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A mutation analysis is one of the approaches for analyzing effectiveness of
test data. This technique is fault-based testing, by inserting faults into the software as if
to reproduce the faults which may occur in the specification. In addition, this approach
can insert faults into the formal specification to specify the test data properties.
However, since the specification provides many mutants, the mutation analysis takes
high computational time. In this work, we focus on reducing the mutants of the

specification without reducing the effectiveness of the test data.

This thesis proposes an improvement of mutation analysis for formal
specification, using multiple-fault mutation analysis with Z notation. We concentrate on
reducing the mutants of the specification, by assigning a mutant to cover more than one
mutant. We propose an algorithm for generating the multiple-fault mutant. Moreover,

the reduction of mutants is demonstrated with our theoretical and experimental results.
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[NAME, DATE)
BB

known: P NAME
birthday: NAME —+ DATE

known = dom birthday

— InitBE

BB

krnown = @

Add

ABB
name?: NAME

date?: DATE

name? & known

birthday' = birthday \J {(name? > date?)}
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2.1.2 mIinadavlaanidebidoAanana (Fault-based testing)
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2.2 smwiTafiiiendoe
2.2.1 917398 Mutation Operators for Object-Z Specification [8]
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ﬂ@ﬂﬁ’ﬂﬁ%ﬁﬂﬂﬁ?‘?ﬂﬁu (Traditional mutation operators) i5znaudag
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3) NN Rl e KRN (Variable Reference Replacement : VER)
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4) nnUAound i uiua1$i91uud (Renaming Arguments Number
Change : RAN)
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2.2.2 9998  Specification Slicing in Formal Methods of Software

Development. [9]
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2.23 9wI98 A Slicing approach for Parallel Component Adaptation. [10]
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D, «— &

I, «— &

1. O, < O U {c |IVoe o0, Ixe GB,dDepend(o,r)}
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3. 1L <=I_ §1Viel,3xe o, ,cDepend(x.i)}
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6. D, <= D, U {1} Vd€D,Jo < 0, requires(o,d)}
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Rs “«— Rs L {' | Vre R,ao = Da,ct:nstrains(u,r)}
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endfor;
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endfor;
end
HAGNENGDINT f0 qmmﬂ'ﬂﬁwuﬂi}mwuﬁﬁLﬁmmﬂﬂgﬂﬂmﬁaﬁﬂauﬁmLmuﬁuuu

WAIUTOHANAR
e i ar T - - @ o & W i =)
fﬂ'TJEtEI"N“]JEd“ﬂ'ﬂﬁ"l‘l'i‘l-hﬂ&l?blm%‘ﬂLL‘LI‘LI'ﬁH"IEnl“llﬂNWWHTEQHLLEW#L‘L?'I%W?EEH#‘H 3.5

- - ar e ) =)
ﬂ']ﬂiiﬂlﬂ‘" 3.5 3TN Checkin ?Nﬂ?ﬂmﬂﬂ i

016 I_Chackm

017 Alog

018 name?: Staff
019

020 name? € out

021 in'=in\J {name?‘}

022 out' = out \ {name?}
023 users’ = users
024

Fadrnuaiunud M, Tdunannisiasunauaasnussia 021 270 in' = in

L {name?} vilwein' =in-0) {name?} 9% bet

016 — Checkin
017 ALeg

018 name?. Staff
019

020 name? & out
021 in"=in M {narma ?} {t Operator Replacement

022 out’ = out \ {name?}

023 users’ = users

024 |




36

= " = =) =
darfrauaiiounud M. ldu1annindisunianaadfiussvia 022 290 out’ =

out \ {name?} \Du out' = out U {name?} 2zld

016
017
018
019
020
021
D22
023
024

—

Checkin

ALog

name?: Staff

name? € out
in'=in\J {name?}
out' = out \J {name?} I Operator Replacement

users’ = users

= i = = =
dadvualiunuiuuyretadadanwaia C ldurannsidfazunianaadn

e { .\ \ o o
UsIN@ 021 370 in" = in \J {pame?} vilit in' = in M {name?} wazid@sunirausadi

USIHI® 022 970 out’ = out | {name ?} Wil out' = out U {name?}

016
017
018
019
020
021
022
023
024

—

Checkin

.&ch

name?.: Staff

name? & out
in'"=in i {name ?} /I Operator Replacement
out' = out \J {name ?} il Operator Replacement

users’ = users

AN LA TarMUa T TN UARU LA A DT 0RAWA9 C (e nTafiawa e

&
PBIN My LAz M. ]

3.6 uniga

muim"&uﬁiﬁmuauuqmdnﬂﬁgmfl,mﬂfﬁ’aammumwmaﬂﬁaﬁuﬁu

P s - ' ' ad = 'y
LL“??IT'I-‘Nﬂﬂluﬂj'ﬁﬁﬂ‘ﬁjuﬁwﬂ'ﬂﬁjﬁuﬂHJ'TJLL‘FI“H‘F'I Iﬂﬂﬂ"l'ﬁﬁﬁ ﬂ'ﬂﬂﬁjﬁﬂﬂﬁdﬂkkﬂ%ﬂ%uu‘ﬁﬂjﬂ
e o w 3
daiewsa addalui



37

-y L = LR o = &
3.61 Hﬂﬂiﬁﬂﬂﬂtﬂﬂﬂ'iﬂﬁﬂﬂﬂ‘l‘lEi"lﬁﬂslﬂlslﬁﬂﬂ‘ﬂﬂﬂ'l‘ﬂ%ﬂM'JLL‘I"IH‘I"ILL‘]J'U'HEI'IEI

PYOHANAR IR

luntrsadatadnuaiunuinuuratpdadanata Llaanislatadanwana
wapTafianealiiutaivuaduaivniu TadawaranlaanlUasdeniudaszanii
iude wansznuvasiniawaiadiag Alsadrldludedriruaduadudniudosnsznude
uafWivasTafinrua duatun @I 'luﬁ"rﬁ’mﬂf-ammmnﬂﬁgmﬂ'jﬁ ganasnunisaing
Fatnuaiiaunuiiuuratsdaianaiasursnaiededinuaiisnnudiiiiaannisle
dofiawanantuiaszanii

= o = a = o ’
nauiuni 3.1 dnuali Seiludarivuasihie wae © (udariiue s dulaunuisuy

@ AW e it = @ @ ar e
ﬁﬁ?ﬂ?ﬂﬁﬁﬂﬂ?ﬂﬂ?ﬂﬂ???ﬂﬂﬂﬂﬂ?ﬁﬂﬂ??ﬁ?’?ﬁ?ﬂﬁ?Huﬂgﬂuﬂwﬁﬂiﬂuﬂrﬂﬂﬂﬁﬂ'}ﬂ

YaHG WA
Ly u. u, U,
STOM SOM, DM, = ... DOM, =C
=h [=F =p (=

- 0s_ am ol o G y
Iﬂﬂ u, fa WBHﬂWﬂ'}ﬂﬂQﬂfdi?ﬁ]ﬂﬂﬁfﬁuﬂﬂﬂ P, HRZHANFZNUADITEARWRTIN U, RIHA
’ a ar o | g L
ﬂ?ﬁﬂﬂﬁﬂﬂﬂﬂﬁfﬁ?ﬂj LFTY 4T

- - \ o o a |
wIndnsalnasay t a9 FuIsnRanaNLANEIIIBIRARANEAN | (O) B89
Farmuaduativilaldsuntsnasaununsdinamou t (S(t) ndainuaiiunuyiia

e w = = ) @ . o .
1@5Uﬂ1'ﬁﬂ'ﬂﬁﬁﬂ@ﬂﬂﬂ'ﬁm‘i’lﬂﬂﬂu t LAEINY {Mjl:t}:l Iﬂﬂﬂl'ﬂﬁﬁ‘i‘iuﬂ“ﬁthﬂﬂ‘ﬂﬂtﬂﬂﬁﬂﬂ

Ll
k|
SOM 1< <k
P,
wEtadTruaianuAluuRa g tatiawaiatia ldasunisnasaununs o

¥ et a aet St [] a:'
NAsaL t (C() 15624 IHARWENLANATIAIN S(t) NHARNTAIT j trinti

figow muydlvinsdinasmy t FWATHLENANWLANATNDDIHAAWE O 103 S(t) 910 M((t)
N . & [ & ool g o e = " § =] [
I Tasmsigaiuuutaudsauy@la Ct) lnaswinliuandvluan s nusdws O
= L3 k'l S s A = 7] J
wdssigadlilddnfadataudiu

il w F : & s o - w .
itasandadinuaiaunud M, drsantefiinuadualdy S Nnlausas p drenITLE

=] =l 3“3" - et [=3 L
Tadeawsa u uaztaiewsa u ddsgnldlitudadmuaiitunuisuunatstadiawane
C



38

= — i = " " = 5 4 = [

PnaundgIuntivuadn suy@ld o) Tiusdwinlivandivldain s Auadws O
s & ) fad aail = e B G a il
AITIIANTAUeN 1611 C azdasiimanaadi ldTunslataianmaniauaadiits (S,)
ol al [T al [ ' . i B g am
ns,# s lagfiuansznuvasiadawaiandias S, niznuda O 1Fudganularanea
Ay
alan s

o) A " " s A ] 1 e ¥ s
a3llddn s, uaz § azdvsagludrunasdarimuandiuansznusdadiulidiean O Minl4

e TR el & ™ - ; T i ' [T B
T‘T"ILL'ElﬁﬂUEIEIﬂﬂ?ﬂﬂu]ﬂ'\'ﬁmqﬁﬂlﬂﬁjﬂ“@N?LLﬂuﬁLLﬂUﬁﬂqﬂmﬂ N'ﬂwﬂﬂl‘ﬂﬂﬂﬂ"l?vl?']"l lﬁLﬁﬂﬂ

& i F-- T ' '
UYBHAWRATAW T AHAWRTAHNTITINLLE RET Ejr&.l

3.6.2 UszBnSuavasnstimadal

e a2 = - - e = r
1“w1qﬂubﬂuﬂﬁiwgmﬁﬁﬂﬂﬁ$ﬁ'ﬂ'ﬁ'f-vlﬂﬂﬂﬂ‘gﬂﬂﬁmﬂﬂﬁﬂﬂﬁiﬁﬁu&lﬂﬂﬂﬂn"lﬁ
o e e B =i = o = I
".!LﬂﬂﬁﬂﬂNQLﬂ"ﬁ'ﬂhUﬂ'ﬂ‘ﬁﬁﬁﬂmaﬂﬂwﬁ’lﬂ'jﬁﬁﬂﬁzﬁﬂﬁﬂﬂ‘ﬂimﬁﬁﬂﬂ

= : a g o = =
naujuni 3.2 gavavnsainasey T lag Hawrsaiiiadodinuaiisnuiluisngg
am oo e o o , Ae g -
iiﬂﬂéﬁ“!'ﬁﬂﬂ? @:Mﬁ?ﬂ'J..'H’?iﬂﬁ'm'ﬂﬂﬂ‘ﬂﬂﬂﬂ.&:ﬁ'ﬁﬂﬁﬂﬁ’iﬁﬂﬂﬂ?ﬁ'Fm?’ﬂéiji.iﬁﬂ’fﬂ

HaHaWwa s

figor fwuald
e . i:‘ a1 Y L) LT L")
® F={u,u, us =, u} ilugavastadansanldlinudaimuaduaiiyu s
[ [T e — = 5 = = = ol o ]
e C iutadrwnalirunuiinuuratgdaianaiala Aaunadraniannisla
o= o e . [
ﬁawﬂwaﬂﬂﬂm&ﬂu F wangdafdawaialdnu S
& ot al s

® T = {t, t, t, .., t} ureveinsdinasaunmurinairaduuansznuradnn

Y =

ﬂamﬂwmﬂﬂuﬂgﬂu F

. - =) Fra a e
EaIaRgIEn Ut 3.2 lalassayddn wasdimng ¢ lu T smesaunu C
ar G4 s | § G
udrdedine WEN O 1o S(t) WL O W8 C(t)

" aF o a i [ " = d & e
i1y € Filludaiawarandsnansznude O uazgnlaliiu C andasuyiinaslide
nng tluT ashanasauiy C uddsiinasWEN O vas S(t) L O ay C(t) uAs

F o , P " v g , &
PNNOBHUNN 3.1 ANA1IIT t AzdpansIad u lén O, ivinitu

oy i s i o o as TR
22 164 nne t, T T Timunsnasniuuansznuvesdoianaa u Sydandsnudanimuea
AT L'ﬂwgﬂﬂmﬂauﬁmm‘mmwﬁ'unmﬂﬁxﬂuﬂnaﬂ“i'aﬁmwmm"lﬁﬁgﬂ“ﬁ'aﬁﬂwmﬂlu F
]



39

e = & -
3.6.3 niInaasINeIal ﬂflﬂ%éﬂ"l’ﬂﬂﬂﬂ'ﬂ Elﬂ‘f_l.‘lﬂﬂ"l““ﬂ LT uﬂ“ﬂl

oo o ' e = a 'Y ' = s
nuiiviuitldisuaminanssiiodadssaninnnisaiadadinuaiinunus
uuunaadaianaalasiiannasasnuvdaimuasddauuudynsaliae

& - - s - - [
PUNIUNTITNARDILTUITNNTITULNU G IO NUUNTTI N T

& [ i = " o o i oA g = s

TUAAUNANT A0 TaT=hioiawsIadn Hdaiawsalafvidrldifiadaiivua
. o me g [ i it fl I -] & =l
frununnrnaenueaz lrursondanlaniserarauld deuuitwiudaAawaIad
m'ﬁaay_’anﬁwﬁﬂmwnadﬂﬁ'aﬁwum‘hLm%ﬂuﬁ'ﬁmﬁLﬂfﬁﬁi&qmﬁ'mt.umfﬁim

ningdrsdatanueiunuituunatetefiansalagardusanesiunas
gfetairrualaunuinuuratgddlianata wandSomrsuvdrwrudadinuaiiqunud
wuunanetatiewanadlanudrwndarimnaiitunud ludtnsuudy e dala i dud
n13AARyg (Percentage saved)

msduwrailafisudnaasspasdruandiiunud smasadiuasldann Lkl

i M—E—-cC
e fudnangd= ———— X 100
M—E
M @0 druruiiunudnlaTuainisn1s e s T uLEal
- = = TR [ e - "
E #o druruiiaunuinnndranunazi ldasnsawitiowlanisasareuld

C A9 47Ul UAT T AR UA LU LRAT LT D AAWA®

wesifudnissansuasdwanesdatimuainunuinendunisasietofiinue
faunuinuuraiode Aawsraasauiudrurntedianaranlalinuniawaaai sl
uansznudsiu windefianerantdlidudoirnnanldinansenudeduiidiuiuuin
nsaasdaslaf kAUl Ensa e ruaiitundeuurataTaAawa Rzl
wofidudgeiu



Unn 4

nmavMeaaad

luuﬂﬁlﬁ'ﬂﬂLauaﬂ15ﬂﬂaaaLﬁa'ﬁ'ﬂﬂﬁﬁ‘n%ﬂmeaqmﬁﬁwaﬁ'aﬁﬂmwﬂﬁ'ﬂ

& e P | . & s o & s
LUURATgTaHaWAT A lagadanwifannad tinauwridii wazlunisvasadiuwazls
Tadmuaglisuuudynsshaandudedrslunimanad

41 wandsarosdeiwwazlrauuudansolise

. 3 . = s i . s
luirdaliazusastayaioadudrwamdrisdniunisuazdruarudindslu
™ W - o = i - = i [ .
Taﬁﬂﬁuﬂgﬂuﬂﬁﬂﬂmﬂifﬂﬁﬂﬂﬂ@l-ﬁﬂ’l'ﬂ‘dﬂ 4.1 SIUITTURZIDUAVRITOATAUANINEIIZ
uaas L iluniamuan .

i 5 ar o
@139 4.1 deysuasdatinuazddunliluntsnanss

IHIN

FoimwazUnsuuuiynsalise CRER aauds | @auwds | @auds
POITEUL | guitnns | dnue WL dooan

A 8 6 3 3

B 11 6 2 .

G 6 2 3 3

D~ 5 4 1 3

E 5 2 2 3

o e W oa =
4.2 nanaasanalIal ﬂflsﬁ%ﬁﬂ"liﬂﬂ AIUDIUBNTHHANT uﬂ“ﬁ

ey AW i o ! i e [ &
PMNTUAUNTITNARIN Leaanuoyld maﬂnmaﬁmumgﬂummuamﬁmmmm
& " - s = - " &
V14 5 Wafi1Arad 1 gi 1970 afi v ua il I LN Ui LU ULA MLAS LUDARI DT HAWAIN  WSauv4
P - = 4 @ s =
frwrmmidafimudnisaans adtadiruaisuwnuwd azlduasniainisien 4.2

= o w =
@195199 4.2 tilafiEudn1saaadaddrurutaAvuaiiawnun

PIWIRTOATABANIUNWY

@ 8 s = e
FoimuwazUnsuuudgnsalise | wuuda | laddewly | wwuvwaty | wedifwd

WaITEUL @AFIdaU NoRANAIA | NITARRI

A 53 18 20 42.86




41

= S W e L
W79 4.2 L‘lJE]‘fL“HH@'m"lﬁﬂﬂﬂdﬂ]adﬁﬁﬁu‘luﬂlﬂﬁﬂﬂwﬁﬂﬂhmuﬂ {':HEI}

Swamdanmuwaiizunwn
Formuaginsuuudynsoiise | wouda | laddGewly | wwuvars | wefibud
2OITTUL @aseday | Tofanain | NIIRAAY

B 368 218 80 46.67

C 72 47 17 32.00

D 68 37 18 41.94

E 67 37 27 10.00
1afy 38.50

ANUANISNaaaIn Lasudiuaadlimuluansef 4.2 asdiulddn druau

- 3 = [ [
dadrnualununanad bauINnHINY 46.67% ‘Luﬁ’aﬁwwgﬂuwanwu B WAz
L & .
danguadlafiiudn1IAnadUadnd 5 Tafnualiiny 38.50%

ol e 'y ol = ad ad

WanaT o ST RaN Aaadna sl afi T AUAN LN U tean TR TaiIRue
. & ol N = P - | N
TN U LU YRR ST HAWRINLLL T2LAWAN Lﬂaimuﬁﬁmﬂwﬂuagnuﬂﬂlﬂ

. [ =iy e o o VI ) - =

dadawanalvnun1aneasnauesands ladHanI=nUNdINK aduuRInINIaLaEaInan
PRI T I AN SEnUDanwinwIvaan aziilitdasiiudnisaaastaditurune
Tadmuaiiunui@reitnisedrsdaiinuaianuivuunatatadawsaiidrgsaty’ly
778

-’j‘l = o [ =
wananitdaiadEdun depasatla s iudnsaanue st A ARA I LN U 1t

5

" - ar P —— e
A0 ANBUSUINITBUUTTBI BT IALA Tadaunw 2 J5zn1s

= e = [ = = =

dszn1sn 1 druudrudsnladgananssnuneni twszranidrwrudaandsh

v P ) § B A o Pr| i

13]Hﬂﬁﬂﬂ§$ﬂﬂﬂﬂﬂuﬁ1u?u“7ﬂ Q:HJHEIY‘ITElﬁ"l‘ﬁu'ﬂNﬁuﬂ%ﬁﬁuﬂﬂjwjﬁﬂt'ﬂuiﬂ
a4 o - = i g Ve 5 i s i & FE—

daiawatred il lunreuansn liavildiieuansnudadrludandsmardu dudo

i

= o s . & & a8 da
Tﬂﬁ"lﬁ“@ﬂ'ﬂ%ﬂuﬁqﬁ%ﬂ FUNTOLNUARTET AW U HILNUYILG EJ‘J'LﬁiJ’Tﬂ“iJHHHLm

o ' e a al \

Usznsn 2 duruniauaadluudazidsy esnniauaaslugiunie

g W Y o o o &' wd o
waada0d 0 lun I UUTTINENOANTINVEGTIUY  A4tuan AN Tl uuTse e
" Yoge g = =
drananaadiwInIInuazdInwluuaazd$e HetAadNa uazLB s e lunITUSTEAY
wo@nssuvasseuy Alildnausasdrurunin ssnalilantsiazladaiiansraliiu
. Y A 0 i d = " G o =
uwanznIausasrinldunduaui ldgnrssistaimuaiiawnuisuunatoTodananarie
aatafiTAua iU launaullds



42

a & = =
aunumurnaydlddn lunssdrsdadmuaiinunuisuunaadaionaia
= G =]
mansnaadrwIuiaiinuaiiounuild sinadanisiinuaquaniaveigananauna:
i e =y o o o o =
dunldlunszurunimasoulusunsaiopniwmuiiu TasndiasinwidszinTninyos
ganasauiidogiaald

AOUUINBUINT )
RN ININENAY



UNN 5

djluazdolawoumws

51 ajunani1iive

o -n e o i a:‘-' [

ﬁrgmﬁwmvmmmﬂmﬂ:ﬁmmwuﬂa FTUIUATILUNITNARA LGRS
™ - o ar & e P - -
PatIAUA NN UATIN I UIRNIN muumaﬁﬂmﬁﬂ51.|=1J§dfﬂna'ﬂrmwwamsumﬂ:ﬁ
= = = B -:?‘ JJ G = =3 = = o
JN T :mmawuu‘%‘a'lﬁLﬁuamewm*xﬂwﬂgaﬂ-::smﬁmwmﬂmﬂ:ﬁmmﬂm
Taun1saad uriudad i vnuadiunun Launisas1dTadi 1 Muai N Ui LuURAi Y

o= o s " = d e [ [
ParawatIamirdITatduaannuraodadrauediannun uazﬂaﬂm‘lﬁ’ﬁmﬁﬂmwwﬂga
P [ W F— = . @ = =

Tuaruidaiiae mm*xnmﬂs:aﬂmmJaaﬂgﬂﬂmaumagdimu"lﬁmuﬂnwguﬂﬂ 3.2

'lm“luiﬁ'ﬂ*ﬂﬁﬂﬁL&mauuaﬂwmmﬂnﬁﬁﬂﬁﬁaﬂﬂzlﬂﬁaﬂﬁ“mnwum
[ . ; il - Ef- e [ ¥ o [ f
AdafIRua iU Lmzﬂqwguﬂwmumwgammqmamnmq LW WE W ITEI TN
AsAAdIUINT AR W La N U LA La

IINMINARAINLAT NIRARITBIIM U e A nuaiiTunurlaslafuuas
" o a - i us = e gy e
darinualwsuuFynITlgany 5 damaunafalidesisuavianuy 59.94

ar o i " o= o e "
adpfsinadoniTaessyositurnpostadrruaiiaunuiialditn198$ 9
dadrruaiitwnuituuraigdadenaiaiaroni 2 dadb da

T =t i O = a4 o ™ o
1. drrutadanaranmaiInldldnuniangaandinlwd i duldldvesdanis
o e PR G o s al - T
aigapansznunanis muumm}‘aﬁ'ﬁﬁuﬂgﬂuwmLgﬂﬁﬂ‘lmmnmmxﬂumnu
udrwiuann mseasduaddiwrvtadtadivuaiiaunudiaziainiiaiiiun
8519 AIARA NI LN UL UURRI ST D HANEIA

2. Anumzvaviaimualiauuudynsolisa duda winlunisidoudaiinue

sUvbouFnI Al in Tl wu ST @ A ALEAE I W N LAz IEAZNG
'8 [ = Al P - i O
MAAGUTENO UG @G HUWNITHATINAAT Y NamlNatnuauazBualiny
™ = i md o " i - = a2 3 Bl
Todvua lanmanazldiodawsialdodrenainuaigfaziuintu fiual
wr i an el . = & & -

mmﬂamaﬁ'muﬂmuﬂuﬂmmeimmJaﬁwummmmumﬂu‘lﬂ"lﬁgwu



5.2 ilgviuazgldasia

AT TzRiunTuiinivtedinuagldosvudynsohira fo navls
dofienmaiionsziieduwldndudoiinua Tagldddniunsinmuilaionls uaz
lunslsdefienmalvifiudadmuaduaduuu azdaslivinlviialonsalvssiadnuasy
o lunwidoduillillsunsy ZEVES $r0lun13asas saulransaivastadiinuaglis
wuudynsalire Taeieusansavedldsunsudsndnadeiiagedednia dude wihi
nsineuvesedesiiediliaseuaguiansainildludedwuasddonuudynsalioe
viaesesiiaraanadandulunisitudhfunsolursedrsiiudanau viw if then else
ran dom (Tudu glFudesFanliinsediofiiidiulaglamursniaildios S
'l.um'mmﬂam}‘aﬁwuﬂgﬂﬁmwnﬁ'@nﬁﬂwﬂﬂElmﬂﬁi‘m;ﬁwmﬁamﬁaﬂNﬁﬁ’wﬁﬁmﬂﬁu
dlizdoadutarimuagUdtuvusynsasloadisaiwianing vinlddadldiaalunas
wlasmnilsutariwualugtduouidrsdlddudafimualuiounisanindg

= it . P S T - -
AN UGB UNITATUIHAN SN URLARTuA U Inds tadiumda
AT HHANTENUS=W IR wals dd ks arsadii lanuuaa luidmilaneaartululidswnsa
[ - -l s q o -t [ -l [
MINTOURY LiEdnUIAaLaaIndsIngaaudssiaan (H1AS29RUBAMATIRRIA
- = " o = =
rds) An15d1tdun19a286 281 UUNNTUINE 19 LT NIALEad 1! x 1! = n? Fi61499n
s i ol ol ae y s P
'[ﬂnmmmm'smuga i AN M Edagens Adnrualdesaarunarinnu (=) 1u
LAF04R AN ad1ARAAIN LA Nt dnedg w1 AN U e ndsnddIua ga BT AL W
' s 4 Ry ey V. P N
gopalinisudanisldsunsunsedalainetin fenulun1siaTmIRANIENUNLAAUUAL

s s - &4 a a a - el g @ Y - e
aaudsaza RN R e AR L BV KW v i il R e e R e B R (il L“uﬂ"f'ﬁ"]fﬂﬁ')ﬁ] HAZF EI-ﬂLﬂuE—ulWﬁ]"I'ﬁm"l

um:nwﬂmma:*ﬁ’aﬁﬂwmW'l‘ﬁ‘ﬁ’u.mmmmlwﬁ'ﬁnﬁﬂﬂumgﬂﬁﬂ dldazdaq
#iansmndn dadudiunisildluntausadlddiunisifoaduesls tu dadniiunis
winduadlfussunieulensdandsinanedame {ns}awawﬁﬁtﬂuiﬂ“lﬁ) waz @9 uilsf
wanwisdnissdudn Dudu MeiideWinisladofanmansevinldgndas

53 YsldnDUWE

ad ol [ = | &
nndywuszadassafinanuesasdianianldlunisanasaulansaluag
Taruagldbuuudynsolee @3duiudt aasinsdauniareroiiaauauin

el - | 5 " o
TE#I‘IJ*JLLﬂ"JiJlﬁEJﬂ‘:I‘m ﬂﬂﬁquuﬂxﬂx'ﬁjﬂ@]aﬂj'ﬂ.'ﬁﬂjﬂﬂljﬂﬂﬂ'ﬂﬂ

= & o e [T s s 3
MAZUANIINNNTILATIEHI BN TUAmWTuTe i nualibuuuFynIsioa Tag
. W ol - a ™ . s - . ST T
nmislataianaianenvaziintiuldadludadmuaydis Tavlddrdridunisiinmiunle



45

dora'lfud Feiidrdniunisinmiududnnawarsodruildadansdinasay
= & =} [
WUER21397 nsabnasaudwldu1 nwanedIw 9 (ldldiawizannisidisuen
= - a B ooa = o "
diiunts) dufe wzdasunainmrunisdszaialundrsg aeuuitnisimszninn e
mﬁi‘m‘rmﬁwuﬁgﬂﬁuuuuﬂﬂw‘ﬁ‘ﬁﬁﬂwmﬂﬁawmmlﬂum:ﬂi'uﬂgaﬁm:ﬂzﬁﬁqm-ﬁ‘u
ot =
vasansanaraulddag

AOUUINBUINT )
RN ININENAY



(1]

(3]

[4]

[5]

[6]

[7]

[8]

(9]

FI8N1TO 1989

J. M. Spivey. The Z Notation: A Reference Manual (Second Edition) {(n.p.) :
Prentice-Hall, 1982,

Fangjun Wu, Tong Yi. "Slicing Z specifications”, ACM SIGPLAN Motices, 39, 8
{August 2004).

W.E. Howden. “Weak mutation testing and completeness of test sets”, [EEE

Transactions On Software Engineering, 8 : 371-379, 1982.

R. A. Demillo and A. J. Offutt. “Constraint-Based Automatic Test Data
Generation”, [EEE Transaction on Software Engineering. (1991) : 900-910.

P. A. Stock. “Applying formal methods to software testing”, Doctoral Dissertation,

The University of Queensland, Department of Computer Science, 1993.

P. E. Black, V. Okun, and Y. Yesha. "Mutation of model checker specifications for
test generation and evaluation”, Mutation Testing for the New Century.
(2000) : 14-20.

P. E. Black, V. Okun, and ¥. ¥Yesha. "Mutation operators for specifications”,
Proceedings of 1 5" IEEE International Conference on Automated Software

Engineering. (2000) : 81-88.

Fangjun Wu, Tong Yi. “Mutation Operator for Object-Z Specification”,
Proceedings of the 10" IEEE Internatioanl Conference on Engineering of

Comples Computer systems (ICECCS'05). 2005.

T. Oda, K. Araki. “Specification slicing in  formal methods of software
development”, /n Proceedings of the 1 7" Annual International Computer
Software and Applications Conference, IEEE Computer Society FPress.
(1993) : 313-319.

[10] M. Brandon, A. Perry. "A slicing approach for parallel component adaptation”,

Technical Report ITTC-FY2003-TR-29120-01. 2002.



47

[11] Meisels, Saaltink. “The Z/EVES Reference Manual {for Version 1.5)", Developing

Secure and Dependable Systems Using Advanced Software Technology,
(September 1997).

[12] J. Chang, D.J. Richardson. “Static and Dynamic Specification Slicing”,
Proceedings of the Fourth Irvine Software Symposium. 1994,



AONUUINYUINNS )
ANRINITUNINE AL



49

AMARWIN 1.
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'11aﬁ“nﬂuﬁgﬂummusr:uumrmmﬂﬂiiwmhﬂﬁ Aodluanwidoii 5 Tafnue
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o e e " e ol
1. maﬁwumgﬂuﬂLmuerfymtﬁ:mwaﬂxuu A (3z2UL Pocket Book) [6] lauaadlinasdn

u

n.1

[Name, Address, FhoneNumber]
ANSWER ::= ok | error

_ AddressPad

Person: P Name
address; Name —* Address

errorAddress: Address

Person = dom address

errordddress & ran address

FPhonePad

PhoneOwner: P Name
phone: Name — PhoneNumber

erroriumber: PhoneMNumber

Fhone Owner = dom phone

errorNumber & ran phone

J - a2 3
U A darfiwueglibnuudynsolirevadszuy A




__Initialize

AddressPad’

answer!: ANSWER

Person' = @

answer! = ok

|—4ddToAddressPad
AAddressPad

who?: Name
whoseAddress?; Address

answer!: ANSWER

Ferson’ = Person \J {wha?}
acldress’

= if who? & Person then address \J {(wﬁo? — wﬁoseAddrass?}}
else address

answer! = if who? & Person then ok else error

|_AddToPﬁonePad
Z AddressPad
APhronePad

who?: Name
whosePhoneNumber?: PhoneMNumber

answer!: ANSWER

FhoneOwner' = if who? € Person then PhoneOwner \J {wﬁo?}

else PhoneOwner

50

=y ™ e [ & '
7un n.A wﬁwwwgﬂuﬂ WUURUNTIATATRI52UY A (9)
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phone'
= if who? € Person \ PhoneOwner
then phone \UJ {{wﬁ-::r? — md?ﬂsePﬁDneNumber?)}
else phone

answer! = if who? € Person | PhoneOwner then ok else error

ErasePerson

—
AAddressPad

APhonePac!
who?: Name

answer!: ANSWER

Ferson’ = if who? & Person then Person | {wﬁo?} else Person
FPhoneOwner' = if who? & PhoneOwner then Phone Owner \ {Who ?}

else PhoneOwner

answer! = if who? € Person then ok else error

|_Loc:k upAddress
“LAddressPac
who?: Name
whoseAddress!: Address

answer!. ANSWER

whosedAddress! = if who? € Person then address who? else errorAddress

answer! = if who? € Personthen ok else error

I_Lcrok upPhoneMumber.

= PhonePac

who?: Name

whosePhone!: PhoneNumber

= ™ ™ [ " '
JUN n deivueslussuusynsalmauadszul A (da)
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answer!: ANSWER

whoseFPhone! = if who? € PhoneOwner then phone who? else erroriNumber

answer! = if who? € PhoneOwner then ok else error

= a4 et e & '
JUN N TafiruaUun BUURTINTALTAUDITEUY A (60)

2. darwuesddbuuudynsalieauaisziy B (52U Elevator) [4] ‘1@11@:@41’3’@7&31]?‘4 n.2

MaxFloor == 10
Direction ;:= upl down
DoorState . — openl closed

_ Flevator

CurrentFloor: [,
Requests: P N1
UpCalls: P N,
DownCalls: P N,I
Dir: Direction

Door: DoorState

CurrentFloor < MaxFloor
max Requests = MaxFloor
max UpCalls < MaxFlcor
max DownCalls = MaxFloor

—InitElevator

Elevator

CurrentFloor = 1

Requests = 1]

= [T L o 7
7uUf n.2 darwuesldbuuudunsalirevasizuy B
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UpCalls = )
DownCalls = &
Dir = up

Door = open

__ FlevatorButtonEvent

AElevator
Floor?: N1

Floor? < MaxFioor

CurrentFloor' = CurreniFloor
Requests' = Reguests \JJ {F.foor.’?}
UpCalls' = UpCalls

DownCalls' = DownCalls

Dir' = Dir

Door' = Door

_ FloorButtonEvent

AElevator
Floor?: NT

CallDir?: Direction

Floor? = MaxFloor

CurrentFloor' = CurrentFloor

CallDir? = down — UpCalls' = UpCalis A DownCalls' = DownCalis \U
[Fioor?}

CallDir? = up = DownCalls' = DownCalls ~ UpCalis' = UpCalls \J
[Fioor?}

Requests' = Requests

= e e
Ju¥i n.2 dafmuazduy BUURYNSAlTaua452UY B (da)




Dir' = Dir
Door' = Door

_____BasicMoveUp

AElevator

Dir = up

Requests \J UpCalls & (%]

CurrentFloor = max (Raquests = UpCa.Hs:l

CurrentFloor' = min {x.‘ N1 | xe Requests \J UpCalis
X = Currenn"-‘!oor}

Requests' = Reguests | {CurrentF.faor'}

UpCalls' = UpCalls A {Currean.faor}

Dir' = up

Door' = Door

_ BasicMowveDown

AElevator

Dir = down

Requests \J DownCalls # &

CurrentFloor = -min (Requesrs ) Down Caﬁs)

CurrentFlaor' = max {x: M1 | ‘x& Requests \J DownCalls A
x < CurrentFloor}

Requests' = Reguests i{ Currenthoor}

UpCalls' = UpCalls

DownCalls' = DownCalls | {Currean!oor'}

Dir' = Dyr

Door' = Door

= ™ e [ c '
FUn n.2 dadwuaglu WULANTOlaauadTEUL B (va)
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l_Change UpToDown
AElevator

Dir = up

Requests \J UpCalls # & A CurrentFloor > max {Requasts v UpCaﬂs)
W Requests \J UpCalls = )

Requests \J DownCalis 7 €]

CurrentFloor' = max (Raquasrs S Dawncaﬂs)

Requests' = Reguests | {Curren!F!aor’}

UpCalls' = UpCalls

DownCalls' = DownCalls \ {CurrentFloor'}

Dir' = down

Door' = Door

ChangeDown TolUp

P
ﬂE levator

Dir = down

Requests'\J DownCalls # DA
CurrentFloor << min (F:‘equssts ) DownCaHs}
W Requests \J DownCalls # &
Requests \J UpCalls 7 ]

CurrentFloor' = min (F:‘equests U Upcaﬂs)
Requests' = Requests | {Curranthoor’}
UpCalls’ = UpCalis \ {CurrentF.foor}
DownCalls' = DownCalls

Dir' = up

Door' = Door

=] . s G 3 i
U n.2 dodmuaglibuuufynsalisaresszuy B (do)




I_ResrartMow'n glp

AElevator

Dir = up

UpCalls # &

CurrentFloor = max UpCalls
DownCalls \J Reguests = &
CurrentFloor' = min UpCalls
Requests' = Reguests

UpCalls' = UpCalls | { GurrentF.foor}
DownCalls' = Down Calls

Dir' = up

Door' = Doaor

I_ResrartMcvingDﬂwn
AElevator

Dir = down

DownCalls # &

CurrentFloor << min DownCalls

UpCalls \) Reguests = &

CurrentFloor' = max DownCalls
Requests' = Requests

UpCalls' = UpCalis

DownCalls' = DownCalls | {Currem‘Ffacr}
Dir' = down

Door' = Door
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I_No.'?equests OrCalls

= Elevator

Requests \J UpCalls \J DownCalls = %]

OpenDoor

C
AElevator

CurrentFloor' = CurrentFloor
Requests' = Requests
UpCalls' = UpCalls
DownCalls' = DownCalis

Dir' = Dir

Door' = open

CloseDoor.

—
AElevator

Requests \U DownCalls \J UpCalls # )
CurrentFloor' = CurrentFloor

Requests' = Reguests

UpCalls’ = UpCalls

DownCalls' = DownCalls

Dir' = Dir

Door' = elosead

) & s s a '
FUn n.2 dadwuaglu WULANTOlaauadTEUL B (va)
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[Client]

_ Account

users. P Client

balance: Z

_ InitAccount

Account’

users’' = @

balance’' = 0

__ OpenAecount

Account’
user?: Client

armount?: N

users' = ysers U user?

balance' = balance + amount?

Deposit

AAceount
user?: Client

amount?: .N

user £ users
balance' = bafance + amount?

users' = users

F‘ i = o
7UN n.3 dadvuaiddbuuusyninimavasizul C




l_lfwthdraw
AAccount

user?: Cfient

amount?: [

user £ users
balance' = bafance - amount?

users' = users

CloseAccount

——
AAccount

user?; Client

return!; N

userfrE users
users' = users \ {user?}
return! = balance

balance' = 0

Computelnterest

EAc:count
user?; Client
rate?: [N

interest!: N

user?E users

interest! = balance™ rate?

QueryBalance

—
L Account

U9 1.3 dedwuesdibuuusunIalmevasI=UL C (d0
au
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user?: Cfient

showedBalance!: [N

user’7e users

showedBalance! = balance

= G e o o :
3l n.3 AedvueIlnsnuuRYNIoEATaII=UL C (da)

" e ar " ) G =
4. dorfmuazddbuuudynisioauadszun D lausasliaizlh n.a

[Staff]
Msg ;= is_in| is_out

[ og
users, in, out; P starf

status : Staff — Msg

fnﬁcutzizj

in\J out = users

fnitLag.

Log

users = @

status =&

I_Checkfn

AL og

name?: Staff

name? € out

A L el
U n.4 dardwuesldbuuudynsslisavasszuy D




in" =in'\J {name?}
Hin' = #in + 1

out' = out \ {name?}
Hout' = #Hout - 1

sfatus{name?) = is_in

CheckQut

—
AL og

name?: Staff

name? € in

in"=in\ {name?}
#in' = #in -1

out' = out \U {name?}
#out' = #Hout + 1

sfatus{name?) = is_out

QueryinStatf.

Ech
name?: Staff

rep!: Msg

rep! =if. name? € inthen is_in else is_out

QuernyNumberOffinStarf.
ELog
amount! : [N

amount! = #in

A B B
U n.4 ﬁaﬁwwumgﬂummumgmﬂmwm‘:xu‘u D (¢2)




WholnStaff

=log

instaff! APstaff

inStaff! = status~{is_in)

= G e o o :
3Un n.4 AadvueIlneLULRYNIOLEATAITZUD D (da)

" e ar ¢ " o <
5. darauegldbuuudynsahauasizuy E ldwaaslisglh n.b

[MNAME SEAT]
REPORT ::= ok | ne
Max : N

Max = 50

Client

client : NAME —=> SEAT

Flight

seals . PSEAT

clients : [PCHent

H#seats = #Hclients
Hseats = Max

—___Reserveflight

AFlight
name?:NAME
seal?:SEAT

name?& dom clients

= G L o &
JUN .5 FafitnuajlussuurnIalTaTadTEUl E




Hseals'= #Hseals — 1
Hclients’ = #elients + 1
clients'= clients U {name?—*seat?}

seals = seats \ {seat?}

CancelFlight

AFlight
name?:NAME
sealf?:SEAT

name?E dom clients

Hseals'= #seals + 1

Helients’ = #elients - 1

clients’= clients | {name ?—seat?}

seals = seals U/ {seat?)

QuerySeathumber:

—
= Flight

name? . NAME

seathumber! SEAT

name?& dom clients

seathumber! = ran client{ name?)

CheckAvailableSeat

= Flight
amount! M

amount! = tiseats

J et St 3
Ju¥i n.5 dafwuazduy BUUR YNl Taua452UY E (W)




— CheckSeat
E Flight
seatNumber? N
rep! :REPORT

rep! =if seathNumber € ran clients then no else ok

AOUUINBUINT )
RN ININENAY
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AMARWIN .
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A0819NTINARDINONIDIWINYDIDONIRUA N2 I..I.'l"'l'l-i‘l"llr

Tusuiaz dunisuradni1snidnmiusastafnuaiinunudnuutafiawaie
W@ (uuudn) drurvvesteiiawaredldliiuniauraudrladmarsanidaulaun
asmeudsfianataiuld 4rurnvssdoiinuaiituniuuunaisdaianeia wazns
duwrnmulafidudnisaassasiadmuaiiaunuianndaiinuaglibuoudynsalina
VOITEUU A SN UADUAIT

el ) , I . .
PHADUN 1 FIAITHUARIRNANTENU NN wN U@L s
P a Y AT E
nndariinuazlddandsndmiands it
AWUIRO1US §8 Person address errorAddress PhoneOwner phone errorMumber
Aaulsindn Ao why? whoseAddress? whosePhoneNumber?
Aaulscaoon Ao answer! whoseAddress! whosePhone!

il " P S T ) [ =
La!aﬂ"l“'iﬁi’lﬂ'ﬂ'ﬁ’lﬁWﬂTﬁx'ﬂ1.|'ﬂ||ﬂﬁﬂuﬂﬂﬂ?khﬂﬁﬂﬁ'flﬁﬂﬁﬂﬂﬁﬁldﬂ .1

ﬁ A = H oa oa
@A1F79N 2.1 UEASHAATSNUTIN AT UNUAIWLS

o B T‘ﬁ ©
oy g % E = § E
T AR ERAE
& | 8 | s & & | 5 | 5 |5 | %
Person v v v v v v
address v v v
errorAddress v
PhoneOwner v v v v
Phone v v v
errorNumber v
who? v v v v v v v
whosebdddress? Vv
whosePhoneMumber? v




o a1 5 e s = o i
TwFEBWN 2 N %ﬂﬁﬂﬂqum? wUsaNaanaInm ﬂqﬁkkﬂﬂﬂﬁdﬁd

= o § y @ o ad e =
w199 n 0.1 N"Iﬂﬂ’l'ﬁmjluﬂrl'ﬁblauw!ﬂ%Nﬂ?%ﬂﬁqz‘lﬂﬂﬂﬂ“f'ﬂd'ﬂjﬁj\]ﬂ 1.2

F‘ 1 g -:J o ¥ y il =2 [
TN .2 HEAN 4T SRS §T ﬁ'ﬂnﬂ‘ﬂﬂlﬂﬂﬁé_ﬂdi%ﬂdﬂﬂﬂﬁiﬂﬂﬂﬂﬂu

& = - & o " ad [T '
PUADWN 3 A=A LAR DD HAWETAY m&l"l'ﬁﬂ‘ﬁ"mﬂuvbﬂﬂqﬁﬁﬁqQ]EEIUFL@'IQHTEI‘.LM

Tunsiassidsiawaiaa=dosnsunauitnmausadlai eursndianis

AATIZAN NN TS

ngaf 1 N 2 nawn 3 ngaf 4
Person Address whoseAddress! | who?
errorAddress phone whoseFhone!

PhoneOwner answer!
errorNumber

whoseAddress?
whosePhoneNumber?
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11974 AddToAddressPad

001 Person' = Person \J {who?}

ooz address' = if who? & Person then address \J {( who? —» wﬁoseAddress?}}

else address

003 answer! = if who? & Persenthen ok else &rror

L1914 AddToPhonePad

004 PhoneOwner' = if who? & Person then FPhone Owner \J {wﬁc?}

else PhoneOwner

005 phone'=s If who? € Person \ Phone Owner

then phone \J {(who? — whaseF‘honeNumber?}} else phone

006 answer! = if who? € Person | PhoneOwner then ok else error



L1974 ErasePerson

007 Person’ = if who? € Ferson then Person | {wﬁc?} else Person

008 PhoneOwner' = if who? € PhoneOwner then PhoneOwner | {wfm?}

else FhoneQOwner

009 answer! = if who? € Person then ok else error

L9 LookupAddress

67

010 whoseAddress! = if who? € Person then address who? else errorAddress

011 answer! = if who? € Person then ok else error

11974 LookupPhoneNumber

012 whoseFPhone! = if who? & Phone Owner then phone who? else errorNumber

013 answer! = if who? € PhoneOwner then ok else error

4 o =) | i
e dadawaanduldldnsssalnd ldlundaznausag

al ool o s ] i [ T el
Latd® ﬂuﬁ?ﬁ"lIjrﬂﬂn']ﬁluuﬁﬁxﬂﬁﬂuﬁﬂ\'] (LEal autdun1vinaasladaneIan

. -'3" ad s - s . o 1
aaasiiadile ) 2 lddrurnnaeta ATAUANALN whLLUTalawaIaLduI9 N LERznIa

LLEF R0 {TEHWW:HHMWHLETUTSTTW}

= ot e = = T 4
a13190 2.3 usasdadawaan duwldldimansaladluluwsaznianaag

usInad maugasfilddofianaia W%
faunwn
001 Person' = Pe."sc:r.r‘ F’l {M.#‘TG 5‘} p= . 5
Person’ = Person \ {who?}
Person'# Person\J {md’.lo?}
Person' C Person \J { who?}
Persan' € Person \J {wﬁa?}
002 address' = if who? & Person then address M {(wﬁﬂ? = 6

whoseAddress ?’)} else address

address’ = if who? & Person then address \ {{(who? —>

whoseAddress ?)} else address
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Y o = = i i
@139 2.3 usestafawarafiduwldldnmunsnladallluudsznausas (o)

o o
uITneamn

=i =
s« uﬂﬂﬂﬂiﬂﬁﬂﬂﬁ‘l‘lﬂqﬂ

VI

fSaunwn

address' = if who? & Person then address \J {(wﬁa? e
mgseAddress?)} else address
acdlcress’ £ if who? & Person then acdldress \J {(M‘m? —
wfmseﬂddreas?)} else addrass
address' C if who? & Person then acidress U {{wha? —3
whoseAddress?)} else address
address' C if who? & Person then address \J {(wﬁo? —
wﬁaseAddress?)} else address

003

e

answer! = it who? & Person then ok else error

answer! # if who? & Person then ok else error

004

005

PhoneOwner' = if who? & Person then PhoneOwner M)
{wha?}elsa Phohe Owner

PhoneOwner' = if who? €& Person then Phone Owner \
{who?lelse Phone Owner

PhoneOwner' = if who? & Person then PhoneOwner \J
{who?lelse PhoneOwner

PhoneOwner' ; if who? € Person then PhoneOwner \J
{who?}elae Phone Owner

PhoneOwner' & if who? € Person then PhoneOwner U
{who?}else PhoneOwner

PhoneCwner' © if who? £ Person then Phone Owner U

{th?}else Phone Owner

phone' = if who? € Person \ Phone Owner then phone M
{ (who? — wﬁosePﬁaneNumber?)} else phone

phone' = if who? € Person | PhoneOwner then phone \ {( who?

> whosePhoneNumber?)} else phone
phone' = if who? € Person \J PhoneOwner then phone \UJ

{(who? — whosePhonaNumber?)} else phone
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VI

fSaunwn

phone' = if who? € Person (1) PhoneOwner then phone \J
{(who? — mdmsePﬁoneNumber?)} else phone

phone' = if who? & Person \ PhoneOwner then phone U
{( who? —» wfmsthoneNumber?)} else phone

phone’ % if who? € Person |\ PhaneOwner then phone \J
{ (who? —> whasthaneNumber?)} else phone

phone' C if who? € Ferson \ PhoneOwner then phone \J
{ (who? +— mosaPhonﬂNumber?)} else phone

phone' € if whe? € Person \ Phone Owner then phone \J
{(who? — whosePhoneNumber?)} else phone

o006

answer! = if who? € Persaon SJ FPhone Owner then ok else error
answer! = if who? € Person ﬁ! PhoneOwner then ok else errcr
answer! = if wha? E Person \ PhoneOwner then ok else error

answer! F if who? € Person | Fhane Owner then ok else error

007

Person’ = if who? € Person then Person U {mm-::r?} else Person
Person' = if who? € Person then Person E {wﬁo?} else Person
Person’ =if who? E Person then Person | {m#m?} else Person

Person’ # if who? € Person then Person | {wﬁo?} else Person
Person’ C if who? € Person then Person | {who?} else Person

Persan’ € if who? £ Person then Persan | {wfm?} else Person

oos

PhoneOwner' = if who? & PhoneOwner then PhoneCOwner U
{wha?} else PhoneOwner

PhoneOwner' = if who? € PhoneQwner then PhoneOwner M
{ whﬂ?} else PhoneOwner

PhoneOwner' = if who? & PhoneCwner then PhoneOwner \
{whc?} else PhoneOwner

PhoneOwner' # if who? € PhoneOwner then Phone Qwner \

{who ?} else PhoneOwner
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VI

fSaunwn

PhoneOwner' C if who? € PhoneOwner then FPhone Owner \
{whc:?} else PhoneOwner
PhoneOwner' © if who? & PhoneOwner then PhoneOwner |

{whn ?} else FPhoneOwner

009

answer! = if who? & Person then ok else error

answer! # if wha? E Person then ok else error

010

whoseAddress! = if who? ? Person then address who? else
errorAddress
whoseAddress! # if who? € Person then address who? else

errorAddress

011

answer! = if who? @ Person then ok else error

answer! £ if who? € Person then ok else error

012

whoseFPhaone! = if who? E FhoneOwner then phone who? else
erroriumber
whosePhone! # if who? & PhoneOwner then phone who? else

errorfumber

013

answer! = if who? E PhoneOwner then ok else error

answer! ¥ if who? € PhoneOwner then ok else error
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frunut
001 Person' # Person \U {who?} 3

Person' < Person \J {who?]-
Person' & Person \J {wﬁo?}
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002

address' # if who? & Person then address \J {(who? —>
Mmsex-‘l.ddress?)} else address
address' C if who? & Person then address U {(who? +—>
whoseAddress?)} else address
address' C if who? & Person then address \J {(who? +—>

whoseAddress?)| else address

3

004

PhoneOwner' & if who? € Person then PhoneOwner U
{whc?}else PhoneCQwner
PhoneOwner' é if who? & Person then PhoneOwner U
{who?}alse Fhong Owner
PhoneOwner' gi’ if who? € Person then FhoneOwner U

{who ?}else Phone Owner

005

phone’ & if whe? & Person |\ Phone Owner then phone \J
{( who? —» mﬁasePﬁaneNumbar?)} else phone
phone' E\: if who? € Person \ PhoneOwner then phone \J
{(who? ¥ whosePhoneNumber?)} else phone
phone' & if who? € Person | PhoneOwner then phone U

{(wha? — whosePﬁonaNumbar?)} else phone

007

Person’ 5 if who? € Person then Person | {wﬁo‘?} else Person
Person’ C if who? € Person then Person | {wﬁo?} else Person

Person’ C if who? € Person then Person | {wﬁn?} else Person

oog

PhoneOwner' £ if who? € PhoneOwner then Fhone Owner \
{whc?} else PhoneOwner
PhoneOwner' C if who? € PhoneOwner then Fhone Owner |\
{ whc?} else PhoneOwner
PhoneOwner' € if who? € PhoneOwner then PhoneOwner \

{who ?} else PhoneOwner
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@auals

Person

n@undaa

Person' = Person O {wﬁo?}

Person' = Person \. {Wﬁﬁ?}
Person' = if who? € Person then Person U {who ?} else Person
Person' = if who? € Person then Person M {who ?} else Person

Ferson' = if who? & Person then Person \ {who?} else Person

errorAddress

PhoneOwner

PhoneOwner' = if wha? € Person then PhoneOwner [
{who?}else PhoneOwner

FhoneOwner' = if who? & Person then PhoneOwner .\
{who?}else PhoneOwner

PhoneOwner' = if who? & Person then PhoneOwner U
{who?}else PhoneOwner

PhoneOwner = if who? € PhoneOwner then FPhoneOwner U
{whn?} else PhoneOwner

PhoneOwner' = if who? € PhoneOwner then PhoneOwner (M
{who?} else PhoneOwner

PheneOwner' = if who? & PhoneOwner then PhoneOwner \

{who?} else PhoneOwner

errorNumber

whosebAddress?

whosePhoneMumber?




73

- ! e o
@139 2.6 usaungurasnauaasaNdulsiunguh 2

@l

NALEGAYD

address

adldress’ = if who? & Person then address M {(who? —
m#}oseAddress?}} else address

acldress’ = if who? & Person then address \ {{who? —>
whnseAddress?}} else address

address' = if whe? € Person then address \J {{ who? —

whoseAddress 7)} else address

phone

phone' = if who? € Person | PhoneOwner then phone M {(who? —
whasePhoneNumber?}} else phone

phone' = if who? & Person \ Fhone Owner then phone \ {(who? —
whosaPhonaNumbar?}} else phone

phone' =if who? € Person \J PhoneOwner then phone \J {(who? —
whosePhoneNumber?)} else phone

phone' = if who? € Person ‘fl'i PhoneOwner then phone \UJ {( who? —»
whosePhoneNumber?)} else phone

pheone' = if who? é Ferson \ PhoneOwner then phone U {l': who? —»

whassPhaneNumber?}} else phone

answer!

answer! = if who? _é Ferson then ok else error

answer! # if who? & Person then ok else error

answer! =if who? € Person \J PhoneOwner then ok else error
answer! = if who? € Person () PhoneOwnerthen ok else error
answer! = if who? & Person \ Phone Owner then ok else error
answer! # if who? € Person \ PhoneOwner then ok else error
answer! = if who? & Person then ok else error

answer! F if who? E Person then ok else error

answer! = if who? & Person then ok else error

answer! F if who? € Person then ok else error

answer! = if who? & PhoneOwner then ok else error

answer! & if who? € PhoneOwner then ok else error
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whoseAddress! | whoseAddress! = if who? & Person then address who? else
errorAddress
whoseAcddress! £ if who? € Person then acldress who? else

errorAddress

whosePhone! whosePhone! = if wha? % PhoneOwner then phone who? else
errorNumber

whosePhone! % if who? & PhoneOwner then phone who? else

errorfumber
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1 Person’ = Person M {W:‘w 7}
PhaoneOwner' = if who? E Persan then PhoneQwner (M)

{who?}eise Phone Owner

2 Peison’ = Person \ {who?}
PhoneOwner' = if who? € Person then Phone Owner \

{who?}eise Phone Owner

3 Person' = if who? € Person then Person U {wﬁo?} else
Person
PhoneOwner' = if who? & Person then Phone Qwner \J

{ who ?}else PhoneOwner




a17199 2.9 usaimausadnldtaiawatamn ldludodrua it unud wuuwans

dafianaaandaudslungui 1 (do)

75

daRmwaiiaunuwrinuy maudasfilddofianaia
WAILDOHANAIA

4 Person’ = if who? € Person then Person (M {wﬁa?} else
Person
PhoneOwner' = if who? £ PhoneOwner then PhoneOwner
U {who?} else PhoneOwner

5 Ferson’ = if who? E Person then Person | { mdm?} else
Ferson
PhoneOwner' = if who? E PhoneOwner then PhoneOwner
A {who?} else PhoneOwner

6 PhoneOwner' = if who? & PhoneOwner then Phone Owner

\ {wﬁo?} else PhoneOwner
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1 address’ = if who? & Person then address M {(who? —
whoseAddress?)} else address
phone! = if who? € Person \ Phone Owner then phone M
{(who? > m#wsePﬁaneNumber?)} else phone
answer! =if who? € Person then ok else error

2 adldress’ = if who? & Person then address \ {{ who? —

mmGseAddress?)} else address
phone' = if who? € Person \ Phone Owner then phone \,
{(whc:? — m#msePhoneNumber?)} else phone

answer! #F if who? & Person then ok else error
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3 address' = if who? € Person then address U {{(who? +—>
MmseAddress?)} else address
phone' = if who? € Person \U PhoneOwner then phone U
{(who? > whosePhoneNumber?)} else phone
answer! = if who? € Person \J PhoneOwner then ok else
error

4 phone’ = if who? € Person (1 PhoneOwner then phone U
{( who? —* wﬁﬂsePhoneNumbar?)} else phone
answer! = if who? € Person M PhoneOwner then ok else
error

5 phone" = if who? & Person \ PhoneOwner then phone U
{( wha? = wﬁnsePﬁoneNumber‘?)} else phone
answer! = if who? & Person \ Phone Owner then ok else
arrar

6 answer! # if who? € Person | PhoneOwner then ok else
error

7 answer! = if who? & Peréon then ok else error

8 answer! # if who? € Person then ok else error

9 answer! =if who? & Person then ok else error

10 answer! # if who? € Person then ok else error

11 answer! = if who? & PhoneOwner then ok else error

12 answer! F if who? € PhoneOwner then ok else error
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1 whoseAddress! = if who? & Person then address who?
else errorAddress
whosePhone! = if who? & PhoneOwner then phone who?
else errorMumber
2 whose Address! -;; if who? € Person then address who?

else errordddress
whoseFPhone! & if who? € FPhoneOwner then phone who?

else errorhumber
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