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Abstract: It is proposed to establish inverted indexing for ontology-annotated outputs when services are
registered in order to find the target services in a quick, accurate and efficient way. For each ontology-annotated
output, there is a service list which records all the services in the registry that deliver the output. Based on the
indexing, a composition-oriented service discovery algorithm is proposed, which greatly accelerates the filtering of
irrelevant atomic services by making use of the inverted indexing, and increases the likelihood of finding a possible
candidate by exploring service composition. The results of the extensive experiments show that the proposed
algorithm provides better performance on response time than the sequential matchmaking, and better recall rate than
the algorithms without the exploration of composition.
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EX (EHERTI ).

class ServiceNode{
String service_id,;
float relativity;
}
class Invertedindex{
String output;
ArrayList(ServiceNode) service_list;
}

A AR 5 18] PR T8 SCRH AR v 8500 6 T SCIR) IR 2% DT TR ) A e 45 5 33 SR IR ARABL 8 T S IR SRR Atk H T 27 R
FHER N TR 2 Mot 805 ik R AR — SO 58 U IR W 2 AT AT 19, 0 SCHR [11-14158 X 28 073 mr LA R 43 2 K
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SR P BT AR A i N 2 80, 3R (] A —Foft B 0 e 48 380 7 — ol B 10 45 380 160 BT (1L 24 22 0 55V M e, B B Al
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;75 (SontonCCWS, 1) 45 H #:7s i Elfinal Amount (4 IR 45 1) 2 4 2R s [a) I, %0 HA O 45— AN SQ 3E A&tk 1) 2t
o B BT R 5198 . 40 ,Number J2 finalAmount 7E A 44 /1 [¥) 52 25 M 2, — 45 M\ Number 3 (SontonCCWS,
SimCC(finalAmount,Number)) [ 5110 3t 25 e, B 2 Oy 134 1 45 3 A el 5 45 28 1 880 i 22 5 1 328 5 1) s 7

(Information_Translation_Service rdf:ID="SotonCCWS”)
(profile:input)
(profile:ParameterDescription rdf:1D="Original Amount”)
(profile:parameterName)Original Amount(/profile:parameterName)
(profile:restrictedTo rdf:resource="#Amount”/)
(profile:refersTo rdf:resource="http://www.daml.ecs.soton.ac.uk/currencyconverterprocess.daml#original AmountIn”/)
(Iprofile:ParameterDescription)
(Iprofile:input)
(profile:input)
(profile:ParameterDescription rdf:ID="OriginalCurrency”)
(profile:parameterName)OriginalCurrency({/profile:parameterName)
(profile:restrictedTo rdf:resource="http://www.daml.ecs.soton.ac.uk/ont/currency.daml#Currency”/)
(profile:refersTo rdf:resource="http://www.daml.ecs.soton.ac.uk/currencyconvertprocess.daml#originalCurrencyIn”/)
(Iprofile:ParameterDescription)
(Iprofile:input)
(profile:input)
(profile:ParameterDescription rdf:ID="FinalCurrency”)
(profile:parameterName)FinalCurrency(/profile:parameterName)
(profile:restrictedTo rdf:resource="http://www.daml.ecs.soton.ac.uk/ont/currency.daml#Currency”/)
(profile:refersTo rdf:resource="http://www.daml.ecs.soton.ac.uk/currencyconverterprocess.daml#finalCurrencyIn”/)
(Iprofile:ParameterDescription)
(Iprofile:input)
(profile:output)
(profile:ParameterDescription rdf:1D="Final Amount”)
(profile:parameterName)Final Amount(/profile:parameterName)
(profile:restrictedTo rdf:resource="#Amount”/)
(profile:refersTo rdf:resource="http://www.daml.ecs.soton.ac.uk/currencyconverterprocess.daml#final AmountOut”/)
(Iprofile:ParameterDescription)
(Iprofile:output)
(I'nformation_Translation_Service)

Fig.1 An IO description segment of an OWL-S profile for “SontonCCWS” service

Kl 1 SontonCCWS Jit 45 11: OWL-S JIit 45 ik o it 2 1 41 3 i e
(Information_Translation_ServiGe rdf:ID="SotonCCWS”} >|
(pmf;r;gzrz:‘;;rameterDescr|ption rdf:lD»

(profile:restrictedTo rdf:resource="#Amount”/)

e N
_Jsl_Number || - | ] (SontonCCWS,0.9) |

|FinalAmount |{(SontonCCWS, 1|
4

(Iprofile:ParameterDescription)

Iprofile: N\, i, 4 8 .
gllpr:?o:'ni;?cfﬁizlzransIallon_Semce) '\__ )P’ ? e I OW3 H <WS|10-6> l_> <WSK,08>
* \( _—
[

&L g —
<@> -0 J( oW, | e TR |
OWL-S files

Ontology tree Inverted indexing table

N~ 2 "
Fig.2 An example of updating the inverted indexing when the “SontonCCWS” service is registered
K2 SontonCCWS Jifk 55V M I {8 Hl 28 5 1 5 97 ) 7= 481
EX 4 MRAEEHER TR G2 P A fef AR S C IS5 513 K e& B 3o 2 $=f(C).
7 30 PR I 55 P 42 S ) DI 55 38 A L 2o N PR RS O 3R A P B R 5 T BOR 2 S5 57 2 Nt B iR 5%
(TR SRS O 28 1R T e 55 UG JC 3 ARG 288 e 9% 2 797 A B o L 1 BSR4 (8 HE 28 51 RE S DRIt 3 07 326 Ak 55, AT
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D 4 3 3K o R DAL .
2 EEEESHRSAMEE

A IR R 55 A TR B 00 B AR T B — R I ARHE 22 5 1 1 A0 5 bR T 77 328 4 AN A O IR IR 45 58 — il i 4%
IR 55 44 4R B TE 2 408 0E 8 IR 55 X P A B bral i an 7 sUSE L FE e B IR 45 B b BB I T IRk
55 BB ST b AL IR 55 15 SR A A R BRAT T BT AR 1) DR R AR 45 R T G SR B AT SR A A A R R I 2 DR R
55 Sk A8 M 55 TR SR, R A FRATT BT BRI AL A IR 55 R I AR 4 TR Al IR SR R T, AN e L3 A
ArrayList(ServiceNode) - [f1#: 1f:.

E X S5(ArrayList(ServiceNode) B9 32 £ ). Lj,L,eArrayList(ServiceNode), #7 (s,ryely FH. (s,rp)el,,
2 (s,min(rq, ry))elinL,. B

LinLy={(s,r)|s:(s,r1yeLy and (s,ry)eL,,r:r=min(ry,ry)}.
141, L, ={(a,0.8),(b,0.7)},Lo={(a,0.5),(b,1),(c,0.9}, FF 4, L1 AL,={(2,0.5),(b,0.7)}.
TE X 6(ArrayList(ServiceNode)# & £ /R#2). Ly,...,L,eArrayList(ServiceNodey, ALy, ..., LT 2> 5k th He b iy

Lix...an:{(s,r)|s:sl+...+sn,<si,ri)eLi,ie{l ..... n}, and r:r:% 3 ri}.
i=1

1, L,={(a,0.4),(b,1)},L,={(c,0.6) }, /B 4 ,L1xL,={(a+c,0.25) (b+c,0.4)}.

E X T(ArrayList(ServiceNode) B9 3+ £ ). L,,L,eArrayList(ServiceNode), 47 (s,ryeL1A(s,r2) gL, B (s,r) eLon
(s,r) gLy, B4 (s, eLiUly #5(s,r1) e Lan(s,ray e Ly, A8 4 (s,max(ry,ry)y e LiUl,.

i, Ly={(a,0.4)(b,1)},L,={(b,0.3),(c,0.9)}, 7 4 ,L;uL,={(a,0.4),(b,1),{c,0.9)}.
21 FEFRBREZEM

JRTFHARSS R A D R AL 28 1 2D FR B REAE BRI AT A 0 SR B S 1900 38 AR 45 T R L 3 6 uak SR R
TEEIHER 513 B B B ss S 1 sk o) T — AN R 45145 sk SR=(1,0), Ho H1,0={Oy,...,On & R I T & & T 4,
TH W R I AR IR S 4R & T LR R N

s=| f(sRO) @)
W FAZAE A AN A 2 R B IR 55 PE AP A IR &5 e e 3R AL I A 10 SRk i tH ARG IR T IR 55 R IRAT 28 2 25, BJ)

o A IR 55 1 3K BE T 4 At T FH 12 IR 45 T 7 2 1R A N 0 SR g T 42 TR 45 1 oy DG TG 335 SRS o 281 Ak [ iR 45 4 L
J5 1 G IR 55 S TR T T A 5 4 I 55 BRI B A I 4 R IR AR D AR 4 F s

&%, Atomic-Level Service Discovery.

Input: A service request SR(1,0);

where 1={l,,...1,} and 0={0;,...,0,}.

Output: A matched service list.

METHOD:
1 Set filterS=NULL;
2 FOR each O; in SR.O
3 tempL=f(SR.O;);
4 IF (filterS==NULL)
5 filterS=tempL;
6 ELSE filterS=filterSmtempL;
7 End IF
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End FOR
Set finalResult=NULL;
10  FOR each service adv in filterS

11 IF adv.In semantically similar with SR.I
12 finalResult.add(adv);
13 End FOR

14  RETURN finalResult;
22 HAEFRE AWM
WA RS RIL AL FETT LLER 7R 2 — AR 10 28 sk R IR 4517 =R 1 i e 4 5 o i BB, 38 7 B [ 4R
TR AR FE T L PR A R s XL
EX 8(HEREWKMM). X+ —HIRT[Oy,...,00], 1 i X &N T.OAEFIHER 51 3K 5L HH HURS 48, 5Kk H S
L FE B A HART I 75 10 97 A 4 B I8 R IR 45 i RE T 3o
S=] f(T.O) (3)

HT BFs T #1460 RS E K5 H 45 SR.OZE 1 WKia 55 %I IR 45 456 7T LA E B R 7 IR 55 R I
M58 104 B kR S S W RS B R 7 A B =48 f W SR AE A S W 2 ARSI AgAS 45 s AR R —
AN R 55

I BB SR T IR S5 e 0 ST e AT R SR 10 B A i 0 U, AR A S A AT A B LA AR 55 AT 41 A
i e b BRI AT 4G A AR S5 20 0l £ 5T H AR T AR 3 28 4 8 i e T R R SR RE e B At H AR T B A i ot AT
AT I DL 20 BRI AT 22 Bk HART P 04— % B AR B B HE R 51 3R 15 28 I 5 W (19 e 45 71 3R, [A) B o
S H bR T A A Syt R IR 5 4R A I A B R AN A AN S W E AT T B R R BRI B 1 B
MRS A5 ae R AL I A th AL S e — ARG SR AR T.0n, 55 — N ST = A HARTER T 1.0, LA AR ) oAt
S IR FE I AT AL A B B R R B I S PN IR S I AT AL A R, 3 AN RS 1 AT 2 A K LUAR AR
1977 SEAT 23, DL HE, 40 A 20 (4) BT .
| fm0)x (0,
n|_2f(T-0i)X f(T.0,)x f(T.0,) (4)

i=1

EX (A EAEACH M), XFF— AT A Zn:Si VB AT B — AN 5 iRk 55 R LA R S5 IR AT 415 R A
i=1

X (B) T A7 L S e 5 A N AN 5 7 1 25 348 SR A i N 0 L A N 1 Dk 6y R I £ 5 K e i
A I 55 41 PRI S AN IR 55 335 SR T B (3 AR A N 2 R AR 2, DU A A2 A g b R 7 D R A 1
1) AR D) A PR 2T R Y R

T%:OSMnstI ®)

i=1
OB HARAS 77 A s S L I T I 25 I 55 A ISR A5 1. 2 A 5 R BRI, A4
B R BR AR L AT R S5 1Y A RN 25 B D 96 A2 M 55 335 SR (1 B I 4L 5 (R DG RO 2 Dl i e 42 B T A Y
I IN WP RSOl E
2.3 —Axf

LA 3 B B85 R MPERE BATT R I 55 A DAL e 55 R R AT 6 ANTEMEIR 55, 73 3l oy S1~S6. 24 E A T I,
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EEXEATHREAN S @ SRR T B R EHER 51 R PR S, 06,0781 0573 3l 5 1, 1 Al g 7 SCAHALL.

ISR = {|1, |2, |3, |4} """ Oz{olv OZv 03} |

1917

Inverted indexing table

f(01)={(S1,1)(S3,1)}

Service advertisements Ontology f(02)={(52,1),(S4,1)}
f(03)={(S3,1),(54,1)}

SL:In={ly, Is}  ---—--- Out={0, } O subclass of lg, Similarity(Os, 16)=0.8 f(06)={(S6,1)}

S2:In={I, l¢}  --—-- Out={0, } Oy subclass of |7, Similarity(O-, 17)=0.8 f(07)={(S5,1)}

S3: In={ly, I7, g} - Out={0,, Oz} Og subclass of lg, Similarity(Os, 1g)=0.9 " '

sa:In={l, g} = - Out={0,, O} f(Oe)={(S5, 1)}

S5 In={Ip, I,} - Out={0y;, Og} f(16)={(S6,0.8)}

S6: In={I3, 1.} - Out={O¢} f(17)={(S5,0.8)}

f(18)={(55,0.9)}

{0,,0,,05} — ===~ » | f(01)f(02)f(03)=D

f(O1)x(f(O2)Nf(03))={(S1,1),(S3,1)}»x{(S4,1)}={(S1+54,0.5),(S3+54,0.5)
}

f(O2)x(f(01)Nf(03))={(S2,1),(S4,1)}»x{(S3,1)}={(S2+S3,0.5),(S4+53,0.5)

S1+54,0.5)},{(S3+54,0.5 S2+S3,0.5
{)'f% Is, Is} {(S1+ 1S3+ YH(S2+ V}

{}'f){ 12, |a} \\{)f/l/ le, 17, a}

é é ) Al ) f(19=s5.08))

eIt Wt N

é é Y #(16)x(F(17) ~F(16))={(56,0.8)}x{(55,0.8)}={(S5+56,0.4)}

Fig.3 Matchmaking for an example request
3 Rl R UL G I R

XF AN A5 2 i O, 0o M O3 75 K BE WS S (A48T A1y, 1, |a FT L PO IR 551 SK SR, 1 26 Jit 1 S 9% i L 2%

R — s
Ji A P RS ITT U TAE. AT PR AT
1) HERPIGR A5 R H 01,0, 105 H 13X 3 /My 3 B2 1K IR 4548 & A0 48 0 &%, 2 i Tl A7
AR S5 B AT Re AR, b — AN IR 5% £ 5 A i O, o3 — AN IR ST B o
(S1+54,0.5)F1(S3+54,0.5) /& Ho 41 & &5 G S BUtth, FRATT T LAAR B0Ks H 4w 43 il L O F1 L 42

AENZ (RIS I 3 At AR T2 2l R 17, R 3K 3 At X B2 FR) IR 55 4 5 IR A2 400 2% 4R

THEMW
T AR H O, O3 A 5 2 3 (4),
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Table 1 Average recall rate and precision for atomic-level and composition-level

service discovery carried on five groups of test services

R1 TR AL KA 5 AP BBt A A A

Group 1 | Group2 | Group3 | Group4 | Group5 | Average
. Recall 82.3 86.4 90.6 85.5 88.1 86.58
- 0,
Atomic-Level (%) | procision | 92.7 91.9 94.8 98.6 98.4 95.28
Composition-Level (%) Recall 87.8 90.0 92.7 94.5 94.1 91.82
Precision 86.8 89.8 87.5 90.2 94.9 89.84
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