RERE . FRERE S 20164 4645 ZE10H3: 1392-1410 ¢ CPIEFFREY Zediit
SCIENTIA SINICA Informationis 7" SCIENCE CHINA PRESS

SRR FHEE TANAEEM R ET

HITEZESHITERIE: A HHBREGEH

ERRT, REF, MNFN, FMA

AU RS TSR T T SR B S Sk =, bRt 100094

* JE{E/E# . E-mail: zeyao_.mo@iapcm.ac.cn

Weks H 39: 2016-06-03; #32 HI: 2016-07-13; M AR H: 2016-10-25
ExR RIS E AT ESITE (S 91430218) . EERE SR TRIIE (#t#ES: 2016 YFB0201301) .« [E B &4k A
RIS E (S C1520110002) FE K B AR R EE (S 11372049) %)

WE | W& R ER, AT H RO 5T R IR T 5B R H AL AR A 3
BHEERRT. A+ E5K MELRTENERNFEES, MA FAKEHEER wTLE
FHATHEEGFHATHRE, TR R A ZIEA, SRR &R B B R BT F A,
EEERITANEZRARAL AXE o FH LK, MRFTHEEHFATREFR AR K,
BRI B 89 50 B A R SRR, AU & 1 R SR A LR FF 20 B9 BT R LUK 1 A B B
RRAFSENME.

KR HEEN HTHE HTRE HARH RKEEA

il

1 3|

AT HIE S AT A PR RE VT SRR FU R T E N T R PR REBUE R, BN RT3
RPN BN TS A T SN B AT 5 SEBL, AT SRR U AT L A BT 1) 55 B
H. 2R, REBZOHEN R RFSHRTE, CRMNER TR TRk TIMLRTHE] T
AL TR E DR, PR RES ARG R R A T AR ORI AR A A0 - 5 R [RIIN | BB A D B0 S B B 3840 B
VPG 2R AR IERRINT . 20 FURRTE . = 4E8 2% ) U B A 2 R AIE,
DRI FEAT WL FHER A AORITAOBORBR A T AT 505 5 FFAT SR AR RO BUBTRIT AT 14 A SOR XA B A2 2%
S B L ARFALE, (7 IR 3 R 2 T S ATL A R PR R RIS AT I YR A PR A 2 AT L R A

VR RBEEAE L2 OMTIHE - 255G h B 3— I T R REH - JRTHE - IR T
FE - JHATR A IR FUR 3R, M tERE TSR R EG M . IFAT SRR T S 08T BT g A AR A 11
3 N7, B 7 IRAT IR RO SRR, SR, 1 SEBRR A, AT SRVE R AT AR 5T %
3L 3.6~8 R R M HES) T I RE TSR R

T2k, AL, BOLRAR . BB R . AT RS N U, REDFAT 5% 5 IR 1T %
FRE T T WAL, MRS EHRR RS RE. X B, AMEFREE Tl T A Y, G A

1) Supercomputer TOP500 List. http//www.top500.org/lists/2015/11. 2016.

SIFHE: BENISE, dkRif, XITHl, 55, T RVES TR WA, BRI AR . R EREE: FERIE, 2016, 46: 1392-1410,
doi: 10.1360/N112016-00144

© 2016 (hERZE) it www.scichina.com infocn.scichina.com



FHERY FEERYE F 465 10 M)

\ BITEF |

BRONT-1: TEMERDER, BERYS ||[ROM-2: SESUEEITENER
MELRE, FIANERNZE BRBHTHNE |58, EBERSUEERBE ZEEHTR
NSE Ly R,

SRR S IR XRBI DD EANRELSE, REMBEPRRFROFRENFT
THERR, RELERLDNTELATFRETENNBANFE DD,

SRR RUKRBHITUHERNDNLEBRESHITEE RIUITKRBATALERIA
NS E.

RIERY: MTMBXAE D, BERTEFNIEFORDG, HEFTER H
D, EHEBEIAD, HOREXNNEBESHITEE EABRNFEEARD, HTRK
BXMARFEEE,

BRI : RTRWED, BEFTEENHTRENERM, WAHTREFDHT
T =N

1 (MEMFE) BITEFHITUNEZESR

Figure 1 (Color online) The main steps to parallelize a serial program
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Figure 2 (Color online) Parallel algorithm and parallel programming: flowchart for generalization
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Figure 3 (Color online) The common requirement oriented parallel algorithm and parallel programming
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Figure 4 Mesh with patches. (a) A structured mesh with 7 patches, and (b) an unstructured mesh with 12 patches
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Figure 5 (Color online) Six-layer grid data model matched with the supercomputer architecture
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Figure 6 (Color online) Two general parallel computing patterns. (a) The HALO pattern in which the shadow shows the
cells to be filled; (b) the SWEP pattern in which the shadow shows the active cells currently
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Figure 7 (Color online) Parallel scalability of numerical simulation for complex and real applications
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Figure 8 (Color online) Software reuse architecture for parallel algorithm and parallel programming
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Figure 9 (Color online) Six-layer software architecture for parallel algorithm and parallel programming
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Figure 10 The development method for parallel software using programming framework
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Table 3 The parallel efficiency of five typical application softwares on TianHe-2

EBRIEAT 2 CPU/&E A 2 CPU+3 MIC/ 45 14

S FH A IZIN T4 AT (%) YN 34 IATHE (%)
LAP3D 122880 78 936000 54

JEMS-TD 122880 92 936000 80

LARED-S 98304 76 798720 84

LARED-P 115200 76 936000 78
MOASP 49152 94 399360 43

5 HETRIFERMBRITN BIREHLEIE
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Ak TR A5 2 KN FH AT AN 55— SRR L 4> Bl S ALEE BN . R AR R S s
MWish 112 GRS T T 1), SCREE R T HE R AR AT R B, e AT DA R AT &
A A CPU B 5E AN/ B ARG R IG B 2R I AU E AL

E3HHT 5 MBHIHATN AL R 5 AL HEHLR S B4R 45 12
EATEET JASMIN HEZERFH], o

LAP3D #. BOLRA R AEZ — 10, Z 2 AT DAL TE 55 25 7 0k sp AL BB B TR 1
B 2%\ 523 Raman SUH 23 Brillouin #UHT S A PEIEFE. MU BUE HL T = 4EE0E e i % 1
AR 22 78, B FAS [FAE T B 22 R4/ E A . 55 mT 4 J MR FH B4 A 256256 %256 [ ]
KRR, 4l CPU THE M KA 859 1ZMHEHIT, CPU+MIC BRI THE B KA 805 2. /A%
BT,

LARED-S 3. BO6RA N AE 2 — W1, %82 5 a] DABEAT IR A% T 10 45 . =452 A i
FEST R AR 2 PO AR VAL, AR AR SN ) TR TR S R R AR
L A RIS S B R DB R B T AR R N R BEL A B B A ) 2 AR e P 2 RS,
S5 R EMR F B AG A 120x 120120 FAS RIS, 4l CPU A A1 CPU+MIC P [FlvHE B85k
FUREA 71 A2 RS FR T,

JEMS-TD . =il 40k G165 Goiapl S B U210 282 e A F I 3 BR 22 43 5 1K
fift Maxwell 77 F5 2H 18 1A% i G ASE 2 AU vEURAASEAIL, SRIDUINS 38030 3 F izt 37 FRUREAR JE.. 23 AR T RE A 1%
B DX IR o R AR . KB & B BRI AT FRREHE S M o . IR B Y T = 4
IR sk 4 il FLREAREAD,. 9 0T 9 R M ISR FH B 45 55 600400400 [ RRAR IR, 46 CPU 115 1 e KRR
4915 A2 A% BT, CPU+MIC 3 [F] V5 ) B KA 4608 42 A% HL G

LARED-P . BOGRA R Atz — 431 %88 R =40k 1 = Pk E, 88 i K E 1
1E BV AN s R R (At kL (38 3, i 7S5 s AR SR AR M . B I I T O S R T
1A AR FLAE R T BRI 78 580 5 HE 45 W SEAE TR T H o 1) SRR R E A =y BB TR 2 A, 59T 9
J& MR FH BT R 60x 9060 FIPIAS FIASE, 454> H% BT 100 RL¥, 4l CPU THE A CPU+MIC
F) H S0 B KRS A 16 A2 B C AN 1555 42001

2) “RI] 11 BRI HEN RGN T B ZEET MG, & 16000 N2, FAE S 2 Bl Xeon E5 2692 815 CPU

F 3 FIET DA% LI Xeon Phi (MIC) I 57 AZPMAEHLES, F41T 32000 il Xeon E5 CPU F 48000 4~ MIC, 312 JifMit
B BLE S RS /10N 3.431 TFlops, 16000 /N45 s s g {f MB8T5 54.9 PFlops.
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Parallel algorithm and parallel programming: from specialty to
generality as well as software reuse

Zeyao MO*, Aiqing ZHANG, Qingkai LIU & Xiaolin CAO

Laboratory of Computational Physics, Institute of Applied Physics and Computational Mathematics, Beijing
100094, China
*E-mail: zeyao_mo@iapcm.ac.cn

Abstract Parallel algorithm and parallel programming are important components of application software devel-
opment on supercomputers, especially for numerical simulations. In recent years, in line with the rapid increase in
the performance capabilities of supercomputers, these components have become increasingly challenging. There-
fore, it is essential to produce application software that reuses these components in order to efficiently utilize
supercomputers. In this paper, we draw on our experiences to argue for the necessity of promoting parallel algo-
rithms and parallel programming research from a specialty to a general research field, as well as presenting similar
arguments regarding software reuse. We also discuss key technologies that are required. Our work is particularly
useful for the development of high performance application software for numerical simulations.

Keywords numerical simulation, parallel algorithm, parallel programming, application software, software reuse
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