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const int num_elements = 512;

dpct: :device_info prop;
dpct::dev_mgr::instance().get _device(0).get _device_info(prop);

const size_t max_block_size = prop.get_max_work_group_size();

const size_t block_size = std::min<size_t>(max_block_size, num_elements);

range<1> global_rng(num_elements);
range<1> local_rng(block_size);
nd_range<1> kernel_rng(global_rng, local_rng);
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dpct::get_default_queue().parallel_for(kernel_rng, [=](nd_item<l> item ctl)
{

vector_sum(d_A, d_B, d_C, num_elements, item ctl);
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o MILEDBIT:EE TCH+ & SYCLK ICEBRATOYVFRIATLADTIOTSZIO0BE (RE) | FL—=02:
SYCL* pEK (%EE)
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K1 IATLERN

SDA N\oDWE=ZM T Bz, 4 DOTART—RA=HELELE (& 2).

o AVUYFILDDLRM : E2E EF )L - FL—ZVIBREEXN)YOET2AUTFILOD DLRM EF )L,

o SDA ZFIALTz DLRM : SDA CTRBILSNZETIL (INTOETIL - Fa——VIJeHKBILEED),

o SigOpt AutoML : 5 D® SigOpt RO A ETEITHIA,

o SDA ZFALTz SigOpt AutoML : SDA [CRoTEMS NI/ EEFER LTC SigOpt EEROEETEITIFE .
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xR 2. TANMER

4 DDTART—AMD DLRM /N TA =TV ADLEEAER 5 ICxLET, SDA AU FILD DLRM EF)LEEL
AUC(ROC HiE T~TomE M) & E LGB AU )LD DLRM EF)LEBRLT 5.4 B0/ TA—< VR [E E&
SigOpt AutoML 0 5 [EBIMZEERT 5.2 EDRAE—R 7Y I EZERMLTLET,

5.DLRM \T7* =YV ADLLER
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SDA (&, SigOpt DRILFARUYIEXRUYODOLEMENTRIFNIEX, CORIGEREHIT ZEIFTETFEB A,
SigOpt OF 21—V T BRRICHIFTEITILFARIVD (FBEESL—ZVTRRE) ORBZFMI Sz, SigOpt
AutoML & SDA O\ TA—T VA%V FARI O =FERLIEIEEELIRVIGA TR LELE, Bl 6 h\b,
TILFARUYOEXRUYODOLEVMED, FL—ZVTRBREEREEL. EEOXRNIYITERK 1.26 &0
AE—RT7YITHERLTVWBDIENDDDET,

SigOpt VILFXARUw ¥
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B 6. VILFARIYIDINTA—=I VR

RILFARIY DO DMRZE DT Blcsd, JILFARUYDOZFERALEIGEEELRVISEEDRREE AUC ZRELR
Liz (B 7). RILFXRUYDEXRUYIDLEWMEICEKD, RIL AUC THDRN S, L —ZVTREHFEL

= W N
EERHHIEMLEL,
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E D)

WEVATAIF, EIVRMEZDZSTEHERINMLALTVWET N, ZOI I EENSZLOREDD
NET, E2E Al DARILIE, ZNOOBREEFRL, INTOMBBE I—F—D Al [CFIERL, FHEGMAET
MATEBRLDICTREZBIZELTVWET, CORRETIFE, Al ORRMEBEBICBLIOBEELT B8,
AVFILD Al KEBIEFYEOIVR—RUEM 1 DTHD SDA #IBNLELRE, SDA (&, NEOE I
wE(C, SigOpt AutoML AD/I\SX=F—beNEBRET7 IV ER T DY —ILFVRTT, NTA—TV
AMFHMTIE, SDA ZFFELE SigOpt AutoML (&, BL AUC ##FLGEMNS DLRM EFILCTHEA 5 &
DINTA—R VA EEERBL, IFBICBEERERERLELE, Fz, SigOpt DRILFARUYIE XKUY
OOLEVMEICEKD, SBICEZD LSBT ENTETHEL,

SDA (&, Al DRRIEAEIFTZ SigOpt DRAIDIH# T, FoTHZLVAIE, RecDP URY RU—%ESRRL T
TSV, SEBREEBNLCVTETYT, 7OV TINT SigOpt Z{FEA T BICIE, sigopt.com/signup (FzE)
[C7ORALT, AV T7vILTzawn (FER),
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1 >7)L® Xeon®
AT=27)L -0yt —Lk
CODAL——27

Tencent Al Arena 75vhIA4—LETH Al EFIVLORL—Z27
ICRIT AT —ARIFT1—

Ashiq Imran, Wenyue Hu, Ashraf Bhuiyan, AG Ramesh, & Geetanjali Krishna ¥>F)L J—KL—3>
Wenxi Zhu & Minwen Deng Tencent

FTA—7Z—=27 (DL) EFTILDORL—ZVTICIE GPU MR BTHDEVDIDIFLLH DB TT, BT
DL EFI/ILDZELIE, PEL—=—2T%FALT CPU TEDERAL —Z T TEET, 17)L° Xeon®
RT—=Z7)L - Oy —IClE, A1VFIN T—TF>—Z—0 - T—AwmPICED Al 7oL -3y
HIAENTULEYT, COELETIE, TensorFlow* & Horovod* ZFERLTITRY—ETHEINL——2 0%
RETDEEHRBLET,

TensorFlow* |&, DL 7 U =23y @FOA—"T V=X TCOOQRT IV ITIA—=LDTA TS I—THD
1> F)L° oneAPl T+4—7 - Za—3F)L - ®rybD—2T (42F)L° oneDNN) ZERLT, F~FIL° TOtzv
T—PZ0MO7—FF70Fv— (&FE) @IFICxgEKeN, A<fEAENTLS DL JL—ALAT—0UTT,
1>7)L® oneDNN [C£D TensorFlow* O&EIL (L, EHAFF, (THEE, /\WFIERILGE, I\TA—<T
ABRITDEBIGREFEEZZRILLET, Horovod* (&, TensorFlow*  PyTorch* i&ED—MRHIE T L —LA
D—OTHE DL Z#RHICT DAV —AD)\WT— T, 8D GPU *» CPU ICLBEFILORL—C
VOIS NTULERT,
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Tencent WML B Al Arena IE, WILFI—J Vb - AVFUI IV REBHGEBREDHFTATD
A—T2 TSR TA—LTHD, Al IRENERIBIEARZICHBETCSTDILD, BLAVWT—EINEEN
TWET, Tencent OREVRLEEE|/I\MILT =LA TEERE, |, Al Arena 7SV TIA—LEFERLT,
RIVFI—IzVbOBRasHifl, A=2R B, M RTEHE, EXREBTEZEEZEE Al I—J
VEEBELEERTT, Z0O Al I—VzURE, TL—V—D D28 R LOHBLOICT—LDREMEZER £
LEI, COELETIE, 1VFTIL® Xeon® RT—FT)L - Oyt — - R—IAD 16 /—RDISRI—LET
Tencent FOFDYIVINILOETIL - fL—ZVT%FAL, B—/—REHEBRLUTEREAKR 15.2 fBEORAE—R
TV T EERLIEEREBNLETD,

PET1—F5—=7 (DL) FL—=2VTDET
DEDL FL—Z—VTAREFTIBDHAEFE2 DHNET, 1 DEDOHEIE, 7 7)L° oneDNN NN B 7%
TensorFlow* #&TE)LREHD Docker* IV FFA&FELET, NICIE, REBLGHONINTHIOTCLET,

docker pull intel/intel-optimized-tensorflow:2.6.0-ubuntu-18.04-mpi-horovod

2 DEMAEIE, 1T I)L° oneDNN WY BN TensorFlow* 2.6 DU (#EE). Horovod* 0.22.1 DI (HEE),
HBELN Open MPI 4.0 DA (283E) #FENTAI UV AR—ILLET, GCC /I\—IaVOERETNENTLIRSUL,
Ubuntu* 16.04 DIEE{FERLTLBIEE(E, GCC 8.41 PIEAE1 VA +—)LLET,

ROV RZEFERLT, Linux* 5X5—ET Horovod* 7L —AD—0%FRLTHE TensorFlow* %17
LFET., |BMIC, ROBEBEZHAERELF,
export LD_LIBRARY_PATH=<path to OpenMP lib>:$LD_LIBRARY_PATH
export PATH=<path to Open MPI bin>:$PATH
export OMP_NUM_THREADS=#o0f cores of the machine [e.g., Iscpu | grep "Core']
export KMP_AFFNITY=granularity=fine,compact,1,0
export KMP_BLOCKTIME=1
=20 %RIRTBREIIC, ROOARVEEFERAL T ATLDVT Y S EER TETET,
Iscpu | grep "Socket"
ROIARVEIE, 2 VIYEOY—/I\—ChL——2T%FETLEY, TITlE, 7—H—0O#HEIE 2 T,
horovodrun -np 2 -H localhost:2 --autotune python train.py
ROARVEE, #NZEN 2 VovbaRBELE 4 BOY—/\—ChL——20%EFTLEI, ZITlE, 9—71—0
wEE 8 (VovkZlEell1D—h—) T,

horovodrun -np 8 -H serverl:2,server2:2,server3:2,server4:2 --autotune python train.py
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ROOATVRIE, FNEN 1 VovkEREELZ 8 B —/\—CchL——VT0%ETLET, ZZTH, T—H—0
#W¥E 8 T,

horovodrun -np 8 \
-H serverl:1,server2:1,server3:1,server4:1,server5:1,server6:1,server7:1,server8:1 \
--autotune python train.py

ZDFESIC, EFIVCERLIEWRL—VIBRREICISLT, U—/\—DA¥MEERTEEI, ~L——V TR,

FARITZH—N\—OARICTLTIFIFRFEICAT—U I TRENHRFINET, \1/\—/I\SA=5—D
=EbH, BHO GPU ThL——V 092155 BARRICITTHONET, ZEXREBM/ \WFHIXIE, ZLDI5E,

D—N—HICFSTRT—U VI TEEY, FEEROE LI, <0156, \vFHAADIENZEBR TETET,

T—RAAI 74— : Wukong* Al DL—=27

ALFBETOT T Wukong* Al [£, Tencent DAS MOBA o'—A TEE&EXRE, #7L (L, bvZF7O-
TL—V—ON\TA—<TVREBZIELIZ, Wukong* Al [F53816FE (RL) ZFERALTLET, RL DERZEIE,
Al I—Yx Vbt ddicsh, BYGERUY—E2RRLTEBEILT S LTI, MUY—DRRIF, 71—
RL FL—Z=—VJTHRBEILTEFRI, 2EIL——VT%FRALT, 2 2 B> F)L° Xeon® RT—ZT)L -
JOwvH— R=ADQISAY—EOEHO RL FEEICEB O RELRLET,

FI. 1 /=R 1 D—A—TR-ATAV )\ TA—TVREREL, ZDOE, BEOR ——VJBBEIGETDE
TO—H—EEOLCRT—ILI7VILET, COT—RAAITA—TIE16 /—RTCUBIZ/NNTA -V ABER L,
DAL —ZTICRKONR=RSA Y - J\TA—IVADERA 15.2 BEOaRbeRBLELE (B 1), 1V7IL°
Xeon® ZO0tvH— - R=ADTIRY—LETIFIFBFOAE—R 7Y ITMERINTVDZENDNDET,

VIWF/—ROR—ZV I REOAE—RT7 v
16
. 15,
12

10

VUON/—REEBLERAE-FT YT
co
~J
(=]

2 1.98

0 2 4 6 8 10 12 14 16 18
A7) ° Xeon® TOEwHY— - A=2AD/—FDH

B’ 1. 28—V I ICEDR=RFAY - NTA—I Y RALLBRLTKRIEZRAE-R7y THEENS
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AVF)L® Xeon® RT—Z7)L - FOtwvt—If, SESFLTO05073 - D—00—-RORL—Z—TICHERR
INTA— > 2AERHELET, Horovod* ZNEINL ——VJIERTRET, FL——V I BRERIETSET,
ZC7TlE, BIFED Tencent Al Lab DT —ARIT1—=4BNLELI,

AV TIVIE, RERDAVTIL® Xeon® RT—Z7)L 7Oy T—\D/N\—RDx 770t —/3VDEIP,

VIRDLIT - TOESL—Y3VOENRE, 5IEKmEAI—T-—DI-XIIGATVEERT, SBEOTOTVEE
ICHTEIRFIZSL

Uy —2EHR—k
LT OY A Eh\SElR B HREF N TEERT,
e TensorFlow* (ZE:ZE)
o PYPI* TABISNTL\BAVT)LD TensorFlow* M&@E1, (Z:E)
e A1FIL°0oneAPl T4—7-Za—3)L - RvbD—4 - S14TS5U— (1FT)L° oneAPI DNN) (ZzE)
M GRERIC DV AU TOOZ 2 ZT— P IA—SACEXZE B DTN U R—hAES(FRENTEET,
e TensorFlow* MFIRE (GitHub*) (¥:E)

e 127 )L® Optimized Al Frameworks (Z&zE)
e Horovod* (Z:E)

VAT INER,

TensorFlow* V—XJ—FR https://github.com/tensorflow/tensorflow (Z%:E)
TensorFlow* /\—=2/3>/ 2.6.0
CPU 76
A7 ZEDALYRE 2
VITYRTEOTITH 19
VI 2
NUMA /—R# 2
N5— 1D Genuinelntel
BIOS /\—=2/3/ 1D Smdbmds
CPU 77=U— 6
EFI)L 85
EFILE 17 IL® Xeon® Platinum 8255C Ot vt — @ 2.50GHz
BIOS EF /L& 3.0
AFvEVT 5
AVFILV ARy TAV T - F0./09— B8R
AVFIL H—IR-T—R - F0./09— a3
AXEU— 256GB
oS CentOS* 8.2 (Core)
A—JL 418.0-305.3.1.l8.x86_64 x86_64
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L2237 - XF422T
ERXMROBL
T/ =0 R%&X1T

Sentieon DNASe ié: NVIDIA Clara Parabricks* @
INTA—=I VI ADLE

Henry A Gabb 1>5)L O—KRL—23>
Don Freed & Zhipan Li Sentieon Inc.

KRR —0T2 00 (NGS) #ffild, 2T/ LABFTBEROETOYV—LBITICHELR IR SRR ANREIC
HUBLELR. NGS EXNERMIEIRERITICED, LT3y - X712y (BERER) hERKRIBIZIC, 35IC
[FRAVRATTT7ICHBlebenNE LIz, Sentieon (HEE) 1&, T/ABRITY 7D 7%E 3 BV FIL®
Xeon® AT —=Z7)L - FOwvH =8 4 B4V FIL® Xeon® R —=FT)L - JOtvd— (BRERI—RHA
Sapphire Rapids) @EIFIC&EBEILELEZ, COVILDITIE, ILFITVRTALETAT—UVTTBLEIIC
HEtSNTHED, BARZGNRRGY—T7IOVE (BIZIE, MRZET 1 ADEBEDOT/LNSEER%ZEY
AT BI158) THoCh, 3RV (BRI, BEMRECRUEBEEZIFEGDIEBEEOEROY > TIL
NI BIER) THOCH, RED/I\TA—IXVAZERTETET,

Sentieon MV 7+ 7E, |RFOTOYT— BFITAVFTIL® Xeon® Oty H—@EIFIINI L EESNTSH
D, WMBOTOTSZ VI EBPERAD/N\—R O T7EFENTIC/\AINTA—TVA%EIRT DIz, NT— D
EEHRL, VIO 7O, B, RTFOIRNEEIRTEET, FAlE, Sentieon D/\TA—T TV RE
¥E%, NVIDIA Clara Parabricks* EDFHEA R RELRL, ER/N\—ROz7OEBERNRIRE LB %D
gBZE&ICLELR,
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b AOSITT—4 1%, "Benchmarking the NVIDIA Clara Parabricks Germline Pipeline on AWS (AWS*
L@ NVIDIA Clara Parabricks* £5EMERIN/ A TS5A VORI FI—2), (HEFE) TRESNTLET,
ZOEEICIE, LTO HGO0T TFRD/INTA—VRAE DR LOT —IHBHINTLET,

o BIUYV—LEEMN (WES) @ 50x, 75x, HBELO 100x S3/\Lw
o DUU/LERIT (WGS) @ 30x BLV 50x 1/\Lwvy

ZC Cl& Parabricks* & Genome Analysis Toolkit (GATK) (HEEE) O/\TA—Y VAW tERENTLD (B 1),
PrecisionFDA Truth Challenge (%zE) ™ HGO01 WGS 30x TANTEBLET, GATK [F/\U7 > REOH
LIBE M 2EEELIGOTVET N, Java* TRhaNTL\BIes, N TA—V ADMBNWERETIFHOFH
BA. 1U/AKFE Mayo Clinic B’FERLZ Sentieon DNASeg* Variant Calling Workflow Demonstrates
Strong Computational Performance and Accuracy (Sentieon @ DNASeg* /\UZ77 > ~FOHLD =2 70—
N NS E/ DA VA REEAZFEEE), (FE) T Sentieon MYBEE AR E T ZE3< GATK ZAIRIC_EE]
BDEIFEIDEH TH DIz, T TlF GATK DEE#RIFITHT, Sentieon V7D (Cr+ TRRihai, =
ORI CPU @IFICERBILSNTL\D) & Parabricks® (CUDA* Taoiha#1, NVIDIA* GPU [EIFIC&E1L
SNTL\B) ZLELFT,

B 1. 3FIFRAWS EC2* IV RAI VR » 1T TH GATK A—RS541 > IC¥9F B NVIDIA Clara Parabricks*
ETEHE (2) DB (BE : Benchmarking the NVIDIA Clara Parabricks Germline Pipeline on AWS
(AWS* ET® NVIDIA Clara Parabricks* £E#iig 25/ \1 TSRV FI—2), B 4),

Sentieon & Parabricks* /N T A —<Y >V A TETBRITEEICLER T D128, 1 ORYFI—DDERBE
INTA— VR T—5%FMAL. B 1 D haplotypecaller, B2, fg2bam OERFT VI %, NI/~
MOEL/ A TSAVOHRBRNGEIT—IICHINMIITELE (' 1), COXVEVTL, Parabricks* X>F
N—OICREHSNTVWBUATORRICEDVTITLELT,
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MFg2bam X7 v/ICIE, bwa-mem & BEI8Y —O—ENVEFEN, BUIBICIFEEIZY —~D—ER,
BEEOY—F 27, basr N'EFENFET, haplotypecaller (applybgsr) 27V /&
AN bam I[SEASN., N\UZ7VRHOHLAT VI ICHESINE T,

TS - RAF=Y Parabricks* Sentieon
TSAA
fg2bam BWA MEM + V—kOd—F4UF 41—
V—hk
SE 5 - LocusCollector + EEHERR,
BQSR = QualCal
BQSR &
haplotypecaller Haplotyper
JNUT7 2 REFEOHL

FR1.NTA—IVADLRKICERLIENVZ >V FIFOHLINA TS5 4 &9 B Parabricks* & Sentieon DAF—,

SESFLHETE TSV TA—AICHIFD Sentieon & Parabricks* M/ 7A=YV ADLEER 2 &K 2 IC
RLET, TIVRTA-LEREOFMIER 3 (RLFET, F 3 BRAUFTIL® Xeon® RT—Z7)L - FOtY
Y—FRFF/I\TA—T VA FKEL, 8 4 BRAVTIL° Xeon® RT—FT)L - FOwvd— (BRI—RH
Sapphire Rapids) |FG&EDME/N\NTA—T UV REREBLTWVET, LH\L, /\TA—TVILIFTTIEL T/ A
HIEDOIARFEHEBENDHERITDILENHDET,

AT IL® Xeon® 7Oty —0T/AHIENVDOIX ($ 1.54) £, NVIDIA* A100 Tensor Core Z7OtzwvH—
($4.59) ITHNRZMTYT (R 3), B 4 HRAVFTIL® Xeon® AT—S 7)1 - FOtvH—0 AWS EC2* RlEh
BARETHNIL, T/AHEDOIRNE $1 K@GICEDET ($2.1635/ B * 26.8 77 = $0.97), Fie, TNnbH
DRV FI—DIERSNE 4 HERAVFIL® Xeon® RT—ZT)L - Oty d—Ig7LUU—R - \—RITF
THdleth, BREGD/INTA—<VRIEE LT 2AEENDH D EDFEINER T,

BEEBHICDWVWTIE, cbimetal 1VRBIVAD 2 DDA FTIL® Xeon® Platinum 8352M ZOtzwH—n'
370W ZRBETDDICITL, pad.24xlarge 1RS>V AD 8 DM NVIDIA* A100 Tensor Core ZOtzwH—
(& 3,200W R BELTLET, Parabricks®* O&ED/\TA—<TVR(E, 8.6 BHOENE 3.0 FOIR %=
MBELFEIN, 5 3 HRAFIL® Xeon® 8352M FOzvH—m 1.5 BO/N\TA—<VALNERLER A
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2. USIREAVTILERADIFEI TR TS YRTA—LTO Sentieon & Parabricks* D/I\NT#—I Y ADLEH,

Parabricks* DRFEIIAXRSN TV ZER (REE) D5IA, Fr2IZIR 1 HBRICIDIBRIETT,

Sentieon ORI, 2022 F 3 BIRED Sentieon ICKBBAE@ETT, F 3 K1V FILC Xeon® RT—=F T - FOkY Y — - R=ADVRAFLLIE, 2 VITvtD
2.40GHz 1 F)L° Xeon® Platinum 8368 7Oty ¥ — (152 7, 1V FI° N\AN=ALYF1V T - 75/0J—E), 256GB DDR4-3200 XEU—,
1TB 15)L® SSD 660p & 2TB 17 JL° SSD DC P4510 EHETNTL\ET, F 4 {1 FIL° Xeon® RT—FT)L - FOtYyY— « R=ZADYRAF LI,
2EDE 4 81V FIL° Xeon® AT —5T)L - 7Oty Y — ((BFI—KSB Sapphire Rapids) 40 A7 L, 1V FI°e NAN=ALYF1V T - Fo/0I-6R),
Bm{LAID BIOS, 256GB DDR XEU— (16 (1DPC) /16GB/4800MT/ #), 1TB 1 FJL° SSD D3-54610 iiE#EINecILYY—R - ISV TA—ALTT,
EBE5NYAFAICE Ubuntu* 20.04 ARL—F1 VT « YRAFLAMA Y AR=ILENTVET, EElE, ERKIR, B, ZOMOERICL>TREDET,

TS - NVIDIA Clara Parabricks* Sentieon

AT—Y AWS EC2* TV RIVR - 51T 1YFIL° Xeon® RT—5T)L - FOyH—
g4dn.12xlarge | g4dn.metal | p3dn.24xlarge | p4d.24xlarge | c6i.metal F 3K F 4K

FTIARVIN 60 35 22 17 33.0 31.3 211

vV—k

E1SHERR, 5 5 3 5 4.5 3.2 2.2

BQSR

BQSR EH, 15 10 10 6 5.2 5.3 3.5

NUF7V

FUOHL

SETIER (42) 80 50 35 28 427 39.8 26.8

xR 2. USUR®AVTILEADEIFIEHRTSYRTA—LAICHI1FS Parabricks* & Sentieon DETAFRT (9 BifI),

Parabricks* DRFEIIAXRSNTL\ZER (REE) DO3IA, IR 1 DBRICIIEMHETT.
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AWS EC2* ZJotyd— AVFIVRHE | ARyvhRE T/LBRODOIXE (US$)
AVRIVR (US$/ B¥R) | (US$/ RER)

c6i.metal 127 )L® Xeon® Platinum $5.44 $2.1635 $2.1635/ 5 * 42.7 73 = $1.54

8352M FOtzwi—

g4dn.12xlarge NVIDIA* T4 Tensor Core $3.912 $1.2439 $1.2439/ FFfE * 80 73 = $1.66
g4dn.metal NVIDIA* T4 Tensor Core $7.824 $2.3472 $2.3472/ B8 * 50 73 = $1.96
p3dn.24xlarge NVIDIA* Tesla* V100 $31.212 $9.3636 $9.3626/ B * 35 73 = $5.46
p4d.24xlarge NVIDIA* A100 Tensor Core $32.7726 $9.8318 $9.8318/ KRl * 28 73 = $4.59

R 3. 1VFTILE NVIDIA D AWS EC2* 1V RFV AOPEDLLE, 2022 &£ 3 B 11 BIRED AWS EC2*
ARETE (ALTV) V—IavnAVTFIVREEEARYEEETT (Amazon EC2* Pricing #58,),

FET3IALTE Parabricks* ICBEY 2707 Tld, GATK EAED/\UT7 VFFOHLEE (F1 237) I
BESINTLEIT N, Sentieon [, KEBREERBBENIEEZ IS PrecisionFDA Truth Challenge (%35)
ICHBVWT, —ELTEBLTLET (B 3), HGOO1 RYFY—JIEZDIVFFANEOHBDTT, KD
PrecisionFDA Truth Challenge V2 (3&35) Tl&, Sentieon IXIEH\D 19 F—ALFEL\, 12 AFTYU—FH

4 HFTJU—CEBBLELE, Parabricks* IFTRU—NTLEB A,

3. 55 1 [l PrecisionFDA Truth Challenge D8,

Sentieon 1t 6 AFTU—m 2 AFTU—T

BLELE,
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Sentieon & CUDA* DL DFMENTOT S= VT EB=EFERAL VRV zsD, XUFT—\DKFEEBTEEH
9, Sentieon MV I IE, 1ZBE CGr+ TRARSIN, RIFOTOCYT—ORINLVIBENZERT DL
SICRBE{ESNTULET, Sentieon [, B THEEZEIOARS W/ \—RDT7 TR, ZILTUXLDHREIC
FOTUTA—T IV REERBLTCVEY, INTOBREHBIOREY—0IT VYT TV IA—LEYR—KL,
=E{LLTL\B Sentieon (&, FDA DAV FvL VI TRICBELTVET, TNIE 1F7I/L° Xeon® AT —
7))L - 7Oty —Em Sentieon B\, T/ RO — TSV IA—LTHDEEEIELTVET,
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1— P@i%?%%?
FENDHWZ D

1> 7)L° DevCloud for oneAPI TOORXF7—F5
OFv—-TOTF=VIDINT—=HERLTIESLN,

Pl =
Mandelbrot T #2113 7—F 7 U0Fv—CETLT,
DORTP—FTFTIOFv—DINTA—I VAR TETET,

Ve
F i
B a—R%EEE 25 O Jupyter* Notebook T
F—li5] C++ ZERICIERER CTEET,

Ik

=RIDATILD CPU, GPU, FPGA THFRICKISLIZ
7TV =23V ELCTANTERT,

S9<H%% (:R5]) >
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2O ) VE LT EEAT
DERY

IVRY—IVR® Scanpy I\ TS5 TLVTIL° Xeon®
ZOtwvH—7H NVIDIA* Tesla* A100 %&)E 2

Sanchit Misra 15 Sk LB ZHARE
Narendra Chaudhaury 15l Sk B#HARE

BH#kE : Padmanabhan Pillai 15 O—KL—23> EEFFMRE, Bharat Kaul [F Parallel Computing
Lab 1L 94—, Henry Gabb R =7XEIT>IJ=F7, Andrey Gorshkov B Al VIZ+0x7-TVI=ZFUVT -
YR—I¥—, Pavel Yakovlev @ Al ZL—LD—5 - TV I =7, &LV Gurbinder Gill Katana Graph ¥ =7 -
VIbox7 - TVI=F

DA EREEDRE LIE, SFESFLENBICEMEDEBLTETELEL, AIRIE, BEMEPEREBORBITIRIZFIC
BUFERSGAVINONEEZ R LTz, VDIV EILENIE, £EMZICEITEREEOEROEFHITI, ABDE
1RIE 40 JHEEWVEREHN\S TS TULET, BEHIC, TNoOMEd, ESICIEF—EICHAREEVWDOARSRE]
THNBNTEzfed, MBRIOEVEEDZDZENTETFEATLIE, YTV, HRBOEMEER
2HDTY, HLLWITTOMEEZE#BIL, CNoOMIRZEXRBITEXNZXAZEBELEMNICL, FEDRIWEIC
RN EDEDICKIGT 2h\VERT CEICESTHIFE DML DM BB NIADHTLET, TOHERIFLLDEFE,
JED\5 Covid-19 BEIEDMMARICEDIRT, EMERNFEEANDETDANGWAEMEZ T TITRLUTLWET,
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F=RETARAMOESRICRED, VIl - T=YDEIFRRICENLTED, BAKOT—5vEDOH1XH
EHRORETIEMLTVWEYT, COXDIET—YD@MTICIE, BB, 7—45 YAV )\ AMTSAVDETH
BENET, /ATSAVDOATVIE, INOXA=F—EZBBLENBEDIREIND_ENZ U\ s, (FIFUTILY
A INCET I EE D/ A TSA VDB T,

1VF)L® Xeon® FOtzwvt— 1 ET, 130 BEDYIRMEEED
ScRNA-seq Bt dh 7 DF¥TEIR

MDD FEIFRAEEMRN T DY IV ZIVERICIE, Z<L0OEENHOET, ~>T)Ltz)L RNA-seq
(scRNA-seq) f&irld, MRBEOEBGCFRIBEIOT7MILOEVEHFTRLET, CO@ERFICIE, BLROMIED
BLFRIETIEITIBELGRMTHBIY VTILZIL RNA —O TV VIR BEESNET,

ScCRNA-seq BTOHEEWZT—0T70—[d, FHEEOELTRIBEDTIINSIRENETT (B 1), 7 —5DH]
MIBCIE, /A A%EGREL, T—9%FERIKLT, T—YVrOEROHERICHIFTZINTOE METRFOFEME
EEELET, CORTVITIE, T—YWNENELDT—TAI770REBIET DD, XV VT——T0hL
FUIXERAINET, 20R, Kok =170, BLLEECFEEARF DOMREET)IL—vI B>
U2 T%1T0\, OSRY—%0{H{ELET, 800,000 L EDFTIVO—REENHSD Scanpy (%H:E) &, 2D
EBFICEbLFERAINTLBDY—ILFVED 1 DT,

130 BEOY DRGNS GDT—5 VT, B 1 ISR/ A TS1VDBE, 2% Scanpy ER (R—
254~) %#ERLEE Google Cloud Platform* (GCP*) EmE— CPU 1SV (n1-highmem-64) T
5 BBRIEL (3|EE) HWW\DEY, RL/\1 TS ICDL T, NVIDIA (£, NVIDIA RAPIDS* Z#FERBLIEE—N
NVIDIA* A100 GPU £ 686 ) (&EEE) &L\ OITVRY—IVROETRHBZRELTLET,

1. BEFEETIINSKED, REDMEISAI—DURILETD
IVUWEIVDORNA V=DV VT - F=HOBRMFIEZTTINMA TS,

ATV TRlE AVFTIL® oneAPl T—45 - FFUFT1DOR - 54T 5U— (4F)L° oneDAL) F—LHB LN
Katana Graph (%&:E) &AL, L0BENRUF 7TV LEFERLT/\I TSI EERILL, 7—FF
DFv—ICEDB TN TA—R VY REF1—ZTLTVWET, COEDEHFESETHTIN, 1B/ 2 (C
BEDOINTA—TVRETTIRMABAIANERLET, COFERIZL, Intel Investor Meeting 2022 (3E:E) T
FHERINELRL, GCP* LOELE— CPU 1 VAF VR (n1-highmem-64) T, I\1 754> &K= hH
626 MTRTTETBLOITENFELEZ, 5 3 BRAVTIL® Xeon® AT—ZT)L - TOtwvH— (BRI—RE
Ice Lake) MEMETDHLL N2 ATVRIVA - HATTlE, NTA—VANSHBICE ELTWVWET, Fe, /A
T4 VDOABY—BHEEF LIRS, I\ AXEU—0D n2-highmem-64 A5 ZADOKHDIC/\1 CPU @
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n2-highcpu-64 1RV A% ERTETDELDICIENELE, GCP* £D n2-highcpu-64 OV T - 1R
FUIATCIE, 1A T4V 2R 0OTH 4590 B (7.65 7)) TRTLUTCULET, TNld, XR—X51V0M 5 BEREE
LEESLTH 40 B3R TI, NVIDIA* A100 GPU /N TA—T VREHEANTHK 1.5 (EEETT,

BRMEXAEBU—BHOEFICELD, 59ROV 2—F4VIDOIRMEARBICERTCEELE (R 1),
GCP* £ n2-highcpu-64 1RV AOIARAEHTH $0.29 TY, ik, R—AF1 > Scanpy #2179
% n1-highmem-64 M#) 1/66, NVIDIA* A100 GPU @ 1/2.4 T,

NMTFA - CPU GPU CPU CPU CPU
ATy n1-highmem-64 a2-highgpu-1g n1-highmem-64 n2-highmem-64 n2-highcpu-64
64 vCPU (RX—X3 Tesla* A10040GB 64 vCPU (CPUIC 64 vCPU (CPUIC 64 vCPU (CPU IC
-1~ Scanpy) GPU SOERELEN SOEREEENE SOEREEENE
(GPU IC&DE#E{E Scanpy) Scanpy) Scanpy)

&Nz Scanpy)

F—IDHEHRAHE
AIALIE

2

KE9iE (1 RE)

148 2 111 7.8 81
m 154 62 73.8 60.0 64.2
m 2571 21 167.4 100.8 96.2
Louvain
pery 1153 2.4 13.9 10.3 8.9
Leiden
ey S 6345 1.7 52.8 36.4 345
Y751 —T 0
255 17.9 23.9 20.8 19.2

BEER
_ 39 49.2 427 33.6 32.8
ITYRY—TIVED

< 18338 686 625.7 4621 458.8
ETRFE ()
AVF TR
(Uss/ )’ 3786 3.673 3.786 4192 2.294
@Iz~ (US$) 19.284 0.700 0.658 0.538 0.292

1. TFRTFEL GCP* 1V RIVRICHIFS 130 HEDT I RAEMEED scRNA-seq BTORTIREE IS VRIRE,
BAD 2 DOASLITE ~— CPUALVARFI VA (n1-highmem-64) EDAN—ZXS1> Scanpy & B— GPU AV ARF VR
(a2-highgpu-1g) E£® GPU ICEDEFE{LEINTZ Scanpy DARSNTL'\D (HEE) 2IEHEISIRIXE,
BED 3 D2DASLIE, 2 DDOMERD CPUAIVRIVAR - 5L TDE— CPU AV RAF VA (n1-highmem-64,
n2-highmem-64, n2-highcpu-64) Lt® CPU [C&DEE{LENIZ Scanpy DRIESNIEEFTREAEISIVRIRN,

2022 % 5 B 15 BRAED https://cloud.google.com/compute/vm-instance-pricing DR #ICETI<,
2022 € 5 B 25 BREDT Y TILHADTAER.
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B 2. TFRIFLR GCP* 1V RAF YV RICHIFB 130 BEDV VR[N scRNA-seq BITOETHEEAE—RT7 vV,
ROF—5%(ER : (1) B— CPUALVZXF VR (n1-highmem-64) EDA—ZS1~ Scanpy LHi— GPU 1VZXY V2R
(a2-highgpu-1g) E£® GPU IC&DEE{EENIZ Scanpy DAKRSNTL'\D (HKEE) ETHFM, (2) 2 dDnitfa CPU
AIRIVR - L TDE— CPU ALV AT VA (n1-highmem-64, n2-highmem-64, n2-highcpu-64) t®
CPU [C&DEE{EENT= Scanpy DRIESNRETHE’, MNHISTIE, n1-highmem-64 1V RIVX LD
NR—RF1Y Scanpy LLEBLIEAE—R7y T ZRLTUVET,

T AT VR )\ ATSAVDOERILGE
MUTRIE, SO/ATSAVDINTA—T Y A% [ LT BI2iT ol ATV IDEN T,
o THDHIMBENENNT DD, DA—L-T7A)L - FyvTam@RAL, JIT 32/\1>— Numba ZAL
TRILFALYRMELELIZ, TNUTED, R=RSAVORIIE /T4 —< VXN 70 B L@ ELELZ,
o Ffo, KFEPEOTRIUVI, KNN (KIEESK), PCA (EFHD 217) OMERNGERZED scikit-learn* @17
AVFIV ITORT VY3 (HEE) #=FERLELR,
o Scanpy I&7t&R scikit-learn* @ tSNE (t-distributed Stochastic Neighbor Embedding) E&R#=FEHL
TLELED, 17TV Xeon® TOY T —TIEIFNEMTLIZ, tSNE DR REEEZEEIT DT,
40 BV ERILEEMLELT,
o Barnes-Hut 7Z)LJUX ADOHBXEU -5
o Morton O—RZRLE 4 ZARDEE, V—k BHOZERATVIDIiIFIE
o &BIC, UMAP (Uniform Manifold Approximation and Projection) Z&i@E{bLELTZ,
o Python* V—XJ—R®M C++ "\DZ
o FEMAELEY T RL —F—DMERWNAVTIL® AVX-512/ 1 F)L° AVX2 R—ADEEEAER
o EBMEEERT VA YTIL® oneAPI YR AA—RIL - SATSU— (AF)L° oneMKL) %1{EH
 Katana Graph EDBAICKDEME NI Louvain JEB LD Leiden SEZEI= 21 =57 r— & H7/LTUXLDRNZE
ROLWERE/ 1 TS1VICHE

2022 £5 B 25 AREDT Y FILHRDTAER.
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BB CED KIRET —5 v ~ORTIEEENAIRICREAEL RS T TIL® Xeon® 7OtzvH—
FTlE 40 &, NVIDIA* A100 GPU FEEERTH 1.5 BERIIEEAER T CEBRLDITHENEL,

- yals))

IVONTIVERIFZ<LONTICERATETET, BEEF. MEYZE, @RF, £EF. BEF, HiLzsERD
WRERRIFE, ZLONBTISHSNTWVWET, {FERBOREMEICED, SESEFTMPRELDERIBBTEIDL
SITIEN, REGEMNN B DT EZHESAOBNHEITDENHERFINET, FhebIlE, scRNA-seq
FRAT) A TS+ mSIBITH RS BRI=6, tSNE, UMAP, Leiden AF7WIDHRITSFEFALTWVET,

VAT LER

GCP n1-highmem-64:1 > X% > X GCP n1-highmem-64 : 64 vCPU (B3 ¥ I — k& Skylake),
BEfAEYU— 416GB, BIOS : Google*, ucode : 0x1, Ubuntu* 20.04, 5.13.0-1024-gcp

GCP n2-highmem-64:1 > X% > X GCP n2-highmem-64: 64 vCPU (FA¥ 31— R4 Ice Lake),
HETXEYU— 512GB, BIOS : Google*, ucode : Ox1, Ubuntu* 20.04, 5.13.0-1024-gcp

GCP n2-highcpu-64:1 1 > X %5 > X GCP n2-highcpu-64: 64 vCPU (B ¥ J — R & Ice Lake),
BErXEU— 64GB, BIOS : Google*, ucode : Ox1, Ubuntu* 20.04, 5.13.0-1024-gcp
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DORT YR TA—L -
TR 7BFEIC
Y —) LA E

Windows* Subsystem for Linux* 2 & Visual Studio* Code
%%FH LT Linux* & Windows* [IFIC oneAPI ZEILFT3
y;

Tony Mongkolsmai 1 ~F)L d—iKL—3> Fo/09— - TN\VITURE

ESACAICBIE, 1FILT 19 &/, NTA—< V- V—=)L, WY —IL, Al YRFL-TFSYETA—A
DOV IR T - ITVIZTHROV I T7 - 7—F 7O L TERAORBRESESAEHEEL, VIRDIT,
F0/0V—, AVFIVNCDWTESTADZEZESENEVERIFNIEELBULEYD, 8&4IC, BROVIRDT
TREENEZZI L TERRLELLD,

D DLW eEENS, FFTOT =T oA ENTF S TLIR, 7O 3= I NEREZENIFE—HRM
TlFahvorz 1985 &F, /NFE 1 FEDESEIC BASIC o7/ OT 5= 0% meFELIz. ENAED, TNE
TH+OTOIS=VTEEEZV, LWOH\D IDE 7O Z5=270L, Windows* & Linux* Ol HDIRIET
VORI 7 EBEFEITIRERICEENE LS, £, 97 /Ul JL—LD—0, OTOREHFH, T—TF53——V
JigE, BRICENIT DN EH TRFEIDIMLENDDELE,
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O, —BLTERDZLlF, TVIZTIFENEEMES DD, BICYV—ILEE>TLDREWLWDIETT,
BREELT, FLDELDOHAFEETLRIT D, HAWETTSANR—OISEEEIRT Bz, TETBRIFEIER
KTHDEWEBOSTWVWET, 20, CNIFFMEANICESTAREREHFRARFEET,

WRZRDIAD

BROVIFIITEFEEIL 1 DOV—ILPTSVRTIA-LARITEEBBELTONIERVERTIEHDEE A,
TAOOY—EX® Kubernetes* @70 Go* J—R@OEIAICIE, React*/Angular*/Vue*/JavaScript* J—R®
LMEFE2<LELGRYILF—VAFERLET, Fo. Z2LDIEE. Windows*/Linux*/Mac* D20 T 5w
oA=L UIR— R EESINET,

=\ JOXTSYETIA—LD IDE EYM—KEELTVET, FIFRESF Vi ZFERALTVEITH (Emacs*
DENBRDEIOIFHOTNET), &#D IDE BNFESTI, TVIZTICEDT, SRSFRTSVRTA—L
TO—070—%EEATDEIINEDR LICDENDET, N BEFEHRITSDEE (C/Cr+, Python*,
JavaScript*, Go*) (&9 T Microsoft* Visual Studio* Code (VSCode) N T3 ELEI{EL., Microsoft*
Windows* Subsystem for Linux* (WSL) O&IEDEFHICLKDIORT SV IA—LRAFEICHNIG TEET,

CCTlE, #D1TIL® Core™ 19 7Oty T —REHD Alienware* R13 Y AT L (A TILH\bDZHEMETIE
HDFELA) T, LW<ODDITORTSYVETA—LD oneAPI B TILEBIHN L THIEL\E BUVET,

WSL & VSCode Otzwv k7w

WSL Oty 7y 3B TY, Windows* DIOXYR7OV THERRVLT, AOOIX Y REETIBRIFTT,
> wsl --install

WEITEREE{T %, WSL M Ubuntu* 20.04 "1 VR ~—)LENET,

RN RELRRIEEIE, Microsoft O ThS)L/a—Fa0 - AA4R) OFRBICHST, Y AT L% WSL it
ICTBDICNBIGTF|EREITLET,

JRIC. VSCode 2w 7w LETD, Linux* D1 VA R—)LFIBICHEST WSL T VSCode 2w 7w 2M
Tld7<, Microsoft* ®FNE (HEEE) (CHEt>T VSCode T Remote WSL HisE&EERIICLET,

BRICLIZS, VSCode WSL FE#i 71> FOELTHLL WSL D1V (R 1) ZRIRTBEIFTTT.
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B 1. #:LWL WSL U1 RoZR<

1>57)L® oneAPI 'YW—)L YD1V A =)L

ZCTlE, YXF A E® Linux* & Windows* O /5 T oneAPI R—=XDI— RN ENKH\ER T D,
A TIL® oneAPl WV—=)LFvEDUU—IR= (:E) (B 2) o1 VA=)l YV—)LFvhAEiBIRL,
ERICHSTI Y AR—)LLELE (B 3), WSL Y—=H)LTlE apt 7V A—)LEBAL, Windows* Tl
AV A VRAN—T—H&FRLELR,

2. 177)° oneAPl W—ILF v DiEIR
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B 3. 1>7)L° oneAPlI YV—=ILF YD1V AL=IL
RN =/
d—FMOET
FRIBEOEFN TECH, GitHub* 5 oneAPl-samples UMY RJ—&2oO0—LFELI.
ZMI—RIE Windows* & Linux* O BICHTIGT DEDICEKETSNTULDOT, WSL 0 VSCode D1 RIT

[Libraries] > [oneMKL] > matrix_mul_mkl 7L 2o rU—Z20O—RL, bash ¥—=F/LZRE, LTOITV/R
ToneAPI BEA vV LTV 7ILO—R%EELRLELR,

> source /opt/intel/oneapi/setvars.sh
> make

THEET >V TINE)LRen, EiTen&Ele (B 4).
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4. 9V TNI—-FOEIREET

Windows* /\1FU—%ERALIET Y TILOIERRE ETIE, FiLL\ RFLATHoIzfzh, DPLFRDDELTZ,
Microsoft* Visual Studio* 2022 Community Edition & GNU* Make =1 ~—)Ld 20BN HDELT,
Zn#l%, VSCode #O—RLTETIBREIFTLIRR,

> C:\Program Files (x86)\Intel\oneAPI\setvars.bat
> make

BUDFEVWEER

Z<DOFIFCECHBLNETAN, WSL _ETIFR<, Windows* £ VSCode #i{ELTL\EH, HEIFY—=
FILICWSL 70V T hERRTEDIENDMDEL (B 5). CHUFFLICESTENREFHER T LIz, CNITKD,
EL VSCode 1VRAF VAT, Windows* & Linux* OB BFOY Y FILAEEILRLUTETIDENTETFHLIE.
120 IDE T, 1 DOYATALT, VORI SYVRIA—LBEENTETEZOTY | JORT SV ITA—LBEFED
ELHMEDMRATETEIICEST, TNIFEETIEFEVREBEBVIFEDREITLI,
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5. L VSCode 1 A XTMH Windows* & Linux* ME{T

- yals))

SERBSLHAOIEZEIE, FILLWIATLATHI N 2 BREIFE TV Y I TEReIETY, S&lF, 1VFIL°
Arc™ GPU TOREE, [FHDOBEFET—oT70— (Jupyter* Notebook &), 5K - Ov/Ea—F1/7% Al
VAT T SVRTA—LABRRGEDY IO 7 ICRETRINEVOICDUVWT, ToO/O0YV ROV IRIT T
ITVIZT7ELTORBREIEB LGNS, MEITBIFYETIT, REFCHRAHVEREEHDNESTIVET,
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