T - S
iAW Ay T
T B FHEER MBI &
(8)
MEHLAL— (2)

B

VAR

ERCR AR A 2 Bl BAE R

3

2010FHZ=

RS
AR DR R G SR AR IE )L, 4
o FHATMIHEL— DR . T BAHLE Z S0 AE, SERr LR T A
RITFATARERG DL, ARG PEA T8I 5 T 1% 0
o IHZHLAIUENI IS . IIBRHLEE SR TR UL 55 . X HURE PR 23l
GHLIUENI S5, AR 1R UL 355

o Ufi{E B MG ALBEEAF Rt SV BB IC AR, BN Ta] ) R R THDRY
PR LERRE A W] BRI AL 37

o A B HLZESL A AHIE], 5 SEES ERLAN USES
e SEES Fll USES G HLZH A ML= A2 (UL BH SC55J5 TH I 1
o 11 SEES Fl USES [ 2 G5 HI 30 S5

o 15J/& B Book LHIBT LRSS, &—MH BN RS, o] it
— ¥R
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AT (R

A MMEHEE T A T, SR N ERAE R RE AT LR
I 247 3AE, RIS 2 ML RS . g S hlasit nl e & 1
MEHL, HARAESCATRER I I ALAERAE, BRI AT AU

(R AT — BB R AR AP IR — A B A, DA
R AT B LSRN [ — AR [R] B A 2 A3, R R )
AW H opy || opyy PAANERAE 3 I B AR, A

PRE P, THEN S; END || PRE P, THEN S, END

= PRE P, A P, THEN S; || S2 END

HIELIR T Sy || Sp v RERE—25 112

W A FO AR S A, ORI IEAT L0 T L5 924 Sk T AR i o
M55, AR || AA7E

N L A A 2R
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2

FHATACH (R I AR

S || skip = S
S|l S2 = Sz | S

(a:l,...,mn = El,...,En) || (yl,...,ym = Fl,...,Fm)
= L1y sTLnyYlyeeesYm = Elaﬂ'aEn’Fl,-",Fm

(IF P THEN S; ELSE S; END) || T
= IF P THEN S; || T ELSE S, || T END

(CHOICE S; OR S2 END) || T
= CHOICE S, || T OR S || T END)

(PRE P, THEN S END) || T
= PRE P; THEN S || T END

(ANY 2 WHERE E THEN S END) || T BOR T AR FRAT AR
= ANY z WHERE E THEN S || T END  HI & n] DUE T B — 4000
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AT (R

H] DA XSS @ A I AT A G717 CHOICE, IF SN, HARIHMTAS
(RIS PN g B A, KIS Al T AT 25 U INES: || & B i~

IFz >0THENy :=y+ 1ELSEy :=y — 1 END
|| ANY uw WHERE © € 1..10 THEN 2z := z 4+ u END

= IFx>0
THEN y :=y + 1 || ANY u WHERE v € 1..10 THEN 2z := z 4+ u END
ELSE y :=y — 1 || ANY u WHERE © € 1..10 THEN 2z := z 4+ u END
END

= IFx >0
THEN ANY u WHERE © € 1..10 THEN z :=z 4+ u || y := y + 1 END
ELSE ANY v WHERE v € 1..10 THEN 2 :=z 4+ u || y :=y — 1 END
END

= IFx >0
THEN ANY uw WHERE u € 1..10 THEN 2,y := 2 + u,y + 1 END
ELSE ANY © WHERE v € 1..10 THEN z,y := z + u,y — 1 END
END

Formal Methods: Software Development in B Qiu Zongyan (April 20, 2010) 4

CHE LIV E
AL I S ML K IO UE ] S 5%

B M W /e 78) 5 FHARTZAL, MR 55 B RN %
SEW A S ALIUE I 45 H M B (R3IE W SCS5 R 4

AT, NEHE T S LB M SRRl My GO xt
%, WEHEZNMBPUTE L FETR N B ARHER

ArdveiL, Wil My, BSEM M 8557 My 5261, 25 M, WISES b
WAL M, B CONSTRAINTS $2H A ESK, X2 M B)—IEiH X5

N MO RN LS5, BGRER — IKIE USSR B I R AL MR
W55, EHTAE TIPS 2] A E SR 7 2 % 8
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FZ LI UE ] 55

1. IWFH M SEER B RN L. & M K25 0E p, 3 CONSTRAINTS &
C, P HERNFY] 4 2
dp . C
WAt U, LWL C MSHELH. XMFAER A e, M
] CONSTRAINTS AT AU S #ZEALAIE S
2. UEBH M 4RSI BATAE A, e 2 PROPERTIES [EE& FIH &

WA S EEREEWEFEL M RESY & KA, BRA
FEE SR &S], Whid M MEPTa RIS PROPERTIES, fEil
HIX —EERm] i 2 i, B CONSTRAINTS 0 4E ik

XM S My WIS, WENIES. HE. CONSTRAINTS
PROPERTIES 7374 st,c,C, P Fl sty,c1, Cq, Py, WFEH X554

C N Cy= 3st,c,st1,¢1 . (PN Py)

VERG AEUEW] My WEZLUEH T Cy = 3sty, ¢ - Py, X 45RATHEAE)
TR X ANIE I X 55

Formal Methods: Software Development in B Qiu Zongyan (April 20, 2010) 6

SHEYINIIREDE S

3. UFBAAE M F1 M, [¥] CONSTRAINTS A1 PROPERTIES J& /[N T, Mg
PIEVEREEEAT . W2, AW AP AL R
W M F My AR08 T F I, X—uki 52

C/\P/\Cl/\P1:>E|’U,'Ul . (I/\Il)

Iﬁ‘lﬁ’ Xj‘:‘li Ml E;ééiEEﬁﬁ Cl AN P1 = 3'1}1 . I1

4. UEH] M ORI A AR R AR AR S T
T M 1 INITIALISATION T-AJ 0] LLg|H My #1405 FRREs R HAb S
B (S HEMES) , mHRBM My MG, 8 M B
t, HIEEA R I A AT 3E4T A e
W M R M, B RIA 5500 St Fl Siy, M EX B FJUEIH X4 &
XN FFUEAH E 2 M AR My WG e AR P IE
offod, M WFIBANAE My FPIRE, BRIATFERSE 1L
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FZ LI UE ] 55

5. UEW] M 2 MR AE e R AL T

WIHTPTIR, PrATH. M OSETHIERAE, Bk M3 7e RIS R BLIK BT #4141
iy ZAOXANUEY] o BARIX B AT AR g s (3780 iR BLIKIRGS,
My FPRAS, B M OAZRE A GES I My BPIRES,  iXFFA R E A
RERE M AR B, DR ZEUE B AR A5 1

FEAMOZALUE I, AT e S L A A AR AR T DU AR R

BRi% M — N EAAHZ PRE R THEN S END, AN [FHIE B X 4% &
C/\P/\I/\Cl/\Pl/\Il/\Ri[S]I
ANTEEAE M FEAENT My AR I geRet, B X s EA T
P& M,y HPIRES
FHEMUUERT 55 H 15 LA L RAR I, (H e AT R 3 AU 2408 e A LA A T
1B, ARSI, /B B T HEARE & B3R a Ik i 455 I ohgeE

B THAX—JRIAI AR, w5 Uk W 5547 oA 45 Ak ar
P e IIE BRI R AN GEWIXSS) R SRR 2
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WA R R S

AEERAFISATAE NG . BIS FE BRGS0 BRI BAl L%
SRy M, G Nsise s A R Gt PAE R Guiad s A AT 2
(SR TP E Lk i IR

ERBAVFZ ARG, EAIHEIRA Ty EEAWTH S S 0 ) B T AL
Eo Gl Pl RS, el

o T R B4 B S SN I N Aok 1A B
o IHIHILRE IR HIE S, WD B

FERRB AT RE RIS, W R IR AT SN RIS, 5 R RE A S
B, XML N EARNE N — g BN R GUOR KU AL £ ?

FEIXTTI,  SRHUAHGALA S HLH] AT LA AT i

AT 1] L2 e 5 AR ST o0 () B S — 70 J e o — AR el LR i 2 AL,
IR L R HIATE R G 22, BB 588 i E e

TS LA 4 X T Y 2] e Ak
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PR B 1) ) 2

i e B (1) R G 7 AN MR AR SR E B, Hr — NI E R E e
J& 0..100, FH—MHETEREZ 0..500. 1] LI P& s 3 285 o % L
MACHINE RWinput [+ Xt PN ENEFRSIHZRAL */
OPERATIONS
res «— senserl = res :€ 0..100;
res «—— senser?2 = res :€ 0..500
END

TERGRIE P HEATE YIRS HLE INCLUDES _ ETHIHIZ AL, o] AR R4
RGN AL AL 10 s BIT AN A A 35 B HABL)

GRAMMGHU B E 20 BIER A BRI, S Eoe

o B S (1RSI o A SRR P AR [ Affy S AE A (10 9 Bl N

o HAMVE RGN WAL R AEX R NHEAT

o WIRARGESrh L 1AL IU{EDES Hh VBRI AT O, 38 B 5 R AN al FURL

WA IR S5 P o] B8 1o 7R Ak, R DA A gl I i DL il i) Ol ik
JEE 1Ay B S IR H T v D
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PR F 1 ) 2

TR RIS B ) — BRSO R T 98 Uk A R Sk
PE,  HEANGVER ARG DU L2505 ] Ak 3
MACHINE RWinput
OPERATIONS
res «—— senserl = res :€ Z;
res «— senser? = res :€ 7
END

XA EAR,  Sfs b0 A IX PSR 0 B A iy AR A T R A

AP AR "B iR bR B AR A AL fE BN DAL, R RIE A 4
RISEA BTt S

VAR x IN x «—— senserl ;
IFO<xAxz <100
THEN ... /x IEW O F AR «/
ELSE ... /x REGHAHEIEO IR «/
END
END
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PR B 1) ) 2

A AR, HREFE TS BN AR A, AR IR
LA LI ol BEMIRAE IS BOEAN RS, HEPIE

EPEYE SRt y/BEN e 2 i D SN I BE R (AN Il 58 -5 711 PR U

g3 R ] BEAGA B I FOR BUAE BAE R LRI IR B VAR
CAMRAE T, XEAHFHITIR

WA R AT LU SR AR . 0 =5 B /5d, M4, A5k, wTRLE
SORHHMRHL,  HoA P A E# AT A AL
MACHINE Actuator
OPERATIONS
speedUp(xx) = PRE xx ...BEGIN skip END;
speedDown(xx) = PRE xx ...BEGIN skip END;
brake(xx,yy) = PRE xx ... A yy...BEGIN skip END;
stopEngine = BEGIN skip END;
END

PG A ZACSE B P T R 3t 7 e 1 IR S A (i M)
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BT ]
BT EARASKA I 8], ATART IR ) W A oK E P B 5 B A i oo ELRAT]
SRAFER (RGN —F) A& B2 A I TR
TGN A], S R A RN ), G I TR R SRR A

B MG O, AEREFF BB 1 R G PR B N TR e . e P Ol
A, U PR W, AN e I kA R

TSI F B BE 5, SEBs BaT B C— MR, FRIA N IX —#AE
R 2 AN H SRS, AR T IR R R NAT

FAU A I e 2, AT LOE SR i TR DI RE M B

FESCX MBI, AT LRp R 1)l Ty 25 18

o INFTA] AT FL 1, 5 — VU T R AU 2 (0 I TR N2 AE R — IR A
o INFIAJEA “BEALYE", =it FAT T T I 1w ok 20 i) 1w b B A BEATLAE
o &l IS LR DLy
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BTN ]

—ANA]RE R ARALAIN [a] AR (ol el i 2 AR £ -
MACHINE RWlinput
VARIABLES past
INVARIANT past : N
INITIALISATION past := 0
OPERATIONS
res «—— time =
BEGIN res := past ||
past :€ {y |y : NA past < y ANy < past + 10}
END
END

FIX BB (], € S ok — DN ISR UE W AUE ] 55 CH AR B
F AR TS 2

X AR AL, RSP E,  BATRT DAL XA B S A AT
i EE AU TR R B L, A2 R GENE AL
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HoAth 3 th AL &L

INCLUDES (Fl1 EXTENDS %5) T I3ET RN ZE MG BT RIS, #
INCLUDES FJFH AL A BT G ML 8 4y, SE SO S AL 6

X KRB ARG Flr 5 ST ARG R AL RAT MG
LA K], B kiR 4t 7 HAb My IE L

B JyvkAR it T A AN R RIS ML S SEES (X&) Ml USES (fEFD) , B4 TH
e T ES ARSI G BB R, LB yLnr L2 “Uin)” 55—
P Z ML R, BRI AL R &G S

2 AR ) A A ]

e SEES fll USES #SHAE—NMHZEAFIMYE R, WIHX —#ZHFESE )4k
[F— A2 ML S B

o SEES iR AT AT, & XM ZHL 58 SEES NIHZEHLITPRAS Z 8]
WAHRR, FUBEL—SE5 5 H T 4% SEES IS HIME &

o ik USES VIR LA USES IS R4, i A
ZHLE INVARIANT 5] 4% USES FLEsHPIRAS, SLBr FJEdr TN %
HLIPIR 2 2 18] B G &R
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SEES— & &

LR ER IR AL Cn MO BL RS T EER S EeL (i My, @
S R KRR NIETEAE M OGRS > SEES 1A

SEES M,

W M, BRSNS, SEES FHIAR My IS5, M AGEVS ]
M, 23 (GXEESEATHEH RS INCLUDES M, s 24t

SEES X &% N M nlLLLL A7 i My, BiE e, BIENEES. HE
FURA. 76 M ) PROPERTIES. INITIALISATION FIAARR H vl LG My
FIEE R &, F M EBAER T4 FR B A T A5 M,y SR &,
wrf LA 5 A5 My, AR =

M M SEES My I, M AR M, (55 INCLUDES AN , iXFELE M W
VG My RS Z BRI REH BN My BB E, S230 My FRRESRE

BT XREOL, M IR ARET I My (PRZS . DIt My 845 (10
A My PEH], e My RPRSZAAZ MRl Wk M AN
SIHT My A s, HRARE M OASIGERIE M AR
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SEES— & &

WAH N5 EE ERPLE A T P

o B %N M’ SEES M. HARINAE M SEES M,, {H M’ 34~ H3h
SEES M, i 2l SEES J< R IF AL s

o WIR M’ THEFH My, MutwZifs M’ B SEES M,
o WIR My, WE T HALHLS (BIEET My) , M Vinl M,y &S H
AR B R 5 BT R) My AH R R 73 FRRE I 58 4 —FF

i H] sEES 1) — PR ARG DL 2 ARG LA 2R (B Fpg RGBS 4k
&, EENRGENFZ AT EE (D

s, RAEE R TR IRAR N 2R E S IS U R
o FEMHLEA HCMEEESME R, LA SRS

o NFEHHZHHES . HEAIRELAMAL
(ERIREVF 2N T 2 A (R88) £E, Xatnl LUY sees #yik
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SEES — Sz 4

e ZHIA — N EEIE RS, B ZVFZHMEIL BN EAEE:
o HZHL Price FRERS MU IFIIE B

o HHL Shop AR M K BN

o ML Customer KR I EKAT A

KL 2 — DA IS GOODS o )t 28 & 7EWE HL A ?
o EANEATIAES LA LI, PO RGEANIZAZES 200 UL

AN
o ‘EAREMHER EIR LA 5 RN, LA P a5 /5 200 S 41
W OFTReREREMS) , RS EES NI

o WISRJAAL LA L A bl as o, HABHLEANGER 2

AR KR 5 S, i iU — (R 59208 S — MR I R AL g
BANRG, ZAEAES BIBEAE M ERtb HZARPLS T

SEES K Z ] LUH] il g b i) il
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S EE RS Retail
ARSI U T I SEES (AT, FEANER I G0 R GE BT (KA BRI FH

5651 B — AN R T I T ER LA
MACHINE Goods

SETS GOODS
END

HrpfpeE GOODS LB IERITI M. e IS —MeaEES, £
7 IEAE B B (7

XHE) GOODS ZEAHSHE N ES, HALLA v LUl sees IXAHLA &
HRXAEE, BT ELBIEMER, EATRELLE

WUl XFEE X FR B SR ) b A R G B & 2 HE B
IrEHR, RGEH AR ER > AT LB SEES BRI F KA X ER 05 B

B, TS Shop MZEF Customer W AEFT BILER M HRGEE, E41m8tn] LA
SEES X Goods Hl.2%
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). BAE RS Retail

THE RGO ZARAr, I8 E N LA

MACHINE Price
SEES Goods
VARIABLES price
INVARIANT price € GOODS — Ny
INITIALISATION price :€ GOODS — Ny
OPERATIONS
setprice(item, pr) =
PRE item € GOODS N pr € Ny
THEN price(item) := pr
END;
pr «— queryprice(item) =
PRE item € GOODS
THEN pr := price(item)
END
END

WS M. Price UiW]'e. SEES
W% M. Goods. N I TF
HMEE T L5 HE S
GOODS

IEASHL 28 B LA EB 40 A 5
HT%4 GOODS

XA A AR 5o iy P
&, X HLIF AR ) R TE L
w BT, EEOROHLES
Z IA][F) SEES K H
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Sl T RS Retail
Z IS E N Shop, ‘& SEES WHEIHZENL Goods A1 Price, A#HH {5 R

MACHINE Shop
SEES Goods, Price
VARIABLES takings
INVARIANT takings € N
INITIALISATION takings := 0
OPERATIONS
sale(item) =
PRE item € GOODS
THEN takings := takings + price(item)
END;
tt «—— total = tt := takings
END

% AL Shop Vi SEES
%N Goods 1 Price

XA EGIHTES
GOODS, H#gAFRiE5H
Price HIY)A 5 price

EE: JamiX—5 2R
BEGI, XESBVFR
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). BAE RS Retail

B E— M HE Customer, 'EWEIH T Goods #1 Price

MACHINE
Customer

SEES (oods, Price

CONSTANTS lzmat

PROPERTIES limit € GOODS — Ny

VARIABLES purchases

INVARIANT purchases € P(GOODS)

INITIALISATION purchases := {}

OPERATIONS
pr «— buy(item) =

Customer 15 SEES #l
2% Goods 1 Price

HLEs 5T Goods
%4 GOODS, #

YER 5/ Price HJA%

=N .
Hprice

PRE item € GOODS A price(item) < limit(item) EEITE R limit 7]

THEN purchases := purchases U {item} ||

pr := price(item)
END
END

AT A B Xt 5 ok
R FIU W] 3232 i i
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S EE RS Retail
B PUA G2 10156 2 R B T

Customer

Price

Goods

o ) R 2w Sk K2 SEES KR

P

o 1
L 4
L4
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USES — i F

WREEMBHL M B HMZH My, TEAE M 2SS
USES M,

et JafE M B My 75505 M SEEs My A%

AT AR AR AE T IAE M AR AT BLG ] My /PRas (5TH My 1)
AZED , RXFRHURT UL MOPPIRES S My BPIRES Z TR IR R

R BUE M OAES] My, My 5eeMort M, X80 B3RS MORPIRES
W T RS R AR ES 7 (M), ERHOBME AR AT R 8 AR D

U5 R I A v R IR A O T R G T AR 4y, TP SO BT,
A LA USES $hid B Z [R]T O R

M X My BRSO 2 75 ROFT 1) 1)
T g3 B X T )
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USES

s, M ORRAETR E4ER M AR, HIE I oL
o M MAZRNEGESIH T My KRGS

o My HPIRASFIREH T My WHEAEBAR AT A, XM HAR M
B CRCA My 2 55— SRS

o My MERMFNAZ T My HPIRES, ZMBERSASITH M AR ?
XA ATREH L. B My 2SI R SEMRMTIIRL, ANICEgEss Ok
REVETD AERTT M AR My FUE] 55

i, MOABANNIE My FERIELERE B AR IR 355

B UEW] ORI SR TR B2 R o B U7 VA LA ORI i il ) AR

oy
o M Ml My jt—PNRGEMWDEIL, ENREASEIIMEI M 0f, X
B, M’ RS MO My 4T
o (EHE M’ WUEWI SIS, i ZARRORUE M7 X My B3AE R AL HIHAE
RELERF M AN OF AN ORI 4R
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USES
USES KA M T LA RS B LIPIRZS Z 18] 1 2L 5L b R S8 HE R R R

XL BEIPCAR v] AT SR B R 5 R R AL, HLRISEAS n) PLORUE KR
FHELIRIBR IR AR R AR O ISR AL, AR AR BL AR e AN AR 5 ) 7
R — A% AL uses AL, A

o ‘B AETIAYERF H DAL (BN AR AGE R T AR B LIRS

o XShr EULH, (M uses BN YERFPE L T — 2855 41,
XL LA E R G A A TH B BOR PR IE

o XFE A INCLUDES Y SEES #BANF] (INCLUDES ¢ &R H # AL 2 WL o 11 1
YER LS ML SE 84, T SEES K AR & B WLas A EA S A
FERNLE AR

BAINIZARYE USES HYIXPHY 1175 8 E AT A
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SEES, USES—iF ] X %%
fENlEs M 5T SEeS B USES fH), FJEAZ M i K fuEg 55, H
25 M R A B 1) — S E B 45
AL M SEES B USES HiZ ML My, HAEH 45Aan M5

1. AT M 2% p Y1 CONSTRAINTS C i RIIFII X 5%, E3KiF B 7EAE
i /L CONSTRAINTS H1Z540. SHIIM INCLUDES HIUERH X 55— FF

dp . C

D, FEHEF RN /£ M (] PROPERTIES 4%/ [MAEG R R sifil . AEffux —
EIHES, 8 M &5 S RS LR A8 AT LA 3 I B R H2

e M WS, HEFM PROPERTIES /3 5lJE st, e, P, M, ]
PROPERTIES & P;, ik M ] PROPERTIES [FJilF ] X 5542

CNCi NP = ElSt,C.P
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SEES, USES—iFH] X %

3. UEBI 414 CONSTRAINTS fil PROPERTIES # LI T, Bl S AR A0
AL PPRS . & M AR EMALX S 50E v M T, T My 22 & F
AR IE vy A I, R M sees My, 4 M (IAZRASIH My 1
RS, UFH X452

CANPANCIANP, = dv. 1
RS USES My, AR T 5 My RPRESE IS, I ESRIEY
CAPANCIANP, = Fv,v1. (11 ANI)
4. UEA M IFIEEALACH: INITIALISATION £ 57 [P AT B AR R,

HT M PG T LA R My WARA (18 A& SEES i /& USESK
), KISk My BIvIGie

e M F My WP 52 St F1 Siq, X H IR 55 &
C/\P/\Cl/\Pl = [S’il; S’L]I
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SEES, USES—iF i X %

5. Breibl] M P B AR e dE Ry M AR

¥ SEES B USES HITMZHLAE N X SiF IR L T 2 E B, WA =T

8. BEEEEMIREIRERAGEE (B Cy, P , EARENIIR

SMEE (AL T 5

B BUEA ) M ERAERI/CH )& PRE R THEN S END, AHMNIFBH X 4% &
CANPAINC;ANPLANLLAR=[S]I

WiRsE M SEes My, BT I BAW K M, 1785, KU I XF T iuEY
ACAAEATDIRR, AT LR I TS fF bl B

ARt M Uuses My, AT wRESIH] My PPIRAS, ik H SRS S
My PR Z IR R A

RS AE XA E DL, M ORIE I ES HAEH B S 4 Fr B S RAAR
AN To My BIEAEYS M AZR T R MERE FER (LUSER)D [
NS MR My AR s B AL 2
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St R A% (B Book, 8.171)
F— AR R G vt B e Aloss 384 00T %, A BRI e sS04 & D) RE
WAEET K —NDRGIE, ZAG R TS B g e, Hor
BRI R, B PR TREEAISGH (RHAH) o WRiATWR:

o NEIFHERGEA —idx, HPEEAUREFZEN: IE ¥ normal. A
SEtdubiousil & W] K friend. FEANE A I KA VFHHallowance, & K514 17
102 BB B FR o AN RIZEAR A AR %

o —FiTEiE —Midsk, Hpd s HA M price, RZSstatus, H T
(avaliable) B H DT (soldout) , MIHATLH M (substitute, WHRAF) .
A e 5 — T H Y e It

o LTINS, WHIEAERE T F percentage, LA T KAVF
{Hallowed . XA AL GIEE N 45 &

o TR RS HENN—Fidr & B2 Mharticle, BLHGH A E quantity Al
Yrunit_cost. JEIHIXIIK H 62 i [ price

The: S /EeE . Sld /B0, B/ ETRL, BT Rn g H
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ARG
RRGUTF B L L), R T ROU AR R -
1. BEE B s A RE I —T5 E
2. WA ER DT MAFE A, R A S A A R 2 i
3. [Al— B3 B AL AN B [|]— B2 5t i A Bl AN BL E 45 H
4. ANGERTLLR I B A
5. kBT BB BMEA KR T IR BRI A VHE
6. WA RTLAS R 20% 440, A&~ Jedrn
AT TG A IR R
o Tt X ACH M (GENI1/2)
o MUMAM LT B CH i AR B B (FEI2/3)
o FEUIAGH B i BRACH] b A S A VHE. (s> GEII2/5/6)
o HiMndniT, /T EHT (BAHZEHEES

s
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M ARG Pl Client
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M gL R R, e XU RS WRE eSS
CLIENT, &4 744 CLIENT_NAME F1% /125544 CATEGORY:
MACHINE Client
SETS
CLIENT;
CLIENT_NAME;
CATEGORY = {friend, dubious, normal}
CONSTANTS
discount, init _allow
PROPERTIES
discount € CATEGORY — (0..100) A
discount = {friend — 80, dubious — 100, normal — 100} A
init_allow € N N [/« WHIXF, ATRENAER Z */
it _allow = 500

Formal Methods: Software Development in B Qiu Zongyan (April 20, 2010) 32

M ARG M8 Client

Hl#s Client PRIRZS
VARIABLES
client, category, allowance, cname
INVARIANT
client C CLIENT N
category € client — CATEGORY A
allowance € client — N A
cname € client — CLIENT_NAME
INITIALISATION
client, category, allowance, cname := @, 5, 3, I
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M ARG Pl Client

AN AR, kA% (5D o alBLACY CLIENT 2 e %
FSEE, client 2OCAMHINE A SHEE
OPERATIONS
cc «— create_client(cnm) =
PRE
cnm € CLIENT_NAME N
cc € CLIENT N
client # CLIENT /x Wi HAFIRWE 5 */
THEN
ANY c1 WHERE c! € CLIENT — client THEN
client := client U {c1} ||

category(cl) := normal ||
allowance(c1) := init_allow ||
cname(cl) := cnm ||
cc:=cl
END
END;
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M ARG M8 Client

TN LA RV E AR a7 5
modify _category(cc, cat) =
PRE cc € CLIENT A cc € client A\ cat € CATEGORY
THEN category(cc) 1= cat
END;

modify_allowance(cc, al) =

PRE cc € CLIENT A cc € client A\ al € N
THEN allowance(cc) := al

END;

cnm <«— read_client(cc) =
PRE cc € CLIENT A cc € client
THEN cnm := cname(cc)
END
END
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P RS Hl2s Product

P i HLgs Product 1A OB i 1 & e 1k
MACHINE Product

SETS PRODUCT; PRODUCT_NAME; STATUS = {available, sold_out}
VARIABLES

product, pname, price, status, substitute
INVARIANT

product € PRODUCT A

pname € product — PRODUCT_NAME A

price € product — N A

status € product — STATUS N

substitute € product + product N

substitute € product + status™[{available}]
INITIALISATION

product, pname, price, status, substitute := I, 3, I, I, I

FER: AT available (1077 dh il LR A, T HLIFAN B b #8474
dho I AR IR T IX L5
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R RS M2y Product

OPERATIONS
prd «—— create_product(pn, pri) =
PRE pn € PRODUCT_NAME A pri € N A product 2 PRODUCT
THEN
ANY pl WHERE p! € PRODUCT — product THEN
prd := pl || product := product U {p1} ||
pname(pl) := pn || price(pl) := pri ||
status(p1) := available
END
END;

modify _price(prd, pri) =
PRE prd € PRODUCT A prd € product A\ pri € N
THEN
price(prd) := pri
END;

FIFE T RE L it 5 PSS TS D0, NAZAT B iR a7
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PR RSE: Pl4F Product
make_unavailable(prd) =

PRE prd € PRODUCT A prd € product
THEN status(prd) := sold_out || substitute := substitute & {prd} END;

make_available(prd) =
PRE prd € PRODUCT A prd € product
THEN status(prd) := available END;

assign_substitute(prd, prdl) =

PRE prd € PRODUCT A prdl € PRODUCT A prd € product N
prdl € product N status(prdl) = available

THEN substitute(prd) := prdl END;

pn «— read_product(prd) =
PRE prd € PRODUCT A prd € product
THEN pn := pname(prd) END

END

FE make_unavailable X} substitute FI11E4
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P ZRSG: Hl2s Invoice
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MACHINE
Invoice

USES
Client, Product

SETS
INVOICE; LINE

VARIABLES
invoice, customer, percentage, allowed, total,
line, origin, article, quantity, unit_cost

INITIALISATION
invoice, customer, percentage, allowed, total := &, 2,3, I, & ||
line, origin, article, quantity, unit_cost := &, 3,3, J, O

4 INVOICE RRFEFT A rIHetT 8, LINE & REfr I8 54T
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P RS : Hl2s Invoice

OPERATIONS
inv «— create_invoice_header(clt) =
PRE clt € CLIENT A clt € client A
category(clt) # dubious N invoice 7 INVOICE
THEN
ANY invnew WHERE invnew € INVOICE — invoice
THEN
invoice 1= invoice U {invnew} ||
customer (invnew) := clt ||
percentage(invnew) 1= discount(category(clt)) ||
allowed (invnew) := allowance(clt) ||
total(invnew) := 0 ||
MU 1= Inunew
END
END;
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P ZRSG: Hl2s Invoice

MR BT 34T, 290 BRI 0T I PT 5L AT (TERE, Ins Z5RG)
remove_invoice(inv) =
PRE inv € INVOICE A inv € invoice
THEN
LET Ins BE Ins = origin™'[{inv}] IN
invoice := invoice — {inv} ||
line := line — Ins ||
customer := {inv} < customer ||
percentage := {inv} < percentage ||
allowed := {inv} <4 allowed ||
total := {inv} < total ||
origin := Ins < origin ||
article := Ins < article ||
quantity := Ins < quantity ||
unit_cost := Ins < unit_cost
END
END;

Formal Methods: Software Development in B Qiu Zongyan (April 20, 2010) 41




P RS : Hl2s Invoice
VRN 5% BAAT (R

In «—— new_line(inv, prd) =
PRE
inv € INVOICE N prd € PRODUCT A
v € invoice N\ prd € product A
status(prd) = available A (inv, prd) 7 ran(origin Q@ article)
THEN
ANY newln WHERE newln € LINE — line
THEN
line := line U {newin} ||
origin(newln) := inv /* ATIE TG H =/ ||
article(newln) := prd [+ AATHITI5 */ ||
quantity(newln) := 0 /x T3 EEE WM 0 =/ ||
unit_cost(newln) := (price(prd) X percentage(inv)/100) ||
In := newlin
END
END;
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P ZRSG: Hl2s Invoice

BT AT, B U SRECR R
modify_line(In, gt) = /* qt is the new quantity for the In */
PRE
In € LINE N\ ln € line A\ q¢t € N A
status(article(In)) = available N
total(origin(In)) — quantity(In) X unit_cost(In) + gt X unit_cost(In)
< allowed(origin(In)) A
total(origin(in)) — quantity(In) X unit_cost(In) > 0
THEN
quantity(In) = qt ||
total(origin(In)) := total(origin(In)) — quantity(In) X unit_cost(In)+
qt X unit_cost(In)
END;

FAT A BLAR S SAE SUR 1 B O
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WM RS : PlL2s Invoice
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In «—— the_line(inv, prd) =

PRE inv € INVOICE A inv € tnvoice N\ prd € PRODUCT A
prd € product A status(prd) = available A\ In € LINE N
(inv, prd) € ran(origin @ article)

THEN In := (origin ® article) ™ (inv, prd) END;

remove_all_lines(inv) =
PRE inv € INVOICE A inv € invoice

THEN
LET Ins BE Ins = origin™ *[{inv}] IN
line := line — Ins || origin := Ins < origin ||
article := Ins < article || quantity := Ins < quantity ||
unit_cost := Ins <9 unit_cost
END
END
END
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T RS: P4 Invoice_System

FERT TS #2552 — M HLAS L, EXTENDS £ A B A LS I #R A
MACHINE
Invoice_System
EXTENDS
Client, Product, Invoice
OPERATIONS
res «— some_clients_exists = res := bool(client # @);

res «— clients_not_saturated = res := bool(client # CLIENT);

res «—— client_not_dubious(clt) =
PRE clt : CLIENT THEN res := bool(category(clt) # dubious) END;

res «— some_product_exists = res := bool(product # @);
res «— products_not_saturated = res := bool(product # PRODUCT);

res «—— product_avaliable(prd) =
PRE prd : PRODUCT THEN res := bool(status(prd) = available) END
END
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