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SEf . iG-S ECHLAS AL YE
ZE—ALf], R —NoEEES AR, B
o HFF— OB HIESEE allocated, ERAET HREH T4
o BEFAETER, EEISB—NIANET allocated 1 HIREL
o N TFFEFRFE S (FIREFRARSE) MEMESHEES DI

M2 RSB 401 18] H.«
MACHINE
Allocate

VARIABLES allocated
INVARIANT allocated C Ny
INITIALISATION callocated := &

JUAN AR R UL )T
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HIG S0 Eeples: e

OPERATIONS
choose(num) =
PRE num € Ny A num & allocated
THEN allocated := allocated U {num}
END;

num «— allocate =
ANY nm WHERE nm € Ny — allocated
THEN num := nm || allocated := allocated U {nm}
END;

ans «— query(num) =
PRE num € N;
THEN ans := bool(num € allocated)
END
END

JUA AR (5 SCHRAR ] B
SCBR I AER s M HIRAERRAE allocate, P SRBIERZIEMEM
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NHEHAE BRI EER, BRI SHF EA
NEAEALE RPIRE 2 ] S RS e e —F, ERAFLRERERNE X

REFINEMENT
Allocate_R
REFINES
Allocate
VARIABLES
allocated
INITIALISATION
allocated 1= &
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HiG 5o s Bk
BAE choose A1 query W X5 R 28588 —FF

OPERATIONS
choose(num) = allocated := allocated U {num};

num <«— allocate =
BEGIN
num := min(Ny; — allocated);
allocated := allocated U {num}
END;

ans «— query(num) =
ans := bool(num € allocated)
END

BAE allocate FFTE X . BAEM T —PMIFR &M, HAH MG
ROBKIBRNTHE, BZMBBERES alocated
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2. MIBR4ET ' HES read RO PEE, HAMGENTE
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B BEiC R A HELE DL A%

R P EC R R G RN
MACHINE Books(BOOK)
VARIABLES read
INVARIANT read C BOOK
INITIALISATION read := @
OPERATIONS
bk «—— newbook =
PRE read 7# BOOK
THEN
ANY bkl WHERE bkl € BOOK — read
THEN bk := bkl || read := read U {bk1}
END
END
END

BT e, XML ARGz, HEE PR
FEAC AP I 3222 ARl 2 10 BV LA AE B e 1
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FHFEH-NEREARSRERE REHENLZEHIERILR
o IIARMEEGRIR, HEILREAFRARRERIEI, TikHERAE e T

o fRRIEER —MINERHAFFEMAERS, H— MR F 5 455
IFRAE FIX A5 5

o FMHMH— iseq FF¥ scheme it sxIX L5 5E
HE: R scheme 2—MREGFH], WHFIERNNEEAER, XHE
7 AR B 30 A RAE 751 B I — Rk
ZBIEFATX, NMixe
ran(scheme) = BOOK — read

WL, R R B F R I LRI B PR A& fE, T RMRIE
FARKFE R PR F BRI B —
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B BEC SMIERE L A% . Rk

FEHERERZSE (Atelier B HJE K, B Book ¥tiibH)

REFINEMENT

Books_R(BOOK)
REFINES

Books
VARIABLES scheme
INVARIANT scheme € iseq(BOOK) A ran(scheme) = BOOK — read
INITIALISATION scheme : € perm(BOOK)
OPERATIONS

bk «—— newbook =

BEGIN bk := first(scheme) || scheme := tail(scheme) END

END

WILEHT read N7, scheme BEFIA TFE., MERZHHE, XEPH%
EANIHE scheme BHEH )T — AR A H

perm(s) 38| s WHSIKISE S, £ NI s MR TCRBIL AR —
R, FPyI&E scheme Bl BOOK WITCEM—MHFIERE
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), EHAIGEI BOOK B HERNEANHIIFS, BAZMAHS
BT TEZXNE] read A2 E HER:

read := &
HMEant, X2 &E&m, BT scheme BRI BOOK HIWR
ANEFY, EEAZRK
ran(scheme) = BOOK — read
AL WU, TS B AR MR 1S RIS AR RS
EHERRET LA BRI ZORE read = @

MK E E B A AT B RIS B E BRSO BAR, B T [F]
FRMERE, WTRAFESMARKRREX

scheme WHERARE T, B RPIRSRACE R EER: SREHMAS, F5)
(RGHPRE) W33, HELHE T . newbook ALK T H
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RTINS LA B, AR E M IER AR newbook MK, X
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MAERGALE BBl B, ACERARA R v 1 ook A R SRRt sh 1
WRE U, AR a2 (RN BRI TR, BREE LM,
FOCHIE AR — RIEFER SR

BRI, ZPNERSEILT AR 2 S 2R ARK), B ARLER
AL H 226 8 B I TR — S FE T AR AL IR B AE TAE AR
GRS read = @ —— scheme = [z, ...]

newbookg l l newbook,

read = {x} —— scheme = [...]

CXERREMEANGITF, RENIZIERIRMOE RGBT 2| R SR YIAH B
TEE, REMARRRHRE. AR RMEmE XA
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B el R AR LA
BRI TT LI — B AL, 58

o MAAMEFI, ML B RICHEAE 2 Be B Sl i FAAR A5
o HUT —APHABEHF R EHEGHE R EF R A TR ERE

HTIXEAR, 5 IR LSS B S H  n h -

REFINEMENT Books_R_R(BOOK)
REFINES Books_R
VARIABLES counter, bookarr
INVARIANT
counter € 0..card(BOOK) A
bookarr € 1..card(BOOK) »» BOOK A
(0..counter < bookarr)~scheme = bookarr
INITIALISATION
counter := 0 ||

bookarr : € 1..card(BOOK) »» BOOK
bookarr &/ Hs I 2R E, VISHAL IR AR TR
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B BEC SMIERE L A% . Rk

newbook HAEIEH ] H.:

OPERATIONS
bk —— newbook =
BEGIN
counter := counter + 1;
bk := bookarr(counter)
END
END
FEIX B RIEEAR

(0..counter < bookarr)~scheme = bookarr

‘BULH scheme BT ZHWAET counter NITER FIEATE BT
VIWEHE: counter W E N 0 BV EIX—ZEZEALI,

scheme = bookarr

newbook BAEH S HERFXANMAAE
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EHIA PR CETE. EXMET

o MEE—MREILE, HILMELRZIFH scheme AP, IIX—FFIHAT
first BY, tail BEA & H A

o X _ANKEW, XIF counter RTHAM B K TR card(BOOK), FE
bookarr (counter) JorE X, FVEPFTRELN scheme TCIEHATHERAE—3

RIS RS, e BEEEse)E, MARERIAH newbook, B
W, PRIE T P AR 2SR H XA 3R

Rk, LEPAS RS L ARAN L5 BRI — B 4 AN L A 1% 0
WU, BAERREA BB R —RIEYR, AFEERE
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Lhl: WEGRENRL

ISR MEFE ARG, Hpidx S, B, Mkl s s 5
EX b S (HakR

o FKHAE: BRI (s Bl i)
o JLEHAE: WHCEFMIEIBHF

eI T (BELZMWT, H sset MARIRKH] slist) -

MACHINE StBox

SETS STORY

CONSTANTS max_score
PROPERTIES maz_score € Ny
VARIABLES score, sset

INVARIANT score € N A score < max_score A sset : P(STORY)
INITIALISATION score := 0 || sset := {}
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OPERATIONS
gives(sc) =
PRE sc € Ny THEN score := min({score + sc, max_score}) END;
penalty =
SELECT score > 0 THEN score := score — 1
WHEN sset 7 {} THEN
ANY st WHERE st € sset
THEN sset := sset — {st} END
ELSE skip END;
select(st) =
PRE score > 0 A st € STORY
THEN
CHOICE score := score — 1 || sset := sset U {st}
OR sset := sset U {st} END
END;
st «—— tell =
IF sset # {} THEN
ANY stl WHERE stl € sset
THEN st := stl || sset := sset — {st1} END
END

END
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WHEEREKEL

B BRI BRAT select BRARBIENE (ARBEMIN D BAINY) » TEK
TS . N EE BRI E

o KM, —ANEBAT e —IKIERAT 4
o HI'H&E free XK
o HIZE isfree THEl, JEHIMERIX free W BEAERIN—IX, & WFHI45

REFINEMENT SBox_R
REFINES SBox
CONSTANTS free
PROPERTIES free € Ny
VARIABLES scoreR, slist, isfree
INVARIANT
scoreR € N A scoreR = score N\
slist € iseq(STORY) A ran(slist) = sset N
isfree € 0..free
INITIALISATION scoreR := 0 || slist :=[] || isfree := 0
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WHEEREKEL

OPERATIONS
gives(sc) =
BEGIN scoreR := min({scoreR + sc, max_score}) END;
st «—— tell =
BEGIN st := first(slist) || slist := tail(slist) END;
penalty =
IF slist # [ ] THEN slist := tail(slist)
ELSIF scoreR > 0 THEN scoreR := scoreR — 1 END;
select(st) =
BEGIN
IF st & ran(slist) THEN slist := slist «— st END ;
IF isfree = free THEN
CHOICE isfree := 0
OR isfree := 0 || scoreR := scoreR — 1 END
ELSE isfree := isfree + 1; scoreR := scoreR — 1 END
END
END
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WHEEREKEL

XAgeplasic s — bt A
o W& free FMEKAHIE, XL DUINDJGE AT HEHIL— IR %o i &1
KERAHE. X MERFEAHEERIRGTT ARG

o LTI HUELE] free I, XHE “AJRE" . AT LAT R SERG E PERT R
ERE e, Hlan, B&EEBA IF 85145 B
IF isfree = free
THEN isfree := 0
ELSE isfree := isfree + 15 scoreR := scoreR — 1 END

XEE, EEE free GRDRE — IR GRS
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#h% Ml Color
T —NME R B S AL T R AE N SER], THe R L IR 5%
X B LIEH a5

MACHINE Colors
SETS COLOR = {red, green, blue}
VARIABLES colors
INVARIANT colors € COLOR
INITIALISATION colors : € P(COLOR — {blue})
OPERATIONS
add(cl) = PRE cl € COLOR THEN colors := colors U {cl} END;

cc «—— query = PRE colors # & THEN cc : € colors END;

change =
LET clss BE clss = P(COLOR) — {colors}
IN colors : € clss END
END
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%Ml Color
HZHHPRESZR colors ZPEAES COLOR T4
HZHRE colors FIUEALA {red, green}
BAE add HHEEERE colors "IN — B
e query [EREUH colors BI—AHith

R change BAERE X B, LET WREHLAR
clss = P(COLOR) — {colors}
i clss il COLOR B (B colors Z M) P FHERISES, Ht change
BAEMART colors HIMH (& T —PMEELS)
WA ENL, ATUAEWTEZ AR TR RS R i
o ZEH N HIAZENRXENBEES

o TEANEAR = B IR IR RIS LA FIBELE colors B —NITER,
H query BUTRMN AT L HEBUX AN ERE
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% Bl Color FIf54L

R B ASLR EERIK, BLREDRIE change 31ERT add #1FE 2 JA#E
REIEMIAERFIX MO AR B ME. Wt i, RIEEXERFE, B8 query

WHHME ZEORRNE) —ERRES colors HITTHR

TR ARYE B AR AR AL -

REFINEMENT Colors_R
REFINES Colors
VARIABLES color
INVARIANT color € COLOR A color € colors
INITIALISATION color :€ COLOR — {blue}
OPERATIONS

add(cl) = BEGIN color : € {color,cl} END;

cc «—— query = cc := color;

change = LET c¢s BE ¢s = COLOR — {color}
IN color : € cs END
END
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%Ml Color KKk
SEEHL M — T B MESCIR S R
o EE#E add

add(cl) = BEGIN color :€ {color,cl} END

WRZEEAE add IR E color FMEE TIRHZENIES colors, ZidJFEK
K add BAEGEEIMARITCERICE color FJET colors, FEAEBH)EH

IRABEARIUE AR color : colors AL
o HE#HAE change

change = LET c¢s BE ¢s = COLOR — {color}

IN color :E ¢s END

WREAE change A color BT IRMENPIES colors, 4 cs FhE—
N5 colors AREWEEE, color #iie—"N5 colors ANEIFIEEHITTE

FEACHLES IR AR ] B, ELULE R B REd 2 K
N TR ZE X E TR AR IR s R 2
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gt T PR R LA T

—RME, MEPLSARHLAERKAE T A T ATReda JEm et k]

RESCFZMARKISAT, %2 DARKPIRES

ZLRIE R 2 M KRG, BESR T MR ATRESITE S T K2E 3T L
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J) XNT T REN RIS (BB RFRITERED
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o XITXA “Wlay" ME, SEMREMAERHELE I (RE5REHH M #Ha
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APV PRE s, MEEAZRN J(s, ") BOL
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Ve RS AL
ZERTH M ZNES Colors FIREHLHLES ColorsR, HEEAEZR J &

color € colors
(RHRTEH SR AR BT WX —E SR SRR X s

EHE BRIV S =
T = colors:€ P(COLOR — {blue})

R, WAE [T]-J KPRES, Bt 2B REE J REKT T KERE
FPRZS . B RARP 7 B RO

Wl color = blue PLARXFIPRE, [T)-J MENE, LN, XT T 7
AR R HIAEAT colors BEr, #AREEAE color = blue RO

F—J71H, W color = red B color = green, #HBEAFAE T B HIHLL
WEAE [T)-T AL, F —[T)—~J oL
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HIEa AL KRS AL

RN N T B AR AT IR R HE S
= [colors :€ P(COLOR — {blue})]—(color € colors)
= —(Vcolors . (colors € P(COLOR — {blue}) = —(color € colors)))
= Fcolors . =(colors € P(COLOR — {blue}) = —(color € colors))
= dcolors . (colors C (COLOR — {blue}) A color € colors)
®EARU: FAE COLOR — {blue} WIT%4 colors ff color € colors, &
R, B HANY color # blue BJiXAN1E 8] AL
Wi, FIRIEESE T
color # blue
DUAEZS FE TR RS A O< JR IR A 55
[T1]-[T]—J
FERXAM T B B OL CR IO
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MR
Kb HLE% ColorsR HIMIEEAA I
T, = color :€ COLOR — {blue}
I A T HHE
[T1]-[T]—~J

= [T1](color # blue)
= [color :€ COLOR — {blue}](color # blue)
= Vcolor . (color € (COLOR — {blue}) = color # blue)

= true

KUER T REHLES ColorsR MAIa AR SERFIZ N4 Colors HIKELL
AN e A ARX—IE 5 B RA RBIENESRAZA 17

B2 EMEZE AL CAF e g AR e T 857 KPR ASHR I 2
AR T, FHik I WERCEEHRERTE T BT
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A AT i

B —[T]-~J ARZHNG T AMRUERBEEY ~J. HIXMER, bR
A PR A
o fFAE T WA GRS AT, AW J or; B
o FAE T MBA &) 4T, B CEND MAARLIL (AEHD
MEERIAEE, BAIRSEHE X BEFRMBIRRENL, BAHLHH T B
WAZ AR RE R Ao B ALRE R B —MIE 552

[T] 1
RERAE TIX—EA XSS, BRET T —E%ik

ELRFIRT, WA T -[T]~J, Wtk 7RIS eIzt Q s se 2
B LA KT AL HA IR AL

T NS BB REL S, Foth R, MAFERE T
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BAE KR
DUEH EERIERIR L. SoH BB M (B4R . HEHZILEE M AFIPLE

R IR — N ERAE, B e o alk:

PRE P THEN S END

PRE P; THEN S; END
SERRHRHLER B EEL W WA Py 3§84, BUOAMSRERAE OB HATEAERT
ST aMBERET . FHTe—TFTHIR P ER
5t fE R, X B AR EUE, X S, I HIT, #F S B3
MPATEZ VUES. UL, ZER [S1]-[S]—J
HEESVIBUAARBHTT, #EENEERTIERESE K TH, X—
O FIEERSTFEE IR R

PRAE AT LU R 175 00 A2 T A28 PR SRS AL HLES RS 2 A AR SR

J, T HMZHBEPRERSHLEAEZR I, A6 P FREHL

IAJ. BRI A& BOLIEOL T #ET, BUAS BHIERH X 55
INJ NP = [S5]-[S]J

Formal Methods: Software Development in B Qiu Zongyan (May 11, 2010) 39




BAE KR

FIEHI XSS I AT AP = [S1]-[S]-J B, 18 [S1]-[S]-J
o RIEFMBHLBAEUNEEHIRE, BEXN—EREX WAL, X — AL
o UiHIEEIEHRE LY.
— XFTIRFERPRSRT, WENTH AR i #UT, #HAFERED S KHAT
H2Z LR, [S1]-[S]~J WXFRREN—E A E
— NIRRT, FE—AE—EMNBEMIHE S KPIT,. B S 1
PATHAE ZILEL, [S1]-[S]~JT XX FRRER— e A7

ZEMBZ A Colors FfEILHLEE ColorsR, H I AJ 2
colors C COLOR A color € COLOR N color € colors

FEHAE add, HAEFWZHLEE K E G2
add(cl) = PRE ¢/ € COLOR THEN colors := colors U {cl} END

FERSHNLAS B R

add(cl) = BEGIN color : € {color, cl} END
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BAE KR

X IANJTAP R
colors C COLOR A color € COLOR A color € colors A\ cl € COLOR
N2 add BAERACHIUER:
[S1]=[S]=J

= [S1]—[S]=(color € colors)
[S1]—[colors := colors U {cl}]—(color € colors)
[S1]—=(—(color € colors U {cl}))
[S1](color € colors U {cl})
[color : € {color, cl}](color € colors U {cl})
Vz . (x € {color, cl} = color € colors U {cl})
(color € colors U {cl}) N (cl € colors U {cl})
color € colors U {cl}

EBRINJT AP = [S1]-[S]~J, BHA J = color € colors H.
color € colors = color € colors U {cl}
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BAE KR

PAEFZ BRI ZHLEE M FEUHLES R B[R —MRAER — MRS 0L, REPIA
FERIIE, T ERAHLAS KRR S K P
PRE P THEN S END

PRE P; THEN S; END

ANEHE P ARK Py WRFHR. BX—Riase =2t —2R,
WMARH TEAN P, T 2R UNEHE, AR R P

EXEK P AREMES, dTHEIS M BEWMS H T3RERET&0
P, 0 R BN AR RAEZ AT 4 T AT

Bt P, AEEHERRATAEE P FBERABN G P KEH, #0n
¥ o R, R P RSN P, OGRS

X RIEEL BB IARANEREAZLRX, X Py FERE:
INJANP= P
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A B AE R AL
DUEH BB E ARSI, St S SR AT A 2K

B fan RO AL ERAE B ORE BT P 2R RPIRES “IEM, B, B AERRES RS R
BAEPTAENL S RPIRIER “E& . S AR, EFHE— S Rikse
IET RTINS 3 S (RIUFYENIESN

TEHZHL2S Colors FIRHLES ColorsR WISEH B, RE#E query 7=
Ak . BRMAEEPE R T HARBUYLES ColorsR W) query BAEF=4A %)
B2 green, HABERIE green WRMENEE Colors fEAHNIEF R T AT
Rer=AEmET Y (EEMERIEARTT s a AEf 2 )

BRI MBI e e X, BiER

o MNMRIEMIITH S HEAA R AT

o M SHARNIIRESWARTR 7, EEATN J ASUEEA]

o TEXFIfGEALT= A IR X4 B, i B A E 3 2 IR ) e &

R EE RSACERAE S R R BRI XA UGS 2
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A 5 HH B R

PRI E B ERAE R, Waleil, HARIEIRHTH SRR EM T 5
FRIEL,  ARAA IR I 3o B 34 ] BEAS B RO PEAME

IARAEFFOIRES TR — DA e M 2 o, FRWUZESRAEF B
AT RRES T, R BAF AR PAT, AR iR R o

AT EWbRIE RN AR, ZEREX o HEHSHN L 7. B
L BRSBTS HOE out, T ZEHEAH N KRG AL R4 10t 50T
out’ Frn CXMFTRIHB AU T M SHHIEI, Kb L5 an bt
out Hl out’ EENANSHSIR, FHEITREEH)

i, WEBEREUEBEENRHESHEL JFRIE out), EEEER Sy
B out #RH#KL out’s H Si[out’/out] T BEHE KA R

FERFTH LS, SEhr B EREK out! = out. X TEZNMHSHMEN, W

ER out] = outy A ... A out! = out,

XoF i B ZESRASPRAS R —HE: X out” BIFEAN AT B R #0020 % I /Y
Xt out WIIRAE, WELEU, ZUEH [Si[out’ /out]]—[S]—(out’ = out)
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A B AE R AL

S A BRERPIRSYERF S Y O DL EC,  RIFEE BN Bl REAIHT 454 Py, X T
o A ERAE, RS AL HIIE B 5540 -
INJANP = [Si[out’/out]]=[S]~(J A out’ = out)
INJANP = P

Z e tlas Colors FIREHLES ColorsR, H J &

color € colors

ME— 7 R query, THZALEE B E S
cc «—— query = PRE colors 7 & THEN cc : € colors END
FaAEHLas B E SR -
cc «— query = cc := color

T RS e AR IR B 55 IR B
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A% HH B AE R R

AT S
[S1[cc’ [ cc]]a[S]= (T A e’ = cc)
= [Si[ec’/ec]][ee € colors] (T A cc” = cc)
= [Si[cc’/cc]]m(Vee . (cc € colors = —(J A cc’ = cc)))
= [Si[ec’/ec]]7(Vee . (—(cc € colors) V —(J A cc’ = cc)))

[S1i[cc’/ec]](Fee . = (—(cec € colors) V —(J A e’ = cc)))
[S1[cc’/ec]](Fee . (cc € colors AT A cc’ = cc))

= [ec’ := color](Fec . (cc € colors N J N e’ = cc))

= J A 3cc. (cc € colors A color = cc))

< J A color € colors

= JAI

JANIANP = [Si[cc’/cc]]=[S]=(T A e’ = cc)
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R AL HIE B X 55

RS TRRIEARE O, (HIEH S @B U . fERLE
o T LLE X SETS 1 CONSTANTS E SUBTHIE G A &

o T LUIEId PROPERTIES Hfiids i 4R & FlH & 1 i

o (HARETIHEHISEL, KLU HLAFASH CONSTRAINTS

MBS EEME EREY XS5, SE5MHE R0 LAY IR ERE
AR, XKV AL B R & AR i) B 3 B

MMEZ, (EATREATIS R &R, TG AR DU H
o HWHN 2 E A XSE M CONSTRAINTS T-HJ

o B M2 A KLES M BN PROPERTIES T-H)
o FEILHLEY B AR H S E X WEANE EH PROPERTIES FH)

I, FRUPLERGIARSEEHE B X PROPERTIES & KB UL X
%o NG HB S — FRELHIUEY 5
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R A HIE B X 55

EEMER W St, Ci, B: ZFEWHLEHES . HEF PROPERTIES, T
St,C, B,Cn £ ERBMHENISTIES. 2. PROPERTIES fl
CONSTRAINTS, AHICHIER X552

Cn = E'Stl, Cl, St,C .B; \NB

BIgate W Ty A J RS AT AR AN ANAR S, T —ACE R R
DL IR AR, AR R TIE I 35572

CnN\NBANB; = [Tl]—l[T]—lJ
BAE SRS A ERG AL B SR AL a8 ) — X X M A 2

out «—— op(in) = PRE P THEN S END

out «—— op(in) = PRE P; THEN S; END
52 HRHIUEH X 5%
CnANBANBANINJANP = [Si[out’/out]]=[S]-(out’ = out)
Cn NA\BABiANIANJANP = P
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AT TR R R, PR ER, .
o FEAUHLAS HH LT BHAS KRR, X B RRCH A REIER AN
o HIDFIL D BB R AR E M. NI

— AeffE ) —21E 00

— WA AERS AL IH BRI AR I AR A 2 1

— BB R AL A LR R

o FEHRAUER] 55, FeATE FER RUEAS AL A5 AT oo a2 SR st AL 2 FK
W, CREAEMKSR, P AERR A ER, Oy BRI —HEUE X5

— WAL FITZE AR & Bl Ry R — LR UE B 55
— vyt ERAE, A B AL, DUOERARIA TG K
o FALHLERA 5 1) H BANSE G e SR AT REAY R —LEUE ] 55
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