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IWEEBZITSLN:

St udent

Sid = token

Dobase = map Sid to Student

newSt udent1: Sid * Student * Dbase -> Dbase
newSt udent 1(sid,s,db) == db ++ { sid |[-> s }
newSt udent2: Sid * Student * Dbase -> Dbase
newSt udent 2(sid,s,db) == db » { sid |[-> s }
newSt udent3: Sid * Student * Dbase -> Dbase
newSt udent 3(sid,s,db) == db nmunion { sid |[-> s }
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St udent

Sid = token

Dbase = map Sid to Student

newSt udent1: Sid * Student * Dbase -> Dbase
newSt udent 1(sid,s,db) == db ++ { sid |[-> s }

o HHANL—R(F—IN—=FMR) &, TVTITHT HFAL—2THY. hD
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newSt udent2: Sid * Student * Dbase -> Dbase
newSt udent 2(sid,s,db) == db » { sid |[-> s }
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newSt udent3: Sid * Student * Dbase -> Dbase
newSt udent 3(sid,s,db) == db nmunion { sid |[-> s }
pre sid not in set domdb
A SNTRWIEZH>TWDH., W RIHRICEEEA K SHTA5HV?

RDIZGEIEESTLHH
newSt udent3: Sid * Student * Dbase -> Dbase
newSt udent 3(sid,s,db) == db nmunion { sid |[-> s }
pre sid not inset {s1 ]| s1: Sid &

exists y in set rng db & db(sl) = y}
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e TEHFEINT=-FEEIN DERHDA R —2—(partial operators)D{FEH (T B ETE
TILEREBEDRIDIZ—TH5,

o RD2FEFHDERMFICEALTEHEMIZFIVITHIEMNHELZLY
- EAMONBRIEHZF-O>TLDIGE;
— B A RL—E2—hEHAINT=EE,

TEEE:

f: T2 * T2 * ...* Tn -> R
f(al, .,an) == ...

pre ...

fOBAMEHERDL T 2 FaT e o7 —IVEABERGT ZENHES:
pre f:T1 * T2 * ...* Tn -> Bool
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e HL.BE%eh, B : T1*.*Tn->R&.f (al. ...an) EWVWSETERT
5imE: RODIEETRITWENH D,
— A[REEDHBHETDal, .., an [T\ T XA RKILT B,
pre f(al, .., an)

1Ail:
Del ete: Tracker * Containerld * Phaseld -> Tracker
Del ete(tkr,cid, source) ==
nk_Tracker({cid} <-: tkr.containers,
Renove(tkr, cid, source). phases)
pre pre_Renove(tkr, cid, source)

M RODBEBDBEEF VI DI=-HDIRET:

forall tkr: Tracker, cid: Contail nerld, source: Phaseld &

pre Del ete(tkr,cid,source) =>
pre_Renove(tkr, cid, source)
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BRARL—E2DE=HDEEFVY
o BRARL—FA—NFEARAINL-UIZ. TOBEAMBEBATHLIZEERET
LG niEizniay, .
1ll:
| ntroduce: Tracker * Containerld * real * Material ->
Tracker
| nt roduce(trk, cid, quan, mat) ==
nmk_Tracker (trk.contai ners nuni on
{cid |-> nk_Contai ner (quan, mat) },
trk. phases)
munion® ]
i S

pre cid not in set domtrk.containers
erld, quan:real,

REBAE 754
forall trk:Tracker, cid:
mat . Materi al &
pre_I ntroduce ~Cl d, quan, mat) =>
conpati bl é(trk. contal ners,
{cid |-> nk_Contai ner (quan, nat) })

-

2000/5/20 Formal Specification of Software 14



EREREEERN Jo0oooo

o ERDARL—A—IL. FTDPermissionTODHID LS(Z. BEIFEHIZEHS T,
HAONIARL—2DFEFICHRMNGEFIVIZEHHEICK>TEA
PRI ERILT D EMNTFIEETH D,

Per m ssion: Tracker * Containerld * Phaseld -> bool

Per m ssi on(nk_Tracker (cont ai ners, phases), cid, dest)==
cid in set dom contal ners and

dest in set dom phases and

ca%d phases(dest).contents < phases(dest).capacity
an

containers(cid). material in set
phases(dest). expected materials

LA B(RFOEBOBEBEFIVIICHEZLD)
forall nk_Tracker(contai ners, phases): Tracker,
ci d: Containerld, dest:Phaseld &

(cid in set dom contai ners and

dest in set dom phases) =>
dest in set dom phases
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fl: XROETRIZBWVWTKFED TERSNARNZFERAE TR (T HY,
Move: Tracker*Cont al ner |l d*Phasel d*Phaseld -> Tracker
Move(trk,cid,ptoid, pfromd) ==

| et pha = nk_Phase(
trk. phases(ptoid).contents union {cid},
trk. phases(ptoid). expected materi al s,
trk. phases(ptoid).capacity) 1In

mk_Tracker (trk.contai ners,
Renove(trk, cid, pfromd). phases ++ {ptoid |-> pha})

pre Permssion(trk,cid, ptoid) and
pre _Renove(trk,cid, pfrom d)

forall trk:Tracker, cid: Containerld, ptoid:Phaseld &

pre Mwve(trk,cid, ptoid)=>
ptoid in set domtrk. phases
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¢ ROFIICERSNI-FRIXRHELOBHELHHLET S,
f:T1*...*Tn -> R

ORI ETOAAIHLT. BBOERADEEHRENELWWMATTHS
. satisfiable(B RSB oNT-IKRE) THHELV OIS, BRARIIZLNVDE,

forall pl:T1,..pn:Tn &f(pl,..,pn) : R

o FHIFHZREAT-EEEZEE DIFE
f: T1*...*Tn -> R
f(al,..., an) ==...
EHEUEBRT IR TOAAICHLT, BHOAKOBEHENELLZATT
HHEE., satisfiable GHRSELONT-IREE) THHELVDHINS,

forall pl:T1, .,pn:Tn &
pre f(pl,.,.pn) => f(pl,.,pn) : R
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51
| nt roduce: Tracker *Cont ai nerl d*real *Mat eri al - >Tr acker
| nt roduce(trk, cid, quan, mat) ==
mk_Tracker (trk.contai ners nuni on
{cid |-> nk_Contai ner (quan, mat) },
trk. phases)
pre cid not in set domtrk.containers

5 B M SEBA & 75 (satisfiability proof obligation) [&:
forall nk Tracker(contal ners, phases): Tracker,
cid: Containerld, quan: real, mat: Material &

pre I ntroduce(nk Tracker (contai ners, phases),
cid, quan, nat)
=> | ntroduce(trk, cid, quan, mat): Tracker
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P2 E D BARIZBE 9 B Satisfiability
B KA RODSSICREERTAVTERSN=ET S,

f(al: T1,..,an:Tn) r:R
pre ...
post ...

o ZOBEBIX.ZRIEHEH/-IETCOADIIHLT. BREHRE =T
ELWMATEEDERMNEFEET HEE. satisfiable GERIE SN T-IKAE
) THhdHELVDHNS,

o FEMIICIE,
forall pl:T1,.,pn:Tn &
pre f(pl, ..,pn) =>
exi sts x: R & post _f(al, .., an, x)
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151

union typej
Fi nd(trk: Tracker, ci d: Cont ai ner| d)
p: (Phasel d| <Not Al | ocat ed>)

pre cid in set domtrk.containers
post If exists pid in set domtrk. phases &
cid in set trk.phases(pid).contents
then p in set domtrk. phases and
cid in set trk.phases(p).contents
el se p = <Not Al | ocat ed>
A RIS L. RDBEY THS:
forall trk:Tracker, cid:Containerld &
pre_ Find(trk,cid) =>
exi sts p: (Phaseld | <Not Al |l ocated>) &
post Find(trk,cid,p)
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FEZE (Validation) D BMIIZET LA EEICEEDEREZRBLTLNSE
L\DSHEEZEHDHETHS,

LHLEGh s, B8, BEREE. TA X LTERAX LTEKTH. ETIL
It BEEBFEBRLLGVERST=IZSMNELY,

z_%)‘ AVNE—DDARA—TI—REBELTODETILOETZEKR
AVRA—DI1—REHEBTETATSLEETILEERKEUDITH=HDE

HIE) D OBEENFTET DRY . 12— —RAFREEDTAT ST
SR CERTHIENE RS,

Formal
model

( Interpreter

Interface
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e (CHTEMM)AMUFI—D—RBEREIXVDM-SLE(ZHI SN TV S i
EQNHS, NIEFAFEVI)IFED 2—ILEBINTINEFITOZEN
A[RETH D, TNlE. aAvN\SJILENF=CHA—F~AT7AMILEZTELTD
SHEHEE 525, HlZ 13

Sel ectFun: () ->
<I ntro>| <Per nk| <Move>| <Renw| <Del >| <St op>

CHlFA—FIZEoTELIFSNIZARZZERT B,
Get Move: () -> Containerld * Phaseld * Phaseld
O T} ETI—INEET D=0 DRYT 7T ERD,
Showkerr: seq of char -> bool
I5—HRTET B

ShowTlr acker: Tracker -> bool
B RTFLDA —/IN—E21—FTFvITT—RT 3B,
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e VDMLAJLTIE, byTLARILD“Main"BEEAY ., BIRB LU AHFTESKY
EBEOLARN)LOBEBOEREHLEITD:

Mai n: Tracker -> Tracker
Mai n(trk) ==
cases Sel ect Fun(?
<Intro> -> Evallntro

tro(trk),
<Pernm> -> Eval Pern(trk),
<Move> -> Eval Move(trk),
<Renp -> Bval Ren(trk),
<Del > -> Eval Del (trk
<Quit> ->trk
end

Eval Move: Tracker -> Tracker

Eval Move(trk) == _
| et rrk_(md,ptmd,pfromd = Getl\/bve() I N
| f pre _Move(trk, cid, 0|d, pfrom d)
then it ShowTracker( ve(tr k cid, ptoid, pfrom d)
t hen Mai n(trk)
el se trk _
ﬁl c? | f ShowErr (“Perm ssion for assignnent not
granted”)
t hen Mai n(trk)
el se trk
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T A= 0 BLTHEN=EEDLARNILIE, AVF3—T—R%& @
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o KYRMHILGTT AN RIRETH S:
— TANT—R%1ES,
- BEXWETILETTAM —RZFETT 5,
— HiF 9 OMBRELET D,
o TAMNT—RII. NFFLIZEFMICERT HENHEKSD,
. L@Lg‘;h%s BEEMRTIE. EXGHOTAN T —REEMTHEN
HED,

o 0S S LTRHWONSGTAN —AOFRETI=vHIE. EXWE
TIVIZEWTHERT5ZENHES,
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o ROTALERITIDE AMELSTERMNGEONT=:

Perm ssion(nk_Tracker({]|->},{|->}),nk token(1),
nk _token(2))

o RDTAMETITEIZEDT. Permission® EDERDMNETEINT=H(
“covered” )W\ HIBA9 5:

Perm ssion: Tracker * Containerld * Phaseld -> bool
Per m ssi on(nk_Tracker (cont ai ners, phases), cid, dest)

cid in set dom contal ners and
dest in set dom phases and

ca%d phases(dest).contents < phases(dest).capacity
an

containers(cid). material in set
phases(dest). expected materials

o TAMILOT,EITINGEM =B nZEEfAL. tDTRAMEEZ ST
[CCDEHREFBTBY—ILEFESEMNTFETH D,
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)AIZEA T ARYRBIRBGEWN EEFTRTITESEALY,

AEBAICES> T, —EIDAHT. ETOAIDISRIZH LT, ETILDIR
ST -REETHEAHES,

ETILORMZERAT -0, FHEZGEREF DO L574) mEG R
IRELTOXIELEITNIELGSEL, ETILIZEWT, RESNLSIVLEN
HHMEBRIRL., validation conjectures&rE XN 3,

AERBAI. BRI DD, ICKATIRIZIERICHIESNh TWLS: B EIRY
[C— ARG ERE T DIIBAZIEET S ENTETOHME/ESEIEF
A[RETH D,

LAl —EO+—<ILREERAMNMER SN S E. ENETFIVITHIEN
TEDY—IWZEEDHIEILTAIEETH D, sl AT AL THIZIE, FHEHGH
MOV ETHA AN, —EiASINNIL, ETIVLICETIHEEICENTE
\LMREEZ 525,
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YT DIELEIZABORECHASHIZ..." “THOHEEIZEST..."&ER)
[ZERADPYA REFHAOTVREAILTHDH, AF‘EEJtt,yb\EL,é@
F v HFELL,

X A DOBIREED, S EICEEESN-HEXDLE D, HmDEH
ATY7E BXMICEEIN-HR/RACE->TEHEEINS, (Fh
ZTNOHFRAE, AENERASN-HERETRITNIEESE0, ) B TIEL
SDFTYIMAIEE, SEBAT ADIIIEEIZHEETIIHSH . LOLIEED
BEWVMRIEEEKXRLGT7IVr—avDhTERASWA)AELNS,

BHREROSEICEEIELE X LALENLA S EDHERR
BT — GBS NERATESLSIC, EHILRIEICET55IEE
BH=10,
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Validation Conjecture

WAVES T —RIZEWNTH ZD Tz —XITHLTELWNWIAT DIV T
TOHEZTATLD,

orall trk: Tracker &
forall phase in set rng trk.phases &
forall cid in set phase.contents &
trk.containers(cid).material 1 n set
phase. expected materi al
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o Tracker2A4 T D= DAERKIL. #HBIEEIEIMaterialSafe& Consistent®
IEOHLEESATWNS, FLTING2DDRIEAY., Validation Conjecture
MRLYIL DI EF{REELTLNVS,

o TrackerFATMIELLSEONBEESICEIE. FOFRZERK., OLVTIE
Validation conjecture WMRIFESNSHEESIETH S,

Tracker :: containers : Containerlnfo

phases . Phasel nfo
I nv nk_Tr acker (contai ners, phases) ==

Consi st ent (cont ai ner s, phases) and
PhasesDi sti ngui shed( phases) and

Mat eri al Saf e( cont ai ner s, phases)

-

2000/5/20 Formal Specification of Software 31



Jooodtbbd

e MaterialSafeld, IEFEICRBNMAIDEIMEAZDOKX(TEHETATD
Tracker@ A T ET= T RELEIBRHRDARKIBAZEEBRTHDERLAS
UATERIESN TS,

MVat eri al Saf e(cont ai ners, phases) ==
forall ph in set rng phases &
forall cid in set ph.contents &
cid in set dom containers and
containers(cid).material in set ph.expected nateri al

forall trk: Tracker &
forall phase in set rng trk. phases &
forall cid in set phase.contents &
trk.containers(cid).material in set
phase. expected materi al
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e Consistentld, 7T—XADATFH, containersD I vE 2% TEEEN(
IN— ¥ )UIZIEBIELNTHAZEZRIAELTLND,
Consi st ent (cont al ners, phases) ==

forall ph in set rng phases &
ph. contents subset dom contai ners
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from trk:Tracker
1 from phase in set rng trk.phases, cid in set phase.contents

1.1 inv_Tracker(trk) Tracker-defn(h)

1.2 Consistent(trk.containers,trk.phases) and-E(Unfold(1.1))
1.3 phase.contents subset dom trk.containers forall-E(Unfold(1,2),1.h1)
1.4 MaterialSafe(trk.containers,trk.phases) and-E(Unfold(1.1)

1.5 cid in set dom trk.containers and
trk.containers(cid).material = phase.expected _material
forall-E(Unfold,1.4,1,h1,1.h2
infer trk.containers(cid).material = phase.expected material and-E(1.5
infer forall phase in set rng trk.phases &
forall cid in set phase.contents &
trk.containers(cid).material =
phase.expected_material forall-forall-1(1)
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Level of Confidence Required:

Costs:
B ZIXEEBRIFEEL LN . BRI DB H ., TAMEIAGY BEIE TES,
f=1=L. EEERWDaAR B DERIIENEDIZONTRYEH S,
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o ERETILAERIZIZIATUREREHRZRBRLTLDEVLSHEEZS
HBHIBIE,

NENEEH:

— BETFIVY FRIEHERFD. BRANL—ar o, S0 EH

- B, [EE B Dsatisfiability

FvoDIETE:
T A—3>
T Ak
sl BH
\
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