TOPIC @&

101

HREERS %6 T E IR
R HIREEE RS

1 2,3 4 5,6 7
1. AEIE A R R B TT2ARE, dbnt 1001015 2. bt iR A B LEARE, Jbnt 1001915
3. R RS E 5 006 2, Jbt 100191; 4. JE e A ENR 2 SR R, dbaT 100084;
5. EBMEES NN = B0, 65T 100190; 6. RERMEFAS:, d6ET 1001905
7R ENLIERE, TR M 510006

W

X

TP316 A doi: 10.11959/j.issn.2096-0271.2021016

Virtual data space system for national high-
performance computing environment

QIN Guangjun', XIAO Limin*®, ZHANG Guangyan®, NIU Beifang®®, CHEN Zhiguang’

. Smart City College, Beijing Union University, Beijing 100101, China

. School of Computer Science and Engineering, Beihang University, Beijing 100191, China

. State Key Laboratory of Software Development Environment, Beijing 100191, China

. Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China

. Computer Network Information Center, Chinese Academy of Sciences, Beijing 100190, China

. University of Chinese Academy of Sciences, Beijing 100190, China

. School of Computer Science and Engineering, Sun Yat-sen University, Guangzhou 510006, China

~NOoO O, wWwnN =

Abstract

High-performance computing (HPC) environment is the core information infrastructure supporting national scientific and

technological innovation, economic development and national defense construction. High-performance computing powers
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around the world have been building wide-area HPC environments based on multi-supercomputing center resources.
However, in the high-performance computing environment, there are many kinds of resources and wide geographical
distribution, which cannot effectively exert the aggregation effect of resources, and it is difficult to meet the requirements of
large-scale applications for unified management and efficient access to wide-area distributed data. To this end, a complete
set of technologies were proposed, which could be used to build wide-area global virtual data space, including virtual data
space model, cross-domain virtual data space constructing, efficiently migrating data in a wide-area environment,
co-scheduling of storage resources and computing job and cross-domain high concurrency data aggregation
processing, etc. Based on the above, a virtual data space system has been developed for the national high-performance
computing environment (NHPCE), which can effectively support the unified and efficient access to the wide area
distributed heterogeneous storage resources, and the distributed data in the wide-area environment can be shared
and cooperative processed in a cross-domain manner. At present, the system was experimental deployed in NHPCE
and three typical large-scale applications, such as molecular docking, genome-wide association study and weather
forecasting model, have been verified. The verification results show that the developed technology and software
system can effectively aggregate the wide area distributed storage resources and meet the data space requirements of

large-scale applications.

Key words

high-performance computing environment, large-scale computing problem, virtual data space, wide-area distributed

storage, unified namespace

PRI PR TAERI IR S5 HLA, A R0 S
FERLART T PTIREASE | SRk & A5 R
RSS-S0 e ERE T AT B T— A
FIRHL LA G LT, BG83 By et

1 8l8

2021016-2

e PERE TF L BB 2 S i E R R
B, G R R BB R AR E B R
Wi, A ae v LR [ Gy oy R R T
ZBPITEFO (LU R B D) B
A B e RR T IR EEE ST
B PR R 5 TR R BLEA SR (extreme
science and engineering discovery
environment, XSEDE) , §fF &% 8
—HIEM R G, R AR 25 AT B
W FR gy et SR s A Lk A
P RPN 327 5 ) DRI o % o Al 12 it
(European grid infrastructure, EGI) ,
HA 2l i a5 FThee S AR ML
NP EIRCN FL A B 78 A0 B At it s 42 AT
TP o R 25 T S e ] R D
(China national grid, CNGrid) , i@ &

RETIRDT, S I PR RE VTSR ER I, X
THEEEERITESARNSE KR ER
LStk R A A I B
5XSEDEMEGIHE, CNGrid AV #
REAS SCRPRL AT ST, SRR 2 U Y
A IXBER IR T R MR S RE T,
INTFESA ety e AR AT L VT
7]\ ZZHANAL BRI RE 7o KT, AE) Im ik
RETF S IR T, S O AR R M A
S3HL, BHEEA R B, ORI A A
T A5 A T YR N P DL G — A B R
AVET, N RS BN, ML 2
KA S P 4 R B IR S (R 75 3K
e, anffe ) I R R T L ER B rh S
HOR RS — & HL S, A RO R
BT, —HE S m R T U i



TOPIC @&

103

S, XAV FEF RN . R G K
YRR IR, R R IER R, RIS
[ Sy A
CNGridHEIE &L Fra /il H i
W BRI B, (R A A R R IS 24
AREEESME RS — S, HEMY
(A o 7R SCEF X B 52 vy 1k B8 o ORI 4R T Ik
43 A i e PR I 2 6 75 SR R K T B N
T 55 358 4 S R AUV 540 A [ 1) S s 75 22,
X b I BB SR PR B )T I AT R GEEGI
OneDatafIXSEDE GFFSM, M i
RERE RS AR, TR &5
AR R B . O R BIE SR S A HE
CNGrid IREE R FEEF LA FET R R, 2
VBN H ) I A R R A R =S
(A e ARIRR, IR T— A8 T
T 2 v 1 BB T 5 A B ) R 400 4 A 1]
ARG, BENEEZ SRR AR
S PLEE AS AR AEE ORTF B N A
. NA A, TEERRELE 55—
L A E R E R R IR,
2 3E TR [ v 1 BB v SR A B N B A AN T g

2 EAMRRIRK

FEI 8 2 )3l v 1k R U SR IR I Sl 3 [
FEEEAHT . &K . HPE iR izn
5 R, & R E TG 1 s S, 1
Ratkfeit BoRE S G @ik R T 2B E T
DRI B I RE VT SRS

FEE | K H AT REUEHE 2= (Al R 5¢
FRAEHARTT I T 58, EEEFR RS
2 TeraGridit- &P HE 22 XSEDE T
1100, DAKZ KR 1 o 4% L At 100 B EGT (R &
NEGEE) ", R a8 HE IR
FRLTH R R G0 RBF A &5 BB IT T
=, (HTeraGrid 75 & H % FH &iE M 4%,

EGIR k& mg—EHE /1. K, EGI
AR R G /& OneData, 5| AT “&
()" FA LA WOMES, B UFHh BRlc T
EGIH 48 I8 a3 A 19 52 2 1k, [H2 R
ST A e T =, TR 4R
HER, REY R % XSEDERyEE
filh A7 3R 58 /2 2 S B S 2 48 (global
federated file system, GFFS) , R HIAHL
AT Z e B R 4l 2 S B T S A A7 A R R
RE, HETETTAREPEE, 78k
FEMCEIR B BR B, 1R TUETTHL
Pt S B o ME RE R A, PR EE T2 B i
V=302 %5 (cooperative file system,
CES) . A4 Je WK a8 5 F) 43 K2 11
OceanStore™ | AL kK22 Kademlia!”
SR R AN i, (B0 5
GHRPUFHRFNRSG . B RAFW
SpannerSCHL T FEAFE RECF S T I
B Hs PEAF B, BRI RN A A | IR
GELL T E R P ORI CalvinFSR G,
INFE e WK A it T s 2 =
SFEBISPANStore R 4i12), 8RR &
JEHE T24Bei% T T MetaStorage 2 45119,
AR R G B B A e U, (H R
TF T BB Do 2 (A dfa PR A i), ANad
T AR T BN AR o TR AT WAS
(Windows Azure storage) Z G i
N7 IR 55 AN 42 5 i 44 25 (] B S A
SRR, (B R s =, A
PR F LI T BN Lustre-WAN L
PRGN, (AFFL M R HARSNE K
SR T EE M SRS Gfarm Y, (5
AR A AT AR 2R A M AT B = M BB AR
PR R IRAB I T A EHR T A K o

P R K UL PR 23 (AL R 48 ARG HEAR
IR THAHS, R TETZMEA
HUO I E s R RE TH B ER B, SLEL T
THER I G —48 B 4 /R BT, (H R
SEIR 43 BUEF o ot U 4 R B e 23 (RI DA M A

2021016-3



104

BIG DATA RESEARCH A#ifE

2021016-4

ST A FTEEE . PR RS
Rl 22 B vt B AR FE T Wil K58k
FAWE Ay L, Bt T e S H =R A eI
IR G R G PeerStore Ml m—Store4E, Jb
UL RS | AR IR A] L TR EE
LR S [F] BLE N SC B T T 2 A AT
B R AR T AR R e
AL S TR K2R 20| R E R BT AL
LS EFSENINTIERIE Sy S5/l E i ey
G NS AT R AR, EEX A
SERME | B AT N 4 A, SCEL T
SRR SR AR BIX B 18N P 4 R ADL S A (]
KRGS ARG 5 2 EOE O I 4 e A
S ZR G55

zr b, HETE NN 8 S AT 7
PERG . TR SR A, (H R
AR SR O RE SR PR ) T A
IR 2SR B, wF9eqE) ik ae vt
PR HR o Sy e R UL IR 23 TR] A 7 SRR G
R R HLA B I S B SR B

3 EXRMEITERR

3.1 REIR

P B [ R v AR T S PR ([
RMIEINEL) MR EE R L E L | 7
PEBR | MO AT, R LB O A
OFTH ERLE BT B 25 SO A
FEAL A, BB RETCE 0 BR
HPIT F RO ER B HE O,
PIIERERK PRl R 1145 13
TR, SOt EREIE200 PFlops, &L
FEREZARE160 PB, 20204F 50 E 5 # 9t
PRSP ORTE S vt S E L O

HERFEEENZORF R —
I IR (super computing
environment, SCE) P& H1EEl A BEH &

A ER ST R AL, AT Aja i sk A ] s
PR T AT R, SCEF2E
AR R S %4 (front server, FS) fiidr
HLlZ 4545 (center server, CS), CSfaTtil
AFSRENSLER, DIRE 2R &
S5E MRS . HURG RS E RS A
E5RR RS I B IR SS  L 4K
W DA TSP B A 1 ; FST st vtz A5
W ARV S EE B S E R, — 4
THRR PR PRAT 120, W ok B 258 A
OIFEIEE R, FHEREACS, PLA TR
HCSHIA R TIE K

A7 BRI i A B A RO FVR AR B,
AR EE WL B2, ElEAE
O BRI 43 T B XA X, SR A
AR S 2 G A 748 BT AR AR AR TR
LREE, TR, FFEK A EE
NP B B AR AE v AR R A T
B B AR R AR AT RLIX, fF
M E R E— S R G g — B, F
W E AR HSRE T IE T X T a7 R
R, SR IC R — A+
O, T A2 BUEA, ER itk re it &
IS EH O Z A B R B, Joik i
B PR R B i — R EE

AU, AR 2T A E S S AR T SR A R
L T ERIE T — L 2R, (B
R EL BB E YR, B2
P FE TR UEIE, [H TG O S B AR 1
B g — Uy M SR =, N AR A )
Z IR T IR, T TR
B BTN, BTGB S
TR PRI B, DT SR 4 5 B8 ot YA
FHRAREA R =

3.2 KBV HREMLIE S RER

PNELCN A N [P O e RSk /K =S NN o
BES7. MRy R T AR SR R



TOPIC @&

105

T BT S o, B EAE
TR AT, T AR R T A A S
TR SRR | Si— IR A, A
T2 e B FH B RILASE, 32 e 4= 38 48 B JUR
o AN, EYE RS ST 28N TR
HIRUE R B, i F RAEAEBPBYL, H
s SR B I R R A A T SR AL R
T, T A0 =) FR AT i 25 ALAS 2 LA 2
IS5 2K, ELAZ 310 ) 485 00 7 5 A i Fh ) PR
i, B ) IHOE R RCRAUR, WA
T AR A7 25 B A0 e 200 ) IR A L R
AR T 2 B AT AE R G A B LA BT
Jie; REM SR W AR F EERIHI,
H TG BT 5L RE T M AN RE A RO e
5K, NN B R ER AT S5 AT R ITANRE
ARG AR s 25 O BRI B e ik
e, SEBLEE -5 T A S5 B U A A6 )5
AU BERE AT AT e 26 B I = 80s 175 <
ST W N 2 B IR, e
Z . oAi), HINROEEERR, RS2 2
0t S IS R PRI A, ESdh s [l I B 4
1%, SEBLEST BN 2R G A R A
F T i eSS A PR BE AN R o

B, Bl a8 B M2 an 47
TR TR S I K

(1) 3Ky 5 36007 i 0T I 58— 5 BT
V3R]

H T B 5 e 1k RE T S5 R 5 rh A7 i B
I ARG R B R, RGO S T
IR AT B BN G — 51, 2L
HHE T OB IR RS AL Z A
DTCIE P R AL B A o R R AT AE D) 22
B AT IR 2R 600 R B A2 ],
FrER s S — B R BE ST

(2) Ry A=

fEm BB P b R To A L
5, X PEENE, AR, HRSAT
EHRRE AR SRR )RR E
IR, ICRSE R DI E,

PR AHE 2 AR R R T, VR
F$R At —ulh X B R L =R 55

(3) SCFEFE e St SR Rl

T PR R T SR RS T A S AR
o A, ) S B R T S S5 A
e LS G B AT, 75 SR IR
RE AL R =2 Al S IR E K e it ae rh S A5
WA, DL R S 22 (A 5 E 57
AR B RS B £, I R O
FCRE IUET R 25 (R JR 5, $ AL RR g I I SL B
Z A RIHLE], ELREAR 4 V1 AR LA
R AT R SR A2 I 55 5 £ R AT R A,
T SLIAFEE IR

(4) FLFFEE IR R R A AL B

9T R T AR A U (AR =) 5 8 T
(A1 B8 7, 5 BLRE N R 23 18] 5 5 H Z [AT 1)
I/OF A 2 HEA TR AL . 6 i 5 2 U v O R
R BT R SR A A B T R
KRBT FER o BRI, RS 3 B3 PR ik 21T
RET WA, T2 RS B S
PERETT LA 22 R], DA 2 R A v B[R]
FERRASE | PEREAN TR A A = _E g2k,

LAk, IEEFIE M5 TS, I ROZ A
W A A R SRR TN B

o ]S ICEN BE HEAT SR A A A A 4R
1, BHAF 6 S0 2 G0 bR o] 72 18 #24F
Z %P5 (protable operating system
interface of UNIX, POSIXHMY) , tnEdy
NS )) N ] =

o Ty [A)] IR ST Y B S N H
8, HAF G U R RIFREPOSTX ML o

o W AE)T IR B A gy — P e S H
5, HABPRBRA]

o FPRPE L =R E O HALE T E
I

o FPRFEAANELZ A BRI AR 1L T A7
B — ez M EE TG, Hees—wii
TR

o AR IE R VT R R HE T LA A 4

2021016-5



106

BIG DATA RESEARCH A#ifE

JRBEIR o Bl 2R

4 BETEENSESE

B TR B B Rk 40 2 R 11
HER, SR B IR AU AL R A% (R O AR R
PRZ GG BRI IREA A BRANTT 755 5 T
THR TGS, BT i BB ot
RE I TEAR TR AT IR | TR
SRR YR s B RRR A AL
PR ICHE R AR, T AT 8 B R R 22
RS, FOCSEER Mk B s
MR GEIAT TR B A S Uk

4.1 EMHIETRAGRSGARXEREAR

411 EMPR/TAEE

X BL. E IR ST R R AR
W, AR RS Foks R EEKXR
RN P, JE I AT B R 45 5 SR R0 N Y
FHRTT AVRRAE, 5 )i 2 A o o2 Y i oA
T, BB IUEE 25 (R3S
ZEMA) RIRPYEL R, A T E2 2RI AR

1 EMHETERE

2021016-6

AR, A LI R.

HEZRAE BRI,

o L HRA A ST X & (AR
MM AP RN, £
VAT I AR 55 18 30 R S 25 1T
g/l

o JIR 55 T[] AR HR AL A FR D REHR
55, WU PR R, DXOE L, AR R AR
L PR BRI TR A

o ZE[A]: X3 A A fiff B AR
BATMHEREG ., RERE. ERREITK
4 R RE AU R 25 1]

o T I, B R A AT A

4.1.2 EHBBZRRTHE

T AR R ULEL P 23 (A A Y, ) e 1L
a3 T2 R IR, TR L
A E IR, FEAFGEREE . &
[, IjSSE. FERE, 2R 7R,

o R WE A TOIIAAME
U5, A TR A AEAS [F] (R M B o7 581
HigHRB R,

o ZX[H] 2 JE I R B AT
o PRARIK R P BEAF o R PR IR L R D
EMRIRR G R RFHRIFEREG, K
Tk 4 S R LKL e 4

o JIR55 = PRALEE A B LA IR 23 (Rl A7
IR T AR AR T R, FEEEH S
B XEUE B, 23[R RURRAE EE 1T ]
] B HURER S, JREd s —
R LA S5 IO A3t

o R FEAIE AL H (%L
BRSOl AE . A TR REE B ) |, 7]iE
TV U R S AR e AR 55

4.1.3 EMBRT ARG EREH
FFASCHR A BRI 22 7507 50,



TOPIC @&

107

JE UL KL 0 25 TR AR 28 65 AR AR B2 b 3k T D %
R ZHEE . IRSE . EREANER,
WE 3T 7R,

o YT AT HJRE, EEREA
AL S R 0L A 1R P B B L 1%
LS T AT A IR, A AR BRI
AT A ERERA B A Oz

o AR (T B EL b, BidRE
JE 2 B AT A R, TR e SRR
A3 W] o IR ARUCR P ERAT OB BT U 2R A
JREAE R IR G BRI A
TRR G U7, LB A SR IR =
B [, SRIF2RA w2 AT A
T3 WS A R e B R B A R T

o fik55 )= PRk RE S A2 (Al BE AR
55, WAL AR DI 43 A B A 42 75 DI )
IIARSS 5 XIS [A) o0 FOAT A P2 DI o
ANAE[F] o BE AR 555 DX 2 AR B AR 28 42
3t DI P AL RUHE 22 PRt s B 1Al
A8 3 ST E I 5 [ (0P AT 2 7 5 4 G A
SR TT TTEL AL A AT A1 RE 5 BT W]
98 2R 5 IR 55 T R AL A S5 U5 1] B0 1
ISR, DASR R E A R B R T
AN I OSiTR#E=E. £
HZHEITIB MRS ERETE 5=
XA e S F LA AL I AT SE T
T PSRN 1 2 22 4 3 R IR 55 5 A7 S P =]
JE SRR R L i T N AT 550 = P [T Y
xR VRNV FE IR S5 5 D5 A4 IR 55 9 AN W]
82 R O R UL B0 A TR R 42— 7 1] 42 i
AT RSO P RR 2 T 5, IR R
BEA IR R G AL FRAE SR RN IFATL/ O, LU
PRI R I L/ O 1, FF R
A IR TR, SEAH R AR

o MR EHAUTHIMI LY
A, IR B E RS BRR
[l U S5 ST T, 1 R A R 55
RIRAEHIIR SN RE, &R a2 A
FR e B IR AR AT A A B

(7 R e A

i IRl | B 3 | BT
=
Y E h- = -

98 | e L3 || b || RS
gﬂﬁﬁﬁﬁfﬂﬁ Wt g | v | e

L2
P R

2 EMHETENERLRT

(E N

N TN T

5 y,

e N
4= B E A AL FIHE R

(o ] e | S

E(m%ﬁﬁ%mma) (BB S ST R ) ( shiterdin )

|l

o) || (s
i) || (o) [ﬁz‘;bﬂa‘wmﬂi [zﬁ%#ﬁ] [’ﬁvﬁﬁ%ﬂ@]
wents ) \_scrtini ) Uneonass I

A

— —\ (5 T o5 (et | (Zwie
? Téé [iﬁ;ii%ﬁﬂ [ ki ][ i
Gt it )t

- ARSI SRS U
e ) o )\ ke ) [ﬁ%#%kﬁﬁ&}[ﬂ%ﬁﬁLﬁmuJ

=
i

ISR
me

BRI | SAT5 R

Gertetipenne s —{h A i )

s
il (osmtetipennsss) (osmtstipennsss)

& (meimrmses) . (emeimrnes) Goueimnneg) - (e mrnes)

- 4
? A
% [[ ) - (er) J [[m%mg] (e ]J
=3 [ s )

B3 EUSEREEREN

41.4 EPBBEZTARFEXBHEK

TE AR S JE N7 1 R UL 23 () 2R 18
BRI F8 ST, 5 AU 5 35 R H0 40 4 =5
() ABE R R Ay 3 7 3 L R UK 4 A3 ] AL
PRI 5ER 7k BER e

2021016-7



108

BIG DATA RESEARCH A#ifE

IREE A i RE L s 23 (RlE A T S ORI
] B0 TRY 1 P 1) R AU A PR S (Rl B ik S g2
RANE IR AL TR, Rk T—E A
[ X S 7S e ) I A G Y S A P Ne |
TR FE M ge RS, BRI 5
AnEAFT~,

(1) B4 R FU R 23 (Al A i Ty v

B I8 45 BOAE o OR R A G — A B
TS 2T A FE 5K, 885 IR R U U =5
(B ERAGAIY, e) 3al 73 B8 VA A7 4 B R
RN E IR, A | JF s T
3NEGFITRE, M5 A H a2 (]
— B HLAB 7] 5 Hh g2 — 17 (0] 5 4 B Y S 8
MEALE R 25 0], IR EdIE AL BEH . &
ISEZ €/ i e | e X W o
TeE IR SEIER 558 T, DUk 5 35 5 1L
A IR I G — 48 BN g 2805 R] AR, A5
ROR AR R IR ZR G RN o A I M R 26 s 1Y
RGN RFLAR, ALY #5350 ke P i 23
[AA 77 b OneData B8 N 7/ AR 1
A HEE ST, HeGlarmBG N T/ FREL s =
A X ] 468 /7, HECalvinF S#Y

TNT E AR IR 5 P R S K S
AR ST FEME RN, T AR
7 R JE ) B B U B B A AR A
2G5 Al b B A A B . A Hb R
SR O e B A A o R B T I 4 S A
PEUE T T, 435 AT IR B E B T A R
HERE196% . 86.73%F184.3%; % J i
TCHLHE N HE RS T i i e D (least
recently used, LRU) fy#R 2RI 1
H3% (directory—directed prefetching,
DDP) TR B . LT #EE & (variant
probability graph, VPG) f T HUSH B
FET Apriori SR U S5 1 1 B SR I A0
LT 5 PR B Rk 1 I R 1 43 ] 92>
27.8% . 32.5%.19.37% . 24.96% . 22.17%
A~ 257 7 [R] B[R] 1290 5 24 4 3l — 2501 19
It Raft-log 42 ms; G AE ML
(queries—per—second, QPS) L Raft—log
BF364%, AT MaterSlave M Tintrigs
Fg0, JFH S A Al B oA, AR
Hi B Ay Hh 2K 51 68%, 15 B AT [A] 3%
TFRERE32%,

T 005 D 4 SR 2 R 5 B g |

TP 15 O ST HILPER T ] A BERSHNEE | EN

A MO i1t H B By 2 2 IO LR v %

I I

_______________________________________________________________________________________ ar P

""""""""""""""""""""""""""""""""""""" e fie |

szt || v || wrimar [ epswene [ 4| | |

TEBERIONE || SEENE || MERORE || SeRUR SRR s || | | | X

5T % e R e |

A e e L ETaART || SR A

ey || B2 LA Aotk P Ll || AT o (g

M| T o g || H
el A e i - ) BLBLERS 2 5 ‘

i ik é%%gg%Hﬁﬁﬁmﬁgm RESTERANE 1| smEnk 2 W |5

S 75 3% [R5 3% “ : || L%

e o s 2 e

[ R e }: Al =z i

- e | % i

i ] %

853 G ”[ﬁ?ﬁﬁ%%ﬁwﬁﬁmg H W

ST RRGEIR R A 07 e TSRS T ; %;

‘ ‘ DR R !

5 UM AL B 2 DR R T e Ty ¥ ¥ e BT T i '

20

B4 SHETEENSETEXRERA

21016-8



TOPIC @&

109

(2) TR R B = RO 7k

0 R I AR v AR B BT
R AT D AZ BR PR, SB35 IR T P SE T
T 96 A2 BRI B8 = 3T R U7 R, K2
IZE PR R G AT o SR 1 7R A]
KPR R, PASh& S A A& A ¥
T3 R K Z I AT 55 R FAL Sy o8
aHe, AZTCP. Ak I REHWEFT
KT A, W2 T 9852 PR T L
PSSO 75 5K, A 0T £ .
FHEC E A1 R 26 #1883 S8l AH SR H R, 2R3
A A S R R S RO R T T
ARG ML, HhGfarmFICalvin FSHE M
THAET S i TR ER ST, [WGPFSIGINT
Hdw X 4 FA 2 Bl A B 7 MG T30
ARG, ARITTENET IR F e
T12.96 1%, SLEG R, SCARRCR, ARSCTT
18 Har I BR R AF, /NSO O A% B 14 B A
T M4 (L5 aE I 356%, HIM gt i
AR IR

(3) TS FR A S O R T

FON TR TR B 5 S A R
A HR R B R 5K, BB ITR T T A
AT 5 S M PR i BEsh i B 77 8, ¥
HHOO TR A NN, 21T BT 55
FE TG AT B SR A HEATE DL AT
VA—4k, IR B[R] e A SRk S v A
S veIs i v EE B, DUA 80k A
SR IR BB . Sehe 25 0L, AR
SCHY AT R A R R R T AR
A A VLA R AT o SR g R
AB12, AHECE AN FZE B 3R G, AR TT
S P BE T S RE VT R B TR A AT
PRI A P I B A AT S RE

(4) BIE T R BIR R G A PR AR

X R UL Hhe s [] B S A | K
Jaim T K HZ SRR, E5 MR T
[] 575 3 v I R B0 e A = £ s 2R S A
HRHEAR, DCHEL Ty 8 57 Rl e & i, A

1 IF R S 2 LU B I AR B AT 55
FETE OB 8 3k 22 Y v O R BRI, oAk
T [ S S PR SR T/ O 4% 11, /2 T 5 3k
AR RLIRAT 755K, AT 0Kk R U =3
(B R R FH 8 IO AT 1 S e T TG
E AR R R G, BRI AT S
FRAL K 22 B AR SR B ) A7 S TR 1R 3
FERE T, BEEE TR VT N 2 A PR, SEE
HIn RGO, B THEE A, EERM
FH I R E A 1 KR AT 2> 38% ~71%,
A HR R L B N #2247 (adjustable
replacement cache, ARC) FIFi BT 4
F20.7%HN28.8%, SCAFAIE A2 T
17% ~ 93%, $hAT I B 37% .

4.2 EMHRZ ARG

4.21 EMBRTRRGRA
FERBEBORT TSR E, EE TR
T [ e I RE T S A RE DU A S (R R T

PRARGEA | Sy BRI G T ¥ ut B A s
TR TV A ST R R Ty vk T
RHRZR AN OF: A5 20 2 17 G
oA, e FE S T REE A, B
HARAE . ZOR KR 4 ZRIAZEL0Z
THEEEINGE . 2R G HRRZEA QI BB R

EF R AR T R B A3 (]
REHERE R, R Webfilar 41T, &6
Fr7R

Web FLTH R 7R Tz ST [R] L % N\ %6 i
WoE, A AR RS TR EE. A
B, RRESEERE, DGR A4y
DL fr A TG 4155 4, Ak
VEME AL DX 4 L 23 TR e 4 3 o
frd A EAH A S P XIS a4
&, S mE I EL

MR EFRFEZEGE RS, GVDSHAF

2021016-9



110 BIG DATA RESEARCH A#ifE

T EPOSIX}}II:I( !
() (R - :
1 fx ! IJ!K);{lx. i L AR Ak
5 D L il L
T A 1R )
E o S Hl IR | i
: SRR | WXy e | EBAPL TR )
i ZEMVOEE| 2 /s A By - Vo pie —
L e | i AL | ARG AT B U omae | g 15
11 N ot ! Gt ALY DU e | e R
N g | A (EHbh i FRETREE]
1 LT S B EAEN ' il Bh_ |
y [ s T LILRIE S IR ! g} g
i o SRR | [ b axore D1 RBRE ) [
o ( i T BT S5 B TR | e DAY i I?]ﬁ
. HJ)”?’?FIW!Z&’E}’}‘}M&U&] L o i g | B
R —— — : | I ' | e | X
| TRRET ZRiZR : : B 5 SRR D) gy | 4| 52 E
i e € !
i IR N - 2 TR A B L
B [ Wl LR ] VR LoLIIIIIIIIIIIIIIIIIIIIIIIIN R L |
o : L : : B 2 A L 5
| K| ! GVDSHIA i B b %‘ (b
X S : '\ EnE G | e lefiB
N wws | e SRRk e | L 40
[ ' 2 1 i oy 7 il L‘ 1 “—L‘>
.. L [ Itk ] [ lil 7% :

S I EZ TS i CYE 5

[ GVDS OftH {T:%a‘)im’f‘;il}&]

B5 ELHETEARSNSEZM

SHERME)

(a) AT E (b) Web%timi
6 ERHHESERERE

2021016-10



TOPIC @&

111

®1 @LE0
s Uit i Ik
usersignup FH P Adspdeduct B 53 A R e S B
userlogin JH P e Adzlist A LB AR DO
userexit FHP Adauthsearch BHGA R R A
usercancel AP Adsprename FHIR A M EG G
usermodify P E BB Adzrename B X IE By 4
usersearch HPE R Adcam A B RN TN P e £
zregister X I8 1 Adspusage AT AR E
zrename DI F 4 Adzshare G X AL =
zcancel IR Adminsignup B O P A
zlist XIifs B2 i Aduam T G o T T S
zshare X duf = Adzsharecancel G XA L S Y
spadd 23 [ MBS 0 Adzadd T HE O D N
spdeduct 2% V1) Wl KA Adseepool HHAEG M
sprename A EAm A Adzcancel BT O DX A
spsizechange 25 A ARSI Authsearch PR 2 1]
spusage 23] U A Listapply LR A TE SR A A
adauthmodify LA RS M Centerdelete e O N B
suggestion BFH RS A RE R Rd Vi avelyilli=S
centermodify EEALOME BT Rg A7 IR S
centersearch EBHEAEEE IR Rq TFE R IR
ru T O S

SRR BRI RE . FERAIRZR L,
ARG TR AT | P AS (A
H TR ISR O S B R, T T
FERMBIARIRE; FEDINRE L, RS
XPRAGUHLE, AT, W5 TeRm AT
23] AL | ZHRRIARSE 100 E
EIIRE, OB T e BRI RE AR, k2,

Jir S IR R AL U8 22 (R4 & SO R
ZEPOSIX R, Al I mount fr & H £
FRA, LR 2P i & 58, Huiil
Bl TS R G fE Lustre ., Ceph,
GPFS. Gluster., MooseFS, ParaStore%:
FFEPOSIXARE S FR ST HAT, GVDS
CEE ZZ MR T S PR BT 6 1) 3879 A

+*2 GVDS 5EFREEARZHIINEEXIEL

It

GFFS

OneData Gfarm

CalvinFS

EESEIE Sl

(e G|
Ligireswdbay

B AL IR
B R L=
Zi—yrlaEEn
Bim e anl Gt
e 15 2 44
GATYIHE
EZERN

<<

LA K|2
)
wn

x < x

<
<

L x
<L <L X

<L <L x

x <oxo <x L L

< <L




112

BIG DATA RESEARCH A#ifE

AR, WA B P BN S A R, JF
FESL A RN B T T ORTE N . W)
R, SRR b, 5 XA R
ik, ﬁ,%dhﬂﬁiijtﬁt%“ 5 35 5 L
I A1 352 EOHE 1 BB 43 B X PR R G 1. 365
F11.61%,

4.2.2 EBREMEITEFRDES

HAr, £2H5 RN RSGCHEZ &
Re T B IR PR 12, MEE R 23 (A S0
FPBERIUT AHE FSRHIRES TXUAS AP,
PRALFETHT TPy E & itk se 1 FL A 5
IR, ELAE SR R AR RGN T | BRI

4o TP B PR R 34 K AB G Fp
O (E @& IO BREI T
RO EEE IO AP0 (B
AN GRS A5 (R E RS2 BT LN
e fF R (PEEZ ML TT ET D |
g gt G (R EE R MR
TR ) o AN, WAEALEM A HIUR K258
EJE%B% TERT ) 306 4715 s il 3 56 TR B
5io whE G An BT R o

JITA RS ERE — B LA, 2~34
L/OREET AL, DA —FE Lustre 3RS,
AT, BB e uE R s el 49 % 1.57 PB
AAEZS A, RIS O TR RS,

H i, @?Eﬂ?’il’ﬂ’ﬂWebﬁﬁ&%ﬂi%JﬂiiU

BABSE R, MRk SS F 6 A0 2% 28R [ S AR T s “ IR AR IR B T
55 FRALRE LB P 25 (R B s ) 25 360 | 15 (A0 N IR AROSE &, Al LLiEiFAROSE
R D m ﬁnﬁiﬂﬁﬂ%ki q@ﬂ%ﬁﬁmmmam

2. [ o,

i '_{_?f_”ﬁ’_ﬂf 1_/(31};_5 j"_"l | BB Jd“’

Shi ﬁ_fﬁi 1_/(1@1_9'?_#1 B A

@W %@

o s%a;nz s PRI i gt A e W
)
@%ﬁi&ﬁ‘ﬁf‘}ﬂ*'u lﬂ%iﬂ?&frﬁﬁ{ﬂﬂtu @%ﬁﬁ}fﬁﬁfﬁ*:u

e fﬁz‘*i"i ‘_’9‘}’?‘}*_*_ M;W Shi f_fi‘*?ﬁ_ _"9‘}{9‘_**_*_ s k;ﬁ e -ff_gj*f‘_‘io_ﬂfﬁ*i wm,ﬁ
i S B X WA Bl i P i e S i X Y
7 REHLERBER
%®3 BERNENEERENEMREERE
IR % Ve i
R R R BE T LM 255 B 112 400 TB
BT A 136 2TB
ESE e a7 R Nl el 192 300 TB
= R B R G 148 282.6 TB
= B e 64 96 TB
AL HIR RS 432 489.4 TB
Gl 1084 1.57 PB

2021016-12




TOPIC @&

113

A NI IEZS A R S Web AL
AROSEN-5 42 5k anE 87

4.3 HRIRT AL

T B IE K UKL AR A 16 B 9 52
PR, EHEELR R IR T Al
BN P 1 3R 56 HIE T . s T 3
5 B I 10 5 AL B | S R R
G 3 T BEALIT R IR BRI £
HhC R R AR B L TR R M 3 B K4
Qb P 425, R R R LR A A B AR R
B B E bR U R B L SR A TR A
B E T RN 9T R, L I 4R
Gi— WU AR SR L T R e S
SFHEENROIIRE

B ERT, CARRIE T A EEITE
(45T BRI P L A PRI S I3 1
ARG e Fi s B, B 0 A B e 3
R PR A BB, B P LA T,

(1) 45X 45205

Gy F R — T T B S
BSNS54 FRA RS AR
IR /NG 7, BeAR /NG F IR H 2 4%

P HC 1 P RS2 AR L £ 3 B
EEE RN EM AR =B R % T, 4571
X4z N FH AT I3 A SC I 2 s EUR SR A R
71, WA 4y TER N B 5 ERA Rk,
PR R — R IE, BRI
RGN T AN F RO B , R B
A AR AF B BB LR AT 55 B4y
R ES N H s BT AR R S G, DA A 4L
PaIEFe, SCITH A R EH B 4, B
S UE LA E 10T 7 o

1% N AR 56 R RS89 4419 5 5B
B, WAURSE R, FAEEIAE] TR
[3.071%, A AT T4 1% 42 0. FH 1 H4
iy c

(2) 4L A B4 HT IV

A FE PR ZH I 437 75 LA BRI HABI L
I, R R A AR TR, A
K Bk v B R A SO, SRS A BT
PESCAREE IR, HAS PR e 3 B F
FEANEHR, TEE A, N2, i &
Bk, —fAEJLE TBEIPBY:, 5256 i F 2
I TG R 0.1 x B, S256 21 1P
PHEAANBE RS2 9260 MB, MIFF10005A
(1) 5 DR 2 gl 75 B AR 3L 10 O A 6 IR ST,

e 2 -
1 *-;" | =1 o TN il it AP
] 2 S 1) P PRl
r Afinity iﬁi’ 33; - »~
FiaTlk= LiSEE T U X BE> GilRES
EE S EE EIE
K SN 2 1)
o o o e
-\ 1 ’\35 |
EDAES SEYERNARST chu BB S | EEEESE |
X HHEESHTX | I
i 3 EE | EE !
R e 1
8 AROSE LBEER

2021016-13



114

BIG DATA RESEARCH A#ifE

( SRS )
‘; = !“ N : "’
RAFUHRER PEI H AR R IR XY SEIvAL]
< T Bassk
BB .
SR RHARR MR
_ O '
S B
Ty :
|27 o= ool | !
ﬁ@ﬁmm ﬁz:’;; @ﬁll v
) AT miEHk i
R UL 2 TR T AR A
2 JmgE— e TEGR VS ) )RS
IS () ... B
e BESREMRL ] |
L RRETEN || EMERGENE | MORKMMA ] EEMGRETE L
L sEED DL GWRRRE D[ s | | SWaERadm ||
""""""""""""""""""""" > wwewm
IS8
: I r‘ijim] HI wom :7. e
EZERI AR L] |[HFERFHF RO | BB AR AY: |
B9 WiFSE
root@IO0 1:,/mnt,qus/:om-:-."q: er’vuvail)en«hmavk:—‘_is
1t vina vina.cmd
1487
484
LN Bl

(a) $hf7idRe

(b) B1THF I

2021016-14

®10

D3 XHEN R YHIE




TOPIC @&

115

B E IR JUE T B #2600 % 5 42 v 5
1x, M IRETHAPBYL . AN, 4587 13 72
RV 0P g ol = A B =Wl |1 B 7 NI 750
SR EFRA SO, F T T S TR A
TR R A e, AT AE R P 3 38kt IS A4
A ERTT R o X RS A5 [ KR AR )
fitty b, SO SRS HLEE 0 o 0 i K =
SCAET [ AR T AU bR IR 55 e I 2 T 5
NAEFAT XA FR G, SRR
55 i, TCEUIR IR 55 A SEAY By i N IR
X7 5, EEAERRE I F T TR
SIS, BB 1IT7R .

W, K2 UL I8 23 [R] Dy R0 g
AR R R AL T S, — T LB
TAREE SO PR AR TR s, T
HEZ R TAEE L=, B—J7 N 42
BT Z A @A O IR BRI EE T, It
R — LA T I AL A L DURCERAE, SR
FAEE W REMLG], Bt BT 55 o kR B 2 A
RO, DIt

(3) KA H

KA 5T (weather research
and forecasting, WRF) f& 7Y 2 di 77Y ffyrh
BRI RS, BT
RN, BN, HitBmEk,
AR ARG, TSR AL
P CASCHAE i o7 2O R B O & — I

SRR EAL, DT SEORE A M P U
AR, AR RE TN 70 2R 05 SR AE AN T
P, XA T SR RS

Sk R R TR E R R W RE LY
M, AR RN XIERE 2R | A
G A%, 20 o A% 20 A ATRE R R AR
PR Z AT R AN A2, TR A0
AFAHUD BTSN (R EE 2, 4806 B R 5
IFIAD, DUSE Gy R A 25 oo O DT, B
[ 5 R RUBE 1 3 SR A R TR, B
PRANE L2178

JE AU 3 25 TR ) 22 g RE DL 1 o 2
R AL AR B S LB 25 1], A%
NP7 55 DA ME AULEL 35 23 [RI AR AL A o 222
LI, MAME AR 2 18] 25 78 i it £ 1 4
B SE RN, AL SR i s sh e 78 A
1o T8 K ARG A [R5 (R] A AR A0, %K
PEHEE R A ROT R SEA Bk, BT
ARG AR R RE T, AT DLHE R
W AR [T 550, Bl (T 55 [ A 0
iR, ISRt IER IS, R e ) ey e
(EPARER

4.4 RGEMRELLZS MR

T B R RE UL s S 1R AR G i A A
P, BH TR T RESE Gl Ml

BN =EREXEKON

2021016-15



116

BIG DATA RESEARCH A#ifE

FAR
Wrfout_d01_starttime(0)
1 { o —
Wrfout_d01_endtime(0)
%2%}‘ { Wifout_d01_starttime(1) ﬁ‘:%|
Wrfout_d01_endtime(1)
11552
\ ST
. Wrfout_d01_starttime(i) HIRRF
RS
Wrfout_d01_endtime(i)
L———+»ﬁ%i
5td
Wrfout_d01_startime(r) o
Snp

gt

{ Wrfout_dO1_endtime(r7)

(a) HHERX

i

StdErr=/public
dev/nul
/public/ho

Stdin=/
3 =

pc-login_1_k9 run]$ bjobs

udsg3507@hpc-login_1_ks:~/soft /WRF/run

jobs 59464

STAT QUEUE
7 RUN  BEdefault
login_1_k9 run]$

FROM_HOST  EXE
*login_1_k9 *cx

J0B_NAME

T SUBMIT_TIME
18_12 WRF

(b) o

(c) WREFHHRBFNMNIE

250 228
204
~ 200}
=
:(2_3, 150 111
100
&
50 F
0
GVDSIFEAEfE  sshfSTRAfEfE Vi R A H1 A7 6
H i) g X

B12 XRSPURERNA

2021016-16

ANUE13Fr7R . LIEZRE @ g0t Jutm ol
ey, WEZEEB gt FAb G | E R
£35S TN RT3 < R = R MR ST
ERFEG T B Z S EH O LU R
FE I GB/sZ 2B E T E S
S5 R RO T T 25 R AT 1 ]

MR AF10 . DDEEE A T A,
AT 358 o HR A [ R B3O R 22 25 o
ARG T, AT A R L, It
RANE14T 7R

N S R ESE R R 8 2 o R INTT L S5 SH

HUG BN E ZE Pt B RO A R AR
SEE105 MB/sZiAy, RiBE IO E]
rHERA BT AU 4 B 050 MB/s
AT, EZEE G EARHO B B
HELAS35 MB/sZEAT, 12 PR A5 A
(] P A B T B N — A o A5 P 9 A )
T o 15 s o

M T TR IR G WAL T HIE N
LR oeA7 | F TR IR] . R [ 4%
REJ7, T ELAB O SRR TR sk T
77 R, a2 5 AR BB R R



TOPIC @&

117

V
|
'
'
|
i
|
'
|
'
i
|
i
|
'
'
| N
i

|

AR AL

\

N === o=
X

} 4
- T
VO£
X
[} o o o | (m |
EfHYSRE

[EEE3c J R

=ik
i

|
!

|

!

o e e e e I
LERSRE i

!

i

__D L |
1R

L___HREGOHAL ___ RIS
13 MEAET
=" " =
?g\”o § 55 % 40
g 2850} 24 35
H10 | S B2
B L ——— . = U =Rl 1) I —
'is IR IR SR HTR HOR % IR HIR HSKR BETR HIR § IR HIR HSR BETR HIR
X I ® e e B
(a) rhERMERE L4 B O— (b) AL — () EZBHEAFRIDL—
] 5 R S5% /e D U R FRARRBE T EAHL LS 45 B D T R bR R AL R
14 REMEMK
e R K
R ——
AR RS 1y
Vg, 31
T Buki: 107:06MBls Wy Ln S 50
45 L b mal ;] s 33.1 ms 23%& Q/& FEah
HHE: 102.2+21.7 MB/s
WS IR]: 16 ms
iR .
5.9+0.9 MB/s i

WAL ] 366 ms

. S
@\%9 g 24.9:75MB/s &

33.5420 MB/s
WARZI [ 19.4 m

&
&
@_ ) IS ] 217 ms n; ?‘Q

% W
» D
HEKBEH Y g o Lt
AN ST
2 G
4901‘7@/& %@@r
S
IR

B15 TRXEE SRS

2021016-17



118

BIG DATA RESEARCH A#ifE

PRI SE I o IX— T TR IE R
I TR T I R, RS IR AR S B4
HPRIE AT S A i BRI AR s S5 —Ty T
th 2B AR G AR BT [ AT IR0 pE T
LTI RS ARITZ AR

5 itig

ARSI T B RE AU KL s 23 TR] 2R G 2R A
FEE S R RE T S A B o, WS — B
T 52 v 1k BB U 5 R BE V S MIA i %
P HAT, RS R RS IR T E

2% e Itk BB T S A5 5 B SR O O A i T
S GO I e e 1B i £ = S L0
A, HTTE T 5 I 2 A R R S SR I 4
AT RN, R R R s A2
(B P B T SR AT £ o BEA T B2, A
T SEH [ 22 e Mk BB T 5 B S5E A) B 3 2%
KA Tts

BT AW TE R, T A AT 2 e
5 O R F AR A0, Bl 1 A ik
BETH LIRS oA B 5 I8 A
J&, [FIIN e 4 R GEHT IR A =R o R
PR 22 () A R 15 1R) 5 =0 CRD =4 BT Y
S RT3 =) AnE 16 7R o

STRFIAHL, AR

FTP

& —
B

STRFIAHL, FEfiEA

BN
AL
Btk R
AIL2
Btk R
YRGS
Btk R
L4
Btk 1R
BELLS

/
|
B "L_',

SR

SEEI >R T
LRG|
SR FEETR

PR A i

& Hdndk AR kA
) L3 \

[ HR TR e B

BETG4
TR A
BB TIR

pEHAT DS

B4

ARG
AIL2
ARG
B G3
L6 e SRR S
L4
L6 e SRR S
IS

Vil

g

Vil

(=S

(c) s s 3k R 5 07 il

AL 4=
=

(b) EITULEMREFJ7 25 il

BRI 79
HEEHLOL | g

BRI 7
i |02

.

EHL/CTN

TR RTEER
L3
Vil

1-5}-5 - -

]."J BRI TR

AR | M

LS

(d) s idsshifii J Rijwl

2021016-18

B16 HPEBEXEEL



TOPIC @&

119

H BR85S AR S
Vg, — B F TP, ULHREF . WM& SCE £
%5 | sshiff a5 77 0SB, SRR L5 =
K. IEKR, BFEMFTFIELZ RS
SR TR S, BT
FAIRE LA R 2= (R, AT DA jE it — il = S e
FEVT A TS5 A 1Al — 2L A, R
AT SEBRAE R T S (X DI [ 3 88 R B A
VeV R A Japi i, W7 R

BN, FEFIM ., 22 B SRR i,
FRE FE— A B AR A R S Hu s 2
PRS2 BRI, I RE 40l B s A 1]
SEH 2 DB R G RE DT, WA
AL — A EE IR, A6 T R
EH LR BT 55 & T 45 & 20 6 s 50308 B
FEMIHL, DR E8E R, e 52k
SRI=pIpIESE

6 &XiE

ARSCE S E K P RE T R B 2R A
J I TOA A 0 5 P 5 AR AR B R T
BRI I 185388 2 M AU 2 TR R B SR 7
R, BT BT A R R AU

a2 A SE BEALR R R, R T— A7)
BT T SR i 58 vF 5 BN B Y i UL IR
ARG R MO HEOR E TR T
KIS TR S Re v LA R SR ) 8
A b A5 BT [RDIRLSE ], AN T IR EAE
B4 B IR G — 8 BN B BT [R] 5 T
M H AR 2, NEE S m P RE v B PR
JElE N7 P IR U A (AR A T HOR T B
N RZR . X THES e TR E B EE ke
TR IABEA RO R, IR
R S F A E R R
ARG, [ #E IR E M RE v BB g 2T
PRI RE 2 fe A BB R N o

EEMN T — PR — PRI E R
T P B B BN 5 1) S A AR RN R G 1 2
REdJe, JFIT e P e AL TR, 4
B 58 R S B B 5 I R T S R
MR BE R, WAL SRS T B B IE, 7
I RIEGIR BN, A RS AE R
A I i = B = s R g = BT YN VA S £
CIESEE 9 3

Bigt

BB R Z EAL X S ae i R b
HIE” B H NG AL )T AR, AR
H IR AL SIS G EALRAE R,

25—

I EAT AR

=
=
=/

Rie=g =A== | E Bty =Rty [t

8177 EFENHETENNALESHTERR

2021016-19



120

BIG DATA RESEARCH A#ifE

2021016-20

S

(1]

(2]

[3]

[4]

[5]

[71]

QIAN D P. High performance computing:
a brief review and prospects[J]. National
Science Review, 2016, 3(1): 16.

VILJOEN M, DUTKA L, KRYZA B, et al.
Towards European open science commons:
the EGI open data platform and the EGI
dataHub[J]. Procedia Computer Science,
2016, 97: 148-152.

WRZESZCZ M, TRZEPLA K, SOTA
R, et al. Metadata organization and
management for globalization of data
access with OneData[C]// International
Conference on Parallel Processing
and Applied Mathematics. Heidelberg:
Springer, 2015: 312—-321.

GRIMSHAW A, MORGAN M,
KALYANARAMAN A. GFFS—the XSEDE
global federated file system[J]. Parallel
Processing Letters, 2013, 23(2): 134005.
CATLETT C, ALLCOCK W E, ANDREWS
P, et al. TeraGrid: analysis of organization,
system architecture, and middleware
enabling new types of applications[M]//
High Performance Computing and Grids
in Action. Amsterdam: [0S Press, 2008.
TOWN J, BOISSEAU J, ROSKIES J, et al.
XSEDE: extreme science and engineering
discovery environment (OAC 15-48562)[R].
2020.

NEWHOUSE S. Seeking new horizons:
EGI’ s role in 2020 (EGI-1098-D230-V3)[R].
2021.

KUBIATOWICZ J, BINDEL D, CHEN Y,
et al. OceanStore: an architecture for
global—scale persistent storage[J]. ACM
SIGPLAN Notices, 2002, 35(11).
MAYMOUNKOV P, MAZIERES D.
Kademlia: a peer—to—peer information
system based on the XOR metric[C]// The
1st International Workshop on Peer—to—

Peer Systems. Heidelberg: Springer, 2002:

[10]

[11

[12

[13

[14

[16

[17

]

]

|

53-65.

CORBETT J C, DEAN J, EPSTEIN M, et al.
Spanner: Google’s globally—distributed
database[J]. ACM Transactions on
Computer Systems, 2012, 31(3): 8.
THOMSON A, ABADI D J. CalvinFS:
consistent WAN replication and scalable
metadata management for distributed
file systems[C]// The 13th USENIX
Conference on File and Storage
Technologies. Berkeley: USENIX
Association, 2015: 1-14.

WU Z, BUTKIEWICZ M, PERKINS D,
et al. SPANStore: cost—effective geo—
replicated storage spanning multiple cloud
services[C]// The 24th ACM Symposium
on Operating Systems. New York: ACM
Press, 2013: 292-308.

BERMBACH D, KLEMS M, TAI S, et al.
MetaStorage: a federated cloud storage
system to manage consistency-—
latency tradeoffs[C]// The 2011 IEEE
International Conference on Cloud
Computing. Piscataway: IEEE Press, 2011:
452-459.

CALDER B, WANG J,
Windows Azure Storage: a highly

OGUS A.

available cloud storage service with
strong consistency[C]// The 23rd ACM
Symposium on Operating Systems. New
York: ACM Press, 2011: 143-157.
HENSCHEL R, SIMMS S, HANCOCK D, et al.
Demonstrating Lustre over a 100Gbps
wide area network of 3500km[C]//
The International Conference on High
Performance Computing, Networking,
Storage and Analysis. Piscataway: IEEE
Press, 2012: 1-8.

TATEBE O, HIRAGA K, SODA N. Gfarm
grid file system[J]. New Generation
Computing, 2010, 28(3): 257-275.
LANDERS M, ZHANG H, TAN K.
PeerStore: better performance by
relaxing in peer—to—peer backup[C]// The

4th International Conference on Peer—to—



TOPIC @&

121

Peer Computing. Piscataway: IEEE Press,
2004: 72-79.

[18] CAO W, LIU Z J, WANG P, et al. PolarFS:
an ultra—low latency and failure resilient
distributed file system for shared storage
cloud database[J]. Proceedings of the VLDB
Endowment, 2018, 11(12): 1849-1862.

(191 #AHE#E, BB, JBER. —ME A 4L

InternetfF 45 R i Granary [J]. THHE AU
F5KRE, 2007, 44(6): 1071-1078.
HU J F, HONG C H, ZHENG W M.
Granary: an architecture of object
oriented Internet storage servicel[J].
Journal of Computer Research and
Development, 2007, 44(6): 1071-1078.

[20] ZHANG Z J, XIAO L M, SU S B, et al.
HSAStore: a hierarchical storage
architecture for computing systems
containing large—scale intermediate
data[C]// International Conference on
Collaborative Computing: Networking,
Applications and Worksharing.
Heidelberg: Springer, 2017: 591-601.

[21] XIAO H, WU H, CHI X. SCE: grid
environment for scientific computing[C]//
International Conference on Networks for

Grid Applications. Heidelberg: Springer,

(1977= ), 53, L, UGS R BT ABE I, TEV LA S &0, FET5IT R TR

2008: 35—42.

(22] BHIET, BFEL. 1A 1A S A Aol 2 S ALY

KA vt SRR U S 1T 1. R,
2020, 6(4): 40-55.

HU Z D, XUE W. Research on
performance optimization for large—
scale sparse computation over many—core
heterogenous supercomputer[J]. Big Data

Research, 2020, 6(4): 40-55.

(23] FF k. T I P AR v A R BT SO RO

VI PRI EE T7 20T 58 (D1, Abnt: Abntiiasiin
KA, 2020.

WEI B. A study on file data access and
fault tolerance in the wide area high
performance computing environment[D].
Beijing: Beihang University, 2020.

JEADLAS. TR R R 22 A W AR S AR
SEIRIDL. AbRt: AL ES TR KA, 2020.
ZHOU H J. Research and implementation
of replication technology for global
virtual data space[D]. Beijing: Beihang
University, 2020.

[25] SONG Y, XIAO L M, WANG L, et al.

GCSS: a global collaborative scheduling
strategy for wide—area high—performance
computing[J]. Frontiers of Computer

Science, 2021, accepted.

TR AP RS REERAILE 22155 MEAE B T2 5 T EZ863TH B H | AR Eai AT ITH | EHxR
HARAEE ST | AUt A AR AR ST H A,

(1970- ), 5, flit, MR KA B ABEER A S0, PR AEOR R TAE, T
RGBT IR, PEITIES RBIR ERER ST mER I Tl TR F 55 20 AT 5T
TAZASZA, PEBTF AR ALTRZRSRA, BRI FEIREEAR A ERASERN, ERRH
Al 26 B TR AR, TAE WA PR A RORERSZE R, hE TRE N EE R S TR L
JEBIE TR DT R RS R L 5 . ERWIFETT FDA T SRR S M L T ST & gt ik ee it 5y, =il
BELREAMEEARSE  SE RIS E R R R TR AU R R — A2 P E R B R kA p e — 45
B MG BT F R B AR S B3 | Rl A [ 8 B R i A [ A A B R il

2021016-21



122

BIG DATA RESEARCH K&

I3 (1976— ), A, L, WHERFI AN ARBERIZEZ, fibE ST, ZENAFREIRFHS A HrEiem
TGS, G REARIT A R G S oA A EAE T T . SRR T E R ARG E | BRE
FUBFR T RITE | 297 350 HANE 52 86 3351 H & 119 3 Fro JTAFRAR HY T K IUEAE O R G A B R I IR 1R i 5 5%
HEHOR, ARG S T AR GMERE R IE . RERFEARIETA0RR, O fEFAST, USENIX ATC,
ACM TOS. IEEE TC. IEEE TPDSS SN R GG = /AT F R WORIHI T R 16204/ IR FARDAS — R ]
RIS 25 [ B W RSB | R WA R L7 T3

(1978- ), 55, &L, PEF B TIHINEERAFOTE R, PEBMABR AR A EE, LA,
FETH RN A SR R T B R AR 2R 0t RN O ERE VT3 BUR AT R SRR

(1984= ), 5, WL, siliea i SEpLaA Be sl B, ERIRT ST O KRB S AL | AT 50X
PHETL E AR ST S I AL,

s E#A: 2021-01-20

BISEE: HFIE, xiaolm@buaa.edu.cn

EEWE: HREHE A RIBEIBH (No.2018YFB0203901)

Foundation Item: The National Key Research and Development Program of China (No.2018YFB0203901)

2021016-22




	6-æ�ł.pdf

