnku-m5 CtRK �slnr1gd?d Kn:dk

Sgd R-<1kd Bk92,hPdr9ku-m4 DtRL �/<9r1gd’d L9,dk pRBPD�L( -r Y 1Y’/-]2kY’
]9m42’Y/-9m 98 D�L vg-]g 2rdr /gd 89kk9v-m4

’dr9k2/-9mc t)3fij< g9’-y9m/Yk: o3e ud’/-]Yk kdudkr
,xmY<-]rc GNLLD m9mhgx,’9r/Y/-] ,x]9’d pSYxk9’: I�LDR: 3z3z(
<-]’91gxr-]rc O’d,-]/d, OY’/-]kd O’91d’/-dr pL9’’-r9m: L-ka’Ym,/: I)�/<)R]-) 3zofi(
<Y]’91gxr-]rc R-<1kd G-4g N’,d’ Bk9r2’d pA94dmr]g2/y: J’24d’: I�LDR 3zofi(
’Y,-Y/-9mc PSD.PPSLFO 1Y]jY4d pO-m]2r d/ Yk: I�LDR 3zon(
Yd’9r9kc 1’dr]’-ad,
:ddo bnmudb/-nm

M9/dc Y/ t)3fij< g9’-y9m/Yk ’dr9k2/-9m: v-/g o3e ud’/-]Yk kdudkr: vd gYud �s)3A
,d4’ddrh98h8’dd,9< mcp u�ph�aic 9m /gd ,xmY<-]r 4’-,)

e



Md?en?lWmbd 1n?sWa-k-sx rs?Wsd5-dr

Vg-kd FOTr Y’d qj-m4q -m /gd dwYr]Ykd d’Y: BOT 1d’89’<Ym]d -r r/-kk ]’2]-Yk -m DtRL)

Od)en)lYmbd On)/Ya-i-/vc ]Y1Ya-k-/x 98 Y ]9,d aYrd /9 ’2m "d]-dm/kx“ 9m Y uY’-d/x 98
]9<12/d’ Y’]g-/d]/2’dr) Sg’dd <Y-m Y11’9Y]gdrc

bnlo-id) :-)db/-udrc g-m/689’]d ]9<1-kd’ 9m g9v /9 91/-<-yd pd)4): N1dmLO:
N1dm�BB()
fidmd)Yi o3)onrd i-ac ,dkd4Y/d Y’]g-/d]/2’dhr1d]-] ]g9-]dr /9 Y k-a’Y’x pd)4):
J9jj9r: PYiY: d/])(
:nlY-mhrodb-fb iYmfisi-ac Y,, -m/d’<d,-Y/d ]9<1-kY/-9m r/d1: /9 4dmd’Y/d 91/-<Yk
r92’]d 89’ Y 4-udm Y’]g-/d]/2’d pd)4): 1rx]k9md: 4’-,/99kr: d/])()

M9/dc <Y-m/Y-m-m4 <2k/-1kd ud’r-9mr 98 DtRL p9md 89’ dY]g GOB Y’]g-/d]/2’d( -r m9/
u-Yakd Y11’9Y]g) Od’89’<Ym]d 19’/Ya-k-/x -r Y l3r/ -m /gd 1Y/g /9 dwYr]Ykd)

n



Sgd Iniinr 1?n5?Wll-m5 ln:dk

B.. k-a’Y’x 89’ 9mhm9,d 1Y’Ykkdk-r<
O’9u-,dr ]9mr/’2]/r 89’ dw1’drr-m4 1Y’Ykkdk-r<c dwd]2/-9m r1Y]d: dwd]2/-9m 19k-]x:
1Y’Ykkdk 91d’Y/-9m)
O’9u-,dr ]9mr/’2]/r 89’ <2k/-h,-<dmr-9mYk Y’’Yxrc ,Y/Y /x1d: <d<9’x r1Y]d: kYx92/:
<d<9’x Y]]drr6gYm,k-m4)
R2119’/r rdud’Yk aY]j dm,rc N1dmLO: O/g’dY,r: B2,Y: GHO: RXBK: d/])
Ud’x Pdk-Yakdc kY’4d 199k 98 pv9’k,h]kYrr( ,dudk91d’r: gdYu-kx /dr/d,: ]92m/kdrr
,9vmr/’dY< Y11r: ]k9rdkx 89kk9vr mdv GOB Y’]g-/d]/2’dr)

oz



EmmnuWs-nmrc rnesvW?d dm5-mdd?-m5

Pdv’-/d Ykk Y/< <9,dk -m B..: 2r-m4 J9jj9r 89’ 9mhm9,d 1Y’Ykkdk-r<)
Trd g-d’Y’]g-]Yk 1Y’Ykkdk-r<

Hl1kdldm/d, u-X I9ii9r SdXlO9k-bx
Fdk1r lX-m/X-m bXbgd 8q-dm,kx b9,d r/q2b/2qd 89q BOTr
SgqdX,r rgXqd b9ll9m -m/dqld,-X/d v9qi: vg-kd l-m-l-y-m4 -m,dw a99i idd1-m4)
�kk9vr 89q kXq4d idqmdkr: l-m-l-yd idqmdk kX2mbg 9udqgdX,r

H<1kd<dm/ qOY]j“ ,Y/Y r/’2]/2’d /9 dmgYm]d B.. ud]/9’-yY/-9m
MdbdrrXqx /9 ad b9l1d/-/-ud v-/g E9q/qXm dwbdkkdm/ X2/9hudb/9q-yX/-9m
R2119q/ 89q 1Xbid, b9m,-/-9mXkr

Trd v9’jr1Y]d <YmY4d’ /9 2rd Ym, rgY’d <-m-<Ykkx r-yd, r]’Y/]g <d<9’x v-/g-m
1Y’Ykkdk k991r)

oo



EmmnuWs-nmrc Wk5n?-sgl-b

C-r]’d/d GY<-k/9m-Ym 89’<2kY/-9m 98 /gd M9mgx,’9r/Y/-] D+2Y/-9mr
B9la-md, v-/g l-ld/-b g9q-y9m/Xk ,-rbqd/-yX/-9m p5/g 9q,dq r1db/qXk dkdldm/r( Xm,
l-ld/-b udq/-bXk ,-rbqd/-yX/-9m pm-/d ,-fdqdmbdr( dmr2qdr lXrr Xm, dmdq4x
b9mrdquX/-9m

S-<dr/d11-m4c GDUHhHLDW
F9q-y9m/Xkkx Dw1k-b-/ Udq/-bXkkx Hl1k-b-/ b921kd, v-/g P2m4dhI2//X HLDV
fi r/X4d g-4ghBEK dw1k-b-/ A2/bgdq /Xakd ptq, 9q,dq( b921kd, /9 3m, 9q,dq -l1k-b-/
A2/bgdq /Xakd

L2k/-h/’Y]d’ d]-dm/ Rd<-hKY4’Ym4-Ym /’Ymr19’/: v-/g <Yrr ]9mrd’uY/-9m Ym,
<9m9/9m-]-/x 1’drd’uY/-9m
Ogxr-]Yk 1Y’Y<d/d’-yY/-9mr ’2m Y k9vd’ ’dr9k2/-9m 4’-, Yr ]9<1Y’d, /9 /gd
,xmY<-]r p’924gkx 3)3fi /-<dr kdrr g9’-y ,98r(

o3



Rs?nm5 rbWk-m5 Ws oozil

Nm BOT: B.. ]9,d Yr 8Yr/ Yr 9’-4-mYk E9’/’Ym p9’
8Yr/d’(
Nm BOT: r]Yk-m4 k-<-/ ’dY]gd, Y/ o dkd<6]9’d
Nm FOT: 1d’89’<Ym]d ,d/d’-9’Y/dr Y/ �3zz
dkd<6FOT
Od’89’<Ym]d 19’/Ya-k-/x

HAL On: �LC D1xb
MUHCH� Uozz: �ozz
�LC LH3fiz 100 101 102

NODES

100

101

102

SY
PD

C++, A100 (4 per node)
C++, MI250 (4 per node)
C++, V100 (6 per node)
C++, EPYC (2 per node)
Fortran, EPYC (2 per node)
C++, P9 (2 per node)
Fortran, P9 (2 per node)

ot



Rs?nm5 rbWk-m5 Ws t)3fil

E-’r/ Fk9aYk Bk92,hPdr9ku-m4 L9,dk /9 ’2m 9m Ym DwYr]Ykd ]9<12/d’: a’dYj /gd o RXOC
aY’’-d’ Y/ ]k92, ’dr9ku-m4 ’dr9k2/-9mr: Ym, ’2m 9m a9/g �LC Ym, MUHCH� FOTr pYr vdkk
Yr ]9mudm/-9mYk BOTr() o5



RAPC�K bk-lWsd rb-dmbd r-l2kWs-nmr

CTmYl-br ne /gd �/lnrogd)-b fidmd)Yi b-)b3iY/-nm In:did: Nm
Mnmgv:)nr/Y/-b CnlY-mr pCT�INMC( bBNLOKDSDC BX3z33[

Trd, 89q l9,dk -m/dqb9l1Xq-r9m Xm, -m-/-Xk l9,dk ,dk-/x Xrrdrrldm/r
5z ,Xx r-l2kX/-9mr p89q dXbg rdXr9m(: -m-/-Xk-yd, v-/g qdXk v9qk, b9m,-/-9mr
H6Nc 3)7SA 1dq r-l2kX/d, ,Xx

AdrrhOn//d)c Ai-lY/d rdmr-/-u-/v bNMFNHMF[
Trd, /9 dr/-lX/d bk-lX/d rdmr-/-u-/x v)q)/ Xm -mbqdXrd, RdX R2q8Xbd Sdl1dqX/2qd
� 1X-q 98 o xdXq r-l2kX/-9m -m 1q94qdrr 9m Eq9m/-dq
H6Nc z)t SA 1dq r-l2kX/d, ,Xx

�/lnrogd)d In:di Em/d)bnloY)-rnm O)n/nbni p�IEO( P-l3iY/-nmr
bOK�MMDC BX3z35[

� 1X-q 98 tz xdXq r-l2kX/-9mr 89kk9v-m4 /gd /9 ad 2rd, /9 r/2,x X/l9r1gdqd -m/dqmXk
uXq-Xa-k-/x Xm, dw/qdld dudm/r

�kk ]k92, ’dr9ku-m4 pt)3fij<( adm]g<Y’jr -m 92’ F9’,9m Adkk r2a<-rr-9m 2rd /gd <9,dk
]9m42’d, dwY]/kx Yr -m /gd CX�LNMC: BdrrhO9//d’ Ym, 21]9<-m4 �LHO r-<2kY/-9mr

ofi



RAPC�K bk-lWsd rb-dmbd r-l2kWs-nmr
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Anmbk2r-nmr

RBPD�L -r /gd ’r/ FBPL /9 ’2m 9m Ym DwYr]Ykd ]9<12/d’: a’dYj /gd o RXOC
aY’’-d’ Y/ lfij< g9’-y9m/Yk ’dr9k2/-9m: Ym, ’2m 9m a9/g �LC Ym, MUHCH� FOTr
pYr vdkk Yr ]9mudm/-9mYk BOTr()
N2’ F9’,9m Adkk ]9m42’Y/-9m -r ad-m4 2rd, 89’ -<19’/Ym/ r-<2kY/-9m ]Y<1Y-4mr:
Ym, v-kk gdk1 Ymrvd’ -<19’/Ym/ <9,dk-m4 +2dr/-9mr)
DtRL dr/Yak-rgd, -/rdk8 Yr Y ’d8d’dm]d 19-m/ 89’ 9/gd’ Y/<9r1gd’d ]9,d aYrdr vgdm
-/ ]9<dr /9 dwYr]Ykd 1d’89’<Ym]d)
J9jj9r d]-dm/kx <Y1r /9 ]2’’dm/ Y’]g-/d]/2’dr: Yr vdkk Yr ’d,2]dr ,-r’21/-9m 8’9<
82/2’d 9mdr)
B.. rxm/Yw -r lrbe gdYu-d’ /gYm E9’/’Ym: vg-]g ]Ym ad Y aY’’-d’ 89’ ,9<Y-m
r]-dm/-r/r) F99, r98/vY’d ,dr-4m -r ]’2]-Yk /9 rd1Y’Y/d ]9m]d’mr: -m]’dYrd
1’9,2]/-u-/x: Ym, <Yjd ]9,d <Y-m/dmYm]d <YmY4dYakd)

o;


