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This thesis proposes an approach for tracking progress of Java program
development from CafeOBJ specification. Tracking progress of program development is an
important part to complete the software project on time. The tracking progress is a
comparison if the developed source code is consistent with the design document.

The proposed approach consists of 3 parts: the Java template code generation part,
the expected source code generation, and the progress tracking part. In the Java template
code generation part, the transformation rules for transforming the syntactic part of CafeOBJ
specification to Java template code are proposed. The Java template code is given to the
developer to implement the program, which is consistent to the specificaition. The semantic
part of the specification is transformed to the expected source code by the expected source
code generation algorithm. The expected source code is a guideline for tracking progress.
Finally, the code generation part compares the progress of the source code development
between the source code, which the developer has implemented, and the expected source
code using the proposed progress tracking algorithm.

The tools, which apply the proposed techniques, are developed for testing the
proposed approach. The progress of program, which is designed by the COUNTER
specification, the FLAG specification, and the COUNTER-WITH-SWITCH specification, is
tracked using the developed tools. The results of working with the tools show that the

proposed approach works almost as effectively as the manual process.
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YOOURTER™NS . .4 AL R R A R A0 REN 220 ... 111
717 2.3 1BNA9ENBNLAALAAIAIUTBINTHIANNTIATATIATNLTBINEAA “SWITCH". 112
dl o 1 < < dl ¥ o %
3% 1.1 Fivetiaenansidniduean A MualAaNI19289n198319IATNN1H1A1979N

FANUUANIITLAUARERT .o, 114

917 9.1 Firetsenansdnidnuaanliniuualasenisuesnisainalasaniznainnain

1
aa a 1

TANNMUANITHLLATNNAIRAT (FIB)... v, 115
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717 9.1 faetrvenansdnidnueanldiinualasanisresnisadnelasanimiainiann
¥ o© o dld a c '
AANTNUANIVTULLALNHAVBD (BID) ..o 117
dl o 1 [~ < dl ¥ o %
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FOANMUANITTLLAINTEIAT (D) ..o, 118
77 9.1 nansdnidnueauanins A NduiusanBeszudneingaesitsunsu ... ... 120
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UNN 1
UNUN
1.1 anuiunuazanudiamaasiigm

AR TN AL TN ENAAInNssN TN AU Usenaudae 4 dunaw Aa N1
AATEH (Analysis) N1gaanuuL (Design) NITWRNKN (Implementation)  LazN1INAABL
(Testing) [1] Iu%umauﬂﬁiﬁLmiﬁxﬁ WnAIeiszuLaziuANARINTT (Requirements)
1R4TLLILAF RN IR N A5 9LeN a2 AL NI TaN A LS (Software Requirements
Specification Document) tiatiunaanuuLsanfu RNl uszuy enansildannnis
AANULLH BN LN AN (Design Document) w3aienansdenivuntansuag
(Software  specification document)  deutiiflu 3 dazinn [2] 1durl Faruunagiiie
(Informal specification) %’faﬁmumﬁ'qgﬂﬁﬂ (Semi-formal specification) LL@:%ﬁmumgﬂﬂﬂ
(Formal specification) 4anuunagliatiin 118938915 (Natural language) Vidan g
A1NLTNA N1eTuNeTTLL ‘Iummzﬁ%’@ﬁwumﬁqgﬂﬁﬂwgﬂmwﬂﬂLLmumWLﬁ@@'ﬁmﬂ
ANNANAUTUDITLULFNGT TURNUNINYLBNLeA (UML Diagram) [3] wazdeninungiie
WA ANHOININAUAAIAATNIAT LA TNABINTTAITELL flelfienansdeninun
faNALITUAIE WU TUsunsy (Programmer) aztirdaniviuamansiafuiduuuonislunig
W Tdsunsu uazliignaaay (Tester) ‘1/1mmuiﬂﬂmmﬁudqﬁwmgﬂr%']’mmuﬁ@:;q”mu
BNENIANARINNTYTE b

ABNTRARINANAINTEN TN IR RN TR WAL FluTTaq1ii ARNAINLEWNIg

o

NN WIF (SPMP: Software Project Management Plan) Tmm’ﬁmmﬂﬁmﬂﬁi (Project
manager)  AzA2UAINAMNAIIUTIAINEAMU U NN %ﬂﬁﬁmmﬂmqmim@ﬁﬁ
dan1uuaganFLIFN1a519518N15M948 L (Checklist) YFRUN8N1TIN (Task list) 99
§18N13NANTTN (Activity  list) %qﬁmumiﬂuumumiﬁmmmwﬁl,m:?[4] NFAOUDN
g lulsunsain i llsunss sibedninaumamanismaniuudavie | etnlsfin
sngianialasanislalldvinausantudaun taunsslusn il feaiuriaaniandes
Faaiu nsaaunailansmageuanufnaviiazinlddun esangsanisiasenns
Aniusiasldinsdni visaldnisszgunielna (Teleconference) aaaLnuANNANIvTh
PN IR BTN T sunsw mmwLmmé’@uﬁﬂ@jmmﬁ’jﬁmm‘lﬁﬂiLLmﬂsﬂ@T@géwﬁuﬁ

FENINRNTNUIARANNNTN N URLLNTEANE (Distributed Cooperative Work Environment)
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luilaqifufinnsiaueianisuaziriesiene iiedaslunisfamuanuiiouinlu
ANTNLIAFBNNITNINULLLNTZAY 81AKEW Guang Yang Was Igor Tomak [5] Wnlaue
“Team Lab: A Collaborative Environment for Team work” ‘Emﬂl,m?ﬂmmwmm’fﬂmﬁ@l%
AUFURNINUIARBNNIINNIUKLIUNTZATE TRl MUM (Multi Universe MOO) AaLIAN

Tunaunimi1ulae Wgdnnislasanisnsaage LA NiIauEna NN 899U 29aNEN

V1N 19wN9N Emile Morese Wwaz Michelle Potts Steves [6] 4418 “CollabLoggers: A

L2

Tool for Visualizing Group at Work” WanmadauANNAImn lun sWRLn Inemses
annuandannisinuliainisnnsageuszazna gL Tl sunsurionisimug uas
WD LU LR AAIN AU TUN LG AIANA19UENTNAATYW Hiroyuki  Murakoshi,  Akira
Shimazu lag Koichiro Ochimizu [7] Ll@Ua “Construction of Deliberation Structure in E-
mail Communication” T4M39948LANNAIIMLNIALATIAFAUIANNILBLANNIARNENFUAS
FEMINANFREUN Iag AN HIUEN NN TN LLNEWIe N TsaauNN s AL NNseTing
wdnAnanaiinnesilsslaannairasulifasan (Deliberation tree) iaaglaanitautnluy
v 4
V3896197
a $ v v aa dl U U o 1

N1TRAMINAINNANIINLNA83 TR BeaN g 19U lNa N Mg e

ANANuEae9n1IR ML TUsun s 8 Taadn LR nnsmsaagaumINNANantindnsfasls

Y o ' =2 14 £ dl a é’ ¥ a o d”d =
N@Z‘iﬁ:ﬂ@qﬂN‘W%J‘u’ﬂﬂﬂm?Nﬂﬂuﬂﬂﬂtﬁ’lm’]?ﬂﬁﬁ;ﬂﬂ’)’]ﬁJﬂW’J‘Viu’W]LﬂWIJuvLﬁ JMUIEUANN

a

1
=

WUIANARNALLEURITNITNTIAFALAINNANUTNUBIN1IW U T sunsu Inadm TR Tae

= ¥ o v Ay ¥ Y o o dl Y o Y o
wheunsudaniuusagidendasnuuuldeanuuuliiume falanndwmuntlsunssldwmun

dl o 13 3 3 o 4
mem”l,ﬂhmfm@@u AN TUN WL LLLILIﬂ'a‘Z@']EIi@
[ 3 a e
1.2 Qﬁi}ﬂixﬂﬂﬂ‘ﬂﬂﬁﬂﬁu'}@ﬂ

1.2.1 Wanmuangrnduiusszndnsdaninuaatniadia uazitlsunsunim
177
1.2.2 eaieianislunisianiuaninautinaesnisimm idsunsulnede s

dl 3 dl A 6 6 di U v o a
1.2.3 iNaNmuLATasNaTansLaF iNanadatANiNIutnlnadmTuF
1.3 UALLUAUDINUIRE

1 ¥
1.3.1 1A7aananisznausas 2 491 Taun douainalasan1®1an LAy 494

AFIRAALAINNANINLIN
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1.3.2 liprasiladasiloudayaiuifnialiaATasiaanisnaielaseanimianan
IHgneiamuanaduiug (Syntactic) 1890114147191
1.3.3 Tudaungiagaumnuiiantintuasingesalani lBainnsnmun IAsanN1 1

AINNLANHIFITIARDL

1
a

1.3.4 dafnungdduanladianlddesldiunisnsaaaaudigniesninmaiy
AENNITHATYNABIATNINNLFNAUTUAT

¥
=

1.3.5 3anedesasalan ilammanaunaufinawi Tiagluinuddeil
1.3.6 faruungiiaanlediafildnmagen liaseupquiaiuuafifdnm
siel1lil A
° mﬁm%’mﬂ@ﬁﬁumﬁﬂu (Record) 1114
record date {
day : Int
month : Int
year : Int
}
* Adn ”ﬁyLL@zmuﬂszﬂ@ﬂummmLWT@ﬁL@ﬁH@%W?ﬂﬂwﬁ@ﬁﬁ
(Prove) dan mundngnsiasninieeiiesle 1 red, ==
1.3.7 nagaunsideulnglddenmunamletiafianunsnairalnsanimannld
memmm?wiﬂmmumwﬁﬂﬁwumﬁfmﬂwﬁuq LAZNAABIANIIAADLANNANIUENNAL
Tuneu el e munatneios 3 farnvue
1.3.8 TuN19RTIR@RLN1INIMUAAININNTATIAGRLAMNTNUEN Fan1zdanqnu
&4 (Statement)  AEAY NIRMUARNAIMELFINLT N3N NYTAL N17AM LATNITUT
Wiy

1.3.9 wisasiafnWmunIulngldnim1anan J2SDK 1.4.0 uuszuulfifnisaulaed
1.4 TUABUNITAIUUNUIRE

1.4.1 Anwdpgilnazannezduiusaasnimanniadia
1.4.2 MAnudNRusIendedauLlsenianana wazdiutlsenidleideisduiunim
791

1.4.3 aanuuudunaudanisudasdanivuaatniadiailulazanisaiin



1.4.4 WalLLATESHaTaNF LI TN 4 5191ATINIHIR197
1.4.5 MANNFNNUT T UI9douL sz N Adanal iU T TN FA1E1 AN N RENUILAR
1.4.6 A2NLULTUARUATNTFeUIRsUANANAUS ss I 19dul senAdana iy
TU2UNIUNIHIANNANINITHENUILAR
o dl A & ' dl 2 ¥ o
1.4.7 WaluAraaNatansuafinanIadatANNANIUTN189n19W LN 1new
1.4.8 FITIRAAUNANITIAE

1.4.9 a7UNaN19798 UAZAANNBNANT
1.5 dsslagunaindnazlasuy

4 o~ o = 9y o ~
1.5.1 Lm‘@\ﬁN‘ﬂmuu@uuﬂ’1‘;?L‘IJF;I‘LJ,T‘]J?LLﬂ‘iNﬂﬁ‘]ﬂ’)m'}’VMﬂﬂmmuummL‘WI@‘LIL@
4~ o o o
1.5.2 Lm‘ﬂm@m%@@uﬂ’)’]ﬁJﬂWQMuWﬂ@\iﬂ’]?WIFJJmT,‘]J?LLm‘SJ

1.5.3 apAnungeu I lunis@aulilsunsuanndaniuunagil



UNN 2
WUIARLASNE BNLNEIUD

2.1 annlailia (CafeOBJ)

1
o a o

ptadlia [8, 9] iludaiuuagUilaimunniainnimnleiia Seesunadaniiun
a A a . = ¥ o a
212937 UL T TaNTARIA (Algebraic Language) Alafialian uraesdnglunisasune
dl = o a -l% [ % %

sruy Tnauwansaniuzaedszuulledininszsinle ] nduiuseuy Tassaieeesnimiam
Tadia dsznavludae 3 daulsun

2.1.1 dautlseniAnena (Module declaration)

doutlszniAnana Iidmiunisdseniadienana nistszniannsdimes (§3) uay

dl $ dl Y a a o

n1stseniAnagadudi (Import module) talfagunapuaniiresnanatlaqtiu Inanena

Tunnsamladiad 2 Uszinn AuseFUNTNAvazn1991911 Uszinnusnaalszinniiien (A

u
1

unique model) MN8N NagaTINTlWENA (Unique) nazidatindaniuungiilelil

o ) al o Yo Yo o Ny o =< = =
@ﬁ'q\‘]LﬂU?zﬂumﬂqu?ﬂmqqf]ul’Lmuu meu’]@xmﬁu’]?ﬂwﬂm LWE]\TM%\TE?J ASEEN ﬁi@MuGIQJ AR

o o

(Model) Wi n1silszniAnagatlssinmiay 141814ty module! mod! module 478 mod

1
o

uazilszinniaashe Uszinnuunamny (A class of model) unsdanapantansuziiluaang
=l dld 1 d” v o o o
193laa WFaNanaNININNGT 1 luna NsseniAnanatlssinniiayldA1d1Aty module*
198 mod*
wananil At ladadelinisdsnn@nistingn (Import declaration) @il
Y a = A Ay y v o ° . o o PR
nsdeBstanagaaun iflsnaldudanninnuianiunenailaqiiv tnaniwamiladiag
o % v 1
A191N 3 wuulen
- nnsudnuuutlesiu (Protecting mode)  nstdnuuuiazldaen lERn A

% [ o

visagudautiot (Element) m@qm@@ﬁﬁ%%mimmﬁmmm Ineazisznianadyansnd
protecting 38 pr
- nstdLuLeeng (Extending mode) nstiduLL AN R g ut e
wagafiidnand usliees fyudiuden Inaazszniadasdtyanmal extending 13e ex
- ANUNELMUUNNTL (Using mode) st mma*mﬁw%aum’quﬂ@ﬂ

A o 1% 1% v ¥ o o c . A
ﬂ@ﬁN@@@‘V]uﬂLﬂlﬁNWiﬁﬁ]WNﬁl@\‘iﬂW? Iﬂﬂ@%ﬂ?tﬂﬁﬂﬂ’m@ﬂ&l@ﬂﬁm using ¥iT® us



2.1.2 doutlszniAane g (Signatures declaration)

o

doutlszniaaaiuldlunisdszniaaiindaya (Sort)  wardryanmaimiaieidun
o [ % a U dIQJO Y v 1 1 do/g
naziniuatindeyanlsninualiuda Tnagtuuuaesusasdouing
2.1.2.1 medsznasiindaya (Sort declaration)

gindeyaarnnsouiseantsiiu 2 dssinnea

o ailatayadannanls (Visiole sort) luatindayadniuliyananiauan
dl Y o { o ZJ/ = o o z
svuueanuunlddunaAizesdngiiu nadgluuunisninuafall
[sort_name1 sort_name?2 ...]
Tnaim
[1 i miunisdsznmatindayadanndn ld
sort_name! sort_name2 ... AB ?ﬁﬂﬂﬁ?%@ﬂﬁmﬁﬂgaﬁ
sena
a v ; & A v Aoy @

o aupdayauns (Hidden sort) Aetfadeyanldiivaniuzaasszuy g
Unalianisadanarizesriindeyanlilnansg udainisafiarsounlé
anArrastiadayadunnenls Tnadsluuunismiuessil

*[hsort_name1 hsort_name2 ...]*
Tneim
[ A wiunistseniantindeyaun

hsort_name1 hsort_name2 ..ﬁmmm@mﬁm%mﬂ@LMﬁ

Uszne

AN °

1uﬂ@nxwmﬂﬁiﬂﬁwumﬁhrﬁuzmﬁm%ﬂgaﬂﬂﬂ(Subson)ﬂdﬁqﬁflmﬁm

]
=3

fayavitifuantdesvesdnaiadeyauil asdisuuudnisinue
[sort_name1 < sort_name2]
*[hsort_name1 < hsort_name2]*
T
sort_name1 < sort_name2 Aa sort_name1 wluttindasya
£ia81784 sort_name2 AniUTHATaYAdINmAN

hsort_name1 < hsort_name2 ﬁ@ hsort_name1 ST

dayatiasuas hsort_name2 & msLatndoyauel



2.1.2.2 nsdsenrlaideisdi (Operation declaration)

nstsznaatalasduiilunisnivuadinialudagilalasdulaiine usay

=

Tawawduiatindayaladludouingi (nput) wazatiadeyalaflunadng (Output) Tneh
dnuidiiusenisresaiindaya Fandnatsn (Arty) uazdounaansiiuatinaesdays
WNenTtamaEENI1TAeEN (Coarity) Inanisilsznialenlasdudsluuuisil
op op_name : sort_name1 sort_name?2 ... -> sort
A
R
bop op_name : sort_name1 sort_name2 ... -> sort
e

[

op Aa AARlERmusTailalsdu

]
[ % =

bop Aa ArdAyd ldlawlesfudangAnssn (Behavioral
operation)

5 3
op_name A8 TalaLilaLsdu

1
a @

sort_name1 sort_name2 ... A8 $aNstiatayaiifluaisn
A a ¥ dl [~ aa
sort Aa Tindeyaln Nillulaasn
2.1.3 @quiszniAdanail (Axiom declaration)
dovszniadanaiiiudaunldinvuangfnssuaesaiindeyanzedng Tnaldaunis
NNAMAAIRA TN UAINMUA T91l92NaLAENITANMUARILLTLAZNITANUARNNNFFITL
2.1.3.1 @aaudszniAsaulg (Variable declaration)
drutlsrniddqulsld g usun1anIuuea Akl 39N AN a9 TN 21T e1aNNI3
dl a a a ¥ = o = o dil
\WeesLNanAnssntesTiindeyaviredng Inadztuuusail

var varname : sort_name

vars var_name1l, var_name2, ... : sort_name
e
= o o [ dl Y o o

var vars A8 AAAN Idnruasauls

A dl o
var_name A8 @49

A dll o dl | a v = o

var_name1, var_namez, ... Af ?Wﬂﬂ’)?‘ﬁ‘ﬂlﬁl’)LLﬂ?%Lﬂu‘ﬁuﬂﬂ@mﬂmﬁﬂ’mu

A a %
sort_name A® TUALBLA

38 a1aLlsznAsaudsuuuiuniald (On-the-fy declaration)
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var_name : sort_name Aneludauilssnnagannng Inslufasiseniddauls

nau
Imed
A dl o
var_name A8 TaA7ULT
A a 9
sort_name A® TUALBLA
2.1.3.2 @quilszniAgunig (Equation declaration)
doutlszniaannisive ldninvuangAnssuaesing wieldidu 2 dssinnpe
- nsdseniAanniseuuldt@eula (Unconditional  equation  declaration) H
stlunussil
eq term = term
=
B
beq term = term
T
eq Aa AdA IElunslseniAauntsuunlifSeula
a o & E a a o
beq Ae A&IATN I lunsUsenAannaTengAnssuuu i Reule
term A8 WAIMNAIAANEAT
A " . . =
- nnslsznndannsuu U Naly (Conditional equation declaration) NgﬂLL‘LI‘LI
o X
W

ceq term = term if boolean_term

bceq term = term if boolean_term

|
° ¥ =

A o o dl =
ceq A AA1ATYR IdUsznAauNg uuuiRaula

A o o o A:i %3 a a ddll
bceq An mmﬂmﬂmﬂizmﬂmma‘qummm LL‘LI‘].]SJL\?@L&‘IJ

o

term Af NAUNNAMAAIZAT
P o o o ] ° Py
if An ANAATy LU uARawla
A rd‘ A dl % o & G| a A (=3
boolean_term Aa walikaula wi3a term NlFuadansiluas viga 1Wia

fnatinsradanivusatniadiie wanaluniauwan n



2.2 uIaNLNLI TR

2.2.1 “Team Lab: A Collaborative Environment for Teamwork” lag Guang Yang
WAz lgor Tomak [5]

MAkEaueN AT d LN N U A uMe AN WA NN T
Tsnuunszang neldaaninenssuuuussuusu-1Husnng (Client-Server system) i
dog s uamnsamui ilsunsnlindass fiu (Concurrent programming activity) uas
Aaseiudufullsunsuditndswmun (Code repository) 14 il Yang uaz Tomak 18
Wit MUM — a Multi-Universe MOO Ltaiflugaudnnnslunnsinsasunelufinem T
Liadauaeen IR ueeniuddaundnia Team lab agent, Team lab and registry, @24
Fultlsunsuifndaimun LL@:Lﬂ?mﬁ@Eﬁq;ﬁu (Client-side tools) a9
duldeenadiilsz@nsnn

v
o

ao A o ~ 4 A o o a > v oo X
JNUAAEULATUNIWENLATAINARNUTLNNTEAARTNATIRAAALAIMNNNNIVUINLN AU N

Zhe

o

¥ ¥ v v zl/ v '8
Jannislasanaidugnssaaaunaninaninianananues Inanisnmagausesalan i
gqunultsunsuinnasimunlaenag
2.2.2 “CollabLogger: A Tool for Visualizing Groups at Work” T2l Emile Morse
e Michelle Potts Steves [6]
a o é’ dl A o o ) a o dl A dl
UL ULAUDLATRINAANUTUNITATIAABLNIIN UL DINNWRUY LATRINAN
WA UIIUATN 19BN L TUsunIn Teamwave Workspace daifluldsunsudusumse
ANINLIARBNNITNNIUILLNIZAE CollablLogger AzATIada LG WaUIuAaEALEIY
dl A o o [ v Y dl = :J/ [~ 1 dl o % [
WAFRINaduTUN1IRE L et nsuar lreuaTesiiatuidunanvinle et niaiady
Y o ] 1 ¥ o £ =
nauanssrezoa e R LAz ALd I eundaainesle
a o dal dl a v v dl ¥
uddsiidugduuunilalunisinninainiiautirlnansaagauainiaannld

Y Y ar

WPFRaNEAN9T AanFunisimmn udatihnnafadunmieliddnnisiaseanisannsniu

m‘wm@ﬁﬁmummf&m%n’luﬁuﬁmuﬂﬁmmﬂéﬁu
2.2.3 “Construction of Deliberation Structure in E-mail Communication” lag
Hiroyuki Murakoshi, Akira Shimazu as Koichiro Ochimizu [7]
mu’i@"ﬂﬁmuﬂﬁ%mmm%@ummﬁ’mui’lﬂumaﬁwm‘immmmummwm&

a

wnnsalindniudeiunialunguuesimun  Mllsliaaesteninunialuanune

o)

a

@Lmﬂm@ﬁﬂﬁﬁﬁﬂmﬁmumwyj TpgaNAuANEUENINNNE (Linguistic clue) 183daAIH

v 1

Qe

) dindeadnindudssleaFusiureaiiant vieiludiuneuAininresanunieaiud
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wdoflusiu Wensunuaangasaiianinisluaanunadidnnsaindusiazaiiu azsausu
X DY oAa X = o P v N ya - |
Wenngasanuunenatundilanhasfunnairaduduldnasun esiduiiionn

neluanuusdiannraindusazetiulidzaan U128 AR INANNAII ML TUN1 WL

X

nuldaidiauaisniniagauaanitauinlaadnludfainannuny
aa A kX y o AR v oy e
Blannsating vallazarunsonmageulfilaanuunatiud@sudaan1sf lfaeansuemg
M) wdowazgannisiasenisazasaaasuauinauin ldainsuldnaisannadean
2.2.4 “A Vector-Based Approach to Software Size Measurement and Effort
Estimation” Iagl T.E Hasting [10]
a o dgj ° % o o . . dl
NksiauensindenmuagUlsNNlszinniANNNeNeNN (Effort estimation) 1
Aasldlun1svmuganfuaflulasansimungensuafiaunandsziluladdazinld 14l
N399I U Isall vuddaiiaanendeniuunglidadsfiaatin (Algebraic
I . [ % [ % 1 dld
Specification Language) 1114 lunisilszanniaanunenany lnsatdanannisdnszuulang
ANGUTau (Complexity) N1 azfasldarnunaiannluniswmuininainlldag s
fufauaesszuuiansuiaIndnadauszndneatuaulalesdunidsngeyludan
N/ =~ d oo o .
AYINMNTE (Semantic) TeszyaniusilasullrasszunilainisGenlelasdula uay
Ausulawlasdunlng ludsunneduiustadudoulsenialalasd vesyuy
a o dqj [~ o 1 o ¥ o o Y o
udseiifludatanisindanivuagldannldidusuonislunisnsiagey
AruA9uEn Tnsinunlssunmua unanenlun1swmun inalszidunanigdnnng
TasennzagyinnisasuniuauAnautiangwmunilsunsusialil
2.2.5 "GENOA- A Customizable, Front-End-Retargetable Source Code Analysis
Framework” Yagl Premkumar T. Devanbu [11]
UIREUaUeIaNNIRMadauTesalann e C++  Inalunismanaaauazuilas
#asalan et lugtlaasdulilasea¥1anim (Abstract syntax tree) wdaviad (Traverse) hl
% 4 -dl N Yy dl % ¥ -dl % g’/ dl %
pusuld alilddeyanunseinis gluuuassdayansesnisiuaiunsoulasuuladls
dndasnisdayauuule Taadeldgluuuresduldlasanisunn Meligldununisaauniy
(Query) do3jan1vunlaeNI GEN++
a o dﬁl [~1 o '8 a o 1 o a dl M ¥
Nuddpilfuiuanislunisirresalnanidnszvindeyalaadn luds e lils

dayansasniaivaiin ldfansanulrauimeuludusialy]
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2.2.6 “Evolving Object Oriented Design to Improve Code Traceability” el G.
Antoniol, A. Potrich, P. Tonella LLlaz R. Fiutem [12]

AssiliauenisBauiiaussndnesesalan (Source Code) iU uaenuULT
aanwuLlnguaunnlaeui (OMT Diagram) laeimsaageLiuyian (Method) waz AnmUy
1l5zan (Attribute) AelugasalandnaanadasiunizaansuuAe Tt Inia B ui

AseiinaueIannInmeseUAEAmTTeIn s RN suns TnamsaageL
anzludiunnnaduiusaestefalani Bouieusugaueanuusminty

2.2.7 nasngdauldsunsu (Program slicing)

nnssmdaultlsunsmauealng Weiser [13] uaansndenianizdiuraslisunsyd
gl el lunstigeinin (Maintenance) uaz3dmiunnis (Evolution) saaeheidunistlfy
suuuuIng (Re-engineering) N1anAgaL N13usdautiae (Decomposition) N19FINAY
wazn19anLLag (Integration and Modification) nsnaldsunsuudanay (Decompilation)
n1svinAanaidlalisunss (Program comprehension) kA NsuiaALINWEaY (Debugging)
[14] nsdndautdsunsuiuanansorinld 2 32 Aa nsfadauuuais (Static slicing) waz
nsAndauLLLNaTR (Dynamic slicing) [15] Weiser [13] 14 llanunsfingdauiuuatingn
AB Reiag (subset) maqsﬁfaﬁfmiﬁﬂmﬁ'mmmuaﬂwqﬁﬂ@@mm‘ﬂﬂﬂmm&uq Tuanuedt Korel
uae Larski [16] L@UaN19AAZULLLNATR TneAandngauresllsunsuianizdananudai

=

gnizanldlunnsnulasundasrrvesdaulsnnindeaula nsdadoullsunsuiuunadinag

'
o ] A

¥
pdnwdallsunsunndsinaueg Isnsdndsunadni azdoaliauiavesdouaasilsunsy

b

AlaNauaanas waznalinimaaaudnladaldsunsusntandananainaagllsuns
3 b7l é{
N ladneaiu

a o

N2AAFIULLLAD AN IALUNTRSA AR NIUIAIMNANANUEILNINTDAIMTNRILALF

do o~ dov o das . 4 . e o @ s
wlsnnndsiansoun Taefiselisaedalillsunsurniey luansinissndounadnanilufias
FanldsunsulsiviinunautdadanndnTdsunsulddaninudalatinenineaadasiusioulsn

Anaanasauiva lifladouaasllsunsuaansn

] '
A A

dl o ! o o ! Y& 1 = o F%

Hesainnisdndounadnazindouldfselaildsunsunainisonieuléiag
anysndudn uin1snsaagataNinguinaeIn i llsunsiazfewinnaandagnand
o s A . y B A .
W DaudidnTdsunsuiuazdelianunsarinnuldlaaanysnd Aaiunnssindounadnasly

o a o -lil ¥ a o dgld A as o ! a ¥
NWNW?QMWNWI@MJWHQ@HMLL@ Tuundeiiaaendanisandauatau
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2.2.8 n3Angdqullsunsnidedng (Slicing object-oriented programs)

ﬂ@f-gﬁu‘iﬂil,lmuﬁﬁwmé’wﬁ%maﬁﬁm (Object-oriented paradigm) MA5UAM
ﬁﬂmﬁm@m@mmﬁﬁﬁim a1fiiiunsuLdngeanilunena (Modularity) nnsuinausn g
Ty (Reusability) LALNNIWA LN LAY (Extendibility)  1A8i38N191@9TRYEIN1TAULA
an9eANATY1299mY (Object abstraction) N13vatiudeya (Encapsulation) A3RUNDAANLR
(Inheritance) wazn13iuaneigLl (Polymorphism) wuanstingaddaya Mnlimauduius
FENINNAIUFNG Aaluldsunsuiduanndnldsunsuidanszuanenu (Conventional
procedure-oriented language) Fau UL, Chen uavmnis adldiauensmannudusiug
£198992149199610 (Object Oriented Dependency Graph 38 OODG) [17] Aauana
ANNANAUSTZMINeUNRA (Entities) wiaziaunia litlsunsy TnauAazuRRNANNENAUE
#1984 (Dependencies) 3519

Tlsunssdedngilsznaudomeuiavataaiinlsznauiulidnaziy danans
(Messages) Wian ansuzlszan uazAang (Class) TAegNuNT0uL TR AN T adn
\uqeaan (Vertex) nialunsanléun @mﬂﬂm%’ﬂmm& qpziangautdI (Formal-in) am
tandaud9ann (Formal-out) 9ALBALNTAEA ALBAANHUTUITAN LALIALBAAAIA

o o Ly '

Ayaneniresqnuanusazaiialunan A NANRWEA98ITMa19TRn uanslugiln 2.1

P ——
. B RN -
\ g ) q
| ANE9ATEAINEN  wfen AALIDALNYIDN

aneinagauing a1 qptanAnEULsEan
| ~algail
N AmeIAAANI IAIAAN [ depana | AALIHAAAND

[ 1 7 mmise e

717 2.1 drydanwniresqeaantunsmanuduiusansdesyudeing

® anuandaAINAY uanIN19deEIuianI N (Message  passing) N9igen
Waridu (Function call) uazdiaaaudsaaLiAu (Control statement) 998D

daputaulauaznisaugil nmeluwien veadeidulullsunss

! Gl @

® qpuandiulndl uansan uraaddnANIdgWeidunTeINian o

a

a %

AABNALIAINTan vizarlardu

q

® ALAAAIURIADN LAANADIULUDITADNAIDANANNHIANTU UTaINTIan D

q q
v

ARUAATDINTIDA ViTaTariTu
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® ALAALNTION UAPIAAENFAUIBUNTIDA Wisadlaridu
® nEaAANUEITAN LARNANUETYAN

® ARUBAAAA LARIAINTIUBIAANE (Class header)

Euimenanuiazantan a0 nduLAAIANANRUEAN9BI UL NI UIA

1 v
a o ad o

wildlfaSniufiAnedaiuewiii Inerfiaresrnadniugidun nsdunenamants
n19duannan (Membership) AN ANTLS L LY (Friend-relationship) N1763¢n
NITUIUIU (Procedure-call) AMNANAUTAINNIFNNADT ANANAUTAINNITAILAN
(Control dependencies) WarAINANAUTAINTDLA A NLA AL AT US A 9B LA RN

Tugiin 2.2 Taed

Pub/Pro/Pri In/Out

> duimendnedansdunenn AN = idwdennsBannaiimad

Pub/Pro/Pri .. 4 .
> LﬁuL‘H@N@WJ@Q@N’]'ﬁﬂ > Lﬁut’ﬂ@]uﬂ’m@dﬂﬂﬁ‘ﬂﬁ‘zﬂﬁﬁﬂ'\

TIF .
d; 5 - el o & =
———————— > FudendreBameBunnazuouny > Wuidendwdinisaiuns

Fri
A B R e e s - (e nmlas i&a o R adlnaia

Pub/Pro/Pr . In/Out

[ %

917 2.2 Aryanwoiuasduimanluna A Nduiusane8esendnedng

o L AuTaNdn9BInTsAUNanAMANITR (Inheritance dependency edge) 1ax
qAEBAAAIAAINARNALN (Super class) lUfAa1aN (Sub class) Taedu
\maNazsrydana1u ‘Pub’, ‘Pro’ #3e ‘Pri’ LAAINITALNEAALMANTRKLIL
public, protected 99 private

® L AUTANE19BIRNTN (Membership dependency edge) L%M’m@ma@m

o o/ o = =3 dl b
pang ldsqansandneurilszaivrawiion Inadulianazszydanns
‘Pub’, ‘Pro’ ¥i3a ‘Pri’ iiNauanddnansniztszaniizamnanuiluanndnuuy
public, protected 99 private

o |AuTendnedenNANAUSULL e (Friend-relationship  dependency

4 dn e o 4 o
edge) ITaNAINqALDAAATANTE lUIENqAtanAAANTINITaqAtIAALLTIaR
dl dl o v o o & dl . . .
AAIAAIADY TYNAINUA THHAINANRUSLLULLNGY (Friend relationship)

AUAANZAUNI
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® L {UTaNE19R9N17ITENNTLUIUINU (Procedure-call dependency edge)
dl % o 3 dl o dl =
Wananqatandenauliiqauaniuianfiineuiiiesannnisizanain
daAMNFAUNG
® {uTane1989annNines (Parameter dependency edge) utlaifluaes
dszinneudszyldumdudennaida (In) uazaan (Out) L{WTANEN9EY
wisndmafuuudnsianainqaaandaninudslldiansandauinigi
Tuanendudendagmimiwesiuuesniaenanqasandiudsaan e
qatiandanNAINEEnNianti
o fumandn9danisilsznimen (Declaration dependency edge) IaNaINqA
tanpanalliiqaaanduiallszniAdiqaeealuduauninaeanaaiii
° Lﬁuﬁﬂwﬁ’max‘lm?mj_lﬂu (Control dependency edge) WansiAnN1aN1Tiua
ga4117un93 (Control flow) AslunnsdedaninurizanisBanldwian o
o i (o 0R Y . d'
Wananqaaannilelifvanaasanuilslnaqaaantlananisazinsuiie
di e Qll Y = dl ¥
nn9mgaadatRaula (Condition) NqaaanfUNINHKaR NN FuWAY
4 A @ a A
anAauaTazalia
o Aueandnededaya (Data dependency edge) UAAINIIEN9BITRYA
L ~ & - = o
sendnetianan NsBenwdien waznismuAnlng@anaIngneannuiialild
al 4} d! v a v %
BNANLUBANTTIENBITDYAINAALDAGUNI
nANUIN 2 wansflat19rasldsinsuni1anan TnansnANduRusa1aa
senddnnueallsunsnduandlunianuan 2 uansli nANwINn A

o

Zl/ d’j o v aal o ] o o dl o a
91l Chen uazanuzfivliauaisnissindaultsunsudndulisunsunwmungsisg
[18] Imﬂﬁqmﬁwmmzﬁ”mﬁuﬁﬁw%w:mﬂﬁmqmmemmﬁuﬁuﬁ’mmmummiﬂmmuﬁ

v
0O o a

MAsiatsa lunnsdndautiugnedeainaguduiussyndnauwsiazdng Tnaansniaan’s
ARIN19FAgIRIL TN TNLLLBIa 0N (State slicing) u?@%qwqﬁmm (Behavior slicing)

|
=

nNsFndauaIdn I usldnsaagaunisasunlasninatuiusoulssalasauiai
] o a o o‘dl v o ] % oI/ dld 1
ANAINATUN HaANET Iannssinaauaasllsunsuaziiugadaninds  Adnasanns
nlasudasAraassionilsfanann

Tuanuzinissndaudanganssnldnsaseunnnduiugszndnaufienyizanaah

o0 o a oA v o o A < ¥ [ rdl 1% | !
ANGINATUNIINHANNANANUS T LAAIAVTELNTIAA LATIN N@@Wﬁﬂiﬂ@tLﬂu@’)uﬂl‘ﬂﬂiﬂﬂm?ﬂ
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1 1
= a o

Milupang VraunaanlauduRuiiuAaIauTaINfianinIaeiansun Insanaasiily

= < . = = < Ao o a < v
AXR ﬂ?@LNVI@ﬁVIQﬂL?EﬂI@Hﬂ@’m V?@LNV]@@V]ﬂW@QW’QW?EM’miﬁ



UNN 3
N1522NLULUNNTASIAFDLAINNIUUITAIN1TN AU TS UNSH

3.1 wuwanmslunisngaagauanunmilumsnmunllsunsa

a

NUATHRUNLEUA FFN1TATAGaUANNAUENa9n19WEN NN T NN Tas

o de e e od y ¥ X 4

ATIRAAALANN  HRSAIAANWAUINIANDan1MuATan AL snaantuLLatd weiildsunsui
] il/ U Yo 1 v o o = %

inaasauudeslifunisaenuuueg lugtuuudeiuuagidiaunladie waswiun

Tneldnmnanan ietlilasandaniuungilidaarmladial gnidnsmeniesdiunisaanuu

|
o a El

a o dl o a ?/ A 1 % k7 o a %4
Teimgndeian aniedaiinTasiadaslunisaiiadeniuun [18] Bnsae kaTAI¥IA19gN
= [ A o P a o o 1
wanlidunimaniiningaagey wesainatmanaduniuwidedng vnliazaanlunis
= o ¥ o dl a o v
Whsusuiudaninuanaiiisneanuuuiddng 16
dannuungildsannlaiiwainisontseantaiduassdqundn wupeaiuniEn
TisunsuseAuga (High level programming language) kil wuAe dquanaduius uas
doupnnvang  dournaduiug Ustneudaadaulsenisnena wazdoulszniAaieidu
Tuanuzidounnnuuunatlsznausosdaunnnundana
nswaunTUsunsndaen1#@edng Wunimiaan sandanuagiisanmietie
ay o K
NdadaunmnAsil
o [ v ' ¥ o =
® paNAdIUTLNIEIANNATINRINNenausazNena luianmuariadia
® FulaiuanIuEI09AAIA2093191)NAF1NTUINELALANIUZUBIAANE

1 = o IS4 dl < ¥ o =
LfﬁuLﬂﬂ'}ﬂU'ﬁuﬂmﬂNﬂ@LLﬂj\‘isﬁﬂ NUADTIUSURIND @@Mm@muumm%ﬂi@u X

e iianuazAIAsFne lupanazesn EiIaIiatsanantelasdunilsznie

A udoulsznialailalsduaastianivuaamniadia

v y 1 < dl o < 1
o dapnudslunsaziuianazidaguaniusaasallaiuaniuzaudaulsenia

]
a

o/ rdli/ a K o o (3 ij/
mwauwmqmmimﬂ@mqu UNNBDAUU

Taatnd gWmunTilsunsuazdasimunlilsunsunindaninuagililaneanuuuly

4 v v o

Tnanns@aulilsunsuaziznainnisaidounnnaduius Naenadesiudaniuuagilide udo

% v
=2 ¥ [

AUNNFUAINNNNIga U 9g w09 T TN T NN AN IW MU TULAY FatTUATATIadaL

v
K 1’4 !

% L4 dl o a o 4 :j/ % ]
mmmqv]m‘wmLmuﬂiummwmqﬂi:ﬂ@ﬂﬂmammumuimm NI1TATINAIU
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MNARNNUS N1FAF19EIUAIMNUNE AT N1TATIARDLAIINAIIULN  AINIINTURDLNT

Meunanslugili 3.1

dantungiie IR PINTEN dauylsEnae .
- . - - . > afulasanimnann
anvladia danwungiaanwletia Tawleadu
Trsan1m
" . A771
fRmssissuy
daunlsznimdanaid
PHRHBLAANIE
v
afdauvasiilsunsy
MNANHAAIRENL v
IR

daureallsunsuneainiianadiazwy

r TUsunsun IR AN AU

ATIAAaUANNATAMTeY
N Tdsunsu

717 3.1 NN TRNRBNNIRIAALAYINNUTINTRIN I T WL I LA Le

%umum@m"’muﬁlmqﬂ;’j@@ﬂLmu'a@ﬂLLuu%’@ﬁwumgﬂﬁwmIﬂiLm:mﬁ'fé’ifmm@
LarudauNed NN REIaITaN 1 URAGaNFLITHN25191ATaNNH19197 (Java template
Code) LLCZ}’Q@'W@UMNmmmqﬂﬁﬁuéﬁwmiﬂmmuLﬁ@ﬁwmiﬂmmm@iﬂ LazAIL
ANMINE1esdai TN Fi N a3 9daueeallsunIunE1annNTiAN AT AT
(Expected source code) AaN1NIaN1MUA L&t T unsun B9 AW AU L&A1
WReufeufugauaeallsunsun1EIa19 R Aadnas RN U e UL a s g LN

v v % dl a é{
ANHANIUTNTBIN1IW LN T FuN TN AT
3.2 N15ASIATINIEIANIN

nnseanuuLag I AUTRINIININUAAITz&ATY (Level of abstraction) N144nan

- o o = Py 2y

nadisuldsungy  duARNITRRNLLLAYAIMUATIEATIR AN a9l sunINAFaIns
v 1 = [ %3 :J/ al 1 % [ o rd‘ v

Haandin1sdeullsunsy sesunndFeumauszudnatan vunganswisn leannnig

iy - =2 o @ - = Y X

aanuuy wazldsunsufldannnisidauidsunsuasandudeaiiussazidenanie fail
¥ o 4 o = Yo v o c '8 1 @ a o

gmunseanmuaaazidasans Wiudannuatensuafies atnglsfinanuidanany

NUNAUANFE 5N EIUNadNR RS9l un s Taadmn TueB anndan1uusTansdiafuas
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Tsunsnsius [19-21] Adleaiumaazidamanizinsindnivdanivunse Wiua il
LW
o ijl dl ° o/ ¥ o o 3 =
pafuieANazadnd i llsunsy uazazaanlunisdaiiuseazidan

o

dl | L% A 4 b4 o a o da/ﬁ
niehandudesldlunisasiaaauarudioninresniswmuntlsunsu uddaiag
o i’/ o < a dl o 3| % ?:/ % 'ﬂl L4
iauedunaulunisdaifiussazidaaanisnaniunianiva¥ielasaniwiananiva i
g Tl sunsuanunsasimunlusunsnldazaanuarasudoutialu Meaziaan1aen19a5a

TATNNEIALdAe LN 4
v 1 d' 1
3.3 NM9ATNAUARINUTHNTHNAIHIAINNATIANASNU

aauazaanlunislzauisuszudsdanivuagildaanniaiiiauasldsunss
ao A ax : 2 o o =
NN#1A197 UddallauedsilasuduAnngasstaninuagtlilsanntadiad
damnudsrealilsunsunimanan
Y ¥ vy .y o o N A ° =
nldnataundresudndanmuagiiisatleiiainisiiuunsaaziganlanie
wasltsunsnlddeandinelullsunsunimiansn dsiunisaidouaasidsunsunimanan

dl 1 o 3| 4 Yy dl VYo ?.// % % o g
NATAINISWLARN Lﬂum@ﬂwfasﬂ@Mmummﬂmurﬂ@ummmﬂmmwmmmma NAQAND

3

1e9dumautinadaninuderainimianannuansuzennlian uzaeasding lunisnaiand

b

o 1 a o dl ¥ 3 & c o dl <
nadnsimatiuanugnszy i ludanmuadensuad Tnascysulsmanla uaziwiiend
> o X . = Y = '
mﬂmmmuma%ﬂmﬂg@q 912AZLDEATBINITAT AU TUTUNTNA BRI N AR

WULAAS luLn? 5

3.4 N19AFIAAALAIMNAINUILRINITWAUITUSTLASTH

o

Wagwmun lsunsuldwmunlusunsulfsvaruilouds fimungainisatinllsunsud

MAYEWIagNIRIagauA Nt TnsFaueutsunsunwmunagiliudouaes
Tlsunsunimianaiiatadnazny tngaznsaaaauiiufieni ldainuasnsaasiunaunis
afedauaasllsunsnnnmanninIndIazny
o & :j/ d’ld o 1 ¥ o o = dl
HaANFIBTURBUlARaIuINIaIdIuA NN B TesTanuag T AW e diaT
Tsunswawdulisunsuuda wedudayadiniswmunlusunsuldnmulifsdulaudy

= ¥ b7 [ dl
IEAZIRLATANNNTATIAAALANNAIUTNIaIN WU T sunsuuansluuny 6



UNN 4
N15ASI9LASINIEIAI

Y] U [ o = A o ] o/ o '8
nsainlasanimatanaindaniuuagddaaunladia Aenisindouinaduiug
1esdarinungtiieamlediannsniumaasidaaanizsine ndiuangimunllsunsy
dl % dl 4 o Y o o ! o o o 4 o o
iaadwlasenimnannnfasnndasiudeniuungiilt dounnaduiusaesdeniuungiliy
pladiiailsznausog 2 dauka dautlszniAnena uazdsulszniAanady vstilanlaisdu
= | G = : = P
Mlsznialudautsznimaneduivaraguuudwsazguuufiainnsoa¥ielasanimianan
THumnsineiu Asusddeiasuivainaeclalasdunannuazaonlunisa¥islansanie
4197
1 ca v o ¥ QI a QI a Yo ¥ O
at19lsfin Jaanuuuszuusaniudesinmaazidaaaniziidmininudaninus
g c dll a c o [ ! ¥ o o =
faNsLaf ivad ATz udnRusszudaenaludenmungiiaaimlede uazaais
= o o & { o < dl % ¥ ¥ o
sounaANANTussEndlalasdunaziniien eai1slasanimiaianliasnadasiu
U o dl v a o d’l v % o/ o & 1
forruuanld  lueuddeitliiananisafenamnuansaouduiugssudianega uazng

ANFunN174519TAT9NI IR0
4.1 dRnaadlatdasiuludanivunanlaiie

#iinaaslailasdunlsznialdludanvunannledia wisanatanesdagyan
dsngedludiwasn lnsasnsoutiveaniduatinsiie THas

4.1.1 Tawlagdun lulasn

i 1 %
= % o

Taulasdunlidadsnldaburaaniucaasnagaiiiniy wasaindaniuuagiile

|
=

pvTeliradunangAnssnresssuuneanuuufteaniue tawasdunlidesnuans
dl [ % v ° dl % % o
anuziluhlidueswegaludeninus eldlunisnsmaasumnugniesassdeninue
Taulasdunlaifansniflulelandunliddouingn uillaasnag adnelsfia &
Traniduntindeyadaunnanldaziodnlaasduiitisuananiuzaesszuy uidnlaatsn
duatiadeyaudanilsenialdlunaganlanlasduiignilszniald fadnTawlasduiiians

ada

anurENsuIenaga lawlaidunluiiesniguuufall
opp:—s
Tneim

p Aa Teeslawlarduludanvuagidsarmiatia
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s Aa TlaTednYA
4.1.2 Wsapdulaulasdurssatindayadanaanls (visiole  sort  projection
operation)
lilsiapdulaulasduaesrtindoyadanaelfiilulaulasdudmiunansaniuzaes
nagadnauztag luanurla wesanndanmusgldaaladafiuaniuzaassyuylily
A v = a eo o o = v o ' ~
#iadayauls Gelnanssnznwatinaanindaninuagiiaannleiialdiu lauisanas
o a 9 9/ =2 % a 9 %I/ [~ a %
dunpanuzanatindeyauslilaanssassesuansatiadayaudsiveanuniuatindeoya
Fannenlfdaney
Tsiapdulailasduaasaiindeyadanaanlddasniusiadayauds uaziain
doyadanaanliiiulnasn hlsaadulanlenduresmiindeyadsinnalidigUuuu s
opp:h—v
e
p A Tevevladerduludanivuannladia
h Aa shindayaulilne
v ha 1hadayadaunnfi e
4.1.3 Tsandulaiasduaasaiindayauels (Hidden sort projection operation)
Tuunansilidanagalanagauilvilsznimindnuensdu waznagangniandnunld
al A a .‘11 dl [~ a dgj
Hanuzadawiluaundnuesuagail N19mAaaUANUEIINBAATITIUANNTN A0
Gandn Al ldldsnadulaiasfuresaiindayaue

TWsapdulaulasdusesatiadayaudsiiasniuniindayauds uaslatnadasyauels

a
2

= a 4‘ dl dl = ¥ o Qi o A g ada
anatianiledalsznialilunegangnandiundinegantsznialalasduiiiiulnesn
Tsandulalesdurasmindayaunadziluuuaadl

op p:h—h,

e
p A Tavevlaerduludentvuannledia
h Aa riadeyawlidlsznialiuneganlsenialalasduil
a o~ g < A A e o
h, A atiadeyauledslsznialilunegangnGandiundenenan

Usznalalaieduil
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4.1.4 Teulaisdurialyl (General operation)
Taulaisduinly Aelawladuiilianunsadadulanlasduludo 4.1.1 4.1.2 uaz
4.1.3 1% Felalowiuwinllgndan anusressrunazuldsuuasmudildezyenFlugou
AYTNUNNE
Tewleisduialulsy il
oppP:s,s,...s,—>S
Tned
o Aa devaslailastiludenuaamietia

1
¥ =

A a | aa o
, ... 8. AR Pensriadayanitluatinuaclalaisdu

a

S,, S

1’
WAY M HIUANUIWLANLIIN

A a U
s Aa Tiindeyalng

4.2 NMTANSLAZIBAALANIERINTLNNTATNIATINEIRNN

o '

dl Y U 1 U o o =
annanalddredu tanatsnisesnuuudu danuungldaannladie uans
= | v | ] dl o a o 901/ v all
PUAZIRLARNNT 209z UERENTIdIUN I lUNNIWRILIAT Aetiunsaiedaunldlunng
o =K o - = = o 1% = prpy
WENUNANANANTRRNLLLAYFaL NN Az ailanizidn1dsng saazidaaanicifas

Wl ludunaunisad1elazani1sananlsenausas
4.2.1 uaganaraiaaalulasenimianan
Tudanmuausazdanimuneialseneusaanananinngn 1 vaga sznauiy e
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input operation_list;
output expected_output;
Begin
finish := false;
left_op := operation_list;
while (not finish)
type_of_operation_list := check type of the left_op;
case type_of operation_list
non arity type:
constant_name := get the Java constant name
corresponding to the non arity operation in
left_op;
expected_output := expected_output appends
constant_name;
finish := true;
// end non arity type
projection variable type:
left_op := hanging_operator appends
variable_name;
hanging_operator := nil,

else
expected_output := expected_output appends
variable_name;
finish := true;
endif

// end projection variable type
variable list type:
if there is a Java variable name and a operation in
left_op then
expected_output := the Java variable name
that calls the method which is
corresponding to the operation in

the left_op;
finish :=true;
else
substitutes CafeOBJ’s variables in left_op
with Java variable name which is
related with;
endif

I/ end variable list type
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list of opereation type:
token := the first token from left_op;
left_op := left_op excepted the first operation;
if hanging_operator contains values then
hanging_operator := hanging_operator
appends token;
else
hanging_operator := token;
endif
[/l end variable list type
endcase // type mapping
endwhile
output expected_output;

End.
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Switch;
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5.3.3 4amudadunfiwian(Method call statement)
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Switch.On();
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input axiom_declaration_tree; // the axiom_declaration_tree is module’s expected source code tree
input source_code; // the developed source code which is need to track for progress
Begin
for each axiom_equation_tree from axiom_declaration_tree do // get each equation tree form the axiom_declaration_tree
java_variable := get Java variable name from of axiom_equation_tree;
method_name := get method name from left side of axiom_equation_tree;
expected_result := get expected result from right side axiom_equation_tree
set_of code := slicing source_code with java_variable and method_name criteria;
if expected_result is a self-declared statement then
if set_of code does not contain statements which contains java_variable as a defined attribute then
mark the axiom_equation_tree as a complete equation;
endif // end check set of code
else //end checking a self-declared statement
if expected_result is an assignment statement then
for each backward statement in set_of code do // get each statement in a backward order
used_attribute := list of used attributes in backward statement;
def_attribute := list of defined attributes in backward statement;
if def_attribute contains same values as defined attributes in the expected_result then
if all used_attribute contains same value as used attributes in the expected_result then
mark the axiom_equation_tree as a complete equation;
else // end if for all used_attributes
if some used_attribute does not contains the value as used attributes defined in the expected_result then
check_used_attribute_list := list of used_attribute which is not the same value as used attributes
defined in the expected _result;
backward_used_attribute_list ;= list of used attributes in the statement;
for each check _used_attribute in check_used_attribute_list do
for each check_attribute in backward _used_attribute list do
defined_statement := a backward statement which the defined attribute contains
check_attribute;
end checking backward statement loop;
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else
used_list ;= used attributes in defined_statement;
backward_used_attribute_list := backward_used_attribute_list appends
used_list;
if check _used_attribute is contained in used attributes of defined_statement then
mark the check _used_attribute as a complete attribute;
endif // end check in defined statement
endfor// end check check_attribute
endfor // end checking attribute in check_used_attribute_list
if all attributes in check_used_attribute_list have been marked as a complete attribute then
mark the axiom_equation_tree as a complete equation;
endif // check all attribute
endif // if for some used value does not contains in use attribute of the backward statement
endif // if for there are defined value in both backward statement and expected result
endfor// checking backward statements
else // end an assignment statement
if expected_result is a method call statement then
expected_caller := get the caller of the method call statement in the expected_result;
expected_method := get the method called in the method call statement in the expected_result;
expected_parameter := get the input parameter of the method call statement in the expected_result;
for each backward statement in set_of code do // get each statement in a backward order
used_attribute := list of used attributes in this statement;
def_attribute := list of defined attributes in this statement;
if used_attribute contains expected_caller then
method_name := get the method name which is call by expected_caller in statement;
if method_name contains value and method_name is equal to expected_method then
parameter_list := get parameters of method_name from this statement;
if expected_parameter does not contain value and parameter_list does not contain value either then
mark the axiom_equation_tree as a complete equation;
end checking backward statement loop;

or
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Fnd.

else // there is some expected paramteter check for the correct using parameter
if expected_parameter is same as parameter_list then
mark the axiom_equation_tree as a complete equation;
end checking backward statement loop;
else
unmatch_parameter_list := get the list of parameters which are not match with the
expected parameter;
for each check_param in unmatch_parameter_list do
defined_statement := a backward statement which the defined attribute
contains check_param;
if check_param is contained in used attributes of defined_statement then
mark the check_param as a complete parameter;
else
used_list ;= used attributes in defined_statement;
unmatch_parameter_list := unmatch_parameter_list appends
used_list;
endif // end check in defined statement
endfor// end check check_attribute
if all parameter in unmatch_parameter_list have been marked as a complete
attribute then
mark the axiom_equation_tree as a complete equation;
endif // end check for all parameter
endif // check for correct parameter using
endif // check whether the expected parameter list contain value or not

endif // check for method name

endif // check for caller
endfor // check backward statements
endif // expected_result is an assignment statement

endfor // check each axiom declration

output list of axiom declaration

Ly



UNN 7

NSWAIUILATAINDATIAFDUAMNATIINUA

2aIN1sNRIUILLsUNTN

LATANHAANUFUNITNTIAADLANNANIIUTN1a9N IR AU T sunsnusaantiuaas

AU Fﬁ@Lﬂ?mﬁ@m%‘ﬂﬁmqmmmmLL@zmum@\ﬂﬂmmmmmmmﬁmmw:;wu LAY
4 A o o Y 0y o X A4 A Ao X

LATENNAAIUTLATIAARLANNANIUENTEIN TN ANUN TU U AeTllATaslanwmunauay
o ac dl o a o dg/

NURINITNINTNLEUD TN URA I

y & o A4 A D A4 A A X
ANTWLIARBNT 1T IN1IABULATRIN B TINE B gLATRIN BN AT

LI et ITGT
® AANNIAASNT Pentium 4 2.8 GHz

®  NAINAIUAN 1024 MB

. Aa &

® FANTARANAINNY 120 GB

" ganFuaT

c

e sxuulfifnag Iulasmeniduiadidni

o AraailaWmunllsunsnnimna1namald (Eclipse IDE)
7.1 NSWRAILILATRINARS19IASINIHIAINLASAIUARINIHIAINNATAIIAZNL

Araalaa$elATaN1EIANLAZ AU BN BRI NATATIAZNLA SN NN UARIED 1

Y Y o %

Tuwdase Au dupenisaiulasanimataiieds lidmunimun iUsunssfinin waznis
AFNAIULBINI AN AIATIAENL

a9AszNaLNANU9LATEINAAT19TATINIHIAINUALAIUTBIN IR ANATIAE
wuuanalugilin 7.1

dl A ¥ ! A ! 1% ! ¥ !

wisasialsznaullduassdaunadiuaivlasanimanan uazdauaitedauuaes
Tsunsunimananianadiasny tnsdauaielasanimiainiaziudayaaindautlsznia
waga uazaculsenialawlasdusssdanimuagiisaladiie wazfussaziaanianiy

v dl A dl Y '8 dl % 2 1 Y Y o 1
angldrresiatailugtinasviseuy ieaFelnsanimatnudadeligwmunse Tuane

naruairdouaaslilsunsunimnainiaiadtaznuaziudeyaaindaulseniadanaiiaas

¥ o o = = <y ) o A 9
mﬂﬂqﬂuﬂgﬂuﬂﬂqLWIﬂUL@ LASTIHACLREALRNIS sﬁ\ii@qqﬂﬂquﬂ?qﬂtﬂﬁ\ﬂﬂ’]‘]ﬂ"]@qqq NRATIY



43

afalasa

FIERZIBHAENIE
\ N[
dautsznAnega

darinuungiiisanmladia .
; uazdaurlsznialaleisdu gimnTsung

\ TUAzIBUAENIE

gAnutlsznnadanail

3
#5968

Tsunsunimanen
firadnazmy

i

—TasansanT—

2 p
Az

whdruganivun
gutlAnTatia

BNANFHTIUA drusealsunsy
Tasans AEIRIRAATIREHL
% 2 -
gudeyarsaenaranmuniazams Frulayataasiunes

TWsunsunmsiaiadnsswy

all & o dll = %
g‘ﬂ‘l’] 7.1 29AUIZNAUNANTAUATANNAAT1NTATINI AN

UAZAIUTBINNHIAIINTATIATIREL

douaaslilsunsuniEnananiAngnasne douaeslilsunsunimiannniaiadnasnLazLfy
lugluuuenanadniduuea TuaniiAentiugauainellsunsuniEanani AndasnLay
Zﬁ'\ﬂLﬂﬂ@ﬂiﬁﬂﬂuﬂiﬂiﬁﬂ’]ﬂ‘ﬁ@Lﬁuﬁmﬂ@%@\‘mﬁiZQ%NIﬂ‘Nﬂ’]‘]ﬂ’]@WQWﬁLﬁuiﬂugﬂu%@Nﬂ@
gl

219 7.2 LAAIULAUNINARIRUDILATAINAAF19TATINIH1A197 tazdauaaellsunsy

a

D

NNENA1NAIAGIAEINY ARIATILAAS IBLEBNINAANERLsTNa TR0
o ai [ dl A d’l
® Aa14 CafeUl HIUARNANANNATLANNIININUIDIATEIN DT
o [ ! 9/2‘/ dll A
® Aa14 CafeFrame iupanaduiupruandaulscaulldianungeATasie
® Aand CafePanel_ModuleConfigurate L uAAN@ 81T LLARII1UAZIDALDS
¥ o o = = Ho o o o = %
danvuniiuanledia Inailanataiiudeniuungldaamladiaudaay
i hluasdau (parse) Tnadnnuasnana CafeParser WAIUAANINHIAZIDLIATBILLS
ardagaluieiumngensuFIy

® pana CafeParser Wupanadvinuasdoudaniungltiaannledinniudaun



44

- 2@ o

CafeFrame Cafelll
fram} LI tfrom U1 JavaCodeGen
(from UE0
-modCFG
Z%
e
CafePanel_ModuleConfigurate CafeDlg_get ClassDat SpecificationAxiomehLBuilder

(from axiom T oxhdL)

from} UL ﬁmlun
p

: praj=etter proj3et
CafeParser CorverthdoduleData  ProjectOutputDlg Projectsetter
from cafe2javal {from modTres) tfrom projectOutputSetting) (from projectSetting&eneration)

A a4 Ay
gﬂ‘V] 7.2 WHUNTNARIRLDLATEINDAF 19 IATINN11A790

uazdaura9llIuNTNAENANNNANATIRTINL

o 14 o

® pand ConvertModuleData Lflupa g @1 nfufudanaa NinIaIAAIA

U qQ

|
= a ¥

CafeParser IiVauangautlsznavifne] 1ednega wewsandayadiniunisais
TATNNIHIA190
® Aa1ad CafeDIg_getClassData tuaatadufususnaazidanianizain
U Y dl A o v v o dl ] v [
(lELATe9Ne Wariudeyara9dan nuaNuasdi Ui INdnn1e9Aag
v 3 1 |
CafePanel_ModuleConfigurate isiisnaaziaemanizniuaingldirsasiosias

v o

{Wussavidamanzninuin it udan e wvin iy

® Aa14 ProjectOutputDlg tuAandadusususeazidenaniznnaadaany
Tasannsainalasanimnanaiidy Aundsasslnanseylasenimnanan aiuma

w3 lnduasnsann1zadedanzeallsunsunizataniaiadnazny s

® Aa14 JavaCodeGen tumanaduiuiudeayaainingaesnana

| |
I~ %

CafeDIg_getClassData iaai1alasanimannnuaziiuiin 13 lusumisnseyld



45

® Aana SpecificationAxiomXMLBuilder 1 uaandd1uiuasiedaueaslysungy

a1aadnaznuiaetindeyaniaininguednaia CafeDIg_getClassData

® Aa14 ProjectSetter Wupanaguiuiiuinseazidanaeslasani1sienfiigu
Auniaaed IaNIuNadWEI09ATeNe YEaEazREARNZTaE [Fezy Iy
i
\ATDINE
TUABUNINNNIUTELATEINBAT19IATIN IR0 AT A IUTBINHNIA19 AN AGIAE
WuuaAlULEBANAANTIH (Activity diagram) Tugiln 7.3 Tnaesesiiaaielasenimianan
uazdauIaInN EIaIAIAdIazny Tuwsasduneuisnaaziesnfsil
: 5 S, =
7.1.1 dounnsseydeyaanie dounuila
LAFRINRaF19TATINIHIANUATAIUTBINIHIANINAIATIATHLKLNIEATLBE A
. | a4 4, Ao e =t y g °o
anzeanitlu 2 dou dauwsnasdrunaniuluduneuniamsaniaseaitadayaduiunis
a¥nlasanimnannndeesunelilusiade 4.3 uavdaunasspadounldduiunisa¥islasg
NENa1N eaziBsanIzdauuillszneudian negandesnisinanairaduaana uas
a ¥ o o a v o J % ¥ o o =
tiprasdaganimiainndnivnansaindeyadannsilaludediinuagilduainladig
o dl ¥ A ¥ o g rall 1% o % % dl A
uaea NN lduaandeninuamansiainsenisiiniaielnsanimia19uas 1nTedie
azmzagatludennuasendufininislsznianegalating uazinsssnantindeaya
Zaneenlaring aligeanuuuszynegansainisainepana wazalinvesdayasoanimm
@ miunasstiindayadanneanls
7.1.2 Manmagaudanuameniuainiudayaienizdounniy
¥ 1 dl [ ¥ ‘dl z// = v ¥ o o %
doyamnizdiun 1 \udayanldludunauniswsaninsaivdayadmiunisaing
Trsanimnan Aeiuiesyydeyaanizdauinids uda 1ATesloasENNIzUIBNIETE
Taeairedayadinivainelnsanimanan Iaeaians A udNiussendnanena1es
darvunganfuafinedsnisiiniaualuiode 4.3.1 aantiuanginanleasaaziden

LRNITATUNIRINTURRY 7.1.1 AaaRan1sNuNdualuiade 4.3.2 LATATIAgaUILARY

A Y A a v - | = < A A A
Nﬂmm/l@mgﬂLL@QN‘B‘LAW}J@N“@LLENM?@VLN M"IﬂNN@@@VMQN@@ZQSL@W1NN°3U®°H@N@LL[ZIQ

a u

o

dl = v 1 1 v U dl =] o % [~3
PragHaazaedn llaunrnaFelnran 1m0 e Hasann i ALl AN riuIAUg Uz R
ARALIU

7.1.3 ﬂ’]ﬁ‘ﬁ‘:ﬁ‘].ql%‘ﬂyl@m‘l/\l’]zd"mﬁ@m
. d o4 v . Y v A4 A .
PRAIANNNLATAINAATINADULAIINEINITNA519TATIN11137197 16 LAFRIHBAL T

¥ ! d‘ dI %
°1|‘ﬂ3§l”@LﬂWWt@QMW@@Q‘ﬁQﬂ?Zﬂ@U@Qﬂ



46

fudaiuuateniuaf

Y d d
G:wmdmam:muwm

Gmﬁaﬂuﬁ'ﬂﬁmumﬁuﬁuﬁﬂya mm:ﬁwﬁwﬁD . .
ﬂ?"tQTﬂ‘i‘dﬂ"IHT"’l']'J'IMLN‘lﬂ

afulazanimanlé

(ﬁ‘:u‘f‘.l’ﬂldmﬂﬂﬂ:muﬁﬂﬂg

( szydougeeen )

masindausasiisunsunimaninmadiasny masiwndimualasinig
o o =3 -3 o o -3 o
uwastunnlilugluuuenasdiniduuen uaztunn3lugtuuuenansdniduues

nsairalagzan1nanan
uazTuinLagns

317 7.3 unun nianssuaaaesasiaaielassn mauay

ANUTRINHIANNTN ATIAIIAEWL

dl o dIG
®  TRURIFILLININLADIUL

4 . DA
®  TALATATNIDIATAGN

4 . ¥ . e « Z
®  TAUAILHNIDA LAZTOUDIAILLTAIUU NI URILHIAD AT

® TRUAIAANA



47

fayadresiumantiazinnldsuiungnisa¥elasaniznan

7.1.4 NN9ITYAIULIREN

oAy : 4
neunaraielasen1®1a191 wazdaureslysunsunimiaianfiaindiasny

¥

daanuuuazsiasninuunsumis iWddeaanaeslnglaseanimianonnadetu aundsIWaiiu
doyadouaeslasanimananfiaiadnazny uay AiunisiWdlanansinuunalasanig
7.1.5 N19851491A29N11#19190
Tudupeutlaziingnisaiielasanimnaionianaluiode 4.4 unldsaniudeys
v d = { v 4
RNITTIEILNUNIN wazdaungaaalnanisaiialansanimianianazadranazvua lunsnnan
v Zl/ = %% AJ Y 1 v o v v
tudn antiuaznmaaeuiazlanlasduislsznialilunegadnddungdelauazaing
o '8 2’/ v o K % ) ] dl
HAANSANNN TR TUNadns I luAumdansyy
FinatinelAsan1IAIN g5 9TuaNNdanILaTaNE L FEI AR BN ANUAN N AR
lunAeuan A
7.1.6 N12451949129T13UN 1A IR ANATIRATIL
dl % v dl = % 1 dl 1
1Hag519lA79N11H1A1 A0 LATRYHaaraEF19dquaa9Tl LN INAN IR AR
wu laga¥ieanndaulszniadanaindsznaalinialuluunaaansnnangludo Tneld
Y = v e . 4 . o 4
TURAUITNI9A51949u 41U UNINNEIA N AN TN LTI AU b TRt 5.2 1Hiagan
uadnsn ldandunautiilulassa¥redoyaduld naimuiesesiiailldiaanldianans
BALENLAANDLALNAANEN bHAINNITATINAIUIRIN1IR1 N ANAT AN Taeanadns
[3 [~3 le/-daa 6 1 [ 1 dgj
WniBunaatiignmusizinge Aeieliil
® Aau “Project” lUBAMUFANLINIINIBUANANTIENE N LA

® AALNUA “Module” LIUBALNUAYNUBIBALNUA “Project” 8ALNWA “Module”

P

[ aa dlal [ dl 1 ZJ/ dl %
duaawunignifludauaesidsunsunimanaiimnindnasnuiaiuai ldann
aun1snlsznialilunenall Tnedevasnegalsenimatludnenizilozan
dl dl v o dy 1 o o
“Name” uazdapananasnndasiunegatilsznideyludneuziszan

“ClassName”

g aa &

® AALNUA “VARIABLE” LTI URAALNUAANTAIDALNUG “Module” BALNWA

u

“VARIABLE” ifiutia uaraiadayarasdoulsludaninungilidaaimiaiiai

tsznaldludoutlsznnasaudsludoullsennAdanaiaasdanivuagan s

® AALNUA “Proj Operation” . UBALNUAYNUAIBALNUA “Module” BALNUA

“Proj_Operation” wamdlilsiaaduleailaisdunedlunatintedrudralase

a



48

4

dl 1 o/ [~ v v ﬂldl % b
wraauuneinAuiaeiusnaasnissantasaivdeyaduldnaiielsd Iae
Anwaurilsyan “Operation” wapsdaredllsiandulailesdull anwaszdlszan
113 o 1 A S S g & ° 13 o ”
arity” Lansan3naasldsianduladaisduil uazansuzilszan “coarity” WAAY
Tpainaedlsmadulewaisduil
BaNUA “Variable” LTUAALNUAYNIBEALNUE “Proj_Operation” #11151851¢
dndquilsresdanivuaannledie SelaslndayadanseyldTudauue
“VARIABLE” udniitiadayaiilinsassuiullsapdulawlasdudimnsaiugo
wtlslaluldsunsunieianan BaNRARN ANl sEan “Cafe_Variable” wan<
dl o 9 o = o o dl o
Teae9squtsraadanivuanwielia wazansuzlszan “Name” wanTas
utlsnnemananiuansanlsaasdanivuaanladiail
BaLNUA “Equation” tUBAINWAGNURIBALNUE “Proj_Operation” Ineiiludan

dl 0 o o dl 1 aa c 1 aa rd’l
19aun1snseaInilsiandulailasdunuansas lUBA MU LN IDIBALNUAN
UsenauAaenAdNI9AILEN U89t ATEINNNE N TLLATNAUNIA UL T8
LATENUNIEINAY BAUA “Equaiton” HaNHLEUTEan “Name” Lansdnuaes

X
ANNITU

84146 “Left_Equation” LWBAWUAYNUBIBALNUG “Equation” LAAIWALNIY

% v

pnudnzradATasNIeinAuTasduaesannisnuansat uea sl Tned

ANEUedszan “Name” a1 aInadn19A 1w aung LATRINNNELINTL

N

niuzilszan “coarity” uansriindayaresnadniinsnanislalasduluna
R . I |
1 uaz Anwnuztlsvan “order” LANAIALNUBIBALNUFI

6

BALNUA “Right_Equation” 1T WBALNUFAGNURIBALNWA “Equation” 1Hd115L

a

LAAINALIN AU NN AN UB A LU L a9 A LA AN N FULL

1 dl aa S " . o = aa L8 vaa & ]
TN Neuly Ine@awmus “Right_Equation” a1ainanedamusinie liaawm s
wanfu Tnsusazafmusargnatdulnadnezilszan “order” FENAAUAIN
daglunn Taalunfazaisuaziansdunaunisasedouaadllsunsanis
a1 1NAIATIATNL TasAnELzls2an “Name” haAInatinINauaaINaNnIad
Na13u1 danwmziszan “Hanging_Operation” wa madquwi il u

. :J/ aa % ] dl 1

“Hanging_Operator” ludunauisnisairedauresidsunsuniziananaindn
QWU ANwUr1leean “coarity” uansTHAdayaIINadaNTUdTIENTs B aLTY

Nagludneurdszan “Name” wanssnenislaileisduaesdaiuusii uas



49

anuuzlszan “ype” wanstinraanaudananaluiode 5.2 209518019
Taulasdunaluansnizilszan “Name”
® AAWUH “Guard_Equation” LIUBALNUANIBIBALNUA “Equation” TH&113FL
rdll = di dl [« aa L8 I aa o‘dg/
wansnadiienlrrasdunisuuuNNenledaduddmuiudaeadawudil Tne
Aneauzdszan “Name” waadnaiileaulenenede wazanwaizilszan
“ConditionOperand” waniprasusneidIaunaun g lunaii

® AAUA “Left_Guard” {luBAWWAYNU2IBALNUA “Guard_Equation” kanInal

% % A

agnesnuiiedenavaTasananFaunay Tnadawus “Left Guard” 814l

=)

wangdamuin e lFsamuiuiaaiy Tnausazdamuiazgnandulns anwoe
sz “order” Fewanauanneallunn lnalulsazarsuazuansdunauns
o ' A ) & ~ o
a¥1edonaesilsunsuainnfnnadnaznuluduneunisiFauiay Tneansoe
UszanuaBamuFlNan TRt uBAWUS “Right_Equation”
® &aLNUA “Right_Guard” iludALnuAgnue98aLNus “Guard_Equation”  Lama
o‘d‘ 1 A dl = = al 1
waunegnIvIlerenATeInNtilTauney lnasnaazidensina) 289
AU “Right_Guard” azwilauiuaawmus “Left_Guard”
® FAWUA “Result_Guard” LIWBALNUAGNUBIAALNWH “Guard_Equation” Lans
o v A dll 1 o = dll all S| aa c
WAUNIANUTNNBLRUATRINNN LN LTI aNN1T UL LN Reu e ud AL us
Lii189BALNUA “Guard_Equation” TAeisneaziaenrne] 289BALNUA

“Result_Guard” aziiauiuaamus “Left_ Guard”

&

® AauuA “LeftOperation” {IWBAINUAgNIBIBALNUF “Right_Equation” BALNUF
“Left_Guard” BANUA “Right_Guard” La=BaLNUE “Result_Guard” U8 aLNUE
dl 1 dl 1 Z// aa v ]
Nanar11e9 “Left_Op” T9nansag] ludunandaniraiedouasilsunsunim

dl 1 al o o 3 ” o/ 1 all

AMINAIAINAZNL IadANHUrl9yan “Name” uansanislatlaisdugaun
i “Left_Op” wazanmausilszan “type” wanatiazasmeanislowaisduil

® FaLuud “Return” LIUBALNUANUBIBALNUA “Right_Equation” BALNUWA
“Left_Guard” B LNUG “Right_Guard” u4a YBALNUA “Result_Guard” 111
aa o‘d‘ ) dl 1 1
faLUANLandouaasllsunsun1EIaIINAIAdIaTny Tnadaunasllsuny
1NANAdNAENL LA A luaN Tz LlsEAn “value”

Tnatanansidnidnueanldlunisifunadnsigduuuniuniivualulenans

&« A e A s
WNANLAARNNIANILN 7.4 DagLn 7.7



50

<?xml version="1.0" encoding="UTF-8"?>

<xsd:schema xmlns:xsd="http://www.w3.0rg/2001/XMLSchema">

<xsd:complexType name="TypeLeftOperation">
<!-- Attribute for left Operation -->
<xsd:attribute name="Name"/>
<xsd:attribute name="type">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="variable"/>
<xsd:enumeration value="operation List"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:complexType>
<!-- Type for Left_Opeation -->
<xsd:complexType name="Type_Left Hand_Operation">
<xsd:sequence>

<xsd:element minOccurs="0" name="leftOperation" type="TypeLeftOperation™>

<!-- End declaring attribute for left Operation -->
</xsd:element>
</xsd:sequence>
<!-- Declare attribute for Left Equaiton-->
<xsd:attribute name="Name" type="xsd:string"/>
<xsd:attribute name="coarity" type="xsd:string"/>
<xsd:attribute name="order" type="xsd:integer"/>
<!-- End declare attribute for Left Equation -->
</xsd:complexType>
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<!-- Type for Right hand Equation -->
<xsd:complexType name="Type_Right_Hand_Operation">
<xsd:sequence>
<xsd:element minOccurs="0" name="leftOperation" type="TypeLeftOperation"/>
<xsd:element minOccurs="0" name="Return">
<xsd:complexType>
<xsd:attribute name="value" type="xsd:string"/>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute name="Name" type="xsd:string"/>
<xsd:attribute name="coarity" type="xsd:string"/>
<xsd:attribute name="type">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="non_arity"/>
<xsd:enumeration value="projectionOperation"/>
<xsd:enumeration value="list_of operation"/>
<xsd:enumeration value="variable_list"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
<xsd:attribute name="order" type="xsd:integer"/>
<xsd:attribute name="Hanging_Operation" type="xsd:string"/>
</xsd:complexType>
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<!-- Type for Equation element -->
<xsd:complexType name="TypeEquation">
<xsd:sequence>
<xsd:element maxOccurs="unbounded" name="Left_Equation"
type="Type_Left_Hand_Operation"/>
<!-- End Left_Equaiton Element-->
<xsd:choice>
<xsd:element maxOccurs="unbounded" name="Right_Equation”
type="Type_Right_Hand_Operation"/>
<!-- End Right_Equation Element-->
<!I-- Guard Element Use only when Condition Equation is set -->
<xsd:element maxOccurs="unbounded" name="Guard_Equation">
<xsd:complexType>
<xsd:sequence>
<xsd:element maxOccurs="unbounded" name="Left_Guard"
type="Type_Right Hand_Operation"/>
<xsd:element maxOccurs="unbounded"
name="Right_Guard" type="Type_Right Hand_Operation"/>
<xsd:element maxOccurs="unbounded"
name="Result_Guard" type="Type_Right_Hand_Operation"/>
</xsd:sequence>
<xsd:attribute name="Name" type="xsd:string" use="required"/>
<xsd:attribute name="pathNo" type="xsd:integer"/>
</xsd:complexType>
</xsd:element>
</xsd:choice>
</xsd:sequence>
<!-- End Element in Equaiton node -->
<xsd:attribute name="Name" type="xsd:string"/>
<xsd:attribute default="Equation™ name="type">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Equation"/>
<xsd:enumeration value="Condition Equation"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:complexType>
<!-- End Declare all type in Element type -->
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<!I--Declare Projection operation type -->
<xsd:complexType name="Type_Projection_Operation">
<xsd:sequence>
<xsd:element name="Variable">
<I-- Current java variable use for this projection operation-->
<xsd:complexType>
<xsd:attribute name="Name" type="xsd:string" use="required"/>
<xsd:attribute name="Cafe_Variable" type="xsd:string" use="required"/>
</xsd:complexType>
</xsd:element>
<xsd:element maxOccurs="unbounded" name="Equation"
type="TypeEquation"/>
</xsd:sequence>
<!-- Delcare attributed for Proj_Operation -->
<xsd:attribute name="0Operation" type="xsd:string"/>
<xsd:attribute name="arity" type="xsd:string"/>
<xsd:attribute name="coarity" type="xsd:string"/>
</xsd:complexType>
<!I--End Declare Projection op type -->
<xsd:element name="Project">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="Module">
<xsd:complexType>
<xsd:sequence>
<xsd:element maxOccurs="unbounded" name="VARIABLE">
<xsd:complexType>
<xsd:attribute name="Name" type="xsd:string" use="required"/>
<xsd:attribute name="Sort" type="xsd:string" use="required"/>
</xsd:complexType>
</xsd:element>
<xsd:element maxOccurs="unbounded"
name="Proj_Operation" type="Type_Projection_Operation"/>
</xsd:sequence>
<I-- Declare Attribute for Module -->
<xsd:attribute name="Name" type="xsd:string" use="required"/>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<!-- Declare Attribute for Project -->
<xsd:attribute name="Name"/>
</xsd:complexType>
</xsd:element>
</xsd:schema>
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<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified">
<xs:element name="Project" type="ProjectType">
<xs:annotation>
<xs:documentation>root of Document</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="HiddenSortDecl">
<xs:annotation>
<xs:documentation>set of hidden sort and the module which declare
them</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element name="HiddenSortDecl" minOccurs="0"
maxOccurs="unbounded">
<xs.complexType>
<xs:attribute name="hsName" type="xs:string"/>
<xs:attribute name="moduleName" type="xs:string"/>
</xs.complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
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<xs:element name="ModuleName">
<xs:annotation>
<xs:documentation>module name which stores this operation</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="name" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="NumberOfinput">
<xs:annotation>
<xs:documentation>amount of number of input of the
operation</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="name" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="OpName">
<xs:annotation>
<xs:documentation>operation name</xs:documentation>
</xs:annotation>
<xs:.complexType>
<xs:attribute name="name" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="Path">
<xs:annotation>
<xs:documentation>the directory path which the file is stored</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="toDir" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
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<xs:complexType name="ProjectType">
<xs:annotation>
<xs:documentation>the type of the root of document</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element hame="InputSpec">
<xs:annotation>
<xs:documentation>the input fomal specification file</xs:documentation>
</xs:annotation>
<xs.complexType>
<xs:attribute name="filename" type="xs:string" use="required"/>
</xs.complexType>
</xs:element>
<xs:element name="OutputSpecDir">
<xs:annotation>
<xs:documentation>Output expected XML document generated from the
input specificiation</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="Path" maxOccurs="unbounded"/>
</xs:sequence>
</xs.complexType>
</xs:element>
<xs:element name="0OutputSourceDir">
<xs:annotation>
<xs:documentation>Output Java source code which has been generated from
the Cafe2Java tool.</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="Path" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="ProjectSettingValue" type="ProjectSettingValueType">
<xs:annotation>
<xs:documentation>Project setting values which has been collected from user
when the user used the Cafe2Java tool</xs:documentation>
</xs:annotation>
</xs:element>
</xs:sequence>
</xs:complexType>
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<xs:complexType name="VisibleSortMapType">
<xs:sequence>
<xs:element name="vsMap" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="visibleSort" type="xs:string" use="required"/>
<xs:attribute name="javaDataType" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs.complexType>
<xs:complexType name="VarNameMapType">
<xs:sequence>
<xs:element name="varMap" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>the Java variable name will be matched with the
operation name. some hidden sort may have one or more projection
operation</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="opName" type="xs:string" use="required"/>
<xs:attribute name="hiddenSortName" type="xs:string" use="required"/>
<xs:attribute name="javaName" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:.sequence>
</xs:complexType>
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<xs:complexType name="0OpSetType">
<xs:sequence>
<xs:element name="0OperationDetail" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>detail of each operation</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="OpName"/>
<xs:element ref="ModuleName"/>
<xs:element ref="NumberOfinput"/>
<xs:element name="Coarity">
<xs:annotation>
<xs:documentation>coarity name</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="name" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="MethodName">
<xs:annotation>
<xs:documentation>module name which is set to corresponce to the
operaation name</xs:documentation>
</xs:annotation>
<xs.complexType>
<xs:attribute name="name" type="xs:string" use="required"/>
</xs.complexType>
</xs:element>
<xs:element name="Parameter" minOccurs="0"
maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>parameter which the method in Java code may
contains. The parameter stores in pair of the variable in CafeOBJ speicification and the
input parameter in java source code</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="specName" type="xs:string" use="required"/>
<xs:attribute name="javaName" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
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<xs:complexType name="ConstantValueType">
<xs:sequence>
<xs:element name="Constant" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="constOpName" type="xs:string" use="required"/>
<xs:attribute name="sort" type="xs:string" use="required"/>
<xs:attribute name="javaValue" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs.complexType>
<xs:.complexType name="ImportListType">
<xs:sequence>
<xs:element name="Import" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>the module which is interested</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element name="From" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>the module which has been imported by the
interested module</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="input" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="based" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
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<xs:complexType hame="ProjOpSetType">
<xs:sequence>

</xs:sequence>
</xs:complexType>

<xs:element name="ProjectionOp" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>each projection operation</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="OpName"/>
<xs:element ref="ModuleName"/>
<xs:element ref="NumberOfInput"/>
<xs:element name="Arity">
<xs:annotation>
<xs:documentation>arity name of the operation</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="name" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
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<xs:complexType name="ProjectSettingVValueType">
<xs:sequence>
<xs:element hame="ProjOpSet" type="ProjOpSetType">
<xs:annotation>
<xs:documentation>set of projection operations</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="0OpSet" type="OpSetType">
<xs:annotation>
<xs:documentation>set of all operations include set of projection
operations.</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="VisibleSortMap" type="VisibleSortMapType">
<xs:annotation>
<xs:documentation>set of visible sort which map with Java data type, set by
the user of Cafe2Java</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="VarNameMap" type="VarNameMapType">
<xs:annotation>
<xs:documentation>set of the projection operation and the Java variable
which is correspond to the operation</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="ConstantValue" type="ConstantValueType">
<xs:.annotation>
<xs:documentation>set of constant value from the non arity
operation</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element ref="HiddenSortDecl"/>
<xs:element name="ClassNameMap">
<xs:annotation>
<xs:documentation>set of the module name which map with its related class
name</xs:documentation>
</xs:annotation>
<xs.complexType>
<xs:sequence>
<xs:element name="classNameMap" maxOccurs="unbounded">
<xs:.complexType>
<xs:attribute name="moduleName" type="xs:string" use="required"/>
<xs:attribute name="className" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
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<xs:element name="ImportList" type="ImportListType">
<xs:annotation>
<xs:documentation>L.ist of imported module</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="IncludeModule">
<xs:annotation>
<xs:documentation>the list of module which have to be embed to its base
module (the ungenerated module)</xs:documentation>
</xs:annotation>
<xs.complexType>
<xs:sequence>
<xs:element name="Include" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>pair of include module , the module which will be
embed to the based module</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="based" type="xs:string" use="required"/>
<xs:attribute name="include" type="xs:string" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:schema>
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<?xml version="1.0" encoding="UTF-8"?>

<xsd:schema xmlIns:xsd="http://www.w3.0rg/2001/XMLSchema"

elementFormDefault="qualified" attributeFormDefault="unqualified">
<xsd:element name="Project">
<xsd:annotation>
<xsd:documentation>the root element</xsd:documentation>
</xsd:annotation>
<xsd:complexType>
<xsd:sequence>
<xsd:element name="Class" type="TypeClass" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

317 7.19 wnansdnidnueaanuILanenistlssniAB AU “Project* MldRALL@NANS

L ENLENURARAAINTINANNANAUTEN9BITEUI19RY

7.2.3 nsa¥ulaseairsdeyasuldvasdouanslisunsunimiannnaindiazny
TulWannuunlasanisszyiuntaaaangisidniduuaanuansdounaelilsunsy
AE11NRENY TUTUAALN1IAFIREDLANNAIINENURIN1 TN W L Tun NN N Ld e T
a o dil U 1 dl 1
Nuddpifasuilasdonzesllsunsuniwianannaindiaznulugtuuuienans
wnidnuealinduflulassaizsdayasiuliine i ludunousiell
7.2.4 WAASNARIINANIUTNAIN AT
v % o dl a é’ ] | A
ANTLAAIHARITNANIINEN 109N 19U TU NN A AT LU T ug 29421 Aa
AINFINAMNANNENUBINITWENUN BALIIEALLDEAAINNAINLNUBIN1 WU T 1N TH
dl ] o/ 6
uenaNannsnsey 13 ludauilsynadanail
ANTINANANIMEN 189N AR AATY wdnaduuriatinamiin (Progress bar)
T03usiazNagaiauandanuuataniuasesuarragalaFuN s ludannntias
~ = = o o o =
Wieale Tuagisaaz®aamuinuiesn s lsunsuuanauannissyy 13y
doutlsznidAdanall waneraazias AN UL AUANNIILAAZANNT R TEN A T 1e
azaenatulFiunsimullsunsnmnanni st udavsels

7.2.5 N17AF_/AALANNAIIULNUIN1 IR T FLn 78

dl 1% o o Y a ! o & % 4
LN@1®ﬂ‘J"1‘V\I mqmuwuﬁm\‘mwzmmmqmmmm‘ﬂﬂ alisunsu Lmztﬂﬁ‘ﬂ@ﬁ"]\‘]‘ﬂ@?ﬂ@

| |
a

Y Yy ' A ' s A A & ° 2 aa
muh\l"ﬂﬂ\i@Quﬂ]@ﬂiﬂ?uﬂ?ﬂﬂqﬁq@qqqm ATAINACNULLRAFLATAINANLTHNNINTIUATNUUARLUAD

R334 UANNANEI 89N IR AU TU TN uALaRa 1A luund 6laaviadllniulnseadng



71

<xsd:complexType name="TypeClass">
<xsd:sequence>

<xsd:element name="attribute" type="TypeAttribute" minOccurs="0"
maxOccurs="unbounded"/>
<xsd:element name="method" type="TypeMethod" minOccurs="0"

maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="modifier" type="xsd:string" use="optional"/>
<xsd:attribute name="cid" type="xsd:integer" use="required"/>
</xsd:complexType>
<xsd:complexType name="TypeAttribute">
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="type" type="xsd:string" use="required"/>
<xsd:attribute name="modifier" use="required">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value=""/>
<xsd:enumeration value="public"/>
<xsd:enumeration value="protected"/>
<xsd:enumeration value="private"/>
<xsd:enumeration value="public static"/>
<xsd:enumeration value="protected static"/>
<xsd:enumeration value="private static"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
<xsd:attribute name="atid" type="xsd:integer" use="required"/>
<xsd:attribute name="value" type="xsd:string"/>
</xsd:complexType>
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<xsd:complexType name="TypeMethod">
<xsd:sequence>

<xsd:element name="parameter" type="TypeParameter" minOccurs="0"
maxOccurs="unbounded"/>

<xsd:element name="statement" type="TypeStatement™" minOccurs="0"
maxOccurs="unbounded"/>
<xsd:element name="update” minOccurs="0">

<xsd:complexType>
<xsd:attribute name="name" type="xsd:string" use="required"/>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="return" type="xsd:string" use="required"/>
<xsd:attribute name="modifier" type="xsd:string" use="required"/>
<xsd:attribute name="Eid" type="xsd:integer" use="required"/>
</xsd:complexType>
<xsd:element name="value">
<xsd:complexType>
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="atid" type="xsd:integer"/>
<xsd:attribute name="FI" type="xsd:integer"/>
<xsd:attribute name="methodParam" type="xsd:string" use="optional"
default="Y"/>
</xsd:complexType>
</xsd:element>
<xsd:complexType name="TypeParameter">
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="type" type="xsd:string" use="required"/>
<xsd:attribute name="FI" type="xsd:integer" use="required"/>
</xsd:complexType>
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<xsd:complexType name="TypeStatement">
<xsd:sequence>
<xsd:element name="Used">
<xsd:complexType>
<xsd:sequence>

<xsd:element ref="value" minOccurs="0" maxOccurs="unbounded"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="Def">
<xsd:complexType>
<xsd:sequence>

<xsd:element ref="value" minOccurs="0"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>

<xsd:element name="Call" minOccurs="0">

<xsd:complexType>
<xsd:attribute name="Eid" type="xsd:integer" use="required"/>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute name="name" type="xsd:string" use="required"/>
<xsd:attribute name="trueStart" type="xsd:integer" use="optional"/>
<xsd:attribute name="trueEnd" type="xsd:integer" use="optional"/>
<xsd:attribute name="falseStart" type="xsd:integer" use="optional"/>
<xsd:attribute name="falseEnd" type="xsd:integer" use="optional"/>
<xsd:attribute name="sid" type="xsd:integer"/>
<xsd:attribute name="FOid" type="xsd:integer"/>
<xsd:attribute name="underCondition" type="xsd:integer"/>
</xsd:complexType>
</xsd:schema>
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-- generic data
mod* DATA {
[ Data]
op _+ :Data Data -> Data

}

-- generic counter object
mod* COUNTER(X :: DATA) {
*[ Counter ]*

bop add : Data Counter -> Counter -- method
bop read_ : Counter -> Data -- attribute

eq read add(N:Data, C:Counter) =read(C) + N .
§
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public SWITCH()

this.Off();
}
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public int Read()
{

return cwsCounter.counter;

}
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sort
declaration

operation
declaration

axiom
declaration

|

module! ON-OFF{

[Value]

opon: — Value
op off : — Value

module* SWITCH{

pr(ON-OFF)
*[Switch]*

op init-sw : — Switch

bop on : Switch — Switch
bop off : Switch — Switch
bop status : Switch — Value

var S : Switch

eq status(init-sw) = on .
eq status(on(S)) = on .
eq status(off(S)) = off .

module* COUNTER{

protecting (INT)

*[Counter]*

op Init: — Counter

bop add: Int Counter — Counter
bop read: Counter — Int

var I: Int

var C: Counter

eq read(init) = 0.
eq read(add(1,C)) = I + read(C).

module* COUNTER-WITH-SWITCH {

Protecting(SWITCH + COUNTER)
*[Cws]*

op init: — Cws

bop put: Int Cws — Cws

bop add_: Cws — Cws

bop sub_: Cws — Cws

bop read: Cws — Int

bop counter_: Cws — Counter

bop switch_: Cws — Switch

var N: Int
var C: Cws
eq read(C) = read (Counter C) .

eq switch (init) = init .

eq switch put(N,C) = Switch C .
eq switch add(C) = on (switch C) .
eq switch sub(C) = off(switch C) .

eq counter(init) = init .

ceq counter(put(N,C)) = add(N,counter(C))
if state(switch(C)) == on .

ceq counter(put(N,C))=add(-N,counter(C))
if state(switch(C)) == off .

eq couner add(C) = counter C .

eq counter sub(C) = counter C.

tﬂl % o o dld a e
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public class SWITCH
{

public boolean Switch;

public SWITCH(){
Switch = off;
}

public void On(){
Switch = on;

}
public void Off(){
Switch = off;

public boolean status(){
return Switch;
}

h
public class COUNTER
{

public int Counter;
public COUNTER(){
Counter = 0;

}
public void add(int c) {
Counter +=c;

}

public int read(){
return Counter;

}

h
public class CWS
{
public SWITCH Switch;

public CWS() {

}

public void put(int c){
if (Switch.state())
{

lelse

}
public void add() {
Switch.On();

}
public void sub(){
Switch. Off();

}
public int read(){
return Counter;

return Switch;

}

public boolean off = false;
public boolean on = true;

/I E7, UA7, DA7
11 S8

/I E8, UA8, DA8
/1S9
I1' E9, UA9, DAY

/I E10, UA10
/IFO10

/1 E11, UA11, DA11
/1811

/' E12, UA12, FI12, DA12
/1812

/I E13, UA13
/IFO12

public COUNTER Counter;

/1 E1, UA1, DA1

Switch = new SWITCH(); 1181
Counter = new COUNTER(); // S2

/I E2, FI1, UA2, DA2
/1S3

Counter.add(c);// S4

Counter.add(-c);// S5

/I E3, UA3, DA3
11 S6

/I E4, UA4, DA4
11 S7

return Counter.read();

}
public COUNTER counter(){ // E5 , UA5

/I FO1

}
public SWITCH switch(){ / E6, UA6

/I FO2
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S3
boolean on = true ﬁ%
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public class SWITCH{
public static boolean on = true;
public static boolean off = false;

public boolean Switch;
public SWITCH()
{

}
public boolean State()
/**@todo: Implement this State method*/

throw new java.lang.UnsupportedOperationException("Method State() not yet
implemented.");

public void Off()
{

/**@todo: Implement this Off method*/
throw new java.lang.UnsupportedOperationException("Method Off() not yet implemented.");

}
public void On()
{
/**@todo: Implement this On method*/
throw new java.lang.UnsupportedOperationException("Method On() not yet implemented.");
}

717 4.1 TAgaN1#19191289A8NE “SWITCH* 185199 nuena “SWITCH

a

public class COUNTER({

public static int zero = 0;
public int counter;
public COUNTER()

{
}

public int Read()

{
/**@todo: Implement this Read method*/

throw new java.lang.UnsupportedOperationException("Method Read() not yet
implemented.");

public void Add(int i)
{
/**@todo: Implement this Add method*/
throw new java.lang.UnsupportedOperationException("Method Add(int i) not yet
implemented.");

717 9.2 TAsan1®1A191289AaN8 “COUNTER® N1ai19a1nuaga “COUNTER®
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public class COUNTER_WITH_SWITCH({

public int cwslnt;

public COUNTER cwsCounter;
public SWITCH cwsSwitch;

public COUNTER_WITH_SWITCH()

{

}
public void Sub()

/**@todo: Implement this Sub method*/
throw new java.lang.UnsupportedOperationException("Method Sub() not yet
implemented.");

public COUNTER Counter()
{
/**@todo: Implement this Counter method*/
throw new java.lang.UnsupportedOperationException("Method Counter() not yet
implemented.");

public int Read()
{
/**@todo: Implement this Read method*/
throw new java.lang.UnsupportedOperationException("Method Read() not yet
implemented.");

public void Add()
{
/"*@todo: Implement this Add method*/
throw new java.lang.UnsupportedOperationException("Method Add() not yet
implemented.");

public SWITCH Switch()
{
/**@todo: Implement this Switch method*/
throw new java.lang.UnsupportedOperationException("Method Switch() not yet
implemented.");

public void Put(int i)
{
/**@todo: Implement this Put method*/
throw new java.lang.UnsupportedOperationException("Method Put(int i) not yet
implemented.");

717 4.3 TAgann=1an91289Aa14 “COUNTER_WITH_SWITCH® fig19ann
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/**

* SWITCH

* @author Siros S.
*/
public class SWITCH{

public static boolean on = true;
public static boolean off = false;
public boolean Switch;

public SWITCH()

{

Switch = off;

}

public boolean State()

{
[**@todo: Implement this State method*/
return Switch;

}

public void Off()
{

/**@todo: Implement this Off method*/
/lthrow new java.lang.UnsupportedOperationException("Method Off() not yet
implemented.");

}
public void On()
{

Switch = off;

/**@todo: Implement this On method*/

Switch = on;

}
}

o oo
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/**
*COUNTER

* @author Siros S.
*/
public class COUNTER{

public static int zero = 0;

public int counter;
public COUNTER()

{

}
public int Read()

counter = zero;

/**@todo: Implement this Read method*/
return counter;

}
public void Add(int i)

/**@todo: Implement this Add method*/
counter = counter + i;

-

1
a o

247 4.2 Tlsunsunianafivmueanlasani®a1a1aesaang “COUNTER®

a

fa¥19anuaga “COUNTER




104

/**

* COUNTER_WITH_SWITCH
* @author Siros S.

*/
public class COUNTER_WITH_SWITCH({

public int cwslnt;

public COUNTER cwsCounter;
public SWITCH cwsSwitch;

public COUNTER_WITH_SWITCH()

{
cwsCounter = new COUNTER();
cwsSwitch = new SWITCHY();

}

public void Sub()

{
/**@todo: Implement this Sub method*/
I/ Turn switch off
cwsSwitch. Off();
/I Do nothing with counter

}

public COUNTER Counter()

{
/**@todo: Implement this Counter method*/
return cwsCounter;

}

public int Read()

/**@todo: Implement this Read method*/
return cwsint;

}
public void Add()
{
/**@todo: Implement this Add method*/
/I Turn switch on
cwsSwitch.On();
/I Do nothing with counter
}

public SWITCH Switch()

/**@todo: Implement this Switch method*/
return cwsSwitch;

}
public void Put(int i)
{
/**@todo: Implement this Put method*/
/I Do nothing with switch
/I'If switch is on, add i to counter
if (cwsSwitch.State() == SWITCH.on) {
cwsCounter.Add(i);
}else{
11 If switch is off, add (-i) to counter
cwsCounter.Add(-i);
}
}
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Hana COUNTER-WITH-SWITCH

<?xml version="1.0" encoding="UTF-8"?>
<Project xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemal ocation="CafeSchema.xsd">
<Module Name="COUNTER-WITH-SWITCH"
ClassName="COUNTER_WITH_SWITCH">
<VARIABLE Name="N" Sort="Int" />
<VARIABLE Name="C" Sort="Cws" />
<Proj_Operation Operation="read" arity="Cws" coarity="Int">
<Variable Cafe_Variable="C" Name="cwslInt" />
<Equation Name="C = read counter C">
<Left Equation Name="C" order="0" />
<Right_Equation Name="read counter C" type="list_of operation" order="0">
<leftOperation Name="counter C" type="operation List" />
</Right_Equation>
<Right_Equation Hanging_Operation="read" Name="counter C" order="1"
type="projectionOperation" coarity="Counter">
<Return value="cwsCounter" />
</Right_Equation>
<Right_Equation Name="read cwsCounter" order="2" type="variable_list"
coarity="Int">
<Return value="cwsCounter.Read()" />
</Right_Equation>
</Equation>
</Proj_Operation>
<Proj_Operation Operation="switch" arity="Cws" coarity="Switch">
<Variable Cafe_Variable="C" Name="cwsSwitch" />
<Equation Name="init = init">
<Left_Equation Name="init" order="0" />
<Right_Equation Name="init" type="non_arity" coarity="Switch" order="0">
<Return value="cwsSwitch.constructor()" />
</Right_Equation>
</Equation>
<Equation Name="put N, C = switch C">
<Left_Equation Name="put N, C" coarity="Cws" order="0" />
<Right_Equation Name="switch C" type="projectionOperation" coarity="Switch"
order="0">
<Return value="cwsSwitch" />
</Right_Equation>
</Equation>
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<Equation Name="add C = on switch C">
<Left Equation Name="add C" coarity="Cws" order="0" />
<Right_Equation Name="on switch C" type="list_of operation" order="0">
<leftOperation Name="switch C" type="operation List" />
</Right_Equation>
<Right_Equation Hanging_Operation="on" Name="switch C" order="1"
type="projectionOperation” coarity="Switch">
<Return value="cwsSwitch" />
</Right_Equation>
<Right_Equation Name="on cwsSwitch" order="2" type="variable_list"
coarity="Switch">
<Return value="cwsSwitch.On()" />
</Right_Equation>
</Equation>
<Equation Name="sub C = off switch C">
<Left Equation Name="sub C" coarity="Cws" order="0" />
<Right_Equation Name="0off switch C" type="list_of operation" order="0">
<leftOperation Name="switch C" type="operation List" />
</Right_Equation>
<Right_Equation Hanging_Operation="0ff" Name="switch C" order="1"
type="projectionOperation” coarity="Switch">
<Return value="cwsSwitch" />
</Right_Equation>
<Right_Equation Name="off cwsSwitch" order="2" type="variable_list"
coarity="Switch">
<Return value="cwsSwitch.Off()" />
</Right_Equation>
</Equation>
</Proj_Operation>
<Proj_Operation Operation="counter" arity="Cws" coarity="Counter">
<Variable Cafe_Variable="C" Name="cwsCounter" />
<Equation Name="init = init">
<Left_Equation Name="init" order="0" />
<Right_Equation Name="init" type="non_arity" coarity="Counter" order="0">
<Return value="cwsCounter.constructor()" />
</Right_Equation>
</Equation>
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<Equation Name="put N, C" type="Condition Equation">
<Left_Equation Name="put N, C" coarity="Cws" order="0" />
<Guard_Equation Name="state switch C == on" ConditionOperand="==">
<Left_Guard Name="state switch C" type="list_of operation™ order="0">
<leftOperation Name="switch C" type="operation List" />
</Left_Guard>
<Left_Guard Hanging_Operation="state" Name="switch C" order="1"
type="projectionOperation” coarity="Switch">
<Return value="cwsSwitch" />
</Left_Guard>
<Left_Guard Name="state cwsSwitch" order="2" type="variable_list"
coarity="Value">
<Return value="cwsSwitch.State()" />
</Left_Guard>
<Right_Guard Name="on" type="non_arity" coarity="Value" order="0">
<Return value="true" />
</Right_Guard>
<Result_Guard Name="add N, counter C" type="list_of operation" order="0">
<leftOperation Name="N, counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add" Name="N, counter C" order="1"
type="list_of operation">
<leftOperation Name=
</Result_Guard>
<Result_Guard Hanging_Operation="add N" Name=", counter C" order="2"
type="list_of operation">
<leftOperation Name=" counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add N ," Name=" counter C" order="3"
type="list_of_operation">
<leftOperation Name="counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add N , " Name="counter C" order="4"
type="projectionOperation” coarity="Counter">
<Return value="cwsCounter" />
</Result_Guard>
<Result_Guard Name="add N, cwsCounter" order="5" type="variable_list"
coarity="Cws" />
<Result_Guard Name="add i , cwsCounter" order="6" type="variable_list"
coarity="Cws">
<Return value="cwsCounter.Add(i)" />
</Result_Guard>
</Guard_Equation>

, counter C" type="operation List" />
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<Guard_Equation Name="state switch C == off" ConditionOperand="==">
<Left Guard Name="state switch C" type="list_of operation" order="0">
<leftOperation Name="switch C" type="operation List" />
</Left_Guard>
<Left_Guard Hanging_Operation="state" Name="switch C" order="1"
type="projectionOperation" coarity="Switch">
<Return value="cwsSwitch" />
</Left_Guard>
<Left_Guard Name="state cwsSwitch" order="2" type="variable_list"
coarity="Value">
<Return value="cwsSwitch.State()" />
</Left_Guard>
<Right_Guard Name="off" type="non_arity" coarity="Value" order="0">
<Return value="false" />
</Right_Guard>
<Result_Guard Name="add - N , counter C" type="list_of operation" order="0">
<leftOperation Name="- N , counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add" Name="- N , counter C" order="1"
type="list_of operation">
<leftOperation Name="N , counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add -" Name="N , counter C" order="2"
type="list_of operation">
<leftOperation Name=", counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add - N" Name=", counter C" order="3"
type="list_of operation">
<leftOperation Name=
</Result_Guard>
<Result_Guard Hanging_Operation="add - N " Name=", counter C" order="4"
type="list_of operation">
<leftOperation Name=" counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add - N ," Name=" counter C" order="5"
type="list_of operation">
<leftOperation Name="counter C" type="operation List" />
</Result_Guard>
<Result_Guard Hanging_Operation="add - N , " Name="counter C" order="6"
type="projectionOperation" coarity="Counter">
<Return value="cwsCounter" />
</Result_Guard>
<Result_Guard Name="add - N , cwsCounter" order="7" type="variable_list"
coarity="Cws" />
<Result_Guard Name="add - i , cwsCounter" order="8" type="variable_list"
coarity="Cws">
<Return value="cwsCounter.Add(-i)" />
</Result_Guard>
</Guard_Equation>
</Equation>

, counter C" type="operation List" />
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<Equation Name="add C = counter C">
<Left Equation Name="add C" coarity="Cws" order="0" />
<Right_Equation Name="counter C" type="projectionOperation" coarity="Counter"
order="0">
<Return value="cwsCounter" />
</Right_Equation>
</Equation>
<Equation Name="sub C = counter C">
<Left_Equation Name="sub C" coarity="Cws" order="0" />
<Right_Equation Name="counter C" type="projectionOperation" coarity="Counter"
order="0">
<Return value="cwsCounter" />
</Right_Equation>
</Equation>
</Proj_Operation>
</Module>
</Project>

717 2.1 1N ENIBNLAALAAIAIUTIRINENIAINNANATIAEN LT

Nana “COUNTER-WITH-SWITCH* (ra)



111

LBNANTENIBNLEALAAIAIUTBIN1HIA1NANATIAENLLBINEAA “COUNTER®

<?xml version="1.0" encoding="UTF-8"?>
<Project xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemal ocation="CafeSchema.xsd">
<Module Name="COUNTER" ClassName="COUNTER">
<VARIABLE Name="1" Sort="Int" />
<VARIABLE Name="C" Sort="Counter" />
<Proj_Operation Operation="read" arity="Counter" coarity="Int">
<Variable Cafe_Variable="C" Name="counter" />
<Equation Name="init =0">
<Left_Equation Name="init" order="0" />
<Right_Equation Name="0" type="non_arity" coarity="Int" order="0">
<Return value="0" />
</Right_Equation>
</Equation>
<Equation Name="add I, C =1 +read C">
<Left Equation Name="add | , C" coarity="Counter" order="0" />
<Right_Equation Name="1 + read C" type="list_of operation" order="0">
<leftOperation Name="+ read C" type="operation List" />
</Right_Equation>
<Right_Equation Hanging_Operation="1" Name="+ read C" order="1"
type="list_of operation">
<leftOperation Name="read C" type="operation List" />
</Right_Equation>
<Right_Equation Hanging_Operation="1 +" Name="read C" order="2"
type="projectionOperation" coarity="Int">
<Return value="counter" />
</Right_Equation>
<Right_Equation Name="1 + counter" order="3" type="variable_list" coarity="Int" />
<Right_Equation Name="i + counter" order="4" type="variable_list" coarity="Int">
<Return value="i + counter" />
</Right_Equation>
</Equation>
</Proj_Operation>
</Module>
</Project>

7L 2.2 1BNA9EN N L ALARIAINTBINIHIANTIAIATIAENLIZEINERA “COUNTER®



112

LANANTENIBNLAAUAAIAIUTBINT1HIA1NAIATIAENLLRINEAA “SWITCH

<?xml version="1.0" encoding="UTF-8"?>
<Project xmins:xsi="http://mwww.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemal ocation="CafeSchema.xsd">
<Module Name="SWITCH" ClassName="SWITCH">
<VARIABLE Name="S" Sort="Switch" />
<Proj_Operation Operation="state" arity="Switch" coarity="Value">
<Variable Cafe_Variable="S" Name="Switch" />
<Equation Name="init = off">
<Left_Equation Name="init" order="0" />
<Right_Equation Name="off" type="non_arity" coarity="Value" order="0">
<Return value="false" />
</Right_Equation>
</Equation>
<Equation Name="on S =on">
<Left_Equation Name="on S" coarity="Switch" order="0" />
<Right_Equation Name="on" type="non_arity" coarity="Value" order="0">
<Return value="true" />
</Right_Equation>
</Equation>
<Equation Name="off S = off">
<Left_Equation Name="off S" coarity="Switch" order="0" />
<Right_Equation Name="off" type="non_arity" coarity="Value" order="0">
<Return value="false" />
</Right_Equation>
</Equation>
</Proj_Operation>
</Module>
</Project>
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<?xml version="1.0" encoding="UTF-8"?>
<Project>
<InputSpec filename="E:\user\g44cds\Thesis\Cafe\Example\cws_test.mod" />
<OutputSpecDir>
<Path
toDir="E:\user\g44cds\Thesis\Cafe\Example\Output\cws_test\spec\SWITCH.xml" />
<Path toDir="E:\user\g44cds\Thesis\Cafe\Example\Output\cws_test\spec\COUNTER-
WITH-SWITCH.xml" />
<Path
toDir="E:\user\g44cds\Thesis\Cafe\Example\Output\cws_test\spec\COUNTER.xml" />
</OutputSpecDir>
<OutputSourceDir>
<Path toDir="E:\user\g44cds\Thesis\Cafe\Example\Output\cws_test\src\SWITCH.java"
/>
<Path
toDir="E:\user\g44cds\Thesis\Cafe\Example\Output\cws_test\src\COUNTER_WITH_SW
ITCH.java" />
<Path
toDir="E:\user\g44cds\Thesis\Cafe\Example\Output\cws_test\src\COUNTER.java" />
</OutputSourceDir>
<ProjectSettingValue>
<ProjOpSet>
<ProjectionOp>
<OpName name="state" />
<ModuleName name="SWITCH" />
<NumberOfinput name="1" />
<Arity name="Switch" />
</ProjectionOp>
<ProjectionOp>
<OpName name="counter" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOflnput name="1" />
<Arity name="Cws" />
</ProjectionOp>
<ProjectionOp>
<OpName name="read" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOflnput name="1" />
<Arity name="Cws" />
</ProjectionOp>
<ProjectionOp>
<OpName name="switch" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOfInput name="1" />
<Arity name="Cws" />
</ProjectionOp>
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<ProjectionOp>
<OpName name="read" />
<ModuleName name="COUNTER" />
<NumberOflnput name="1" />
<Arity name="Counter" />
</ProjectionOp>
</ProjOpSet>
<OpSet>
<OperationDetail>
<OpName name="state" />
<ModuleName name="SWITCH" />
<NumberOfinput name="1" />
<Coarity name="Value" />
<MethodName name="State" />
</OperationDetail>
<OperationDetail>
<OpName name="off" />
<ModuleName name="SWITCH" />
<NumberOflnput name="1" />
<Coarity name="Switch" />
<MethodName name="Off" />
</OperationDetail>
<OperationDetail>
<OpName name="on" />
<ModuleName name="SWITCH" />
<NumberOflnput name="1" />
<Coarity hame="Switch" />
<MethodName name="0On" />
</OperationDetail>
<OperationDetail>
<OpName name="on" />
<ModuleName name="SWITCH" />
<NumberOfInput name="0" />
<Coarity name="Value" />
<MethodName name="on" />
</OperationDetail>
<OperationDetail>
<OpName name="init" />
<ModuleName name="SWITCH" />
<NumberOflnput name="0" />
<Coarity hame="Switch" />
<MethodName name="constructor" />
</OperationDetail>
<OperationDetail>
<OpName name="off" />
<ModuleName name="SWITCH" />
<NumberOfinput name="0" />
<Coarity name="Value" />
<MethodName name="off" />
</OperationDetail>
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<OperationDetail>
<OpName name="sub" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOflnput name="1" />
<Coarity name="Cws" />
<MethodName name="Sub" />
</OperationDetail>
<OperationDetail>
<OpName name="counter" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOfinput name="1" />
<Coarity name="Counter" />
<MethodName name="Counter" />
</OperationDetail>
<OperationDetail>
<OpName name="read" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOflnput name="1" />
<Coarity name="Int" />
<MethodName name="Read" />
</OperationDetail>
<OperationDetail>
<OpName name="add" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOfinput name="1" />
<Coarity name="Cws" />
<MethodName name="Add" />
</OperationDetail>
<OperationDetail>
<OpName name="switch" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOflnput name="1" />
<Coarity name="Switch" />
<MethodName name="Switch" />
</OperationDetail>
<OperationDetail>
<OpName name="put" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOfinput name="2" />
<Coarity name="Cws" />
<MethodName name="Put" />
<Parameter specName="N" javaName="i" />
</OperationDetail>
<OperationDetail>
<OpName name="init" />
<ModuleName name="COUNTER-WITH-SWITCH" />
<NumberOfinput name="0" />
<Coarity name="Cws" />
<MethodName name="constructor" />
</OperationDetail>
<OperationDetail>
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<OpName name="read" />
<ModuleName name="COUNTER" />
<NumberOflnput name="1" />
<Coarity name="Int" />
<MethodName name="Read" />
</OperationDetail>
<OperationDetail>
<OpName name="add" />
<ModuleName name="COUNTER" />
<NumberOflnput name="2" />
<Coarity name="Counter" />
<MethodName name="Add" />
<Parameter specName="1" javaName="i" />
</OperationDetail>
<OperationDetail>
<OpName name="0" />
<ModuleName name="COUNTER" />
<NumberOflnput name="0" />
<Coarity name="Int" />
<MethodName name="zero" />
</OperationDetail>
<OperationDetail>
<OpName name="init" />
<ModuleName name="COUNTER" />
<NumberOflnput name="0" />
<Coarity name="Counter" />
<MethodName name="constructor" />
</OperationDetail>
</OpSet>
<VisibleSortMap>
<vsMap visibleSort="Value" javaDataType="boolean" />
<vsMap visibleSort="Int" javaDataType="int" />
</VisibleSortMap>
<VarNameMap>
<varMap opName="state" hiddenSortName="Switch" javaName="Switch" />
<varMap opName="read" hiddenSortName="Cws" javaName="cwslInt" />
<varMap opName="counter" hiddenSortName="Cws" javaName="cwsCounter" />
<varMap opName="switch" hiddenSortName="Cws" javaName="cwsSwitch" />
<varMap opName="read" hiddenSortName="Counter" javaName="counter" />
</VarNameMap>
<ConstantValue>
<Constant constOpName="on" sort="Value" javaValue="true" />
<Constant constOpName="off" sort="Value" javaValue="false" />
<Constant constOpName="0" sort="Int" javaValue="0" />
</ConstantValue>
<HiddenSortDecl>
<HiddenSortDecl hsName="Switch" moduleName="SWITCH" />
<HiddenSortDecl hsName="Cws" moduleName="COUNTER-WITH-SWITCH" />
<HiddenSortDecl hsName="Counter" moduleName="COUNTER" />
</HiddenSortDecl>
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<ClassNameMap>
<classNameMap moduleName="SWITCH" className="SWITCH" />
<classNameMap moduleName="COUNTER-WITH-SWITCH"
className="COUNTER_WITH_SWITCH" />
<classNameMap moduleName="COUNTER" className="COUNTER" />
</ClassNameMap>
<ImportList>
<Import based="SWITCH">
<From input="ON-OFF" />
</Import>
<Import based="COUNTER-WITH-SWITCH">
<From input="SWITCH" />
<From input="COUNTER" />
</Import>
<Import based="COUNTER">
<From input="INT" />
</Import>
</ImportList>
<IncludeModule>
<Include based="SWITCH" include="ON-OFF" />
<Include based="COUNTER" include="INT" />
</IncludeModule>
</ProjectSettingValue>
</Project>

a ¢

o o dld 1
NINUANITULILALINHNRAIRD (F1D)

118

917 9.1 Fratrvenansdniduueanldivualasinisainisainelasanimainiaindas



AMANUIN
o (% 1 [ % a [~ [~
NFINLARY ﬂ’)’]NﬂNWHéﬁSM’J’N’JﬂQV]LLﬂ ﬂ\‘iTﬂElLﬂﬂﬂ"l%‘LﬂﬂLﬂNLL’ﬂ@“ﬂﬂ\‘]

d
AASHLAM LUNTANUIN A



bBAN

NMARNUIN }

o

120

AN9LENLENLBALAAINTINAINANTUTE19BITErI19Tng el sunsnlu

/>

ati

<?xml version="1.0" encoding="UTF-8"?>
<Project>

<Class hame="SWITCH" modifier="public" cid="494">
<attribute name="on" type="boolean" modifier="public static" value="true" atid="233"

<attribute name="0off" type="boolean" modifier="public static" value="false"
d="234" />
<attribute name="Switch" type="boolean" modifier="public" atid="235" />
<method name="SWITCH" return="" modifier="public" Eid="495">
<statement name="Switch = off" sid="349">
<Used>
<value name="off" atid="234" />
</Used>
<Def>
<value name="Switch" />
</Def>
</statement>
<update name="Switch" />
</method>
<method name="State" return="boolean" modifier="public" Eid="496">
<statement name="return Switch" FOid="496">
<Used>
<value name="Switch" atid="235" />
</Used>
<Def />
</statement>
</method>
<method name="0Off" return="void" modifier="public" Eid="497">
<statement name="Switch = off" sid="350">
<Used>
<value name="off" atid="234" />
</Used>
<Def>
<value name="Switch" />
</Def>
</statement>
<update name="Switch" />
</method>
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<method name="0n" return="void" modifier="public" Eid="498">
<statement name="Switch = on" sid="351">
<Used>
<value name="on" atid="233" />
</Used>
<Def>
<value name="Switch" />
</Def>
</statement>
<update name="Switch" />
</method>
</Class>
<Class name="COUNTER_WITH_SWITCH" modifier="public" cid="499">
<attribute name="cwslInt" type="int" modifier="public" atid="236" />
<attribute name="cwsCounter" type="COUNTER" modifier="public" atid="237" />
<attribute name="cwsSwitch" type="SWITCH" modifier="public" atid="238" />
<method hame="COUNTER_WITH_SWITCH" return="" modifier="public"
Eid="500">
<statement name="cwsCounter = new COUNTER()" sid="352">
<Used />
<Def>
<value name="cwsCounter" />
<value name="counter" />
</Def>
<Call Eid="508" />
</statement>
<statement name="cwsSwitch = new SWITCH()" sid="353">
<Used />
<Def>
<value name="cwsSwitch" />
<value name="Switch" />
</Def>
<Call Eid="495" />
</statement>
<update name="cwsCounter" />
<update name="cwsSwitch" />
</method>
<method name="Sub" return="void" modifier="public" Eid="501">
<statement name="cwsSwitch.Off()" sid="354">
<Used>
<value name="cwsSwitch" atid="238" />
</Used>
<Def>
<value name="cwsSwitch" />
<value name="Switch" />
</Def>
<Call Eid="497" />
</statement>
</method>
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<method name="Counter" return="COUNTER" modifier="public" Eid="502">
<statement name="return cwsCounter" FOid="502">
<Used>
<value name="cwsCounter" atid="237" />
</Used>
<Def />
</statement>
</method>
<method name="Read" return="int" modifier="public" Eid="503">
<statement name="return cwsint" FOid="503">
<Used>
<value name="cwsInt" atid="236" />
</Used>
<Def />
</statement>
</method>
<method name="Add" return="void" modifier="public" Eid="504">
<statement name="cwsSwitch.On()" sid="355">
<Used>
<value name="cwsSwitch" atid="238" />
</Used>
<Def>
<value name="cwsSwitch" />
<value name="Switch" />
</Def>
<Call Eid="498" />
</statement>
</method>
<method name="Switch" return="SWITCH" modifier="public" Eid="505">
<statement name="return cwsSwitch" FOid="505">
<Used>
<value name="cwsSwitch" atid="238" />
</Used>
<Def />
</statement>
</method>
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<method name="Put" return="void" modifier="public" Eid="506">
<parameter name="i" type="int" FI="59" />
<statement name="if cwsSwitch.State() == SWITCH.on" sid="356" trueStart="357"
trueEnd="357" falseStart="358" falseEnd="358">
<Used>
<value name="cwsSwitch" atid="238" />
</Used>
<Def />
<Call Eid="496" />
</statement>
<statement name="cwsCounter.Add(i)" underCondition="356" sid="357">
<Used>
<value name="cwsCounter" atid="237" />
<value name="i" FI="59" methodParam="Y" />
</Used>
<Def>
<value name="cwsCounter" />
<value name="counter" />
</Def>
<Call Eid="510" />
</statement>
<statement name="cwsCounter.Add(-i)" underCondition="356" sid="358">
<Used>
<value name="cwsCounter" atid="237" />
<value name="i" FI="59" methodParam="Y" />
</Used>
<Def>
<value name="cwsCounter" />
<value name="counter" />
</Def>
<Call Eid="510" />
</statement>
</method>
</Class>
<Class hame="COUNTER" modifier="public" cid="507">
<attribute name="zero" type="int" modifier="public static" value="0" atid="239" />
<attribute name="counter" type="int" modifier="public" atid="240" />
<method name="COUNTER" return=""" modifier="public" Eid="508">
<statement name="counter = zero" sid="359">
<Used>
<value name="zero" atid="239" />
</Used>
<Def>
<value name="counter" />
</Def>
</statement>
<update name="counter" />
</method>
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<method name="Read" return="int" modifier="public" Eid="509">
<statement name="return counter" FOid="509">
<Used>
<value name="counter" atid="240" />
</Used>
<Def />
</statement>
</method>
<method name="Add" return="void" modifier="public" Eid="510">
<parameter name="i" type="int" FI="60" />
<statement name="counter = counter + i" sid="360">
<Used>
<value name="counter" atid="240" />
<value name="i" FI="60" />
</Used>
<Def>
<value name="counter" />
</Def>
</statement>
<update name="counter" />
</method>
</Class>
</Project>
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An Automatic Approach to Transform CafeOBJ Specifications
to Java Template Code
C. Doungsa-ard and T. Suwannasart
Department of Computer Engineering
Faculty of Engineering, Chulalongkorn University
Bangkok, 10330, Thailand

Abstract

A software specification is a fundamental work product that represents user’s
requirements and developers can use it to further develop a software system. A
software specification can be expressed by using an informal, a semi-formal, or a formal
specification. Existing methodologies and tools can transform semi-formal
specifications to code or programs but they have not addressed a transformation of
formal specification languages. In this paper, we propose an automatic approach to
transform CafeOBJ specifications to Java template code. The proposed approach
consists of steps and transformation rules. We have implemented a tool called
Cafe2Java to illustrate our proposed approach. We also validate the approach and

experience the tool with some CafeOBJ specifications.

Keywords: CafeOBJ, Transforming approach, Formal specification,

transformation rule.

1. Introduction

In software development process, the requirement phase is the phase that
developers specify user's requirements. Normally, software developers can express
user’'s requirements in any forms of specification which include informal specification,
semi-formal specification, or formal specification [1]. An informal specification can be
specified by natural language while we use diagrams such as UML [2] diagrams to
represent user’s requirements as a semi-formal specification. For a formal specification,
we use mathematical notations to specify the requirements. In developing critical
software or some embedded systems, developers use a formal specification language

as a tool to define the requirements since we can prove if the specification is correct
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and works as specified. There are numbers of formal specification languages used in
software development such as CafeOBJ [3, 4], Z [5], and Object Z [6].

Currently, some commercial tools such as Rational Software [7], can transform a
semi-formal specification specified by a class diagram to code such as Java code. The
code generated from commercial tools consists of attributes and operations of class but
it does not include other implementation details such as behavioural details for each
class. We believe that if the generated code provides more details, it will help
developers decrease development effort. Thus, in this paper we propose an approach
to transform a formal specification language: CafeOBJ to Java template code. Java
template code is a framework that developers can use it to add more implementation
details. We also have implemented our approach by developing a software tool called
“Cafe2Java”.

In section 2, we give an overview of the CafeOBJ. An approach to transform
CafeOBJ to Java Template Code is presented in section 3. Section 4 shows the
implementation of the software tool that we have developed. In section 5, we show an
example of the result. Finally, section 6 gives the conclusion of the paper with limitations

and future work.

2. CafeOBJ

CafeOBJ is an algebraic specification language that is a direct successor of
OBJ [3]. CafeOBJ supports modular specification technique. A CafeOBJ specification is
written into modules. Each module consists of three main parts: sort declaration,
operation declaration, and axiom declaration. In the sort declaration part, definitions of
all sorts (types of objects) are declared. CafeOBJ has two types of sorts: visible sort and
hidden sort. The visible sort is a sort that is visible to all modules in the system while the
hidden sort stores states of the module and hide its values from other modules. As
CafeOBJ supports modular specification technique, all related modules used in a
module can be imported in this part as well. All possible operations are defined in the
operation declaration part. There are two types of operation: op and bop (see Figure 1).

“op” is an operation while “bop” is a behavioural operation. For each line in this part, an
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operation name with its arity and coarity is defined. The arity is defined as an input of the
operation whereas the coarity is an output. In Figure 1,“status” in module ON-OFF is a
behavioural operation, where “Switch” is an arity and “Value” is a coarity. The axiom
declaration part is used for defining behavioural properties or states of a module of each
operation appeared in the operation part. Moreover, we can call the axiom declaration
as the semantic part.

In this paper, we classify operations into three types: projection operation,
hidden sort projection operation, and non-arity operation. The projection operation is an
operation that has a hidden sort as arity and a visible sort as coarity. The hidden sort
projection operation is an operation that its hidden sort in its coarity is not the same sort
as hidden sort defined in its arity. For example, in Figure 1 the operation “counter” in
COUNTER-WITH-SWITCH (CWS) module is defined as a hidden sort projection
operation. “Counter” is defined as a hidden sort in its coarity whereas “Cws” is a hidden
sort in its arity. “Counter” must not be the same sort as “Cws”. The non-arity operation is
an operation that does not have any arity sorts but it has coarity sorts which can be
either a visible sort or a hidden sort. In Figure 1, we show three types of operation in
module CWS: “read” is a projection operation, “counter” is a hidden sort projection
operation, and “init” is a non-arity operation. Figure 1 shows an example a CafeOBJ
specification: CWS. This specification consists of four modules: ON-OFF, SWITCH,
COUNTER, and CWS. ON-OFF module declares a visible sort: Value, which has two
possible values: “on” and “off”. SWITCH module which imports ON-OFF module has a
hidden sort: Switch, which is declared in the sort declaration part. The operation
declaration part defines all operations in the SWITCH module together with its inputs
and outputs of each operation. The axiom declaration part, all of the equations are
defined to represent possible states changed in the Switch when each operation is

called.

3. Transforming CafeOBJ specifications to Java template code

In this section we discuss a proposed approach to transform CafeOBJ

specification to a Java template code. A Java template code is a java code that consists
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of a class name, method names, a return type of each method, and constant values as
well as behavioural variables of the class. Our generated Java Template Code does not
include the semantic part or implementation details of Java code, specified in the axiom
declaration part of a CafeOBJ specification. We leave this part for developers to add
more details by themselves.

The approach we propose to transform a CafeOBJ specification to Java
template code is shown in Figure 2. The proposed approach consists of three steps:

Graph generation, Graph Reduction, and Java Template Code generation.



Module! ON-OFF{
[Value]

opon: — Value
op off : — Value

}
Module* SWITCH{

sort. pr(ON-OFF)
declaration

*[Switch]*

op init-sw : — Switch
operation bop on : Switch — Switch
declaration bop off : Switch — Switch

bop status : Switch — Value

var S : Switch

declaration eq sttus(on(S)) = on .

axiom { eq status(init-sw) = on .
eq status(off(S)) = off .

Module* COUNTER{
protecting (INT)
*[Counter]*
op Init: — Counter
bop add: Int Counter — Counter
bop read: Counter — Int
var I Int
var C: Counter

eq read(init) = 0.
eq read(add(1,C)) = | + read(C).
}

Module* COUNTER-WITH-SWITCH {
Protecting(SWITCH + COUNTER)
*[Cws]*
op init: — Cws
bop put: Int Cws — Cws
bop add_: Cws — Cws
bop sub_: Cws — Cws
bop read: Cws — Int
bop counter_: Cws — Counter
bop switch_: Cws — Switch

var N: Int

var C: Cws

eq read(C) = read (Counter C) .
eq switch put(N,C) = Switch C .
eq switch add(C) = on (switch C) .
eq switch sub(C) = off(switch C) .

eq counter(init) = init .
ceq counter(put(N,C)) = add(N,counter(C))
if state(switch(C)) == on .

ceq counter(put(N,C))=add(-N,counter(C))
if state(switch(C)) == off .

eq couner add(C) = counter C .

eq counter sub(C) = counter C.

}

Figure 1. A CafeOBJ specification: COUNTER-WITH-SWITCH (CWS)

140
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Figure 2 Transforming Approach

3.1 Graph generation

The graph generation step transforms a CafeOBJ specification to a graph
structure. A graph structure represents a relationship among modules in a CafeOBJ
specification. Each node in a graph represents each module in CafeOBJ specification.

The graph structure of CWS is shown in Figure 3.

COUNTER-
WITH
-SWITCH

Figure 3 COUNTER-WITH-SWITCH graph structure

3.2 Graph Reduction

After a graph has been constructed, we have to reduce the graph in order to
specify which module in a CafeOBJ specification will be transformed. The reduced
graph contains nodes corresponding to classes, which developers want to transform
them to Java template code. In the graph reduction step, developers have to select
which nodes that are needed to be reduced.In the reducing process, a graph is
traversed using the depth first search algorithm. If a node, which is selected to be built
as a node in the reduced graph, is traversed, it will be checked to see if there is a child
node. If a child node is not selected to be built as a node in the reduced graph as well,

the child node will be reduced to be included in its parent node.
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3.3 Java Template Code Generation

In this step, each node in the reduced graph is transformed to a Java class. To
transform a node in the reduced graph we have to follow the defined processes below:

1. Define a Java data type for each visible sort specified in each CafeOBJ
specification.

2. Transform operations in the declaration operation part for the operation
declaration part in each node.

Since we classify types of operations into three types as described earlier in
section 2, we have to check if each operation is in which types. For each operation we
define transformation rules as follows:

For

p is an operation in CafeOBJ
s is a hidden sort
v is a visible sort
h is the other hidden sort, which is not s
tis any types of sorts
S, S,, ..., S, are any hidden sorts
V, V,, V,, ..., vV, are any visible sorts
n and m are positive numbers
Rule 1 for a projection function; op p: s — v
The transformation to Java template code is below:
v pO{
}

where
p is a method name related to p
v is a data type in Java related to v, defined in process 1
Furthermore, in this rule we can define a data type for the hidden sort. The
hidden sort’s data type must be the same data type as the visible sort.
Rule 2 for a hidden sort projection function;

opp:s—h
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The transformation to Java template code is below:

h pO{
}

where
p is a method name related with p
h is a data type in Java related with h, defined in the first process or
a class which is generated from a node which h has been declared
Rule 3 for a non-arity operation; op p: —t
If 2 non-arity operation is selected to be an initial state of a node,
No code transformation from this operation to Java template code.
else
the transformation to Java template code is below:
publictp = a;
where
p is a constant name related with p
tis a data type related to t
ais a value of constant define by developers
Rule 4 for other operations, we have to check if an operation is one of any
operation as follows
Rule 4.1 for; op p:s,; S, ... S, —™>V
The transformation to Java template code is below:
public v p(){
}

where
p is a method name related to p
v is a data type in java related to v, defined in the first process
Rule 4.2 for, op p:§;S, ... S, V, V, ...V, =V
The transformation to Java template code is below:
public v p(v, n,,v, n,,...,v, NN

}
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where
p is a method name related to p

v,v,,v,,...v, are data types in Java related to v,v,,v,,...,v

(A n

n,n,...n_ are any parameter names which correspond to the Java
naming convention
Rule 4.3 for, op p: v, v, ... v, —>V
The transformation to Java template code is below:
public v p(v, n,;,v, n,,....v, n )N
}
where
p is a method name related with p
v,v,,v,,...v, are data types in Java related to v,v,,v,,...,v,

n,n,....n, are any parameter names which correspond to the Java

p
naming convention
Rule 4.4 for; opp:s, s, ... S, — S
The transformation to Java template code is below:
public void p(){
}
where
p is a method name related to p
Rule 4.5 for; op p: 8,8, ... S, V, V, ...V, —>S
The transformation to Java template code is below:
public void p(v, n,,v, n,,...,v. n_}{
}
where

p is a method name related with p

Vv,v,,v,,...v, are data types in Java related to v,v,,v,,...,v

(A n

n,n,...,n_ are any parameter names which correspond to the Java

naming convention
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Rule 4.6 for; op p: v, V, ... V,, =S
The transformation to Java template code is below:
public void p(v, n,,v, n,,...,v, n_}

}

p is a method name related to p
v,v,,v,,...v, are data types in Java related to v,v,,v,,...,v,

n, are any parameter names which correspond to the Java

naming convention

In this step, we transform hidden sorts in arity and coarity into void because

variables represented for the hidden sort is already in the class, there is no need to send

or receive this information outside the class by any method.

3. Transform the sort declaration part

where

3.1 for a hidden sort declaration: *[x]*

X is the hidden sort name

The transformation to Java template code is below:

where

where

private a x;
a is a data type in Java related to x, defined in the first process
X is a variable name related to x

3.2 for a module import declaration; pr (x)

X is the module name

If x has been transformed to a class in Java template code,

The transformation to Java template code is below:

where

private x a;

X is a class name which x has been transformed to

a is a variable name for x



146
4. Implementation
To illustrate the feasibility of our approach, we have implemented a tool —
“Cafe2Java” to support the transformation steps proposed in Section 3. First, developers
can identify a CafeOBJ specification that needs to be transformed. The tool will show
modules of the identified specification at the upper-left panel shown in Figure 4
Developers can select numbers of modules to be transformed to Java template code. A
selected CafeOBJ specification module is visualized in the upper-right panel. The lower
panel shows all visible sorts that developers have to specify Java data types for them.
After that, the transformation steps will be automatically processed. Besides,
developers can specify a constant value or variables, and methods names in the

generated Java template code.

& Cafe2Java
Fil=  Help
= Ee
Filz Marme 1o cwes testmod
Madule Mame Madule Data
FT onorr 3 " | odr swrTCH { -
SUITCH pratecting {0N-0FF)
W COUNTER
¥ COUNTER-AMTH-SWATCH *[ Switch 1%
op init : -»> Switch
bop on_ : Switch -» Switch hop off_ : Switch -> Switch  ~
4 v
Sort Mame ‘ Mociule | Data Type ‘ User Defined ‘ commert ‘
value jon-oFF woiet | [ |

Figure 4 Cafe2Java Interface
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public class newSwitch{

public boolean Off = false;
public boolean On = true;
public boolean Switch;
public newSwitch()

public void on( )

/**@todo: Implement this on method*/
throw new java.lang.UnsupportedOperationException(""Method on( ) not yet implemented.");

}
public void off()
{

/**@todo: Implement this off method*/
throw new java.lang.UnsupportedOperationException(*Method off( ) not yet implemented.");

public boolean status( )

/**@todo: Implement this status method*/
throw new java.lang.UnsupportedOperationException("Method status( ) not yet implemented.");
}
}

Figure 5-SWITCH”. This specification consists of four modules: ON-OFF,
COUNTER, SWITCH, and COUNTER-WITH-MODULE. The transformation result from our

approach is shown in Figure 5.

6. Conclusion and future work

In this paper, we propose an approach to transform CafeOBJ specifications to
Java template code. The approach that we proposed includes 3 steps: graph
generation, graph reduction, and Java template code generation. In the Java template
code generation step, we define rules for the transformation. However, the
transformation rules have not supported other types of modules: parameterized modules
and view modules [3] in CafeOBJ specifications. To illustrate the proposed approach,
we have developed a tool that supports those transformation steps. Even though the
developed tool can automate the transformation steps but developers who use this tool
have to manually specified Java data type of each visible sort identified in CafeOBJ
specifications.

The Java template code generated by our approach is not completed Java code
due to lacking of implementation details or the axiom part specified in a CafeOBJ
specification but the developers can use it as a framework for further implementation. In

the future, we plan to extract the Java code developed from the Java template code to
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see if the developers follow the specification. Since the size of CafeOBJ specifications,
we used to test our tool, are not large and complex, so we plan to experience the

proposed approach and tool with the larger and more complex modules in the future.
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