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Abstract: Single data replica management strategy can not meet the complexity and diverseness in data grid. This
paper proposes a dynamic self-adapting replica management architecture (DSA-RM) driven by software architecture
(SA). In DSA-RM, architecture descriptions are shared by the whole grid environment as a system kernel to
schedule various replica management components that are adapted to various application and VO in data grid. By
the abstraction of DSA-RM, the paper describes the formal definitions of replica management components and
discusses the dynamic self-adapting regulation of component evolution and multiplication in dynamic environment.
By these regulations, the DSA-RM’s framework and algorithms of multiplication are designed. Experimental results
show that the DSA-RM can effectively promote the performance of grid system. Finally, the project of applying the
DSA-RM on Shanghai medical data grid is introduced.
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e Globus™ Grid Physics
(NC BioGrid)!

:Giggle'?
;RLS™
;P-RLS Peer-to-Peer!™
(VO)[17,18] ’
(D ¢ ,
VO VO
DSA-RM). ,
.DSA-RM ,
, Garlan & Shaw (24 129
3
Garlan & Shaw [24] (25,
;ImpBs .port=(ID,Publ,Extn,Prvt,Beha,Msg,Cons,
;Publ port :Extn port
;Beha  port ;Msg  port ;Cons  port
.Cons (init,pre-cond,post-cond),
Con=(ID,Beha,Msg,NFun,Cons,Role), !ID :Beha
Role ;NFun ;Cons
DSA-RM :
P Fsall(P),vieFSall(P), C, (3PortSc=C.Ports)a(feu
, C=Comp(P).

Comp={ CompS,CompC}.CompS

© PEBREBALTU bt/ www. jos. org. cn



1438 Journal of Software Vol.17, No.6, June 2006

,CompC CompS .

2. Conn={ ConnS,ConnM,ConnL}.Vconni e Conn,(1) 3Se CompSa(conni.RolecS.Ports)<
conni e ConnsS;(2) 3S,e CompSa3S.e CompCA(3R;,R econni.RoleAR; e S;.PortsaR; e S..Ports)«<conni e ConnL;
(3) 35,5 CompCa(conni.RolecS.PortsUR, € §.Ports)«<>conni e ConnM.

3. VcompS e CompS,compS.PortS={ PortM,PortR} .V porti e compS.PortS,(1) porti e ConnL.Role<portie
PortM;(2) porti e ConnS.Roleporti e PortR.

4. V§,§eCompS,(Publ(S)2Publ(§))A(Extn(S)cExtn(§))A(Prvt(S)cPrvt(S))A(Msg(S)=Msg(§))A

((Cons(S)=Cons(S))=(Beha(S)=Beha(s))), S S , S—S.
1. v§,8,5eCompS((S>)A(§—>S))=(S->S).

(§—8)=(Publ(S)2Publ (§))A(EXtn(S)=EXtn(§)A(Prvi(S)=Prvt(§))A(Msg(S)=Msy(S)) )

(§—>SJ=(Publ(§)=Publ (S)A(ExXtn(S)=Extn(S))A(Prvi(§)=Prvt(S))A(Msg(S)=Msg(S)) 2
@ @

(Publ(S§)=2Publ (S)A(EXtN(S)=EXtn(SP) A(Prvi(S)=Prvt(S))A(Msg(S)=Msg(S)) ©)
(§—§)=(Cons(§)=Cons(S))=(Beha(S)=Beha(S)) )
(S—SJ)=(Cons(§)=Cons(S))=(Beha(S)=Beha(S)) (5)

(Cons(§)=Cons(§))A(Cons(§)=Cons(Sy))=true,  (Cons(§)=Cons(S))=true. , 4 (5)

(Beha(S)=Beha(S))A(Beha(S)=Beha(S))=true, (Beha(S)=Beha(S))=true.
(Cons(S)=Cons(S))=(Beha(S)=Beha(S))) (6)
3 (6 S-S : 0
5. Se CompS,CeCompC, IxePubl(C)ATye EXIn(S) (x=y)A(pre-cond(9)), C ConnM

S (invocation)!? S Publ(9

Inv(C,9). Inv(C,S)AINV(C,S)A...AINV(C,S,), Inv(C{ S,S1,---,S})-

Inv(C,S) (261, :

Publ(Inv(C,S))=Publ(C)uPubl(S);
Extn(Inv(C,S))=Extn(C)UEXtn(S);
Priv(Inv(C,9)=Priv(C)uPriv(S);
Beha(Inv(C,S))<Beha(C)ABeha(S);
Msg(Inv(C,S))=Msg(C)uMsy(S);
Cons(Inv(C,9))<Cons(C)ACons(S);
NFun(Inv(C,S))<NFun(C)ANFun(S).
Inv(C{ST}) :
Publ(Inv(C,{ ST} ))=Publ(C)uPubl(S)uPubl (T);
Extn(Inv(C{ ST} ))=Extn(C)UEXxtn(S)UEXINn(T);
Priv(Inv(C{ST}))=Priv(C)UPriv(SUPriv(T);
Beha(Inv(C,{ ST} ))<(Beha(C)ABeha(S))v(Beha(C)ABeha(T));
Msg(Inv(C{ S T}))=Msg(C)uMsg(S)uMsy(T);
Cons(Inv(C{ ST}))<=(Cons(C)ACons(S))v(Cons(C)ACons(T));
NFun(Inv(C,{ ST}))<(NFun(C)ANFun(S))v(NFun(C)ANFun(S)).
2. Inv(C,S eCompS.
S=Comp(F), 1 VfeF,(3PortScC.Ports)a(fe UuPortS.Publ). 5 Inv(C,9
VPortS,PortS.PublcPubl (C), (FPortlcInv(C,9).Ports)A(fe uPortl .Publ). . O
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3. Inv(C{%,S,,...,S}) eCompS.

: n=0 |, . n=1 5 Inv(C{ST}) . n=K
. Inv(C{%,S.,...,.S¢)eCompS, n=K+1 , Inv(C,Sc+1) e CompsS, Inv(C{S,S.,....S¢)A
Inv(C,Sc1) e CompS. . O
4. SHS-.St (S=CompYA(VS,.§eS(S>)A(§-9)) , PeCompS
v§eSP-S. S P .
P=Inv(C{%.,S...-,.S}), 2, PeCompS.
(ScCompS) A (VS,S; €S,(S — S;) A (S; = S)) = (Publ(§) = Publ(S;)) A
(BExtn(S) = BXn(S))) A (Prvt(§ ) = Prvt(S§;)) A (Msg(§ ) = Msg(S;)) = (Publ (P) = Publ (S;)) A 7
(Extn(P) = Bxtn(S;)) A (Prvt(P) = Prwt(S;))(Msg(P) = Msg(S, )
5
(Cons(P)=Cons(S))=(Beha(P)=Beha(S)) (8)
@) (8 P-S. . O
12
DSA-RM CompS , CompS
.DSA-RM
:(D) . , VO
P2P (2 . ) S
M M S , R-Chng A-Chng.
:(2) ., DSA-RM ,
, DSA-RM (2
DSA-RM , vO
, VO . , D-Mnt D-Appl.
,R-Chng=D-Mnt,A-Chng=D-Appl.
R-Chng , 1.1 4 1 4 ,R-Chng
.A-Chng , 1.1
5 2 3 , ?
6. CompC . CompC=(Heart,Sensor,
Evolve,Multiply). ‘Heart f CompS
, (Curlnfo,Logic,Cond),Curlnfo CompS , CPU,Memory,
Performance  ;Logic :Cond :Sensor
. , Heart ;Evolve
; Sensor CompS , ;Multiply
) CompS
6 ,DSA-RM (1) Heart;(2) CompS
Sensor HE)) CompS Evolve HE))
CompS Multiply
1.3
1.1 1.2 ,DSA-RM
(1) DSA-RM ,

CompS ;(2) DSA-RM CompS , ,
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1 DSA-RM )
Strategy logic set Control logic set (CompC)
(CompS)
Port Port — Info ]
CompS| ..
Port,
CompS «©» Evolve PEY
Sensor ¢ Hear]
Port & Multiply €]
CompS| ...
Coffnector — "
I\ S
DSA-RM
Globus

Fig.1 TheArchitecture of the DSA-RM
1 DSA-RM

(Component name="pushStrategy” )
(Port name="updateReplica’)
(Publnterface name="update”/Publ nterface)
(Publnterface name="del eteOld" /Publnterface )
(Extn name="getReplica’)
(Source name="ReplicaSource”)
(Generator Location="192.168.0.12" /Generator)
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CompS CompC.CompS
, CompS
.CompS
DSA-RM, DSA-RM
.CompC
Heart,Sensor,Evolve,Multiply .Sensor
CompS CompS
.Sensor
.Info
.Logic CompS .Heart
.Evolve
Multiply CompS , Sensor
CompsS.
XML DSA-RM (28]
, CompS

(Copy Location="192.168.0.13; 192.168.0.15"/Copy)

({/Source)
(/Extn)
(Beha name="update”)
{call name="com.replica.update”)
{param name="replicalD")
(type value="int" /type)
(/paramy

(param name="content”)
(type value="String” /type)
(/paramy
([call)
(/Behay
(Msg name="Content”)
(IMsg)
(Msg name="Return”)
(False value="0"/False)
(IMsg)

i.(.:ons name="Global")
(init name="State")

(Jinity

&i:)-recond name="trigger”)
(trigger name="outdate” )
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{outdate value=2006-01-20-20:00:00 /outdate)
(Itrigger)

(trigger name="msg”)
{msg value="update” /msg)
(Itrigger)
(/pre-cond)

&|.o.ost-cond name="0Other")

(/post-cond)
(/Cons)
(Cons name="Update")
(init name="State")

(finit)
&b.recond name="trigger”)
(trigger name="outdate” )

({outdate value=2006-01-20-20:00:00 /outdate)
(Itrigger)

(/pre:(':'ond>
&.p.ost-cond name="Other")
Upost-cond}

(/ICons)
(Cons name="Update")

&Cons}

(/Port)

(Nfun name="detail”)

(/INfun)

(/Component)
2 DSA-RM
, Heart
) S N
. , 3 ,DSA-RM
'(2)
2.1
Ng={ Ng,N1,...,N.} .DSA-RM NeNg
:D={Do,Dy,...,Dy} :S={%,S1, .S} N
M 0/1 , S D
N S=(ID,R,D,V,Q),R={ Ro,Ry,...,R:}

N :D={Dy,Dy,...,Dy} N S v o1

:Q N S :
increase,allocate). .average ;decrease  increase

:allocate . S N

3D;eN.D,my=1.

1441

(1)

N=(D,SM),

, R D
(average,decrease,

VS§eS
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CompS :
Multiply(S.,Ns,Np) //S. is the Component of CompS, N is the source node, Np is the node set of destination.
On node Ng:{
Ns send m-request-msg=(S..I1D,S..Q,Ns,Np) to every node in Np;
Waiting m-response-msg sent back from Np;}
On node each node Nye Np as receive m-request-msg:{

DS = O[[ 3 m; = 0]?{ D} :¢J ;Surplus=Quantity(D®); times=1,
i=o\ \_j=0
If (Surplus<S..Q.average={

Surplus=Surplus+ Zm: max(0, (S .Q(average— allocate))) ;

i=0
S= O((S Q.(allocate—average) > 0) XS} : 4)
i=0
For each SeS do S.Q.allocate=S.Q.average;}
While(Surplus<S..Q.average-timesxS..Q.decrease=do{

Surplus=Surplus+ Z ((S Q(average— allocate) > times x decrease) ?decrease: 0) ;
i=0

k
S= U ((S .Q.(allocate— average) > timesx decrease) S} :¢) ;
i=0
For each SeS do S.Q.allocate=S.Q.average-S.Q.decrease;}
For each Se S dof
While(S.Q.allocate>Quantity(S.D)) do{ S delete replica by strategy and merge storage distinct;};}

D.=Allocate(D®,Surplus); I/l Allocate D.cD’for S, use Knapsack algorithm
Nk.S=Ni.SUS;for each Dje D do{ my;=1}; &.Q.allocate=Surplus;
Send m-response-msg to node Ng; /I m-response-msg=(S..Q,Ny);

Waiting m-deploy-msg sent back from Ng;}
On node N as receive m-response-msg from Nge Np:{
Record info of Ng;Send m-deploy-msg to N} // m-deploy-msg is the binary code of S
On node each node Nye Np as receive m-response-msg:{ Deploy the S}

, ( ) decrease
) q , S N
O(mxk?), m N &k N
2.2
[5—15].
. , CompS
, . N,VSnS eN.S RShare(S,,S)=SnRNS.R S S
. VSnSeN.S .
DShare(Sy,S)=S..DNS.D S, S N . N
R=(gID,"D), :gID R N
D . , : 3 . ,
R , RS' : S R

S RS , RS=g ; S ,
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2.3
DSA-RM CompS
L
s Gdeploy(9={J((Se N;.S) AN} :¢) ={ Ny, N; ..., N.}.

i=0

fs(X) S X , . S

Gdeploy(S).

7. P=(Po,P1,...,Py), :P.Pi={Vio,Vi1, ..., Via} ; Vij=Gdeploy(S). O<i<n, P

(D) (YVimVinePi, Vi Vii=Q)A (O\/ij = Gdep|0y(5)] ;

i
(2) VP;,Pi+1,(3V(+9n € Pi+ DA @Vim, Vine POA(VindoVincE Viispyn)s
(3) Po={{ Ng} { N }.... A NJ 3} "Po={{NoNy,...,NG}, P Gdeploy(S

1. VN;e Gdeploy(S), Path(SN))=(Kq,K4,..., Kn) . Oﬁjﬁn,NiEK]‘/\Kngj, Path(SN))
N S
7 @ 0<i<n,P -V, =Gdeploy(S), Osj<aNieVy, K=V
j=0
Path(SN). 1 . O
CostRate=(CRy,CRy,...,CR,), :CR (cost,rate),cost Ki; (Ki—Ki_1)
rate Ki Ki_1 .
rate=fg(Quantity(K;))—fs(Quantity(K;_1))=c(i),
IT) .costi=C(i).

T~ jl”(c:(i)xr(i)) .
Path(S,No), NJ'G Kj Nj s
T2 [ (CO) X I gare0))

o,
AT=Tgare— T

~ [ (CO) X (Mg = T0)))
&/ jn(C(i) * (I e @) = (1))
=0 [ [(C) (F QUK ~ (F(QKD)) -

f(Q)
0, ; )
N S Path(SN) K; o
f(Q)
3
OptorSimt?%!
2 . Internet )
Internet K=10Mb; Intranet M=100Mb;
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G=1000Mb. 1MB, 0.01M, 10%.
VO VO . ,
. VO-W, VO-R; ,
VO-W VO-R.VO-W , VO
VO-R , , . VO-R VO-W
Sr Sw, :Sr Pull , 'Sw
Push , , , ,
. , , 20G( 25%
); 1000G. (1) f(x)=x/1000,
1
: (2 g =1-——————, : 1
\/;Xexllooo+1
St Sw VO-R(SI-VO-R)  VO-W(Sw-VO-W) « .
VO-R) Sr (Sr-G) Sw (Sw-G) Sr Sw
(Sr-Sw)
[1] I_TTI
[=1 ]
l'l,' .\D\CI' :I:I-t_
ST
o L
By
B -
e
:r_.". 5:\:.&':
- k] E' EE . !
_ e B L
“-—G. i .
] -"": O LF T
2 £ il )
/ / il =]
,Mﬁ. _ ﬁ‘v} '
E @ F1 [ B lﬁl Bl [
Fig. 2 Network topology used for simulations
2
3 . X Y ,
s, 3(a) (f(x)=x/1000), , , 5
, . ( ) Sr Sw VO-R
VO-W ( ), Sw ( ) Sr Sw
1
( ) 50%. 3(b) |gxX)=1l-——7-——], )
\/;Xexllooo+1
( ) Sr Sw VO-R VO-W ( ), Sw
( ) Sr Sw ( ) 65%.
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16 16

= Request times each minute each node
-
14 "§VOoR SwVow = .
Sr-G Sr-G Sr-Sw - &
12 -~ g
o
10 - /"
8 = A =
| .
6 F o o ¥
.r ] [} 2 = a2
N ...--""'.r
4 = e L
Wk
2
0 oL S R WY B F

1 3 5 7 9 11 13 15 17 19
(@ (b)
Fig.3 Average response time of Sr-VO-R, Sr-VO-R, Sw-VO-W, Sr-G, Sr-G, Sr-Sw
3 Sr-VO-R,Sr-VO-R,Sw-VO-W,Sr-G Sr-G,Sr-Sw

33,34,41, . f(x)=x/1000, 5,10,15,20
1
9=l 50,100,150,200
\/;Xexllooo+l
33 S-VO-R  Sr-Sw : 34 Sr-VO-R,Sw-VO-W  Sr-Sw : 41
SW-VO-W  Sr-Sw .4 } 4 , Sr Sw
44 ,
4
DSA-RM, DSA-RM
, DSA-RM
, ; , .DSA-RM
(1) DSA-RM VO (2)
:(3)
, DSA-RM. o1
;2 ,
.2
DSA-RM,
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8
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8
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Fig.4 Compare response time of node 33, 34, 41 between mix and single strategy
4 33,34,41
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