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Abstract: In order to test Web Services, a testing technology based on Design-by-Contract is proposed in this
paper. Usually, there are two problems when the users are using Web Services. Firstly, they cannot locate the
occurring errors during testing precisely. Secondly, it is difficult to test whether Web Services meet their
requirements. Design-by-Contract is an effective method to improve software reliability. This paper proposes a
testing technology for Web Services based on preconditions and postconditions, then extends the syntax of WSDL
and implements a prototype on the Microsoft .NET platform, which can solve the above problems better.
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B B AAANATAHXLiH e REHE AR 42 Web Services #9812 Web Services B il ¥ 28 3| HA )
MO kA TAL R h HG4HR;Q RAERK Web Services 2 EHSRAZNE K 089 Xt R —FH
BT R B AE BF & ANt R T —F R T E&4F5 L4449 Web Services 2K K 2 WSDL
#5477 ¥ R, HF £ Microsoft NET # 46 EERT BR B4 T A LIEM,

FEHBR:  Web Services; 3k R, 4 4 i W E &4, 5 £ &4

Web Services £ — F ¥ % it o 18] - B AR, 1R 38 W3C X} Web Services 5E X '], Web Services EL SOAP(Simple
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Object Access Protocol). WSDL(Web Services Description Language)f! UDDI(Universal Description, Discovery
and Integration)d B.Co, B0 T 48 SR k4426 N 2 10 B 8945 6] 2. Web  Services B B AT A1 35 1 R38R A 22
RLEEN KR TFI. BhAN LR E AR RS MRk RS 4. B, Web Services kBTN R
HISZRERIZE R R ERC).

T E U, Web Services il % AR EMBIAR, Web Service M8 B4 i 5 A S, T 8 4~ R F S 4
A Web Services, Fl UL EARIE AR F K _E T CREIM Web Services I EAE L ZEA X+ AL MRS RGEE
B, ARS8 A& F A RIS 9 Web Service F1 Web Services 335 5 i 2.

Web Services A RGN E T REREEE . MEEMPONBEFEHAE=FACZANTE BER
HEEFFRABUE B K Web Services B, N AT BT 5% IR ARX & Web Services 77 ] 8% 4 B 3R 35 . Bl b, Web
Services I RRA RPN R G EAHEEREE.

PR, BK Web Services 1R B, H REE T RS A E FELZFEMIEH Web Services, 748 il i ¥ & 3
UDDI. SOAP. WSDL 474 b il; Web Services & K BIZITHAT AN A M RN, SR RLRE BB
DEHR. RFMEHATHENRHEFHRFREPSRE RS RUERERRBETEH % Web Services I
BT BB T, 0 4 IR 5 F & BB B IR18 (B R Web Services 18 (115 B B WSDL 3CRY, AT 2 AR
BOEB#ITRENR.

WSDL & IBM ] NASSL(network accessible services specification language)fl Microsoft i) SDL(service
description language)3% % F XML M N#RET KRR, EHIRT Web Services T LMLy, RIEHIEHR
BAEMMBHMR. SEEE. NSRS WTRA S RS THIE UEFIRSE 8 E RBAEH Web Services.
HAETK WSDL XMEEAFEUTHERO BA/MHSENEE,D IANRHSENTRIT.Q WA/MH
SHHIMF,@® Web Services iV A fuhit. i1 F WSDL 3CRY R 18 Web Services £ O B R TR & & O M
X5 B, B b4 IR % 3 F & (8 B A0 X Web Services #3R 7 A~ {@.

3 H AR 55 5 P & 7 f ] Web Services BIE 72 0 28 3t T 109 61 8 — B T ¥E55 4 T #% Web Services i IE
A58 P 75 2K, AT 2 BB R Bt R T A 4 R AT HE W 5 6, B IR 5 (P & ik A SRR Web Services &%
I8 IR, B R Web Services MIH 4 1R; — RRAERR Web Services B 75 %4 8 FH % K. SCHR[S, 6138 HEE
H A WSDL XBF A Web Services MIA/IH SBIKBAR. WANF. BRI EEHR R R IR
FEB,EBEREX Web Services H 5 D RERI TR, H R S MR UL L8, T EERRLRUZREAEY
REXTRLSATEERETEL Web Services 2!11‘?5Wﬂﬁﬁﬁﬁtﬁ'**ﬁﬁ.ﬂiiﬁéﬁﬁiﬁﬁﬁﬁmF&E,ﬁﬂi
—METIHEFMAEEEMN Web Services AR, 7E WSDL R h MR REENREEHENS
HE5E6MBFPRUEENREEHENHE, UBKKITFHEMR R LR HA &

1 A4Rigit

—RORULET Web Services FIRHFRPEL AT MRE, I RHGRME RIS, 5 — A HEER
FRERE ZIRMRAEUT EEHNO MEROEE HE Web Services HIEIRG . R ELACHD H9STAY 4
RIBFRE AL T #E Web Services HISKBHXARMR G EMNED,Q MEEHEEECHRBFEA Web
Services HIJ7 ik MAT LASRAE O EF T AAELHR & 4R B+ (Design-by-Contract, B # DbC)St £ B2
LRI BB ZRARLEH AANRBERREREZNRAMARBRESEHENLEER, EAETHA
Web Services T /% I & £ 71 Web Services SEB R MITHAL. B AR A S ANMKE WELM. FEELHE. &
R, BFEANBEHRFERS

Bl B — KPR 77 Square(num), %5 i X4 2180 F Fiw:

precondition: num >= (;
postcondition:  num - result * result < 0.0001;

BB & RN I ERRIEAT T R AR &), 1007 4% Square REERTE S OR PG B R R T %

FEIEBELTERRE.
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SHFERTRERMEANRESGAZHERN SR THTFEYRGERBFHTRENRUTERER
SR MNEEEAE LIRS NEE R4 NBR, FAERMESE SUR[SIA Y, &4 880 EAHHiER
(building blocks) T 5 TR LB BEURML%E. Bt DbC ¥ 3% W oAk o) Wbk ) — P B k0.

DbC 5k R 5% 38 fit3 BT FF K 1Y Web Services BRI ST AWML, TR EHRAEERESAPREN
M Fli% Web Services FREn&4 £ Db HEFAESHLHSARAE TR MERBREFTLIAHBE Web
Services MIYEALED R AR & 4 B AT R 2 AR 454 FR 5 T4 31 Web Services FZ 1T & RBIT A, T
BT 0 0 f0 4 A 4000, 3 B B 1 B ) S AT TR

2 ZF DbC B) Web Services i

BNESSHRRT T BT WSDL B RE T —RHET TR &4 /ERE&4M Web Services MiRBA.

2.1 HBHESHHBYWSDL

FR 4% 1 ) 2 7 LA R %6 75 7t o0 3K 8 Web Services A8 OF B——WSDL 30,24 6T 47 WSDL R A
a4 &4, B4R EA WSDL T Web Services 7 ¥ il B £ 4 M /5 B &4 00 #R XT Web Services 1131
HEAT E I SR, LIRS A E KB % T X Web Services 1 F & 1915 H.6HT WSDL 3£ 1 operation
#0543 B 3t Web Services B M R4 A 7 10 R B 3R, B pE AT B3R Web Services ThER I & #9187 WSDL 3C#

ch{f] Operation 5 (¥4, F AR RAMA BNF R 2 4 2915 R H W
PortTypeSection ::= "<portType>" {OperationSection} "</portType>"
OperationSection ::= "<operation>" [InputSection] {OutputSection] { ContractSection}
"</operation>"
ContractSection::="<contract>" {PreconditionSection} {PostconditionSection) "</contract>"
PreconditionSection ;= "<precondition>" PreconditionExpression "</precondition>"
PreconditionExpression ::="(" PreconditionExpression *)" | PreExpression Comparator PreExpression |
UnaryConnector PreconditionExpression |
PreconditionExpression Connector PreconditionExpression
PreExpression ::= PreArithmaticExpression | PreLogicalExpression
PreArithmaticExpression ::= “(" PreArithmaticExpression )" | PreconditionOpermtor |
UnaryArithmaticOperator PreExpression |
PreExpression DualArithmaticOperator PreExpression
PreconditionOperator ::= ParameterName | PreconditionOperator[" PreArithmaticExpression "]" |
PreconditionOperator ™" FieldName| LITERAL
PreLogicalExpression ::= "(" PreLogicalExpression ")" | PreconditionOperator |
UnaryConnector PreExpression |
PreExpression DualLogicalOperator PreExpression

UnaryConnector ::= "I"
Connector ::="&&" | "[["
Comparator ::= ">" | "a” | la=!t | =t | "= [ M=t

PostconditionSection ::= "<posicondition>" PostconditionExpression "</postcondition>"
PostconditionExpression ::="{" PostconditionExpression”)" | PostExpression Comparator PostExpression
UnaryConnector PostconditienExpression |
PostconditionExpression Connector PostconditionExpression
PostExpression ::= PostArithmaticExpression | PostLogicalExpression
PostArithmaticExpression ::= "(" PostArithmaticExpression ")* | PostconditionOperator |
UnaryAtithmaticOperator PestExpression |
PostExpression DualArithmaticOperator PostExpression
PostconditionOperator ::= ParameterName { PostconditionOperator"[" PostArithmaticExpression "]" |
"result” | PostconditionOperator "." FieldName| LITERAL
PostLogicalExpression ::= "(" PostLogicalExpression ")" | PostconditionOperator |
UnaryConnector PostExpression |
PostExpression DuallLogicalOperator PostExpression

¥ ™ PreArithmeticExpression #1 PostArithmeticExpression J # A # & 3 ,PreLogicalExpression HI
PostLogicalExpression %% %% &, UnaryArithmaticOperator 1 UnaryConnector 4}l 2 —SuHIN A fERZ
# %% DualArithmaticOperator | DualLogicalOperator 435 % — 70 # # R 11218 12 # FF,DualLogicalOperator 8
o5, B R a2 ParameterName & Web Services T HEMRASRE, ELIER ART, HHARE
£ 357 413E ParameterName 28 &2 W FieldName EZHE SR HMN AR EH result AT Z S EAER
{§.LITERAL ®] L& null. 5. FF. FHEHMARERE.
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RATX WSDL BT B LAS, MR T X Web Services THAERIE X HR, A GFREFHENRS B E
H Web Services M BRI EE X BN EEFGHEBEM4, X L2 B RGBSR . Web Services HE B
SRABEFRERBRBEIITERENER SR, LERI A FENRASEERTHORE. Fi,
RATY K WSDL W] PAE B 7 B I S B BB 56 48, T 0 5k 6 B L3047 B A4 R, BB T DbC P IIARZER.
EHRERAABAAERNBERES IR ASBRE,TEIL WSDL IR TLEIREL Web Services FI A SIRE
& 8, BAHBRMNFTEXHEATBEREZR,. BRRANBHRAELE.

HIL7E Web Services M O#R P MA—EREA KT T4 HREREEE DA TT.XR[91R
HEBENEREEAERNBREEFMASARNUNBFREENREFEAEFRINMAEREEHIR
Web Services 33k, B X 5 & B 7 il € & 4.

O MERLEEFENEL.RFREHBATEXMARIR T EH Web Services 06 713 2 I % 1, 1X 2 %44 7]
MRS EHERE— PR BREREENEELXHHL T Web Services KIFB ThREHR IR F R AL E
A& L AE 2 E H %8 Web Services fIThEE, AT A BY T IR 45 8 FI & S8 \E M A Web Services.

@ MRS & HIE A 4. 0048 & T B &4 7T ARIE Web Services EN AR FPIRREAZFNE
g ER. REEHSNEELGARN Web Services [¥13E FtEHEAT K. R F R BLE RATRETHAE B Web
Services {1 5T A 1 F FRSE AT K, B8 b B 4F b IR 254 PR & 4R HH B ST K. 11 R Web Services F B2 B F R F R
PENA L, RS AET UEEFH XSS, eEf#TeSE A ETEFHFEXaCHad.

2.2 MR ARIESR
EF AR T EAR RNIBH T —A Web Services HIFIRBIARMEL, B 1 Fiw.

S _ J—
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EH
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BA
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WA ER
- L.Elk ~

|£Fﬂﬁﬁ$|
EERMALRE
B H&

v
ST M e R
7 MR

SOAPi# K
TR %
&€ mmn
SOAPR Y
\\ J/
1 Web Services ¥ B RHELL
REFHEEERSEMPOBERIFEN Web Services 5, BEM A WSDL LT e R, HEL
SOAP 4 B KB Web Services. REREEEMEFRAEZ RN EEFRALRI, —RBREEHEHCH
H SOAP ¥R R MR%RHLE K Web Services, L RIRESMHT SOAP HE, —RBEFHELEFALA
(18 Net i wsdl TE. IBM i Web Services Toolkit Z5)4E A EAE, Hillid RER LIS RER4HZ M
SOAP HEARE. RMNEAMNRE_#HFEBREEAETUESRRSI B RAANRRRFIREER Web

Services. T 2 BATHR H LR 51 8K TIERE:
Begin
%18 WSDL J0#%;
ARERUEERNRFFEREFREY;
RESAEEWIERY;
If (& #93B¥K IE#) Then

R

Mk A
i 3:E S

NG

Sop Tk
Sop ok ErRE
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®
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HEREHGANNKEE;
MAMRAG;
4R XML #% 2 BRI A
If (BIA I 71 9% 2 AT B 4 44) Then
Begin
BT RAF;
if GEAT4 R 25 B £M) Then
Begin
RGBTSR EPELS R,
I8 B L 4 R
R RS R ERMAMRE;
End
Else
BEETERAW LG BAHE B ERIHERNEAME,;
End
Else
18 [ 0 ) A 36 A AT B 4 15 B0 R A R AR
Else
BEAABEHRER
End.
WA S %] UL BY AR & SR 0L PR &5 fE I & B0 Web Services &4, EXt WSDL X KIS RATE

R A A TR E B AE AR R R P X R Web Services HEAT 3 H. WA G| MR
AR 45 156 PR & B MR 491,48 ) A R XML % R BB A AR U5, B0 5 | 3 I A5 3R Web Services # WSDL
SCRY h BT B AR 2 TR B R T AR BOAS | SRR A G SOAP H BHER REH RS
RptH RERGEE K Web Services BT Z MR HIE 4 SOAP #H B R K E4 R R R L TR5 .85
%/ WSDL SCRY S 0 J5 B 44 R B WAL R, 368 EI 4 R4 08 A & 4t X A S A 41, 3t 5 JEZE B R 3AT
BT A ARE N TERTERNGBEAMHNREHL NI RELEORE EAE MBRETRNM A
B B R E R, BB R R 45 B 3 O 7 R U5 B A B R, T B Web Services K 57 4.
TR 31 AT LUK SR 45 SR EAT S04, BB R A B 10 SRR th 4 A B 4 R AR W iR R
BIRS A E, I ERRRRE WA T ERREAN WXL RIRR B E, RS LR B EBRRE
BEER AT LR SRS BN Web Services KR Mt f= B ek MR 5 B .85 25 BT LR A A &
4% Web Services B, 75 2k 38 = 77 WA {5 IR 44 1 & 1 B T HL AT Web Services B s sl A [E] JH 303X

3 REEZLR
BT RIEATHFIE BB ARKE M, RIZE Microsoft NET ¥& LA CHETHRT —1M#K Web
Services ] J8 %! (Web services testing tool, {5 ¥k WSTT),3F B 3B i) Web Services 21T £ %K.

3.1 EkE1

BRREHAEELR— AN G AT RER 5 ANBBETH R 4R b8 o 78 AR 45 v A
DT ER,BHEMELE THA LI E R K Web Service, 3t WSDL SX#4#  Bian T

S

<s:element minOccurs="0" maxOccurs="1" name="nums" type="s0:ArrayOfInt"/>
</s:element>
<s:element name="BubbleSort1Response">

<s:element minOccurs="0" maxOccurs="1" name="BubbleSort1Result" type="s0: ArrayOfint"/>
</s:element>
<s:element name="BubbleSort2">

<s:element minOccurs="0" maxOccurs="1" name="nums" type="s0:ArrayOfint"/>
</s:element>
<s:element name="BubbleSort2Response">

© PEREEBAPETFON  httpd/ www, jos. org. cn



A8 ¥R T 48Kkt e R R B AT 135

<g:element minOceurs="0" maxOccurs="1" name="BubbleSort2Result" type="80:ArrayOflnt"/>

</s:element>
</types>
<message name="BubbleSort] Soapn">

<part name="parameters” clement="s0:BubbleSornt1” />
</message>
<message name="BubbleSortl SoapOut">

<part name="parameters” clement="s0:BubbleSortiResponse” />
</message>
<message name="BubbleSort2SoapIn">

<part name="parameters” element="s0:BubbleSort2" />
</message>
<message name="BubbleSort2SoapOut™>

<part name="parameters” element="s0:BubbleSort2Response” />
</message>
<operation name="BubbleSort1">

<input message="s0:BubbleSortl SoapIn” />

<gutput message="30: BubbleSort1 SoapOut* />
</pperation=>
<pperation name="BubbleSort2">

<input message="80:BubbleSort250apIn” />

<output message="s0:BubbleSort2ScapOut” />
</operation>

M LT WSDL XCEM A BT UE N REFHAERERENEERENTRN BEEHEELHARNA
WA REH T Web Service BIXEA K& BAN BTN —ARMASIEN-1,23,-35 BT UG RERMH
77#% BubbleSort]l 1 BubbleSort2 J5 B A My H th 45 AR R 45 1R 89, 32 M 1 A Bl PR AT R L.

REBULENSLHE T RS W HE ERH {3 H Web Services, 375 (# B Web Services 45 if 4+ #4558 IR
B 4R 4548 f3t % BT £L 75 1% Web Service i WSDL I#H A SHmT:

<portType name="ServiceSoap™>
<operation name="BubbleSort] ">
<contract>
<postcondition><1[CDATA[nums[0]<=nums[ | ]]></postcondition>
<postecondition><![CDATA [nums[ | }<=nums[2]]></postcondition>
<pasteondition><1[CDATA[nums[2]<=nums[3]]}></postcondition>
<postcondition><![CDATA[nums[3}<=nums[4]]></postcondition>
</contract>
</operation>
<operation name=="BubbleSort2">
<contract>
<precondition><!{CDATA[(pums[0]>=0) && (nums[1]>=0)]]></precondition>
<precondition><![ CDATA[(nums[2]>=0) && (nums[3]>=0)]]></precondition>
<precondition><!{CDATA[nums[4]>=0]]></precondition>
<postcondition><!{CDATA[nums[0]<=nums[ 1 ]]></postcondition>
<postecondition><![CDATA[nums|[ 1 |<=nums[2]1></postcondition>
<postcondition><![CDATA [nums[2}<=nums[3]]></postcondition>
<postcondition><![CDATA [nums[3]<=nums(4]]></postcondition>
<fcontract>
</operation>
</portType>

WSTT M K718 0] LIRS 1 Bt & 294 AN B 2K Bk AR R B AU B R SR R A % Web Service. ] 5T TH
I A 300K P 40 0 5 10 R O 2 P R 47 B0k, 2 R0 R 5 ¥4 BubbleSortl IFEB R TR MG B &, RARF &
BubbleSortl A 5 3hBE AN IEHS, & TR % SAULE 09 51 4E; 1 77 & BubbleSort2 RS HMUE BRI FRANER
THENHESSWERTAT R R TRAERSNRE

32 T2

BUREFHEEESCOHERAPERK-EHETYAEN Web Service RS TM P LBREES
FeA RSP R Web Service B WSDL 308 K T R
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<s:element name="ComputeSquarcRoot™>

<g:element minOceurs="1" maxOccurs="1" name="number" type="s:double” />
</s:;element>
<g;element name="ComputeSquarcRootResponse">

<g;element minOceurs="1" maxQccurs="1" name="ComputeSquareRootResult" type="s:double"/>
</s:element>
</types>
<message name="CompateSquareRootScapln™>
<part name="parameters” element="s0:ComputeSquareRoot" />
</message>
<message neme="ComputeSquarcRootSoapOut™>
<part name="parameters” clement="30:CamputeSquareRootResponsc” />
</message>

<pperation name="ComputcSquareRoot™
<input message="s0:ComputeSquareRootSoapIn” />
<putput message="3(:ComputeSquareRootSoapOut” />
</operation>

BB & 18 FD A0SR LL_E 4 BL1R A MU It Web Service EF RS BCHNEER mRNERTHLHAE
i W o G o B Y 4 4 L R 4 6 ComputeSquareRoot B3 A 4 B Lo A A FERT 4.
BB %18 HI 38 17 LA7E i% Web Service i) WSDL IS InA w0 F -S40
<p01'tTy'pc name="ServiceScap">
<operation name="ComputeSquareRoot™>

<contract>
<postcondition>
<|[CDATA[(number-result*result)<0.0001]]>
</postcondition>
</contract>
</operation™
</portType>

R SRER AT I SRR S AT IRERBABIES 9.8 B PTHERNEEEM S
RSB R A R, % R E T LLLL RS B MR L% Web Service A2 H 2HIE X,

LR EEEEY A WSTT,ZEX R T Web Services 35 FH A A 17 BRR B, 30 SRR A BOE B S B i
5 0 5 B R 4 RN, R 45 (A 35 VT LUAE 5 55 M 4 E 22 Weeb Services 2 5 12 7T 2 { ] Web Services K177
38, T o R AT V0 5 7, 3 G5 I B Weeb Services 73 2 B M E. Bt A U BIR R LB M.

4 HRE

B9 R & B 2 0 1 Y4 £ BT L) 35 Web Services B &Rt — 2 MR RS AH M &L NRE THEA
#3%+ Web Services BRI BANMBARE X TIXFH TR A 29,08 % H # 7 LRI IR &5 2R3 Web Services
HEAT R, UL 2 52 1% Web Services £ 75i5-8 I Fl 2R 80 75 S A% FH AT B A 7T LUB AT Ha i 1R Web Services {18
HhREZERI T A [ L RATT B BT RBF3T T B4~ Web Service 76 M A A U038 ) B, — HL 4> Web Service iR E
SMBE, SR T LA 48 B £ Web Service 21 A1) Web Services flows ¥ b} ) 52 BRI TAE £ L B, 26 F( R Web Services
flows 347 ik, B BT HiE Web Services flows KRB R i 45 &% ), 1) B ZE Web Services flows FFiE
FriREETAMNR AR ERENENEEN EHR, RS R ERERFET P A RN B BAR R
FIE SRS HEX Web Services flows 1T ahEREA.

N ARENFRAILRARE EREEREEKERAA L LAERNBT LR ATERRTEC
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