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Abstract: In order to achieve the automated conversion from Web service composition described by BPEL to LOTOS, this pa-
per presented a conversion algorithm based on the translation model. Firstly, starting from the the BPEL language of XML
schema definition, it analyzed BPEL language structure and got the BPEL language production. Then, depending on BPEL to
LOTOS semantic mapping rules, it designed BPEL to LOTOS translation mode. Meanwhile, above the basic mapping rules, it
gave transformation rules of BPEL to LOTOS data types and fault handling mechanisms. Finally, it verified the feasibility of the

tool by using a Web service instance.
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AT AR P W AR 7S W AT #E R B] /5 . BPEL %] LO-
TOS FYBSHER T HEATE SR~ Sh R A R R S |
g B P R 45
1.1 HiERApEt

BPEL {4 278/ 5 XML schema( XSD) 9. BPEL £
A EE %t v & WSDLI'™! (Web services description language ) H 5%
SCHIH B 26, LOTOS B 1 AR %04 26 A (40 natural | char
S5) Hb, IR A SCEBAEZERL . B 5 SCEE 28 B A 5 St U
IXSCRE IR E AR, X SO AR O B A R 2R A
— N JC 2 R OB R R B U R AL BT UL O
BPEL vty 728 5 et iy LOTOS ity 2% & I, 75 206 BPEL rpz
N AT B S RIS O LOTOS [ i SCEE Y

T 5%, )\ BPEL 4% 5 () WSDL F1 BPEL Jir 8 F llk 55 ) WS-
DL rf43#r it BPEL 25 4 () AR S5 K, RUKCHE i 5% o HE o 782 4
KR .

‘ BPELH {25 & }—b{ messageType JE ‘

Xt AR %5 B
WSDL

{4 BPEL (import)

(B B [ guRsm
L]

N
| BPEL AR MR R |

LOTOS F 5& XK \
E1 TBPELAZ &4 HId R
RG] 19 BPEL 22 82544, i LOTOS [ 52 (AL
PERAL B—A B SRR R BUE — AR 208, 1ib 5930
A S TG A I S R VR FIBCER R A WS A
a5 i S B ERA 447 = " cons” + BRI,
BOBAR A 257 = “extract” + BRI + index (M 1
THR)
Horp index S0 R B 7R IR BRI A A R R
%1  BPEL ff—7A% 1 52 X 1% A], Ui { bpel ; variable name =
"request” messageType = " tns ; getLoanQuoteRequest" /) , FH W A
LOTOS H#E25% 3 4 GETLOANQUOTEREQUEST. lib, %% #E
FRAUE SLINE
type GETLOANQUOTEREQUEST is NATURAL

sorts GetLoanQuoteRequest

opns
consGetLoanQuoteRequest( * ! constructor * ) ;
Nat- > GetLoanQuoteRequest
extractGetLoanQuoteRequest] :
GetLoanQuoteRequest - > Nat
eqns
forall housenumber : Nat
ofsort Nat
extractGetLoanQuoteRequestl ( consGetLoanQuoteRequest ( house-
number) ) =housenumber;

endtype
1.2 BFEEH

24 BPEL v i3 BB B, BPEL w39 0 Ath 1 3 45 9 45 1k
T30 308 3 #2200 WSDIL 8 SR B Sk P A, sl o o
throw JCZ W WAl & . BPEL {ii ] ( faultHandlers ) 1% 338 & X

BPEL H i) i i 4b B, (faultHandlers ) T 4 45 0 4~ 5¢ £ 4~ 19
(catch) T catchall) FiE 3l B—>(catch) 3k —Fh ik pE , F:
HEATAH DL A FRAL 3, ( catchall) TG FR B ALBRIA 45 15 A0 2%
sl it B faultHandlers ) ' ) 4 — A F 7 s G — 4>
LOTOS Wb FI AR . 7E LOTOS v, B3 24 e 45 3% [F1{E 4y
0 HiF, R 3R BB, 18 FFAH L Aol e A B A

BPEL WSty LOTOS fyicpab i ™ Fdn el 2 B

R BPEL

7 1
% Y
( Iﬁé})}%ﬁﬁ% < % Q O%OS?E)\&%< BPELFT AN
=3

bpel:faul tHandlers

LOTOS:

#HLOTO!
ZREFE PR B B R K «
RER LOTOS

B2 LOTOS# AT

1.3 XYL MRk gt

BPEL H 44~ Web R 55 2 [A] 938 B /& LOTOS H4-4~iz
F145 (L 22 1] B9 AH 54 1. BPEL B i i IR 5 R Ge h &%
F* BPEL Jii % R I 55 41, BPEL e N E & 7 1 i
SRIT R, 8 3 98 FH HAth Al 955 58 L& P T 3R, JF B 28 45 21
R P % BPEL gy LOTOS, W75 2 4E LOTOS 44
& Pt RS BPEL A% = 3R AT BPEL Fr iR Fi AR S5t .

LOTOS SCHAFHESE " 4R -

specification specificationName| gates 51| 3% | ; noexit

library
( * BIATERY library = )
endlib
behaviour
Client[ gates 1|3 |
I[ gate] |
MainProcess| gates %13 |
I[ gates 513 ] |
(
WebServiceP1 [ gate ]
I
)
where
process MainProcess[ gates %13 | : noexit : =
(= 45H )

endproc

endspec

o :library 4351 A LOTOS w1 fiF FH 3] 1) 2 7 S0 2 0 A0
FE SUERZE AL ; behavior #843k 47 R #8453, HoSL il ik & P o
PEFR BPEL Wi e EERHI BPEL Frif R 55 kA%, DL 47 F A
BT FRR Web R4 Z 0] 38 1. where F543 72 LT % F b
HEFE BPEL 4% 32 #E F2 f BPEL 7 8 FH I 45 E F2 19 47 o 5 T
BPEL i R W Z# A4~ BPEL Jife iy A3, =& LT BPEL i}
FAIR S5 AR 18 4

2 BPEL #| LOTOS W#IF&ENXiZiT REHRE X

1E BPEL F| LOTOS B 55 5000 KL hift [, A S i S 2™ iy
PR R B D R T TR 5 e v, AT — 5 R b
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BPEL | LOTOS 46 (i3 1M . A% 15 5640 # BPEL [y XML
schema 5& S, 133 BPEL 7 A 5 FEAR 4 5 2256 #1531 19 LO-
TOS SCR 7™ A sUAF 5 (Y P, AR W MU i3 3447 A
B, 153 2R f o AR s B B0 BPEL ) LO-
TOS HyFEHIETE
2.1 BPEL™%XK

ARl Web services business process execution language ver-
sion 2.0 #IE , /34 BPEL 3275 3 M H 71 3/ i) XML schema
FE X, 458 BPEL A 06 1 Fos (3 ik B R 1k 7
450 .

%1 BPEL =z
BPEL =42

bpel—process

process—activity
activities—activity activitiesl | &
activity—receive
| reply
| invoke
| assign
| sequence
| flow
I if
| while
| pick
sequence—activities
flow—links activities
if—condition activity elseifs else
while—condition activity

pick—onMessage onAlarm

Horpr:bpel 7t TR R 5, E A S5 5F 5 process 2y BPEL
19 process) {& 3l T 3~ BPEL {& 3 F W] LU (£ 243
o 3l X LG AARR L5 AT activities, Hi activities A] LAfE St
activity [RAE R G ( ZDH —4 activity) , TIFLR LG54 activity
RFALE—4 BPEL [§ 3], %I T BPEL Ht A I gl ik v B A
P AE R AR5 A5 HE 5 1 B PR A5 B 00 7 A2 K, 40 receive— part-
nerLink portType operation,

XF - BPEL w2544 4615 2l , 33 BLLA Cif) 1 2l R 4], 15 B A
AT B A Tk o i XML schema & 3C, (if) 1%
S BT S ARG — > (condition) . —> activity 0 P ZA
(elseif) FI 0 4~2k 1 A~ (else) o K T FRATLIA 0 A4
(elseif) , 5| AJELRLERF 5 elseifs, B 7= R, elseifs—elseif el-
seifsl | e, FTLL, (i) GBI F=E R ANZE 2 FiR .,

F2 (DI AER

if—condition activity elseifs else

elseifs—elseif elseifsl | &
elseif —condition activity

else—activity | &

2.2 BFEX

M LOTOS [ SCRYHEZE 7T LA H, ZE45 3 58 % (1) LOTOS
SAYTEFEHIE specification | client , mainProcess , DA & 18 F AR 55
AR WebServiceP #E R (944 5 [T FIAT g AIHF Fid
ANt G4 BPEL 7= A X K JE P . Specification X} i BPEL H
i (process ) 1% 3l , & 9 1 AT 1t BPEL v iy Ho A 3 A< 3% 5y
RiE . I, BPEL 7 Az S p AR 45 55 process A 4k K& 1
(78 LOTOS CRY Ay specification X4 ) , 4K 3] createln-
stance = “yes” ) (receive) 1% Sl H] , & %o A it BPEL F2 )3 5244,
JHiR 4y #r BPEL 3 2 (% B8 H 5 2% 1B T 46 1% 3l (re-
ceive) ) , i LOTOS #1375 BPEL i #2119 mainProcess i3 F& X% 2

% i client B X 420 3 75 B BF A1) 232, Bl createlnstance =
“yes” [} BPEL JE & ZE 4T receive H A L5 & @ client (F /R cli-
ent FEFEXT G2 ) Fl main ( £IR mainProcess HEREXTS) . 4 ffi
(invoke) I F IR 45 I, Ik o7 1) @2 A58 Web JIR 55 (19 LOTOS i
2 WebServiceP, FrPAIEZA 45T invoke N ELA 456 @ 14 service
(78 LOTOS RSPy WebServiceP HEFEXT ) o (HIEH hi%
B ATTEAL BPEL 7 AE X h 471558 (I RR X 2 1 N2
TE1Z (invoke) 7 S AT HAE ) , T LA BHRRAE = i n] R 25 iz JE 4
T HoAts BPEL 335 3l i) #0150 At N 4, 35 7 specification | client ]
mainProcess = PXFR 2, A AR TN HA 255 R v
code, I 1L 5% ¥ BPEL G i LOTOS hfEMLRS .

XfF createlnstance = “yes” ] receive {f client il main J&
P, T B activity {238 45 5 1 SLE T A, T LAJA 7 2 204
SR HAYRIENE ¢ F1om, 73050 1 T& 3 client Fl main J& £,
{HJZBE T createlnstance = “yes” f{] receive [Y bt o 17 &5 activi-
tiesl 2 Ab, HoAth A9 3F & 45 45 £ $5 receive ( createlnstance =
“no” ), HRIE AT AR ¢ Al m B

] 5. BPEL S0 B TR 12 20 BOAR T a4 3 B o

b?el
pr(:CeSS

activity
sequence

—

”’ .
activity 2client
main

3 =
cm s
activitieg

S~

=TT >
9cm activities

l

L
recelv activity
createfns- client | o~

tance=fyes’l . SN
main assign gep PP S
1

.
activityjh.p ﬁcmactivities

J »
copy 6cm [} AN
VAN ! % 7 v N
’ ’4 \‘ invok- activity13cm &
from 7cm\to 8cm Iicm ,

re'ply l4cm
B3 R BPEL S &

MK 3 Fa] S, activities— activity activities] 7= A=z 20§
activity 5 H 11 receive TE LI AS[A] ( createlnstance {H g “yes”
2 no”) , A AW B8 L3, AR AR 245 75 1 R A 1E
BPEL =46 F] createlnstance = “yes” Y] receive 22 J5 A B/ 4k
HRIEPE ¢ Flm, WIELERMEN T B AR EE BT A
TESUH Y R Z A% 328 (¥ D), S5 — Ak 2R S8 P i AR B 1
LEA B TE createl , ci ZEKS I 3 process ) B 1% & hy “false” , 24
K3 createlnstance = “yes” [iY ( receive ) B}, i% B createl iy
“true” , M {E activities—ativity activities] ;=4 X & ativities.
ci = activity. createl,

ERor B AN 3 R,

FABFEEL X BPEL B4 — N6 Sh#8 A — 4> B R
B, TS BURZ I Sy LOTOS ZfE, 4 compilelf( -+ ) JT
TEIPE (Il 15 3 )y LOTOS AXHS, H i i 280 0K specifica-
tion . client F1 mainProcess X} % 1Y) J& 4 tk %€, checkCreateln-
stance () PREX T T4 1M ( receive ) ¥ createlnstance J& £ J& 75 4
“yes” , JENIR [A]“ true” , 75 DU 3 [B] “ false” , newClient ( ) p& %
TR LOTOS % P it X 4 , newMain () pRET T8I
BPEL AN ) LOTOS FEHFFEXT 4,

Xf BPEL LA 1% 3y, 41 ; receive partnerLink portType opera-
tion £ { receive. code = compileReceive(--) |, TfijLA(if) il
U] BPEL 25 M 1035 sl Ll icit. ik 4 Pos,
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BPEL %] LOTOS Bt i) Bl 12455 X

RRECE:N

B

bpel—
process

process—»
activity

activities—

activity

activities]
activities—g

activity—

receive

activity—

reply

activity—

process. s = newSpecification( ) ; |

bpel. code = process. code |

activity. s = process. s; activity. ci = ‘false’ |

activity. s = activities. s; activity. ci = activities. ci;
if activity. ci | =*“false” then

activity. ¢ = activities. c;activity. m = activities. m |

|

if activity. createl | = “false” then

activities]. ¢ = activity. client;activities]. m =
activity. main;activitiesl. ci = activity. createl;
else

activitiesl. ¢ = activities. c¢; activities]. m =
activities. m;activitiesl. ¢i = activities. ci |

{ activities. code = activity. code || activitiesl. code |

{ activities. code = null |

| receive.s = activity. s; receive.ci = activity. ci;
if receive. ci! = “false” then

receive. ¢ = activity. c; receive. m = activity. m |
{ if checkCreatelnstance( ) ! =“false” then
activity. creatl = “true” ;

activity. client =newClient( ) ;

activity. main = newMain( ) ;

activity. code = receive. code |

{ reply.s = activity. s; reply. ci = activity. ci;
if reply. ci! = “false” then
reply. ¢ = activity. ¢; reply. m = activity. m

{ activity. code = reply. code |

{ invoke.s = activity. s; invoke. ci = activity. ci;
if invoke. ci! = “false” then

invoke. ¢ = activity. ¢; invoke. m = activity. m|

process. code = compileProcess(-+) | lactivity. code |

{ activitiesl. s = activities. s; activitiesl. ci = activities. ci;

invoke { activity. code = invoke. code |
activity— | sequence.s = activily. s; sequence. ci = aclivily. ci;
if sequence. ci] = “false” then
sequence. ¢ = activity. ¢; sequence. m = activity. m|
sequence { activity. code = sequence. code |
activity— i if.s = activity. s; if. ci = activity. ci;
if if. ci! = “false” then
if. ¢ = activity. ¢; if. m = activity. m|
if { activity. code = if. code |
F4 GO TESRY B
7R i LEE
if— { condition.m = if. m |
codition i activity. s = if. s; activity. ¢i = if. ci;
if activity. ci] = “false” then
activity. ¢ = if. ¢; activity. m = if. m |
activity { elseifs.s = if. s; elseifs. ¢i = if. ci;
if elseifs. ci! = “false” then
elseifs. ¢ = if. ¢; elseifs. m = if. m |
elseifs { else.s = if.s; else.ci = if. ci;
if else. ci! = “false” then
else.c = if.c; else. m = if.m |
else i if. code = compilelf(--+) || condition. code || activity.
code |1 elseifs. code || else. code |
elseifs— { elseif. s = elseifs. s; elseif. ci = elseifs. ci;
if elseif. ci] = “false” then
elseif. ¢ = elseifs. ¢; elseif. m = elseifs. m |
elseif i elseifsl. s = elseifs. s; elseifsl. ¢i = elseifs. ci;
if elseifsl. ci’ | = “false” then
elseifsl. ¢ = elseifs. c; elseifsl. m = elseifs. m |
elseifs1 { elseifs. code = elseif. code | | elseifs]. code |
elseifs—g { elseifs. code = null |
elseif— { condition. m = elseif. m |
condition | activity. s = elseif. s; activity. ci = elseif. ci;
if activity. ci! = “false” then
activity. ¢ = elseif. ¢; activity. m = elseif. m |
activity i elseif. code = compileElself(:--) |1 condition. code | |
activity. code |
else— | activity. s = else. s; activity. ¢i = else. ci;
if activity. ci! = “false” then
activity. ¢ = else. ¢; activity. m = else. m |
activity { else. code = compileElse(-:+) Il activity. code }
else—g { else. code = null }

2.3 ETFEEENREinE*

ASCAE T domdj fifAfr BPEL SCRY, {f ] wsdl4j fif# #7 WSDL
SCHY . AR BPEL VR R 3] 2k 434 i 1k 4347 , i 7E 4 i
IR BT AR P 4 IR R B R AT B LA (receive)
HCGE) A, G R ARSI L R INF

345 BPEL SCRYR R

ARAE BPEL M5 55 ( process ) Bl| 3 specification %5 ;
HI4 (import) 43477 BPEL Jfr & I (¥ i 55 5
e 32 5 b A BT R FIR 95 /9 WSDL #bdik: 5
ARAE ( partnerLinks ) £ 78 BPEL JF 3 F iR 55 %) b 14 LOTOS 3EF2E %}
5’2;
it (variables) il WSDL Hb 31k, Az i, BPEL Z5 4 %F )i iy LOTOS H
mX?ﬂG‘E ST A
//IFUETEHT BPEL i
compileActivity ( process ¥4 F )15 45) |
if (7795 5 A (receive ) ) |
if ( checkCreatelnstance( ) = = “true” ) |
P 1] newClient () SE 4k LOTOS %5 7 sy A2 XS 4 5 8 1] new-
Main () SEfil4E LOTOS EHEFERS G ; X A8 fE createl JR{EH “ true”
f
compileReceive( ) ;
if(FA5 R () |
HH7% ( condition) ;
compileActivity (-++) 3
compileElselfs(--+) ;
compileElse( ) ;

3 =B

P GRS AR AT AR A W 5 H AT H AR D R R
SRR B E A LA G OR S, EEARYE & T i ik 44 T
HouseLoanAgency il 55 , £ % F7 A 1 R B0, SR J5 AR PR
Eﬁgﬁilﬁﬁﬁﬁfﬁ BankO ~ Bank3 fiit 55, $R 15 4H N7 1) B30 & 1+

FFI# . BankO ~ Bank3 R 55435 1 5 b FL LA b5 R A=
j‘? 0.1.2 FIRTET 3 & B ERT K,

i D7 Bl 5 1) BPEL SC {4 bkl 1 AH 1 IR 45 WSDL
Huhlk, 52 ixt BPEL 2] LOTOS (¥4, T EFHanE 4 Fﬁﬂ?o
i 5B HA B BRI S —A> LOTOS (4,

A6 LOTOS SCAHANT
specification houseloanbrokerProcess[ In, Out, G1,G2,G3,G4,G5 ]
noexit
Library ( * 5] A (8RS8 + )
DTI, -+ ,NATURAL

endlib

behavior
Client[ In, Out ] ( * 2§ i * )
I[In,Out] |

houseloanbrokerProcess[ In,Out,G1 ,G2,G3,G4,G5 ]
( * BPEL Jii 2 - F R )
I[G1,G2,G3,G4,G5] 1
(
HouseLoanAgency[ G1 ] (= QAR 55 FEFE = )
I
BankO[ G2 ] ( + BPEL JUriifl R 55 (1 fF 7 = )
11

where
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process houseloanbrokerProcess [ In, Out, G1, G2, G3, G4, G5 ]
noexit ; =
In ? a :DTL;( * FRERRIEICE P 3 AR IR * )
G1 ! consDT2 (extractDT11(a)); GI ?2 b :DT3;
(= J# F houseLoanAgency HZ 55 * )
[ extractDT31(b) =0] ->
Ca_UnknownNAME[ Out] (a) ( = fif[EAbH JEfE = )
]

~ o~

[extractDT31(b) =17 ->

G2 ! consDTI (extractDT3 (b)) ; G2 ? ¢ :DT4;
(= P8 H] Bank0 [lR55 * )

exit(extractDT41 (¢) ,extractDT42(c¢) ) )

[]

([ NOT(extractDT31(b) = =1) and NOT (extractDT31(b) = =
2) and NOT (extractDT31(b) = =3)] ->
G5 ! consDTI (extractDT3(b) ) ; G5 ? f ;DT4;
( * VY Bank3 55 AFEGF A > =3 MNEHL =)
exit( extractDT41 () ,extractDT42(f) ) )
)

> >accept g,h ;Nat in Out | consDT4(g,h) ;stop

(o A G5B IR 025 P iy =)

endproc

endspec

RS A T RS N A JEXTT T4 A E X
Bi A AE TR, ME 7R . Hob, In Al Out 2% 7 3 5
FHREESZHANT, G ~ G5 2351y BPEL 53 I # iz 55 2 1]
SEH],DTL ~ DTS 2y LOTOS A 5 SCRHE 2R

fdi il CADP X #4545 21 19 LOTOS SCF#EAT A I , 75 2]
AR A AN S F7w

Hotice
Default LOTOS file name :the same as BPEL file name
Default LOTOS file location : the same as BEEL locat = =

tpel adérass:  [3-\swuresVhouseLossbr sker_testyanltendlersWiouss]

LOTOS £3lenams

LOTOS address: | brower

| wsdl Address ~
Berrat ]
oA henaernes
bhex e

< > |

K4 BPELF|LOTOSEM: T H A

‘az.\w'wwwugﬁw AR T BANGHO SR
NSE (1 4)

Es BRITKRFIREER

4 ZERIE

Web If 45 204 () LOTOS #4812 Web I 45 4 58 E By —
AEET Mk, BRSO GE A B AR T % BPEL jEAT LO-
TOS AL, M 4] ST B BPEL 5 LOTOS f [ s ki et 5t

Mo ASCHE T o R R I B, B — A R T A

BPEL #|| LOTOS #4541 M BPEL fJ XML schema & S H

K&, LA BPEL SCRSH B 2% T 00 7% 18 J] 4, DR e e it i g —

SE BT FAVE o M B SR A T B, WA B R A

o HHAM R CAF AR, ASCFE w1 BPEL | LOTOS f
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