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FAARAEAI G AR A 2 o SR, N
ZRMFEVTIC AL, AR T2 S # AT I Jr T
WK, HBL PRI R
3.1.3 L RAH

BEE EBIOHET AL, 2akigrEsm K
oL A B FORGURRE, AT BERh
KRB, mrh REER . %,
TER A h 4r 9 2 118 PHI2 SE W 2 R
(R R A, T R G R R R TR
FI F A 2 A3 PR AR A A 5L
3.2 KERZEZ2KERRETIR
3.2.1 Ak

TR RIS Y, BR L SEE H AR
FE| 4y T ARG R P RE TR LY 2 BT BB TR

o FRIE T 2015 4R EE N 1 58 A S0 S0 9 e
B, ARIEE IR 130 TR RET T LR S . 6
B ST EUE PR R S . IR 2 AU AU E T
WX RGITH R RS ERE RS, X8
BRI AR SR A R A FE IS Y %0 TR, A
WO TR E RS R Bia T,

628‘2019&-%34%-%6%

PHPETF MartinZ:"*% H OpenMP %t STEM-II ( Sul-
pMﬂhmmﬂhMWﬂ%&M)ﬁﬁT#ﬁ% Bis
FESGI 02000 £ AbFEZE | il AP3000 Z i1 H Al
FPC AR EIFRE T, S5 REBHIF TR AR
P27 AT LA 0 IMEEGE 47 Frifs 19 CPU THAR N ] . 7
] Lieber Fl Wolke"/% & T —FhREA SU DL b2 F AL 4 A
A BA B RS 75, AR S T2
AR IATH R RCR . KRBT T CMAQ AR
RITE 64 fi Linux #2/E R 58 LA CPU BLOEH FFHATIE
SARSAUREIS A S S5 R 22 e 0L o IESE 4 RRTT, JF
I RE R IR 4 5 CMAQ BUNFERT, LA 16 4> CPU #%
OIFATAE AN LU AR 2T 16 LI T AL P
B, BAZ OB (R IR P R R T B % .
ARSI PR AR T R 2R S
TR P RE Y 2 AU i AU RO 55 R GE, AR
AT Rz A TR R, S TR ES
Jo ik TR U R ) AR T Wang S5V G235
g S B RSN PN W ki o 4 i
ISR B RE 4 T —fRALHE R B —
ZH s (SIMD) BRI, i it A S B Ampr i
GOtk , A A ST IR S 3 A5 DL
AL, Wang S5 R “HbER RGBUEAREE” Y
JERVRGE “RES 5T ERISEL T A E X5 2 HKOF
GIFER AR R AT Y R EER
3.2.2 xFAR B A B9 4T

ST R PR R TR AT | XBURT [ 5 A R T
HESRCIBUS TR 1AL I B T ) T

AETT, H Az skeas ST Y TR 00 RE AT 9R I A FR
HABEMER . —Jrm, a3 B E s S i
W B AR 2 A 2 R RS B 2l B LA S 2 7
PRS2 TN A B R AR, R =

s ABRES ST R AR R ATY 45 P TR AORL A 2 () 53 B
(S50 H) |, MELLA FLRARAR 22 R g R o
(L% . B SO P R R i A ) o

L—(4
Jt
73]

rS "H]» ,ﬂ' H\



BiAETHE > R _

BT, MARAEZER S PR (<10 28) B4k
SRR IR, S, SZIFRRRAR, a4
BRASTAONAR 22 Wy Ak 2 RS EA T KR R L AL 3, 7]
BHEROR . S5 ABIEAT e R, 2
KT ArRas SR R M RIS e . e, 3k
] 2 o A TR i T 4R T R R R R R IR AN R 11
.
3.2.3 RIEAH

ARk, BEE TR EBRRE ST AW L) S A
RGN A, HIRET) B LR SRR R R
FHEAE TE RS, BT, FREERNEKE R
HAERI O MR R GEERURE " TR 2 3 A
B H I 1A BKOP 2B Y DX A R T
B, BB R IR TR ] DX IR TS YU i e
Jio WHN, HAEE R RG] e 7 PR ek
23T R BRI RS TR R G, R IESETHIR /e 4
RS ST PR EHORBET AT KT
3.3 EmRlFEZ YLt
3.3.1 Ik

H 20 el 70 ALK, HET IR 259 & B
531t ( Computational Drug Discovery and Design,
CDDD ) , WFRZ AIFEYLHBIZ59% 3T ( Comput-
er-Assisted Drug Design, CADD ) , &) T &7},
B 5 HE W e RSS2 A DR R e, R 2
P AT S 1 R R A3 1 1 = e S5 R 4 D REAS LA
Eo [N, BEE S PERETT R LA T & R, TR
FE259) e BRI 3 F R AU, e B R FH AR T3 . &)
AT A FE UG T AT
Z TP S S 2 BT

W 104F, ETEPEBEEITEIIN LR, hEEE
FALLEYI R T 00 1 3 D1 AU ST SUIAS 180k
HERE, R ERA R BT T (LUT

o

PR RIS ) YRR SN ST RIS T &
FIRIHT R, BT AR 2GRS D e S 25 A FH AL
Hile HEr, BETESESOHEL, g2y s
BAFFJE T 40 T3 A 2 1 42 o1 RRD RUBE (1 43 F
IERH, HOKPATE S T mk-F . HAET
NI (~5 TANETF ) 25538 2t
FEAMK YT AL, U0 Anton™ ] LS #2040 0
T2, i E A BT RALH RE S T
PRI 17 F R,

[, VRN 0 ¥ Bt T Bez — i e &
REUGHE ( High Throughput Virtual Screening, HTVS )
BR, TRFRAIFAT4rF %1% (Parallel Molecular Dock-
ing ) BORMARE, MY TBOTRHEE . 2R
PR3] 7 MR o M ey e R AU e T R I AR
RER S TERETHA SR, THRTFH AR & 5.

3.3.2 sHAR R A 69 4T i

e b, FERIZG Tl R 25 2 Ak TRE A o
o fERE, —FoHZiny EmifEEwm LT 1042
FICIFFEDR 10—17 ERTH] . FETAE R+ (1
AT ) =4e4544 11— 5% CDDD J5i%, i
W AR R, BRORHBAR S T 2R AR
A 3E UM RS, T CDDD 8RR, AEFh 254
ST R AW T ) 1.3 423600, BERI RS T
2y 145,

EHET, EBR& S 254 4T G = E P RE T
RPN R RN HT, SR A s rERE T B m
RETH IRk 55 B SOl 233 rho o B4 10 7 2OR fif e 81
B RGNS R 0], FRJ & D. E. Shaw Re-
search VSRS ZH0F . bF . EYESLLL
FATENERBEE I T PE 5 ANA, TFR T 8BTS
4 FI#L Anton"*"Fl Anton 2, ZUGRAS “X - DR
o WHAL AV IR S>30 1% 840 Desmond 72

@) 2 ¥ 4252 David E. Shaw 4 (B if 2 — {3t A F R) KW RAFRAAA, EE2ANFHIASE/ FHEEYS

@) St LR, ARy T FE (MD) A

® FEME% 17629



_ L9 hESMATES RS

¥ B 25T & R Schrodinger (BERETS ) A%
OHMZ—, SRR A BT FEP 1Y
FER, 2016 4%, J&[E 500 58 Al 7 AR F
( Gilead Sciences ) $%¢ 1.2 1238 4: WK Nimbus il 251
IR G, Z R — I AR, w2
IR (R T ) ZdiE . Nimbus 2 /]2 35 F i
AR ARZSRAF, %4562 2 Schrodinger 4K
PR, TR INSE R0 UE S AFERT X 1 AERSR]
R[] 22 5 4 Ml A e

B s TR | 5| I o (3258 7)Y P A E NS I R ) 3
TR I = A | B 7 A N i e R < 52 o R 5
KT RIBEIATHY o35 S DA U . U259 o
W R, SEE T B 156 T EOFAT, IFATRCE
ik 85%; TEEFXTIEE . BRI . & JFAEE R AR
BAMLOE L P PAT T BERR, ZMMEEW e
BARFAL, W3 THERETRE
333 REAH

1 & e KA A 2 o5 RN BT IR 245 Wy i 245 1)
RO U N A i SRR . R A 5 e ARk
Jebbyons, HA ETCBZ YT e . Bk, PRk
SN TCBA 1 G AR SR AR TC L, i
SR B TS MIL 2449 R PG 1265 AR 7T A 6 ) PR 67+
et &4, ROLE 20067 % . XYL 24 P ifif
2RI, A R BT SR W R AL R T R B B B ek e
2PWTIE . D5 A T REZR AR IS A M R SR 24
Wy I 52 R, 5 BT 245 A DG Y R 1 A R AR 2k
B2, HALSSTHKOT L 254101 M R S8 4 i,
I, X £ T AR L 2 LR EA TR S T A AL B, X
7 B AW R TS S IIREEA TR o I 2 4E
18 AR G BB A AR KA 0 11 1 G R 4 R B 9 R T
B, (oM HE VR L B AR 1 S U B T A A 3 T
Bz —o P M & R EOR RS & B = 4R 45 14
JG . RS T8 1 BT A DI RE R 9T F He fE
AT IR TN T2t los . W R =Y T

630‘2019&-%34%-%6%

F . 3Bl ) AR T R 2 Kt i e P R T TR AL
W, TR B RGN, R R
PPN SR IO 0 35 R 2 M R AR
3.4 BHiRFZ S8e3E
3.4.1 Ak

e BB B R 9 X G A2 0 T SR g B AR 45 g B
AMEMEM. |TEI7% (QCD) FHLS S —Hik
(EW ) J@FR AR BER PR R, 2 ET = R B
WA IR R . & BE LAY AT T S DR o
AHEAE v (025 SO AR A | bR vHEASE RS B A 36 R L A
WERLT ARBT R 4R 5 R SR A R 3L ) A
SR EE R SR AR AR IR AR R . T R A
TR BTN T B EE IR . WS BRI R i 4

e MERETH I TE S AR B R4 A H 2R R A
FH 0 FH 90 B0 45 1 1 1Y) 2 8 40 389 9 B 1) 40 BT
CBm s 4210 ) | R AL A I 25 1) 3 S A LASE 400 4l
BB (PSR ) | DAL ST 0 sh JioF
(# 5 QCD ) MR MEREY BRI (%
) o METHEIERR LR, SRy iy &
PERETHIT A SIE G R RED B S S . BIRAF 5T
FEFNREE =R I3 30 Hop ks i QCD UM R .
AR . ROOFATRORSER A, KU AR
SR E RN AU — . BT 1988 4F . 1998 4
12006 4F 3 YOpRAs “XtF - DURY %, 2018 4EL A
TR ik 4 5

BR . 2. H SR 35 SR X ) ok 43 FAAS A
QCD W IR EIZ Sk S i . HRT, &g
M. QCD WS RFAETHAE AT B I8 JLTT JE CPU A2/
B, Wit 2025 AR R B HET L2 —H A%, 1%
5. QCD T E E51 4 HAOREZ A ML H N 2
—, JE4IZUF s MO BRE  BE R R T
KA DI RS

FE AA% 2 QCD MR WA KR, HATIELE
LU AT AL T B N R G055 R e R A%



BiAETHE > R _

S QCD N AR, AR RS 5 RIS ETHA
LA R
3.4.2 AR IR A 6948 i

% 21 QCD BT T BUE#EA T KAL) Monte Carlo
BUERURZY, BT I & v g b2t e, JL
X T e AR B o ) R A IRl A AN AR AR 1
., BEWRS TAKEREY A ERYBLE . iR
YRS TR ff Gy 300 R L B YA B P 3 4R DT T, A%
A QCD W] AR R R BEAR SR (5w Tt . i
FRA W EE ) WSO A EEAE A T DUNER — 1k i
PR X BT B 5 R M TR . PSR B
WA o 1E% SR P s BAE FARRR AR ME i, A%
A QCD P LIXEHT AR F-25 . SRF-5R A ELAE FH DA
SRS A S )L BT TE G R B SR

6 25, QCD AFFF AR (4 B8 SO o b 7 B4 0
SE TR GE TR 22 T B R G 22 KT, iR 22
K/NE D E TR 80 . A% 2% QCD 1Y
RYGER 25 F R [ U4 A A% SR AR B BRI
W AN R LA 55 SE BT SR e I, B EBE E
1% 1 QCD BT (B K K R R R /Nl 1287256,
WERBR 7 S8 AR AR RS e 3]
256°x512, WSROI R BNBOA %, W2 fii HE
Gt EFTE CHEPGEARK” |, IHRRET BT
it i R EE A S ) FE R BRI S8 B ) B SR AR
(0L
3.4.3 KA H

% [ THI [] 4% 5 QCD WFFE I AR BGHH 5  F . 2
TR, B R PR TR R Gk TR E A% 5 QCD
W S 5 PRoe e - Ay S8 . b
SUE S I ALAAL 5% ( BEPCII/BESII) J2&
bR b TAELESR 5 S RE DX — 0 14 e 5 2 A S0 6 2
B TERRSRTYERUITSY, JUHGRTERALR T (K
BR ORISR XYZ R ) AF5E 07 A TR TR R
R, AHFEEINEHIF R SCRE, Hohg £ QCD AT

WANH]

F A% AL QCD WFIIEEE T = & MR T 5 R 4t
FFIE L BESII /3% UIAH OGRS, S gn st $ it
KRR AT SE RO, DI A Y R . BT
(FEFRhF ) S WA EEA R, (HIRAT
XF A IEA i A, FRIE i b s s 1
BT XHEAL (EicC) 136 [ Y m BE HL -85 1 Xl
(EIC) M JLab WY H % OARZ — 2 Fet 1454 . h
[l A6 25 QCD WS I AT X F BT . A A F =24
LA Rk 4y AR I 58 - M T R4 T HLA LB 1Y
FH#mfoe. WS, @t KBRS, RIE
BHEZR AT s 5 QCD WIS THR T %8 . S AR A
BTk
35 HBEHFEZE—RIETHE
3.5.1 Lk

55— PEJF 3 ( First-principles ) #4432 52
1145 RN S5 72 s 18 ( Density Functional Theory,
DFT) ik, TETALMGEISEUN KM T N5 55
TR A AR Py BAL 2P BT B N T o B — 1 B B
HL P TS L T — 28 s DR A e
ARE R AT, OISR il SR T,
i1 (UWIVASP, Gaussian, NWChem%5 ) B ZH AT
X P RE TR AR ) TR MR o A T A 2 R e
FSEUE T RR R LR B2 E ), TR
YR IFAE ok DFT J5 2 B Ot S AL AT LAy #n
PR R R, MG RERE i A5 T ) [ )
BT B, ETTTEG R ARk F 2 g R A
Mo 85— B AR A R ECRT LA 43 S ~F- ThT il ik 4
7. FRFHUELYEALA (LCAO) FE4Iikft: . IRAR
S R e TSR A . WA MR A (ST
BWTRAINAE ) By, H PR A TR
BT UG AL GE N bR B A PN VbR B v

A TR bR b A i R AR — TR R S A (|
FEACHR B AR ) JF AR £, {UF LS3D. CP2K.,

® FEALI% =7/631



_ L9 hESMATES RS

NWChem. BigDFT. DGDFT Hl Qbox % 1] 5z #fl rfr 45
MBS RT3 (10000 4~ CPU LA L) , H:
1 LS3D FIQbox W R “Ae¥k - DR 2. HiSh,
DGDFT 1 E P Ek A PWmat i8R T B AL #L 4%
( Graphics Processing Unit, GPU) , GPU il Kk
B TIFEAE . B, VASP. Gaussian, NW-
Chem 1 BigDFT 258t IE7E & '8 GPU JiiidiAR b
3.5.2 APAR R ) 69 4R

SEBUR NGRS R AL Y SN SR SRR WALy
S Y b TN 8 A A 1) S 25 g R B A A 3 A 2
i, JESEUR FONMRTHERE S . X T 21 20
RS2 B [ RSN T3 TR RS A P RE Y 3R ) TR
FFRUEDT S 1 o 2 AR B TF R FLSL A S5, )
RHTE T RUAS, 455 TR R TF R A, ik
(A28 RO B A R T K LA AR I PR 58 T A )
PR SR B T R E T R, B
R, S — PR S SRS ST 1 B A B R A
REFITAT B PR A T R MOk . it RE T n PR &
J R — R R B AR T LS, AR RER A R
L OBPRIER L AR AR SR FE A H T B
MVER], (FEBITF RSB NG, AT HAEY)
HHLE], DL SR R BE AR TR A v T
BT TARZ EERE R PRI, S — MR
LT e S m R Z M S R A
SEEL T HE S-S = — AR R, JR51 &
TRPRRR IR
3.5.3 KA H

FI b, BRI B SRR TR
7 FH )32 R T R 408 . R AT o A ek
AUAD TS . BRI, S TR
BEAFRE T A HE AN, AL A8 AL 3 4 R RV H 4
. AR AR R . RO T b 3 BE J1 1Y
P S, BB TR AU AL R R R, St
RETHE LA AR ) Ry, 55— MRS SN

632‘2019&-%34%-%6%

GURALRE I RTHE . TR . SRR R A — 1k
THE LK AR I B) RUBE 118 731 3y 1 2 AL RS 18 Ay AT
e, HotHai R i Bk R, i fss—
PRI A A
3.6 MERZFEZHREEHMALEN
3.6.1 Ik

HT T2 R BB 8 52 Z RS R PE R 1Y) 22 07 T
K, BT BN A E T A 5E 20 4R L T
DIt RENHLIER G & ], XIsREE | Bkt )
PR EIT . IR AL FEORAE D TR A AR
K, WAMNETA A, EATEE . ARRA . RIAERAE
AL zs LR AP R T A I J AR B, TR E R %Lt
T, WAMRZACHEEMS, [BFZ M
BHTEE A4, R Z 2R 2

21 L LISE , AMTEEHATR TSR BT AR
WERRBEREAE T, SERSESE R 3 1T ST T
7 (ICME) PRI “pHRHEHE A" (MGD) 22,
Ao A BT INEE MR IR, RIS BRAR AR . TR
[ 2016 45 3h TR TR TR, A B8 A5 &
FBy, ARBEERG G S SR OCHEA R, LA AR
ZS MR BAREHLAF T R o
3.6.2 AFAR B ) 6942

TERAEHAE & S0 H, 2 RBERITE A 4
AR S G GIC R, MR F IR HLH 19
N, ARFEZEAET RO 2L KN T T 2 il
AT R B AR, X Se R T 2 LA P e
SR IR b ERR A B A TR W5 T 7E [ N 256 5 4 A
Z RS SEREgT, B4 1 H 600°C (1) = 6Bk
5 4 Tie0 AN T AR R B R K G 4 Ti2448, Jf
XF TIAL &4 R R A5 TR 21 1 S 2SI
A TE A S« R . O . BRIE S5 X AR
ERFR, DR tEaem 2 or iR, B LR
WA AL AL . S A8 ek A T BOR Wi 2
AT TE I A AT AR | AHAS AL B 20 80 1055 1 3



BiAETHE > R _

fifto Bln, PREDE ST 20 22 70 4EACTF A, — 2]
LIERRA S = RN

R BE AL 2445 2 O Bk S T B 5 [
Pl Be 4 Jm A 58T S AR & SIS M AL A S 0
WHoE, R T 6 4 A LU A R B AT ScETD-
PF, ‘B T ] 47 Ji SR SO B0 8] 22 43 500k PR I A
G, SCRATEM BRI | IR iR
AR AR TR, ST PR LR KR
(6 4 S AR AR SR, A B T Itk T B &
S BTHRIN T T 2484k . AIBAR A ScETD-PF i
FE MR R 26" BT RN B T A &M
R PR, R IR R E A, SEBL T
R TR REERE, AR S BRI R ik 2] (.
(4 40%, 376 = T3 4 EZ 5% Ko 3R AT
T 20164F “JB - DUR” Rfpik s ol
3.6.3 KEAH

Bl P 0 R G AT R i s R 5 2 DA S 58 AL
il Ry 3 (RSB R R AR A T SRS 5 B 4
gy, HRIEAS | BT AE R OWHLIE , BN R0
LUWIE BT B I PR sE e, bRk Reds il
RWIT7 ], EC AR RORL R A 2 F B AT A DL AR AN ] 17
PR PERE DT R 2 0 S 36 R B R If ), 2
PEFHAHRE ) o T AL, ARPEET OB A
BHEHBTEOR, ST BT, BT =
LRSS RGEIKF-
3.7 THEMEIE Z Mk TN
3.7.1 Bk

MRHE E R MR A, 2 S 3 % R )
M E R . BEE TR MBI R R R, ik T
SRR T A b 40 SRt 6 ol A R 2 B B
T TR A e, X S U A 2 R
DA T B — A 0 A B B 3 17 B T R e A
WUFDRA)EL, AR L7 ok BE i (E AT A (e, 1
FELL Ty IR TR B A ETE AR Rk, EIX S UGE

R Z AL G s S8, R A
R G R IEAT [ RR A, TR A2 I AR
M ARG RO, R, R HSUA R 2
WA, AHRUEHN SDK (AL T HM) |, B4
TURRE T HBERHIATE S (40 Shell 155 ) XI5
WRIEA T o
3.7.2 AR RS ) 694

Z RSB A T TE 1 BB 37 SR bR 2 U Y
R SE R TN . H AT LRSS RE TS A
G3F 3 12 B 7 1 RN T8 — M D B A 4% E 12 oA
#it (DFT) J5i%. DFT J7ikRBUE S it s uEmi i 45 14
REE, HIFE AR E . LA TIO, AN B, R T
158 LAMMPS THRILRERE, SFXIFERTY 169 ms
(100 K EHMGEiHEE R, TR ) ; MR DFT 4k
£ VASP TR e, FAYFEMS 4 10309.27 s, PIFAH
24435 6 Jif% . {E DFT 3 560 1R S5 AL 55
TR FREEAE AR, LR R] AR 1] BE A B2 K
A2 FRR . f AT, PRAlSR 4B s
AT RE AL, ARMESRTT A DFT J7 12 7] 55 (4 4
RGRE s IMEALER ] DFT Jiik, W& T4t 2 R
BTt R AS R A B
3.7.3 RREAH

Z RSB EIE B Mg T XA R, H
B2 U 2o IR TSRS G, TR W R 2
GRCRREOLT , A RERTHERIT R RS I B . 56
] Ames [H R LK = H —FF AGA (Adaptive Genetic
Algorithm ) 535, HR 8L FE AT 45 € S5 H 1Y
ARSI R, 7E GA T ARE Y R, SR
F ol i A M et . [RIR, B3 P S
T Adaptive loop 5k, 5 GA A BN e S5 H 22 5
55— RS B DFT J5 V6 SRS TR s i RE i, 1R
J Force-Matching J5 3 T A5 0 {5 26k 7373 J1 2705
EHASEATRE S, NI T3 73 15 i ks
Wik, ARG, H 2RI

® FEA L% 7633



_ L9 hESMATES RS

3.8 ITEFHEF ZRXXNEITERIN
3.8.1 Ak

T RS AR B R IE A . BT YRR S
FRPAR B EEF B, MITRER RV, T
AR KB 2 £ . s sz ok i
TR Z R PR K, — B O bR s
RETHA A SR AT i BRI R . L e 00 14 N AR ]
B S R S5 9 AT <X - DUR” 2, X584
7R N R B URE DGk K Gy P 1 e SR A4 7 S
AR ARIERE

H A 7R 5t K221 Ishiyama Fll Makino 59F & T N /&
AT B GreeM, HAER 158 “H07
G BRI ERE LA AR, FEREIBR % SE sk
BT AR T BRI T4 2 N AL

F AL T2 2 N AR )R RASTASE 81 T ST JLAF B
BN T ERFERE R KA TR AR H
AT R R B TS ALIM 45 B b A AR,
FEE R R & R T 5T MIC/CPU TR A S i 5 i
2% N ARBLUEK A/ PhontoNs, ZFAFAE “Intel I-47 M H
PRARTE 20147 AYTGA-HEI0 L IA5 T WA,
3.8.2 AFAR B ) 6942 2

2015 AL H G A2 5K ) 28 SR 40 i 9 5 141 BATF 2%
T Tian-Nu#kfF, 78 “KW 5" Lpshitfr 3 i
LB T T R A B 1 2 N TR RS, 48
AR T T RBRE 1600 TTAE 5 B4 137 /24F 14
PEREC ZARMERE T P2P R PM AR AL, RELS
RO KT (HR-KX) (Nature Astronomy) I, 3
57 IR R i A AT 80 B e 1
3.8.3 KA H

FRTEIBR 1B 5230 U 4 T4l CPU
HIAEG BRI AL, M RBGEIAH RN F ik
]S VR A o 7SR TS IR B 6 R KRR 1
R AT DR T BRI AT 4R R B R IR T T
P, IR AR e s A R PR 3 A R B Y

634‘2019&-%34%-%6%

TR, S5k, EHEHRTREFT6 L
PEREDEALF A . oA 0\ XU R T S s S
HR . = FFT KB AT JRMEIFATRI 40 SilAE . h
FERFEBE TR Z8 5 B PO IE7E 5 v R B [ K
RIBAEE, SR EPBIGHENL, EEd I T R
AT RARIS A, AR RRAS W 2 T 2 A
BUARANTE KI5 15 N AR AR, 3T o
RGN K SCN AT AR AR 9206 T4 B9 LA
B BRI PR R RIKOR
BRI W AR R BRER I T, DA IR R T KRR T
£ 500 K H AR KI5 H B B ( FAST ) Iz ]l iR
BRI B A RR 2 R L B A R F AU S
3.9 HEEYMFEZERNF
3.9.1 Ik

A EIFI I DNA 7 FHES, SRR LI &
A ey W FAG AR, 2R AR JE RS
(TG SRS K 5 DL Bl A 5 b B 3 R 38 2 O A2 TG Ak
1R G G SRR I I, TR M A S A 982 A T 27
(A SRR E T 2 —,  H 20 T4 70—80 44X
i, A Rl T b s KB DT A BEBAS B
HAL B NHEBNSY b EE PR Ay AR REA PR | fif
>~ Rotterdam BAF | HE[E XA FBASI . [E ALSPAC BA
A S& PG A QIMR BAFI | 47T 3%
Ul CANDELA BAF 45, HAUBCHOREBOR, HALEE N
LRSS RER . R L= E R
X SR EL AR A BRI RAAE . R PRSI A LA
ZIRFB T 50 TIFREASLL b, FURFERS AW
WA B A e . RWALY . A
LRI SR PE AR AL 2 AR, L
P YK REVEE AL RS e R . &L W
WA R S R, R BRI R R, 2
P ZREPE AN SR BT s A B vl TR BRI SR M R e A SRR
B, BUAREHIE . RS IX SO B SN i PR 2
1 DNA FAIZI 45 24008 %0 BAR, 7R 248500 1)



BiAETHE > R _

AVEALTIRT . 1297 FIHE S8 TR AT 58 45 U Thi A7 22
R FHAN (L
3.9.2 AR B R R 694

It 255 0 - AR AR DK A 4 X L e e 40 4%
ABIHEIN, B ST A R BRI R ok, HoA
BRI E . A REE A E
B, IR R A RBIE AR o Ak R BA S R
PRG5BS O REAS U 2R B T 90, 1%
G550 W T B 0 A BRASCRME LA 1 B0dis 17 A .
BRTRIAS , AF Bl P e O S S R AL I A S
W T T 1) 2 i R T A B BT e B S B AR
BB RASHNT IR RO RE T B T e A B B 2R 2
LI 2 SABERE e . bREfRRAEGE, RS
N TR
393 ZEAH

TS A 4 gt VAN 48 B2 R et e i, A= £ .
SISk THORPI A, BRI T R R R Ty,
Z 2 S R R B A R R 1 0 s R 5
B, R T ARCR, HR T RGN, BRIRT
A I RE 5 T BT X = PERE T & TF & U BL AR F
A BB IR, WAEART 2 4R R e R R
o Ag HAE I 7 T B Sk £ o DA L 4 B TR 2 5
BRAHT R, BeA RIS ST S I S IF R T
Geita 5k, LRI SR, i BEL
BRI NS 2 R A5G T 7, TR ARG
FOs Lot . X TR APk, X AR S AIE B 1
G330 PRI DR bR, T 56 5 A2 A B 1 PR AL T
Bii. 297, o For Rl BURSERE R, dFA
R HRHMERRRUE, ] IS T & B A% 12
SEAMRFRTITMAETY , S Pr IR R A | G
Koo ke POAE BIAF TAESEA T3 Kisf . B REBTeT
o Bk, mPERETT IR U — D HE Sl T ) A A Rk

FERIBILAS 7 2 FITRBE 7 > SRR TT e, B a3
e BB, SORZE . BRI SE SUEIT R
IR RIRFTT

4 XTHRERFITELARIETEN

M2 30 4%, RERRAITE RELD K RES,
TEIE Z T SURIAS TR REEE , (BT X EZL
BRI . SRR TS HLAY VR R A R AL
2%, HRPIE AL BEAS AU S 0 A S 2R TR 54
AL PRER N ARAZ . B RN Z A BRSBTS
M A FR G e N R LI R4, IR
BRI B T ARZ B

T2 Z AR S IR, G LRE
i RE ) Ik BRI HEK o (H h TAERF AT 3K
PEIT IANSERIR A . HFATI0EE . S IERETH RN H]
HR ) R 2 AN P = A 5 AR
R, PRI ER A NS ER A 4 FARASE A1
R AR o e ik 90% LT, 3K E s A il
AR E SRR HE— P AR R T TR

T G R L AR Rk TR TR sik A
A, 45 I I RO A A1 S AR e B Bk~ 33 1)
KBS, BARG I 5 R

(1) ZZEREZHEESFRAALF S, 5
T RINAG R Ao BT XF D Ab BRI Koy T A
SRR A i N U 2 )
B, DAR ISR O8], Bar KRS 2 ARk F AR
FIZEZ FbR, PRI Rrgt Rt o

(2) RIyAoik S reae st o A b 1 AH 69 - Ko 3
ARk, TERZ “863" THRIFNE ML “wtEREt
B R SCRET, FRERWE T AR MR T =4
IEATEEAE B 35 N AR RE SR JASMIN VR = 410147 [ i&
WA FRICE AT 5 PHG™Y, i ER 2B LI (5

@ E A RIGHEATHTEACKF EEFE (1018 Flops) #4948 it A, £ AWRNAY “BHAEMH T—TREZRE .

® FEA L% 7635



_ L9 hESMATES RS

S AN SR NI R S TS L SN Sl R
W F- AT SHESE SC Tangram., M ITHEAL L FE, FF1T
A p R IO S EE R o R T RN YT U TS
T BERSERATHR IEAE O g AR SR
% FRRELNS, RASCHIRHBIF AT 4K

PERIPSE TR
(3) #—¥ £ B KR E & o %A1 58 R K

PR AGHLR] Fo I Ao BRI TR TR R A
FHRF A SR A 17, 85 )™ o AR SR =
A5 B ORI B Fi A F 98N D3 B4R F R B R
W I RIS 1, o7 DA ] 5 R 2 TR 272 (7]
BT &, DRRAEES], LA e ) 8 H
b, il 10 4F 5L 2 BT a] B R 15 8 kA T 7 A
il DL B A

(4) #ZHAFH R A0 R R AKT . BT
SERE AR TSNV OB . STHE R LA RSk i g
J1o HAREREAT RN T BT 50K, AR
i PERETHRE LA BT (3 1 SR oK, M HE S s
PERETHEE I 1) 3 SRR ORI = K R e . Rk
JRIZ IR A R GE B IS RO LIRS s, i
I PERER R A5 R R L . A E S,

(5) RAMm@EitAHFE L AFRHGLEHEA
73 ge e BRI RBRNE L RARE L By
FEEANFRE, WAHERSHE . AREHH LT b
JRAE R T ARG % AR, IR & %8 3he, @ik

I[

FHIPEN LS, SR SO R A A
K, PR, T AT R A R SR

Bust R BAF R KA AR i R A
B PEAMFZREEHHARH T . PERSEK
SRNEMTITEE. YEARFREAXRFRAH. TH
HEREBATIT AL, PEAAF R REAR AR
LB s F BAF R AR 445 & ¥ 7 ] fo
IR T A RAF LR LT BT E

636‘2019&-%34%-%6%

A B M AT T E 5

Bl ERBESRT 20 5549,

R EAE CARBIRY = KPP EAFRY L H £ B
1000”7 & X 494818 .

10

11

SE X
Dongarra J, Beckman P, Moore T, et al. The international
exascale software project roadmap. International Journal of
High Performance Computer Applications, 2011, 25(1): 3-60.
RER, RE. SHAEFTEIRKRALEA. FPEHFRKE
F, 2007, 22(4): 306-313.
HEM. AFHE: FAEAFHGE=FrEk PEAFR
[EFl1, 2012, 27(2): 161-166.
BRI LKA FiR . Ae
REEARE SR TS AAE SAH AR S B
J1,2008, 1(3): 1-7.

o 5 A B R

Colella P. Defining software requirements for scientific
computing// Patterson D. Can Computer Architecture Improve
Scientific Productivity? [2019-6-10]. http://www.lanl.gov/
conferences/salishan/salishan2005/supinski.pdf.

Mk AR CHERIATI T ReAXBEAEL
1000-E 3% % 5. A K. F B A5 4R, 1996-03-15(2).

W, ik PARE ST
FHAKFRE ARBIR (FIMR) , 1996-03-30(4).

KEHXXK SR

Yang C, Xue W, Fu H, et al. 10M-core scalable fully-
implicit solver for nonhydrostatic atmospheric dynamics//
SC’16 Proceedings of the International Conference for High
Performance Computing, Networking, Storage and Analysis,
Article No. 6, Salt Lake City, Utah, November 13-18, 2016.

x| i A
KEMAF 7. A F BAHE AT R A LR, 2002.

B 0 PR F AR X e e KT L EIRRLE

Rk, AR, XA, IR X6 LR A B AL
AR K. KAAHE, 2003, 27(4): 607-617.
I, £4%, TEME, ¥ #FE XLICOMMICH 47

A, BHE BAH R 5 B A, 2015, 6(3): 60-67.



BiAETHE > R _

12 Martin M, Singh D, Mourino J, et al. High performance air
pollution modeling for a power plant environment. Parallel
Computing, 2003, 29: 1763-1790.

13 Lieber, M, Wolke, R. Optimizing the coupling in parallel air
quality model systems. Environmental Modelling & Software,
2008, 23(2): 235-243.

14 % =, Lin Che-jen, M &M, 4. 644iLlinux 473 £ K &
AR L FEARACTE . T AU BB R, 2009, 26(6): 2266-
2269.

SRR
ARAARGEZBEMTER. B xEEIRRERR (8

KAFRR) 2009, 1(1): 19-26.

15 T4, 24 F,Gbaguidi A, . Lk FTEAH =

16 Wang H, Lin J, Wu Q, et al. MP CBM-Z V1.0: design for a
new Carbon Bond Mechanism Z (CBM-Z) gas-phase chemical
mechanism architecture for next-generation processors.
Geoscientific Model Development, 2019, 12(2): 749-764.

17 Wang Y, Chen H, Wu Q, et al. Three-year, 5 km resolution
China PM, ; simulation: Model performance evaluation.
Atmospheric Research, 2018, 207: 1-13.

18 Shaw D, Dror R, Salmon J, et al. Millisecond-scale molecular
dynamics simulations on Anton// SC’09 Proceedings of the
Conference on High Performance Computing Networking,
Storage and Analysis, Article No. 39, Portland, Oregon,
November 14-20, 2009.

19 Shaw D, Grossman J, Bank J, et al. Anton 2: Raising the bar
for performance and programmability in a special-purpose
molecular dynamics supercomputer// SC’14 Proceedings of the
International Conference for High Performance Computing,

Networking, Storage and Analysis, pp. 41-53, New Orleans,

Louisiana, November 16-21, 2014.

20 AR B, FUL, RAA. AFAL 620 At A AR At
Z AR, 2017, 37(1): 1-18.

20 0, AR, BRI G, F.OREE A LM H TR H
AR A BAREK. ¥ EMAEE, 2018, 38(7): 506-
525.

22 RAE, A, A MHARAHEANG LS LREAS.
A= A AR, 2016, 36(3): 71-78.

23 Christodoulou J. Integrated computational materials
engineering and materials genome initiative: Accelerating
materials innovation. Advanced Materials & Processes, 2013,
171(3): 28-31.

24 MHE. X THAEABAGERNEREZ. HFEIR,
2013, 58(35): 3618-3622.

25 Zhang J, Zhou C, Wang Y, et al. Extreme-scale phase field
simulations of coarsening dynamics on the Sunway Taihulight
supercomputer// SC’16 Proceedings of the International
Conference for High Performance Computing, Networking,
Storage and Analysis, Article No. 4, Salt Lake City, Utah,
November 13-18, 2016.

26 Yu H, Emberson J, Inman D, Zhang T, et al. Differential
neutrino condensation onto cosmic structure. Nature
Astronomy, 2017, 1: 0143.

27 EM 5, REF. AT B Em M MR LA ER
JASMIN Al P 45 . 4t 5 R 4 3 5 3t A0 A P H AR
2 T09-JMJL-01, 2009.

28 FRAMIK, A4 IR, PR, FLOOHAT A E R AR &
PHGA 5 A. F BA5: 15 845, 2016, 46(10): 1442-

1464.

® FEA L% 57637



_ L9 hESMATES RS

Origin of High Performance Computing

—Current Status and Developments of Scientific Computing Applications

JIN Zhong'? LU Zhonghua' LI Huiyuan’® CHI Xuebin"”* SUN Jiachang’
(1 Computer Network Information Center, Chinese Academy of Sciences, Beijing 100190, China;
2 Center of Scientific Computing Applications & Research, Chinese Academy of Sciences, Beijing 100190, China;

3 Institute of Software, Chinese Academy of Sciences, Beijing 100190, China )
Abstract Combining scientific modeling, algorithm, development of software, and computational simulation, high performance
computing plays a very important role in key scientific discoveries of basic scientific research area and modern engineering technology.
Starting from demands of different scientific computing applications toward high performance computer and its development trend, this
article analyzed a successful case that scientists from different institutes of Chinese Academy of Sciences (CAS) by working together
finished a variety of application packages on Dawning 1000 supercomputer. They achieved some milestones in electronic structure
calculation of natural DNA molecule, electronic state theoretical analysis of laser crystal material, and parallel computing of eigenvalue
problem. CAS is always in the frontier of domestic scientific computing applications these years. In the condition of higher application
level, larger computational scale, and outstanding achievements, we selected several typical traditional scientific computing applications
including atmosphere science, life science, high energy physics, computational chemistry, material science and introduced their current
status, promotion to application field, and future trend from a point of view of a scientist. Finally, several suggestions on developing
China’s further scientific computing have been proposed.

Keywords scientific computing, high performance computer, high performance computing applications

M PEAFEIERSE L CSHRAET AR IE. AR HEAESR, TE
HPERITEAZERAFRAP O I4E, 20068 % LA T X2 2 LY, BRE
SRR HBATE FHMB CATERBHMERFLRERGANE B E R RS54
A;; R” B RAFTA TEARATOAZRAETLERGFREANE S IR ALK §HE
W’ B P EAFRASGEERR RESAL 20134) . LARRREERES LA
F SCI i XL 40 F 5t A W I 2% KA EA4ER4E 30 &% E-mail: zjin@sccas.cn

3

i
~~

JIN Zhong  Professor, Director of High Performance Computing Department, Computer Network
Information Center, Chinese Academy of Sciences (CAS), Deputy Director of Center of Scientific Computing Applications & Research,
CAS. He obtained a Ph.D. degree from Emory University in 2006. He serves as the PI of Biomedical Application Service Village
based on the National High Performance Computing Environment supported by the National Key Research and Development Program
of China “High Performance Computing”. His research focuses on parallel computing and software and biomedicine computing
application technology. He received the best application award of CAS Supercomputing Application Prize in 2013. He has published

about 40 journal papers and gave more than 30 invited talks. E-mail: zjin@sccas.cn

*Corresponding author

638120194 - 63445 - 61



BiAETHE > R _

REE  TEAFRTARLEE T IE. ARR. HEE230F, TEAFERT
FHAFRRAALFCEE, 198955 FTEHLRIHA PO IHFHEFE. BRE
EAE TR BT FRA R B RS AR SR 5 IR R AR
(—#) #= (=) 7 AB AovA. EBHR S @A FTHEL B MF M T EHAR
YHRARARHAB Y R _FL37,; FPEHFRAAMAFLZ_FEIR,; FEAFRAR
#HYR_FRG, YEAHFRFFHFRL_FLIR, LT THFRIARL=_F IR,
1996 -3k BURF 453k M. “F— 27 o 27 Mk g AR “863iR]T F
A AN MRS £ RAA EREMRA . E-mail: chi@sccas.cn

CHI Xuebin Professor, Deputy Director of Computer Network Information Center, Chinese Academy of Sciences, Director of
Center of Scientific Computing Applications & Research, Chinese Academy of Sciences (CAS). He obtained a Ph.D. degree from the
Computing Center of Chinese Academy of Sciences in 1989. He serves as the PI of Study of the National High Performance Computing
Environment Service Mechanism and Supporting System I and II supported by the National Key Research and Development Program
of China “High Performance Computing”. His research focuses on parallel computing and software and computing grid technology.
He has received many rewards including the Second Prize of National Science and Technology Progress Award (2000, 2005, 2007);
the Second Prize of Chinese Academy of Sciences Natural Science Award (1994); the Second Prize of Chinese Academy of Sciences
Science and Technology Progress Award (1995, 1998); the Second Prize of Chinese Academy of Sciences Young Scientist (1995); the
Second Prize of Beijing Science and Technology Award (2008). E-mail: chi@sccas.cn

W ERS: Eat

® FEMEIT 17639



