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Abstract Constructing new, value-added Web services by composing existing ones is stepping
into the mainstream of software development. To adapt to the open environments and optimize
the inner business processes, Web service compositions often need to evolve dynamically. To
maximize the benefit of the evolvement, as many running instances as possible should be migrated
to the new version of the service composition specification. However not all running instances can
migrate safely because some dynamic change bugs (e. g. , deadlocks) could occur after these in-
stances have migrated to the new version. This paper presents a framework to support the dy-
namic evolution of Web service compositions under which a new formal migratability criterion is
proposed. It also proposes the algorithm to check whether an instance of a service composition
can migrate to the new version and- if so- the algorithm can also obtain the corresponding target
state under the new version where the suspended instance can resume its execution after migra-
tion. Compared with the existing migratability criteria in the literature, the authors’ criterion al-
lows migrations of more running instances without introducing potential dynamic change bugs.
Lastly, a case study based on a travel agency application is also included to demonstrate the effec-

tiveness and feasibility of the proposed approach.

Keywords Web service composition; dynamic evolution; instance-level migration; migratability

criterion; Petri nets
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S B HRAT I SIS N o AR o HR iR I 2l el LR
FI S5 T 8 BUA 19 ST 0T 2 8 0 32 52 4] ]
PLIE A% 3 H s A2 E o 275 al SEEL . AR
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SERAERANTE Bl B A 22 e 2 AR H AR T
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A ) 2 % S TE DR A H AR X i fe T i A2
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72 S 15 AT RATE H AR BT A, Je AT 5l A —
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EX SQEh e L), #HIRGHE#
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reachingDefs(N,p.t). TEIG s 75 o W ie )5 B B
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B 14T reachingDefs(N, p, t) i) HAKR
fif AR w8 1 AR LU B s reachingDe fs(N,
o)A E LR AR E « A B T SRS
Def (1), 3% mijg s WRIMNTEERN. Bk 1 hES
De fs 1 IC R AN BAEIE I 1 i B AW A2 46, R 7%
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% 1. reachingDefs(in N, in p, in t).
1. begin
2. Defs<~
3. for j<1 to |p]
4 if 1=p[;]
5 return Def's
6 endif
7. Def(pljD <&

8 Kill(p[j D~
9 for every v& OutPut(p[j])
Def(plj1) < Def(pliD Ulv}
Kill(p[j ) < Kill(p[j D U {v. | v. € Defs}
endfor

13.  Defs< (Defs—Kill(o[j 1)) UDef(olj ]

14. endfor

15. return Defs

16. end

o N — TR B S AT I S 81, 0
W — 3G 5l ¢ Pl 28 4 G0 ) Use (N, ps0).
BETHE LA KR Use (N, o) AARGT TR I
S 2 RS HE 1 EAER AT O vk SRR 2 RIS
[ 2= R O(n X m X log, [+ kXlog, 1), Hivtp £ H
Wahe M ALEDE.Lomon E XL S5HEE1
—H.

Hik 2.
begin
Use (1) < &
Defs<reachingDefs(N,p,t)
for every v€& InPut(t)

if Jv,€ Defs

Use (t) < Use (1) U {w, }

endif

Use(in N, in p, in #).

endfor

© (o) ~ (=2} (@21 = w [N —

return Use ()

10. end

A N,=(P,,T,,F,,l)fI N,=(P,,T,,F,.l)
o R BB A S BAR B L 45 Use (N, p,0) =
Use (N, s0,0) W FRBIE B « 72 WAL N, BT
s il DAAE HARBE S N, R B 7245 IR 55 48
S B RIS B PEBR E Z HI . FRATT AR N, (9] R A 1R

M AT MY pE Poudy mJee TR (1. p) €
F, .M, (p)=1;FM M, (p)=0.

AEBERAE 1 IRSFHE M ER X HH AR
X5 NN, G FEBBEE NF R — AR AT 1)
IR 55 & S0 C PATIE ST 8 Ko 45 o il R AT
A (1) (N, M) [6) (N, . M,); (2) Vi€ o,
Use(N,,0,t) =Use (N,,0,2), WZ IR 55 4 & £ 4 7]
EBE N, HHRRE R (N, M),

EX 6CHBRIRERIA RN . K — 55 2415 56
TR 2 H A HARRES T IRE AT S . A2
NG 4IPS R AL =PI G TR A A RO N 7 SURTESIN
HEPATIE D WFRIZ B AR A B (valid).

T FEA S AT E B AR IR 2 9 A 2rE 2
) 7 Wk 55 AL 52 2 15 mT LASE RS 19 “ P AR 1. 1 AT
T PEARE 1 CELAE N & Y Al B R AR 2~
AT DL AR R R IR AR T 1 84 A B AT 4R
Hh AT DA A5 AR 55 45 S 451l G B8 1 A A B A ) S
AT ERAEAE.

A DUIE AR 4 PO B PE AR 1 F 3145 19 H bRtk
BRRAM. SR . ER AR e o
(95 2l T LA H AR5 2 e B 09 P07 05Uy B
G TE. BT H bR X ] BB X R 55 45 S5 2 AT
o AR P 0 A A8 e O 83 355 3l 95 n 3% 3 2l 722 4% 2l
FRERAT I 45D X AR AR A 75 1 55 21 S ) 2 $hAT 2ot
FR9E Bl 7 9 AN BETE H AR AR =X 442 8 B E A S0 A 7
e EI. X FPIEIE T A BE A B A IR 55 H G
SEIAS T TR R . Ry T AR AT a6 4 i O =X
B TR MR 55 4 S0 B 7T 3T A 1 s A DT 156 75
R HE 2 1 IR 55 20 & S B RE 5 i 7% 31 H AR U T .

N HTIE 2 B ] o B 2 Ca) ()
o3 AR IR 55 41 G 1 R A H AR XL 7E H AR AR
WG 3h o BOMER. R —Fr L B8 19 Ik 55 45 5k
B EPATIE STt s 1T~ (N, M) L6,
MG P AT A PEAR UE 1, 3% S A BE 1T B 3] H s X
T ARTAE HARBE T AR il A 5 Z AT B 2,
R 25K o 78 B AT I A B . SEbr L
1) 2 IR 55 2H G 52 B 1 & P AT T B P 9102 45 AT LA
BRI FATITC A 1 H AR AR R AN A AR RS S
U, FATH] LUK ] IE RS VERR UE 1 HEAT Ok 45 B AT IE
R bR 2.

(a)
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(1D (N,,M,)[6)(N,,M,); (2)Vt € S, Use (N,,
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N, H BFRIRE N (N, M.

TEAT TR PEARE 2 4500 T L 1 2 ] rh g IR
55 A LB A] DU I A MEGE B AR 48 7] 32 8% 1
PrE 2 P HAR 0 B R RSS2 A R SR AT iR RS R

Bt 2 AT5 AT Bk — 25 k. by i€ ST R AT I RS P s of
AT E 5| A — SRR 5.
EX TCHEBEKED. HERFHSHKAN

T X T — e 55 1 A SE A 2 AT S B P 81 o
MAE NGB o LR o[ ], Hod i</, FATFRTE
o] HEBEMKB TE) o], 24 HALY
Use(N,o,0[j DN Def(cliDF# .

EX (PR, X FRE-RSASG
EHIHEHRATIE ST S o iy 3 AN S o[i].o[ k]
Molyl o i <<k<<j %W o j | H H SR HEE
W T 15 3l oLk 15 8l o[ & ] H 4 5 1) 2 B0 Ml T
W3l o], WG 3 o[y i) 80 #7106 3h o[ ].

T O bR E S AN HE K B R RO N A
A% 338 P T TR S B0 M B A A% s . T T 4
i RS AR [70] 42 5 0 A4 A 5 Pk Ay 540 R

EX Y AM . X FIHE— RS 4 A5
B C AT 30 7 5 o A AN E Bl o [ AN
ol MWD o Lj I BRI T 3% ) o L], [8]
o[Ld JWA B T 15 3 o[ 1. ARG S o[ 1 515
gl o L JBUHE A A K.

o P 5% gl o [ JEE A AH 5G4 BT A 1% 3B i —
MNEL IBHE dataUnrelevant (N o6 i ). Bk 3 44
EB YRR R SR A O

Hix3.

begin

dataUnrelevant(in N,in o,in c[i]).

boolean wvisited [ || ]= {false}

Set s<oc—o0[i]

s<s—dataUse(N 0,06 i], xvisited)
s<—s—dataUsed (N ,o,0[i], xvisited)

return s

~ o al = w Do —

end
dataUse(in N, in o, ino[i], in *visited)

8. begin

9. Sets;<—
10. Use(o[i]) < Use(N,o,0[i])
11. for every v, €Use(c[i]), and a€s
12.  if visited [a]=1alse
13. visited [ a ]=true
14. si<s1 Ula}
15. si<s; UdataUse(N,0,a, *visited)
16.  endif
17. endfor
18. return s,
19. end
dataUsed(in N, in o, in o[i], in *visited)
20. begin
21. Set s,<~ &
22. for j<—i+1 to |o]
23. ifo[jlEs,
24. continue
25.  endif
26. il wisited[o[j]]="1alse &
Use (N,o,6[j D NDef(cli]D#S

27. visited [ o[ j]]=true

28. se<s, Ulalj]}

29. s, <35, UdataUsed(N 0.0 j], *visited)

30.  endif

31. endfor

32. return s,

33. end

AT ZANH— T 5% 3, B TP EIHE

B Hirh dataUse(in N, in o, in o[ 7], in *visited) &
] 14 2 4 3 o [ ) i 5040 40Kt 1) BT A 355 0 ) il 1
A, dataUsed(in N, in o, in o[ 7], in *visited) &
[l 14 S B4 AR T35 Bl o Li A9 i A7 3% 3 4 i i B
BT 3 P 2 EGBE RATA K
Gy E R B R A 2 BEL A AT AR R TR T
() 53 AT 7 A5 B A I [A) 52 2% B R 2 X g .

LT RS PEARUE 2 (9 BRI 5 T 7™ A%, Fe AT it
B 3 Jr7s B 5 BEA TS K 8T 3 (a0 AL (h) 23 5 R
R 55 A IR R B AR 72 HAREE T 16 3 ¢,
2, BFRAT I 04T 1 58 4. AR — R 3 7% S il 1Y)
CHATEZNF IR 6t BT = (NG M) [ 2,0 4R
P AT RS AR 2. X LI RE L 78 3 H AR T
SR AN SRS Bl o0 A oo KOs AN A5G (B W E 3L 9) .

t) ty t> t
(a) (b)
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FHD S T BE 6 Bl o B 2 AT 25 5 0] DAAE H A s X
TEH. BEEEENT A (NLM) [0 (N M,
FATAT LA (N, MO AE R 12 il 55 46 52 i H Aotk
AL S AE H AR E RS AT SR B
&l ¢, BEGHATIE D ¢, SR T 5 3h 0, B 248
PR AT 2, I B AR 5 i 68 A IS 00 5 4E H Ax
A A 72 e R O — B, R ok v] DL S B 4 1Y)
PUATEE R OCTEE AT - R gk 8L A7 0 1 )5 4k
WG 8. FERX PG OLT 36 35 8 ¢ e A AT RAAE
H AR IR Ry 43 B dE B0 . 3 3 3 A4~ 91 7 11
Ja 7 s FRATT AT DLk — 25 s W] 3R B M AR U

B4 ess 4 sh S BAe S22 1 3
AEREARAE 4. RS A A A9 I R H bR
B N, N AERE NCR B —IEfE $h AT 1Y
e 55 45 LB S AT IE S P H 0. % =04 T..

2 AA=24,4,-:4, € DU, Fp=0,1,0,4,---0,A, (H
o 0,5 H R A B A 8 o B AR AR R AT R i
RAEMTENFIH 0, NA= T 02 VLT A1
(1) (N, M) [p); (2) YVt € 2, Use (N,, A, 1) =
Use (N, 0,0) JWiZ k55 A& 2B AT 1288 2 N, 4o 2R
01’02’""0/'%%%%@]}%@]@0/\1%35"}3%@?
F, H(N, M) [A A, =4, (N, , M), ] (N, , M, Bl
J HARIRE.

. FEATIE RS PR AR E 4, FRATHA E LI
1) HFRAR S LA BT B DT
oMANE T o WiGdhaact ). TG a WHLE
AN AT, PR H AR RS S (N, M) DR
WESEHER A ST a. 2T a ZE M3,
TATIGAE T L 5 P 4h AL IR

EE 1. Wi BERE 4 PrREm s
RETEA R

IEA . ARAEE 6.5 A E M 55 4G S BT RS
B H AR HARORES TR AT S5 A= 5] A
B Bl T Bk 0 B R AT B AR R

(1) A2z 5] AJE 81800 81 4% 3= B T (N,
M)A 2,4, (N, . M,) ,BI (N, ,M,) € (N, ,M,), N
MR B bR =0 55 2 kM, AM, € Q. M, € (N,,
M. Fr LA k55 A5 L BB 2 05 A 2 kA2 FE i sk
TG PR 1R

() Azgl Akt & s i gs k. B T (N, M)
(A1 A=) (N, M) FEHLIE ST G Ay Ay A I BT
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WAL, 20" =p—24, 4, .25 (N, . M) [p) (N, ,
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IM, € (N,.M)>NQ. B 3R (N, .MD[)(N,.
Mo, Ht 0 i 36 s R 2 ko 28 b X R
(N, M) [+ (N M) KGN FH] p+0" b #%
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A AELEPATHE MR, RS 5
S HERIR A (N, M) T % & AT 7 LR35 %
JE o =p—A A, e A, I B BRAT TG Bl A 6 251 EE T R
FTRIAT. A2 =A— 2,2, 2, . 4 T Ve (f NA)H S
(pNA) s T Use (N, A, ) =Use(N,,p,t), rLA o' th
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PRBEEUT. Bk 4 S5 Tl R VAR TE 4 RO SEBL L%
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&% 4. targetState(in N,, in N,, in o).

1. begin

2. O0<oh T,

3. o<

4., ts<=

5. currentM,<— M,

6. handledSet< &

7. reachingDe fs<reachingDefs(N, ,o.o[ |c| ] U
Def(al|o| D

8. i<1

9. k<00

10, j<1

11. while j<<|d]
12, if 6[j] € handledSet

13, j<j+1

14. continue

15.  endif

16.  if(N,,currentM)[8[j 1> (N, ,M,)
17. if Use(N,,A,8[j]) T reachingDefs

18. p<p+ol;]

19. i<—i+1

20. currentM,<— M,
21. j<j+1

22. if j=10] &ts=0
23. ts<currentM,
24, endif

25. else

26. ts<— &

217. break

28. endif

29. else if 1€ dataUnrelevant(N,o,0[j]) and
(N, scurrentM,)[t) (N, ,M,)
30. if Use (N, ,A.t) “reachingDef's

31. o<p+t

32. i<i+1

33. currentM,<— M,

34. handledSet < handledSet\J {t}

35. endif

36. else if J1€7, satisfying(N, , currentM,) 1) (N, \M,)
37. if reachingDe fs satisfying inPut(t)

38. p<—p+t

39. i<i+1

40. currentM,<— M,

41. Def(t) <~

42. Kill() <~ J

43. for every v& outPut(t)

44, De f(t) < Def()U (v}

45. Kill(t) < Kill() U {v, | v, € reachingDe fs}

46. endfor

47, reaching De [s< (reachingDe fs— Kill()) U
De f (1)

48. if ts=g

49. ts<currentM,

50. k<1

51. endif

52. endif

53. else

54, Is<— O

55. break

56.  endif

57. endwhile

58. return(ss,po.k)

59. end

S A W A IR N RS N, B
N, TRk 55 A G500 S HATIE s T8 o, 4
o =0 (s o0 k). B s WD MK IR o
ANRETE N, 3 B BRI AH B 4 R 55 20 & S AN R A
BB HARBET s B0, s i A B O HARIRZS
WIS o 3B A1 A4 Sy H AR5 T il AT AL B R AR o 4
ZME (DN, . M) [y FI 2OV €A, Use (N, ,A,1) =
Use (N, 0,0 1) — DG 8 ¥ 51, 23R [l &= oo},
SRR B B AR os J5 AT LAPAT 05 FAEE —1
AT LASRAT BT 3l 5 U 52 5 7% 3 HARARES o5 s
T LG ST A o W05 In) 4k SE 04T AT IS 1
MG k],

T A N A 4B AP 2~ 10
TR MR Al o 28 7 A7 rh R T L
B 11~57 A7 N5 4 O KRB B2 . | ok
FIWr 0(0<—o A TOHRRE—IG3h ol & LITEH
AR 2 ) 24 BOR B currentM, T BB (5F 12 ~ 28
A7) 7 Al LU B0 4k 22 H Wy o[+ 112 ] LA
WoEF OIS M EI N 1k 4 oL/ A RE
B AT LI 0 v 0 [ T8 AN AH G I B 2 1
] LATE currentM, FE I (56 29~3517) 345 015
B AN FH 6 0 15 2l Al I8 7 FE I, AT LA W H bR
KX TFAET O By TE & &l DLFE currentM, B &
Az R BX RIS Bl WA T 32030 3l 0T A28 45 3 1Y
currentM, FYREE iR F) 2 (55 36 ~52 17) s 47 A
B X AE A9 E Bl iz S e e H AR B B R
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HE A TP R CO MO WIG ST Y] o (HE T E 1
I W AT T 3h i 4 A A8 R S AT DLAE H AR AR
KFEIE L 17 47 T &4 Use (N, 2,0 DE
reachingDe fs XA IE B AR HE 4 19 5140 (2)
Use (N, 42,0 1) =Use (N, ,0,0[j 1) Fak 5 2 A 7]
. 55 30 47t R T TR i Ak 2 7 =K.

PR 7 <X (VR 7 iy s A
4 BB Ta) A % B R 2 T .

B Ja s AT AT Wk 2 © 8 15 IR 55 41 S 4
AYPRAT S IX XTI 4. 1 45 o I 4 Y IR 55 445 3 A
FEHEZR 56 (5) 2. X T ] 3B B8 i iRk 45 41 & S5 41 JE
L 4 AT LR R 1 HARRAS o5, 1%
SR PR AR 2R AT 19T B 8 RE W A H AR X
A ZEHIE HARRE T S BUEE S F 5 o 1
J5 AT AT B B FE IR R & & AT T B
Bk AL A5 AT H bR BPEL 3 82 v i A5 B 3 2l B
S RN 5 FR. 5 IR 541G LA ] 32 0
FEVR TR T 4 S S (1 $A T

Bi%S.
in o, in k).

resumeExecution(in o, in N,, in ts,

begin
currentM,<—ts

if b 1=co

= VC R SR

for j<Fk to |p|

if(N, scurrentM,) [ p[j 1) (N, ,M,)

currentM,<— M,
endif
if pljl€to
do activity(p[j])

10. endif
11.  endfor
12. endif
13. while currentM, &
14. if 3tEN,, satisfying (N, , currentM,)[t) (N, ,M,)
15. currentM,<— M,
16.
17.
18.
19.
4 o' =plkJoLh+1]p[lpl 1.2 (N, 1) [0
(N M) HAFAET 37 9 0" bR M, € Q 7%
(N, M) LF) (N M) s U 5 i 1) 2 2% B
OGntn) ot m Fln 43 5CFE o' B 0" th 3 By 1Y
e

(o]

© o0 NN >

do activity(t)
endif
endwhile

end

5 ZEBISH

ATl — A RATACHE A Web fik 55 414 52491
KA WA SCT5 1 0 A S0P Al A7 P %R A7 A QB R
75 ] LAAR 3 I P 1 5 1 5 0 35 oK L A )R D 1Y
airline it 55 Al hotel ik 55 . K 13 2 19 IZ 55 #r #% <5
RIS ENSSAL E R SR S RO E ST NN -y ]
A% 10T 248 52 A 90 5 o 5 7 X A U 4 SR AR U R AT
AR AR 55 5 DA R € . B » i A7 AR A 55 941 T A
L1 airline iR 55 Al hotel R 55 . I B T 15 B3R [
HE . R TR 55 19 BPEL i #2 4n 181 5 Fros.

(process name= "travel_agency")
(partnerlinks)
(partnerlink name="client" /)
(partnerlink name= "airline"+++/)
(partnerlink name="hotel"+++/)
(/partnerlinks)
(sequence)
(repeatUntil)
(receive partnerlink="client" operation="travel_query"
variable="queryInput")
(assign)
(copy) (from)$ queryInput. airline(/from)
(to)$airlineQuery(/to) {/copy)
(copy» (from) $ queryInput. hotel(/from)
(to)$ hotelQuery(/to) (/copy)
(/assign)
(invoke partnerlink="airline" operation="airline_query"
inputVariable="airlineQuery" outputVariable= "airlineResult")
(invoke partnerlink="hotel" operation="hotel_query"
inputVariable=" hotelQuery" outputVariable= "hotelResult")
(assign)
(copy) (from) $ airlineResult(/from)
(to)$ queryOutput. flight(/to) (/copy)
(copy) (from) $ hotelResult(/from)
(toy$ ueryOutput. hotel(/to) ( /copy)
(/assign)
(invoke partnerlink="client"
operation="query_responce" inputVariable="queryOutput")
(receive partnerlink="client"
operation="acknowledgement" variable="acceptance")
(/repeatUntil condition $acceptance="true")
(assign)
(copy) {from)$ queryOut.airline(/from)
(to)$ airlineBooking(/to) {/copy)
(copy) {from) $ queryInput.hotel(/from)
(to) $ hotelBooking(/to) {/copy)
(/assign)
(flow»
(invoke partnerlink="airline" operation= "airline_request"
inputVariable="airlineBooking"
outputVariable= "airlineOffer")
(invoke partnerlink="hotel" operation="hotel_request"
inputVariable= "hotelBooking" outvariable="hotelOffer")
(/flow)
(assign)
(copy) (from) $airlineOffer(/from)
(to)$ travelOffer. airlineoffer(/to) (/copy)
(copy) {from) $ hotelOffer(/from)
(to)$ travelOffer. hoteloffer(/to) {/copy)
(/assign)
(invoke partnerlink="client"
operation= "travel_offer" inputVariable="travelOffer")
(/sequence)
(/process)

K5 RATACHEAR 55 41 R IR AR
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SR Bt (o T A 1S 22 R AT AR BRI 55 % )t A
TRRIEAT T — 24k - (1) b 38 5 i R W AT R0%
airline_query Fl hotel_query # |~ invoke & 3l 2 K
JEAT AT 5 (2) 1 T airline R 55 # hotel iz 55 45 Wik
S, LT IT W AH B airline IR 45 09 % P, BT I
hotel Iz 55 i AJ LA 22 52 — 5 A O0 2 Sy AR 947 P10
ATH P15 3 airline_request A1 hotel_request it &
RATHAT 5 (3) B F AT A9 75 2, 76 A5 i 38 15 16 3
IRTEE N 3 T — AW BB 3l record, FIDIIE R &
FITLT I B IR 55 SR IS i) BPEL Wi B AN 1&] 6 Fm.

(process name= "travel_agency")
(partnerlinks)
(partnerlink name="client"+++/)
(partnerlink name= "airline"+++ /)
(partnerlink name="hotel" -+ /)
(/partnerlinks)
(sequence)
(repeatUntil)
(receive partnerlink="client" operation="travel_query"
variable="queryInput")
(assign)
(copy) (from)$ queryInput. airline(/from)
(to)$airlineQuery(/to) {/copy>
(copy) {from) $ queryInput. hotel(/from)
(to)$ hotelQuery(/to) {/copy)
(/assign)
(flow)
(invoke partnerlink="airline" operation= "airline_query"
inputVariable="queryInput. flight"
outputVariable= "airlineResult")
(invoke partnerlink="hotel" operation="hotel_query"
inputVariable="querylnput. hotel"
outputVariable= "hotelResult")
(/flow)
(assign)
(copy) (from) $ airlineResult (/from)
(to)$ queryOutput. flight{/to){/copy)
(copy) (from) $ hotelResult{/from)
(to)$ queryOutput. hotel(/to) (/copy)
(/assign)
(invoke partnerlink="client"
operation="query_responce" inputVariable="queryOutput")
(receive partnerlink="client"
operation="acknowledgement" variable="acceptance")
(/repeatUntil condition $acceptance="true")
(assign)
(copy) (from) $ queryOut. airline (/from)
(to)$airlineBooking(/to) (/copy)
(copy» (from) $ queryInput. hotel(/from)
(to) $ hotelBooking(/to) (/copy)
(/assign)
(invoke partnerlink="airline" operation= "airline_request"
inputVariable="airlineBooking" outputVariable= "airlineOffer")
(invoke partnerlink="hotel" operation="hotel_request"
inputVariable= "hotelBooking" outvariable="hotelOffer")
(assign)
(copy) (from) $ airlineOffer( /from)
(to) $ travelOffer.airlineoffer( /to) ( /copy)
(copy) (from) $ hotelOffer(/from)
(to) $ travelOffer. hoteloffer(/to) (/copy)
(/assign)
(invoke partnerlink="client"
operation= "travel_offer" inputVariable="travelOffer")
(extensionActivity)
(bdp: peopleActivity name="record"
inputVariable="travelOffer")
(/bdp: peopleActivity)
(/extensionActivity)
(/sequence)
(/process)

K6 iRATACHEAR S A R B AR R AR

T RIEETTE L FRAT 2 BIFRE S5 M 6 R
() BPEL J A g P AR A H bR AR 4 T 57 25 1Y
VR R G IRATACER IR 55 n] LA IR AR AR 45 T A
DAY AL R O TR AT RE M AR % P 5 52 B H bR i AR B
a7 S F) A6 M LA R 4 4 O 2 O T A DR 0
f) A Ak B 52 114 % P 5K BESROIR A7 A B 55 fiE 2 24
MoRE T T AR 9 IR 55 A 9 T A% B H AR R T 4k £k
AT

FATAT LA i W 55 21 A S e R R 1 2 4k
1115 8l e 9145 ROk W 2% 2 5 52 40 9 7T S 3% 1. 4R
T+ 5 75 2 A% 19 MR 55 4 S ) i B FLAR 22k O i
AR S HEAT T RS TARRAOR . HA S
PR PRI FRATT AT AR A SO 48 H 110 2 TR R
TR 5 B AT AL AR

(1 5 50370 R 2 380 e AR 3t I ) 7 X
TCOBTR) » 0 53 A 8 T3 (3 1] K 20 T80 AR 3 M)
8 AR g PR AR N CRIVIBR P 7 Ca) Hp T HE 2 37
P 2% 10 P T LA B 5 3 6 A2 oy A 2 B AT 1) 90D . G v g
I BT ARER B4 15 Bl S i A R i A R TE
1.

1 BTHEIARINEHIREGNGHETE

2 E AH I i B ILESIE TR 17 3l i
I travel_query None querylnput
t2 assign querylnput airlineQuery

hotelQuery
13 airline_query airlineQuery airlineResult
1y hotel_query hotelQuery hotelResult
ts5 assign airlineResult queryQOutput
hotelResult

tg query_responce queryQOutput None
17 acknowledgement None acceptance
ts back to query None None
Ly assign queryQOutput airlineB()()king

hotelBooking
t1o airline_request airlineBooking airlineOffer
1 hotel_request hotelBooking hotelOffer
to assign airlineOffer hotelOffer travelOffer
113 travel_offer travelOffer None
114 log travelOffer None

(2) K5 H by 0 F 5% e O JF 0T A 3 9 B X
CUn P 7 Chd B s ) S 43 B (49 758 04 32 0T 1 T A O
WOy N BB AE S H AR A N, CRIVIN BR 18 7 (b) v i i
LR A VIR e L B 15 3 28 12 i L 1 A 1) 910
Forh A8 3 B AR 1 196 Bl S H i A7 5 R A
BIEFR 1.

(3) B 45 24 iy 1E 78 SR AT 1Y AR 55 41 s2 451 OF A
BPEL H & sP 445 45 A i 55 21 56 0 ) Dy s AT A%
B REHATIE S F3D.
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1 Use (N, ,0,t) Use (N, ,p,1)
t None None

ts (querylnput), (queryInput),
ts (airlianucry),2 (airlinc(;lucry)[2
£y (hotleucry)t,_) (hotelQuery)

t; (airlineResult) 0y ( hotelResult)[I (airlineResult) 0 (hotelResult) |

16 (query(‘)utput)l5 (queryOutput),,
t7 None None

tg None None
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110 (airlineBookingXSy (airlineBooking)‘lg

m (hotelBooking)., (hotelBooking)
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No. 60736015, and No. 60721002. The common theme of
these projects is to investigate the software methodology and
the enabling technology for Internet-based applications. This
paper focuses on dynamic evolution, an import issue of Inter-
net-based applications, especially, service-oriented applica-
tions.

Recently, service-oriented computing (SOC) has become
a promising computing paradigm for developing distributed
Internet applications. In this paradigm, value-added Internet
applications can be constructed by outsourcing various serv-
ices distributed in the network. Service composition is such
an enabling technique to this end which has attracted much
attention from both the academia and the industry.

Service compositions are subject to constant changes in
open SOAs environments. One of the key challenges is how
to evolve the composite services to adapt to the changing en-
vironments and evolving business rules. Recently, there are
some researches concentrating on the static evolution of serv-
ice compositions at both the orchestration level and the chore-
ography level. However, few works have focused on the dy-

namic evolution of service compositions. This paper particu-

larly focuses on dynamic evolution of service compositions at
the orchestration level.

This paper proposes a novel framework for evolving
Web service orchestrations. Under this framework, a new
criterion for the migration of running service orchestration in-
stances is devised, as well the corresponding checking algo-
rithm. Compared with existing migratability criteria, the cri-
terion allows the migration of more running instances without
introducing any potential dynamic change bugs. To summa-
rize, the proposed approach is more flexible than existing
ones and thus more practical.

The research group has worked for several years on the
topic of dynamic software adaptation and evolution in open.
dynamic and autonomous network environments such as the
Internet. Previous works focused on supporting dynamic evo-
lution of software systems from the structural perspective.
More specifically, authors investigated how to utilize run-
time software architecture to support dynamic evolution of
software systems. Authors have prototyped this technique in
the authors’” ARTEMIS middleware system. These results
have been published in journals such as Science in China Se-
ries F; Information Sciences, Chinese Journal of Computers,
Journal of Software, and some international conferences such
as ICSE Doctoral Symposium, SEKE, ICWS, to name a
few. To complement the previous research, this paper focu-
ses on supporting dynamic evolution of service-oriented sys-

tems from the behavioral perspective.



