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Semantic Description of IoT Services: A Method of Mapping WSDL to OWL-S

LING Jing JIANG Ling-yun

(College of Telecommunications &. Information Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210003, China)
Abstract Aiming at the description of IoT services, the existing standard is WSDL (Web Services Description Lan-
guage) based on the XML (Extensible Markup Language). However, WSDL lacks semantic information and can not de-
scribe the IoT services semantically,thus having an impact on the accuracy of service discovery. Among the current exi-
sting semantic service description languages, OWL-S (Ontology Web Language for Services) has a most profound and
lasting influence. In order to describe services semantically, this paper presented a conversion method from WSDL to
OWL-S. This method can convert the existing WSDL file to OWL-S file through operation mapping and ontology map-

ping. Some test sets and examples verify the effectiveness of the proposed method for converting files. And the precision

ratio and recall ratio of the conversion results are better than that of MWSAF method.
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2.1 WSDL

WSDLP T XMLY i T4 ik Web ik 45 1915 &
1 1t 45 4 SOAP(Simple Object Access Protocol) ™ I XML,
TEE M R Web IR 55, Hi,SOAP FZ A3 Web IR 55
22 1] Y A 38 15 B 8, XML S Web iR 45 B9 08 15 45 0 IR
WSDL EZM 3 Ak T Web IR 45 : What, B3 4~z 55
AT A B s Where, BRI 3X AN IR 45 78 AT 4 Mo J5 s How . B 40 a] 3%
AEA MRS, KBS ARNITER.

(1) What

type: & X Web I 55 i I 19 %40 26 8, i J§ XML Schema
k.

message: & AR A AL 0938 15 B dl , b — D EiE 24
part ZH 1Y, .

portType: i i — 1~ Web it 45 1T 8 P47 19 45 1, LA I AH
KRB R BEN IR RS BABAEEE input F output;
RERETHN WSDL L&,

(2)How
binding : >4 &A™ i 1 2 CIH B A% 2R CAR Y .
(3)Where

service: fH 5 S AU EE & B Web IR 55 19 52 B i # URL
W45 — A BRI S
2.2 OWL-S

OWL-S 24 T 15 X Web #rifi OWL 89, J1] THili & Web
R4 AREESTD . M OWL-S i & i A9 IR 55 %8 7 5915
SCVE L WSDL 75 4 i i IR 55 B ol 1 P 5 By BLR A
B T3 I 55 KB A R A A R,

OWL-S 732 3 A2« Ik 55 L & SC 14 (Service Profile) |
file 55 A5 8 (Service ModeD) L K it %5 FEAili (Service Grounding) ,

(1) Service Profile: fifi i ik 55 ¢ % 5% 2L 1Y T &g, Bl i 4> ik
%Mt A/, BT RS I EE(E A, Profile Il iR T %8 &
JIR 55 B X G (AN N B\ B4R B 5 DA R T T il iR Ik 55 P AL 1Y
AEThBe 28 1 i 55 B P9 QoS.

(2)Service Model: ffi i IR 55 72 76 2 MOy B IR 55 19 2 A4
SN . AN R S5 ES AT DL S AE — A4 ok B, B Service
Model X 9 #5H id FEAL AL (Process Model)

SRR B Syl PR ORR 2SR A i R R it B (Atomic
Process) . & & i #2 (Composite Process) ., J&F i F2 1] DL B #22
TH A i A R R A R A T

(3)Service Grounding: #§ iR EFE VI MRS . &% T RS
VAT 1 B 38 75 2 1% i i T 2 =X R T I 55 1 2 8
3,

2.3 NEWMR

M WSDL i 75 i i 3C 14 8] OWL-S 15 75 i 8 SC 1 i 5%
W, HRIC &/ T — o5 ik .

(1)OWL-S Editor

OWL-S Editor™ ' iy H (/2 8 B A £ 50 19 P s 7 5
PRt —A TR T 7 A ] Y Q) Web IR 55 9 OWL-S fif
W, A Web IR 5 9 WSDL SCHF A7 8 L 58 I Web I

ST A, KA WSDL ()5 . OWL-S Editor 1] L4 Bt 3¢
PR Web 245 15 8 Ll i3 OWL-S A4 iR 45 1 % Web Iz 45
FOF AT A A OWL-S SC . Hod, Web i 45 #9211
(operation) # 73 & # WL 5 4 OWL-S 19 i 7 i 72 (atomic
process), Service Grounding % 3 7 U #§ 3R T JR 1 i B2 X W
) Web iz 55 (4917 7] 40715

XA T EAFAE LT BR . 24 WSDL 3¢ #7548 XSD &
e JETUBE, TC B X T 25 4 55 40 S OWL 7S R JF X ik 26 Ak {4
HE AR AT 454 L Bl i T2 R AL FLAL £ XSD fij B2 A 1) WS-
DL X4,

(2) WSDL20OWL-S Converter

WSDL20OWL-S Converter ' J&:—4~3F Web iy T.H, £
Ht N WSDL It 55 # R 2] OWL-S i i 9 & o3 e . H g &
OWL-S Editor Z&f81, 38 & 5 A Web IR %5 9 WSDL SC {7 &
KFA Web IR 5. &id H 4 )5, 1% T A AE 65 42 4k 58 1y
Service Grounding i i , DL & # 43 Service Model Al Service
Profile fF4 1A,

XA T H AR B A 2 X T WSDL 3T rh iy XSD &
FeR Y 5 o e A R R T AR A AR R AR R 1 UK
A R AR TR G

(3)MWSAF

MWSAF(METEOR-S Web Service Annotation Frame-
work) L Bl METEOR-S Web HR 45 7 B HE 42, & —Fh Web
MR 55 AR HESE . H F 2 H AR SC 8k A Zh VG i WSDL Jt
Z5AM, A KM A TE Web IR % (9 WSDL 38w fim A
HfR. B WSDL Il OWL-S %% 3y — i 48 44 [, Of 2%
TIZ BRI A& r AR DL, S AR & PR . MWSAF
BT AMIE, TR IC Web IR 45 B8 FH B AR 4

XA B AR AE BB B 2« 6 3 AT ARE 8 DG T I SR A 2 Sk
TR 8 24 R R T R S 5 R s R T =X DT i 45 SR A 0 T A
T HEBEATIPAG B, RSP T H 2 SR BE ), B Z % e
S8 3t R 4 PPA N X G245 (0 AR 5T

AR ICAE WSDL20OWL-S Converter 1 3Rl 42 1 — Fh
5% 4 7 Wk, 2 B VR W ST R AR 4R i 43, 52 3 WSDL %)
OWL-S e . % T VR AE BEAT AS (A W ST I, 2 37 A% iy AR 1k 22
FEAE TR SCR o T AR A SR A T — R g A MR T O T
AR T ARKBRGSNE SRS AR, CPHEHLZ A
OWL St A A e G o B2 10047 7 003, HE 488 T — AL 14 i
WSDL 2] OWL-S % % $e 22 5] LA PPk i £2 5 %

3  WSDL | OWL-S ¥

M WSDL ki, OWL-S By 40 i 72 .

(DE: 2SN © A ) WSDL S, A= R 5 2 4 I 1%
OWL #% 3 Ay S0

(2) A= B OWL ST i 48 BT A 3 48 1 A6 LY OWL
RE & A= I B A

(3) V1B B A A 55 4% b A 4% g oh BT A A AR R 174 AH 1
B I DA P A 35 09 AR I B A A i B B A L

() JFH W I8 1) S A B e 2B G 00 WG B A AR, de e AR RS
WSDL 3¢5t 37 59 OWL-S 3,
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3.1 4R OWL X1

TE M WSDL 3¢ A4 i OWL SC 2k i 3 78 L i A /R 46
EFREFLUTHA WA,

(1)WSDL 3 o 59 #:4E Coperation) #124 T — 4> OWL-S
J&F 1t ## Catomic process) : 5L 2 ¥t , N WSDL 3C 44 b 1%
BRAVE P AT DAHE R OWL-S 3o P b 50 1) J5 - 5

(2)WSDL 3C{H ) XSD 28 R4 5% e OWL-S U1
OWL # & : OWL-S Ui v il ] OWL 8 &k 45 52 i A
Skt By 2 i WSDL S Hr W XSD 28 1 >k 45 5 i
AV X 2 R TR XTI 56 & .

fn# WSDL {4 )5 , i i XSD20WL # # 2% ¥ WSDL
SCPE A XSD 2R B B ok KR B9 OWL HE & 5 48 J a0 a 48 £
S ER NS WSDL U i i 8RR G 3 o OWL-S i 7t 72, 4
S Service Process Model. owl, Service Grounding. owl DA &
Service Profile. owl U, ##ad B4R 1 s,

| WSDL X # |

!

XSD20OWL % # %
XSD—~OWL# 4

<_I

BEHBE
4 fkmodel

BE-REFEE

4 F.grounding

4 . profile
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1 WSDL | OWL Ay #; 45 72
Fig. 1 Conversion process of mapping WSDL to OWL

XSD2OWL # a5 fift f WSDL 3¢, 42 L WSDL 4 type
FRas g L XSD 28 B, -6 H 5 35 0 A0 N OWL M8 48,
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24 PR R S 8 Ry A L B B R Y 4 R s R B AT S S
T DT 3k R A AR O i L R B T S R R Sy JE
ik R 4 i

T8 o B A S AR R i B2 S, 4 B Service Process
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WSDL SCAF A A4 B A A& 145 8 A B Service Profile. owl
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3.2 AREBRGS

A OWL 3C (9 i 72 v, XSD2OWL % 4 7% 42 B
WSDL SC{H i) XSD & 2 28 B A4 i OWL Al L X BL AR A Y
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C A B AT A
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Fig. 2 Ontology mapping process
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RS S OOP &2 o fE e AR £ ML =2 4k, F AT R T OOP
B A A5 S A R 2 1) 22 L A5 4

A3 AH ] OWLS-TC version 3. 087 44 g 7% Hb 7 {4 J2
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Fig. 3 Logical structure of local ontology library
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A 1A 1 25 A5 B AL 38 A (R I E & L) Pk D) B AR fk
FETER LRI R R FIAH I (A BB TH 58 7 2. R i A 4R 4%
T B O v 1 ELAR S O v

1) 5 T A 2 24 R 0 R R0 BE T35

TR A A B B 5 4% KR B 8 Ap L 23 BR LT BE A I R
A M 1) 2 FRR AL IR 33 T A M A T RE A ABL, A U3+
TR RN SO A A 4 PR IEAT AU T 5

SR FH Gt 55 B 39 9 T B T A MR A 4 B O T A 0 AR AL EE
LT,

S (C1 »Cy) =max(0,1— (2 X Edits(C, sC,) /(| C, |+

[C. [ (D

Ho L [C UG | #AEE C T Co 1Y 4 FR b A5 1Y B3R 5L
B 0HE C MARERN S MEC WARTFERN S, s ¥
Sy B4y S YRR R BT T B A BN e R O AR AR TN
B3O #AE R, B S 4B IR B Edits(Cy L Cy)

S ] —Fh 2 T8 X3 M WordNet i i8 J7 sl sk i+ &
PR ME 7 44 Bk G T3 SCRO AR ADLE 3T T ik n R

Simeemaic (C,Cy) = > max  (Sim(SC,, ,
Q€ {1, [SCy 1) GE (1., |SCy 1)
SC, )) + > max (Sim
! PE (1, |SC, 1} JE(1,-+,1SCy 1)

(SC,, ,SCy, N /ISC [ +1SC. 1) (2
Horp, [SC TRTSC, | 43 B R s AR A& C A Co o & 1Y B
1] B985 Sim (SCy , SC) Fm s C 1 C, T A & A inl (1)
HSCHILEE s SCy, L SC Fn i Co Ml G AL 19 ]
B2 TSR MARUE T Bk R .
Simpume (C1 5 Co) =aX Sim (Cy +Cy) + B X Simemaic
(C,Cy) (3)
Hp.Co MG B RIRARAN O FIARK O, MR, Sime
(CCHRRMER BT CFRF5Z A AUE ; Simmaie (Ci s
Co) Frn M2 2R3 T3 LAY BLRE 5o AN B 2R 7R b 34 15 Ff A
RIERMALE, H o +p=1, R ENEN «=0.2,5=0.8,
2) 3T JE M A AR L RE A
TIEEACUR A J8 AL B, 2 R DL B8 JE At . SR A
AL FL A A [ sl AL L IR A B A S T RE AR L. AR
XEEMNBESRXA BRI GTR TR S ETHS
24 Bk AR AU B T A TR
ST B AR LB T kT
Simue (Cr+ C) = 5wy X [a X Siman, ars b))+ X
Simemaie (ai 10,0 ] (4)
Hi 0, FR & DM MAE o Mo, 530 F RS C A
W& Co M9 IR M s R WA WE & 22 I 04 g M 3 45 H .
30 JE G5 4 A ARBLBE 315
TFSEA R A S5 4 A RUBE I, 2 B DL B0 FE A - AR AR 25 4
AT DU 4l — A S50 I8 A e A R L RS R A A
TR A o M DA R T A . X P A A A S A
ARLHS 330 T A ABE A T BB AR B0 5 224 T A AE 2 1 I o AR A& A BT
3T AR A T RE AL 5 224 795 > AE 2 14 - ARE A AR 33 7 4 g
Al BEA AL
53 AT 5 P A A AARE A e e AC RS A AR T A A

BE LR Lo E 2 R AR DL BE , PR AR P AL 4> LR A i AR
LT S5 R AR T RO IR IR
Sim(Cy s Cy) =AX Simyume (Cr s C2) + 9 X Simivuce

(C,,C) (5)
Simgpuerare (C1 5 Cy) = a X Sim(C,, ,Cs, ) +B X Sim(C,,
Cy, ) +rXSim(C,, Gz ) (6)

H, Sim(Cy, Gy, ) RSB C, BT C,, 53 51 A&
Co 1 Cy WA HE 4 5 Sim (Cy, 5 Cy, ) SRy S0 o HE 225 (39 A0 0L E
Cy, Fl Co, 3 IR C I C, M SRS Sim(Cy, ,Cy))
HF MR AL .Co, B Co, A3 B A G B G TR
£E 5 X, 3 I R TR M A 3R T 4 BRI T M B AR LB (9 AL R
H2A+9=1,BEBUE R 1=0.65,7=0. 35;a,8,7 TR
M RS U R TFHMSHMENNE, Hatptr=1,
a=p=y I BAE N «=0.5,8=0.25,y=0. 25,

4) 7Rl 5 35 45 AR L2 R 3 5R

TE 53 AT T 8 44 AR L TR M DL B T A Y
ARABLEE Z 5 3 F — 2 B AL 43 e & 5 0 A 1 31545 5L, I T
55 e 2 AR BB B (8 B0 25 5 AU . Hovb RO 43 T R 25
TR OB A AR TR [l By A LB AR BN L 45 O
BT, 4% 308 Composite 757 WX € A AR BLE 45 5 #E 47
A RN

Sim(Cy +C2) = @ Simtyume (C1 s Co) + @ Simauane (C » Cy) +

@3 Sim e (C1 5 Cs) (7)

Hp BUE ¢ 83T Sigmoid pREF=4:

(3) AR A e

WSDL ) XSD & %25 Al 28 33 XSD20WL %% e 7% A= 1
OWL M 2B 0 OWL M A 4 A 157 e 56 A A, 7 AR I 2
T T B AR g T B X g . S A LR 2R A A R T A
T3 s a3 BT T A WS A R 5 T T B S X 4 B R AL L 45 B
— AR . AR S B A D0 18 BRI A 8 M AR 1A, — M
MO o 23 38 AR B F 45 2 109 1 S e 6 110 B S o 4%
3.3 R OWL-S Xt

Ze it AR BLSS R, OWL SO i WSDL iy XSD & 226
RUAE B OWL A A, Bl W5 30 08 SO 1 2 9 7T A 14, B
FE ST 4 A A A PR v A SRS AR AR b P RS T AR A AR A
B OWL SCF w3 37 19 OWL #E &, A4 sl i & OWL-S
Ak,

4.1 FRWE

Java i F BA R EF- G M, B A7 E NI R 25000 4
WH RG U M H R G WS KA AR H Java 1HH .
I AR SCR A Java iESAE NI R IET . & T2 K Eclipse.
BEAN A (AR e S5 Bt L 75 LSR8 = O & LR A AR AT A Y
B Ab B . AS (K F #E T. B- Proteged. 3, A (K f# BT T. B Jena2. 6. 4,
i8] Word Net FZ#iLff) JWNL,
4.2 EWHER

(1% OAET o (47 3 B0 405 42 benchmarks 1E 24 4%
Pl 55 B B85 K 4 . benchmarks R A AL 45 S % A4k G
RANK L B R AE B 26 58 B i A AK
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WA IR IR 55 0 T AR A
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fdi 25 i % P (Precision) , 2 42 % R (Recall) I F-Mea-
sure 15 8 M3 A9 VAN A o
P=A/(A+B)
R=A/(A+O)
F=(PXRX1+a*))/(P+R)
Horpr, A ZR7R IE A TR Y i G 45 SR AL s B 2 B % TR A e
SPES R B C FRom WA HRUIE 1 9247 76 09 B G~ B, F-
measure JE— P ARG EMERW LG EIEIr., LHRER
mk 1 s,
F 1 OEHER
Table 1

Detailed results

MWSAF A
P R F P R F
#101 1.00 1. 00 1.00 1. 00 1.00 1. 00
£102 NULL NULL NULL NULL NULL NULL

#103 1. 00 1.00 1.00 1.00 1. 00 1. 00
#104 1.00 1.00 1.00 1.00 1. 00 1.00
%201 0.96 0.91 0.93 0.96 0.94 0.95
#202 0. 84 0. 84 0. 84 0.96 0. 88 0.92
#203 1. 00 1.00 1. 00 1.00 1. 00 1.00
%204 0.96 0.96 0.96 0.98 0.97 0.97
#251 0.55 0.54 0.54 0.93 0. 80 0. 86
#252 0.71 0.71 0. 87 0.89 0.71 0.79
%253 0. 86 0.85 0. 85 0.93 0.77 0. 84
#254 0.94 0.27 0.42 0.95 0.63 0.76
#301 0. 83 0.80 0. 81 0.85 0.78 0.81
%302 0. 85 0.78 0.81 1.00 0.81 0.90
#303 0.75 0.71 0.73 0.67 0.63 0.65
#304 0.87 0.85 0. 86 0.90 0. 87 0.88

B3R 1 i S5 g5 R A 4R IR O1XX, 2XX, 3XX #E AT A
2%K..183 % 2 RIS R,

*2 SRS

Table 2 Analysis of results

MWSAF GAIHE %
P R F P R F
#1XX 1.00 1.00 1.00 1.00 1.00 1.00
#2XX  0.78 0.75 0.76 0.88 0.72 0.79
#3XX  0.82 0.79 0. 80 0. 84 0.78 0.81
AVG  0.86 0. 84 0.85 0.91 0.83 0. 87

TE45 2 1) benchmarks I v, 4 SCR F 09 1155 77 1k 25
BT ARG, AR T LA E] 919, £ 4 50 3k 3
83% , F-Measure {H W35 %] 87% ;i MWSAF J7 ik B T 4
FRANGER R IEAT ML B T 5. 38 1 AR 2 i B4l o L 3%
W] 7 SR T R 7 (A e S 7 vk B 25 R T v L e AL S AR B0 Y
T SR 45 8 OWL-S 304, tb MWSAF J7 ¥ B 9% 7 A 2%
2 10 AR 55 i BRI A 4 S R oo,

(2)2RH OWLS-TC v3. 0 H ) WSDL 34 363 A S48
WA B s, FHAH—HEg R WSDL 3CF 3] OWL-S
SO B 4

& 4 7~ 1) WSDL X4 (novel _author_service, wsdl)
BT —4“novel_author_service. wsdl” IR 5. M 344k
AT AR T8 3 AN AR 45 (0 D AE - R R 55 3 R A BRI A AR Y
TEB 4 . ZIRS AR —ABL bR BAENIES %,
Lot SO R B AR BB OWL-S X aniE 5 s .

(xsd:element name="“Author” type="AuthorType”/)

(xsd:element name="“Novel” type="“NovelType”/)
(xsd:complexType name=“Novel Type”)
(xsd:sequence) { xsd:element name= “hasSize” type=“Medium”/)
(/xsd:sequence) (/xsd:complexType)
(wsdl:portType name=“NovelAuthorSoap”)
(wsdl:operation name="“get_ AUTHOR”)
(wsdl:input message="“tns:get_ AUTHORRequest”) (/wsdl:input)
(wsdl: output message = “tns: get_ AUTHORResponse”) (/wsdl: out-
put)
(/wsdl:operation)

(/wsdl:portType)

K4 WSDL 3Cf: (R BD
Fig.4 WSDL file (fragment)

(process: AtomicProcess rdf: ID=“NOVEL_AUTHOR_PROCESS”)

(service:describes rdf:resource="# NOVEL_AUTHOR_SERVICE”/)

(process: hasInput rdf:resource="#%#_NOVEL”/)

(process: hasOutput rdf:resource=*#_AUTHOR”/)

(/process: AtomicProcess)

(process:Input rdf: ID="_NOVEL”)

{process: parameterType rdf: datatype = “ http://www. w3. org/2001/
XMLSchema # anyURI”)

http://127.0. 0. 1/ontology/books. owl £ Novel(/process: parameter Type)

(/process: Input)

{process:Output rdf: ID="_AUTHOR”)

(process: parameterType rdf. datatype = “ http://www. w3. org/2001/

XMLSchema # anyURI")

http://127.0. 0. 1/ontology/books. owl # Author(/process: parameter Type)

{/process: Output)

K5 OWL-S Uik B
Fig.5 OWL-S file (fragment)

i P 4 AP S Ar LUK B, WSDL ST o ik I 55
o A ) 2500 D TR A R R Ok B AR A S B TR
B E X s WSDL CF A 1Y operation 48 i 2 1E B &, ¥ 3 5 &
X OWL-S 31 ) AtomicProcess.

Bl . iy A2 A Novel "8 & X R “http://127.0.0. 1/on-
tology/books. owl # Novel”; operation f #i A tns: get AU-
THORRequest: - NOVEL # % £ &4 AtomicProcess ¥ fii A
# NOVEL., #i ! tns: get . AUTHORResponse: AUTHOR
#isE LN AtomicProcess M i1 # _AUTHOR.,

HERE AR T RN WSDL ] OWL-S #6487
ik G R WSDL P £5 5L AT T — ST OWL-S i
EiiE S QL

T P A 5 VR B e R S B e K WSDL SO R
OWL #% 2B SCHF 5 98 )5 42 BOFe e 2 72 i it XSD 28 84 2 9
OWL HE &, A5 1 I B A 1A 5 432 25 388 dok AR MR BB 5 o A= iy
s A A% % Bk S5 380 A% b A A P o 2 RO AR AR T 5 58 U AR e S5
JG s LS JE A R BCRUR A OWL M8, 3 & A4 il OWL-S
T SRR SO

TEPEAT AR I AR 22 A0 2 N T4 BE 00 X i 2 25 21
L3 I —E L TE LR A el DL | 3 A . A
ARABLEE B 7T LA 2% g e 118 HE At T T s M iy 26 R A ok Y

R
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