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Semantic model and planning algorithm for Web service composition
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(1. Key Laboratory of Intelligent Information Processing, Institute of Computing Technology, CAS, Beijing 100190, China; 2. Gradu-

ate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; This paper proposed a semantic model for Web service based on dynamic description logic ( DDL),

mainly concern about the logic/functional facets. In this model, a simple service was modelled as an atomic action

with some preconditions and effects. The control flows of composite service were modelled by using complicated ac-

tion, and the data flows were modelled as dependent relationship between atomic actions. A basic framework for au-

tomated Web service composition was introduced. In this framework, service composition was divided into two sta-

ges: logic planning stage and grounding stage. Therefore, a service composition problem was reduced to an action

planning problem at planning stage and a service selection problem at grounding stage. At last, a new planning al-

gorithm for automated composition was proposed. The algorithm achieves good balance between DDL reasoning and

Al planning.
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WAriE, ERET —Fxhlk & mAE MR BB IER
MAEHIES. B—LETEIN , AFRETI/EREH
HERED 2 REM-RRNEAE R EFYME
H ) OWL-S™!. OWL-S 3R & FHi R B K OWL
BE X Web R 18 M ZHRER ST 4L
R E T BT B ER. B R Web REHIRE
PDDL" [} ity e Web JIR 4525 1) BB 4k
HREMR R E, TR LT LAA HBA B 7080 R 2%
SESEH Web IRE4H4. thin, Schuster'®’ ZNRHE
AT FEEE PPM B iR 58040 A RSPk #38 iRk
% BT RBR AR SR A R A 3% e, R AT DB R RS
PO BE R S2BE. Keller 25176 Web IR 4554 7] SEBRM:
AR AL 3 3R R IR 45 418 1] 18 35 19 8 2R BA [a) &,
Narayanan 21" F Petri MU BH1R T4 40 8 452
RS HAHEE R Petri [ 1 7] 35 4 7] &8, Mil-
raith ' F|F Golog %I & &3, B FABLA Golog
HI BRI R A T B A% P iR 45 B 41 A [l &, fBLLL 5K
BT A % R AR ER R P ER. Si-
ren!" A R YR 45 R HTN #1810 v 59 45 55 43 70
OWL-S Higid 72 43 % + 7 H8L,  OWL-S 5 HIN
R KBRS H A B, &R AR RS
B PR, B L b P A= B E
HSER AR, Gu & 2 A B R E N R B E X
AR R HAE S, RARBHH RSN BT
R AR B , B I B E R ER . N
R H  Hoffman %™ R A AT RUIES
Z 8 R 45 BORZR 4R U5 A0 ) B0 5 vk g o iR 45 4
A ).

ASCHSEMNRS RN EE, /i TE TN
RZ 4 DDL ) Web IR FHE, ShIXHARESE
DDL"* " s B A R B B A VL4 A 7E—iE,
BPREREREES AR, WRBHAR IS AR, £ R ZHE K
—FhEIAY B, BT 1% Web REEEISE T ET 3%
HIRZEIIE X Web R5 B 34, B AET DDL
BT Web IRS4HAHRIB L.

1 %X Web i 2HE

1.1 JEF Web REE#E

7£ OWL-S Hf* Web R4 MY ZHRE. 3 A M & 15
BHE X HA R E i 7E OWL-S A& ServiceProfile
#E & 7 hasPrecondition , hasResult, hasInput #1 ha-
sOutput 45 B MR SLILHY , 7EXT Web R51E L EH
AN R IR S5 B0 7 B o0 HAs BRI 45 R
A SRR R Ao EEM FEE R E

A Web Iz 45 $2 it 7 32 4t BA M LTI REHY Web R
% AFER Web [R5 1R AR 1R 4LH 248 EDIREH R
HIRS TTRER A Wi O AR ARE RS REAS
[F. A3CRF Web [R5 50K BB DI REFI BARL
X 43 FFk, B s iR 2 58 v i — A S /E R ik
RAMFZHINEER—K Web IR, AR A
Web R5-#PHBRFATER 4R A EHERFE B
SFFAE—IRT Web [R5, @it R HRBK— RT3
YRR AT SCEIL. 375388 DDL iy JRF 3
YERTE XANF

a(%,,%,) = (P,E). (1)
Ko BIRFNER P FE 53510 PR BT R &%
HRPATER, EN]E A DDL H i A R (Formula)
FRsx, 0, ATE P A E ol B BT R M &
(BT R aifEE XA P HZER). DDL i
KHW T ERE X

o, p:: = C(u)l R(u,w) | =vl T(u,e) | 7ol
eVl <o > (2)

Ko AAKE , uv BMER e A BUREA
HE,C IMEE R AT AE, T HERAR, «
S e BB R(u,v),7 R(u,v),T(u,v),
— T(u,v),C(u), C(u) B AKBFRA R AK
( primitive formula) .

TFHELL OWL-S BREI 3 F OWL-S 1.2 [ IE 1
LR T R4 ExpressCongoBuy i B 13k i )R 7
R 25 1 SCEAE T ¥ X ExpressCongoBuy R 45, ¥ H
KERE]—A R T 314F ExpressBuyBook, % J& T 3 1
H] R A IR AN T
define atomic action ExpressBuyBook

variables; ECB _ BookISBN, ECB _ SignInlnfo,

ECB _ CreditCardNumber, ECB _ Ac-

ctID,ECB_CreditCard, ECB_Output

preconditions ; hasAcctID ( ECB_SignInInfo, ECB_

AcctlD) & validity ( ECB _ Credit-

Card, Valid ) & creditNumber

(ECB _ CreditCard, ECB _ Credit-

CardNumber) & InStockBook( ECB

_Book) & hasISBN ( ECB _Book,
ECB_BookISBN)

effects: type ( ECB _ Output, OrderShippedAc-

knowledgement) & shipment( ECB_Ship-

ment) & shippedTo ( ECB _ Shipment,

ECB_AcctID) & shippedBook ( ECB _
Shipment, ECB_Book)
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1.2 #A& Web fREEMS

HE Web [REFREAN Web IRFHIRE, WK
HEWT TR, HA RS BRIk Sz 1 5
B NAH G MRS BRI , BUR AR 52 TR i B
(TH B ) 1535 Bp A 40 A IR 45 H B .
L2.1 F#HRESLER

BPELAWS 1 OWL-S R R E M St Lt 3E
F (1 3h) Refliid —HE AR AT R , 3% LLAhy
& F U T A RSB IE D EAR RS HATE
—E IR, AR BB ERINE
Sof AR5 HEA TG SO, o 7 1R B 48 Y S E e
T, HEAR RS B E B E RS, Bi#E S DDL
FESEREA 7 7 U7 DR+ RT3
YEB a8 B 2 sh/E. DDL fr i ShiAE f a0 F =4
RAER:

m,w —alx,,%,) |
ol mUT |l mw' |l 7°. (3)

Af:alx, %) RIEFEME, o B—1 202 EW
e?,wUn’ s B ™ BYBIVE S B AR (test ) (2
#%(choice ) JIFFF ( sequence ) Fei /Y (iteration ) SHfE.

1 3| T BPEI4WS OWL-S Fi1 DDL %4
W, HBAR T ENMNZBIRX KR (HE w7 R
FRENK, 0 HHFMR).

%1 BPEIAWS,OWL-S #1 DDL %5 %7 # By 22 bk &%

Table 1 A brief comparison of control-flows in
BPEL4AWS, OWL-S and DDL
BPEIAWS OWL-S DDL

(Structured Activity) ( Control Construct )

(Action Construct)

Sequence Sequence @
Any-Order (ma)U (mym")
Switch I-ThenElse  (o?;m)U ( (- @) %7")
While Repeat-While (@?3m)*; (7 )2
Repeat-Until m((npthm) #;(0)?
Pick Choice aUn’
Flow Split
Split + Join

B 1 }TLAE 1 BPELAWS 1 OWL-S H =il
BT Flow . Split A Split + Join AR W] LAZE DDL H
RIE MR, tHXT BPELAWS Fl OWL-S U 5 X
HAE MRS P EA RS AT P H#i& , DDL | & T
S EEARRS B SIS ZIE , LR H A RS W ERA
AW BHEXRWHER. WA A RS ERWIE LE
HEEaR 1, 5w A0E 44, 78 DDL K&

M ESI AT 6 A%l ( Sequence ., Switch, Repeat-
While . Repeat-Until . Flow 1 Pick ) i 22 5€ X
Sequence( {s,,*,s,1) ::
Switch( {@,+,0,1), ({5, ,5,0) i1 =
(@1755,) U - U (9,735,),
Repeat-While(¢,s) iz = (¢?) *;(7¢)?,
Repeat-Until (@,s) i1 = s;(( @) ?3s) * ,07?, (4)
Pikc({s;,--*,s,}) 1 =s, U - Us,,
Flow({s;,*,s,1) 2 =5, N N,
A s, 0,5, AW BREZRER R R NE, 0,
@150, AR, Flow BIHERF N7 AT
DDL(SHOIN(D) ) 5| AW SIEME T, KA n A
E s, -, s, ATUAEB &4, E%[FE OWL-S f111)
Split + Join, M Z A REIH KR FEAH EZE
25 R 1 Split #5343 AFE DDL #1245 Any-Order
FIAZE RN Any-Order BITE SR E B AL 5L R
% A ALME B P30T , Bl 2 3, iR —4> Any-
Order B, AR 4 A B 38 € 09— 1R R R B IR S5 H9
Sequence ¥l WAL , B EA M FEZELER. &
J& ,If-Then-Else 5 | 7 &2 Switch 35 % 3% 69 — Fb 4%
B, EATTET LA B sl S A B 4. BT iR DDL & 2%
BIVEZ E SCH IR S5 7T LA E SCARF
s — | Sequence(S) | Switch(¥,S) | Pick(S) | Flow(S) |,

Repeat-While(¢,s) | Repeat-Until(¢p,s). (5)
AP s BRIRF AR, ¢ A FEANRS, Sequence
Repeat-While , Repeat-Until , Switch , Pick 1 Flow 28
TR 2R, S B —HIRS, R s 19 BH R
%",V Rr—HEMHK
1.2.2 HAERELEH

B T #E 4h54 , OWL-S {81 F 4% 5 2k i ik HE 72
Z RN BRI 5% R A 3R Dy (o P A AR AR 1Y
TR, X R AR KR R R BRSO 4k
BPELAWS JE %% 3 2 18] B9 38 R A AR R 40 2
BRI SCEARAS B BUR & 25 W TH B B AR AR
REHR A . (B2, OWL-S F1 BPELAWS H AR E 44
BRI B, MERPERRCEER
EHWNAS RS LA FBRSR. LIE 1B
AN — AR g 2 R ).

WA 1 iR 4E 55 PayRental B9fARALS Car-
Rental 8% BikeRental 1§ % 5. R & BPEIAWS fl
OWL-S "L B .7 B CarRental F1 PayRental F%¥({E
LA X BikeRental 1 PayRental 2 [B]FIEHE IR, (BB
IR 45 A 2 MR IR FT B R R I T k.
IR, FERAR WA A BIS | A AND, OR 2 4 &5

= S350,
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MFTY R B B— S n M EARFSESHHEE
MR35 s, FTLARE SCARSS s BRI T s
f—»(ti,tj> | AND(F) | OR(F). (6)

A1 <ij<n,fREBWMHEZFR, ¢ F 1, REARR
FHESW AR, F B —HEREK — T (s,
t;) , BEIEH f;, BA— T ANESRFES ¢ BB
FrlRSAE S 1, BT B4R . AND,OR &2 2 4 ik
EXBFRBPAREWM G, B, AND({fy,fit) T
MREAES 1 NLEA M 1, F1 1, 2 DNRSAL S W ALK
W OR({faofat) BARMRS 6 NEAAMNIRFAES
t; B ¢, HH A B .
1.3 Web RREBNERERE

MG RS B & S, 3B T — N Fahs
HREB B HIE X Web RS S EEB A& WSAMO
(Web service action modeling ontology) . iZ% A~k 3%
Web RS- FOHE Bl € BRI E XA IRS S 58 B

is-a

LogicLanguage l@

is-a|is-a is-a

DataFlo

i

components gétaction compone

ComplexDataFlow) (AtomicDataFlow @
AndDataFlow (OrDataFlow

B2

18-

SWRL-Expressiol @
A
is-a

SWRL-Condition) (DDL-Conditio @

I RE S A IR B SCHK , U0 2 .

\ /

BikeRental

Carrental OR >
— N T
\i

PayRental

C D

Bl — A ERTREERKECRNE SRS

Fig.1 A composite service including optional data-flow de-

pendence relationship

is-a [is-a

is-a \Js-a
Precondition @

Ha recondmnnas Effect

/ is-a

ComplexActlo

[
W nents is-a [is-
15-4
w SequenceAction

components

Web it 55 AR A (R BE & FIR R

Fig.2 The concepts and roles of Web service action modeling ontology (WSAMO)

2 HHMHFAMER

I EAR) Web IRFEINAT R4 REFE
MARR, WL Web 5 7E2E EFHT—NRT
SR, i AR B i A A 2 RS HS B E

B8 EREN T HE A TR T sifE A 5 B
HRMEERERETREML. — AR H 3
HR 55 4 - HE 2 v #0 X #% ( Planner) | Pt AL 4% ( Matc-
her) | #4% ( Selector) I3 & 4% ( Deployer) S 7
) U
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B3 #T DDL i AR 54 AHES
Fig.3 An automated service composition framework based
on dynamic description logic ( DDL)

&l 3 H ) Web iR 55 F WSAMO A i fifi ik H 2
REMEAR R, 3F % 75 2 DDL AR o ; DL AL 4% A 5T 7
FIPR P rp 2RI BL P 75 SR B4 s MR 4% 2 5T
EASEMER 24304, 3F i DDL #EHL BT = 2%
BERA T RAL S5 ZOR. MR ZRSMEARTHE , N
Mkl s ak sl ME BT Z 2 e, EER A —1
VCRL A TR B R A e, R A B T I
HOBIPE, U b R A5 e AR 4 QoS BB B+ IR BN
Bl R IR S, SR B P R IR MR A8
BT ICEERY E 2% AR, M i AR S BEARYE QoS ¥
S IE B v E AP IR T 3h R4 2 R AR
5 IR E 2B TAER 51 % E3E 8 TR
55 e IR .

3 HEHRHFAEAXNFE

AW BBIRSFHA TR RO 12], R
IX BFE T AR SCH AR 55 B R B P 2 48 A A
BIRIREE S, R LM S T & SR B
WHARLER B LR, G 1) @36 B 3RS
HEXR B RALH 2 |2, 8% T AR R Xt
KRS ERES BHIFEG2) AL EFEXT
JB KRR R RRR. A B RS HE T
B SOk P IR R B A AR — 1 B
HLR PR, 3 A A X A8 48 _E B AR 1) S 3
— Nl R R B SIS, 208 WA s e
BRAY MR 55 e B Al B AR 55, A — A LB T AT
BRI AR B Sh A MR Bk B R AR TE
HLRISE A & B 2 BOR B9 SR P 51 B ) . I B8k
BB D R—R— MR AR EREEL, B RN 9 15E 30
YEFF3 B#n. B 01— DDL J1iRME D = (R, T, A,
CuerA) , FP R A T B A OAER S ER

SRS HRMIRET T HAAEH R ; Aace T
Cact FARBIRTBMERI IR, Kb Aact 9 JRT 304F
85, Cact YRIFATARTE R W E € KR 24 30EH
A A ZIER R T BACRS B AR, B0 TIHRE
BRI ZIE. F PR nmARE R =
(R',T',A4") T35 F P BA BB S IR A B,
P BARIREZRZE N —4> DDL A3 goal. 1R 45
WRED MAPBA L RBIRA goal ATE MR
P = (S8, ,Acts,goal) , HHP NIRRT L S, = (ROR', T
ST ,A®A") 23 2 NFBARE(R, T,A)FM(R',T',
AYHIELE, SIESE Acts = Adct U CAct. ZEFLL E5E
X, B i RSHE R AL ATk an A 4.

Algorithm 1 ActionPlan(S,Acts, goal,plan )

Input. ;the state S , the action list, Acts, the planning
goal ,and a plan that is a sequence action.

Output a plan that meets the goal ,or an empty plan.

1:create an empty plan list; plan s ;

2 .for each action a € Acts do

3. create a new plan; new « plan + a;

4. if IsPlanExecutable ( newp ) then

5 evaluate how close newp to the goal by using function
Evaluate Plan(newp,S,goal) — d;

6. if d =1. ie. newp meets the goal then

7. returen newp ;

8. else

9. insert newp into the plan is decrease order of evaluation
valure d ;

10. end if

11: end if

12 :end for

13.if plan s is empty then

14. returen NULL;

15 . else

16 for each new p e plans do

17. return Actionplan ( S,Acts,goal,new p )
18: end for

19 . end if

() ¥k 1: ARG HESHNEE ActionPlan

Algorithm 2 EvaluatePlan( S, Acts ,goal , plan.)

Input ;the state S ,the planning goal goal , and a plan
that is a sequence action

Output; a numeric value between 0 and 1.

1 : max«1

2 . rewrite formula goal to a disjunctive normal form formula
G = Vf:l( /\,'m=0 = ‘P,') H

3. count 0 ;

4 :for each clause C = A\, ¢, do

5: for each primitive formula ¢ e C do

6. formula iy «—Conj( S) A < plan > = ¢

7. if formula ¢ is satisfiable then

8:

count < count + 1 ;

9. end if

10. end for

11. ifmax < count/m then
12. max «— count/m ;
13. end if

14. ifmax = 1 then

15. return 1;

16: end if

17 : end for

18 ; return max ;

(b) Bk 2. 4 &P E ¥ EvaluatePlan
B4 AsRFESMRAEE
Fig.4 The planning algorithm for DDL based automated service
composition
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B 1 REBSMSASHRERE, Hory IsP-
lanExecutable 58 %0/E 2 A8 —A SR 51 2 7 7
PAT. B GAE—SEIFF newp =a;50,5°50,,
newp 7ERZS S T W AT R FE 40 4 B4R 144 2 40 DDL
Ax(7):

[(a, U+ Uga,)* ][] A Conj(S) A
= (newp)true (7)
e, e IT = A?:l(conj(Pi)—’<ai>ture) , P;
R EE a; BIFTER, Conj(S) XRH S HHIA A
YE R a I S A . Bk 2 RASITHEEE
EvaluatePlan, HAE A2 WG — N SIEF S Eir
RBBHREE. R4 E—N3HEFS] newp F1—14
Biraz g, newp 7R S THATE AKX BLH 7
LSRN DDL A3 (8) :
Conj(S) A (newp)— g (8)
H 1 . EvaluatePlan BIEH AR EE B AR
g AN R 6= Vi, (ALig) , Hd o h
RIAAR. X B— MBI AL ¢, MRE n 1> ¢
R, N BOR A AR N n/m, B AR g
HY 35 B B R I A BB ) 3 Rk AR B

4 HFiE

AR S iR 2 %8 DDL Xt Web R5H)
P WA EE R . R F RS 1R N DDL i
T aE, 3 Web R4 44 B A HIRH# B
4 DDL 4 3ii4E 2, 3X #F By £ B A X+ BPELAWS fI
OWL-S B8 A fej i FLIFI B S RB 5 J2 18 48 E i E A HL
RIMFHERTE E. 555, Web IR5 B IR R B2
X4 DDL 145 5 5 (AND,OR) BEF I E KA
=, FrP TSR B R R AR ) . AR SUR %A
H—AEARN B3RS A A EDR, B HA SRR
HEBEMERE2ARE. BIRSAHE REE
SeAE BB R PO — N RE R R R BB R SR %, 19 1
R P TR SIERR, # % T 7E R 2 it
2% R IRS 4 i [R) . AR )5 AR S AE AL R 7 S B
BEHFEATER Web REHA BEBTHIRSE. 7£ Web
PR 45 BTE SCEBLELAE |, 45 —Fp 319 B ShH A
KB, AR Z R T B A R R
A, TEXT R R H 3R e ) FIs 17808 A T 847
SR
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The 2nd International Conference on Computational Collective Intelligence

Computational Collective Intelligence ( CCI) is most often understood as an Al sub-field dealing with soft computing
methods which enable making group decisions or processing knowledge among autonomous units acting in distribu-
ted environments. Web-based systems, social networks and multi-agent systems very often need these tools for
working out consistent knowledge states, resolving conflicts and making decisions. The aim of this conference is to
provide an internationally respected forum for scientific research in the computer-based methods of collective intelli-
gence and their applications in (but not limited to) such fields as semantic web, social networks and multi-agent
systems.

SEMANTIC WEB: semantic annotation of web data resources; Web Services (service description, discovery, com-
position) ; ontology management ( mediation and reconciliation, creation, evaluation, merging, alignment, evolu-
tion, linking); automatic metadata generation; ( semi-) automatic ontology creation; semantic web inference
schemes; reasoning in the semantic web; knowledge portals; information discovery and retrieval in semantic web;
etc.

SOCIAL NETWORKS: computational technologies in social networks creation and support; advanced groupware
and social networks; models for social network emergence and growth; ontology development in social networks;
advanced analysis for social networks dynamics; social networks and semantic communication.

MULTIAGENT SYSTEMS: cooperative distributed problem solving. Task and resource allocation. Mechanism de-
sign, auctions, and game theory. Modeling other agents and self. Multi-agent planning. Negotiation protocols.
Multi-agent learning. Conflict resolution. Trust and reputation management. Privacy, safety and security. Scal-
ability,, robustness and dependability. Social and organizational structures. Verification and validation. Novel com-
puting paradigms ( autonomic, grid, P2P, ubiquitous computing). Brokering and matchmaking. Agent-oriented
software engineering, including implementation languages and frameworks. Mobile agents. Performance, scalabili-
ty, robustness, and dependability. Verification and validation. E-business agents. Pervasive computing. Privacy,

safety, and security.
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