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i BEHNY + (T ESECIREAR) Basme, RlsdiRit, 2015)
FESEER: ITIRE0REER

http://math.ecnu.edu.cn/~jypan/Teaching/ParaComp/
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> FHTIH BN HHEREH

> HTEIRRITSDM

> FTSEIAR: fmizEsktIl, (UICIERE
> FTRA: FARFITNAERE

ZHR
(1) KEFAEER, (2) KEFREAUEEX
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TR =25

® B FHTH BN/ MARREN
o 8% FHTEIRIRIT/NAAENFHITE

® 4 FTimFEIAE/Linux/Fortran/C/C++/MPI/OpenMP
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O MWEMEREHR, SRifEitTEERILABIAAZHTHY

ZIREERTT. SHUTEHIT. SEHEE

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

Intel Xeon processor
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[ Main Memory ]
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- National Laboratory
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HITHHE 524

> HEREFRS
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> BERNFRR
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HTITRINERE - XERF

O XE=EREFERS
o #—NEFIU: FrELESRIEBESUAAARENAESIE,
IFRSAMESEHSE (Symmetric Multi-processor, SMP, &)

| Bus Interconnect |

o JFE—REIUL: BESMIE EHEER SMP Hpk, &4 SMP &BrILAisIE
HE SMP I7F, BiRREEE5N (GE)

http://math.ecnu.edu.cn/~jypan
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HITITRNEME - HERTE

HERFNR

(1) =Rtz ERRE T —FARRFNHEERT

(2) AFES CPU RO ERE (1

HERFHRR

FESZERNEYEHLFERIRIEN Ft—

AFH CPU Z[EIRRDIFHIATY &1, % CPU S NIBBINER

MAFEERRE (JUEZ%RE)

http://math.ecnu.edu.cn/~jypan
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HTITRINEFRE - SHAREF

O ol RERR
o QMESRSEREFWRMNALE, NMEESBAEIIESE
o HUEINR: ETMEBIERSH ER

i ¥ RIESF, mREBERERER, 4EPNAME
R (1) RIEER, (2) NoEER EREIERERISSHATE

http://math.ecnu.edu.cn/~jypan
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FITENSEE - RSAE
O 5%l - HERF BEERSR

o WEKTHEARFHSHIINEFHNRS
o EAHEINEMEN, ¥ EME, BREER

MPP (Massively Parallel Processing)

L_ﬁ‘-'lj\]r HIARER, ST TRABEHEECHRFER, I REIERT,

MOREXEY, B ES RS, 5B R ERFMIRINTE,

http://math.ecnu.edu.cn/~jypan
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> HEFH T EIARNE

> HEItHFRBRITEIER

e

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



F—aTEN
01946 &, tHFR EF—E1TE ENIAC 4

Electronic Numerical Integrator And Computer
FEFEUERDITEN, XEREY ZBIKZFE

o AN /T : 7

Tl IR ENZR
: ) o HE+

i 170 TIK, B30 1, FERIS0FE

3 - iEiE e ST E

> EERE: 5000 KATEADER 500 RIBHAD, 15H¥E— T (H=E)

> FIg: SBErTEMSEE

http://math.ecnu.edu.cn/~jypan
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01972 5, H—aFTIrENL ILLIAC IV (EEFFIERKE)

> 1960 SFKRFFRERIE, 1972 FE/K
> 1974 FIEITE— ) TEERF, 197651 TR — N ERERF
> 64 PNMEZE, ZVIARY 1981 FERIERIR, 1982 FRIR1®

» Ol B, (EARENE

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

19



L g by

O BRSNS Cray-1 FEH

PHEE » 7255 Seymour Cray (1925-1996)
™ BEFIESSt, NAREmL

== BRITE A, Cray IFRATIHICIAA
‘ FFIRIT Cray NBIHEEPEG SR

£Z%, (ElRFAESBRE Tk,
1984 TFRY, ANElGIETERITENMT
70% B9DER, 1996 £F Cray S EIME
SGI I, 2000 FEtfHEELS Tera ITEHAT, 2019 &
# HPE W, 2022 & 11 B A& RERITEL
HE®Z, B 10 PB = 2 HPE Cray #li&, B#EE | &.

> —RRIE Cray-1 I NIBETTHY 1976 FFRA “BRITETE”
> ImieofE, B B%E
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Cluster #2F / &8+

» BT ESS N EENESE, PaREEEEE A Beowlr 5B, 1994
|

> SRERBNEFIRERY, BYisRSEES s, TaohirhE

> BAGESEA Linux ERZ. GNURZRRFFESERS

Constellation £&F

> BITRERE—EINHTI

> BN UREITEANTRIBERSR. MERRIEIEERS
MPP KRURFITH
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HiTTRENAZREE%S

O BMITE: CPU + INiE=S (GPU/RIALIEREE)

O &KEitH: TRt REe ek, (KeeE, RIKFIRE,
O REFA: FirRELENAETTEETEENARE

O NAFA

O MiEHE, =it&, AIE, ... ..

m AREECE, BEREALER, EEREGERE, ...

» The International Conference for High Performance Computing,
Networking, Storage, and Analysis  https://sc23.supercomputing.org

» CCF 2ESMBEITEFEARES  https://hpcchina.ccf.org.cn

» Top 500 https://top500.0rg
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0 1958 FEF—LEIHEVURE — 103 BTHEH

A

103 B, 1Z{TIEE 1500/R8F0 109 AL (1968)
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ORI 15 19835F 128, BREF—EENIEEIX 1 {ORUALRITEN
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T » 20004, fRin-1V, IE{EiX 10000 2% /&b
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EMREITENARS S RITE TS
(HPC Application Service and Cloud Computing Platform)
ETSHERR
l BFEEE Pk A% (Scientific Data Visualization System) (Runtime
Supporting
BRI IR Eodnpent
(Parallel Numerical Toolkit for Multi-field of Scientific Applications)
FTHREDHT TR
(Parallel Performance Profiling Tool)
= : REFEFF IR
3 OpenMCiiie 28 (Application
& % (OpenMC Compiler) Development
1 Environment)
5 OpenMP317 4 % 8%
§ (OpenMP Compiler)
@
g
- - P ; 4t (Resource Management System)
0 ’ ki RO
Yy (System
I ¢A1¢§23E773|g /zg I {+#% (Parallel File System) Ogeyrating
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O #EL L 10006, ESOHTHEN TIREARTISROELIG, BIE 3840 2R/

O R« Kzt

2016 F, EHEBIEELR 10 {Z(2/RBE>, EERIUX Top500 55—, BRIHFESE 7
i< 40960 NEEMA "EE26010" RIZAIERR, RAMNEEREIESES

2021 &, EIREFZIEE HBEEM r EENLN, BRICSMEHRNER
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ﬂﬁ%’lﬂ#ﬂ?&i‘l‘%ﬂ, mSOO http://www.top500.org 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 53721 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 79.22 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
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Frontier/HPE Cray/USA 8,730,112  1,102.00 1,685.65 21,100
2 Fugaku/Japan 7,630,848 442.01 53721 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 2,414,592 148.60  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 15,371
8  Perlmutter/HPE Cray/USA 761,856 70.87 93.75 2,589
9  Selene/NVIDIA/USA 555,520 63.46 79.22 2,646
10  Tianhe-2A/China 4,981,760 61.44  100.68 18,482

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




F2iEgGaT: EIxXMX 5§hiER Top 500 @ 2022.11

Countries System Share

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

® China

@ United States
Germany

@® Japan

® France

® United Kingdom

@ C:anzda Vendors System Share

® South Korea

@ Netherlands

@ Brazil

@ Others

@® Lenovo

® HPE
Inspur

@ Atos

® Sugon

@® DELL EMC

@ Nvidia

® NEC

@ Fujitsu
@ MEGWARE

@ Others
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Architecture System Share

@ Cluster
® VPP

Top 500 @ 2022.11

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

Architecture Performance Share

@ Cluster
® MPP

32



iﬁﬁﬁﬂ' . !’;‘T‘é{’ﬁgfﬁ Top 500 @ 2022.11

100

Operating system Family System Share

@® Linux

ARG

Linux: 100%

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



BRGNS

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
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ZUEST: [hBEURE Top 500 @ 2022.11

100
Italy 7 (1.40%)
Russia 7 (1.40%)

United Kingdom 15 (3.00%)

-
v
Japan 31 (6.20%)

Germany 34 (6.80%)

80

Others 93 (18.60%)

70 r---------‘
| EBxRSHX !
=0 [ (2022.11) I
| |
- :EFl: 162 :
:,%: 127 :
40 I
| EE: 34 I
o I I
: HAE: 31 :
20 I
:;i: 24 I
\---------’

o
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O BRIt E RS

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

ARG FEE R BEE WAL
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FER S AR, Bl A2 5 AR E M. 105 2 Ml & A 50
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s N R 1 EESCRF B

BR#RE EEHE BT
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http://www.sc-innovation-alliance.cn

DR B 1 30 25 ¥, il 2 7 2 T A
AT S D0 B R S A SR B B s AV LI PR T 40 1 7T
MALAL SRS . ARARERAR G A, R T 2T L EEIIA 8 1 T Bk
LR R IERER S5, RO T AE...

T [ KR AL BE T 9 B B S BUE AR

P ERIE7000 F T T Jm it o) &2 1) RRAE T 5 A A LB
7R, &M E EuER RS M 4% A J\-Mi CCFD-UGHR {4 %} H 74
R ALE T /1 i AT 7 B .

" (a) Stencil Compntation 1) Matrix Generatlon

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

K LB TR E] keme | 8 046 505 fots 39 20 1
ahonal Supercomputmg Center in Wuxi

T Iy A ER R 125 B,

AT H B R T —F T RA B 15T & H IR 5 TR A4
R T e A Ba R AR ES . 1R AR A ) S5 22 EE A =) 3
AREEE, EEIPT SRASIISOIIE, IR R IRAT
1520164 X E D JK (Gorden Bell) #%
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—LEE AL
O 1 #%2 (Process) #1%#2 (Thread)

> HERIEFER N EIRSES LR—RETED), BERFRFHITHIRDERIE
AN, BERR, HENBETTIER, BEEFII—RIITIE.

> HIENMX B SIEEETREREN, FEBRXNMETHIERFLIENE RS
TR, LAl CPU. 7. RBRIFEE,

> é%*%%i&*iﬁg_ﬁ\j:ﬂ?i-%ﬁl %tti&*ﬁ% Table 1.1 Difference in initialization overhead

between the creation of a thread and the creation

/_J\E’\]gﬂﬁj\é?iﬂ’\]%ji%ﬁz o —fi&ifiqﬂﬁ_]— of process on an Intel i5 CPU using Visual Studio.

> SZANLEFE oM R /NI R A Function call Time
LJJ:FE& | éi*i, bﬂ]/ ~F1X7 ﬂifiﬁ,]ﬁ CreateProcess(..) 12.76 ms
i},@, ttﬁ*ﬁ%g%@”@’ m%ﬁ%%&%\éo CreateThread(..) 0.037 ms

40
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—EHPIEE

O = (Node)
—MRZAY “HHEVET | BEBEZ CPU Ak, EBCHIRTE.

O ;8(5/1E1H (Communications)
FHITES (HE/&E) SRR, TSR AFtI S .

O A5 (Synchronization)

FTESZERISERE, FrEESERTEIR—RIEZ REERirsL.

O i+&5E8{5EL (Computation-to-Communication Ratio) / fiIE (Granularity)
ITESEENER, BEFESHIESHEREHFFITIER
NE: FRBEZERNIESEITTE TIFERER MG, oHENEREAE

41
http://math.ecnu.edu.cn/~jypan



REAFEELLE

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

10 cores 68 cores 10 cores

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

250 Watts 300 Watts

| 256 kB/core | 1024 kB/2cores | s12KkB/core | 2m  §  ame | emB |
| 2sme | o.1668 | smeicore | na ] wa N

68 GB/s 115 | 421 GB/s 96 GB/s 26 GB/s 720 GB/s 900 GB/s

12 GB/s 12 GB/s 12 GB/s 12 GB/s 12 GB/s 12 GB/s

Memory Hierarchy

PCl EXPRESS GEN3 X16
NVLINK

INTEF

Memory hierarchies for different type of archite|

Fig. 2. Memory hierarchies of the experimental CPU I Cache 10 ns 10x
I Main memory 100 ns 100x
I Magnetic disk 100 ms 100,000,000
I Magnetic tape 10s 1e+10x

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



GPU

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

NVIDIA A100 TENSOR CORE GPU ##&
(SXM4 # PCIE 4ME3RHE)

A100 A100
80GB PCle 80GB SXM
FP&4 9.7 TFLOPS
FP&4 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 B7F 80GB HBM2e 80GB HBM2e
GPU B1FH® 1935GB/s 2039GB/s
BARISITINE 300 R, 400 | ***
(TDP)
BEEAR BH 217 G6PUR NVLink : 600GB/s

NVIDIA® NVLink® #51& PCle 4.0 : 64GB/s
22 : 600GB/s**

PCle 4.0 : 64GB/s
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O J0iEREE (Speedup)

BT ERERBSH T EMENERNLE S=

> IHABIEN: ZelEInEL

O %= (Efficiency) 574 (Cost)

E=£, C=p=*T(p)

p

O 53 B (Scalability)

T RERITEINNFHITREFRTH, &

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

MEZ: .

ra)

7(p)

Bk, FHIFEY. AT
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HITHE
FHTEE

¢ EREATH LLMANFR
® IFRYFHTRIZNFE D RIFEH T ENABTEIERE

HITHEIEDSE

o IKzEWR: WEHTHEE. IHUEHRTEE
o IRFHTIHIENTING: EXEHITEEL BEHITRE. MYHTHEZE
o ITEESS: MREHTEZE FAUEFTEZR. HNEHFCTEE

http://math.ecnu.edu.cn/~jypan
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HITREFRZITEEENEE
O ¥4 (Partitioning)
KR R R UFHTRI R /(ESS: BUR DR (XiEohE) . TheEnHE

O & (Communication)
WAZES 2 RHENBEEENEESRE, HMHESHoEEME

O A& (Agglomeration)
KIBESHEEE, BIMESBERAES, BAEE

O B&T (Mapping)
BEERNESHERIIS NHE/ERIE, NENE T

http://math.ecnu.edu.cn/~jypan
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51

= ANB _ .
19'] HE ;&éﬂ al, az, a3, eee, 11_5— ai - ai + ai—l, l - 2, 3, XXy

PO P1 P2 P3
mput |6 3 5 8 1|8 0 2 4 3|5 2 1 7 4|1 2 3 5 1
Stepl |6 9 14 22 23|8 8 10 14 17|5 7 8 15 19|1 3 6 11 12
Step 2 23 17 19 12
+ I——
40 31

+

\ 4 v v
23 40 59 71

¥ T 6
Step3 | 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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HiTIEFSITERREN

HITRZKITERREN

> SHITIAREEEES

» L MIMD /5= (Multiple Instruction Stream Multiple Data Stream)
> BT RIE. npEt

> BT RGECEE

> FDTRIEINEE

> HHAEHT GUEHTE)

> {LitisE

http://math.ecnu.edu.cn/~jypan
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HITEIX
O 5 RERFHT

BEFHFINELIT: MPI, UPC++

O TRANF T
HFHSHNEEM: C++B4F8. OpenMP

O I RRAFHAT
B ESTHELAINER, 40 GPU, Xeon Phi &

T ASRTNBRITEI L RERE®T REEXBETERONRBEIEEESH
iE, BRERSTESHRESRIE.

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

O HSERFRE (T2, &iz) O HAEFHTiRE
O oA AFBEEERE O RIEFRZHEER
O B &tEEY O ZIEFZHIEER

e —

s
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HEAFRE (T=IE)

_Iprm‘“ \Mfmuw
read
process |« >
write

b

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

> EXMFTITRRERS, EsR/E53
SAFEEE, JLURSHAFEHRHITES,
EFRAACRES

> BRSNS FOTR, 5
BRATEBIEl PRI R Pt

> LI HERTFEN, MHRERS,
fRiFas NEXI NAYFE RS T HERE
TR
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HERAFRE (%i5)

a.out -
call sub1() iy T2
call sub2() —
do i=1,
:(Ii)=fll11c{i**2) T3
B‘{’i}:A[i)*psi T4 -
an o
call sub3() =~ H
call subd() — |
/
SE—— f L
private —
/ T/ -
private |
a.out
/ Memory ——
- ol
private —— private

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

> 1ZIRER, B EiHE, THESSTE
BT LIF, AREN—RINES (&iF) | X
LAEFT RIPAT,
BNEAEEEECHIEEE, (BRITBEZEHE
E’\Jﬁﬁﬁ RR, LAEEESERERNFLIEE.

> SRR LABBRTERFISER, (BEHIE—EFE,
LARMFrENHEERIR, BRI IMEFES

» SCH: Pthreads. OpenMP, CUDA threads
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P HNAFHEEBEEE

Machine A

Machine B

-

send()

task 2

data

network

task 1
=]

recv()

task 3

recv()
——

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

send()

> FMESERBE BTN,

> (EFZ ENEHEISIR BB AXFHRIGHE
iim o

> HRCRIEEREANEHIEZ BRINEERE
Z8EsE. flEN, —NARER(FEERRIX]
R— N ERURE.

» LI MPI (MPICH, OpenMPI) . PVM
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eaFHTIRE

OpenMP

OpenMP

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

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

» MPI + non-GPU accelerators
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HITH &

O #3317 (Phase Parallel)

O 7Kk&F T (Pipeline Parallel)

O FMFHIT (Master-Slave Parallel)

O omiaZzFiT (Divide and Conquer Parallel)
O T{EtH1T (Work Pool Parallel)
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O #8315 (Phase Parallel)

> —EIBLRE ()
TAZBITE
SlEEERT
T {EEEFIMS
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e
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Synchronous Interaction

l
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L 1

Synchronous Interaction
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i/ K&FH1T
O FK&FH1T (Pipeline Parallel)

> Bo—ERIFES t1, 12, ..., tm, —B t1 555, BRENFESHIAIFR,
FLARSFRIERH TR
> —HHRE, FKEIRITRR

— pP1 |/ p2 |/ —| pn |—
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ENFHT

O F=MHLT (Master-Slave Parallel)

> EHE: BT, tEES
> FIHIE/ SR TTEFES
> StEHTES

> EHIEZ P /IRIR

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

Slave

Slave

Slave
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ommiaZHiT
O omiaZF T (Divide and Conquer Parallel)

> e Rk E TIHERFRE, omal
> QARG S EIFHEIRG FHTR/ LR
> ERAETIEFF
> ELAGEF

http://math.ecnu.edu.cn/~jypan
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T{EtFH1T
O T{EtH1T (Work Pool Parallel)
> RIS —EESETE
> HREMNEFEYESHIT
> AIFFEFMES AL
> BEEEFHAT
> ZTHRENE

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

Allinea DDT (Distributed Debugging Tool)
Intel Inspector

HPC Toolkit

TAU

Open | SpeedSho} = i e . .
Consists of one
or more data e e i Frﬂnmﬁ;&lﬂ—lru(mmin - O en S eedShO
e | M:nagement * . ‘: o 35 '."’-'.1.-.".-;,‘.»-'-.. 3 p | p p .
[ o[l AR LS Intel VTune Amplifier

e == :
Results can be - ] e
X = ——dl S
displayed using ] Stored in SQL
|_several "Views” | database

mpitrace
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RMERA — Linux

Operating system Family System Share

B Linux
B Unix
Mixed
B Windows
B ESD Based

2013 &

http://math.ecnu.edu.cn/~jypan
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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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BEFHEAFNHITHRIENERE — OpenMP

OpenMP O BIEEAE (B17) 500 OpenMP 15<$F01ER
ity — | OpenMP FEEERSTIES SRIFR L LIOFHTHT.

O AHEAFHITEFRIEH T —MER RGN AFT
NAEREOERR, FEEFEAILESTIWIERT, Be]
DEERITEN LT, BEERFRIARENR.

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 RI{EREi%EH

O FORTRAN/C/C++ B, ITHRIIN&E

O 4RiERTAFTHF OpenMP JmiFitlin, N4miEssEn128E OpenMP 18<%, MR

BITHHITIER (SRITHNE)

O $TF OpenMP 4miFikln, miFESEXT OpenMP 5 TANE, fmiFEMFTA

PITRER

O FH TR LRIERE R R FPH TEIIR

O x5 MPI RERE

=

OpenMP 2ET %12 BY5

M THRIEREL

http://math.ecnu.edu.cn/~jypan
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OpenMP BI&RE[HSE

O &iRF ANSI X3H5 (1994) B3, 19974, EoiREmildmiEasiAmEnk
ARB (ZEtHEZEZRE) , HEFHIE OpenMP fREMRLE

O BHix: wERSR, BENWHT, BEET, I BYEY, S5ERimFEes

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

O ARB k& : 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)
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BT HREENHITHRERR — MPI

M Pl O BEERRENE, BRE— a3 IV E. #—MFH
1TRIEIANE, B NBRENHITRELT.

O MP| 2—ifEEERmEEER, E—MirnEadlise,
MP| sSCHEIR A ER LRI EE(S, WmiHTH
TitE, BRIFMEHTHGIEREFHERAIIMPI U374,

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 1s 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[HSE

O 1994 43 MPI-1.0, ZHgihk2as MPI-4.0 (2021)

O %45 C #0 Fortran

O MPI 3C3: MPICH, OpenMPI

O BAlscIR: Intel MPI, IBM BG/Q MPI, HP-MPI, MS-MPI, ......
O FrBhRAERE & MPI i, AJLAARIMESUEIETT

» MPI-1.0 (1994), MPI-1.1 (1995), MPI-1.2 (1997), MPI-1.3 (2008)
» MPI-2.0 (1997), MPI-2.1 (2008), MPI1-2.2 (2009)

» MPI-3.0 (2012), MPI-3.1 (2015)

» MPI-4.0 (2021)

MPI @& T i#12 W ITHRIZRE,

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