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Abstract: The education resource grid is an effective measure to solve the problem of sharing distributed
education resources at present. First, with regard to the education resource sharing in secondary and elementary
schools, a hierarchy model of education resource grid is proposed and the functions of nodes in each layer are
defined in this paper. By comparing with the European Data Grid, the education resource grid is analyzed with its
characteristics. Then based on the hierarchy grid model, some factors, which influence the performance of replica
creation strategy, are analyzed and a dynamic replica creation strategy (EDRS) is proposed by introducing two
parameters, i.e., the network bandwidth and file size. With the data grid simulation tool OptorSim, the performances
of EDRS with Caching-LRU, Caching-LFU and the economic model strategy are compared respectively. At last, the
influence of different strategies on the performance of the education resource grid system is analyzed by
synthesizing each parameter. The result indicates that the EDRS has a better system performance in applications of
the education resource grid.
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PR % 11 0 A L I 190 4% £ 3 2 7 B 58, o it e 2 A 6 G i BRI T 2 T B M H R 7E 20
1H20 90 4R AR H IR H LIS, W90 T 25 4 P /e i PE B T ST I G A I G A 38 1A e AT e A 0 0590 A 252y T 4,
SR, B 0T T /N 22 B VR LS 0 A B R B S0R b . BT, & R NS S T B SR E g IR TR T R
KPS RE R BOE IR, 0 025 2R B IR L S 2] B AAUR 2 A TR AR S X B I A
YO R A NPT 1 43 2 AR H AT, X S YR B T — AN A 15 A B AN [ ) 2 AR AR e P = i R T BRI
WCIR B R T AE AT B2 545 LA TS 4 ) 38 5 5 M TR A2 1 R, S Al ) D 1 e R e i P 0 R e ) G AR
TR i)

TEF R AT AT DTS R AT 4 21, A B 4 eI, SR 98 U5 00 mT P B v R A 1 AR AR
PR FRATT DGV I A B B B R A U T O SR YR L S TR AT B SRR [ R R R T 2
U AR Hoh ARV P R (I Napster) . 45 #I 4L (ly1 PAST) A A 45 4 A6 455 24 (L
Gnutella). #4 1, 1 HE 15 28 AN & A T A2 AT B XS 98 U5 9T A5 05 TR SEARe 1k 1) o /N 22 B0 B0 08 I 45 T i 2
S ZR G AT A P PR AN 2B A2 0 S B AR AR R G b B B A 4R e AR R 45 5 (e R T B LAE R B
S A 1) 7 7% I PR BIF 9 3 S v 1 LA KR U K300 190 A A 2% 11 1 s 2R 06 A 5 v ST 0 0 305 0 e 7 R 037 14
FAH LY 7 SR AR B0H 23 A I %75 56 01T R 77 il 5 0 55 D0 48 PR I58 7 TR 0 A7 A A 22 e K A 45 I AT 00 il AR B o 3
W AN e R T 08 DU P A%

Bt b3 o) 8, P AT T AT A R AR R R G BE U A AR Y ) % T A B D RE AT T
S BT B TR PR IRRR 5, 20 BT TR T A B g SRR B IR OCBR IR 3 R TR IR I A SR R BTN T
2417 58 RN SR/ S H IR T — M3 A& B AR G 2 5w (dynamic replica creation strategy, fii 7 EDRS); | H
0 94 4% 155480 T L OptorSim 44 FE 45077 6 U5t K ke SR FR B 04T 07 K052 56, LU 7 EDRS 5 55 Caching-LRU 5
B . Caching-LFU S5 B A 5 T8 5 A0 B4 1) j AR G 2t S e 11 1k R, 25 G 0 B 77 A [R) SRS 0 B0 B8 0 P A R e Pk i
(RIS 48 R W A8 2 I BOE BEUR M h EDRS SR B8 FRAICH] ™ S 3R, 3l 20 B A 81 V8, BT S AT I R B¢
P BE.

1 HXHR

H A7 AE R 23 A 3B A7 i R0 3 A 5 R AR B R A S5 R A Y S AL B I S R 48 (I PAST) L T
Ay 2 Ay BR 8, B U5 A L ISR BT i I S AR G A A B e D A e A (H R AR A B U A A
ANBESEILBEIR IR B Ak, 10 HLZ IR GUATAE S0 b G5 A8 2 57 A QA 5 ot AN SR AR 5 28 38 Jg VR A 45 4 4 B8 U

L, AR T 08 i vtz (Flooding) H1L il 58 BRI JEL I f5 3 I A 3 23 7= A2 K I B BOE AR, ol I DR 22 10 ) 4% s 9, B4 A1
T OHLIR PR 2 1R KRR I B i N SR R R S TR TRVARE R4 RO R R AR b I SR U, 45 S BB T IR A R A
AR TR R A w5 P S R,

O R AL S = RS RGP TT Y R rE . AarE. v H R ARG A P B3R 1A 20T Bt B BT a5k G
I A 1) Sk SR 3 0, T A SR R ) 2 SR W R R AR K I A B S5 v R T P R PR AN B A 1 A SR
W AT AT W 2R 40 T T ) 2% SR e DR 30 24 1S I R 08 385 1 I A% 55 1) 3 2 AR A0 . AR AR 0 B AS B 2 )
P B ECK

SCER[A]3R T 6 FhASIA] A @Il A< 1) 2 $5 % :No  Replication,Best Client,Cascading,Plain Caching,Caching+
Cascading,Fast Spread. SCHR[614 H T P9 Fh w1 £ s 1% SBU R ABUL BRI S 56 45 FR B, 13k SR ms 76 K 2 301
BT FB B B A Y7 1) S 38 3115 45 9 4% 37 5. 4K 17, Cascading, Fast Spread,SBU A1 ABU #51% @ H T IR 46 5 ds
AR T TUZ T s 2 UGB RS AN TG T T 4R 5008 40 P 25 TR 3 8 905 P At L 552 s B AR VT 0
FH T35 30 Y 6% B 55 1) 80 0 90 PP g, (L, 408 2L A 17 . b g R P 3 S SR 1 0 B BB e A A B g B R R A 1) 2
B, EATI I A 2 R 3 ) 4% 7 i R S KNSk P S 3R )53 T AR T T 52 B DR B 5 vl 5 oK o e 22 1) SC A
KM P IR FEA— 2 K.
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SR [T H 77 2 T 20 5 A5 0 [ Bl A 1) Jt SR, 42 T8 A Tl 411 352 W SCAf 2 Al A RIS A7 S O AT B A B 6 B K
SCAT: A B I 1) 11 D4 40 S22 PR A 9% i e SI2 38 93 i 28 W, 12 SRS 6 I 5000 19X A P 35 v AT B e 1) 1 e B ol 1%
SRS TS TR KA P s BT, T VA 5 RS A1 e R A ik BE 0 A1 A A BE 0 50/ I 2 ) 5 ) AR PR 400 98 e 57
L MM BR SCRRI7TE 17— s A7 b JK B P A G g S, 2% 18 17 PR AN 1Y e PR A fik 8 0 A0 H P i 1 SO ER I
SR E EN AL T W47 98 A1 S RNk T S 38 (1 5% i B 2 b, SCHKT8, 91 B Xk AN (7] 544 (14 4 i AN [ £ S5
et T RIUBIASRIA G I S L E AT R AN F T 30 ) 26 PR 3551 (1 J2 R BRI

3 I3 WA WY DA (0 B AS 1 A SR L BT A 1) A A PRI BV AN R P T 0 I 2t AR 1 A A R
L7 B8 1R W 2% 25 B0 A RE AR S e s IR SIZ 6 £ 190 24 AR 35, 3 S ) A F A0 58 3t 3 B TS 573 b, 9 2 SR £ S
DA 52 20 PR AR SCER X B 2 PR (K /22 0 BRI I, i R R G O B AR AR, O
XA R D BEHEAT S SC AR A 2 5 b ) 25 1 A ) 2 SRS A% SRS A A QR I AN TR > B T
W 217 56+ SO IR /N SRR S5 LR 3%, i HLIE g 6 1) Ay ) A ) 2 S e 17 o IR 1Y Ak E D L/
1125 2 5 | 2 ) A 00 55 ke 7 g T £ )

2 HERFEMBRE

FUF TR RS LS b B R, DASE LR BRI K 20 A S H b BUAT K 20 A 2B O A
L B R B LA, AN B8 SE BB B iA T 22 00 i U (flooding) AL 2 A7 3 3 A% B4, A S 36 b
ZEAHIE N T ARSI DL, 75 e BRI R L AR AR AL GBI AE B D B FRAT TR 2 R B B I A
oA,

21 BRAHERRMIERE
FIEER L 4. T B RIBUAT 45 K, B0 SRS R I S MR P 1 s,

OK__. Region center node
/ -~ Middle node

Fig.1 Hierarchical model of the education resource grid
K1 BE 5P 2 R

AR TG T 8 2 Ok X AR RS T 5 ) B FROAR T s DA DX Il a9 s i ()9 A 4 Tl B #OE R
AT, AT O R G EAT 4 &, O 77 (58 4008, Tl 1 1) v ) 4 AT — 2 T 0 A B T T 8 R I3 A
YT 3BTRS A AR AL T RS BRI 2, S DEAKS B U A 2k 7 A 4% 279 0 i B AR T g e ST

(1) DA rhL

HL T R AESF A RGN H AT R, DU R AN )78 R 0 A 5 U5 ) 0 S s T Ak
JIk 55 4%, S T A JRy A B A e 20 M A b SR R G T e R RO U, S TP S R R e D AR B U A S
AR LY RUE DT AR TR RO SR . AR RGN B DOAIE S oF SR A PR A 5 i)

(2) i)y A

Hh ) R e SRR 1) 20 H A5 RO T H A B AR SCASE R ) v 18077 i K A B A 1) 2t SR s A7 fs
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BEIREN AR, 5 F L E A AT S A DT A ARG J2 9T A5 RIS R RN R SR TR RN, R A e B v AN
IR H A5 B AR5 BRI A PR H SRS B S A AR RN, ) I BT AR R

(3) HEVETT A

R T AU A YR, CL R VYR SN NI R A e, S e R R A B 1 B A AR A A i
i g7 A b R 1 AT R AT R A 6] FE SR I, A7 fif 06 IR R AR, e S A T AR A R ) A T P R
b S N DS D 1= r A Y | M = 7 1 N 7 I E B B S e N g P S W o B N2 T2 M =
R )Y SRR SR
22 BRERBMRSE

TE AT B 22 5 7 R B9 ) e 2 B 44 100 SR T 2 RS 8 1 D e R 4. 0 0 R 9 A4k A4 R T2 IR
FERIWR 2 8 5, R E A F I TIAT IR AR (F K A T B) H AR R 2 Wk 2044, R ISR A 2 vk =0
T A U JE BT Ak 1) J2 R A B IL A B P I R R A A R ) A B IR R SR R R RS IR UE
BRI 3 A AT AT A 00258, 2R A 5 6 A 09 R 2 715 0, 7 BT 4 A b 4 4 AN A 10 45 95 05, e 0% S B0 U
[0 VA T3 T ER 9 S R ) e TR G T Uk R % SCHIR[LO0] 1 20 AT, J2 RS 70 i o g G W R R L . R VAL R L I %
AL 34 FE TV B 8L VZ (Flooding) 51 kD 1 1) 4% 41 2, 372 s 300 A 20056 0 i 6 0% 2 IR B AR v, Ot 2 4 A ) e
SEIR Y G A I 5 S IR G G A AT 2 IR G R AT i B AT ST T 5 A B T R R T S A v
PR T A0 BUE R AR (1 J2 DR IR AN [R] - RRCUH EICH TR A 1) J2 0B 2R TR B8 A1 14T BB AR, LA B — 38 11
X 5.
2.3 SERMER Mg e ELE

P R U5 DA A — R B P (L AR [ R 00 X s 0 O A DN 503 D A A L, = A7 A LA
AN IR R B D A LR A T 1 9 1) P 4 B ISE A A, T B R U AR SE T Internet I AT A2 il 9, 3L Y
S5 B A3 AT AN S BRI B W 1 SR AN T 5 LA A0 0 VSRR D ROAE A e TS SRR T S TR
1 PC LB A VAR ) RUAT it B8 ) 800328 328 /1 BRI B8 194 4 5 HL1 0T 6 192 VOBRAR, JL A7 it 8 )
ZE( N AV LRI B b TGN R AR T N ) BCE PR UE PR AN IR e Y AN [ (CPU I
AT RO ASE P 152 1 ), — AR 2 R T (1 7 A R A P e A R A D s ) S s e D AR h KA A A
0022749 A5, T 20 0 U8 T (1 i 2 8 905 4 A XA A A IR 215 AL

DA b 190 28 TR I3 1) AN (], A5 5 DR 0040 Do A 110) ) A ) i S s A e N T — IR I 2 B8 T I /N2 B0 R
PO A AR A1) 7 TR 50 P90 e ) A i) 5 s v V52 A % YT IR A A e T, 0 SRR 0 U U A v SR L R AR )
TSRS, WUVTE T A7 B8 0 388/ IN I 25 5 5 1 i) A A0 5 g 5 I R b, o] 348 — i@ & T 20 98 905 ) A
TUF) A B 3 SR 2 PR AT 8 ) A
24 BIRGERBMZIMEEZSH

HOE BRI T SR AR A AR E SO R B AR L R R AR B AL BCE B AR g N B A LS
o B 6] St ) A AT LAY R A v P B U R ORI A3 AR [, A ] e SR U PR o S IS T T, 3RATTN 5
FUH DU WS B A B 2 1) PR ER EAT 20

TEHUH BRI AR b, — AN Bl PR rT LA 2 BUA B AN B A B A — AN B0 44 (PEN) AT — AN 12 4 30 1F
24 (LN, A5 A A0 0 W 0 49 B0 S A 44 AH () AR 1R 32 8 SO 4 AH ), B0 — A LEN SR 2 A PENLIRATTHE — A
LFEN X B[R4 PEN [F4E 753 4 |LFN].

2 PR AN B SO 10 7 SR IR R AL A A2 S ST B0 22 A B AR A P R i R I R
5 JLFRD R A R 0, ) A o A 7 SRR ) 2 R 1) 55 i ) A B A PR P L R AS PEIN G 3 135 K Reqy 1) Wiy 17 I )
ResponseTime(PFN,Req), i] F K Ifii () 2~ 2ok 1 54

ResponseTime(PFN,Req)=filetransfer_time(PFN,Req)+fileaccess_time(PFN,Req),

Hor filetransfer_time(PFN,Req) & 7 B SCAE PEN M HAF it 715 55045 i 2 38 Sk 45 201 1 8] ;fileaccess_time(PFN,
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Req)Z 7~ Vs il SCIE PEN T A6 2 (4D IR 1), 60455 A 46 0 (¥ 25 R 16 9] L 1525 S I I i) 25

filetransfer_time(PFN,Req)=PFN.size/transfer_rate. H: 1 ,PFN.size % 7% B A [ K /N transfer_rate > &I A 77 6%
TR TR SR VT R I A A B 1 B /N DR A, A A AT SRR SR A R PR 1 8 B DA S B AR KN BB R
M) 350 F) AR F o N B TR TTT S0 fileaccess_time(PFN,Req) i A 25 A4 PFN 74k 5 s 0 57035 L 176l 3 skt B R A
i SR A S 105 2% . — N A filetransfer_time(PFN,Req)>>fileaccess_time(PFN,Req)!".

G340 IR SRS 2 AR T i A AL 0 T B St B 1A SR AT AT 22 B U e SR LA
(1) oy 08 A R 2% T Jo 308 e 25— A, P P U o) 50006 4D Jd 0 P e, ) A P 1 2 SO A ) Sk 5 o 1 A AP i Y
BIE LA X 4% 58 G0 10 4 45 R DL R AN T S (0 A R T O R A R SR S I S A AR
ST B AR H N A5 AR S A S MR AT B U7 1), AN T R AT A BE ) NI 2 5 5 R AN (5 A5 A ST R
UiES

P LA b 43T AT 2R, 7 R A G A SR I R 3 R DA R LA B3R N AR N S A R SRR T
e 5 RT3 A1 0 A7 ik i 7T T 35 T 00K 218 PR 2 0 20 7 9058 A i 11 i A ) 8 5 s

3 HBEZREMBHESEIACZEKM

1 56 LA—> B A 30— 20 10 B A SR N R T 280 0 A 1% 1) R AR 2 7 U D A TR e e 7 T ]
2 PR RS s P 0 B b BB T A SO B e 7 100G, & S1,54 WIA7-i#% RE 1 10G, 75 £ S3,55,56 HIAF
%R 1 0 1G; K /INE) 2l 500M I E s SC A 1nd,1fn2,1fn3 43 531 47 i 7 S3,S5,56; 4% 14 »5. [11] () X 4% 15 %5 (Mbps) 1 B i
7 AR G0 7 1) A S2 435 BLKE R 0.6 F10.4 3248 46V jobl 1 job2 3£ 100 7 jobl frI#AAT 7 22 344 Ifnd, 1fn2,job2
PIPAT 75 2 SCAF 1fnd, Iin3 5T X Z 41, 75 S2 HIAE % BE 77 23k 1G 1 600M I,

8085 Wit OptorSim HEFL i e, Ho vk AE L A% 2% 1.
- 10100 B bEE S2 ﬁﬁﬁﬁ%ﬁ%ﬁ E@vﬂi%%‘,cjxching %%%ué@ﬁﬁ?&?ﬁmﬁﬂ?ﬁ
@ @ @ REHBLE AR /0T S A7k 25 5 2 600M I8F, 5 H Caching 1,4 jobl $ AT I
BT RS2 AN find Ifn2 R4S, 2 job2 BUAT I K42 LRU B LFU 31
Fig.2  Site topological graph i k4745 i) % 2, 4% J5 G 22 1n1,1fn3 FRIEIA ST T LRU, S fil 5 6 I )
2 Wridhdh A DR AS S P SR e 13K ) LR UL AS R FE P2 375 SR A S5 /)
3 AR A 3 AP P AR B K[ TRt job L, job2 F A8 AT T BRI AR [ A5 B 5 M Ik G B T SR (3 D
ABFRAET A SL b AR LA S2 b AT S50 1) ) A B 36 ZE 47 R FH SCAR[B] 25 T 20 Br B 2L 1 1) 2 S, 24 S2 2% i)
AR B 5 AT WA e ph G40 PR v, AR LG LRU RN LFU BE4E ARl T3 % e A0 15 050 S2 140 R A4

TR, 222 R AN AR B35 43 S BB E e R U 1) 0 SR X B AR T RSP fE.
Table 1 Performance index compare of different strategy
R AFRAEE I BEHE bR LR

Strategy Job execution time Replica creation times Network usage
1G 600M 1G 600M 1G 600M

No replica 4 454 4 454 0 0 1.0 1.0

Caching-LRU 1083 4454 49 200 0.245 1.0

Caching-LFU 1116 4 454 46 200 0.23 1.0
Economic 1 066 3096 3 4 0.205 0.72

DA sl /> ) A ) 90 RN SO R ) (R 2 FRAT] 2 A e Y e T B A ) R A A 1) S
GINEIAACH R 2 15 IR b, AT W0 K TR I A AT WA B, 2 AR 9 RN RE QA R A I, 0 W 2
A A5 ] LRI E A AR ) EDRS MG ALFE MEDRS(the main part of the dynamic replica creation
strategy in education resource grid) kMm% F1 AEDRS(the auxiliary part of the dynamic replica creation strategy in
education resource grid) 35 9558 23, THT 43 ) I LA 45,
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3.1 #BEIAEEERKE —MEDRS

HOF TEUE RS LA T AR, Y R B IR G5, RIE O site.— A site W 405 £ A CE Al SE, ML th:CE
vt R TT, T AL BT AL K SE A A7 5T, HT T A fift 8 8 1) Ji 4R 8 U A0 1) AS B8 0 A A R g —
AN 7 AE S, T B AC SRR I — AN = JC 4, T (SEID,PFN, frequency) % 7~ SE K EIA PEN 4% 15 [1) (1) 45
#,/ (CEID,LFN,frequency) &7~ CE i 3K #dls SCIF LEN I,

h TR T SRR, BT T INLLUR & XAl 5

TESC 1. 2] o Btk SO U 100 35 SRS, AL A AZ B8 SO R 22 A B AR o Dy T 3 36— A Wi 3 1
V') 5t 46 P il A Bk iZ Ay BestFile B4 CE ") Req %K LFN I, ResponseTime(LFN,Req)# /ML) PFN,
1, PFNe|LFN].

EX 2. MBREIA PEN A PEN.cost R IEIA PEN 30 K/NA PEN.size, 1TV M 4% 4 PFN.
frequency, JIT 7511 £i 2k sitel, fHl % PFN J5 5 PEN EAT 48R LFN [f7 BestFile T £ 15 /A site2, /84

PFN.cost=PFN.sizexPFN.frequency/bandwidth(sitel,site2),

. bandwidth(sited,site2) 4 5 s sitel 55 site2 5] 4% Gk K 1 5 /N i 5

EX 3. B LFN mIAMIES LEN.reward [ BEZ M LEN K/NA LEN.size, i i KA LEN.
frequency, B & LEN &Il A BT7E 975 55 sitel, B @I ASHT LFN [ BestFile FTfE™1 55 site2, 784

LFN.reward=LFN.sizexLFN.frequency/bandwidth(sitel,site2).

MEDRS S [ 55 A AR Ay - 2477 15 site P10 CE i K24 SO LEN I, 15 2 I site Hh2 5 4775 LEN 11 &l
AR ATATAE, VR[5 15 50, 48 V0 4 7 site b5 LEN.BestRFile 776 45 mi #% 4% b 54N £ A5 AT 62 LEN [ EIAS. 55 45,
LEFIWT— AN 2 el B LEN IS I, 1 56 240 W 26 25 PR 25 ) (freespace) A& 17 A2 15 81 78 51 A, 27 2 %, ) 3R 1]
True; 75 D), ) b M0 1582 1215 5 3l /2 PENL.cost<LEN.reward 1) & 4 5 , 2L 7] F 25 1] & 15 2 % . MEDRS 5 & 11 HL A4+
W 3~ 5 .

MEDRS SEM&AT LA R AR 15 58, AT 2487 EA (RS0 s R T W BR B A (18 AR INF, A AT B AN 1) 5 46t 38 5 T
B A 1) 00 4 LR, 24— AT RS RO S ) A I P B 408 S T AR TR T LAB R AR X AR T LA S K R
TS R U [ 7T SR R RE IR s e S5 AR T s A AN A ISP B 271 i, DA B 3 U 0 A Y T A
V1) o R vy, U HE A A e 0 BRI )4 A

When the CE require the LFN, the MEDRS execute
MEDRS(CE,LFN)
{_site=CE._site; //get the site of the CE;
file=getbestfile(LFN,_site); //get bestfile
site=file.site; //get the site of the file
if (site==_site) //local site has the replication of LFN
exit;
shortestpath=path(_site,site); //get the shortest path between _site and site
tempsite=_site;
do {if (isavailablespace(tempsite,LFN)) //judge the space is available for create the replication of LFN
{replicate(tempsite,file); //create the file’s replica
exit;} /lendif
tempsite=shortestpath.nextsite; /get the first site from the path, and set the pointer to the next

} while (tempsite!=null)

Fig.3 MEDRS algorithm
Kl 3 MEDRS &%
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Isavailablespace(site,Ifn)
{free_space=freespace(site); //get the free space of the site
if (free_space>lfn.size) //judge the space is enough
return true;
all_replicalist=allreplica(site); // sort the replica on the cost of the replica in ascending
for (i=0; i<all_replicatelist.length; i++)
{if (all_replicalist[i].cost<Ifn.reward)
{free_space=free_space+all_replicatlist[i].size;

all_replicatelist[i].pin; //if the space is enough, the pinned replica will be deleted
} /lendif

else

break; //the space is not enough, endif
if (free_space>lfn.size)

return true; //the space is enough, return true
} /lendfor

for (i=0; i<all_replicatelist.length; i++)
all_replicatelist[i].unpin; //Lack of space, set the pin with false
return false; //return the space is not enough}

Fig.4 Isavailabespace algorithm
Kl 4 lsavailablespace £%
replicate(site,Ifn)
{Delete the replica pinned as true on the site;
Create the replica of the Ifn on the site;
}
Fig.5 Replicate algorithm
% 5 Replicate 5%

3.2 FSEIAE BB RIE——AEDRS

T I 51 B 43 A RS S RS DRI 7 JR 58 BB A, 280 R TP A 1 P 3 SR AT I 0 A 7 4 5P R A, ]
6 JT7R AR XTI OL T, MEDRS JElg A7 7R AN & 2 4b, FRATT 51 N AEDRS SR, [A] k& 14 3 6 EDRS 25 b EAT Hli B, LAt
i P ) .

BB 6 i G TR RS 3820 9 a4 40 81,50 T 4 BT £1,S1 FH S5 A L4 A BT £,52,53,54,S6,
S7,58 43l 2y S1 AN S5 Ik P (1 2% A B Rl A S AH [ /N (R 508 SCAF IfnL A0 IFn2 R AE i 7E S8, — B Tl BL Iy
ARG sk A0 A W26 2,066, #% MEDRS $E0&3HE I1fnl F0 1fn2 [ EI 45 25, 1fnl.reward<Ifn2.reward. >4 {7 i 2%
[E#/NI $2 B MEDRS S0 1fn2 B EIAS IMARER 1fnl B EIA, X B AR AA B R, A5 I
AEDRS %%, il ik AEDRS 5l % MEDRS R B& UE47 4 Bh, L3R % MEDRS SR B AN AL

Table 2 Request distribution of the resource

Site CEID LFEN Frequency
N RN S2 CEl Ifnl 8
PEO®®® 2 = m
S3 CE1 Ifn2 20
Fig.6 Site topological graph gj SE; :;:i ;3
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AEDRS FE H A B AL ABL T ABU R 1) 1328 )22 58 45 A 1) 9 D13 S 9 3% 5 45 I e 7 52 4 s P Q4 A 1)

AW
HESKRAA TR LEN 54590 3% 1 frequency S8 &tk 40,38 1 105K 4 &5 34 8 (S1,all,1fn1,32),(S1,all,Ifn2,20). 53 b,

A U A AR Y SRR Z T AN 6 )2, 0 o T R, A, . B SRR I L R
J2 AR BRURT R AR 2 B 1 B0, AR (] I BE A, 5T RV RSB A P 97 SR B R A AR UL BB A 1% I AR 2 IR T v
T BRI ERL b A O B 5 I AN 1D i) 5 v oo 2 T 2 LB S BT 415 10K T AEDRS SRS IR PE 41 A
meE 7 .

Execute the algorithm with cycle T

AEDRS(site) //optimize the replica in the site region

{Hs=site.allhistory; //get the history record of the nodes in site region

roottier=site.tier; //get the tier of the site

for (tier=leafsite.tier; tier<roottier—1; tier--) /bottom-up by tier
{H=Aggregate(H); //aggregate the record
for (i=0; i<H.length; i++)
{if (H[i].site.tier==tier)
{file=getbestfile(H[i].LFN,H[i].site);
if (file.site==H[i].site) //the file’s replica has existed
delete(H,H[i]); //delete the record in H
else if (isavailablespace(H[i].site,H[i].LFN))
{replicate(H[i].site,H[i].LFN); //create the replica
delete(H,H[i]);}
} /lendif
} //endfor
} /lendfor
}
Fig.7 AEDRS algorithm
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FRATHE T HCHE W RS B T OptorSim SEZIL T EDRS 5, 2 2% SCHR[5]11) 5248 7572, R ) OptorSim #4424
B U5 I s R AUL PR B SR FE Y34 0 B B o A A B g B TR BT, 23 BT LL % EDRS 5 Caching-LRU 5
. Caching-LFU S AN 28 5 4T SRS 90 4% 28 S P BE AR5 Wi S0 DI R il &1 8 o (10 A 46 4 b 45 74,
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Fig.8 Topology structure of simulation experiment
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Table 3 Parameter settings of Optorsim
% 3 OptorSim ZH ¥ &

Bandwidth Between SO and S1, S2 is 10~50Mbps, others are 100Mbps
Size of the site S0 is 500G; S1 and S2 are 300G; S3, S4, S5 and S6 are 200G
Initial file distribution  S7, S8, S9, S10, S11, S12, S13, S14, S15, S16, S17, S18
Access history length 100000 ms
Scheduler algorithm Random

4.1 FHEHITEE

-2 VR ML PRAT B 1) R P 3R A 1 R PR T R Do) s R I DA L 0 e B I e ) AR B 3 S S o A &R
G VL £ 10 52 i LA A7) 46 b B, 2R 8 00 S B8 R b AT B ) s, L R AR B0 A% T A o, B AT 1 40 B A 8L b
BT TN EE . Y SR A R DS H P U e A 46 R 22 0] SR FH S [l A G 2 S s 1) 307 e U PSR 4
[ 1 e S,

(1) ek &

53 TV TE 2T m A7 25 0 100G 1 50G 1EAT P AL 52 56, 7 T 46 b 0 et o) SR T AS Ti) SR s (1) 28 7 8 90 1Y)
REMEREIT . th B 9 T LUE H, 5 JERIAAH L, 45l ] S T80 E SR W 405 vl B S0 AR AR M 6 1 3 AT I i) 3 7
IO UF T G0 g ) AN T DABR s A R S I P e
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Fig.9 Relation graph of the job number and the mean job execution time
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BEIN T D AL 2 R g, 247 s A7k 25 B AN R IS EDRS BB 1 8 40 i 7 55 HE 37 B AR, M S 2 A5 b EAT B A & 4,
NG5 48 T K 9 322 R SO AU 1) B 7).

(2) T EEA R
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R AS P A0 B e s A0, BRAT TR T B MEDRS SR () 4 g, 75 43 BV ) I il ik MEDRS SR 1 EDRS 3K i
[ LG A] LLAS H AEDRS SR (i ] LIE— 2D 9 > L AT B 7], £8 =5 EDRS [ 5 St 1 e

- 2500

£ 2000 —&—No replica-100

= —=— | RU-100

=R —a—LFU-100

% 1000 —>—Economic-100

3 W —*— X | _% EDRS-100

= 500

e

3 0 ‘ ‘ ‘

= 100 5 30 10

Storage capacity (G)
(a) Job num is 100
(@) TEMLECH 100 I

__ 3000
‘qmj 2500 —&—No replica-500
g 2000 /‘_’*7 —=—|RU-500
b L g
R e —a—LFU-500
§ / —>—Economic-500
© 1000
2 / —%—EDRS-500
= 500
3 0 W ) ‘
= 100 50 30 10

Storage capacity (G)

(b) Job num is 500
(b) 1EMEECh 500 I

Fig.10 Relation graph of the mean job execution time and the storage capacity
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Fig.11 Relation graph of the mean job execution time and the access pattern
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4.3 EDRSHREE T RS04 5E B 521

FRAE S0 25 L SR G R . W R A R LR P U5 MG 3 AR5, 40 7 AN [ SR ms Rt 07 0 s Y
M RGEPERE I RE . T3 A0, 0 T LSRG AB X ZR e BE 1) it AT TR QR A TH B30 B EL SR I A PR RETN
ek
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7 18 BN TR P bt 1) S PR 0, SR 23 BRIl B, 29 0l 78 JeR )2 15 s A 4 520 100G,50G,10G 1]
$RAZ 500 IRAE MY, e T IS 38 1 b B AT I (] R G AR G gl o8, 45 3 L3R 475709 S 7 52 100G RIS s A i
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LRU,LFU FIZ G RLIX 3 Fh W ISP S VR M AT I Ta) A 28 AN DR H At 0 85 20 S gt 1) 1) A 1) At O 300 e p T
LRU 1 LFU.T % J- EDRS S8, I P35 VR NV B AT I 1) 71 g AR G 2 R 5 B A0 T~ 304t 3 hh SR, G I 5 0 B A Y
AHLL,EDRS S (1 1 AP A8 2 500 A3 =7 78% 1 89%. HE — L /N 1Y A A7k 25 i 1] 10G, ) 46 A 2 11 1k
TFUA7E 22,1 EDRS S 22 45 M fit (10 Sk s in i S5t e, 55 LFU SEn& AR Eb EDRS S8 1 5 AN M fig 2 5003 59 41
71 84%F11 95%.

M RS HT T LA PR & RSO0 R SR A EDRS SRS (1 20E TR M M R G R Re AR A0 T~ HoAth 3 70 3K w4 il
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Table 4 Comparisions of the influence of different strategies to the grid system
F 4 RIS PURS R Gk Besg i 1) LR

100G 50G 10G
Strategies Job execution Replica Job execution Replica Job execution Replica
time (s) creation times time (s) creation times time (s) creation times
No replica 1960.1 0 22135 0 24202 0
LRU 135.8 183 1302.3 3200 2304.3 4 559
LFU 140.6 188 1407.6 3210 21914 4597
Economic model 196.9 181 1252.6 1701 2250.1 2561
EDRS 135.1 179 273.2 185 339.3 240
Performance
improvement 0.5 2 78 89 84 95
of EDRS (%)
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RITTT T 1 R ) A G Sl S BRATT A B, 2 T W K0 o0 R (1) B A 613 SR, 24 T 5 A7 il R R BN I A S 51
Fil A (K 00 95 L A, 36 BSAREK FRY SEE S AR S T A 4%l 98 AN SO R /N P A 2 8 3R T ol A )
EDRS.SCH0 45 R 73 M1 & W1, EDRS ™ ek 0, 3 1 280 75 58 R 14K ()R sl BE 06 J0E S il AS P 0 S5 4 KA AL 7 L U
T S2E 3B . [ I, B AT T A SCAH IR BRI R 1 /2 380 B U5 0 9% 5 8 AR 00 3 o A 4L S 6 R S T 07 B
RAS Y (K T AT L EDRS S0 117 24Pk 53 41 EDRS SR I RT3 FH 21 FC At 325 386 109 26¢ A 056 1 (17 9 4% R e .
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