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Abstract In recent years, the web services composition has received much attention. By web
services composition, we mean providing a new service that does not exist on the repository. In this
paper, we propose a new system called PSR for web services composition search using a relational
database. We also propose algorithms for pre-computing web services composition using joins and
indices. We store ontologies from web services in RDBMS, so that the PSR system returns web
services composition in order of similarity with user query through the degree of the ontology
matching. We demonstrated that our pre-computing web services composition approach in RDBMS
yields lower execution time and good scalability when handling a large number of web services and
user queries.
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WSL: Web Service : PlaceL.ookup
Operation : CityToZipCode
Input : City
Output  : Zipcode
WS2: Web Service : WeatherByZipcode
Operation : WeatherlInfo
Input : Zipcode
Qutput  : Weather
WS3: Web Service : TemperatureFetcher
Operation : GetTemperature
Input : PostCode
Output  : Temperature
WS4 Web Service : SportsStatusViewer
Operation : SportsByWeather
Input : Weather
Output  : SportsOK
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ClassID ; Thing
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|Zipcode Postcode ] [Weather |

ClassID : Ont5

I3 4 2BEAY 9

ClassID : Ont3 ClassID ; Ont4
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AuEl2EL WS HolEe] £E2 EEET. ¢ Mula9]
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Bdolr FEste] WS HolBe ZHYer AFEch
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22 AR¥E Ont Hol8d HAgct B9
FZE parent YA LV dPez HEIoh
WS HolE3 Ont HolE&-& £R131 #AYE
22X AR 7HAA de 9 AHAE AFSE OntWS
golBg d& F Utk o] W Y FP2E WSY
Input® Output 2¢e°] Ont HolE2 Term 237
Az A 4R ol &gtk o 22 SQLE ARES)
H OntWS EolE& # toletg d¢ + Utk

SELECT WSID AS ID, WS Operation AS Operation,

WSInput AS Input, ontl.ClassID AS ClassID I,

LB
Eg

¥

ontl.Parent AS Parent | ontllV AS LV ],
WS.Output AS Output, ont2.ClassID AS ClassID_O,
ont2.Parent AS Parent_O, ont21V AS LV O
FROM WS, Ont AS ontl, Ont AS ont2
WHERE WS.Input = ontl.Term AND WS.Qutput = ont2.Term
ORDER BY ID ASC;
1Y 6(a)E Edge HolE&& HAETH Edge ®Hlol¥
£ 9 AMu22RE W@ PEAL adzg AR
th Edge #le]&2%€ 2§ 6(b)e] ®¥E § Myl
o] 1EAE MR Ug adLE 48 4 slm, 2 v
4% JPsstth Edge Holg9 #zty 58 AA
@ AMM2E Alele] 7FEAE 718 WY ¢S 9
gtk ID.Se IDE 2L e AlF Zs € 3
4g 9vidts, Input ZHT Output 2P MY ¢
g3 282 2usitt, @Y DM(Degree of Matching)
& 3380A A% 2B kg oA Py
& REEE DM Z o glo] e AFA7 He),
08 REEA M ‘exact’'E B3, @ 28 ‘plug-
in'g& ojujgch
oA 2. 27 19 A A ARlEEH 29 6(a)d
= Edge ®l°olE-g& z#idl#l Edge HolE<] A= 3
U EZ WSIolA WS2E sk Wi o] &
Agte 3 uEch 9 9" ¢ “City"oln
&9 g2 “Weather’olth, WS18 &9 g2 “Zipcode”
olxl WS29] JHEE “Zipcode”o]7] WEe] DM AL
“exact” WAE s % 0§ Mk
Path Blol&& § AulAE He] RE F2E /e
thoolzle sied ¢ AMHlA HEAME A Adstn

WS table

D Operation Input Output

1 CityToZipcode City Zipcode

2 Weatherinfo ZipCode Weather

3 GetTemperature Postcode Temperature

4 SportsByWeather Weather SportsOK

Ont table

ClassID | Parent 8% Term

Ontl Thing 1 Zipcode

Ontl Thing 1 Postcode

Ont2 Thing 1 Weather

Ont3 Thing 1 SportsOK

Ont4 Thing 1 City

Ont5s Ont2 2 Temperature
OntWs table
ID | Operation Input CLASSID.I | Parent ] | V.1 | Output CLASSID O | Parent O | LV.C
1 | CityToZipcode City Ontd Thing 1 Zipcode Oml Thing 1
2 | Weatherlnfo ZipCode Ont1 Thing 1 Weather Ont2 Thing 1
3 | GetTemperature Postcade Ont Thing 1 Temperature | Ont$ Om2 2
4 | SportsByWeather | Weather Ont2 Thing 1 SportsOK Ont3 Thing 1

0¥ 5§ Mulzgt LEZAE HAshe dHolBE
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1: iy
O Zipcode

dolepol2: A 35 @ A 4 (0083

1 : Zipcode
O : Weather

DM=0 {exact)

DM=0 {exact)

1 Weather
O : SportsCK

DM=0 {exact)

DM=2 {plug-in)

1: Postcade
O : Temperature

(b) HEAY o= £48

1% 6 Edge HolEH AEAM 1=

Edge tabie

EdgeID | ID_S |ID_E |Input Qutput DM

£l 1 2 City Weather 0

E2 1 3 City Jemperature |0

E3 2 4 Zipcode | SportsOK 0

E4 3 4 Postcode | SportsOK 2

(a) Edge H )&

AAte 21 9vigich Path HolBo AF3E &
< AR 9 HH 29 F4 9 Al Apold] ojg iﬂléﬂ
(transitive closure)& Sm|¥rh. € A8t FHEAH

Foste ZE 9 AY2ES wEsr] YA, A2
27 AHES ¢ 987 8o VisitedWS HolE2
AR 3 AR APR2ES ’q’é}’?}ﬂr. o] ¥ €9
B¢ Edge HolE-& o834 ¢& 4 vk AA% ¢
2EEL 4273004 Ayt

A 3. 1¥ 7(a) Path Ho)2e A WA HPd 4
Hy YL Al AE P1S F A9 ¢ Mux
WS13 WS28 943 4 st g o]FoiR 9]
Tt} AE Ple 9483 23L& 42 “City"9} “Weather”
olt}, AE P4x F 7io] Moz FAH Qi) A%
4 AMulze £ 9 MulaE WS1H WS4tk Az
P4o] ZAoshe 9 Mul2EE 17 7)Y VisitedWS
HolgodlA 28 & vk AR P4E 39 9 AMuRls
WS1, WS29} WS4z FA¥T

PathiD WSS |WS_E |Pathl Path_C DM | NumEdge
Pl 1 2 City Weather 0 1
P2 1 3 City Temperature |0 1
P3 2 4 Zipcode SportsOK 0 1
P4 1 4 City SportsOK 0 2
PS> 3 4 Postcode | SportsCK 0 1
P6 1 4 City SportsOK 2 2
(a) Path 0|18

PathlD | Edge_Start | Edge_End | Order

P4 1 2 1

P4 2 4 2

P& 1 3 1

P& 3 4 2

(b} VisitedWS E{[0}&

213 7 Path Ho]E3} VisitedWS H|o]&

4.2 Y MUlAQ| ZEX|MOf M HA

o] HdME Edge ®HlojBolA olgA 9 Myl #
EAME A ALEtY Path HolB VisitedWS €0
Bol AAeh=x 493t} o|& 984 NaiveEP-Join

¢uEE# EP-Join &S ARMITh

421 NaiveEP-Join &38]%&

NaiveEP-Join ¥i1g&& £
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Z2E A8 HolE PE P P HolEE &
slo] MEAHoZ A= AHolot. ¥nF 12 NaiveEP-
Join ¢nEEE BHoE)

Input: Edge - Edge H|O]2
Output : Path - Path E|0{Z

1 | Relation P, € Relation fdge

2 |fori € 2to N-1do

/P 1S g VI HRE MY
3 e p <y
endfor

4 | Relation Path€ P, L P

&w8Z 1 NaiveEP-Join

U U Pys U Py

N7Re) § Mulzzt FoiFOHE, 3 PolA FH =
2 date] AzF BdmE ON)olth webr NaiveEP-
Joing AMEEl BE ZRE ANE g9 A ERE
B O(NYolet,

421 EP-Join @13&

4 Muix FHIANRE A ALS 9% EP-Join &
azsq 712 /Mde o3} 2tk Edge ®lo)BolA
A FETAE 7PN 2 S ZFee B
] 3 3313, MY AZE Path gHolZo] X
b 270 o)gel HER FAHGhE, B2
R %‘J BEYE AR2)EL VisitedWS H o}
Bl A8t Edge HolBold ZE B&E o A
g di7A] ¢ " R EP-Join guElEe
AHQ) B2 ¢1eEE 29 2ok EP-Join ¢neEe

e
q
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H‘J

i ol it R

(3



PSR B&H 4 Avla FE A

| Input : {Edge, Path} - EIO|ES
foreach e in the £dge tabie do
insert einto the Path table;
foreach pin the Path table do
if case 1 then
newPath € connect e at the start of
else if case 2 then
newpath ¢ coonect e at the end of o2

else
newpath € connect e at the middle of
endif
endfch
insert the newPath into the Path Table;
if numEdge{newPath) > 2 then
insert the intermediate vertices of newPath into the VisitedWs table, !

&3.2l& 2 EP-Join
[1219) ¢xela&$ 7vtes +HEHEJG 28d EP-
Join €¢aE)Ee @ Mulx HyAde] g dxg i
¥ ooyt (1219 dmelEe M 2
% HY AZ(all-pairs shortest path)E e d1EF
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o] AMEF 4B newPath® /“E"JEE}@ 5 ”WR
pel AlF FHol 7HA 9 ¥ AHI dAEhe HEE
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28 RDBMS 71k} A ALt 7Y
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25 AT £E Uk 28 9 duF 394 9
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Input: { WS Ont Edge Path VisitedWS} - E|O|8

// UDDIOIA ¥ AMH|A YLE It WS HOJEH X

1 | WS€{wsfws=(DOpLO)1sksN};

// 2BEX| PEE Ont HO|80] NT

2 | Ont € {ont = (ID, class, parent, distance, keyword), 1Sk < N} ;

/1 2&2IX 2ot @ A& 9F

3 | onews € { ws <1 oney;

/18 MEI2E MO0IN EXsHE RS Tkt Z2E Edge HO[EM MY
4 | £dge € 1 ontws <1 onews'y;

N 2E Z28 YAt Path 0120 XM, FU LE=FL VisitedWS E|0|
=0 Mg

5 | Do EP-Join or NaiveEP-Join Algorithm;

gz 3 ) Ml AXAAY] A ALY

VistedWs table Op8 : Index scan
Path table Op7 : Index scan
Edge table Opé6 : Table scan

Op5 : Self Join
OntWS Aoutput = OntWS B.input

N

Op4 : Index scan
OntWS table

Op3 : Index Join
OntWS table  Opl.input = Op2.class
OR

Opl.output = Op2class

N

Op1 : Index scan Op2 : Index scan
WS table Ont table

I8 9§ AMulx HEAL A AL A A

Hol 3 s dAldlA Path Eo]BoA A&zl A2
9} Axsl= AR EQ PathIDE Feth T dA @4
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Mvl2 AEAMN A4 3HE Hgdct

Input: Q- AMBXt Ho|
Output : pWS - # ABIAE| AlEA

PathID € Index scan on Path table using the query Q;
2 | pWS € Index Scan on VisitedWsS table using PathlD;
3 | return pWS;
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dloletso] A 35 A Al 4 2(20088)
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