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BN Mult SEIL—A> B TR

MACHINE Mult
VARIABLES prod
INVARIANT prod : NAT1
INITIALISATION prod := 1
OPERATIONS
mult (num) =

PRE num : NAT1

THEN prod := prod * num

END;

val <-- value = val := prod
END

FEACE R ASEEL, AT A AR A R SE LR
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IMPLEMENTATION Mult_ImpO
REFINES Mult
CONCRETE_VARIABLES concprod
INVARIANT concprod : NAT1 & concprod = prod
INITTALISATION concprod := 1
OPERATIONS

mult ( num ) =

VAR temp, cnt IN

temp := concprod; cnt := 1;
WHILE cnt < num
DO temp := temp + concprod; cnt := cnt + 1

INVARIANT temp = concprod * cnt & cnt : NAT & cnt <= num
VARIANT num - cnt END;

concprod := temp
END;
val <-- value = val := concprod

END
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To 5 X—MEHEH LA

MACHINE Body

VARIABLES accum

INVARIANT accum : NAT

INITIALISATION accum := 1

OPERATIONS
val <-- value = val := accum;
cnt <-- body (val, cnt0) =
PRE val : NAT & cntO : NAT
THEN accum := accum + val || cnt := cntO + 1
END

END

XM SRR RN, Il IR IR B AR R B AR E R e —)
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IMPLEMENTATION Mult_Imp
REFINES Mult
IMPORTS Body
PROMOTES value
INVARIANT accum
OPERATIONS
mult ( num )
VAR cnt, oldv IN
cnt := 1; oldv <-- value;
WHILE cnt < num
DO cnt <-- body(oldv, cnt)
INVARIANT accum = cnt * prod & oldv = prod &
cnt : NAT & cnt <= num
VARIANT num - cnt END

prod

END
END
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Component | PO | Proved | Unproved
Mult 4 3 1
Mult_Imp0 | 25 21 4
Body 4 3 1
Mult_Imp 10 9 1

ARBEUE I JLAS PO B RA RIFEM LA B . A A AR 6] S 1
HARRIEA AR, B8R4 ER T

XA BARG T, FinE Body BSEEL, ZUEMIH) PO SLlrZEAZ

BEAE mult SCELROIE I 45 R
IAJAP=[T]-[S]~J

Hor
J = accum = prod
S = prod := prod * num
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—[S]-J = accum = prod * num
T & mult WISEILIEEYEMR, T2 (Loop XA -
[T]-[S]—~J = Vent,oidv. [cnt := 1; oldv <-- value]

([Loop])(accum = prod * num)
Loop K] INVARIANT 151 &

accum = cnt * prod & oldv = prod & cnt : NAT & cnt <= num

CEHRSZM cnt < num KEE BARZE NG 504

IBESEH I ANJT AP EHREAIALZR . BEEFIFHIXA WHILE 73R
INVARIANT 18 {A] Bl SE /2 X MR I AZE =

XSRS . SER T XEAE ), U LA S Mult_Imp A5 Mult H)—
ASEEL
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Body HISEZBR
T2 Body H—SZHi:

IMPLEMENTATION Body_I
REFINES Body
CONCRETE_VARIABLES accum
INVARIANT accum : NAT1
INITIALISATION accum := 1

OPERATIONS
val <-- value = val := accum;
cnt <-- body ( val , cntO ) =
BEGIN
accum := accum + val;
cnt := cnt0 + 1
END
END

X B A 4 ) B AR AR B 1E 4 Body B A& accum FISEHL, AREHESY
MZ EKEBEATXT, M8 3H%
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REFINEMENT

Cities_RRR(CITY)
REFINES

CitiesRefR
VARIABLES parent, num
INVARIANT parent : CITY --> CITY & num : NAT &

rep = iterate(parent, num) &

Ict.(ct : CITY => parent(rep(ct)) = rep(ct))

INITIALISATION num := O || parent := id(CITY)

Hrp

e iterate(parent, num) 37~ parent KRN num RE &
o rep(city) BE| city FMRITTITH

e parent ¥IZE{LA CITY ££& EHESE KR
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OPERATIONS
link (ctl, ct2) =
VAR repl, rep2
IN
repl := iterate(parent, num) (ctl) ;
rep2 := iterate(parent, num) (ct2) ;
IF repl /= rep2
THEN parent(repl) := rep2; num := num + 1 END
END;
ans <-- connectedQ (ctl, ct2) =
IF iterate(parent, num)(ctl) = iterate(parent, num) (ct2)

THEN ans := connected
ELSE ans := notconnected
END

END
) L AT SERR vHE BRI R iterate(parent, num), 752 HIEI
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MACHINE Counter

VARIABLES counter

INVARIANT counter : NAT

INITIALISATION counter := 0

OPERATIONS
num <-- number = num := counter;
setzero = counter := 0;
inc = counter := counter + 1;

dec = PRE counter > O THEN counter := counter - 1 END
END

Kbr b, X B A FEIRE U EBEABUE I — P ANMRE, HRBIEAH

AT SR RGBT A RS MMAETE S 1 "R EER" BOR, N
MVEAE RPN, A IEAE T A i 2R 48 B 2 0
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€ ST TH AL

MACHINE Garray(ITEM)
VARIABLES garray
INVARIANT garray : ITEM --> ITEM
INITIALISATION garray := id(ITEM)
OPERATIONS
set(nd, nnd) =
PRE nd : ITEM & nnd : ITEM THEN garray(nd) := nnd END;
nnd <-- get(nd) =
PRE nd : ITEM THEN nnd := garray(nd) END
END
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Cities_RRR HJSEI Cities_RRR_Imp S AMMEAHL Counter Al Garray, HA
AR EREM S SZIL Cities_RRR AR SFAHBHLHPIRG

IMPLEMENTATION
Cities_RRR_Imp(CITY)
REFINES
Cities_RRR
IMPORTS Garray(CITY), Counter
INVARIANT
garray = parent & counter = num
OPERATIONS
link ( ctl , ct2 ) =
VAR repl, rep2, ii, cnt

IN
ii := 0;
cnt <-- read;
repl := ctil;

rep2 := ct2;
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WHILE ii < cnt

DO repl <-- get(repl); rep2 <-- get(rep2); ii := ii + 1

INVARIANT
iterate(parent, num-ii) (repl) = iterate(parent,num) (ctl) &
iterate(parent, num-ii) (rep2) = iterate(parent,num) (ct2) &
ii : NAT & ii <= num & repl : CITY & rep2 : CITY &
garray = parent & cnt = counter & counter = num

VARIANT num - cnt END;

IF repl /= rep2 THEN set(repl, rep2); inc END

END;

ans <-- connectedQ (ctl, ct2) =
VAR ... ... /x BIH#SE link —FE */

IF repl = rep2 THEN ans := connected
ELSE ans := notconnected END
END
END
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T #4E 1ink A1 connectedq HFHIBK—E =L FE, A UL B X—HH 5
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Atelier B A ERVETh R 2 R, HRIE Atelier B T}, JREBER/ER TG CH
BB RIS VE B AR (C.8) , HAEFE ASSERT 45y H 5|
H, BERHEKE. EXDMERERZERTLE )

1F LOCAL_OPERATIONS ¥4y iRk e

LOCAL_OPERATIONS
repl, rep2 <-- rep_cities( ctl , ct2 ) =
PRE ctl : CITY & ct2 : CITY & repl : CITY & rep2 : CITY
THEN ANY r1, r2 WHERE rl1 : CITY & r2 : CITY
THEN ASSERT rl = iterate(parent, num) (ctl) &
r2 = iterate(parent, num) (ct2)
THEN repl := rl || rep2 := r2 END
END
END
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OPERATIONS
repl, rep2 <-- rep_cities(ctl, ct2) =
VAR repO1, rep02, ii, cnt
IN ii := 0;
cnt <-- read;
rep01 <-- get(ctl);
rep02 <-- get(ct2);
WHILE ii < cnt
DO repO1 <-- get(rep01);
rep02 <-- get(rep02);
ii :=1ii + 1
INVARIANT
iterate(parent, num - ii) (rep0O1)
iterate(parent, num) (ctl) &
iterate(parent, num - ii) (rep02)
iterate(parent, num) (ct2) &
ii : NAT & ii <= num & repOl : CITY & repO2 : CITY &
garray = parent & cnt = counter & counter = num
VARIANT num - cnt END;
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repl := repO1;
rep2 := rep02
END;

link ( ctl , ct2 ) =
VAR repl, rep2
IN repl, rep2 <-- rep_cities(ctl, ct2);
IF repl /= rep2 THEN set(repl, rep2); inc END
END;

ans <-- connectedQ (ctl, ct2) =
VAR repl, rep2
IN repl, rep2 <-- rep_cities(ctl, ct2);
IF repl = rep2
THEN ans := connected
ELSE ans notconnected END
END

END
ARIXESLIRUEN, SRS —#, AERT
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SETS HISEE

MNTREES, TTEREREBLAis TP HEE
Blan M BEHLEE X T NMrERE

MACHINE Name
SETS LENGTH; AREA

......

XHXFERIE X, LENGTH A1 AREA #EEEAMFERFES (WERE) . &
AITAT RE A BRAEAE B S5 BL, VA AN FSRBLE 5

VAR R B BIRAY LENGTH, XA R (HE) AR5 AREA KAL)
AR CHE) MEERAE GBI AL S5 PRAEA B3l ) 8

XA IR R T REA S INT B 74 Bl

IMPLEMENTATION Name_I

REFINES Name
VALUES LENGTH = 1..100; AREA = 1..10000

oooooo
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CONSTANTS 523

F I8 — AN B RIE) T BERAPIE (HMZEES SIZE fiid)
o IRMEMEZRAIA std, HFM BN

o ZEAE[EZIIA lux, HEMANERIMI 3/2 £5
THHEHEEX T IANEE

e default /& HAKARAUNKREEE, KRN FN

e standard EARHERIES

e price BRRRFM, R AL B 55 Hr

JEWANE B R B RATFAERZIEN], RESENTEERR
AN R, EEele X ABSTRACT_CONSTANTS

B B A BRI R AL PROPERTIES THJHEBIEH, T4 HHMBHL

Rooms
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MACHINE Rooms
SETS ROOM; SIZE = {std, lux}
CONSTANTS default
ABSTRACT_CONSTANTS standard, price
PROPERTIES
default : NAT1 & standard <: ROOM & price : ROOM --> NAT1 &
price[ standard ] <: {default} &
price[ ROOM - standard ] <: {default * 3 / 2}
OPERATIONS
sz <-- sizequery (rm) =
PRE rm : ROOM
THEN IF rm : standard
THEN sz := std
ELSE sz := lux END
END;
pr <-- pricequery(rm) =
PRE rm : ROOM THEN pr := price(rm) END
END

EEIHAH PROPERTIES THJIREZR, #iid T JLANE =R
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CONSTANTS 523

X—ZHIEAE RS, AR T LN E MM 31E
e sizequery T 55 [H] K/
e pricequery 75 H IARHY

FHEHFERX - HMEHEI. 7 FHFERE:

o G HmTERGTI, BRI 128 MR

o SIEMIBERINGT A 160 JC. IXPHIARNAESEILH) VALUES T HRJfHiR
o MANBHEBEAFLI, WEAHBRERS

o fEUE BT 55 M #AbRAENR], X5 h SN
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IMPLEMENTATION Rooms_I
REFINES Rooms
VALUES default = 160; ROOM = 1..128
PROPERTIES standard = {nn | nn : ROOM & nn mod 2 = 1} &
'rm .(rm : ROOM & rm mod 2 = 1 => rm : standard) &
'rm .(rm : ROOM => (rm mod 2 = 1 => price(rm) = default)
& (rm mod 2 /= 1 => price(rm) = default*3/2))

OPERATIONS
sz <-- sizequery ( rm ) =
VAR st IN
st := rm mod 2;
IF st = 1 THEN sz := std ELSE sz := lux END
END ;
pr <-- pricequery ( rm ) =
VAR st IN
st := rm mod 2;
IF st = 1 THEN pr := default ELSE pr := default * 3 / 2 END
END

END
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26 N POERAT 23 4. FITF="HEAEMRGEH (AR HED -
rm mod 2 <= 2147483647
H—MRE R, BHEAR

"‘Check that the property
( !'rm.(rm: ROOM => (rm mod 2 = 1 => price(rm) = default) &
(rm mod 2 /= 1 => price(rm) = defaultx*3/2))
& price: ROOM --> NAT1 & pricelstandard] <: {default}
& price[ROOM - standard] <: {default=*3/2})
is preserved by the valuations - ref 5.2°" =>
#price.
( 'rm.(rm: 1..128 => (rm mod 2 = 1 => price(rm) = 160) &
(not(rm mod 2 = 1) => price(rm) = 240))
& price: 1..128 +-> NAT - {0} & dom(price) = 1..128
& (not(pricel{nn | nn: 1..128 & nn mod 2 = 1}] = {}) =>
price[{nn | nn: 1..128 & nn mod 2 = 1}] = {160})

& (not(price[(1..128) - {nn | nn: 1..128 & nn mod 2 = 1}] = {3})
=>
price[(1..128)-{nn | nn: 1..128 & nn mod 2 = 1}] = {240}))
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STRING REI ) fF H

7E Atelier B B, STRING & —MNEARM, (H'E AR HIHARRA T
CMEE T . BaT R e HAEEBEM AT &R, IRBRMASEE R

BAERAHIN TGS — D PR R T BN RS, EMSHOO] Uiesy HoAb
CAFAF B N SRR AE

N HEZA N ZHL:

MACHINE

UseStr
OPERATIONS

inpara(sl) = PRE sl : STRING THEN skip END;
END

MACHINE testStr USES UseStr OPERATIONS
test(s2) = PRE s2 : STRING THEN inpara(s2) END
END
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o ANEEAVENHBAERIR [BHE

Atelier B %< STRING 1 FH it v A8 &
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