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Automated Composition of Semantic Web Services
Based on Reactive Planning

Jin Hoon"

- Kim Incheol™

ABSTRACT

Recently, there have been a lot of works trying to realize automated composition of semantic web services through application of Al
planning techniques. The traditional Al planning techniques, however, have some limitations: it is not easy to represent a web service
process with complex control constructs as an action or a plan; it is hardly possible to consider enough the rich information contained in
domain ontologies during the planning process; it is impossible to model directly the data flow from the outputs of a web service to the
inputs of another web service; it is difficult to predict and deal with uncertainty and dynamics of the environment because the plan
generation phase is supposed to be separated from the plan execution phase. In order to overcome some of these limitations, this paper
suggests a reactive planning approach to automated composition of semantic web services. Through some experiments using several
e-commerce web services, we found that the reactive planning is an effective way to realize automated composition of semantic web

services.

Key Words : Semantic Web Service, Semantic Web, Service Composition, Reactive Planner, OWL-S, Process Model, Planning
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GOAL: [goal specification] or CONCLUDE: [world model relation]
NAME: [string]

BODY: [procedure]

<DOCUMENTATION: [stringl>

<PRECONDITION: [expression]>

<QONTEXT: [expression]>

<TILITY: [mumeric expression]>

<FAILURE: [non-subgoaling procedure]>

<BFFECTS: [non-subgoaling procedure]>

<ATTRIBUTES: [stringl>
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<process: Composi teProcess rdf:ID= ‘FindCheaperBookProcess” > ...
<process:.Sequence> ...
<process: composed0f> . ..
<process:Split=Joir> ...
<process: Perform rdf:ID= “FindBookInfo’ > ...
<process:Perform rdf:1D= “ComparePrices” > ...
<process:CompositeProcess rdf:ID= “ComparePricesProcess” > ...
<process:composedOf> ...
<process: [f-Then-Else> ...
<process: Produce rdf:ID= “ProduceBNPrice” > ...

<process:Produce rdf:ID= “ProduceAmazonName” > ...

(22! 4) FindCheaperBook.owl
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.. <= Process description —>

<process:parameterType

<process AtomicProcess rdf:ID= “AmazonPriceProcess” > ...
<process:Input rdf:ID= “BookInfo” > ...

rdf :datatype= “&xsd;anyURI” >&bibtex;Book</process:parameterType> ...
<process-:Output rdf:ID= “BookPrice” > ...
<grounding:WsdlGrounding rdf:ID= “AmazonPriceGrounding” > ...
<grounding:wsdlDocument rdf:datatype= “8xsd;anylRI” >
http://webservices. amazon. com/AWNSECommerceService/ANSECommerceService. wsdl . ..

(22! 3) AmazonBookPrice.owl
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Plan: (
NAME: "“Amazon Book Price™
PRECONDITION
RETRIE
BODY:
EXECUTE getCurrentPlan ¢plan:

RETRIEVE BookInfo knoun S$knowm:
OR {
WHEN: TEST(== ¢known “True™){

oR{
, :
K

ya 3: 3

-~

WHEN: TEST(!w= f$known “True™)({

VHEN: TEST (!= ¢param ") {
ASSIGN fbookinfo fparam:
>z

WHEN: TEST (== g$pa! 3L
EXECUTE p:incln "Ez:or
0(

OR{

GOAL: ACHIEVZ AnaronBookPrice known True™:
VE AmazonBookPrice kEnown fknown;

ASSIGN ésub_goall BookInfo knowm.
WHEN: TEST(!= fresultd “"FAILT)}{
RETRIEVE BookInfo gbookinfo:

WHEN: TEST{=» $resultl "FAIL'"){

You did not inpuc!®;

{e= ghknown "False')s

)
3z
¥z
ASSIGN Gaezwce BSDEL
§bhookinfo fbookprice:

WHEN: TEST (!~ ¥bookprice ™) {
UPDATE BookPrice §bookprice:r

ACHIEVE BookInto known “True”:
RETRIEVE BookInfo known S$known:

} WHILE: TEST(!= Sknowm "True”):

k) rd 2 03 a3
R EXECUTB com ixs. Jam. pzinicives Se:vicecul zxecut:e Gse:vlce name §service WSDL

Price xnown ""True®™);

(c)

CE [LE Qo a TR RS X 08
UPDATE ¢ Pxice 3 S I ¢

(222! 7) AmazonBookPriceProcess.jam

<process:hasInput>
<process: Input rdf:!D="BookName"/>

- <process-hasOuput>

<fprocess:SimpleProcess>

<process:SimpleProcess rdf:ID="FindCheaperBookPrice™>

<process:paraneterType rdf :datatvpe="8&xsd, #anyURI“>&xsd; ¥string</process: parameterType>

<process :Output rdf:ID="BookPrice" /> -

(2% 8) FindCheaperBookPrice.ow!
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CE 3) B MH|2 BN HE

s 2741 Q7 LOPEE 712 #
e g9 Qo g OWL-S A9
oéél P
o@i}:
QY °E8& X AN GE A3
(2) 18} Coll sty
A I8 C7h BF EASH, 42 59D 29, 22 SG, SGeE A weh
B. I8} C7} 2% EA8H, A2 5Yo] obd AF, SGiE ATt (SGeAH Y B3t E A&
2 HE aT).
C.1=EE CE¢ £A%t: 39, SG & SGe & A&k
(3) & Al 7<%}
(4) 0%} Eoll thato
A 0% E7F 2% EA3Y, M2 58U F$, 77 Got Ge= A 9dth
B. 0% E7} EF EX8H, M2 5go| old AL GoE AYTHGeA Y B3tA= AHEA
g 8.
C. OEE E &A% 2%, GoEr Ge A9 Fr)
(5) (B A2¢] 71& 3t}
(6) M = WHEN: TEST(A19 A#7} # =A)A2)
(7) ME PRo) F7}ge},
72 Q7 IOPEE %A &2 o
«g: Qo g OWL-SH 9

*2Y: P
o A 3}
(1) Q9 °l&¢ BB Ay GE Hgrh
(2) Q WM QF FAFAIE Z2A2 Qo s,
QE 2437 A% R SRS SG= H4Erh

(3) SG'& 2437 A% FEE A39 Ve
(4) A3E Poll F7}gith

plan: {

NAME: "FindCheaperBookPrice”™ (d)
GOAL: FindChe erBooskPrice known “True®
PRECO!

RE‘I‘RIEVE FindChcapenBookPr.ice known §known;
{== f$known “False™):
BODY:
DO
OR{
ACHIEVE BookName known "True™:
RETRIEVE BookName_known S$knowm; . (e)
)

{
EXECUTE printin "Subgoaling Exxoerx!":

12
} WHILE: TEST{!= $known “True™):
RETRIEVE BookName $hookname:

WHEN: TEST{!= Sbookname "Unknown'} £
DO¢
OR{
ACHIEVE FindCheeperBookProcess_known “True”:
RETRIEVE FindCheaperBookProcess_knoun $known; (f)

o~

EXECUTE princln “"Subgoaling Errox!™:

w

3 (dHILE' TEST(!= éknown "True™}:
)3
EFFECTS:
EXECUTE con.irs.jan.primitives.GetCurrencPlanllane.execute $sexvice_nsme s#planlisc:

UPDATE (FindCheaperBookPrice_known) (FindCheapexrBookPrice_known “True™):

(22! 9) FindCheaperBookPrice.jam

g A3 d3gES Jlestd e 2o S <E D> (29 8¢ JAM Ag ez H3aAZ Ay vhds 2o

A g ZZH2AE FAFGAI|E Z2A LT DA 7 (28 9l (d)i—‘ FindCheaperBookPrice AH|22] o] &
2 Z2Ax B B3 T2 A2 AEE M ET o o228y $rxd 4 A¥e BEE Jehd ()9 (De
1 Q= 929 OWL-S AH| A We te T2 AAoln, FindCheaperBookPrice 48|27} ze= 48849 £8a4

PE =4 A8 GE EZAR, SGE FEEZTAHARE v g 717} SHREE 2AAAE BN Fite FEEIT.
o} 2313 ALA2A3E 999 JAM 9o, M2 JAME]

2% 99 Tzl 4.
<E 39w Aula WA B8 RS L o 45 By Au2g ga¥oz JAM Adoz WAl 9
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(9)

I BoockFinderProcess l
(h)

muzonPricechess l

l Atomic Process Composite Process

FBNPvicerczss l (i) i Control Flow
FindChegparBockProcess () ComparePricesProcess (k)
Sequence ?f.’.’*fi@f@f?iﬂff?:}
Split~Join

Produce BNPrice

|

(m) [ Produce BNName

I l Produce AmazonPrice l(n)

I l Praduce AmazonName I (0)

(222! 10) FindCheaperBookProcess M F=

PRECONDITI
RE

{um ghnown "Falsa®)}
BODY:
EXBCUTRE getCurrentPlan fplan;

ASSICN 3sub goall “FindA price_k

Plan: {
NAMB: *PindCh -
GOAL: ACHIBVE rindcncaperaookrzocess Rnoun

"True®:

ON =
TRIBVE FindCheasperBookProcess_known Fhknown;

ASSIGN $service _name “FPindCheaparBook“:
ASSICGN gsub qo‘lo *FindBookInfo knowm*:

ACHIEVE FindBookInfo known *True*;
AND
PARALLEL{
DO
OR{
ACHIBVE Findh

ASSIGN Zsub goslZ "FindBNPrice knom“‘
ASSIGN #sub_ i __goalld ‘Cmn"ricQB known;

“True®™;

RETRIRVVE Findi

Price ]

)
} WHILB:

~

Do
OR{

ASSHERT CP_BHPrice $CP_BNPrices

~v

oR{

P Py

Price X 4
3
£ BXECUTE printin *“Subkgoaling Exrxoexit*;

TBST (1= Fhnown "True*):

RETRIEVE Book?ricc $CP_AmazonPrice; .
ASSERT CP AmazonPrice Icp AmazonbPrices SEE

A,CHIRVB PindBNPrica knoun

muxwx ComparxePricaes known "True™:

"True*;

(q)

RETRIRVE CP_BookPrice snoox»ziea,
3}z

UPDATE
UPDATE BookPrice ssoo)xvrico F

srracrs
B com.irs.jan.primivives.GCecC

BXECUTE println "BookStore is * f$BookStore "and BookPrice 25 " $BookPrice “._.™;

rencPi

CUT.
UPDJ\‘I‘B ({FindCheapearBookProcess_knoun) CPindCheaperBooszocess known “True”);

fservice_mname plankist;

(21 11) FindCheaperBookProcess.jam

A, 18 Auls BEREe DA, BG HusE
FAe7] A8 AgHE ZALET dAld 4BL A4

aEo0] 3EFE AHA(EE EZERAA)E, 28z FAY
ZZA2E 249 Ao FERE 248 B a0t ok (28
4)e] F =2 A~ FindCheaperBookProcess (23 10)3

Ze T4 84 ZRA2ET Ao FxE FAHHA ok
(@it 22 EAde 718 Aul29 ZEAXES
Yeld, (e BF Au2E et () AMElsE
o|Fx F Z 2208 SequenceE 2719 EEo] dAH
o] gitt. A HA £EL FindBooklnfo Z2 A28 A5
o, FHx 228 =24 2E(FindAmazonPrice, Find
BNPrice, ComparePrices) 7tell Split Join®. & TFAIH &
t}. ol FindBookInfo, FindAmazonPrice, FindBNPrice=
W]l ZEAAE FAStE A8F T A9 HF A=

g 3&Fscs 9¥€8 $#3%vt. 282 ComparePrices &

Aze oAl BP9 ComparePricesProcessE &&3t+d
o]wj ComparePrices Process= THA] BN #H AMu|AE
(M(m)=  Amazon BA  AMH2E(n)o) Tl
If Then Else2 & 745 oA, HdHH o2 g% A
28 St °]“H ((m)(n)(0)E= ComparePricesProcess
=& T ZEAEERA, 97 Nu2E 35
A ¥ TS YR JF HAY FES X A
= g Ao A¥FdEs A 94X
TEh

(I¥ 1094 Zd" RAE o= OWL-S7 A8tz
2 Split, Unordered, Choice, Iterate,

Repeat-Until, Repeat-Whileo] 9o, o9} #& Ao %
£2 ZdE B AMHl2 A AZFEA A s 5
&9 7]—% ZEE ZEHo gt £ =FoA Adst
A7 JAM2 5§ 35S 7jeshr] Hs
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(1) Aol FZ Sequenced WF
e 28 JAMY 5% 9 22IA M

M = {AL;A2;}
(2) Aol T Splite] ¥

e &3 JAMY BY 39 72 M

M = PARALLEL{AL;{AZ};
(3) Ao} & Split+Joine] W

2 A9
e &8 JAMY] EF g9 F2A M

& A3zt ¥ o,
M = AND{ PARALLEL{AL;H{A2;}H{A3:};
(4) Aol FZ Unorderede] W3

e &3 JAMS 5% 9 F2AM

M =DO_ALL{AL;}{AZ;};
(5) Ao} T2 Choiced) ¥

e &Y JAMS] B¥ 9 U M

M = DO_ANY{AL}XA2};
(6) Ao} -2 If-Then-Elses] WF

EZ2M2E P29 O OWL-S ZZAlx A 9]
e 2¥: JAM 5% 9 FRUA M
(7) Ao} F+Z Rterated] W3k
e =3 JAMS &3 9 FE2A M

M = WHILE: {AL}
(8) Ao} T2 Repeat-While, Untile] ¥

« &3 JAMS) BF 99 72 M

M = DO{Al;} WHILE:TEST (%<l =34);

e J3: Sequenced] 93 AHZ AAE 4 T2 A PL, P2l B3 OWL-S Z2 A2 A9

o A Plol tiste] WEE JAM A E Al P29 diste] WEE JAM FHE A28} & o,

o 13: Splitel]l 98 Adlg AZE &4 TEAMA PL, P2 st OWL-S T2 A2 A9

e Azl Plo W5l Wae JAM #9E Al P20 thalo] H3E JAM F9E A28 & ),

e 913: Splitel] o138 A= A48 84 ZEZA 2 Pl P29 Joinel]l o8] 924F Z=2 A2~ P3el Wi OWL-S Z 24
o @3k Plo] thele] wEE JAM #9118 Al P29 diste] wad JAM $9E A2 P3dl tste] H3H JAM 4
e 9! Unorderedel] 93 Zal2 94248 84 TZAA Pl P2o thd OWL-S T2 A2~ A9

o Fak: Plol qiate] WEE JAM AHE Al P2 tslo) HEE JAM H9Z A2e & o,

¢ }¥: Choicedll 93] Az 4" 24 T2 Pl, P2o] dldk OWL-S T2 A2 A9

e AA}k: Ploll diste AEE JAM P4 E Al P2l thdle] HaE JAM H4E A28 & o),
o HZUl A Aol et 8 el HE ZZAA P1H, AR Ao date] 8 uide] 5=

o Ak Plel]l i3t ¥R JAM 9 E Al P2 diste) HEE JAM 92 A28 & o),
M = WHEN: TEST(#¢ )AL} TEST(AAY =4

* 3! Iterated] 93 AFel2 AZE &4 TZAA Plo} sk OWL-S T2 A2 A9

e A2} Plel] tiste] W& JAM A9 S Alolel & o,

* 4% While £+ Untilz o] &< Z-$ol dizte] 48 dido] H T2 A2 Plo the OWL-S =AM~ A9

e #er Pl disted AEHE JAM AN E Alolet ¥ o,

WAL

FTHE Aol FRE Atk o5& ¥AFW, AND,
DO_WHILE, DO_ALL, DO_ANY, PARALLEL, TEST,
WHEN, WHILEZ} 9lth. Z3oz o] &3ha,
OWL-S9] AFZES JAM AFY 72z Mgs}y)
A% L FS At g 2

<E £ B3 Aul29 Aotz WE dnEe of
dto] (29 49 JAM Agoz ¥MENz A (28 1)
3 2t}

(P= otukE =EA7HE AAAN 20 93] T =A%}
AR EE BNEAZIAHA Anjzo ZHZA7el FR3bo,
AR R E AT ZRA2A o]gE (9 7HENE =

o)ES

%9 AHENY OWL-S Aulas (39 49 22 3
AE 742 4 Yok olW OWL-S Mulat Agae a7
of %= ARE ATE & UES A4E% A8 a7
VY BAE 4WnH, AgA9 278 A A9 A
%9 A7) E= A2 AIE ol gaht BAF OWL-S2
N8 SR 878 o g3te 94 ol k. X k¥
AE FA9 A% Bk § AwE gAns Ao AR
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OWL-S descriptions

3 j J\: Mol E8t

ANy 2 agd

o A Aoz AR 2HE T
JAM A8 E27Y 74ze) Agse] 2
o] AFHY, AH&ATE AFE OWL-S Aul= 7l&
¢} w2 o] 7 (Matchmaking) #4S 53, HEE Ye
A %2 Adsde A dA Exs 24Adn. o
A Exe wgdd JAM AZE, 183 oJE25H Al
THE 4% A4 ARES ol 8dte= ATy AA] A
"ot

[

Z1gAez gy AgrIEEL 43S T AYe F
At E4S etk F HAA BEE 243 948 An
ALES sy A widA, Aoz £3d A9
E7s HF wHE Agd 2FAIIE AR S wEn

ol #HEZ Ay, (2Y 12949 2o 2% A
o] AZH™ OWL-S Mul~g24E Hid JAM AgE
25 529 SRYREFH ALAY o8 AFH OWL-S

7o wjzdoelr] #HF& F, A& FEI AA
232 4" AgHd(a script file)o] ZAFHT AAH o
Z AGTY AL AYAdy dPo 2Ry o]Foi| =,
JAM Ag7le] o8 Fay 1A S8 AN Fx= %
£ JAM A o] WA Hedd. ofF JAM A¥7E A7
Age BODYH 7led AAES A2 FPsted, 2
L0 we} REE 2AFAE FPdt TF P F3
T du o Ff 4% Fo] wAdY, JAM A= £3T
A BERE 4T F e °E A¥E 493 BODYF
o 7Zled AL A4Hog #A JAM AL
EFFECTSHd| 71&¢® viel w2}t 2 Adeziy =&
H 2% JRES AYA R 71533 AT BAE
et ojwo] AZTY FAE A AFel A FE
A& A8 £HE A dREA, FAHENETC] 715H
gk olEd #HE T AP 71EE JAM AY
AA 21 248 A AYS FAA =, AR
oA H:E Pz A A,

ojgt e AAe T, W AY/EL ofd +H
AL AT F e AN, Add 4x XPd
EAG @79 ®stel o3

oz A% A+ + 9

an foag
flo

o
e
4

sifa)

2o wed AGEE AEd 5 g
H2A d95e A%E fak, 5 A4S B
4 AYgl 9 2% eliE AT AF
Ag Zeh oH® AR AYNYE 9
AT FUA BAAE WA, FF A7
F3l @0l T Aotk

5. 78 ¥ N

51 AlAH-H =

A7) 718 g e, e AdWY fPMux 2%
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prlan: {
NAME: "FindBookInfo"
GOAL: FindBookInfo_known "true";
PRECONDITION:
RETRIEVE FindBookInfo knowm $known;
(== $known "False"):
BODY:
EXECUTE getCurrentPlan $plan;
ACHIEVE BookInfo_known "true";
EFFECTS:
EXECUTE com.irs.jam.primitives.GetCurrentPlanName.execute $service name $planlist;
UPDATE (FindBookInfo_known) (FindBookInfo known "True'};

(22! 16) FindBookinfo.jam
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