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Z B B4R 4 AR Radl-WS IR 4% KAER  Apla JR 4% i A Java T AT KR A  WSDL/RESTful APL, % X HAE A 4 3, 3
— R A BB A R Web IR T HAT KA 69 7 ik 5 — BB ¥ Radl-WS R4 & R E B35 5 484 Apla IR 4%t &
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KR AR BRI S ; Web R G- A E ;A 43

HEESES TP301

Web Service Modeling Based on Model-driven and Three-stage Model Transformation Method
WANG Chang-jing'”* ,DING Xi-long' ,CHEN Xi',LUO Hai-mei’* and ZUO Zheng-kang'

1 College of Computer Information and Engineering,Jiangxi Normal University, Nanchang 330022, China

2 Management science and Engineering Research Center. Jiangxi Normal University, Nanchang 330022, China
3 College of Physics and Communication Electronics,Jiangxi Normal University, Nanchang 330022, China
Abstract Describing the semantics of web services accurately plays a crucial role in service discovery,execution,dynamic compo-
sition and interaction. In order to support web service modeling, this paper proposes four models from abstract to concrete: Radl-
WS service requirement model, Apla service design model, Java executable code, and WSDL/RESTful API. To suppor model
transformation,a three-phase method that generates an executable code by transformation is further proposed. The first stage
transforms the Radl-WS service requirement modeling language into the Apla service design language,the second stage uses the
Apla service design language to generate executable codes through related conversion tools,the third stage encapsulates the exe-
cutable codes into services. Then the semantic correctness of the three-stage model transformation is studied. Through examples,
the actual effect of the proposed method is demonstrated.

Keywords Algebraic specification, Model-driven, Web services, Modeling language, Model transformation

& NS B s 25 B (Abstract Data Type, ADT) 42 fit —#p 5 512
LRI BIHIE S . SEMILTER BB LR
SRR T £ AR EE) A1 A AR B Cco-algebra) 8, 1T DL R IR & &
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il
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T LIRSS 1 K B AT L B A AL A R AE A B R AT
HE SCHRE I B . 48 K 2 B0 55 38 SR 05 v, n 3 FF
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(R Y S P OO AT B 7 N el
Python %,

ARSCH TR ST

(1) R T HF Web IR 55 @85, 52 s Al R B0 AR 4 AL
Radl-WS it 55 7 SR AR # | Apla ik 55 B 31 A | Java 0] AT R
iy \WSDL/REST{ul API,

(2) R SCHFRERL R B, — 2D 4R T — b = B B 0 A
Web fijt 45 AT $0 47 1A% 19 07 v 4 5 — B BOlE Radl-WS 755K a4
B E ¥R Apla I35 BOTHE R A B BOFI T # e a5 Ap-
la BEIHE 5 Fe 40 o v AT ACRY | 5 J5 4 AT AT A B 3 o S
T WSDL Ffiig &4 RESTIul APIIR% .

AR SCHE 2 1A R AL R Bl B AR MR A K = B Web IR 55
AT S 3 N AR = B A n o B AT TR A I 3R L T A
SR — I B Radl-WS IR 55 75 5k /A5 5 5530 Apla IR 55
BB T s 55 4 WX = B B B % 318 SO IR M HEAT 43 T
555 T 38 A S0 U8 B AR SCHR 0 = B B R R e 4 0k 5 5B 6
VR A T AE M LU H s e JR A 2 SO R ERCE .

2 HRBIRFIB =M R Web lRSHERER T iE

AR FN 524
MDA (Model Drive Architecture) f %} 42 4 i 4H 21 (Ob-
ject Management Group, OMG)#H ., & LI R A #2052
o [r 8504l 52 A O S ST A DG AT, SR J5 ) S T R AT e e R AL
HZEA M Java,C+ + , Python 45 BAK Y AT BT , % id L2
— A BRI E . MDA #EBN S = A LLF 3 Ff
R B 4 R G AR A 1T 57 TG G AR B (Computational Inde-

o B, W Java, C++,

2.1

| CIM PIM

-

I
T
|
|
|
|

pendent Model, CIM) , - & JG K B # (Platform Independent
Model, PIM) #1 ¥ &5 1 5 & # ( Platform specific Model,
PSM), i 1 iR,

[[am |} pv f{Psmi | Psm2]

RETIBR i 3 A B Bt

Three stages of model-driven

1
Fig. 1
=ME Web REFEIERFiE
A SCHEH ) Web IR %5 A B WG 4 A REALAD 3 A4
RIEE A B BE

4 AR Radl-WS Iz 55 75 SR A AL Apla JIR 45 15 TH A AL,
Java Al $h47 1% . WSDL/RESTful API.

3 AR A B 45 o B

(1) Radl-WS Iz 55 55 3K # B — Apla ik 55 8¢ #2783 i
IR 00 A5 A0 A A8 T 5 4 A5 B

(2) Apla IR 4 B 8 — Java ] $h 47085 . @ 1+ PAR JF
2 RSP 6 B A B 3 A R

(3)Java ] $47 ££ % — WSDL/RESTful API: 5 Java
A HATAR IS 3426 5 WSDL A 8l Az B, Java AT ST AR5 3425 54
RESTful API 2 A 3h/4E i,

WA 2 iR A SCHE 1 4 A5 AT LR g b S iy A5 7
WA =K R G SR, Radl-WS IR 55 75 oR #5Rx jif
CIM, Apla I 45 &+ B B PIM, 2858 PAR J5 3 T H Sl %
& &R 5 B e 4% (Apla—Java, Apla—>C+ -+, Apla—Python
4y M LR AT PRAT AR RS X PSM, Bt S5 B 5 R 10 IR 5 WS-
DL/REST{ul API % Jif PSM2,

PSM1

Javaf? 7

2.2

PSM2

TEEH

B AL
21
,—>| Radl_WS 72 & |—>| Apla 72 /7
A
5tk
21
R I =

H omr o

RESTful API

Python 7%

FEE

B2 RERIOKE) 5 = B 5 ik

Fig. 2

3 ETRERNW=MEERTE

3.1 HE—H B :Radl-WS fR 5 F RIZEE] Apla AR 5512 i 5
3.1.1 AT Radl-WS RHEHMIE ) Web IR 5 E4EEF
Radl-WS 32— Bl U B, i A BNF i 78 Radl-WS 18
HOAEWE
(spec) i ={(spec unit)} *
(spec unit) .+ = Spec {sort name)
[where (generic and its constraints) |
[extends (extend sort list) ]
[imports (import sort list) ]
(signature unit) ;
[(axioms unit) ]
end-spec
H: r (signature) Fll (axioms) 3 5 (sort name) , 73 H| & X
nF

(signature unit) ::=/[sorts (sort list)];

Model-driven and three-stage transformation method

ops (operation list) ;
(axioms unit) : : =[ axioms (axioms) |

Horh i F (where) F41) L e 4 8 — M HUKS 1 B S50 192 B
K3z BV B Cextends) Fl Cimports) T /4) , H1 B 7 76 B #1
H% 1d BH BT R R 3 — AT AR BRI AT

4 (where) (extends) Fl (imports) T 7] 45 & & 3k , ]k 55 I
R AT L LA —Fh ] 20 4 0 77 2ok 1 I Kk (BRI 38
) Web IR 55, X IR A F Web IR 55 3 05 sh A 41 %% .

s AT 0I5 v 4 B 2 T IR R X I AR R
FAS UL A T, k46 5 55 Radl-WS A% UL BT . W] DL 3
— R T BRAE RN 4o 3 2 R e e T R
T B GERR yH i BRAE L i SR AR T T Q0 RS R A
YL e SO JE AL SR i 1 i 48 7E Create, Cons il
Tail ; J5 T — 2 FR A K A A % S B AE I T 1 53 AU A 1L 1 o
B SCI 2R M a0 1 A BRAE Head I Length,

Bl 1 ] Radl-WS fREEH A LIST,

1. Spec LIST(sometype elem)
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. where(Comparable (elem))

. imports integer

sorts list

. ops

. creator:

Create: — > list/ /A l— N Bi 51 %
[[in L:listCelem) ;]|
{Q:true}

10. {(R:L=1{}}

© 0 N o Ul B W N

11. transformer:

12.  Cons:list,elem ->>list/ /% £ H I — L&

13. [[in L:listCelem) ;e:elemjout L:list(elem) ;]|
14. Q: # (L)<In}
15. {R:L'=L*v}

16. observer:

17.  Length:list— >integer/ /M3 K &
18. [[in L:list(elem) ;out n:elem; ]|
19. {Q:true}

20. {R:in=# (L)}

21. axioms

22. end-Spec

TE 7 LIST #UAS U B b (o I DG H sometype 2K & 32 B
FEAK A 2T elem; fff H € 5 where 2k & iz T 25 3K
Comparable, & Z| i T — 4 7] [ 4 28 Y, Comparable & PAR
-5 B S T AR TRz B2 S o, HLAR T 225 S0k
[17],

3.1.2 Apla k4% itiE 2

ASCAEF Apla KX Web i 55 #EAT T 40 5031, Apla J& A4
H BN 55 I & 1 — B 3 52 1 7 132 11 1 = (Abstract Program-
ming Language) . Apla (1) 3B 5 2 F R P 19 FF & , 7 51
SEH L FE ORI T S CRLEE B R R AE /R SO X —
BB EAE L I B Apla BT 09 5 25 By 2L A ) 152 R 0
IE A5 T 85 e il Java, C+ —+, Python % 7] U AT #Y 72 7 3
TR . AR T 09 2 X B 25 0 5300k B BOais B AR
PR BRG], Apla X — it R 1T B N AR DL SE R X 4k
FEAAT 55, T HLIE BE XS AR T 09 1E 4 R AT IR E
3.1.3 Radl-WS R4 % KABA 2] Apla R 5% AL A 69 4 3

L]

X T Radl-WS Ik 55 75 SR LB 6 40 g Apla IR 55 15 3 45
B IRATESS T AN A 5% i HL

(D A FRFEAFRIAN] : Radl-WS FRBAL I F K2 el
Apla 74 .

(2) JE UL AN : Radl-W'S 25 B (L 45 i B2 70 5 42
FA) Y Apla KRB A A4 X Radl-WS 26 B A] L) B 42 4
e Apla 88, 7 BB M2 Radl-WS 3 X 525 Al
CRLFRECA e s T A R 28 80 UE X ADT 2R84 (f 45
FPH A RRIE SR B A @ S ADT 288 Can 8040 e 32
JEf T A AT i import SCHET S AT Apla gk 28R
s RHEETRT 40 B s Mt e L.

G BAE T He 5 N : Radl-W'S #84F 7 b B804 1k [l {1 1) 52
VeG4l Apla W 33 B2 (Procedure) , £ 1% [8] {8 B9 7 55 N
Apla Y B8 £ (Function) ; Radl-WS ) FF S5 in 4 B 1 28 5

Dhttp://219. 229. 250. 13:8081/runcloud/

Ay ok R BRI A B 2E YL DG out 7 B 1 S AU i
e Ay ok R B bR S 28 Y 5 o PR B R A ) R IR Ra-
dI-WS (i J5 8 W & e mi s OF 3C 4.1 1 BRUL D .
3.2 FEZHE:Apla REGITHEBER ATHITRE

FATHE PAR Jrik S H X # P& bR T&RIEET Apla )
H sh B2 7 55 3 R 45, i Apla—>C—+ 4+, Apla—>Java, Apla—>Py-
thon %1 JF3F — 2 ¥ 8 8 = F B I . A Apla
2 Java Y H SW R PP Fe e R ot HORE RS Apla 2T 4% 4 O X
N Java 115
3.3 E=ZHE:ATHITREBHENRS
3.3.1 Java KA ¥ % WSDL

Hi Java 3 5 PRECE B WSDL., WSDL & — 73 F XML
W& S 0T ik Web Services LA K Q] %t & 17 #4735 1l .
AL L MyEclipse2017 R F & T H ok A i WSDL, H A4 i 25
B D ARSI E I 4% New™>Other; 2) 7513 JE 4% 5 Bt
A Web IR 55 . £ Web IR 55, 28 J5 # i Next; 3) 3% #
JAX-WS 2. 0 N HE %2 L) & Botton-up scenario & %K W&, 5.
Next;4) fig Jq i #E 75 B A i WSDL 19 Java 283+ H #4740 N 1
BE A A WSDL,
3.3.2 Java K3 K A RESTIul API

M Java i& 5 R 404 sl RESTIul API, H i RESTful %2
P A% IR 55 L 2 B R 42 it Web IR 55 9 B AR, ASCL
MyEclipse2017 24 JF & T. B 3% 2 i, RESTful API, 4 i 25 B2
J- D ARG H L IR B New™ Other; 2) 76 i3 I8 248 7 Bt
A Web it 55, % $& Web R 55 . S8 J5 8 & Next; 3) it #%
REST M #HE %2 | Botton-up scenario N % & 3 H %) £ Create
new Java bean, fiifi Next; 4) 5 iF {5 B . i Add;5) Xt i
[ 2 1 FE A7 AH B 1) B¢ . S i Finish, 248 ) RESTIul API;
6) 1] LAAR 95 5% b 7 R % Az i 9 A QS EATAE

4 ZHRERERNIEXIERGE

AT E T Radl-WS Il 55 %5 K BB B Apla IR 55 & 4
R IE 0 1 DA & Apla JIR 45 3% 31455 20 51 BT AT A0 A5 1) 1F 1 1 .
T HRAT ARG 2 2 A IR 45 3% — B B J2: 38 ik MyEclipse 2017 FF
K TR A3/ A 30580 e R ST A
4.1 Rad-WS R FEREEZ Apla REE T BN ERH S

Apla IR 5% 118 & — X T Radl-WS & & #4319 B
RS, TR B A o P R AE RO SEHL, Bk, AT
F BT AT Radl-WS AR B 6 25 44 343 b (9 45 45 AE B
A Apla lR 55 EITES .

A R R A ) 2 AR B 7E I Hoare 22 37
B, HoP R A Web IR 55 48 A &0 3007 i, B A2
R s 8% Web IR 55 b (945 4 W4 ] Hoare 23 B 75 35, A
ARG B S . AN BT LS T A Web RS 11
T CHESL , AnHT SC T3 5 1 Hoare 2 B B8 T 45 S 816 (&
B M AL HE S T BE . X Radl-WS A8 80T A Al 4 1 f
H Hoare 2~ B 078, 0] DLk & AT 7 0 52 38 1 9 PAR
HE R LTG0k A sk GE A 310D A 5T A7 18
figbroad ]

FEAR SO AT AR ORI i 4 — 2 B 2
FIERAE (RO B R B B R T80 45 2 R R R 0 B AR
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(B ERWRBEENITE, F-ROHEB/ARMEA, BT
H KB B Z AR 5 W AE R R A 2, - 4r & A A 1 A
AR AL HE T FE AL BAIE B 7 K X R AR SR N E
MEBRZAL M R T AW KIERH RS, 7T E#ES W
Apla A£G, - F 37 507 05 00 50 UE 5 95 > 1 5 b gk 4708 ik
B 0F , 7 i 3 Hoare 22 B JL A A AN HE S ML) (£ 22
SR GRAE 2 B L A 1B AT U A 1 B A A L A AS 4
B R SCER B 4 (V) F 24850 — 2%,

T 1E M Hoare 23 3 M &, 38 3 W5 A~ 491 3k 43 531 136 B dan fy
XA L0 AT b 4 2 R ik L L AR i Apla A0 RS,
4.1.1 Radl-WS #4698 XACHE 54 R 7 %

TiE A 1 Length #24E 0 61, OZ A 19 11 5 B
F ik 4 AR AR B AR S R A AR AT DL i 2
R J7 Bk e 245, Length B2E A FRIRAT A ER 0 40 F -

[[in L:list(elem) ;out m:integer; ]|

(1) 43 4) - ) 8t

P IR REE S p ) s ARG XA o] B Y Ja8 M, Wl A Rl F
p(B)=F(pk—1),k) (D
O ERMELR F

p)=k=2(L)= (3. 0<i<<k—1: 1) (2)
={Jullr#)

(Zi 0<i<k—2: 1)+ (Sii=k: 1) (3)
= {5 )

(3. 0<i<<k—2:1)+1 @)
= p wE L)

pE—1D+1 (5)
= AR R

p)=pk—1)+1 (6)

()4 % Radl-W'S 55325 FAE IR 48 5L

BRI Tist J2 {80 5 45 B2 o S 90 . R 0 46 Ak 2% 1 3 4
KR Radl- WS i 5 RIBFE WA 3 frs G& list 4l B
TR, M FET WA RTIRAE e+ &R B
BAE Rp++0),

1. ALGORITHM: LengthCelem a[ ])

2. |[var p:integer;k:integer; ]|
3.{QAR}

4. BEGIN:p=0,k=0++1;

5. TERMINATION :a[k]=“\\0";
.RECUR:p(k) =p(k—1)+1

7. END

o

3 Length #:EY Radl-WS )7
Fig. 3 Radl-WS program of length operation

F G BR A 28 B T e SR s 0 4 1 ke i AR AR YE IR L B A A
) B i AR i T ORAF AR B IR AR .
o: T=pk) NO<k D
B AR AT $UAT AR RS 8 ] Radl 3 Apla B4 T B0,
DA R Apla )7 HOCHEAUIS A& 4 TR .
1.p=0;3;k:=0;
2. doCa[k]# “\\0")
3. p=ptl;k:=k+1;
4. od

Bl 4 Length #:4EHY Apla FifF
Fig.4 Apla program of length operation

4.1.2 Radl-WS #:4F 45 % X LI GE £ R F %

Xb 3 TR A5 (SR 5 ¥ 5 ) | Web IR 35
HHAE (B3R — BT LU b T8 2 p i 54 A i 5 {EL 2 X 7 2
T AR SR 454 Cn i L D | Web IR 55 9 8 7E (G238,
7 230 1 T AL R 1 T ok AR . A T UL FRATT e
Fi Radl-WS fREULE 25 th — XU BTREE B9 JE AL . 10
1R G H A EERD .

Eik 1 XM RTREE

1. SpecBTREE(elem) (sometype elem)

. where(Comparable (elem))

. importselem, void, boolean, list

. sortsbtree

op

. creator;:

. SetEmpty: — > btree; //# — 2

. [Lout T:btree(elem) ;]|

AQ:true}

AR:T=void }

""""" // e db A g TR AR
. transformer:

. Pre:btree->>list //Till ¥ i Ji — X

. |[in T:btreeCelem) ;out X:list(elem) ;]|
. {Q:true}

AR:X=Pre(D)}

. {Q:true}

. {R:X=Post(T)}

© o N o Ul e W N

et
© oo ~ (=] ol = w (SN — (=}

. axioms

Do
<

. end-spec
T DA T R B, MR R TS WS K
25 WA AR AR 1 TR XA 56 0F SRR L L AR B T L S 2B
LIRS AR Ak 0 T S D R D A e
JF44 W SR dE ] Dijstra-Gries 595 MEF2 R IE WA J7 16122 S itk
TIBAMRIE, & T & —BEFK, Pre(T) R /R 1T I
T, A1 Radl— WS 14~ ADT: = X ## btree #1751
list A BREAE Pre (D MRS BT I Pre (D TFIHE—
FHAERE X d, k.88 Radl— WS & 5 1R 19 51 5 & W
HWT .
[[in T:btreeCelem) ;out X:list(elem) ;]|
{Q:true}
{R:X=Pre(T)}
(1) 4 75 1 5 AR 725
MR a7 = U 1 S, T=2%, 0 Pre(T) =
[ ;35 T# %435 Pre(T):
Pre(T)=T.d A Pre(T. ) } Post(T.r) (8)
B+ RO B — A3 T F L 140 7 SRR E .
TARE) AR I 0 5k R Y AT AR S w0 T L
FT. r B,
Pre(T)=T.d* Pre(T. ) } Pre(T. r)
=T.dAT.1.d* Pre(T. L. 1)} Pre(T. [.r) 4
Pre(T.r)
=T.dAT.0.dAT.1.1.d*Pre(T.L.1.D A}
Pre(T. 0. L.¥) } Pre(T. l.r) X Pre(T. r)
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=T.dAT. L.dAT.1.1.dAT.l.1.1.d A
Pre(T. L. 1.1.1)* Pre(T. L. 1.1.+) A Pre(T. L
Lor) A
Pre(T.1.7) A Pre(T.r) 9
M E R HE S AT B BN BT Pre(T) 48 1 35 380 09 55 12 1Y 3
. FIA 34 X,q A1S, Horhr X HIR A7 BT it 77 45 25 11
FEgl, Lt T.d A T.LodAT. L1 d*Y sq FSRAE RO 52375 18] (4
T FR e T 0 415 S 2 — - HE R 1 W 51 728 i,
TFTAEW T WA TR L Pre(T. 1. 1. r) A Pre(T. L. r) * Pre
(T.r) . AFREAASBR,LATE LRI FSOWT .
F[L J=[] ao
F(SA @) =Pre(q) } F(S) (1D)
FFE B A AE OB 0 I KR mgD A 806 R 7E 1€
mr.
p: Pre(T)=X 4 Pre(g) * F(S) a2
(D HE AR A Apla F2F
AR R 3 T 388 05 5 0k 0 8 OR m R A R R AR 2L o, T
ISR E 5 iR BERAE PreCT) ) Apla B2

1. Program Pre

2. X:listCelem) ; T, q:btree;

3. S:list(btree) ;

4. begin

5. XeaoS:=L1.T.L L

dos
q# %> X.q.S:=X*q.d.q. .S q. 15
[Ja=% AS#[ J> q.S:=S. t,S[ht—17];

od;

10. end.

© o =N o

B 5 Pre(T) Apla B
Fig.5 Apla program of Pre(T)
4.2 Apla [R&EGITIBESERATHITRBHYER K

HERLIR Zh ) Web IR 45 TF & , J& % B {4 ] 8538 47 4l 4 4
R, SR 5 38 2oL 38 45 (0 B 4 RS AE A B0 B TT BT AR 1 2
o Hrp g — 25 S B AR T LUE BUR R M, B A
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typeTransRecord=record
token: string;
transAmount: real;
paymentStatus: string;
pid:integer;
end;
typePayerInfoType=record
age:integer;
name: string;
sex:string;
pid:integer;
end;
specPayPalDM
Imports: TransRecord, PayerInfoType
sorts: transrecord : table(TransRecord) ;
ops:
creator:
[/ R/ /)
createRecord: = table(TransRecord)
| [in rec: TransRecord, out result.
(TransRecord) ]|
{Q:true}

end-spec

transrecord: table

{R:result. transrecord= this. transrecord{ rec}

programPayPalDM;
type PayerInfoType=record
name: string;
sex:string;
age:integer;
pid:integer;
end;
type TransRecord= record
token: string;
transAmount:real;
paymentStatus: string;
pid:integer;
end;
var transrecord:table( TransRecord) ;
// Bt/ /
procedurecreateRecord(rec: TransRecord) ;
begin
transrecord: = transrecord U {rec} ;
writeln(transrecord) ;

end;

& 7

createRecord [ % #t

Fig. 7 Transformation of createRecord

Spec PayPalDC
Imports: PayPalDM. TransRecord. PayerInfo-
Type
sorts: ppdm: PayPalDM;rec: TransRecord;
ops:
transformer:
setExpressCheckout ; real> string
| [in sPaymentAmount: real; out result:
string; ||
{Q:true}
{R: rec. token # null ppdm. findRecord-
ByKey(rec. token) =null}
{R: rec. pid 7 null rec. transAmount =
sPaymentAmount result=rec. token}
{R:rec. paymentStatus= InProgress}
{R:ppdm’ = ppdm. createRecord(rec) }

end-spec

programPayPalDC;
type PayerInfoType=record
name:string;
sex:string;
age:integer;
pid:integer;
end;
type TransRecord=record
token:string;
transAmount : real;
paymentStatus: string;
pid:integer;
end;
var transrecord:table( TransRecord) ;
rec: TransRecord;
token:string;
pid:integer;
[/ F A/
functionfindRecordByKey(key: string) : TransRecord;
begin
transrecord; = I { token, trans Amount, paymentStatus, pid} (s { token =
key} (transrecord)) ;
findRecordByKey: = transrecord ;
end;
/B /
procedurecreateRecord(rec: TransRecord) ;
begin
transrecord; = transrecord U {rec} ;
end;
//setExpressCheckout//
function setExpressCheckout(sPaymentAmount:real) : string;
begin
token: =13
pid: =13
rec. ‘roken: = token;
rec. pid: = pid;
if
rec. token7 null A findRecordByKey (rec. token) = null A rec. pid 7 null
A rec. paymentStatus: = " Inprogress” A rec. transAmount; = sPaymen-
tAmount;
createRecord(rec) ;
fi
setExpressCheckout: =rec. token

end;

&l 8

setExpressCheckout [ 5%t

Fig.8 Transformation of setExpressCheckout
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5.2 Apla i 5512 v B 4 A 30 FTHL4T 1073 G insertCtransrecord” )
T:E iZ F)/I\E&ﬁﬁﬁ Apla @J Java E(J I,:l fjj i J? %}ﬁ /% % , }J\ i System. out. println(transrecord) ;
B Apla T 45 B F I B Java AT I MOBE B, HOHERE

g . PR /MR %/ /
R Apla IR 553 1H1E 5 40 Tava AT HUATARS R INF . public void deleteRecord(String key) {
[/ BARRRL )/

program PayPalDM;

t. deleteTuple(“transrecord”, “token”, “key”) ;
System. out. println(transrecord) ;
}
//EHFIL R/

public void updateRecord( record rec) {

type PayerInfoType= record
name: string;
sex:string;
age:integer; .
g g this. deleteRecord(rec. token) ;

id:integer; .
P gers t. insert(“transrecord”,) ;

end; System. out. println(transrecord) ;
}
/ /8 F A/ /

public record findRecordByKey(String key) {

type TransRecord=record
token: string;
transAmount:real;
paymentStatus: string;

record returnvalue;

id:integer; . < .
b gers sql=t. project(“token,transAmount, paymentStatus, pid”, t. choose(“token

end; » o

=key”,“transrecord”)) ;
System. out. println(“[ & R R SQL BN . “+sql+71") 5

System. out. println() ;

var transrecord: table( TransRecord) ;
/R /
procedure createRecord(rec: TransRecord) ; o W
t. assign(“transrecord”, sqD) ;
begin
returnvalue= transrecord;
transrecord: = transrecord U { rec> H .
System. out. println(transrecord) ;

writeln(transrecord) ; !
return returnvalue;

end; )

// M ERE 5,/ / . . .
//MBRIC R public void maincall( ){
procedure deleteRecord(key: string) ; I B

begin \

deleteTuple(transrecord, token, key) ;
elete Luplet transrecord, token. key public static void main(String arg[ ]){

writeln(transrecord) ;
PayPalDM aco=new PayPalDM( ) ;

end;

/LR /

procedure updateRecord(rec: TransRecord) ;

aco. maincall() ;
System. out. println() ;
}

begin .
private class PayerInfoType {

deleteRecord(rec. token) ; L.
String name;

transrecord: = transrecord U { rec} ; Stri
otring sex;

writeln(transrecord) ;

int age;
end; . .

int pid;
/ /it Eeg A/ / )

function findRecordByKey(key:string) : TransRecord; .
private class TransRecord {
begin
& String token;

transrecord: = Il {token, transAmount, paymentStatus, pid} (o { token = key}
double transAmount;

(transrecord)) ; o .
String paymentStatus;
findRecordByKey : = transrecord;

int pid;
writeln(transrecord) ; )
end;
}

begin s SO 2 N S—
, . Ik 55 BRI K Apla Il 5535 1115 5 5404 Java o] $UAT AU
A %32 v
end. Ji B lILI F.

J e &k v
" o
B AR program PayPalDC;
import java. util. * ; type PayerInfoType=record
import java. sql. * ; name: string;
import java. io. * ; sex:string;

import java. lang. * ; age:integer;

import strulib. * pid:integer;
. end;
import leeko. Table; '

type TransRecord=record
import javax. transaction. xa. Xid; .
token: string;
public class PayPalDM{ transAmount : real s

ans :real;

[/ et/ / paymentStatus: string;

public void createRecord( record rec) { pid:integer;
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end;
var transrecord:table( TransRecord) ;
payerinfotype: table(PayerInfoType) ;
payerInfo:PayerInfoType;
rec: TransRecord;
//ERaE R/ /)
procedure createRecord(rec: TransRecord) ;
begin
transrecord: = transrecordU {rec} ;
writeln(transrecord) ;
end;
[/ BRE %/ /
procedure deleteRecord(key: string) ;
begin
deleteTuple(transrecord, token, key) ;
writeln(transrecord) ;
end;
/B R/ /
procedure updateRecord(rec: TransRecord) ;
begin
deleteRecord(rec. token) ;
transrecord: = transrecordU {rec} ;
writeln(transrecord) ;
end;
[/ s/ /
function findRecordByKey(key:string) : TransRecord;
begin
transrecord: = II { token, transAmount, paymentStatus. pid} (o { token = key}
(transrecord)) ;
findRecordByKey: = transrecord;
writeln(transrecord) ;
end;
//setExpressCheckout//
function setExpressCheckout( sPaymentAmount:real) : string;
begin
rec. pid: =13
rec. token: = String. valueOf(123322) ;
rec. transAmount: = transAmount;
rec. paymentStatus : = “InProcessed” ;
createRecord(newrec) ;
writeln(rec. token) ;
setExpressCheckout: = rec. token;
end;
//getExpressCheckoutDetails//
function getExpressCheckoutDetails(g_token:string) : PayerInfoType;
begin
rec: = findRecordByKey(g_token) ;
payerInfo. = Il { * } (6{pid=rec. pid} (payerinfotype)) ;
writeln(payerInfo) ;
getExpressCheckoutDetails: = payerInfo;
end;
//doExpressCheckout//

function doExpressCheckout (dPaymentAmount : real; dToken: string) : boole-

an;

begin

/)R I/ /
rec. token : = dToken;

rec. transAmount: = dPaymentAmount ;

rec. paymentStatus : = “Processed”;
rec, pid: = 1;
createRecord(newrec) ;
doExpressCheckout: =true;
writeln(true) ;
end;
begin
A% 22 0
end.

LR

import java. util. * ;

import java. sql. * ;
import java. io. * ;
import java. lang. * ;
import strulib. * ;
import leeko. Table;
import javax. transaction. xa. Xid;
public class PayPalDC{
PayerInfoType payerInfo=new PayerInfoType( ) ;
TransRecord rec=new TransRecord( ) ;
//H e/ /
public void createRecord( record rec) {
t. insert (“transrecord”,”’” + rec. token +”'” 4 7,” + rec. transAmount
+7,7+7""+ rec. paymentStatus+ "7+, +rec. pid) ;
System. out. println(transrecord) ;
}
//MBRIE R/ /
public void deleteRecord(String key) {
t. deleteTuple(“transrecord” ., “token” . “key”) ;
System. out. println(transrecord) ;
}
//EHE R/
public void updateRecord( record rec) {
this. deleteRecord(rec. token) ;
t. insert(“transrecord” ,*'” + rec. token+ “'” 4+ “,” 4 rec. transAmount + “,”
+“'” + rec. paymentStatus+ "7 +“,” + rec. pid) 3
System. out. println(transrecord) ;
}
/B F A/
public record findRecordByKey(String key) {
record returnvalue;
sql=t. project(“token, transAmount, paymentStatus, pid”, t. choose(* token
=key”,*
System. out. printIn(*“[ & RACEOH W 19 SQL 4K . "+sql+“17);

System. out. println() ;

transrecord”)) ;

t. assign(“transrecord”, sqD) ;
returnvalue= transrecord;
System. out. println(transrecord) ;
return returnvalue;
}
//setExpressCheckout//
public String setExpressCheckout(double sPaymentAmount) {
String returnvalue = “”
rec. pid=1;
rec. token= String. valueOf(123322) ;
rec. transAmount = transAmount;
rec. paymentStatus= “InProcessed”;
this. createRecord(newrec) ;
System. out. println(rec. token) ;
returnvalue=rec. token;
return returnvalue;
}
//getExpressCheckoutDetails//
public record getExpressCheckoutDetails(String g_token) {
record returnvalue;
rec=findRecordByKey(g_token) ;

» o«
.

sql=t. project(* * ", t. choose(“pid=rec. pi payerinfotype”)) ;
System. out. printIn(*“[ & RACEOH W 19 SQL A H . "+sql+“17);
System. out. println() ;
System. out. println(payerInfo) ;
returnvalue= payerInfo;
return returnvalue;
}
//doExpressCheckout//
public boolean doExpressCheckout(double dPaymentAmount, String dToken)

boolean returnvalue = false;

[/ R Rt/ /

rec. token=dToken;

rec. transAmount=dPaymentAmount;

rec. paymentStatus= “Processed” ;
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rec. pid=1; (partelement= “tns:deleteRecord”name=“parameters”/)
this. createRecord(rec) ; (/message)
System. out. println(“true”) ; {messagename= “deleteRecordResponse”)
returnvalue= true; (partelement="tns:deleteRecordResponse”name="“parameters”/)
return returnvalue; (/message)
} {messagename= “updatePayer”)
public void maincall( ) { (partelement= “tns:updatePayer”name= “parameters”/)
/M55 %/ (/message)
} {messagename= “updatePayerResponse”)
public static void main(String arg[ ]){ (partelement="“tns:updatePayerResponse”name=“parameters”/)
PayPalDC aco=new PayPalDC( ); (/message)
aco. maincallO) ; (messagename= “f{indPayerInfoByid”)
System. out. println() ; {partelement="“tns: findPayerInfoByid”name=“parameters”/)
} (/message)
private class PayerInfoType { (messagename = “findPayerInfoByidResponse”)
String name; {partelement="“tns: findPayerInfoByidResponse”name= “parameters”/)
String sex; (/message)
int age; (messagename= “findSellerInfoByid”)
int pid; {partelement="“tns: findSellerInfoByid”name= “parameters”/)
} (/message)
private class TransRecord { {messagename= “findSellerInfoByidResponse”)
String token; (partelement=“tns: findSellerInfoByidResponse”name=“parameters”/)

double transAmount; (/message)

String paymentStatus; {messagename= "“findRecordByCriteria”)

int pid; {partelement="tns: findRecordByCriteria”name= “parameters”/)
' (/message)
} (messagename= “findRecordByCriteriaResponse”)
5.3 EJ’#'L?‘T’{‘Q 5 ?ﬁ]‘%i—:j] HE% (partelement="“tns: {indRecordByCriteriaResponse”name= “parameters”/)

HUBE 3.3, 2 080 3. 3.3 WA BR A AT LU A R IR Ja O
messagename= “creat Token
va 1{]@%{"%&*@@ Eg WSDL H&% *ﬂ RESTful API, ﬁj‘g E i% ﬂ (partelement= “tns: creat Token”name= “parameters”/)
REST{ul APT FI% 353K, 45 i X o i 28 il 22 1 36 B3 4l (/message)
*ﬁﬂﬁiﬁi E‘J WSDL )‘L#F Q[-I LR 33% fhﬁ LB J=| é{a\ H create- (messagename= “creatTokenResponse”)
. (partelement="“tns:creat TokenResponse”name="“parameters”/)
RecordFl setExpressCheckout i RESTful API fCH5 LA K 3 i

(/message)

i ?ﬁ ] :U"_éa M. (messagename= "“findRecordByKey”)
(7xmlversion="“1. 0”encoding=“UTF-8”"9) (| — — Generated by JAX-WS RI (partelement= “tns:findRecordByKey”name= “parameters”/)
at http://jax-ws. dev. java. net. RI’s version is JAX-WS RI 2. 1. 3-hudson- (/message)

390-. —) {(definitionsxmlns= “http://schemas. xmlsoap. org/wsdl/” xmlns: soap (messagename="findRecordByKeyResponse”)

= “http://schemas. xmlsoap. org/wsdl/soap/” xmlns: tns = “http://daolmpl/” (partelement= “tns:findRecordByKeyResponse”name= “parameters”/)
xmlns: wsu = “http://docs. oasis-open. org/wss/2004/01/0asis-200401-wss- (/message)

wssecurity-utility-1. 0. xsd” xmlns: xsd = “ http://www. w3. org/2001/ (portTypename= “PayPalDMDelegate”)
XMLSchema” name = “PayPalDMService” targetNamespace = “ http://daolm- (operationname= “updateRecord”)

pl/™ (inputmessage= “tns:updateRecord”/)

(types) (outputmessage= “tns:updateRecordResponse”/)
(xsd:schema) (/operation)

(xsd:importnamespace = “http://daolmpl/” schemal.ocation = *“ PayPalDMSer- (operationname = “updateSeller”)

vice_schemal. xsd”/) (inputmessage= “tns:updateSeller” /)

(/xsd:schema) (outputmessage= “tns:updateSellerResponse”/)
{/types) {/operation)

(messagename= “updateRecord”) {operationname= “createRecord”)
{partelement="“tns:updateRecord”name="parameters”/) (inputmessage= “tns: createRecord”/)

(/message) (outputmessage= "“tns:createRecordResponse”/)
(messagename= “updateRecordResponse”) {/operation)
(partelement="“tns:updateRecordResponse”name="“parameters”/) (operationname=“deleteRecord”)

(/message) {inputmessage= “tns:deleteRecord” /)
(messagename= “updateSeller”) (outputmessage= “tns:deleteRecordResponse” /)
(partelement= “tns:updateSeller’name= “parameters”/) (/operation)

(/message) (operationname= “updatePayer”)

(messagename= “updateSellerResponse”) {inputmessage= “tns:updatePayer”/)

(partelement= “tns:updateSellerResponse”name= “parameters”/) (outputmessage= “tns:updatePayerResponse”/)
(/message) {/operation)

(messagename= “createRecord”) (operationname= “findPayerInfoByid”)
(partelement="tns:createRecord”name="“parameters”/) {inputmessage= “tns: findPayerInfoByid”/)
(/message) (outputmessage= “tns: findPayerInfoByidResponse”/)
(messagename= “createRecordResponse”) {/operation)
(partelement=“tns:createRecordResponse”name="“parameters”/) (operationname= “{indSellerInfoByid”)

(/message) {inputmessage= “tns:findSellerInfoByid” /)
(messagename= “deleteRecord”) (outputmessage=“tns: findSellerInfoByidResponse” /)
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(/operation)

(operationname= “{indRecordByCriteria”)
{inputmessage= “tns:findRecordByCriteria” /)
(outputmessage= “tns: findRecordByCriteriaResponse”/)
(/operation)
(operationname=“creatToken”)
(inputmessage= “tns:creat Token”/)
(outputmessage= “tns:creatTokenResponse”/)
(/operation)

(operationname= “{indRecordByKey”)
(inputmessage= “tns:findRecordByKey” /)
(outputmessage= “tns: {indRecordByKeyResponse” /)
(/operation)

{/portType)

(bindingname= “PayPalDMPortBinding” type="“tns: PayPalDMDelegate”)
(soap: bindingstyle = “ document” transport = “ http://schemas. xmlsoap. org/
soap/http”/)

(operationname= “updateRecord”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse="“literal”/)

{/input)

(output)

(soap:bodyuse="“literal”/)

(/output)

(/operation)

(operationname= “updateSeller”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse=“literal”/)

(/input)

{output)

(soap:bodyuse=“literal”/)

(/output)

(/operation)

(operationname= “createRecord”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse="literal”/)

(/input)

(output)

(soap:bodyuse="“literal”/)

(/output)

(/operation)

(operationname= “deleteRecord”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse="literal”/>

(/input)

(output)

(soap:bodyuse=“literal”/)

(/output)

(/operation)

(operationname= “updatePayer”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse=“literal”/)

(/input)

{output)

(soap:bodyuse="literal”/)

(/output)

(/operation)
(operationname="“findPayerInfoByid”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse="literal”/)

(/input)

(output)

(soap:bodyuse="literal”/)

(/output)

(/operation)
(operationname=“findSellerInfoByid”)
{soap:operationsoapAction=""/)
{input)

(soap:bodyuse="“literal”/)

{/input)

{output)

(soap:bodyuse="“literal”/)

{/output)

(/operation)

(operationname= “findRecordByCriteria”)
(soap:operationsoapAction=""/)
{input)

(soap:bodyuse=“literal”/)

(/input)

{output)

(soap: bodyuse=“literal”/)

{/output)

(/operation)
{operationname=“creatToken”)
{soap:operationsoapAction=""/)
{input)

(soap:bodyuse="“literal”/)

(/input)

(output)

(soap:bodyuse="“literal”/)

(/output)

(/operation)

(operationname= “findRecordByKey”)
(soap:operationsoapAction=""/)
{input)

(soap:bodyuse=“literal”/)

{/input)

(output)

(soap:bodyuse="“literal”/)

{/output)

(/operation)

(/binding)

(servicename= “PayPalDMService”)
{portbinding= “tns: PayPalDMPortBinding”name= “PayPalDMPort”)
(soap:addresslocation=“http://localhost:8080/WS14/PayPalDMPort” /)
(/port)

(/service)

(/definitions)

IR 55 #8581 B Y WSDL SO R

(?xmlversion="1. 0”encoding=“UTF-8"7) (| -- Generated by JAX-WS RI at
http://jax-ws. dev. java. net. RI’s version is JAX-WS RI 2. 1. 3-hudson-390-.
--) (definitionsxmIns=“http://schemas. xmlsoap. org/wsdl/” xmlns: soap= “ht-
tp://schemas. xmlsoap. org/wsdl/soap/” xmlns: tns = “ http://daolmpl/”
xmlns: wsu = “http://docs. oasis-open. org/wss/2004/01/0asis-200401-wss-
wssecurity-utility-1. 0. xsd” xmlns: xsd = * http://www. w3. org/2001/
XMLSchema” name = “PayPalDCService” targetNamespace = “ http://daolm-
pl/”)

(types)

(xsd:schema)

(xsd: importnamespace = “http://daolmpl/” schemal.ocation = “ PayPalDCSer-
vice_schemal. xsd”/»

(/xsd:schema)

(/types)

(messagename= "SetExpressCheckout™)

(partelement="tns: SetExpressCheckout”name= “parameters”/)

(/message)

(messagename=“SetExpressCheckoutResponse”)

(partelement="“tns: SetExpressCheckoutResponse”name=“parameters”/)
(/message)

{messagename= “GetExpressCheckoutDetails”)
(partelement="tns:GetExpressCheckoutDetails”name=*“parameters”/)

(/message)
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(messagename= “GetExpressCheckoutDetailsResponse”)

“

(partelement = “ tns: GetExpressCheckoutDetailsResponse” name = “ parame-
ters”/)

(/message)

(messagename= “RefundTransaction”)

(partelement=“tns: Refund Transaction”name="“parameters”/)
(/message)

(messagename= “Refund TransactionResponse”)

(partelement="tns: RefundTransactionResponse”name="“parameters”/)
(/message)

(messagename= “DoExpressCheckout”)
(partelement= “tns: DoExpressCheckout”name=*“parameters”/)
(/message)

(messagename= “DoExpressCheckoutResponse”)

{partelement="“tns: DoExpressCheckoutResponse”name=“parameters”/)
(/message)

(portTypename= “PayPalDCDelegate”)

(operationname= “SetExpressCheckout”)

{inputmessage= “tns: SetExpressCheckout”/)
(outputmessage= “tns: SetExpressCheckoutResponse”/)

(/operation)

(operationname= “GetExpressCheckoutDetails”)
{inputmessage= “tns: GetExpressCheckoutDetails”/
(outputmessage= “tns: GetExpressCheckoutDetailsResponse”/)
(/operation)
(operationname=“Refund Transaction”)
{inputmessage= “tns: Refund Transaction”/)

(outputmessage= “tns: Refund TransactionResponse”/)

(/operation)

(operationname = “DoExpressCheckout”)

(inputmessage="“tns: DoExpressCheckout”/)

(outputmessage= “tns: DoExpressCheckoutResponse” /)

(/operation)

{/portType)

(bindingname = “PayPalDCPortBinding” type=“tns: PayPalDCDelegate”)
(soap: bindingstyle = “document” transport = “http://schemas. xmlsoap. org/
soap/http”/)

(operationname = “SetExpressCheckout”)
{soap:operationsoapAction=""/)

{input)

(soap:bodyuse=“literal”/)

(/input)

(output)

(soap:bodyuse=“literal”/)

{/output)

(/operation)

(operationname="“GetExpressCheckoutDetails”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse="literal”/)

(/input)

(output)

(soap:bodyuse="“literal”/)

(/output)

(/operation)

(operationname= “RefundTransaction”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse="“literal”/)

(/input)

(output)

(soap:bodyuse="“literal” /)

(/output)

(/operation)

(operationname= “DoExpressCheckout”)
(soap:operationsoapAction=""/)

{input)

(soap:bodyuse="literal”/)

(/input)

(output)

(soap:bodyuse="“literal”/)

{/output)

{/operation)

(/binding)

(servicename= “PayPalDCService”)

(portbinding= “tns; PayPalDCPortBinding”name= “PayPalDCPort”)
(soap:addresslocation="http://localhost:8080/WS14/PayPalDCPort”/»
{/port)

(/service)

(/definitions)
RESTful APIACRGAnE 9 FIE 10 s, 82 L 3B 3k 1
2 g,

. @POST
. @Path(“TransRecord/{ paymentStatus} /{ transAmount} /{ pid} ")

. @Produces(“application/json™)

. @Consumes(“application/json™)

gl W Do

. public String createRecord (@ PathParam (“ paymentStatus”) String pay-
mentStatus, @ PathParam (“ transAmount”) floattransAmount., @ Path-
Param(“pid”) intpid) {

6. String token=ppdm. creatToken() ;

7. TransRecord record = newTransRecord ( token, transAmount, pay-

mentStatus, pid) ;

8. booleanb= ppdm. createRecord(record) ;
9. if (b==true)

10. return“succeed” ;

11. else

12. return”fail”;

13.}

& 9 createRecord RESTful API {443
Fig. 9 Code of createRecord REST{ul API

1. @GET

2. @Path(“setExpressCheckout”)

3. @Produces(“application/json™)

4. @Consumes(“application/json™)

5. public String setExpressCheckout (@ QueryParam (“ sPaymentAmount™)
floatsPaymentAmount) {

6 String token= ppdc. setExpressCheckout(sPaymentAmount) ;

7. returntoken;

8

)

10  setExpressCheckout RESTful API %
Fig. 10 Code of setExpressCheckout RESTful API

Z 1 createRecord RESTful API 2 1 i #H

Table 1 Interface description of createrecord RESTful API
oo gk B M
U4 CES 3 e &bk =
0% AAMANSRECNHEFT LR
1 F B A R token, trans Amount, paymentStatus 7 pid
I [E A& 7 & B succeed, k& 3R [ {ail

# 2 setExpressCheckout RESTful APT 4% M i B

Table 2 Interface description of setExpressCheckout RESTful API
o gk B M
Bu 4k BB R A b E
B ARG A H A RS
[ & sPayment Amount
iR EE 3R A2 3k B token H

6 MHEXIIELLE

15 Web M 55 gt A58 A5 AL e 48 05 T[] A A0 B9 F 52 T4 &2
TERT LRI O3 O = ORI T ARy i TR R IR ) 2R
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