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HITREHARAEB R

> FHTIHTENHIURREH

> HiTEZRIT S

> FTSCER: fRiESEIL, fUfetEse
> FITRA: FRFHITNARE

ZHR
(1) RFEMER; (2) RPETHUEEKX

http://math.ecnu.edu.cn/~jypan



HITTREEFRFM
HTIHE=E%

® IEH: FHTITEN/ IFREH
o 8% FHTEIRRIT/ NAREFHITE

® X4 F1TYWFEINIE/Linux/Fortran/C/C++/MPI/OpenMP
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HiTit R0
O MEEHHBESS, SRIFETH EHERRTARA DR
SRR, SHUTHTT. SEHERE

Main Memory ]

http://math.ecnu.edu.cn/~jypan



HITHTE

¥ OAK Ripge
1Lat dratory
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AY
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Hev lett Pac kard
Ente rprise

AMD &

Frontier, {ME28%0C: 1,110,144
3 OAK RIDGE

. National L.aboratory

TR A, LEREILT: 10,649,600

http://math.ecnu.edu.cn/~jypan



HERTEXE #FRFF0R
I School of Mathematical Sciences, ECNU

HITHHEH 524

> HEREFRS
> éj\ 'JII\\JW{?/ \zﬁ
> BERNFRR
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HTITRIERE - RERF

O XERNEFERS
o H—ANEFSIUL: rBERSELIEBIURIAIVhEFREHNARESE.,
XIFRZAMEEENEE (Symmetric Multi-processor, SMP, ZE)

| Bus Interconnect |

o JFE—REIUL: BSMWIE EEER SMP Hpk, &4 SMP #BrILAAIE
HE SMP NRZ, EihRREE3 (BE)
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HTTRIERE - RERF

HERFNR

(1) =Rtz ERAE T —ARPRIFNHIER

(2) WFES CPU ROYIERIERE(ES

HERFRR

SESZERNEYELZERIRIEN Ft—

AFEH CPU ZAIGRRDEEFHIRTY &E, I CPU S KIBEINEF

MAFEERIRE (JUA%S!)

http://math.ecnu.edu.cn/~jypan

10



HTTRIERE - SHARF

O 5HNARERER
¢ WHESEZBMNNAIRTE, M EEERFEIZE
o HUEACHR: EILMILEZ LT/ B

= ¥ RIET, HREBEUEERER, HHPRAME
R (1) RIEER, (2) NnEER ERVEIERERISSHATE

http://math.ecnu.edu.cn/~jypan
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O

HITEINARE - BSRF

O 9 - HERNEFE BEERSA

o WiEKTHEARFHSHINNEFNNRS
o EAHEINEMEN, ¥ EME, BREER

MPP (Massively Parallel Processing)

ERRFEHEMHM, S TPRARBEHEECHAEF

BT RENHEY, § —/\‘JZ MR, B CHIRM RGN AT,

TR, ¥ RERET.

http://math.ecnu.edu.cn/~jypan
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HITHEN AR

> Bl T B AR A
> HEFH T EIARNE

> HEItHFRBRITEIER
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01946 &, HFA ES—aITEW ENIAC £
Electronic Numerical Integrator And Computer
FEFEUERDITEN, XEREY ZEIKZF

=R

L
D

| -

kS

R TitEns
) s st

S 170 TR, B30 0, FEIS0FE

5 - IR ST EL

> BEEE: 5000 RINEREE 500 )RFEGER, ISOTMR—IMEYS (BXE)

> F&: ETTESR S
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B—aHTITEIN

01972 &, $—aFFTrE ILLIAC IV (EEFFIEKRKE)

| e — I £ dmtrem

> 1960 FAUKRTFIGEIE, 1972 SFEERk
> 1974 EEE(TE— )RR, 1976 G TE— NN B
> 64 PRMESE, Z0IARY 1981 FFRIERIR, 1982 FiB1%

» Ol B, (EaRERE

http://math.ecnu.edu.cn/~jypan
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g by

O BRITETFRIREG: Cray-1 [HEA]

PHEE « 5225 Seymour Cray (1925-1996)
& EFIEFFt, N T

== HBRITEZ AL, Cray IIRATIHIBIBA

‘ FEFIRIT Cray YIBHESBE4 S

Z%, (ElRRB=SBRE7K.
1984 TR, ~aElaiE 7EKITENMS
70% BIDER. 1996 £ Cray AR AEIH
SGI YZitg, 2000 FHEHELS Tera ITEHAT], 2019 &F
#% HPE . 2022 £F 11 B RSB IERITE
HE®Z, BU 10 B = 2 HPE Cray #li&, BfEFH | .

> —RRHE Cray-1 I-NIBTTHY 1976 FFRA “EBRITETE”
> JRIESE, (B0 BMHEE

http://math.ecnu.edu.cn/~jypan
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211848 ZEINAR

Cluster 1J18F / 585 | {

> BNTESS N EEAEE, BaNBEEEE FFFE—E Beowull 558F, 1994
» SKAABBEFFIZCIEY], BdEimEEETR, TROMHMEE

> BNERXH Linux HB{ERESK. GNURIRRSGHELEERRS
Constellation £&F

> BN RERE—E/INHT

> BIMTRETEANTREBERS. MERATUEWVEIRR S

MPP KHUEFHATH,

17

http://math.ecnu.edu.cn/~jypan



HiTtEZREESE

O SMi8E: CPU + JNiESE (GPU/RIMEZESS)

O ZBiTE: itEMEEERETEERS, KeefE, BIRFIBE,
O & FirwmELENARRTEETEEINARE

O NAFE

O NigitHR, =it8, ALE, ...

B SORBF0HT, BEREASER, RERKGERS, ...

» International Conference for HPC, Networking, Storage, and Analysis
https://sc23.supercomputing.org

> ISC High Performancettps://www.isc-hpc.com

» CCF £ESMBETEFARTFS nttps://hpcchina.ccf.org.cn
» Top 500 https://top500.0rg

http://math.ecnu.edu.cn/~jypan
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KERNHITITRENAZR

O fRiF, XKl EfAREK
O #E: ExRFTTENIESARHRFL

O BY:: hRIEY
O 75 BEEH

O s RE. 4 (8E8) %

http://math.ecnu.edu.cn/~jypan
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KES—aiTET

0 1958 FHE—EEFITEIRE — 103 BitE

103 B, 1Z1TIEE 1500/R5F) 109 A (1968)
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HiTH — RARY

ORI 1S 1983F 128, RES—EEBMIEEIX | (R ERTEN

> 19924, $RiAl-Il, IEEX 10 {ZiR/F
> 19974, R, UEEIX 100 {Z2iR/FD
® » 2000%F, (R3A-IV, IEEX 10000 2% /5y

21
http://math.ecnu.edu.cn/~jypan



H1Tth — KR

O X—S / KiAZS/ K=
2009 FEINEEET AR, HEEFE_ N eeiH T H{OXBRITENEZR
» 20105108, FARENXRIT—SHESE Top500 FE—
> 2013F68, KA _SHEXaRHKRE—
» 2017118, AEFINESS Matrix-2000 A&GERIKAZSHERESE 2, ZHaiHEESE 10
> 20185, TEMAA=S E RitEREELRIL, BRs5HE
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8 5 55 o o ] ol 1] BT OH 3.‘

EzERITEREFL EzxERITEXERD
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mtETENARSSAITEES
(HPC Application Service and Cloud Computing Platform)
BITSHERE
l BFEEEA RS (Scientific Data Visualization System) (Runtime
Supporting
ST RTRAE R Erdroament
(Parallel Numerical Toolkit for Multi-field of Scientific Applications)
FHTHREDT TR
(Parallel Performance Profiling Tool)

OpeniCizi 33 s
(OpenMC Compiler) Development
Environment)

OpenMPH17 451% 25

(OpenMP Compiler)

(Resource Management System)

=== S RORER
EZ#F,%?}E?E @ ,| Z% (Parallel File System) éﬁif;‘;{,}‘g
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HiTH — HERS!
O FRELT 10006, ESOHTHEN TIREARTISOSELIIG, BIE 3840 2R/

O Ry - K25t

2016 F, EKERIEELE 10 12(2REZH>, ELIUX Top500 55—, BEHFRASE 7
2 40960 TME A "HE26010" REZAERS, KAANMNBEERRIES RS

2021 5, fEFREFZICE REEMTEAENL, BrRiChhEae &R
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it R ERESTEN @500 http://www.top500.0rg 2022.06

Frontier/HPE Cray/USA 8,730,112  1,102.00 1,685.65 21,100
2 Fugaku/Japan 7,630,848 442.01  537.21 29,899
3  LUMI/HPE Cray/Finland 1,110,144 151.90 21435 2,942
4  Summit/IBM/USA 2,414,592 148.60  200.79 10,096
5  Sierra/IBM/USA 1,572,480 9464 12571 7,438
6  Sunway TaihuLight/China 10,649,600 93.01 12544 15371
7 Perlmutter/HPE Cray/USA 761,856 70.87 93.75 2,589
8  Selene/NVIDIA/USA 555,520 63.46 7922 2,646
9  Tianhe-2A/China 4,981,760 61.44  100.68 18,482
10  Adastra/HPE Cray/France 319,072 46.10 61.61 921

http://math.ecnu.edu.cn/~jypan



HERRERITEN ¢Dsoo —_—

Frontier/HPE Cray/USA 8,730,112  1,102.00 1,685.65 21,100
2 Fugaku/Japan 7,630,848 442.01  537.21 29,899
3  LUMI/HPE Cray/Finland 2,220,1288 309.10  428.70 6,016
4  Leonardo/BullSequana/Italy 1,463,616 17470 25575 5,610
5  Summit/IBM/USA 2,414,592 14860  200.79 10,096
6  Sierra/IBM/USA 1,572,480 9464 12571 7,438
7  Sunway TaihuLight/China 10,649,600 93.01 12544 15371
8  Perlmutter/HPE Cray/USA 761,856 70.87 93.75 2,589
9  Selene/NVIDIA/USA 555,520 63.46 7922 2,646
10  Tianhe-2A/China 4,981,760 61.44  100.68 18,482

http://math.ecnu.edu.cn/~jypan




iR EREXSHISER

Countries System Share

http://math.ecnu.edu.cn/~jypan

@® China

@ United States
Germany

@® Jzpan

@ France

@ United Kingdom

@ C:anada

® South Korea

@ Netherlands

@ Brazil

@ Others

Vendors System Share

Top 500 @ 2022.11

® Lenovo

® HPE
Inspur

@ Atos

® Sugon

@ DELL EMC

@ Nvidia

® NEC

@ Fujitsu
@ MEGWARE

@ Others

27



#HiRFIT: RS

Architecture System Share

@ Cluster
® MPP

Top 500 @ 2022.11

http://math.ecnu.edu.cn/~jypan

Architecture Performance Share

@ Cluster
@ VPP

28



ﬂ?&ﬁi‘l‘ . ;;T'é{’ﬁ ,%Zf, Top 500 @ 2022.11

100

Operating system Family System Share

@® Linux

BERSE

Linux: 100%

http://math.ecnu.edu.cn/~jypan



SRS RS

Application Area System Share

http://math.ecnu.edu.cn/~jypan

@ Research
@® Energy

Cloud Services
@ Benchmarking
@ T Services
® Software

@ Weather and Climate
Research

@® Acrospace

@ Services

@ nformation Service
@ Not Specified

Top 500 @ 2022.11

30



ZUEST: [HBREE Top 500 @ 2022.11

100
Italy 7 (1.40%)

ussia 7 (1.40%)

United Kingdom 15 (3.00%)

=
o
Japan 31 (6.209%)

Germany 34 (6.80%)

20

Ot‘hers 93 (18.60%)

h r-------__‘
| EZRSHX !
: 1 (2022.11) ,
| |
B :':F': 162 :
| XE: 127 !
40 I
:%: 34 :

30 I
! BA: 31 !
20 . I
| EE: 24 -
‘--------_,

o

31

1995 2000
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RAL#HITHE

> EK, Tk, TK

> RIFR, TER, TR, @R,

. —— .
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O BRIt E RS

http://www.sc-innovation-alliance.cn
S BRUGPEBIHERE AT AL
WP R T T ””"’ﬂi’?ﬂ-ﬂhl’l’ﬂ) el —, EEOLTITR T
PERU A TR, AT L AERAE I AT 1815 2 AU 2 B R B
IR K B3N, 35 BRH: 200 B i e R i)

IR & & H SR K AL AT L

1% bl P RHSE 2 JE B 70 B AR A 2B 9T A AR . P RHGE B S
O T HERITF AT TE. RSN G gt E
s N B EAESCFF B, ES TR B

B ZRE EKEE BB R ME) /12 B KA.

2R R BESR & 1RO 6 BB BE b 7E bR 4E . T2 T
GADGET N B E AR LA BB 3R A3 AR 0 5 i 22 B E R DU
A, AZFEACKE R E B E AR TAEULAMOSTZ R K.,
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O BRI E LA

http://www.sc-innovation-alliance.cn

R RS 13 20 25 ¥, Bl o 2 T Pk
GRS F 0 [ R S0 A 4R A B 3 A Ve BN PR T 250 1 7]
AR ST SS - AR B IAE A, RN T 2T L EEI A48 1 e T ok
ISR G SR IR SR, A AR T AE...

T 1) KR AL BT 9 B B 3 BB LA

F P TEIR 7000 & T Jis it el i 1) = REUE 5 M m A HL R
W5, [FHH R ETEES R 4% R J\MI CCFD-UGHK A%} H 74
B LS F A1t i#aT 7 BUE A .

" (a) Stencil Compntation 1) Matrix Generatlon

Ed
K UARELY T ] keme | 89 2038 & 4 fo i 9| B0

http://math.ecnu.edu.cn/~jypan

atwonal Supercomputing Center in Wux

TR e Bk R o2 sy,

AIH W FHFE R T — MR T KRB 755 R G H IR 5 TR A6 R
] @) AT A VR A R OR AR o (2SR AR AR5 FH A0 22 EE A S 51
SRS, BRI T SRRSO AR, FERI LR 4T
1520165 % 8 UK (Gorden Bell) #%
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—LERABLE
O 3Hf2 (Process) F1ZF2 (Thread)

> HEREFAER N EURSRES LRI—XIZITiES], BRRFREHITRRDEHNE
AN, BRI, HEMRIETTRER, BEREFII—XIITIIE.

> HEAMNESEEETHREFSSR, FRERX NG THIREFT OETE RS
TR, Lol CPU. RFE. RBRIFE,

> g%*%%i&*%ﬁg_/l\}ﬂ?fgﬁ, %tlﬁ&*ﬁ% Table 1.1 Difference in initialization overhead

between the creation of a thread and the creation

/J\E’\Jijﬂjzizgﬁﬁ’ggzlsﬁm o —/|\J\£$EEF|E_]- of process on an Intel i5 CPU using Visual Studio.

> SZANEFE oM HE IR /ANIHEE A4 Function call Time
LJ\SCFE& | g&$£’ bﬂ]/ ~FIX7 J&*EEIJD% CreateProcess(..) 12.76 ms
i},ﬁ, tlﬂj&*ﬁ%ﬁ%@”@, m%ﬁ%%&%ﬁo CreateThread(..) 0.037 ms

36
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—LEHPHE

O T (Node)
—MRZAY “HHEET | BEBEZ CPU Ak, EBCHIRTE.

O 1&(5/1@1H, (Communications)
FHITES (HE/&E) ZEEEERRM, iSRRI G .

O [EZ5 (Synchronization)

FTESZERISERIE, FrEESERTEIR—RIEZ REEadrsL.

O 1T&18{Stt (Computation-to-Communication Ratio) / #IE (Granularity)
ITESEENLER, BEREESHLLESHEREFFITE
NE: RBECERNIESEITTE TIFERER AT, oHERNEREAE

37
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RERFEELR

56 SM 64 cores | 80 SM 64 cores
4700 Gflop/s | 7500 Gflop/s

10 cores 10 cores

368 Gflop/s 2662 Gflop/s 296 Gflop/s 32 Gflop/s
105 Watts 215 Watts 190 Watts 7 Watts

2 e YOS ECTYOR TN EEETTEN YT TR
B | v | ousw [sweee | _wa | wa | _wa

250 Watts 300 Watts

PCl EXPRESS GEN3 X16

68 GB/s 115 | 421 GB/s 96 GB/s 26 GB/s 720 GB/s 900 GB/s
INTER
INFIP_ 12 GB/s 12 GB/s 12 GB/s 12 GB/s 12 GB/s 12 GB/s

Memory Hierarchy

Memory hierarchies for different type ofarr.hii‘j

Fig. 2. Memory hierarchies of the experimental CPU I Cache 10 ns 10x
I Main memory 100 ns 100x
I Magnetic disk 100 ms 100,000,000x
| Magnetic tape 10s 16+10x

http://math.ecnu.edu.cn/~jypan



GPU

http://math.ecnu.edu.cn/~jypan

NVIDIA A100 TENSOR CORE GPU #1#&
(SXM4 F1 PCIE 4pMRZETAR)

A100 A100

80GB PCle 80GB SXM
FPé64 9.7 TFLOPS
FP&64 Tensor 19.5 TFLOPS
Core
FP32 19.5 TFLOPS
Tensor Float 32 156 TFLOPS | 312 TFLOPS*
(TF32)
BFLOAT16 312 TFLOPS | 624 TFLOPS*
Tensor Core
FP16 Tensor 312 TFLOPS | 624 TFLOPS*
Core
INT8 Tensor 624 TOPS| 1248 TOPS*
Core
GPU E7F 80GB HBM2e 80GB HBM2e
GPU EEFH® 1935GB/s 2039GB/s
BARIZITIHE 300 R 400 F ***
(TDP)
BERAR BEH216PUR NVLink : 600GB/s

NVIDIA® NVLink® #& PCle 4.0 : 64GB/s
22 : 400GB/s**

PCle 4.0 ; 64GB/s

39



—“"EZME%M

O J0EEE (Speedup)
BT EENBSFITITERMEERLE S
> IHAEIEN: ZEImEL

_T()
T(p)

O 3 (Efficiency) 5FF8 (Cost)

E=£, C=px*T(p)

p

O B]# B4 (Scalability)
TTEERTTIEBINNFTRERNT A, FWEER: 8. §i&. FTHE. [RRHE

40
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HITEE
FHTEE

® ESEFTHI LENER
® IFHIFTRIAN T ARIEH T BARIEENERE

HITEIEDR

¢ IKZEWR: WEFTHEE. IHUEARTEE
o IZFHTHIENTING: ELEFHTEE. REFTER. BUFHITEER
o ITEESS: HREHTEE FAUEFTER HNEHCTEE

http://math.ecnu.edu.cn/~jypan
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HiTiEFZITEEEREE
O ¥4 (Partitioning)
BRI R R UFHTRI R /(ESS: BURD R (XigohE) . TheenHE

O &= (Communication)
WA ESZASENEEENEESRE, HMHESHoEEME

O H& (Agglomeration)
IEESRBEERE, BIMESASHRKES, BBEE

O BR59 (Mapping)
BEARNES RIS NTE/ERE, NERETE

http://math.ecnu.edu.cn/~jypan
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551

(E

Input
Step 1

Step 2

Step 3

n E_A§&QH al, az, a3, oo, -L-|_ = ai + ai—l 9 i - 2, 3, XXy

PO P1 P2 P3
6 3 5 8 1|8 0 2 4 3|5 2 7 401 2 3 5 1
@) > @ > @ » @ -
6 9 14 22 23|8 8 10 14 17|5 7 8 15 19|1 3 6 11 12
23 17 19 12
0 +
40 31

+

v v v
23 40 59 71

¥ T 6
6 9 14 22 23|31 31 33 37 40|45 47 48 55 59|60 63 66 70 71

http://math.ecnu.edu.cn/~jypan
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HiTiEFITERREN

HFTRERRITEARRN

> SHATIRREWEES

» Ll MIMD 8= (Multiple Instruction Stream Multiple Data Stream)
> E50Y B, nligiEt

> B R

> AT RIEIRTIES

> HREFT (EETER)

> {Uit4Re

http://math.ecnu.edu.cn/~jypan
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HITER
O L RBNFF T

EToHINARERE: MPI. UPC++

O TRANFHT
HFHSEWNEEM: C++B4F2E. OpenMP

O NHE-RRAYFHT
BPOESS T D BLAINER, 40 GPU, Xeon Phi &

T AL RIT BN LRERBT REEXBETHERLCHNKBIEEERHR
i, BRERSTMESHRSRIE.

http://math.ecnu.edu.cn/~jypan
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HTITERE

O HZ=RFEE (A2, i) O &R T1RE
O 5\ RE/ R EHRE O BFERrZ 2UERE
O BSiRE O ZiEfZ2UERE

. —— .

http://math.ecnu.edu.cn/~jypan



HERAFRE (i)

_Iprm‘“ \Mfmaw
process l: >

process I

http://math.ecnu.edu.cn/~jypan

> ERFGHTEEE, (hHREs/(T5H
SAEFEEER, JUREHNAFHTIES,
R AICRE S

> BRI ENEHEHIAFIEFE, %
RSN BRI

> LIl HERTFE, DHERERS,
e N AN AV ARSI ERF
TR

47



HERAFERE (%i5)

ca:::::} T T2
S > SR, B, RS
i noE | BEIH WEEH-FOULE (BR) |
e / ; SAEFRIIT.
S > BNIEEAECRIEEE, BRNBESEEHE
O — ¢ N RIR, ¢ X = S =R
/J\ T/ e HFMERIR, ZiZEBdERENZCINE(
- a.out - > S n] LABBRTERANGR, (BEHE—BEFE,
/1 oy j LMRHATRINHEERIR, BRIENMERER.
= N » sCI: Pthreads. OpenMP, CUDA threads

48
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PHNAFHBEBREE

Machine A

Machine B

-

send|()

task 2

data

network

task 1
=

recv()

task 3

recv()
——

http://math.ecnu.edu.cn/~jypan

send()

> FMESNERBBITHRE.

> (S Z ANEIREISIRRET ARXFHRIGHE
;fmo

> HRCHEREFTEAEHIEZ ARINEERIE
ZRESEM. BlEN, —NARXER(FREERIX]
R—MEWGR(E,

» LI MPI (MPICH, OpenMPI) . PVM

49



e FHTIRE

OpenMP

OpenMP

http://math.ecnu.edu.cn/~jypan

» MPI + OpenMP
» MPI + CUDA
» MPI + Pthreads

» MPI + non-GPU accelerators

50



HERITEAE HFRIZ=ZR
I School of Mathematical Sciences, ECNU

HITHFE

O #8317 (Phase Parallel)

O RKE&HTT (Pipeline Parallel)

O FMH1T (Master-Slave Parallel)

O omia<lzFT (Divide and Conquer Parallel)
O T{EHFH1T (Work Pool Parallel)

. —— .

http://math.ecnu.edu.cn/~jypan



HHT

O #8717 (Phase Parallel)

c cl - =
> —ERBRS (18) [ |
> THZEITE Synchronous Interaction
> SEEERES (R |
> SEEEEEES T C c| -~ C
> HERBERES | |

Synchronous Interaction

http://math.ecnu.edu.cn/~jypan



Ik 1T
O k& FH1T (Pipeline Parallel)

> BOR—RINFES t, 12, ..., tm, —B t1 7epk, BRENFESHIIAIFIE,
FLARRRIRRHI TR
> —HHE, HKSRITRAN

— Pl |/ P2 |/ —| Pn |—

http://math.ecnu.edu.cn/~jypan



ENFHT

O F=MHIT (Master-Slave Parallel)

> EHiE: ST, WIEES
> FIHIE/ SR TTEFES
> SHEFTES

> EHIEZ /IR

http://math.ecnu.edu.cn/~jypan

AN

Master

Slave

Slave

Slave

94



pimaZzHHT
O omiaZF T (Divide and Conquer Parallel)

> FaEoRkE TRAERN @, fmial
> QHEIERE D EIFHEIRG FHE/ &2
> BERETHA
> MELARETE

http://math.ecnu.edu.cn/~jypan
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T{EitFH1T
O T{EtH1T (Work Pool Parallel)
> RIS —EESETE
> HEMNEFEYESHIT
> AFEFES AL
> BHEEZSBAT
> BRI

http://math.ecnu.edu.cn/~jypan

Work Pool

/1

P1

P2

\

Pn
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it S ERE T

O FHTIEFRIEIRAIERE D

"
o
B
N o
" W

-
2 |
Open | SpeedSho; s
gy = VAMRIR
Cansists of one | e MRS B
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BRMERHA —— Linux

Operating system Family System Share

B Linux
B Unix
Mixed
B Windows
B ESD Based

2013 &
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In 2013: 95%

In 2014: 97%

In 2015: 97.2%
In 2016: 99.6%
In 2017: 99.6%
In 2018: 100%
In 2019: 100%
In 2020: 100%

Linux might be struggling for a decent desktop market share but it is definitely ruling the

world of supercomputers. Linux is the supercomputer operating system by choice.

As per the latest report from Top 500, Linux now runs on all the fastest 500 supercomputers

in the world. The previous number was 498 as the remaining two supercomputers ran Un
back in around 2017.
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HFHSRAFNHITHREHIR — OpenMP

OpenMP O BIERAE (B17) #i5i0 OpenMP 15<SF0JEH
htp — | OpenMP EESCRIUESIERGE LIFHTHIT,

O ARERFEHTEFRIEH T —FERRENHAFT
NARIEROER, [FEFEAILESTWI LT, Be
LIEBFITENL LT, BEERIFRYRIZEN.

https://www.openmp.org

Jointly defined by a group of major computer hardware and software vendors and major
parallel computing user facilities, the OpenMP API is a portable, scalable model that gives
shared-memory parallel programmers a simple and flexible interface for developing parallel
applications on platforms ranging from embedded systems and accelerator devices to
multicore systems and shared-memory systems.
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OpenMP K i5EA

O FORTRAN/C/C++ IEFE, TTERIINEE

O 4RiERf AT OpenMP fmigitlin, N4miEssEn12EE OpenMP 18<%, MR
BITHHITIER (BITFNME)

O $JFF OpenMP #RiF%EIN, MFEEIERT OpenMP I8 HHTRME, fiRERFH T
HATIER

O H TR LR EEEEREF PR TSR E

O #F5 MPI B &R

OpenMP 2E T iz HHITHRIZEE.
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OpenMP f9&E[H5E

O &R ANSI X3H5 (1994) B3, 19974, B REmildmiEasitcmEnk
ARB (ZEIHEZEZRR) , HFHIE OpenMP FREHALE

O BHix: wERSR, BENWHT, BEET, I BYY, SFERmiFEes

O %45 Unix, Linux, Windows &2 {/ER %

O ARB k&R : AMD, ARM, Intel, IBM, Cray, NEC, HP, NVIDIA, .. ..

OpenMI? » FORTRAN version 1.0 (1997), C/C++ version 1.0 (1998)
OpenMP » FORTRAN version 2.0 (2000), C/C++ version 2.0 (2002)
Application Programming » OpenMP 3.0 — (May 2008)
Interface » OpenMP 4.0 — (July 2013)
» OpenMP 4.5 — (Nov 2015)
» OpenMP 5.0 — (Nov 2018)
» OpenMP 5.2 — (Nov 2021)

Version 5.2 November 2021
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BT HREENHTRIEHE — MPI

MP) O BHEGEmEinE, RE—TEM I R, G—hH
1TiwiEintGE, HRIsABRND MU TRIES .

O MPI 2—iEEESmERE, B— M rERRIE,
MP| SCENBIT IR FE RS SLIIHAZ RIS, M TH
TR, BRifrEHTSIEEEfREHXIMPI RS,

Message Passing Interface

https://www.mpi-forum.org

The advantages of developing message passing software using MPI closely match
the design goals of portability, efficiency, and flexibility.
MPI is not an IEEE or ISO standard, but has in fact, become the “industry

standard” for writing message passing programs on HPC platforms.
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OpenMP BI&RE[H5E

O 1994 &40 MPI-1.0, Zauhka MPI-4.0 (2021)

O X5 C #J Fortran

O MPI 3£ MPICH, OpenMPI

O BIlsCE: Intel MPI, IBM BG/Q MPI, HP-MPI, MS-MPI,
O FrERAERIETE MPI iR, ATLAARIMESIEIETT

» MPI-1.0 (1994), MPI-1.1 (1995), MPI-1.2 (1997), MPI-1.3 (2008)
» MPI-2.0 (1997), MPI-2.1 (2008), MPI-2.2 (2009)

» MPI-3.0 (2012), MPI-3.1 (2015)

» MPI-4.0 (2021)

MPI @& T i#1E WHITHRIZRE,

http://math.ecnu.edu.cn/~jypan
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