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Abstract: As an instance of Internet resource sharing based virtual computing environment, iVCE (Internet based
virtual computing environment) for Memory try to solve the problem of memory resource sharing and utilization.
Due to the special properties of memory resource, traditional resource management approaches can not be adapted
easily. A clustering based resource aggregation scheme is proposed under the background of iVCE for Memory,
which can reduce the problem scale efficiently. With analogy to the force field and potential energy theory in
physics, the basic model, force field-potential energy model and corresponding distributed algorithms are proposed
respectively. The models and algorithms are also evaluated by real network topology based simulation.
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iVCE(Internet based virtual computing environment) s iz 0l o 8 FR85) (& M I F AR ) 30 A5 . SRR P A7 %
PR FL TR — S B (] 8, ) FHIVCE MR R 45 M RUZ O LR, 32 H T iIVCE for Memory, BEFR Jh P 77 M K% (4 4 =
LiVCE for Memory i {4 205 & FRTT 1R E K 23 A1 1R 2 PRI A7 03, R 1D 326 st P A 8 A /N L U 1]
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Table 1 Analysis and comparison of data access overhead in different ways  (ms)

R UM U 1) Ty AR I R T 20 A RO B (ms)
Remote memory Local disk Disk in LAN
Memory access <0.01

Network latency 2 0.68
Network transmission (depend on bandwidth) 4 0.06
Disk latency 7.9 7.9
Disk transmission 0.1 0.1
Total ~6 8 8.74

o T T 4 S 8 SF U, FRATT7E S BT HEAT W T

o ALY AR BRI I 2 I A B I £ HOAH B S, 208 B T NAT (network address translation) 5% 7 2k
5 B T N N 2% S R ) ) S

o ATREPHANTT B2 1) 00 09 28 ZE IR A FLAT X AR M AT ND(ABMR T 45 A R B 2 1] (¥ W 4% 23R, I A7
ND(A,B)=ND(B,A).

o U4 AEIR SR FF A — A TEV ), ) ND(A,B)<ND(A,C)+ND(C,B).

BT g B R IR AR AT A0 R PR
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o (TR AN ZREII NI K

TR T 25K A S A7 PR T3 40 A1 % ) B A FRAT 22 11 T4 PP PP A 3 LS PR

BATA N, LE IVCE for Memory 1, 41 B4 41 A 5 B 3l £ 55 R ND(A,B)=DL(A), B4 4 B 4L 4 77 ¢ I
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2.2 HAKH&A
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e [L.0], Heth HPH R 5 E-{Gd ke [Lm] 2 UG, ={N} HLvije[L] i#=GnG=0.
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ZDIA(G) ) L FR.
PR 2. Vie[1,m],S(Gi)<M.H 1 S(G)) 2 G 15 s &, HER I G K/ MAZS(Gi) I _E B
B ¥R/ ME R IR DL AER (Ae Gy A(BeG)A(i#k) AND(A,B)<D.
FE b R4 A v DRT DU AR A — A S B B B U i) S SR AR B U, BRATT 1 B MBI A Vie [1,n],DL(N;)=D.
S(G3) Iy L BR MAT LR H5 52 B 15 100 36 R, Ji D) 2 76 3 4L PN 308 F Sz it Hp i 0 3 24
LIABIA AN S ME— R 1 B AR 1 D=4.5, AR R ) fg ]
LL 2 G1={AB},G,={C}, t T Lk & G;={A},G,={B,C}. & %X, X i
G1={A,B}, G,={C}tG,={A},G,={B,C}EAL, I A X} TBk i, & 5AM
W) 245 4iE 35 B AR, B R i 4t K1) 4 B — AN 4L
T ZAE R P (A G)A(BeGIA(iK) AND(A,B)<D ) X 42 AFIBIH)
D 25 HE IR F AR, A B AT AR 8 T AR A X g 3 AR (1) P9 A7 B3 U5 (B HUANAE [R)
Fig-1 An example of basic model 4y py g1, 155 36y ARIB Q30 I JH 18 37 Mliss(A.B) Sk 675 TS 4,
M1 ABRI AT ey ) R f g 2 A BB SO AR, S A H AR
B#r 1. & /M Miss(A,B) & A,
Bfr2. &Mt ) ND(AB).
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AR I FE A (E AN I S () BELAN AT — 2 S AL B AR AR M 10 1T HAT 24 H bR 88 5 T
XA 4 i AR A A 2 P P ) 1A e 30 g DI AR A ) o A s 1 i 1 S50 202 9313 310, B AT 4R mh P, L5 283
BT RUG R I IVCE for Memory O B0 FATIRE H — Rl S AR 50K, BUR AN RECRUE S 0L (H ) 7. 5 T 5B, I
e AT SEBR R .

23 BEAREBEZX
I 3L IVCE for Memory /& 25 AN 15 R A5 N TS B8R A S35 07 I FR) IR, #608 E 08 36 o ik Atk

A KR PRV A T LA 3 GNPIH . 75 2 ST A 1 4 A & LU A] LA 3o Meridian ok i BL.
AWi HHCOORD(A),Ac{N; M U5 AN T i P4 28 A Bk [] 1), T 25 AN 19 A2 58 J5 In A 2IiVCE for Memory
i, AT AR SR A N TR N A RN N ARER SR L AN I 5 0N AR S 2 AN RIS S F
Bk L B S AR (1 D AR S
BN PR S AR (NG ANEEAS T K R 4% AL kR COORD(A), Ae(Nyy. % 21 B 1% L FRD, % 2 K/ _EFRM.
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SUNh
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RN R B kA S B2 AT 1715 A B NG 2 T PR KL B A R e T /N T DLk B RS (PR R,
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NI FIP T E (1 4 v
BT j BIIE .
1 )
W — AL AR LA N,
S 1 R oA SRR 0 B3, R DA % B 0] DAAE A5 AT a5 o BIBIAT . AR A G O ik e 1 L 7
Bk T b, RIRSTVL BURAEAE A A2 B CHR A PRI (A A B S 80, G F BT ik

o BEVRIAMRILA T AN SO B BTS2 (NG B0 IR0 5% i 285 ok U, ZE B 1 AP S SR A7 (Ny=(A,B,C), W]
g R L HIG1={A,B},G,={C}; T 41 F(N;)=(B,C,A), 45 Al 2 G,={A},G,={B,C}.

o FUIMEAR DR A H DI I A R A U i) QBB H X TS BR R GEOR U, Vie[1,n],
DL(N;)=D3X £ 1 55 4R A B 37 (0. an A b 25 R A% #0128 3R 322 I 1 2% 38 PC R 75 8 38, 7T R Y BRAHT
PLHH B B A A7, (H B A fig AR #2 W A7 1) 4% B0 . 41 DL(A)=10,DL(B)=5,ND(A,B)=8, % 4,
DL(A)>ND(A,B), fiDL(B)<ND(A,B).

o SEACHIRY VA AT T R 00 N A2 B T T SR IR 2 A B 15 DL(A)=5,ND(A,B)=ND(A,C)=3,{H75 i B I
WAEA R KT C H B5 CAER—ANLLA, U A TR AZINA B BT RI4L, K R B FLAT T8 5 1) v A2 AR 45 i
T3 MAESEARR B 5 C [ X 5 TE ik B

o LA 5 A FH ) 4% AL bR 2R G5 R I W)L L IR i Y 5 TR P RE IR E RS b AT AT R SR N T TR
AN FiE 5 A G 5 25 T L AN Y a5 2 TR P X 4% S R B T R AR AR A X — A A A AR AR D At A A
I K.

o FEACHEIL T R I A T 2 R AN GE R AT N R B AT R R B R R A B 1 R R
TR 45 L G={A B}, G,={C}, W 1 SIAB IT T, 45 3R A 4878 h G,={B},G,={C}. B4k , X i} i
PTG I B G ={B,CHa T AL & &

G BIE AT HAT A BATTHE H H 503t 1) SR SR A v b3 )

3 BERASHEZL

3.1 Hip-HEeEs

9T SR A R AR FR AT SE A T P AN T s 2 TR O R ST, 2 ND(A,B)<DL(A) B, A BEAEH B 1IN
A7, 805 UL DL(A)-ND(A,B)>0.38 4 ,DL(A)F1 ND(A,B) Z I i Z= ¥ 5E T BRI X %24 DL(A)-ND(A,B)>0 i,
MAZFE e AT AN —AN41H DL(A)-ND(A,B) K, U S AT — AN L0 75 B SR 20X 2% 5 ik AV AR 2 4 22
2 v T ol 0 S B P TP A U A B Y AR 7 A AR R A SR SR gl T 4, U) 7 A A I T R

(K1 ) R A R AT B 22 8] A BEAR IS 5 S RSz R P A, JU A AT P Jo a2 T 7 A i 1 W A D e )
FER AT AR B Z A P9 AR 5 B 75 S5 S BATTIE 2 5INTTAT 51 0.k B 18 7 8, JAT T4 J S AN DX 234 i A
HH I (1 B AR 8 B B

XF T ARIB AR Bt BB EATT 20 [0 5 A 4 48 AR b 28 S0 1) 2 ) o, 2 T G ol g R L S 4, I ) 2 s A L3
PR M SR B TR Sag, B HEHR IR — HRAIFK A Spa.

SAB SBA

Fig.2 Two nodes (particles) and the springs between them
B2 AT R OB R) A E AT ) ) 3 3

© HIHBREBSAHIGIT  http/ www, jos. org. cn



1864 Journal of Software #4+% 4% Vol.18, No.8, August 2007

F AR B AR AT [FAE (0 B0k R A, B 1Y 1 AR B B A A1 s R U 1) SE IR DL(A) RIDL(B). AR 4, AR

PR 3 4 0T e 7 AR R ) IX A JT 3R A F g, T LA 8 v o AT A
Fas=S(DL(B)-ND(A,B))+s(DL(A)-ND(A,B))=s(DL(A)+DL(B)-2-ND(A,B)).

SRS A X A 12, M F a8 IEAE I, EARK IR ) M F a8 8 S AR HE ).

H T 2 B AFIBIA N A A i ok () R2 L, AN SN T A 511 MRS M ARIB R W B B, e AT 22 Tl 4 = 2R
TIA 5] JUpg 3% HL AR 8 200 1) 5 S

ND(A,B)<min(DL(A),DL(B)).
TR R T 51 7 8 Uap T IR

M(A)-M(B) . _ ‘
“(ND(AB)) ' *IND(A, B) < min(DL(A), DL(B))if
Use = (0, Gl

Forh M(A)TED B 2 rp O i T A TR0 & T E FRAT T IR op 2 H8 1 0 A I N AE g 2 T B 51 1 4L

N TRRATTZE S B 2 A AR R AR I R G BN R AR A T, 2 AN S I AR
T—=Nh¥ T DR AR ER RN, 2 AT v e oA BLHGE 1% 48 5 BATT 25 18 0 S B A 0 A 45 Bt AT 5
N3 2 A BE AR, R D A8 A2 A i, 1T LAEAT 2 0 5 0 AH LR IS 0 A Re 1 ] BEA7AE.
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0 0
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IR SARE IR F 557 10 5 ) B0 2 rp SR AR AL (AT — 250 22 Sl B o (R AR 2 TR 1T B AT PR A 2 o B A
B R Miss(A,B) I 5E A8

(AeG)A(BeG)A(i#k)AE(A,B)>0.

HE Y. 1, G ASASE R w14 B )R At 7 AR Oy

PR#I 1. VA,B(AcGABeG),E(A,B)>0.

BRI 2. Vie[1,m],S(Gj)<M.

B#r 1. dm/hME Miss(A,B) R A 2.

BiR 2. BMEYEG).

i=1

EIEARERUMI L, b3k 3-8 RE R TR B ARG T b S Wk T SEZBR R G RO . s b BUAR ) - S RE R Y S 41
ST P A7 L 22 (1 i) R0 1T S 3 1) R 305 P T F A i 2 18 45 A UK 1) 23 A1 30 R 48, 2 36 56 S 1) R AT il
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vBeCol (A,G)

X, HZEH 2 S(G)<M,A #EE BT I

GHE 5> K G RIG G, B AT BE LG 1=G H.G={A}INE i, 1X I, FeATIRATCVE A G2 R 2 n SR AR G4
Z WA GG ARG IL N, B T3 4 AR LG 1 U A BAEG P RIS HAR 1L FHAR 2,77 AS%it3e
Gk G, 5 A AT & FE. 9 A0, 24 AT 1 32 3) 85 JFiVCE for Memoryif B 75 B 238038 & B 48 (AL HEA T &)
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R 10T 52 65 109 2% 2 38 R AT I 3K, AE U SCAS Rt 22 b 5 W) 199 9% 1) 1 05 0045 FRATT 805 S 1Y R T L AR
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E DR 3 2 o mT A S Hh I A1 TR A P 28 SR TG 55 R G Bl B T RATTHE AT SO ARk TAHEE W
AN R R R B BRI BRI, G 5T K IR 48 S IR BRI X 5 W R DA B IF T IVCE for Memory, AT
i ELAT A IR AL 24

0 SR PR Y A5 Y 48 58 S S T6 95 K, A i NDp (A, B), H T+ 48 SiE 38 4k T 1% 22 B G 58 O I 5 7T R4
G T 1) P45 GEIRNDE (A,B) 5 X ANFF AR IX B O N, BATT 2% 18 S 8 78 A A7 1 VE TR D A i i 3 £ i 92 A7 i 4
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ME(N;,P)>0 IR FFIHER.
X BT (R AR s P 3R i B HE T
XHTil P e G ARG,
T RN 1) G R B RURIE — AN SR J5 38 T BLAH P9 549 s 3 N R34 e.
RTINS 1 21 G i 82 32, 0
FR PG TR ARG A A G FIGy;
Bk M TR ER.
AR SANEIE A BT AT — A2
WU — AN AL B 1T NG
L AR WA A 2% SiE SR ) R R IALG R Y s T
T BT Y ARG RS
T T e BG4 B A
ARG I 2 553G (VA,BeGLUGS(E(A,B)>0)A(S(GL)+S(Gs)<M))
M4 -GG,
R R AR A A S ST RE 2 AT RS NN R G, IE o AT VR ABAS B IR0, O T X R 4 SR
AT PRI, FAT VAL 88 I 24 208 3 JIR ML 28593 A N (g, %) 24 T A 1 3532 ) 10 19 4% S 2R3 ¥4 A 28 3ot 52 o Mk B, 75 R T
fli T ENDg(A,B) v H 358 75 W), AT LLUER X — FR 5103 1) 25 RENDp(A,B), v 5 1E 25 73 A1 1) 2 Bl 0,88 J5 R AT IX
Tt 4 1) 7 3, T B A A T2 C I 1) 455 DX 1] (O, ND yper), I 18 FHTIND ypper (A, BY Yo T 258 18] F A8 RE AT T 4.

4 EPFLER
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RIS T 270 AN AL
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BEHCT 1000 /NZ8 5 H TR 39 A5, 0 33 T 700 [ 2 (1 1) &% iR

o BRITESE /N3 44 10 190 2 3 1 A= i o 1180, S o 0 22 002 5 2 Rl 99 408 A 20 AT 5 B R BRITE )
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R T G Internet ) S B o, AT ] T 5 (heavy-tailed) 23 A (19 05 2K, 355K A T Waxman B 8 75 Bt
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Al R 2% GEIR AT A 5 3 A R B G O, AT R T PR D7 o AT AL 1) IR AN ) TEVE
15638, B 8 A7 A8 1R 504, TSR FH Dijstrafid A il — 4% o5 5 4%, 01 DU SR B B AR b 1) B 318 - R DRy 3K PR A1 A () 55
B AR ;2) 1 S PTAS T S S IR AS KR, ETND(A,B)=ND(B,A), I R ] H P B H .k T B 48 00 2% 2iE 38 1) 98 5 175 000,
FRA A 15 190 2% 22E 312 IR AN T 285 937 N (e, 07), e F a0 48 S8 38 (10 1 PR T~ 354, o ) 1720, 1F 25 537 1) B AL BRI
Box-Mullerf # /s 2 77 2.
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Fig.3 Miss and mistake in two clustering models
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