CSC227
Formal Specification
of Software(5)

John Fitzgerald
Centre for Software Reliability
University of New Castle

Translated by
Takahiko Ogino
Railway Technical Research Institute

Based upon the book
Modelling Systems: Practical Tools and

Techniques in Software Development

(ISBN 0 521 623480 Cambridge University Press 1998)
by John Fitzgerald and Peter Gorm Larsen (IFAD)




] [

« ZAFERIL. John Fitzgeraldt& X (Centre for Software Reliability.
University of New Castle) DF@&EFROHPZEIERL=2 D TH 5.

o HERICHT->TII. LGERCERGHRELI=-DHEYTH S, I-F=LIRTEA.
REDBMTHAZELZHEL ., HELHZITERRIGEERZF (=Y, 22
BIZHS>THYISATEHONIDTHA A EBOLNLE L, HEKS
FIHEZEDAR—RELE->TLVSA, Modelling Systemsh oD 5 AIZ&
O-tq:%%ii&)f:o

o EDELIGEREAIVOFTIVERANT =0, 7+ DBZEESESHS
ETHELEITRALTINS,

o Fr RALHKELRHOFAEHEICEI. BREBEENBDTIL—T)—T4
VT EBEVLECEERERBLEBHOEZRLET .

« [ROHPDEIELEHTETORARBRNEICEATHIEEX. #HFICH
YVEI,

¢ RIRLEOT. ARICATACHEAESHFELTLET,
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e twhk
— AREESFERT 2147

— [EDQOEZEDH &K MZ(enumeration), HTIL D,
A& (comprehension) - EBZxRLEGZHLHT ,
<=> #}fE(denotation) — BATRMIICESDERZTRI , (WF)

- EEDLDANL—H
o EHMRERXRMRERE

— BATEEZET D=1
o RATHERLF(a type constructor)
« BEZEEZTIHZE
o [EDANL—23>DFE
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¢« MEEFORT:EFTICHAZEEDMEHDE EHAFERTY
Do

o HEDIEICTIZFAZERTEETOHETARATLA,

e EEDOSZONT-FIZHEDIITIZINSABEEBINT ST —3R—X

-
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e HRtEYNATHERF: set of _

{1.5.7} : setof nat

RDOKDZA T (EAE 2

{1, -3, 12}

set of Int

{ {9, 13, 77}, {32, 8}, {}, {77} }

set of (set of natl)
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e BATset of XlEk.RFATXDLELON-ENLELIETHERESS

RITISRATHD, HIAIE:
set of natl FTRZESFLEOVEBRBOES
set of Student FHEDEEFDES
set of (seq of char) XFDL—HYUADES

set

-

of

BIZIE. BEIDOERS)
(set of int) EROEEZEDEE.HAIL
{ {3,56,2},{-2},{},{-33,5} }
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EREREgERERERE
(0) Z&£4: {}

(1) # A L IFf(Enumeration):

(2) HYILVD(BEHDHA): {integerl, ..., i nt eger 2}
BIAIX, {12, ..., 20} =
{12, 13, 14, 15, 16, 17, 18, 19, 20}
{12, ..., 12} =
{12}
{9, , 3} =
{ }
N
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HRERERNRNREEE

(3) WA (Comprehension)
{ expression | binding & predicate }

o MEZE-ITREZHDEIZHLT., ZDEFHL - (expression)®
HEENES,
— FEEDOINdINQ)ITEMTNWAETHDEHHSME_EDHFELIETD
EFxEZD
— ZOHR T, BRBEFB-TEOHEAEHLEDHIZEET S,
— BHEEEIZHET, K(expression)ZeE I 5, cNIZEKH>TEED
ENSFZENS,
. HZRIX,
{x**2 | x:nat & x<5 }

{0.1,4, 9 16)

-
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HRERERNRNREEE

Comprehension®l:
1. {x X inset {1,.,15} & x < 5}
2. {X X:nat & x < 5}

3.{y y inset {1,.,20} & exist x in set {1, .,3} &
X*2 =y}

4.{y | y:nat &y < 0}

5.{x+y | x,y in set {1, ..,4}}

6.{x+y | X,y:nat & x<3 and y<4}
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HRERERERERERE
ExEAMIZEEZTI L
{1,2,3,4}
{0,1,2,3, 4}
{2, 4,6}
{1}

{2,3,4,5,6, 7, 8}
{0,1,2,3,4,5}
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e VDM-SLTIZ., ©YMIFRTHEFNIEESEL, oT. A
(comprehension)ZE &9 5EE(2IE, BEDEIZL>THEBINSATHE
MENHHBEIXEERL TITGELEY,

«

{ x| x:nat & x > 10}

o« HEEDEZMAIEFYETEERETDEZE. EEGELSKYZAMTELTESE
FHEE TDIATEAREREZRAVTHIFTHERLY,
Bi gNat s = nat
Ilnv X == x > 10

-
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o EAICETEHZLDNDM-SLABDARL—E0H 5,

¢ BRIFARFUFDHOI(TEERT DV T A FaATeH TS, fl
ZIE EYMERA AL —2D15E

_ uniTon . set of A* set of A-> set of A
ARL—2D AT, IEZFEICANDAE +
THIE ARL—5H  ATEES x0T
FONBEEDINTA—  [FBRANZAT
BDIZFRETRT - = T5,

ZDUTFFaAThBuni onARL—ARIZELTRINE A DM ?

-
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HRERERNRNEERERE

union _ : set of A* set of A-> set of A

f&&(union) MADEEDIRTHDEZRZEDH-LD
{89, 33, 5} union {2, 9, 5} = {89, 33, 5, 2, 0}
ROKIETRFaT7hodTHEELLMN?

union({4, 7, 9}, {23, 6})

3 union {7, 1, 12}

{12, .., 15} union {x-y | X,y:nat & x<4 and y<10}
{} union {}

{<Red>, <Anber>} union {3}

{12} union {x**y | X,y:nat & x<4 and y>2}
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o ARL—RZEAMFERTLLOIC. HETE ARIUFDHELUVEA
TERLIETNIEGLEN FHERELTRENDEDF(TLMMAINE
AN TP

o CORBE/—FEIVTHFRANDHRTEZOND, T, HE=ILERE
BRNERITAOITKRBRIZENEZNDILENH D

.
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_union _ : set
_Inter _ . set
¥ . set
duni on . set

di nt er . set

card . set
_Inset : AF*
subset . set

HRERERNRNEERERE

of A* set
of A * set
of A * set
of (set of
of (set of
of A

set of A

of
of
of
A)
A)

> > P

1
vV V V

- >

->

of A* set of A ->

set of
set of
set of
set of
set of
nat
bool
bool

> > > > P

FEARL—EINT L IO RABKATHEASNDEES ., THIL., RS,

Bz 1L

card {12, 45, 12, 3} =4

2000/5/20
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HRERERNRNEERERE

Iinter . set of A* set of A-> set of A

K Z (intersection)

HMADEEICHBICEFNIERDES
{89, 33, 5} inter {2, 9, 5} = {5}

fﬁkslashj
¥ )

set of A* set of A -> set of A

= (difference)
1DBDEEN2DHDESICEFNIERZRULV=LD

(2DODEENEZNIDEHOERIZHALE(LLLY)
{89, 33, 5} ¥ {43, 5, 22} = {89, 33}

-
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o RLMIIGANL—ZE, ZD2EHFTENTA—ZDEARD YR
TENOAEREKDFHR I+ —LZEFO>TLVD,

duni on . set of (set of A) -> set of A
distributed union

BEEDETHEREZRYHLI-ED
duni on {{1,3,5},{12,4,3},{3,5,11}} = {1,3,4,5,11, 12}

di nter . set of (set of A -> set of A
distributed intersection

ETHOEREBICHBLTEFNDGER
dinter {{1,3,5},{12,4,3},{3,5,11}} = {3}
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HRERERNRNEERERE

card - set of A -> nat

ERICEFEFNSIER D (cardinality)
card {1, 5, 7, 5, 3}=4
card {} =0

_inset : A* set of A -> bool
DHOERNERIZHFERET D

5in set {1,3,5,7,9} = true

6 in set {1,3,5,7,9} = fal se

_ SuUbset . set of A* set of A -> bool
A (subset)( HIENREBDHNER)

{89, 33, 5} subset {5} = false

{5} subset {89, 33, 5} = true

-
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o ETILILTBUARTLIFE. EBEOHRIZ. FAFIAMMDOEEEDERYE
BREITSO0RVEHOHIEEEDN—ETHD,
o« BEIFXRAMDEILTAVITHSA BYOFDAEEITZ. I DDONEFR

RELTEHENT-EETRIND, EEDKESE, RRDxE L UVYE
BRELTRSINSD,

« BEEATHZEYIE. RAED/NNYIT—IThHY. RIZEEBEDEIZEA
ATCHERGNDG, BEXREWIE B IVYARIDRITEFHE >TULVS, XRY
DUEIFZFOETI—FT—DEZELLTREINS, REYIITRTERE
DHR(ZURFELFITNIXESLEL, F=. HEMBIZA—/\FVTEXH>T
FeAY A AW

-

2000/5/20 Formal Specification of Software 20



U0 Udoooooooo

(LB FIEEE (TR DT B IR T ILEBE0N,

1. BZoN=-BEERNDA TV D#ZEIRT;

2. BZ6NE=REYMNEZoN=EERNT,. WEKL-ODHEZRET D,

3. 526?%:?#%%75“52B#’LT:&EI:E#*LT::&EEE?’%‘E@Eﬂﬁé‘
B9 5;

4 MEDERENEZONT-GE. TOFDETORRYNIT N THEISE
bNT=CLZER T BEDRZEREHIT S

ETFILOBH:
o BENOMEYMDRELGRILIZVIDIL—ILEEDBHIE
o FDEHMNEYWORKR ME.BEDIHHICERZTES

-
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ybound

U0 Udoooooooo

o.ylength

A 2N

0.position®
o.xlength

xbound
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U0 Udoooooooo

Store :: contents :
xbound
ybound

bj ect :: position :
Xl engt h
yl engt h
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Store ::

U0 Udoooooooo

contents : set of (bject
xbound : nat
ybound : nat

I nv nk_Store(contents, xbound, ybound) ==

Poi nt

(bj ect

XEYIL. BEEDSHZFERNICHS — (1)
and
B -=-&WE. ELH>TEINTULEL — (2)

X © nat
y @ nat

position : Point
xl ength : nat
ylength : nat

2000/5/20
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U0 Udoooooooo

Store :: contents : set of (bject
Xxbound : nat
ybound : nat
Il nv nk_Store(contents, xbound, ybound) ==

(forall o in set contents &
| nBounds( o, xbound, ybound)) and —(1)
not exists 0l, 02 in set contents &

0l <> 02 and Overlap(ol,02) —(2)
(2) DREIDOHI - forall ol,02 in set contents &
not (01<>02) or not Overl ap(ol, 02)
- forall 01,02 in set contents &
o0l <> 02 => not Overl ap(ol, 02)

| nBounds: Object * nat * nat -> bool
| nBounds( o, xb, yb) ==
0. position.x + o.xlength <= xb and
0. position.y + o.ylength <= yb;

2000/5/20 Formal Specification of Software
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U0 Udoooooooo

Store :: contents : set of (bject
xbound : nat
ybound : nat
i nv nk_Store(contents, xbound, ybound) ==

forall o in set contents &
| nBounds( o, xbound, ybound) and
not exists 0l, 02 in set contents &
0l <> 02 and Overl ap(o01l, 02)

Overlap:
HERPERAIDEEEZZ, ENLICHBRIAHEHL
Overlap(ol,02) == Points(ol) inter Points(o2) <> { }

Points: (bject -> set of Point
Poi nt s(nk_(bj ect (pos, xl en,ylen)) ==
{nk Point(x,y)|x in set {pos.x ,..., pos.x + xlen},
y in set {pos.y ,..., pos.y + ylen}}

J
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1. BZbN-EEOXNRYDEZEIRT;
Nuntbj ects: Store -> nat

2. BAONE=REYNEZoN-BERNT. NFEA-HDUEZTRERT B,
Suggest Pos: nat * nat * Store -> Store
3. EZAoN-REYNEZON-MEICENMTI-CLZRET BEELHERE
I B
Pl ace: (nject * Store * Point -> Store
4 BZoN-MEDKSICHAINRMANT N TEISEONT-CEZRT
BEEHZZTEHIT D,

Renove: Store * set of Point -> Store
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U0 Udoooooooo

Nuntbj ects: Store -> nat
Nuntbj ects(store) == card store.contents

card EBICEENLIERDHZRIEH
card {1, 5, 7, 5, 3} =4

card {} =0
card {x*x | x in set {-5,...,3}} =6

2000/5/20 Formal Specification of Software
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U0 Udoooooooo

Suggest Pos: nat * nat * Store -> Store

Suggest Pos( x| engt h, yl ength,s) == ??7?

LSO THRITARRGMENTFET 2NELLNEND, BRMIHIL, I

ENRMBEREIZTNILESEZLMNZDDVTIRETIEAEL, +975AR

— A BAT=LWHESGFTHEHREREL TS

LEEDERAICKY. FEDMEZSZDDLENENDT, MEZR DT

BIHODTIITVALESZDBEFENZD=OH . EEROEHZKD

UITFERTHENTES,

EVMBEZHE. CCOLANIILDOHRIETIEIRBEIEDEIFEE IR THS,

BT ZZ5E AIEEDHANENLERTIVLENHLIMNELNG

LY,

EDISIZHEZEZ AT, ERICTOTSLEZERTAADBERIC

FE5. (BHENHS:loosenessd)

X2=4[Z1& . BEARBIIZIZ 2D DB H SN, loosenesstIZ &Y . ERRIIZ-

éﬁ\zb\’&?'ﬁibft\@b\o BcDEDZELY. EAORBLIAEELLE
[ZAHWLS,
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o EEZRIIKRAZFOTEL, BREH (postcondition) ZAANLVTHERLE
HTHEBMDETRICERINOIREZFHDT—IILKZEEERT D,

functionName (input vars & types) result & type
pre precondition
post postcondition

sgrt(x:real) r:real
pre X >= 0
post r*r = X

— EXOTr Z5tE T HMELIEEIR TN, /INTA—ExEH Ir ED
BE{&ZxEeah LTLVA,

. J
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U0 Udoooooooo

Suggest Pos: nat * nat * Store -> Store

Suggest Pos( x| engt h, yl ength,s) == ??7?

Suggest Pos( x| engt h: nat, yl engt h: nat, s: Store) p:[Point]
post -- FDHZAN(point) [CHRYNPIEMTEDS+HEZERHH S
-- HEBlE, EDZADEZET,
-- ZEETAIEN | FRT

| f exists poss: Point &
RoonmAt ( xl engt h, yl engt h, s, poss)
t hen RoomAt ( xl engt h, yl ength, s, p)

--RoomAt ZE LT HESLpMNHE IDpTHASELVSIEKRTH S,

- - (Post condi ti onZimE It 5HphS, Suggest PoshiRIELTES, )

-- 3 L. RoomAt SMAMDIETEEGDHZEMNMRIESN D DD,

- - post condi ti onl&RoomAt (x| engt h, yl engt h, s, p) 7217 THS
else p = nil
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U0 Udoooooooo

RoomAt: (nject * Store * Point -> bool
RoomAt (o0, s, p) ==

|l et new o = nk_Cbject(p,o.xlength,o.ylength) in
| nBounds( new o, s. xbound, s. ybound) and
not exists ol in set s.contents &
Overl ap(o0l, new 0)

| et pattern = defining-expression

I N
use-expression

CORBXIERDIOIZFEEESNS:

e defining-expressionZzzHiEL . /\2—2 (ZDZE L new_o) ITxfL
TEDRBREXMISSE D,

e use-expressionFD/NF—2DHDFAF (ZDIFEITEIZnew 0)
. FORTYTTH-ETEETHZ Tuse-expressionZ i 9 5,
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U0 Udoooooooo

3. A=A TPzIMREZION-HEBEICENIMI=-CEFiET BEEDE
BT H:

Pl ace: (nject * Store * Point -> Store
Pl ace(o, s, p) ==
| et new o = nk_Cbject(p,o.xlength,o.ylength) in
nk _Store (s.contents union {new o},
s. xbound,
S. ybound)
pre RoomAt (o. xl engt h, o. yl ength, s, p)

-
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c REEATEAON-NEDEEICHIA T VMERMYBRKIEZE
TILY BB

Renove: Store * set of Point -> Store
Renmove(nk St ore(contents, xbound, ybound) , sp) == ...

Renove(nk_Store(contents, xbound, ybound), sp) ==
|l et 0s =
{o]|]oin set contents & o.position in set sp} in
nk_Store(contents ¥ os, xbound, ybound)
pre sp subset {o.position | o in set contents}
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U UOUOUOUOOOOoooooooo
e IER-BEDEFYNOAIYALEZEZS:

Store :: contents : set of (bject
Xbound : nat
ybound : nat

nane . token
lnv nk_Store(contents, xbound, ybound, -) ==
(forall o in set contents &
| nBounds( o, xbound, ybound)) and
not exists 0l, 02 in set contents &
ol <> 02 and Overl ap(o01l, 02)

Site = set of Store
lnv site ==
forall storel, store 2 in set site &
storel. nane = store2.nane => storel = store2
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o F.YAMORNBBBREFOVLENDHS:
| nventory = set of inventoryltem
| nventoryltem :: store : token

Item : Qbject

¢« TNENDEEDERXOHNABEHHEDI=FUMNAIETHL:
Sitelnventory: Site -> Inventory
Sitelnventory(site) ==
duni on{Storel nventory(store) | store in set site}

Storelnventory: Store -> | nventory
Storel nventory(store) ==
{nk_Inventorylten(store.nane, 0) |
O in set store.contents}

2000/5/20 Formal Specification of Software
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HRERERN

tyMMERF:

- BEROEYNE. ROTFETHES:
« #Z k¥ (enumeration)
&8 &1 (subrange)
« A& (comprehension)

EETHOIANL—R. VTR FATTER; FEE(Union)EXRE

(intersection) M 2D LL_E M /85 A—A(Z5& i B §E7E 24 7 (dunion.
dinter)DELDELEL

EEDDH

— BEDHRRFHARTHILENENRL, ERML4HR(postcondition) %

EEEZLTEASLSIZT B,

- ETIVEBETDFRIVZETHEL, BiET 5012, MEBIOBHE

ReERATH L,
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o EMREIZIX, KEFOITCHELKIZIEELNHAIEEXRLGRBENH S,

e ZOETECTIH. REOPRTHREINTWV=ETILAINEEZET AH-OIZHRRES
nd.

o KREFODHENAKFHFETLRLEEDEMNMEETHLEVN EEXKNEEID
H<EBH10A RN TULVEIFT IR RSN,

o NERMZE2DDVFRICERT HCENDIRDH L NEFLEE

o BURYVIDEDLYDKEGEAR—REZEZL. ETILOHRDOEYBEIEEL, 1DOD
DSADREPHIMADISADIERPDENY DR ELAR—R[ZENMNTG
LEKIIZT B,

1. 2DDEEZESEATWAIERISIEEEZE XL <Expl S(KEBEH)H LV
<Fuse>({E&),

2. TNDIHRERYDISTAFEIRTRT BT —ILEEHFEDELSIZEvj ect ZBEET
x

2000/5/20 Formal Specification of Software 38




HRERERN

3. ROBHZTEERT 4!
Saf eSpace: nject * (oject -> set of Point

Saf eSpace(o,s) == 7?7?77

H4lL.o0.position. x - 10H 0. position.x + 10F£TE,
0.position.y - 10M50.position.y + 10DRAUbDEYRELT
FITOTVPODEDHLYDEREBGAR—RETEET Do

o CZZT.LetRIFZALT,:

| et xrange = {o.position.x - 10,...,0.position.x + 10}
yrange = {o.position.y - 10,...,0.position.y + 10}
I N

{nk Point(x,y) | x in set xrange, y in set yrange}

2000/5/20 Formal Specification of Software
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HRERERN

o ATTxHroA.,. EEDENDIOLI=VrURNIZHIEE. BEAFKET S,

« HZIX. 0 Ak _Point(5,3) T HE TDEZTRELAR—X(ZII, BDE
ZHFDOELDHHN. EEXIERBMTHHEEELTET-,

o ETIEMEFIZIZIZZTEIRFIH S,

o 1DOT7ITO—FIIEHEHATH-OICEIZEISTHint ETHHETHS,

o CZITIE.REBAR—RZIYYES IBHEEETHHDT7TO—F 1T,

Bottom nat -> nat
Bottonm(n) ==
If n < 10 then 0 else n -10
FOBEBERAWT HODOEENEG LGS KLO%Saf eSpacezr EEH &

4. BA#Over| apDEHRZZEEL. 01020 FDRAVINERIZDISAEHSTH
). BD.0lMSaf eSpaceh’, 02D HFDRAUEA—IN—F VT T HIHEEEL
AP N | by c 5 N
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3.

4.

L] [

C ass = <kExpl > | <Fuse>
(bject :: class : O ass
position : Point
xl ength : nat
ylength : nat
Saf eSpace: Object -> set of Point
Saf eSpace(o0) ==
{nk_Point(x,y)]|
X in set {Botton{o.position.x),...,o0.position.x+10},
y in set {Botton(o.position.y),...,o0.position.y+10}}
Overl ap: nject * (Object -> bool
Overl ap(ol, 02) ==
Points(ol) inter Points(o02) <> {} or
(ol.class <> 02.class and
Saf eSpace(ol) inter Points(o02) <> {});
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