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HENREN

1.1 Oood
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gboboooobobooboboooooooooooboboobooooobbobooobon
gboboooobobobbobooooboboobobbbooooobooboboooon
0000000000000000000000000 B-Technology[10][6](00 BOOO)O00O0O00OO
gbobodopoooobooboboooobobooobobobooobobboobobobboboon
godooboooobobboooooobooboobooooobobooboobobooboboooo
gbobooboooooboboBoooooboobobooboboboboobooooboooon
gboooogbbooboobooobob sooobooooboobooooobooobooooooon
gbobooboobodooobobooooboooobooooboobobobooboboboboon
000000 BOOOOODO CafeOBJ[11][1] 0000000 C00OOCOOOOOOOODOOOODOOOO
gboboboobooobooboobooboobooobboobooobboubooboobboobUooo
b BUO0ooboobooboooboooboooooboobobbooobobbooboobbbon
00000000boO0O000bbbDOn CafeOBJ ODOOOOOO BOOODODODODOOOOOOOOooOo
0oo0booboogoobooD cafeOBJ UOOOODODOODODOOO BOOOODOOOoOoooooooog
gooooooboooooboooboobobbbooooooooobbooooobobobobboooogon
oooobbbobooogocafeOBJOOOOOODODOOOOOOOODDOOOOOOOOODODO
OOooboOobooon CateOBJODODODODODODODODOODDODDOODODODOOCateOBI OO
0000000000000 0000000000000000000D0000000ooOn [21)1510
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ooboooooooo
O040000CafeOBJ OO0 0O00O0OO0ODOODOOOOOOOOODODOOOOO0OOODDOODOOOOOOO
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2.1 0OOoOd

ogoboooooobooooooooobooooboooboobooooooooboboooobOoo
goboooobooobooooboooobooooboogboooooDooobbooobboooo
goboooobooobobooooooooooboooboboooobooobbooogooooo
gobboooobbooooboooobooooobboooboboooobboooooooooobooo
goooobobooooobboobooboooouoooboobboooobobboooooobobboon
gobboooooboooobooboboooooboboobbboobbobobooooboobooooobobooon
gooboooooogoobboboooooooobobooboooooobooobooboooooobobobooogoon
gobboooooboboobobooooooooobobooobboooobobooooobooooobooboooo
gobboooobooboooooobooooooooboobobooobobooobooooobooboooo
gboooobooooobooooboboobbboooobooooboobbooboobboooobboooono
gobboooooboooooboooooooooboboo

2.2 0U00OO0OOOO B

BUOODO ZOo00O0oOO0obOO0o0boO0oobOoobOobbooboobobboobbOob B-MethodODOO
Ubobouooobobdobodd B-Teolkit OO O
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221 Z

Z210O0xfrd00000000000OOOOOO0ODOO0O0OOOZO0O0O0O0OISOODOOOOOO
gobboobboboboboooooboooobobooboboooobbooboboouoboboooobbooon
gooooobgoooooooboggoooobbobooooooboozoboboboooooogo
goobooobooboooooooobbooobooobobooooobooooobboooboooo
gobboooobooobobogoobooobooobboooboooooooooboobooooboooo
OO0 Type Checker 00D ODO0O0ODOOOODOOOOOOOO0OO0 ZOOOOO Object-Z O Z++
gobooooooooon

2.2.2 B-Technology

B-Techology [10] [6] 0 0 AMNOB-METHODOB-Toolkit 0000000000000 OODOOO
00000000 O0DOO0O00000000OB-Method OO Abstract Machine Notation 0 Oxford OO
O Programming Research Group O OO0 1985 000000000 0OO0O0OO0OOODOOOOOOOOO
odjodooooooboobooUobboooO0UUOUUoUOopoDboobooobobooobobooo
odoooooooooboboooboboobbooboobo

2.2.3 Abstract Machine Notation

gbodoooboboobo Bbooooogobboooboboooobooooobboooo
gbooboboooBsoboobooboboo zoboobobooboobobboobobooo
gbobooooboboooobooooboboooboboboooobobobbobobobobon
gbboboobooobooobobooobobboooboboboboboobobobboobobon
gbobodboobobobboobobooooboooboboobobobobobobbboboboon
gbobodoboooobooboboooobooooboobobboboboboobobobobon
gbobooboobobooboboooobobooog
gboboobobobooboboooooobooboo



O000 (Abstract Machine)

MACHINE N(p) N:machine name, p:paramers
CONSTRAINTS ¢ c:000 (ODOODDOOOOOO)
SETS St St:sets (BOOLUO DO OOOODOOO)D
CONSTATNTS k k:000
PROPERTIES B B:OOO (WOOOOQog)
VARIABLES v v:0ogog
INVARIANT I I:000 (DODOoOoooboboooooood
INITIALISATION T T:U0OODO (10OO0OO0O)
OPERATIONS
y <= op(x) =

PRE P THEN S END

END
- %

2.2.4 B-METHOD

B-METHOD O O0O0O00O0O0O0O0OO0OOOO0OOODOODOOOOObOObOODOOOObbOOoOoooobon
UO000dB-Method DO ODUODOOO0OOOODOOOOODOODLODOOOODLDODOOOODLODOO
ggobooobooboboobooooooboboboobooooobbooboobuoboboobon
UO0O0000B-Method DOOOODOOOODOOOO B-Toolkit HOOOOODOOOOOOOOODOOO
gogboooboo

2.2.5 B-Toolkit

B-Toolkit ! 0 B-METHOD 000D 000000000000 OOOOOOOO0OOOOOOOOOO
gbobooobooooobooooooobooooopooooobooobooobooboooboboo
OO0O00O0 Proof Obligation GeneratorUO0 OO OO0 0O00O0O0OOODODOOOOOOOOOOOOOOOO
ooooooobobobooooooooo cooooooooooboobboooboOoobooooDoo
goooobobooooog

!The B Toolkit is a trademark of B-Core (UK) Ltd.



2.3 UO0OUO0OD0OO CafeOBJ

CafeOBJ [1] [11]0 OBJOOOOOODOOOOOO0OOOOOOOOOOOOOOOODOODOOOOO
OO0 [roo0oobo0oc0ooooooooo0oooooon
CafeOBJ OOUO0OOO0ODODODOOOOOODOOOOODODDOOOODOOOOODODOOOOOOODOOn
00 (signature) 000000000000 (exiom) 000000000000 O0O0OOOOOOCOOO
00000000 0o00ooobboboboOodDbcateOBJ D0 ODODODOOOOOOOODODDODDOOOOOOOO
20000 module!d module*0 0 0000000000000 O0OOOOOO0OODOODOOOOODO
000oobooooooboobobodcafeOBJ D000 O0DODOODODOOODODOOOODODOOOOOOODOO
000b00o0o0o0o0obobbo0oooooobbobOoobcateOBJOODOODODOOOODDOOODOODOOOO
oobooooboboooobbooobbooooobbooobobbooboobooon

2.3.1 00 (Algebra)

ooooooobooooooobobboooooooooooooobobboooboooobbobooboo
gobbooobbbooooobooooooboboooooooboooobooobooboooobbooo
gobboooobbooooooboooooooooooboobooboooboooooooooobooboooo
gobbooobobboooogobooooooooobboobbboooobobbooobboooobbooon
O0000000000000000 [23|0000000000000000000O0O0O0O OBJOCSPO
goooooooooooooboobobobobbbobbooobooboboobobobbbbobboboooon
O000000000 CafeOBJOODOOOUOOOOOOOOOOODOOOOOODODOODOO CateOBY
gooboogon
CafeOBJUOOUOOODODOOOOOOOOODDOOOOOOODOOOOOOOOOODODOOOOOOOO
goooo
gooooooo

e JUDDDOOOODOOOODDOODODODODOO
CafeOBJOOO00O0OO0O0O0O0OO0O0O0OO0OUOOOOOUOOOOOOOUDODOODOODOOODO
goboboooobooogooboooobbooobbooooooobobbooooooo

e JUDDDOOOODOOOODDOO

e 00D OU0ODDDOUODOODOODOD (equation)DJ00O0O0O0ODO (transition)
gobobooooooooooooooo



gbobooooboboobobooooboboobobobooobobooboboboboon
gbobboobobooobbobodooobooooooboboooboboobobobobooon
gbobooboobobooobobon

2.3.2 UUOOOOO

goboboogoobbooooobooooooooooboobobooooobooobobobboooobDbo
gobboooobboooobgoooooboooobbooooobooooboooooooooobooboooon
goooogn
CafeOBJOODOODODOOOOOOODOOOOOBJOOOUOOODOOOOOOOOOODDDODO
gobbooobobooobbbooobooooooboooooooboon
gobboooobboooooboooooooooobooobboooboboboobooooooooo
goobooooobooboooboooooooooboooboboobboobbooooboOoo
CafeOBJUOO0ODODOOOO0OODODOOOOOOOOO0OOODOOOOODLODOOOOOODDOO
gobooooboobooboboooooooooobobooobobboboobboooboooooboboooo
goboooooooooooon

2.3.3 0000 (Hidden Algebra)

oooobooboooooooobboooboooooooogbobobboooooooboboobooon
ooboooooboooobooooooooobobooboboooobooobboooobooboooo
0000b00o0o0ddddbcCafeOBJOOOOOODODODODODOOOOODODOOOOOOODODOOOOOOO
ooboooooobooooboooooooooboboooobboooobooooboooooobooo
ooboooobobooobboooooooobobooooobo
0000000 Goguen DO O0OODODOOOOODOOOOOODODOOO[f)@QDOOCDOODOODOOO
ooboboooobboooobooooooooboobooooooboboooboobobobooobobooo
ooboooooobooobooooooooobbooobobooooboboooobooboboooo
oobbooooboooooobooooooobooobobboooobooooboooobooboooo
oobboooobboooobbooboboooooboboo



> V1 attr(tl) = vl

tl attr(t2) = vl
i t2 attr(t4) = v2
v2
meth(tl) = t1°
t4 meth(t2) = t2*
00000000000000 oobbobboobOooOooo
t1Rt2 et hod

H dden -> Hi dden

= - - - -

attribute
—_—

t1'Rt2 H dden -> Visible
00000000000000 0o000000000o000

hiRh2 = attr(hl) == attr(h2)

goon

000 SO0O0D0O000 V(Visible)y DOOOODO H(Hidden) OO DO
S=(VUH)OOooUooooooozd

pEYys withwe V*, se VOO

pEX,, wODODOOOO HOOOOOOpOOOOOOOOODO
00000000 (Hidden Signature) U< H, X >0000000

we S*IO00000000O0se OO0 peXys 0 method OO
O00we S*0000000000se VOOO peXy, 0 attribute 0000
weV*seHOO peX, 00000 (hidden constant) 0000

oooo

<H,X>000000EQ 0000000000300 <A, E>00000000000) O
oogd

ooo»-o0oobbooobobooobbooon
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god
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CafeOBJ U U DO UOOOOON

O000o0oOooooDoD BOODDOODDOOO CafeOBJOOODOOOBOOOODODOODODODOO
gobboooobbooooobooooooooooboobobooobbooobooooobooooo
gbooogobboooboobboobbboooboooobooooooboobboboooo
00BUOOOUOOODUOOOUODOOOOOOOUOODOOOOOOOODO0OODOOODOOOOOOOOO (3
[40000000000000000000 PVSO HOLOOOOOOOOOOOOOOOODOOOO
00000 BOOOOOOODOOOZOOOOOOOODDOOOODO0OOOOOODOOO [22][190BO0O
goboboooooooboboooobobbb BOoobboooooobooooogooooooooo
gooboo0obboooon CafeOBJ OOODODOODOO
gobboogobbboobbboobbbobbobooobboobobbooobboOoobobOoooon
goobooooboboobobboooobooooboobbbbooobobbooobboOoobboooon
gobbooobbobooobbooobbbooooboon

3.1 UOU00OO0OOoog CafeOBJ O U

CafeOBJUOOODOOOOOOOODODDOOOOB-OOOOOOODDOOOOOOODODOOOOOOO
ooooboooBOOoobooooooobobboboooooooooooobbbObobOoooooobooooDo
0O OBaumeister 0 00 implicit state approach 5| 000 0000000000000 DOOQO Oimplicit
state approach OO0 00000000 DOO0O0O0O0O0O00O0O00O0D0O0OO0DO0OODOOODOOOOOOO
OoboooooooonD CafeOBJOODODOOOOOOOOOOODODOOOOOOOOOOOOOO
OO00D0D0O000000 Explicit State Approach D0 D00 000000 OOODDOOOOOOCODOOOO
oooooooooooooooooooooboooobooboDbobObbOobbDbODbOoboOoboboon
ooo
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BOOOOO CafeOBJ O OOOOOOOODOOOOOODO (O03.1)0000

B-OOOO CafeOBJ
gooood gooo goooo
gboood |goobboobogoboo gogo

ooooogo ooooogooboboooo
oog ooboooo od
gd gd ggono
gd ogoooo
goooogogo gd
goboon od goboooobobooooooo
ooono oboboooooooooo
goo goo gd
ooono od ooooooo
ooono ooooogo
goooo gooooogo

0 3.1: B-OOODO0O CafeOBJ OO

e 000000 (MACHINE)

gobobooOoooboooooooon

goboooboooobbobbooobbooobbooboooo BOOobOoOooobooooooo

gobbooooboooooobooooboboboooobo

O0ooboobooO0oboOO CateOBJOOODOOODOOOOOOOODOOODODO BOOOOOoooO
00000 b2000000000000000000O0DOCafeOBJOOODOOODODOODOO

goobboobobooobooooboooobboooobboooobooo

e 00 OOODO (parameta, CONSTRAINTS)

gboobooobobooooooobobooooboobooobooobobbooon

gooobbboooooooB-000000b00b0obbO000o0oOoOn CafeOBJOUOODODODO
googbgooboobobooboooooooosboooooooboboboooobooooooo
U0D0000CfeOBJOOODODODOOODODDOOODODOODOOOO B-O0OOOO CONSTRAINTS
0000000000000 000000O0 (0O)ODOOCafeOBJOOOOOOOOOOOODO

11




\
MACHINE LIFT (LFT, topfloor, bottomfloor)
CONSTRAINTS topfloor > bottomfloor
INCLUDE DIR
module LIFT {
protecting(LFT)
protecting (NAT { sort Nat — Floor,
op zero — bottomfloor,
op ten — topfloor})
using(DOR)
000 bottomfloor 00 00D OOOOOOOOOOOO
goodobooobooobooobobooobooooo
/

-

0 3.2 B-0000OOO0ODOO CafeOBJ OO

00000 BOOOOODODOOCeOB]000000000000000000000000
000000000000000000000000000000000000000000000
0000000000(0 3.2)

B-OOOOOOOOOOUOOODOOOUOUOOoUoUoouobuooooDooDDbDbOCateOBIOOO
goboogobooooobobbbooooooooobobbooooooooooobobooooog
O000oDoDbDbObO0OD0O0O0000g CafeOBJODODOOOOOOOOOOOOOODODODDOO
U0obDoooUB-Teolkit O DODDDOOOODDOOOOODODODOO0OOODOOOOOODO
oooooooooooboDbbbOoObbbOO0bO0OBUOUOUOOOOOOOODOOCateOBI O
googoooobbooooooogoooooobooboooooooooboboooobobon
OO0 BOCafeOBJOOOOOOOOOooooooboooooooooooboboooobboobo
goboooB-0000b00O000o0ooobooobooooBoboO0ooob0oooboOoobooon
gobobooooooogon

000 (INCLUDES, USES, SEE)
33gouooooogon

OO0 (SETO CONSTATS, PROPERTIES)
gobooobooboooooboobobbbooooobon

12




ggbboobboobbobooooboobboboooboobooooboobooboboon
googobooooboooobooboobooooboobboobbooubbobbobobooon
gbogoboooooooooboobobooon

0000o000oooooo (0)ooooooo

B-OOOOO CONSTANTSOO PROPERTIESOOOO0DOOOOODOOOOOOOOOOOOO
O00ooopoobboO CafeOBJOOODOOOOOOOOOOO BOOOOOOooooooooo
O000000O00o0oooooo( 3.3)

gobobooooobooooooooooboo
gobobboooobooooooooobboooooooboobooobobbooooboboo

SETS DIR = {up, dn} h
CONSTANTS opp
PROPERTIES opp € DIR — DIR A
opp(up) = dn A
opp(dn) = up
[ Dir |
op up : — Dir
op dn: — Dir
op opp : Dir — Dir
eq opp(up) = dn .
eq opp(dn) = up .
2000000000 birOODOOOODODOOODOOODOODOODODOOODOOODOO
gobddBOOboobobooobooobbooboboo
o _/

033 B-O0O00O0O0O0O0O0ODO0O CafeOBJ OO

e 00000 (VARIAVLES, INVARIANT)
gobobooobobooooobooooboboooobbooooboooobboooobo
goobobobooooboobobooooooobbbooooobbooooooobbboooooo
Oo0ooooooOooooooooooooooooboooo (boo)oooooOoooooooo

000000000 00oOO0ooOooooO@ 3.4)

13



gbooopoobobooboobobobooobobbooboobobon

VARIABLES cstate
INVARIANT cstate € CSTATE

[ Cstate |

op coin-present : — Cstate

op coin-absent : — Cstate

op give-change : Cstate — Cstate

var C-CSTATE : Cstate

eq give-change(CCSTATE) = coin-present .

O00ooobOdd Cstate DD OO

0000000 C-CSTATEQODODO

J0ooogooonD CSTATEQODODODOUOOUOUOUOUOO give-change OO ODOO0OOOOOOOO
gooooooooooobbooobooon

- J

0 34: B-O00O0O0O0OD0DODODODO CateOBJ OO

e 0000 (OPERATIONS)
000000000000000000000000000000000000000000000
0000000000
00000000000000000000000000000000(0 3.5) CafeOBJ 0000
0000000000000000000000000000000000000000 OCafeOBJ
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
0000000000000
000000000 B-00000000000000000’00°000CafeOBI 0000000
00000000’00°00000

e 00O (INITIALISATION)
O0000000000o0oouoooo(@ 3.6)
gobogoooobooooobboooboobbooboobobooboooboobboon
gobbobooooboooooooooooboon
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OPERATIONS

give_change(cc) =
PRE cc € COINS
THEN cstate := coin_absent
END;

[ CState Coins CSlot |

op |- : Cstate Coins — CSlot

op give-change : CSlot Coins — CSlot

var CL : CSlot

vars CO1,: Coins

eq give-change(CL,CO1) = (coin-absent | CO1) .

oooogogoggo Cstate OO OOOO0O0OOOOO0O
CState OO DOO0OO0O0OOO0O0O0O CSletODODOODOOOOOOODO
oob0oooooooooob coltpbooooboooooboooboooo

o /

0 35 B-OOOOODOOO CafeOBJ OO

3.2 UUU0boboooooouooobobobobooon

googooboboooooooooooobooooooooboboboobooooooboobbooooooo
gobboooooboooobooooooooooboooobooobobooooobooooobooboooo
gobboooobbooooooboooooooboobooobboobbbooooboboooooboooo
goobooboooooogooooobobobooooobobobooooobooobbooooboobog
gooobboooobboooboooooboooobooooboon

INITIALISATION
cstate := coin_absent

current_coin := 10

[ CState Coins CSlot |
op |- : Cstate Coins — CSlot

eq empty-cslot = coin-absent | tenc .

O0000b00000 coin-absent,tenc 00000000000 OOODODO CSlotDOOOOOOO

- /

0 3.6: B-O000O00O0O0ODO CateOBJ OO
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MACHINE Person
VARIABLES
names, date_of_birth, age, address, gender, work
OPERATIONS
birthday(nm) =

PRE nm € names

THEN age(nm) := age(nm) + 1
ad <« current_address(nm) =

PRE nm € names

THEN ad := address(nm)

make_person(nm) =

names(nm) := null | date_of_birth(nm) := null |
age(nm) := null | address(nm) := null |
gender(nm) := null | work(nm) := null

0000 birthday OO0 OO age,persons OO OO0 OOOOOO make _person 00000 Person 0 [
gooooooooobobbobobobobbooboboooo0oooooggoooobooboooD o

/

g3 goobbboooooboobogoo

B-OO0O000O0O0O0oooOOooooboooobobobooobobboooobboboooobooooooo
OO000o0ooo0oo(@ 37 00ooo0ooo0oooooo0o0ooooooooooooo
gobooobooooboon
goobooobooooobobbooooobobbbbooooobobbbibooo0oobboogn B-Toolkit
gobboooooboooooooboooooooboooobboooboboooobooooobooboooo
gobboooobbooobboooooooobboboooobobooooog
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module! Person {

[ Name Birth Age Address Gender Work |

[ Private Public Person |

op person : Name Birth Age Address Gender Work — Person

op private : Name Birth Age Gender — Private

op public : Name Addrress Work — Private

op birthday : Name Private — Age

op make-person : Name Person — Person

U0 person U private U0 DO U0 000000000 0O0O0O0O0ODOODOODOO
U000 birthday OOOD00OOOOO0ODOOODO Private DO OO OO

- J

038 gouobboooobobobooooboogo

B-OO0O0ooOoOoooboooooobooooobboobobobooobobbbooobobooooooo
O0oOooooooooooooooooooooooE g Dooooooooooooooooon
ooboboooobbooooboooooooooobboooobboooobbooobobooooooooo
oobbooooboooobooooooooobbooobobooooboboobboooboboooo
ooboboooobooooboobobooooobobooobobboobboboooboooooooboooo
oboooooobooooooooboooooooooboboobobooooooobooooboboooo
ooobooooboooobooboooobobobobooobobboooobbooooboooobooboooo
gobooooobooooboooooooogoooogoooooboooob oo ooo o
00o0boo0o0obooobobo0ooobbboboo0ooobbboooooboDcafeOBJOODOOOO
oobooooboooobbobooouooooobbooooo

ggbooboooboooboobobboboobboboboobboboobboboobobbobog
00o0o0o0oooooooo0o0o0(MoO)oooooOooooo0ooo0oO0oooooooon
gboboobooboboobobooobobooooobobobooboboboboboboboboon
ggbdobboooobooooooobobobooboboobooobobbooooooboboon
gbobooooobobboboooubooogoouooboooooboooooooobobbobooon
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3.3 Ugogog

BOODODOOOOOOODOOODODOOODOODOODOOOOD cafeOBJ OO ODODOODOODODOOO
000 BO0OOO0O0OO0ODOO0OODOOOOOOODOOODOOOObDbOOD
B-Technology U0 D0 D0DOO0OOO0OOO B-MethodUOOOOOODOOOOOODOODOOOOOOOOO
ooobooooobooooobboobooB-bOO0o0oooboOoooobboooobboooobbbooon
O0o000o0o0oo0ooDO (MACHINE)DODODOOOODOOO (REFINEMENT)OOOOOODO
OO0 IMPLEMENTATION) DO OOOOO0OO00OOOOCOOOOO0O0OCO0OO (MACHINE)DOOODO
000000 (REFINEMENT)OOOOOOOOO (IMPLEMENTATION)OOOOOOOOOO0OOOO
oooooooboooobooooobooooobobooobobooooobboooboboooobooooo
CafeOBJUOOOOOOODOOOOOODOOOONO B-Technology DO ODODODOOOODOODOOOODODO
0000000000000 B-Technology OO 00O0O0OO0OOOODOOOODOOOODOOODOOOO
OO0CafeOBJOUOOOO0OOOOOOODODOOOOOOODODOOOOODODODOOOODOODOOOD
gobboooboboooobboooobooooobboooboboooobo

00000000b000u0boOoOg CafeOBJOOOOOODOOO

SEES
BOSEESOOOODOOODOOODODOODOOOOO0O0O0OO0DOO00O0O00O0O0O0O0ODODODODOOOO
0000000 (D0ooo0o00)00oo00oo00oo0O0O0o0 SEESO00000ooooooooon
OOO0O0OOSEESOOCOCOOOO0OO00OOO00O0UOODOOOOOOOOOOOOODOObOOODOOn
oooOooooO0o0oobO0ooUoOoOooooUgooDOooooboOoOoODoOoobobOOodobooUoo
OO0 SEESOO0O000C0O00O0ODOO0OCDOOUOO0OO0OOCOOUOOCOOOOODODObODOOn
oooOooooo
SEES 00O CafeOBJ OO protecting 0O OO0 OOO
O0O0O0000O000C SEESO000DOO0OOoOO0OoobDOoOooon

USES
BOUSESOOOOOOOOOOOOOOOooOoOoODbOOOo0oooooooooobobooooooobooOog
gooboobooobboooooooboboboooobooooobooobooooooobboooboboooo
gobooooobooooobob
USES 00O CafeOBJ OO extendingUusing OO0 0000000000 DOO0OODOOOODOOODOODOO
gooboo0o0obobo00obobooooobboobbOob0o0o0nD protecting DO ODODOOOO
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00oooooooboooobbooobboboo00ooooobooobbboo0o0oUOgDbD cateOBJ OO
gbobooooboboobobouooobobooboobon

INCLUDES

BO INCLUDESOOOOOOODODOOOOOOOOOoDOOOoOoOooOoOooogoobbooooogooo
goboooobooooboooboooogoboobooobobooooboobDobooooboooo o
gobbooooobooooooboooooooooobbobobbooooooooobooboobooobooon
gobboooobooooboooboboooboobobooobooobbbooobooooboooooo
gobbooooobooooobooooboooboooooobooooobobon

O00D0000 CafeOBJUOUOODD extending 000 O0O0OUSESOOOODOOOOOOOOODOO
JO000D0D protecting 0 0000000000000 DO0OO00ODOO0OODOOOOODOO0OO0ODOO
OusingODOOOOO0OOOODODOO

O0odUoo0oouooOooooboOooobDboboDoDOo cateOBJOOOODOOODOO

SEES
goboobboobboobooobb0ooboobooob SEEsOOogoobobboooooooon
gooboooobooooboboooooooobbboobobboooobboooboooOon
0000000 CafeOBJOOOOODO protecting 00O O

Uo00D0b000 B-00O0O0O00000 CafeOBJUODOOODOOOOOOO INVARIANTODOO
gobboooooboooobbboooobooooboooobobbOo0bbbOon protecting O
gobboooobooboooobobooooooooooboooboobbooobobboobobooooobooogoo
00000 extending,usingUO0 0000000000 OC0OOOOOOOODODOOOOOOOOODOOOO
gobboooobbooooobooboooooobooobbooobobboooobboobobooooooooo
00 CafeOBJ OO protecting 00D 000000000 0O0ON extending OO DOOO0OOODOOO
Ousing 0O0O0O00O0OOODOOOOO
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O000 (Abstract Machine)

MACHINE N(p) N:machine name, p:paramers
CONSTRAINTS ¢ c:000 (ODOODDOOOOOO)
SETS St St:sets (BOOLUO DO OOOODOOO)D
CONSTATNTS k k:000
PROPERTIES B B:OOO (WOOOOQog)
VARIABLES v v:0ogog
INVARIANT I I:000 (0ObhoOOooobboooooood)
INITIALISATION T T:U0OODO (10OO0OO0O)
OPERATIONS
y <= op(x) =

PRE P THEN S END

END
- %

0 3.9 B-OOOODOOOO

3.4 U0OOOOOOOOO

B-Method OO OOO0OODOOODOODOODOODOOODOODOOOODOODOOOOODODOODODO
gbooobod B-0Oooooogo 3subouboobonoo

oo obbodbououbooouoboboboobbobob B-oboboooooo
goboooooobouoooo
(1) 3p.C
OO0 (CONSTRAINTS) OO DOOOOOOOOOODOOOOOOO
(2) C = 3(St, k).B
OO0 (PROPERTIES) 0000000 OOOODOOOOOOOODO
3) BAC = 3v.l
OO0 (INVARIANT)OOOOUODOOODOO0OOOO0OO0OO0OO0O0O0
(4)) BAC = [T)I
gbbbooboboboooobooooboboobooboboo
gboboobobobo,0obobo0oooboooobobooo
(6) BACAIANP=[S]]
gbbbooboboboobooouoooboboobooo

(1-3) 0000000000000 00Us 0000000000 0OO0OO0O0O0OODOUOOOO0OO
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gbogoobbobooboobooboboog

00000000 CafeOBJ 0000000000000 000000000000000000000
0000000000000000000000000000000000000BO00000000
00000000000000000

CafeOBJ000D0000000000000

(1,2) 0000000000000000000000

(3)0000000000(00)00000
0000000000000000000000000000000

000000000 CafeOBJ 0000000000000 0000000D000D0000000000
CafeOBJ 0000000000000 D0000000D00000000000000000000000O
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00 (1-3)0000000000000000000000000000000
BOOODODOOOOO0OO0O0D00000000000000000000 (CONSTRAINTS OO0
0000000)000000000CafeOBJO00000000000000000000000000
00000000 EtD0D0D000000000000000 Ert0000000000000000
0ooo

(4 000000000000000000000000000000000000

(5) 000000000000000000000000000000000000000000000
00000000000000000

00000000 CafeOBJ 00000000000 00000000000000000D0000000
0000000D000000000000000000000000000000000 (5)00000
000000000000000000000000000000

34.1 BUOO Coin Slot JOOOOOOUO

000 Coin Slot(0 3.10) 00 000000000000000000
(1) 00 (CONSTRAINTS) 0000000000000

(2) 00 (PROPERTIES) 0 0000000000000

(3)0000 (INVARIANT) 00O 00000000
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MACHINE Coin_slot
SEES Vend_data
VARIABLES
cstate, current_coin
INVARIANT
cstate € CSTATE
current_coin € COINS
INITIALISATION
cstate := coin_absent ||
current_coin := 5
OPERATIONS
give_change(cc) def
PRE cc € COINS
THEN cstate := coin_absent
END;
coin «+ accept_coin def
ANY cc
WHERE cc € COINS
THEN
current_coin := cc ||
cstate := coin_present ||
coin = cc
END
END

0 3.10: B-OOOOOO Coin Slot
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Jestate.(cstate € CSTATE)

3 current_coin.(current_coin € COINS)

(4000000000000

[cstate := coin_absent](cstate € CSTATE)

[current_coin :€ COINS](current_coin € COINS)

i.e. : Yov.(vv € COINS = (current_coin € COINS)[vv/current_coin))
(5)00000000000

cc € COINS A cstate € CSTATE = coin_absent € CSTATE

cc € COINS A current_coin € COINS A cstate € CSTATE = coin € COINS A coin_present €
CSTATE

0000000000000 000000000000B-Teolkit0O OO OOOOOODO

3.4.2 CafeOBJULODO Coin Slot DO OOOOOO

CafeOBJOOOODO COIN-SLOT(C 3.11)000 B-OOOOOOOOOOOOOOOOOOOOOOO
000000000 B-O00ObO0O0DbO0O00O givechangeOOOOOO ccOOOODOODOOOOOONO
U0000000CafeOBJOODOO0OOOOOOOO ccOOODODODOODOOOODOOODDODbOOOO
0000000000000 0000000000 B-O00O0000 accept_coin 000 20000 (OO
O0O00oO0oOooooOo)oooooU0OoooUOoOU00D 20000000000 0O0O0OOOOO0BOO
accept_coin 0 00 CafeOBJ O O entered-coin(accept-coin(CSlot,Coin)) D0 OO0 OO0 O currnet-state
0o0oboOooooboOobbo CsletD00 000000 ooboboobobObooboboooon
boboooobobooboboboon

CafeOBJ O Coin Slot 00000000000 O0O0O0O(DO 3.12)
O0oooogbocSlet 0000000000 DO0O0OO0O0DOO0O0DO CoinSlot JO0O0OD0OODODODOO
O0o0o0o0o0ooooo0oo0oooooo0oooooooooooooogon 2010

BOOOODOODO (1)0(2)000000000000reduce 01000 00000000000000
000000000
(1-3)(0000 (3)) 0000000000000000000 parse 0000 0000000000

0oooooB-00oboo0o0ooooboo0o0ob0bbOooobboo0obobobooOgcafeOBJ OO
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module! VEND-DATAT1 {
[ Cstate, Coins ]
op coin-present : — Cstate
op coin-absent : — Cstate
op zeroc : — Coins
op fivec : — Coins

op tenc : — Coins

module! COIN-SLOT {
protecting(VEND-DATA1)

signature {

[ CSlot |
op empty-cslot : — CSlot
op _ | —: Cstate Coins — CSlot

op give-change : CSlot Coins — CSlot
op accept-coin : CSlot Coins — CSlot
op entered-coin : CSlot — Coins
op current-state : CSlot — Cstate — for proof
¥
axioms {
var CS : Cstate
vars CO1,C02 : Coins
var CL : CSlot
eq empty-cslot = coin-absent | fivec .
eq accept-coin(CL, CO2) = (coin-present | CO2) .
eq give-change(CL,CO1) = (coin-absent | CO1) .
eq current-state(CS | CO2) = CS . — for proof
eq entered-coin(CS | CO2) = CO2.

0 3.11: CafeOBJ OO Coin Slot
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(3)0000 (INVARIANT) DOOO00DD000

reduce coin-present .

reduce fivec .

(4000000000D0o

reduce current-state(empty-cslot) .

reduce entered-coin(empty-cslot) .

(5) 00000000000 (entered-coin 00O 0)

open .

op base-cslot : — CSlot .

reduce current-state(give-change(empty-cslot, fivec)) .

reduce current-state(give-change(base-cslot, fivec)) .

reduce current-state(give-change(give-change(base-cslot, fivec), fivec)) .

reduce current-state(give-change(give-change(base-cslot, tenc), fivec))

reduce current-state(give-change(accept-coin(base-cslot, fivec), fivec)) .
)

reduce current-state(give-change(accept-coin(base-cslot, tenc), fivec)

reduce current-state(give-change(base-cslot, tenc)) .
reduce current-state(give-change(give-change(base-cslot, fivec), tenc)) .
reduce current-state(give-change(give-change(base-cslot, tenc), tenc)

reduce current-state(give-change(accept-coin(base-cslot, fivec), tenc)

(
( (
( (
( (
( (
( (

reduce current-state(give-change(empty-cslot, tenc)) .

( (
( (
( (
( (
( (

reduce current-state(give-change(accept-coin(base-cslot, tenc), tenc)) .

close

-

0 3.12: CafeOBJ OO Coin Slot DOOODOOOO
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MACHINE M(p)
CONSTRAINTS C
CONSTANTS k
PROPERTIES B
VARIABLES v
INVARIANT I
INITIALISATION T
OPERATIONS
y <= op(x) =

PRE P THEN S END

REFINEMENT N
REFINES M
CONSTANTS k1
PROPERTIES B1
VARIABLES w
INVARIANT J
INITIALISATION T1
OPERATIONS
y <= op(x) =
PRE P1 THEN S1 END

END END

0 313 B-00O0O0OO0O0oOOoOOoOooon

Uobo000ddd CafeOBJ OO DO DOOOOODODOOOOOODOODODDOOODOOOOOOODO
currnet-state 00 0 0 0000000000000 0O0OO0O0O0OO

3.5 000000 (Refinement)

gbboogbobobooooboooooboobbbooboobooobooobooobobobboooa
gbobooooboboobooooobobobobobobobooboboobobobobooon
gbodboooooboobooboooo bobooboobobboobooobobobobboon
gbobooboooobooboooooobobooooboooobbboooobboboobon
gboboooobobooboooooooooooboboboooboooobobobobobon
00000000 B-MethodDOOOOOOODOOOOOOOOOODOD CafeOBJOODOOODOOOODODOO

BOOOOOODOOOOOOOOOOOOOODOOO0OO00OO0O0DO (03.13)0000oouooo
gobbooooboogooobboooooooobobooooooboboooooo

oddB-0dooooooooooooooboboooooooooa
(1) CABABL= 3(v,w).(INJ)
gdodooobooIloobbooooooooooooJoooboooooboooooon
(2) C ABAB1= [T1)-[T]~J
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gooooooboootoooobouoobooboooooooooo

(3) CABABIAIATAP = PLAISVIHSI-(J A = v)
goooooooootoooooooboobotooobobooooobooooooooooooooouoog
(DDDDDDDDD)DDDDDDDD

gobooobbobooooboooobbooooboo
gobboooooboooobooooobooooboboooooboobbooooooo

3.5.1 CafeOBJUOUUOUOOOO

CafeOBJOUOOOO0OOOOODDODODOODOOODOOOOOOO0O0ODODOOO0OO0O0OOOOOODO
gooooboboboooooooooobobooboooooobboobbbooooobbboooooo o
gdoooooooooooooooogbbooobobobooobooooooooooooooooon
0obooboboboboo0oobbibobO CafeOBJODODOOOOOOOOODOOODODOOOOODOOOO
goobooboobboooooboboooobbooobbo0o0oobo0oooboboOinCateOBI
0000000000000 0000O0O000Oooon |7 (8o

000
00 (5,E)00000000000000000000 (3, E)00000000S0000000 8,5
0000000 $'0000
00X0000Y0000,00000,000000000 EDOy(E)D (¥,F)000000000
000000Y-00 A0000¢(4) EEODOE,E)D (3,E)0000000000

000¢: Y=Y, i< fg> 0000000 f:8— $'00F((]) =[], f(51--52) = f(51)-..f (s,) DO DO
D00000 guye: Su,s = Shiy) joy1 000

000000000 SO0000000000000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000

e JOOOOODDODOODODOODODOOOOOUOODLODDOOODOOUOOOOObODODDOOO
00o0ooo0oO0O0(cooo0ooooooooodo)ooo0ooDoooooooooo
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e J00DDOOODODODOO(ODO)DODOOOODOOOODOOOOOOOOOOOOOOOODOOD
goboooboooboobooobbooobooboooboobooooboobboboboobooo
gbodoooooogoooooobuoboooooobooooboobooboboooo

e JODOOUODDOOODOODOODDOOUODOODOUOLDDOODDOODDODODDOODOODO
goobooobboooooooobooo
goboboboOoooboooooobooooboooon

3.5.2 CafeOBJUOUOUOOOOOO

CafeOBJUOOOODDDOOOOOOODODDDOOOOOOODODODDODOOOOOOOOOOOOOOO
gbooobooooboooobooooobobooobboooboooboobooobboon

Explicit State Approach

e JUODDOOODODOOD,0DbDOOOOODO0ODLOOOOODOOOODDOOOOn

e J00O0OODOODOODDOUIODDOOODOODO (O)

o DO0OUODLODDODOLDODLODLOOODLDLODLOLODLODLODLOUOUDLObOOLODLODLO

Hidden sort Approach

e IO0DO0ODOODLDODOOOODLDOLOODODLOLOOODOOObLOODLO

gobobboOoobbooooobboooobboooooboog

e JOODODODOOOODOODDOOODDODODOOODDOOOUODOOODDODODOOOOODOO

e IOODOODOOODODOOO

gobbooooboooooobooooooooooboboooobboooobooobooooobooboo
goooobooooobooogoo

gy bbooobbbbobbbboobo
gooboooobboobooboooooboooobbobbbooooboooooboboboboooon
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module* COIN-SLOT?2 {

protecting(VEND-DATA1)

signature {
*[ CSlot |*
— op empty-cslot : — CSlot
bop give-change : CSlot Coins — CSlot — method
bop accept-coin : CSlot Coins — CSlot — method
bop entered-coin : CSlot — Coins — attribute
bop current-state : CSlot — Cstate — attribute

}

axioms {
var CO : Coins
var CL : CSlot
— eq current-state(empty-cslot) = coin-absent .
eq current-state(give-change(CL, CO)) = coin-absent .
beq entered-coin(accept-coin(CL, CO)) = CO .
}

}
goooobooboooooobobooboo

o /

0 3.14: CafeOBJ OO OO DOOO COIN-SLOT2

gooboooobooobobobooobbooooobboooobbboooobboobobboooboobooboog
goboobooboboooobooboboooooobobboooooooboboooooooooboooooo

U000o0obooobbOoobboOoOn CafeOBJ OO Coin-Slot HOODOOODODOOOODOOO 3.14
goooooooogd

COIN-SLOT20 0000000 Ooobobbbobobobo00oobooooooooobobobbooooo
00 COIN-SLOTODODO 31500 0000000040 b

000000000000 000000000000000000000000000000 (attribute)
oobbooooboooobooooooooobobooobobbooooboooboboooboboboooo
oot oobooooDoDo
oobobooooboboooobbooooooooobboooboooobo
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module COIN-SLOT { [ Cstate Coins CSlot |
op _ | — : Cstate Coins — CSlot

O000 Cstate  Coins OOOOOO CSlot

0 3.15: COIN-SLOT DODODOOO

4 N
COl N- SLOT e ~
CA N-SLOT2
opl
op2 opl’
op3 op2’
var L,M N var N
eq A=B. | | ______
eq C=0D. 4 eq X = )
- //\\ ______ s
( D
N _/ J

eq current-state(give-change(CL, CO) = coin-absent
eq entered-coin(accept-coin(CL, CO) = CO.
-- eq current-state(enpty-cslot) = coin-absent

0 3.16: COIN-SLOT OO OOO0ODOO

00 COIN-SLOT20000 00000000 COIN-SLOTOOOONONONOOOOO (O03.15) 00000
00000 COIN-SLOT20000000 COIN-SLOTO 000000 ¢ : RCON-SLOT2 _, 3, COIN=-SLOT
g s3.1vooooooogn

goboooobbboobboboooobbobobbooobobooobboogooob e 00
0d COIN-SLOT20 000000 DO0O0O0ODOO0O COIN-SLOTUOUOOOO0O0000ooooooogoo
00000 CafeOBJOOOODOOOOODODOO(O 3.18)

00000 CafeOBJ O reduce OO0 ODODOO0OO true 0 OO
gooboooooobobob0obOobooon CoIN-SLoT20000000ob0bobooobooo
COIN-SLOTODOODO0O0000000oobooooooooooboooooooooooobooboboooo
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COIN-SLOT2 | COIN-SLOT
Sort CSlot CSlot
Cstate Cstate
Coins Coins

Y ¢Slot Coins,CSlot

give-change

give-change

accept-coin

accept-coin

EOSlmﬁ,Cstanfe

current-state

current-state

EC’,S‘lot,(?'oins

entered-coin

entered-coin

X)), ¢stot

empty-cslot

empty-cslot

0317 00000goo

— opening module COIN-SLOT.. done.
%COIN-SLOT) op cslot-tmp : — CSlot .
%COIN-SLOT) op coin-tmp : — Coins .

red current-state(give-change(empty-cslot, fivec)) == coin-absent . COIN-SLOT) open .

%COIN-SLOT) red current-state(give-change(cslot-tmp, coin-tmp)) == coin-absent .

— reduce in % : current-state(give-change(cslot-tmp,coin-tmp)) == coin-absent
Bool

(0.017 sec for parse, 3 rewrites(0.000 sec), 3 match attempts)

true :

%COIN-SLOT) red entered-coin(accept-coin(cslot-tmp, coin-tmp)) == coin-tmp .
— reduce in % : entered-coin(accept-coin(cslot-tmp,coin-tmp)) == coin-tmp

Bool

(0.000 sec for parse, 3 rewrites(0.000 sec), 3 match attempts)

true :

%COIN-SLOT) red current-state(empty-cslot) == coin-absent .
— reduce in % : current-state(empty-cslot) == coin-absent
Bool

(0.033 sec for parse, 3 rewrites(0.017 sec), 3 match attempts)

true :

%COIN-SLOT) close
ooooo0oooooooobooooooog

0318 000000000
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3.6 UUOOOooooobooood

ooooooooobboobooooobobboons20bboobboboobo0oo0ooobbooooo
gooooooboooooboobo
oobobooobbobooobboboooboboooboooooobooobboboooboboooobooooo
gobooooboboobboboboobooooobooobboooobooooboooooboooobooboo
ooboooobboobbooobooobooooboo0oobooobobooooooobobboOooon
ooboooobboboobobobooobobooobooboobbooobobobooobobooobboooon
gooobooobooboooboooooooooooboooboooobbobobbbbooboooooooo
oooboooobooobboboooobooooobobooobobboooobboooobbooooooboo
00o0b00oooooboobbbobOoooog 3.110bb0obbib0O givechangeOODO ccOOOOOODO
000000000000 0O000D00O00O00 B-O000000o0oo0ooooogn Coin Slot(O
3.10)000000000000000000000000000 3.1400000000000000O0
goboooboboooobooooboooogooboboooobobbooobobooooooooo
goboooooboooobooooboooogoooobobooboboboooooDooooooobo
gooboooboboobooboooooooogboboooboboooboboooboboooooboooo
goboooobooooboooobooooboobooboboooobooooboo

3.7 4Uog

B-0OOUOOODDDOOOOOOOOUODLDbOOOOOOOoOoOOoDD CafeOBJOOOODOODO

gobobogoobooooooood

B-0OOOOooouoooouoooouoooobbobobbbobbbboOooboooooono CafeOBJ

gobbooooboooooobooooboboooooboboooboooooboooon

B-0OOOOOOOOOOUOOOOOOOO CafeOBJOODOODOOOOOOOOOOOO

e B-Method DUODOODOO0OOODOODOODODOODOO CafeOBJODOUODOOOODOODOOOOOO
CafeOBJOOO0O0O0OO0O0O0OOODOOOOOOOOO
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e JIJDUOUDDUOUODOUDODOUDLOUOUDOOUDLOUUDUODDOUODUOODND GoguenJoom
O000000000000O0OB-MethodUODODOOODOOOOOOOODODOOODODO CateOBJ
O00000b0bO0obobO0obO00bO0oonbo0oDbOo cafeOBJOOODOOOODODOODODOOO
gogn
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1 4 [

HENREN

oooBODODOODDOODDOODOOODOODOOOOOOOOOOO0OO0OO cafeOBJOOOOOOO
gobooooooooon
Oodd CafeOBJOODOOOD0OOOO0ODO0O0O0O0O0OO0O0OOO0OODOUOUODOOUODOOODODOOO
goobooooub BOogooobooooboooboooobobooboobooooobobobbon
D000000O0 module HOOOOOOOOOOOOO CafeOBJ OO OOOOOOOOOODOOOODO
oooooobobobooo0o0Oo0oooooooobobob0oUUog cafeOBJOOOOOOOoooo
000000000 CafeOBJ O OO OOOUDOOOOOOOOODOOOOO [17][18]0
gobboooobboooobboboboooooobbooobobbooobbobooobooooobooboOooo
U0D0000D0OB-Technology UOD D DOOOODOOODODOOO CaseStudy UD DO OOOOOODOOO
000000 bobobO0bbO0o000bD0oDbOb CaseStudy OO O DOOOODOOOOOODOO

4.1 00O LIFT

0o0ooooooOoooooooOooooooOo0 (0400000000000 OOOOO B-OO
oooDD CafeOBJOOOOOOOOOOOOOOOOOOOOOODODOOOOOOOOOOODDO
gobooooobobooooobooooooooobbooooboboooobo

4.2 J0O0O0O0OO0OOOOOOOOOOO0

gboooooooboobodooooboobobooooboobboboooobDobobboboooDbo
gboboooobobooboboooobooooboobobooboboobboboboboboon
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FLOOR: Fl oor

top

floor4

floor3

floor2

floorl

bott om

Ift2:Lft
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!
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!
|
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Controller

-> State

op

op

op

op

op

op

op

op

op

op

op

op

request-lift :
Fl oor Direct State

request =f | oor
Lft Floor State

continue-up :

Lft State
conti nue-down :
Lft State
pi ckup-or-deliver-and-continue :
Lft State
stop :
Lft State
pi ckup- and- change-dir
Lft State
pi ckup- and- sane-dir
Lft State
cl ose- door
State
open- door
State
depart - and- nove-up :
Lft State

depart - and- nove- down :

Stat«

Stat«

St at «

Stat«

Stat«

St at «

Stat«

Stat«

St at «

Stat«

Stat«

Lft State -> Stat¢

0 4.1: 00 ODOOOOOO
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module HSLFT {
protecting(FLOOR)
protecting(LFT)
signature {
*[ Hslft ]x
op initial-hslft : Lft -> Hslft
bop request-slft : Floor Hslft -> Hslft -- method
bop request-sfloor : Floor Hslft -> Hslft -- method
bop sfloor? : Hslft -> Floor -- attribute
}
axioms {
vars FLOOR FLOOR1 : Floor
var LFT : Lft
var HSLFT : Hslft
eq sfloor?(initial-hslft(LFT)) = floorl . -- LFT the name of current 1ft
eq sfloor?(request-slft(FLOOR, HSLFT)) = FLOOR .
eq sfloor?(request-sfloor (FLOOR, HSLFT)) = FLOOR .

042 00000000DOO0ODOOODOOOOO

00000000000000000000000000000000000000000000000
00000000000

00000000000000000

oooo

00 (5,E)00000000000000000000 (¥,E)00000000S0000000 8,3
0000000 $'0000

00S0000 Der(¥) 0000900000, 000000000 EOOy(E)D (X,E) 00000
0000000000Y-00 A0000¢(4) EEO000,E)0(S,E)0000000000
0000000 we §*seSO000 Der(S)ys = Ts(“X),000 0

0000000000 000000 HSLFT(D 42) 0000000000000 0O0000O0000O0OO
0000000 0o00obboo0o00bbb0o000bOob000bbDbDOOrequest-slft D000 OO0
00000000 Orequest-sfloor 000 000000000000 0ODODODOOOOODOOO0ODODOO
goboboooooboboobobobooooooooobbooobobboobobbooobooooobooboooo
gobooooobooobbooooboooobbobooobooo
gooobooooooboooooooboboboooooooobobboobbooooooboobobooon
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HSLFT HLFT
Sort Hslft Sort Hift
Floor Floor
Lft Lft
Y Floor Hslft, Hslft request-slft | X pioor a1, HIft open-door(continue-n-up(request-1lft(close-door())))
request-sfloor open-door(continue-n-down(request-floor(close-door())))
X o, Hslft initial-hslft X pp, mift initial-hlft
X Hslft, Floor sfloor? X Hift, Floor floor?

0 4.3: HSLFT OO HLFTOOODOOO

gobgoobooooobobboobboooobboooooboobbooobbooobbooooo
goboooooboooobboooooooooboboooobboooobooooobbooboboo
goobooO0 HLFTOO 44000000000000 HSLFTOOODOOOOOOOODOOOOOOOD
Uob0O0 HSLFTOOODOOOO 430000000000

0000000000 Door,Direct OO DODOOOODODODODO
request-slft [ request-sfloor U0 OO0 D0 O0O0O0OOOOO0O
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000odododo HLFTOOOOOOOOO BSLFTODOODOODODDOODODOOOODOODOOoooogbo

00 eq sfloor?(initial-hslft(LFT)) = floorl .
U0 LFTO0000000000000000ooobooobobobooouoobobobooboa
godooboboboubooboubooboobodbooooobooooboobooboa
godgooooboboiodoobobooobooooooboboobo toobobooa
oooooo

select HLFT .

open HLFT .

op 1ft : -> Lft .

red floor?(initial-hlft(1ft)) == floorl .

close .

00 eq sfloor?(request-slft(FLOOR, HSLFT)) = FLOOR .
HSLFTOOOOOOOOO0OD0O0O0O FLOOROOOODDOOOODOOOOOOOOOODbOOODDOO
oobooooboooo

0000000000000 00DO0000gooooO HLFTOOOOOooooooooooooo
O (0000) 0O request-slft 000 00O Oopen-door(continue-n-up(request-lft(close-door()))) 0 0 O O
continue-n-up O continue-up OO0 n DO 00000000 O0OOOO0OOOOOOOOOOOOOOO
O0DO000DoDOO0DOO00oO00do0OOo00ooD0oOoooOOogeSLFTOOOOOOOOOOOOOO
000000000000 00000000000 HSLFTOOOOOOOOOO Fleor O LtOOD OO
0000000000000 0000O000000Lft 0000000000000 00DO00 FleordO
000000000 request-slft 00 0000000000000 O0O0O0OCODOOOOOO0OOOOOOO
0ooO0o0ooOO0doooOOo00oOO0doOo0gooOOo0ooooooooDoOOoOooOOooDooOoOoDo
o000 booboood Fleer DO UOODUODOODDLOOOUOODOO
gobooboooouoobooboobobboobooboobobobboobobooboooa
000000000000 oooobibid Direct D UDoor 00000000 gd
gobooooooodooboobooboioooboobooboboboboobooooooo
0000 request 1t 000000000000 0000000 (O0)request-lft2 00000000000
oo oo oo oooooo
gobooooooouooboobao
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module HLFT {
protecting(FLOOR)
protecting(DIRECT)
protecting(DOOR)
protecting(LFT)
signature {
[H1ft]
op initial-hlft : Lft -> H1ft
op floor? : H1ft -> Floor -- attribute
op state : Floor Direct Door Floor Direct -> HI1ft
op request-1ft : Floor Direct H1ft -> H1ft
op request-floor : Floor Hl1ft -> Hlft
op continue-up : H1ft -> H1ft
op continue-down : H1ft -> H1ft
op close-door : H1ft -> HI1ft
op open-door : H1ft -> H1ft
}
axioms {
vars FLOOR FLOOR1 : Floor
vars DIRECT DIRECT1 : Direct
var DOOR : Door
var LFT : Lft
eq initial-hlft(LFT) = state(floorl, up, close, floorl, up)
eq floor?( state(FLOOR, DIRECT, DOOR, FLOOR1, DIRECT1)) = FLOOR .
eq request-1ft(FLOOR, DIRECT,
state (FLOOR1, DIRECT1, DOOR, FLOOR1, DIRECT1))
= state(FLOOR1, DIRECT1, DOOR, FLOOR, DIRECT)
eq request-floor (FLOOR, state(FLOOR1, DIRECT1, DOOR, FLOOR1, DIRECT))
= state(FLOOR1, DIRECT, DOOR, FLOOR, DIRECT)
eq continue-up(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(upper(FLOOR1), up, close, FLOOR, DIRECT)
eq continue-down(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(lower(FLOOR1), down, close, FLOOR, DIRECT)
eq close-door(state(FLOOR, DIRECT1, open, FLOOR, DIRECT))
= state(FLOOR, DIRECT1, close, FLOOR, DIRECT)
eq open-door( state(FLOOR, DIRECT1, close, FLOOR, DIRECT))
= state(FLOOR, DIRECT1, open, FLOOR, DIRECT)

044 0000000000000O00OO
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Continue-up U0 0000000000000 DODOOOODOOODOOOO Direct, DoorDOOOOOOMO
googobgooooboobooobbooboboboobobobbobobbobooboboon
gboboooobobooboboooobobooboboboobobooobon

4 )
--> 0000000004 (axiom) DO OO

- eq sfloor?(request-slft(FLOOR, HSLFT)) = FLOOR .
-- for proof DO 00000 OOOOOOOOOOO0OOO

open .
ops floor upper-floor : -> Floor .
ops directl direct2 : -> Direct . op door : -> Door .

op request-1ft2 : Floor Direct H1ft -> H1ft
vars FLOOR UFLOOR FLOOR1 : Floor .
vars DIRECT1 DIRECT2 : Direct . vars DOOR : Door .
-- proof 1
-- continue-up U ODOO00OO0D0DODODODOOOODODOODODOODOOOO
--> VVVV Base 1 should be true VVVV
op floor-tmp : -> Floor .
eq request-1ft2(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door(continue-up(request-1ft (UFLOOR, DIRECT2,
close-door(state(FLOOR, DIRECT1, open, FLOOR, DIRECT1)))))
red floor?(request-1ft2(upper (floor-tmp), direct?2,
state(floor-tmp, directl, open, floor-tmp, directl))) == upper(floor-tmp)
--> VVVV Base n induction hypothesis be true VVVV
op upper-n : Floor -> Floor . op continue-n-up : H1ft -> H1ft .
eq continue-n-up(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(upper-n(FLOOR1), up, close, FLOOR, DIRECT)
eq request-1ft2(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door(continue-n-up(request-1ft (UFLOOR, DIRECT2,
close-door(state(FLOOR, DIRECT1, open, FLOOR, DIRECT1)))))
eq floor?(request-1ft2(upper-n(FLOOR1), DIRECT2,
state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))) = upper-n(FLOOR1)
--> VVVV Base n+1 should be true VVV
op request-1ft3 : Floor Direct H1lft -> H1ft
eq request-1ft3(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door (continue-up(continue-n-up(request-1£ft (UFLOOR, DIRECT2,
close-door(state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))))))
red floor?(request-1ft3(upper (upper-n(floor-tmp)), direct2,
state(floor-tmp, directl, open, floor-tmp, directil)))
== upper(upper-n(floor-tmp))
close
-- for proof JUOOOOOOOOOOOOOO

-- for proof JUDODODODOOO0ODOOODODOOO
- /

00 eq sfloor?(request-sfloor(FLOOR, HSLFT)) = FLOOR .
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HSLFTOOOOOOOOODOOODODOOOOoO0ooOOoOo rLoOROOOOO0OO0O0O0OOOODODDOO
gbogboooboboobooboboooo

gbogobooboboboobooboboobod
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4 N
-—> 0000000000 (axiom) OO OO

- eq sfloor?(request-sfloor (FLOOR, HSLFT)) = FLOOR .
-- for proof 00000000000 OOO0OOOOOO

open .
ops floor floorl : -> Floor .
ops direct directl : -> Direct .

vars FLOOR FLOOR1 : Floor .
vars DIRECT DIRECT1 : Direct

vars DOOR : Door .

--> Base 1 VVVVV shuld be true
op request-floor2 : Floor Hl1ft -> Hlft
eq request-floor2(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door(continue-down(request-floor (FLOOR,
close-door(state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT)))))
red floor?(request-floor2(lower(floor),
state(floor, direct, open, floor, directl))) == lower(floor)
-- proof n continue-down UUDO n OD0OUOO0O0OO0OOOD n OUOOOOODODOOO
--> Base n VVVVV be true
op lower-n : Floor -> Floor .
op continue-n-down : H1ft -> H1ft
eq continue-n-down(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(lower-n(FLOOR1), down, close, FLOOR, DIRECT)
eq request-floor2(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door(continue-n-down(request-floor (FLOOR,
close-door(state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT)))))
-- induction hypothises
eq floor?(request-floor2(lower-n(FLOOR),
state (FLOOR1, DIRECT1, open, FLOOR1, DIRECT))) = lower-n(FLOOR)
-- proof n continue-down OO0 n+1 OOO0O0O0O0OOOOO n+y1 OODOOOOODOOOO
--> Base n+1 VVVVV shuld be true
op request-floor3 : Floor H1ft -> HIft
eq request-floor3(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door(continue-down(continue-n-down(request-floor (FLOOR,
close-door(state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))))))
red floor?(request-floor3(lower(lower-n(floor)),
state(floor, direct, open, floor, directl))) == lower(lower-n(floor))
close

-—> gooooogooogooo
- J

goboooooboDD trvenoo
CafeOBJUOUOODDOOOOODDODOOO HLFTOODO HSLFTOOOOODOODOOOOODOOOOOOO
gobooooobooooobooboobooobbooooobobooobobooooobobooooboobooon
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op continue-down : H1ft -> H1ft
eq continue-down(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(lower(FLOOR1), down, close, FLOOR, DIRECT) .

O 4.5: continue-down O O

4 I

HLFT> match continue-down(state(bottom, down, close, floor3, up)) to +rules .
== matching rules to term : continue-down(state(bottom,down,close,
floor3,up))
+HLFT.6 is eq continue-down(state(FLOOR1,DIRECT1,close,FLOOR,DIRECT)
) = state(lower (FLOOR1),down,close,FLOOR,DIRECT)
substitution : { FLOOR |-> floor3, DIRECT1 |-> down, FLOOR1 |->

bottom, DIRECT |-> up }
o /

O 46: match OO OO OO

4.3 CafeOBJUUUO0O0O0O0OO0OODOOON

D000 CafeOBJOOOOOOOOOOOO0OOOOO0OOODOOO LIFTOOOOOOOCafeOBI O
ooooooooooooobooooooooobooooooooD match OO OO Oooooooo
Ooooooo HLFTOOOOOOOOoooooooooooooooooooooo
Uo00oo0ooggibdn continue-down O 000D DODOO Ocontinue-down DO OO 450000000
U000 Ocontinue-down 0000000000 state D OO ODODDOODO OO0 FLoor1oogno
oboooooo

OO DIRECTIOOODOOOODOOOOO

OO cose 0O0O0O0OO0OOOO

OO rroorROOO0OOOOOOOOOO

OO DIRECTOOOOOOOOOOOOO0O0DOOO0O000O0
oooooooooboooooooooboobooooboooDoDobDboOoDbDbODobDbOOoDbObDbO
O0O000OD0O0O0000 continue-down OO0 00000000000 O matchOOOOOOOoOoooonO
(0 46) D00 00 continue-down 00000000000 OOODOOOOOOOOOOOOOOOOO
ooooboooooooooooog

00000 lower(bottom) 000000 OOODOOOOOOOO(O 4.7) continue-down 000 OO0 O
O0000O0o0oOoooO0O0O0OO0OO00OUOoOODOUOoOOOOUOooUooooo(m 4.8)
O0000 Fleor O0OOO0OOOOOO0OUOOUOOOO bottomOODOOODO lower O bottom OO OO O
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HLFT> red continue-down(state(bottom, down, close, floor3, up)) .

-- reduce in HLFT : continue-down(state(bottom,down,close,floor3,
up))

state(lower(bottom) ,down,close,floor3,up) : H1ft

(0.000 sec for parse, 1 rewrites(0.000 sec), 6 match attempts)

g 4700000000

op continue-down : H1ft -> H1ft

ceq continue-down(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(lower(FLOOR1), down, close, FLOOR, DIRECT)
if FLOOR1 =/= bottom .

0 4.8 O0O0O0O continue-down O 0

gooooogoooboobbooooboa
gbogoooobobooboboooooooooboboboobobboboboboobon
0000000 OCafeOBJOOODOOOOODODDOOOODOOODODOOOOOODOODOOOODOOOO
0000000DbO0O0O0 CafeOBJOODOOODODOOOODODOOOODOOOO

4.3.1 J0OO00OoOobooooooooon

goboooboooobooboobooooboooobobooobbbooooooooooooo
oooooobbooooobbooooobobbooooooboobooDobobOOOoooDO CateOBI O
gobboogbboooobobooooooooobooooboobon

0000000000000000000000000000000000000000000000
0 [13)[24][12)00000000000000000000000000000000000000000
000000000 00000000000000000000000000000000000000
oooo

0000 (O 4.9)

00000000 000000000 A000000000000 0,000000000 400000
000000000000000000000007,0000
r00000007,000000000000000000000000000000000
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nsl't ant
0l & 02
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.

',f"const ant-projectic

| attribute-projectior

st O

049 00000000

ROO method D007, 00000000 0O0OOOO0ODO0O0OO0O0ODODOO0OO methodOOOOODOO
O000o0obO0o000oon attribute DO OO0O0O

O0obooooooo attribute 007,00 0000000000000000000O0O0O0O0O attribute
gooooo

bbb~ 000000000040
gbbooboobooobooboobooobooboobobboooboobouboobbooboon
gbogobdabobooobobobboobooooooboboooooboooon

ooboooobobobobobooooobbD 4100000000 DbDO0O0ObODbDOOOO HSLFTO OO
goooooo
goodo0oddn,:h—h,0000000D0DCDOODOO
op slftl : HslftSys — Hslft
op slft2 : HslftSys — Hslft 0 00 00000000000 OODO0O0O000O000ooboooooogo
0000000Db0OD0O000D00O0O Uop slft? = Lft HslftSys — Hslft 00000000

goboogooboooboboooouoooooooooooboooooboooobobooooooboo
gobbooooobooooobobooooooooooobooobbooobboooobooboooooo
gobboooobooooobooooooooobooooobbooobbooooboooooooon

45



module* HSLFTSYS {
protecting (HSLFT)
signature {
*[ HslftSys 1=
op initial-ssys : -> HslftSys
bop slft? : Lft HslftSys -> Hslft -- projection operator
bop request-slft : Lft Floor HslftSys -> HslftSys -- method
bop request-sfloor : Lft Floor HslftSys -> HslftSys -- method
}
axioms {
var FLOOR : Floor
vars LFT LFT1 : Lft
var HSLFTSYS : HslftSys
beq slft?(LFT, initial-ssys) = initial-hslft(LFT)
bceq slft?(LFT, request-slft(LFT1, FLOOR, HSLFTSYS))
= request-slft(FLOOR, slft?(LFT, HSLFTSYS)) if LFT == LFT1
bceq slft?(LFT, request-slft(LFT1, FLOOR, HSLFTSYS))
= sl1ft?(LFT, HSLFTSYS) if LFT =/= LFT1 .
bceq s1lft?(LFT, request-sfloor(LFT1, FLOOR, HSLFTSYS))
= request-sfloor(FLOOR, slft?(LFT, HSLFTSYS)) if LFT == LFT1
bceq slft?(LFT, request-sfloor(LFT1, FLOOR, HSLFTSYS))
= s1ft?(LFT, HSLFTSYS) if LFT =/= LFT1 .

0 410: 0OO0OO0OO0OOOOOOOOODOO
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( FLOOR: Fl oor

top

floor4

floor3

floor2

Ift1:Lft floorl Ift2: Lft

bott om

Controller
o J

top _R_: HslftSys HslftSys -> Bool .

vars HS1 HS2 : HslftSys
'eq HS1 R HS2 = ( sfloor?(slft?(1ftl, HS1)) == sfloor?(slf
! and ( sfloor?(slft?(Ift2, HS1l)) == sfloor?(slf

e e e e e e e e e -

2, floor, initial-ssys)
1, floor, initial-ssys)

21ft1, HS2)) )
201ft2, HS2)) )

—
—

—h —h

t(lf r, request-slft(
t(If r, request-slft(

red request-sl
R request - sl

0 4.11: 00000000DOO0O0O0O0ODOO0O

000bo0oo0oobobbooOo0oubbobobOOoogbbcafeOBJOODDODODOOODOOODODOOOOO
gbooboogooooon

4.3.2 000000000

goboboogoobobooboooooboooooboooobooobooooobobooooooboo
gobboobooooobooobbooboboooob BHSLFTSYSOOUoooooooooooooo
goooooo
gobbooobooboooooobooobooobboobboooobooobobboobobooo
O00o0OooUOoooooooooooo@ 4.11)
000o0obo0oOo0 HsiftSys UOO0O0O0ooooOooooooooooooooooobobooooooo
gobooooobooobobo
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select HSLFTSYS .

open .

op _R_ : HslftSys HslftSys -> Bool .

--> give a candidate hidden congruence relation R .

vars HS1 HS2 : HslftSys .

eq HS1 R HS2 = ( sfloor?(slft?(1ftl, HS1)) == sfloor?(slft?(1ft1,HS2)) )
and ( sfloor?(slft?(1ft2, HS1)) == sfloor?(slft?(1ft2, HS2)) )

--> hypothiesis .

ops hsl hs2 : -> HslftSys .

eq [ hypol ]: sfloor?(slft?(lftl, hsil))

eq [ hypo2 ]: sfloor?(slft?(1ft2, hsl))

-- prove the R is a congruence .

-- ops 1ftl 1ft2 : -> Lft .

op floor : -> Floor .

red request-slft(lftl, floor, hsl) R request-slft(lftl, floor, hs2)

red request-slft(1ft2, floor, hsl) R request-slft(1ft2, floor, hs2)

red request-sfloor(lftl, floor, hsl) R request-sfloor(lftl, floor, hs2)

red request-sfloor(lft2, floor, hsl) R request-sfloor(lft2, floor, hs2)

sfloor?(slft?(1ftl, hs2))
sfloor?(slft?(1ft2, hs2))

0412 000000000

sfloor?(slft?(1ft1, HS1)) == sfloor?(slft?(1ft1, HS2))

sfloor?(slft?(1ft2, HS1)) == sfloor?(slft?(1ft2, HS2))

U00b000bd0oo0b00bdl ==0000000 FleorDOODOOODODODOD true OO
0000b00000oOooboobO rROOOOOO BHSLETSYSOOOODOOOOoOooooooooooo
000 (0 4.12) 00000 Coinduction[7][11] 000000000000 true000OCateOBJ OO O
gbobooooboboobobooogoa
gbobboobooboboobob0ooooboboooobobooooooDbobDobobooo
gdogdboboobooboooobooon

000 CafeOBJOODOOOOOOOD413000000000DO0O00O00O00O0OODOO
oboodobooooobooboooon

4.3.3 UUOUOUOLOOObOOOoOd

41300000000 00000O00D000DOO0O0DbODOOOO00bOO0bOobOOoOUOoLDboboOoDbo
ooboooooooobo 411b00boooobobobbooobbooobobobooobooobobooo
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-- reduce in % : request-slft(lftl,floor,request-slft(lft2,floor,
initial-ssys)) R request-slft(1lft2,floor,request-slft(1ftl,floor,
initial-ssys))

true : Bool

(0.033 sec for parse, 36 rewrites(0.033 sec), 102 match attempts)

0413: 00000000000OOO0OOODOOOO0ODbOO

gobooooboooobooooobooobobboooobooooboooobooogoboooo
000000000000000000000000(O 4.14)

00000 Litdgooobooooooooooo gsit U oDooooobooboooboooboog
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ooodooobboobooobooboboboboooogoDoboobooobobbooboboobobD oo
gbooooooboobooobooboobobobooboboooooDoboooDobooogoob oo
00000000000000000000000000000 (floorl,up,open,floor3,down) 0O OO
(floord,down,close,floor2,up) 000 000000000 OOOO0ODOOOOOO0O0OO0OOOOOOOO
gobboooobboooobooooobooooboooobbooobboooobooobooboooon
gobooooooboon

(FlrSet DirSet DorSet MovSet InSet OutSet LftSet FloorSet DirectSet)
gobbooooobboooooboooooooboobboooooboooobboooooogn
gobogooobooooooboooooooooboooobbooobboobbooooobooooo
gobboooobooboobboooboooog

4.4 0O0OOOOOOOO

0000000000000 00O000000000000 (40000000 LIFTOC00OO0OOO
gboboooobobooboooboobobooobobobooboboobboboboboboon
00bb0oobbo0oooboboooboooobooooboOooooo0ooo0oo0ooOooObject-z2 0 24+
U temporal logic 1 VDM++40 denotic logic U OO DO OOOO0OOO0O0OOOO0O0O0O0O0OOOOOO0OO
gobboooooboooboobooooobobobooBOo0obobbOooooboooobboobbbog
O00000000000000 VDM++00OOO0O0OOO0O0O [Syncronisationpart) 00000000
00000 [ThreadPart) 000 0000000000000 000O00O0O0OC0OOOOODOOOOOOOO
oooooooooboooo0o0ooobooboboobOob0obO0O0oOooDooDD CateOBJO OO
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HSLFT HSLFTSYS

0414 00000000000ODOOO
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gooobooobooooooobobobooooooobooobooobobogo cspO0oooooOoOoOogoo
gbooboooobooogon

4.5 U0OO

B-Technology DO O OO0 Case Study OO OD0O0OO0OOOOOOOOOOO LIFTOOODO
OU000O00o0obO0o0ObobOOonoon cafeOBJOOOOODODO

gbooobogoobo LrTooooogobobooboboboooooboooooooboog B-
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[ A [

U LIFT

A.l1 00O LIFTO B-OOOOOO

000000 B-Teolkit OO ODODOOOODODOODO

MACHINE

Lift ( LFT , topfloor , bottomfloor )
CONSTRAINTS

topfloor > bottomfloor
SETS

DIR={up,dn};

DOR = { opn , clo }
CONSTANTS

opp
PROPERTIES

opp € DIR — DIR A
opp ={ up — dn,dn — up } A

opp (up ) = dn A
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opp ( dn ) = up
VARIABLES

m , out , mov , dir , flr , dor
INVARIANT

in € bottomfloor .. topfloor — DIR A
out € LFT < bottomfloor .. topfloor A
mov C LFT A

dir € LFT — DIR A

flr € LFT — bottomfloor .. topfloor A
dor € LFT — DOR A

dor [ mov | C { clo }

INITTIALISATION

in:= |

out := ||

mov = ||

dir .= LFT x {up } |

fir := LFT x { bottomfloor } ||

dor := LFT x { clo }

OPERATIONS

Request_Lift

Request_Lift( fl, dd ) =
PRE
fl € bottomfloor .. topfloor A
dd € DIR

THEN
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in:=mU{fl—dd}

END ;

Request_Floor

~

Request_Floor( Il , f1) =
PRE
fl € bottomfloor .. topfloor A
lle LFT
THEN
out := out U { Il — fl}

END ;

Continue_Up

Continue_Up(ll) =

PRE
ll € mov A
dir (1) =up A
fir (1) < topfloor A
U fir (1) ¢ out A
fr (L)~ up & in A
attr_up (1)

THEN
fr(U):=fr (U)+1

END ;

-~

Continue_Down( Il )

PRE
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Il € mov A
dir (1) = dn A
fir (1) > bottomfloor A
U fir (I1) ¢ out A
fir () dn & in A
attr_dn (1)

THEN
fo(U)=fr (11)-1

END ;

Pickup_Or_Deliver_And_Continue

1M

Pickup_Or_Deliver_And_Continue( Il )
PRE
Il € mov A
Ar (W) ein Y[ {dir (U)}Y]Uout [{U1}]A
(dir (1) = up =
attr_up (1)) A
(dir (11)=dn =
attr_dn (11))
THEN
mov 1= mov — { Il } |
dor (11) == opn ||
out i= out — { ll— fir (1)} ||
in=in— {fir (1) dir (1)}

END ;

Stop

1M

Stop( 1)

60



PRE
ll € mov A
(dir (U)=up =~ (attrup (U)))A
(dir (U)=dn= = (attr_dn (11)))A
fir (1) ¢ dom ( in )
THEN
mov := mov — { Il } |
dor (11') := opn ||
out := out — { il — fir (1)}

END ;

Pickup_And_Change_Dir( 1) =

PRE

Il € mov A

(dir () =up =

- (attr_up (1)) ) A

(dir (1) =dn =

S (attr_dn (11))) A

fir (W) dir (1) & in A

fir (1) opp (dir (1)) € in
THEN

mov := mov — { Il } ||

dor (11) = opn ||

out == out — { ll— fir (1)1} |

in v=in — { fir (1) opp (dir (1))} |

dir (1) = opp (dir (1))

END ;
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Pickup_And_Same_Dir

-~

Pickup_And_Same_Dir( 1l ) =
PRE
Il € mov A
(dir (I1)=up =
S (attr_up (11))) A
(dir (1) =dn =
- (attr_dn (1) )) A
fir (1) dir (1) € in
THEN
mov :=mov — { 1l } ||
dor (1) := opn ||
out ;= out — { Ul fir (1)} |
in:=din—{fir () dir (Ul)}

END ;

Close_Door =
PRE
dor =1 [ { apn }]
THEN
ANY ll 'WHERE
It e dor 7t [{opn }]
THEN
dor (1) := clo
END

END ;

Open_Door
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Open_Door =
PRE
dor 1 [{ ¢lo } | N LFT — mov #
THEN
ANY !l  WHERE
Iedor "t [{clo}]A
il & mov
THEN
dor (Ul ) := opn ||
in=in—{fir (U)—dir (1)}
END

END ;

Depart_And Move_Up

Depart_And_Move_Up( ll) =

PRE
e dor t[{clo}]A
Il & mov A
attr_up (1)

THEN
mov := mov U { Il } ||
fr (W)= fir () +1 |
dir (11):=up

END ;

Depart_And_Move_Down( 1l ) =

PRE

lWedor ' [{clo}]A
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I ¢ mov A
attr_dn (1)

THEN
mov :=mov U { 11 } |
fr (U)=fr(i)-1 |
dir (1) := dn

END

DEFINITIONS

attr_up (1) = out[{!}]Udom (in )N fir ({)+1..topfloor # ;
attr—dn (1) = out [{1}]Udom (in) N bottomfloor .. fir (1) —1+#

END
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A.2 00O LIFTU CafeOBJ U[J

LIFTOO0O0O000O000 CafeOBJ O LIFTOOOOOOOOOOO
B O Abstract Machine Notation OO O 00000000000 0OO0O0O0OO00OCateOBJ OOOOOOO
0000000000000 000000000000000 FleorOOOOOOOOOOOOOOO

Lift example multi lift versiom

-- require in-out-set3 ./in-out-set3.mod

module LIFT3 {

-- protecting(MOV-SET)
protecting (LFT-SET)
protecting (DIR-SET)
protecting (FLR-SET)
protecting (DOR-SET)
protecting (IN-OUT-SET)
protecting (FLOOR-SET)
protecting (DIRECT-SET)

signature {

[ state ]
-- LIFTO0D000D0 state 00000000000 00000000DODO

op state : FlrSet DirSet DorSet MovSet InSet OutSet LftSet FloorSet DirectSet -> State

-- operations O OOOODOOOOOOOO --

op request-lift : Floor Direct State -> State
op request-floor : Lft Floor State -> State
op continue-up : Lft State -> State

op continue-down : Lft State -> State

op pickup-or-deliver-and-continue : Lft State -> State
op stop : Lft State -> State

op pickup-and-change-dir : Lft State -> State
op pickup-and-same-dir : Lft State -> State
op close-door : State -> State

op open-door : State -> State

op depart-and-move-up : Lft State -> State

op depart-and-move-down : Lft State -> State
-- support operations JOOO --

op attr-up : Lft Floor InSet OutSet -> Bool
op attr-dn : Lft Floor InSet OutSet -> Bool
op sub-open-door : DorSet MovSet -> DorSet

}
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axioms {

vars FLOOR FLOOR1 FLOOR2 : Floor
var FLRSET : FlrSet

vars DIRECT DIRECT1 DIRECT2 : Direct
var DIRSET : DirSet

vars DOOR DOOR1 DOOR2 : Door

var DOR : Dor

var DORSEQ : DorSeq

var DORSET : DorSet

vars LFT LFT1 LFT2 : Lft

var MOVSET : MovSet

var INSET : InSet

var OUTSET : OutSet

var LFTSET : LftSet

var FLOORSET : FloorSet

var DIRECTSET : DirectSet

ceq request-1lift(FLOOR1, DIRECT1,
state (FLRSET, DIRSET, DORSET, MOVSET,

state (FLRSET, DIRSET, DORSET, MOVSET,
if (FLOOR1 within FLOORSET )
and (DIRECT1 within DIRECTSET)

ceq request-floor (LFT, FLOOR,
state(FLRSET, DIRSET, DORSET, MOVSET,

state(FLRSET, DIRSET, DORSET, MOVSET,
if (FLOOR within FLOORSET)
and (LFT within LFTSET)

ceq continue-up(LFT1,
state(FLRSET, DIRSET, DORSET, MOVSET,

state(up-floor-about-1ft (LFT1,FLRSET),

if (LFT1 within MOVSET)

INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )

({FLOOR1 in DIRECT1} U INSET), OUTSET, LFTSET, FLOORSET, DIRECTSET)

INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )

INSET, ( {LFT out FLODOR} U OUTSET ), LFTSET, FLOORSET, DIRECTSET )

INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )

DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET)

and (direct-from-1ft-in-dirset(LFT1,DIRSET) == up)

and ((floor-from-1ft-in-flrset (LFT1,FLRSET)) =/= top )

and not( (LFT1 out floor-from-lft-in-flrset(LFT1,FLRSET)) within OUTSET )
and not( (floor-from-1lft-in-flrset(LFT1,FLRSET) in up) within INSET )

and attr-up(LFT1, floor-from-1ft-in-flrset(LFT1,FLRSET), INSET, OUTSET)

eq attr-up(LFT, top, INSET, OUTSET)

eq attr-up(LFT, FLOOR, INSET, OUTSET)

= false .

= floor-in-outset? (upper (FLOOR), OUTSET)
or floor-in-inset? (upper (FLOOR), INSET)
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or attr-up(LFT, upper(FLOOR), INSET, OUTSET)

ceq continue-down(LFT1,
state (FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )

state(down-floor-about-1ft (LFT1,FLRSET), DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET)
if (LFT1 within MOVSET)

and (direct-from-lft-in-dirset(LFT1,DIRSET) == down)

and ((floor-from-1ft-in-flrset (LFT1,FLRSET)) =/= bottom )

and not( (LFT1 out floor-from-lft-in-flrset(LFT1,FLRSET)) within OQUTSET )

and not( (floor-from-1ft-in-flrset(LFT1,FLRSET) in down) within INSET )

and attr-dn(LFT1, floor-from-lft-in-flrset(LFT1,FLRSET), INSET, OUTSET)

eq attr-dn(LFT, bottom, INSET, OUTSET) = false .
eq attr-dn(LFT, FLOOR, INSET, OUTSET)
= floor-in-outset?(lower (FLOOR), OUTSET)

or floor-in-inset?(lower (FLOOR), INSET)

or attr-dn(LFT, lower(FLOOR), INSET, OUTSET)

ceq pickup-or-deliver-and-continue(LFT,

state (FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )

state (FLRSET, DIRSET, open-door-about-1ft(LFT,DORSET), (MOVSET \ LFT),
( INSET \ (floor-from-1ft-in-flrset(LFT,FLRSET) in direct-from-1ft-in-dirset(LFT, DIRSET) ) ),
( OUTSET \ (LFT out floor-from-1ft-in-flrset(LFT,FLRSET) ) ) , LFTSET, FLOORSET, DIRECTSET)
if (LFT within MOVSET )
and ( floor-in-outset?(floor-from-1ft-in-flrset(LFT,FLRSET), OUTSET)
or ((floor-from-1lft-in-flrset(LFT,FLRSET) in direct-from-1ft-in-dirset(LFT, DIRSET) ) within INSET) )
and ((if (direct-from-lft-in-dirset(LFT, DIRSET) == up)
then attr-up(LFT, floor-from-1lft-in-flrset(LFT,FLRSET), INSET, OUTSET)
else attr-dn(LFT, floor-from-1lft-in-flrset (LFT,FLRSET), INSET, OUTSET) fi)

== true)

ceq stop(LFT, state(FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )
= state(FLRSET, DIRSET, open-door-about-1ft(LFT,DORSET), (MOVSET \ LFT), INSET,
( OUTSET \ (LFT out floor-from-lft-in-flrset(LFT,FLRSET) )) , LFTSET, FLOORSET, DIRECTSET)
if (LFT within MOVSET )
and ((if (direct-from-1ft-in-dirset(LFT, DIRSET) == up)

then not(attr-up(LFT, floor-from-lft-in-flrset(LFT,FLRSET), INSET, OUTSET))

else not(attr-dn(LFT, floor-from-1lft-in-flrset(LFT,FLRSET), INSET, OUTSET)) fi)

== true)

and not(floor-in-inset?(floor-from-1ft-in-flrset (LFT,FLRSET),INSET))

ceq pickup-and-change-dir(LFT,
state(FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )
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state (FLRSET, opp-direct-about-1ft(LFT, DIRSET), open-door-about-1ft(LFT,DORSET), (MOVSET \ LFT),
( INSET \ (floor-from-1lft-in-flrset(LFT,FLRSET) in opp(direct-from-1ft-in-dirset(LFT, DIRSET)) ) ),
( OUTSET \ (LFT out floor-from-lft-in-flrset(LFT,FLRSET) ) ), LFTSET, FLOORSET, DIRECTSET )
if LFT within MOVSET
and ((if (direct-from-1ft-in-dirset(LFT, DIRSET) == up)
then not(attr-up(LFT, floor-from-lft-in-flrset(LFT,FLRSET), INSET, OUTSET))
else not(attr-dn(LFT, floor-from-lft-in-flrset(LFT,FLRSET), INSET, OUTSET)) fi)
== true)
and not( (floor-from-lft-in-flrset(LFT,FLRSET) in direct-from-1ft-in-dirset(LFT, DIRSET)) within INSET )
and (floor-from-1lft-in-flrset(LFT,FLRSET) in opp(direct-from-1ft-in-dirset(LFT, DIRSET)) ) within INSET .

ceq pickup-and-same-dir(LFT,
state(FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )
= state(FLRSET, DIRSET, open-door-about-1ft(LFT,DORSET), (MOVSET \ LFT),
( INSET \ (floor-from-1ft-in-flrset(LFT,FLRSET) in direct-from-1ft-in-dirset(LFT, DIRSET) ) ),
( OUTSET \ (LFT out floor-from-1ft-in-flrset(LFT,FLRSET) ) ), LFTSET, FLOORSET, DIRECTSET )
if LFT within MOVSET
and ((if (direct-from-1lft-in-dirset(LFT, DIRSET) == up)
then not(attr-up(LFT, floor-from-1ft-in-flrset(LFT,FLRSET), INSET, OUTSET))
else not(attr-dn(LFT, floor-from-1ft-in-flrset(LFT,FLRSET), INSET, OUTSET)) fi)
== true)

and (floor-from-lft-in-flrset(LFT,FLRSET) in direct-from-1lft-in-dirset(LFT, DIRSET)) within INSET .

ceq close-door(

state(FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )

state (FLRSET, DIRSET, close-all-open-door(DORSET), MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET)
if (get-lftset-from-door-in-dorset(open,DORSET) =/= {} )

ceq open-door(

state (FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )

state(FLRSET, DIRSET, sub—open—door(DDRSET, MOVSET), MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET)
if ( get-1lftset-from-door-in-dorset(open,DORSET) - (LFTSET - MOVSET) ) =/= {} .

eq sub-open-door({},MOVSET) = {}
eq sub-open-door ({DOR, DORSEQ}, MOVSET)
= if (dor-door?(DOR) == close
and not(dor-1ft?(DOR) within MOVSET) )
then open-door-about-1ft(dor-1£ft7(DOR), DORSET) U sub-open-door ({DORSEQ}, MOVSET)
else {DOR} U sub-open-door ({DORSEQ}, MOVSET) fi .

ceq depart-and-move-up(LFT,
state(FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )
= state(up-floor-about-1ft(LFT,FLRSET),
up-direct-about-1ft (LFT, DIRSET), DORSET, MOVSET U {LFT}, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET)
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if (door-from-1ft-in-dorset (LFT,DORSET) == close)
and not (LFT within MOVSET)
and attr-up(LFT, floor-from-1ft-in-flrset(LFT,FLRSET), INSET, OUTSET)

ceq depart-and-move-down(LFT,
state(FLRSET, DIRSET, DORSET, MOVSET, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET) )
= state(down-floor-about-1ft (LFT,FLRSET),
down-direct-about-1ft (LFT, DIRSET), DORSET, MOVSET U {LFT}, INSET, OUTSET, LFTSET, FLOORSET, DIRECTSET)
if (door-from-1lft-in-dorset (LFT,DORSET) == close)
and not(LFT within MOVSET)
and attr-dn(LFT, floor-from-1ft-in-flrset(LFT,FLRSET), INSET, OUTSET)
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A.3 00O LIFTU CafeOBJUULUOOOOOOONO

B Toolkit OO DODDOOOOOD BOOOOOOODODOOOOOUODOOO LIFTO Case Study U
ooboooobooooooooooooooooooboboooooboooboboogooDooo o
00 CafeOBJ OO OOO0OOOOODODOODODODOOOOO

caraway: {1} % cafeobj

-- loading standard prelude

Loading /usr/local/cafeobj-1.4/prelude/std.bin

Finished loading /usr/local/cafeobj-1.4/prelude/std.bin

-- CafeOBJ system Version 1.4.0(Beta-5) --
built: 1997 Nov 18 Tue 8:55:11 GMT
prelude file: std.bin
Kok
1998 Feb 8 Sun 15:41:49 GMT
Type ? for help

uses GCL (GNU Common Lisp)

Licensed under GNU Public Library License

Contains Enhancements by W. Schelter

CafeOBJ> in 1ift3.mod

-- processing input : /usr/home/nume/master/lift3.mod

-- processing input : /usr/home/nume/master/in-out-set3.mod

-- defining module! MY-SET_*_*...... R et * done.
-- defining module TRIV2.._* done.

-- defining module RELATION_*_*......... _..* done.

-- defining module LFT...... _* done.

-- defining module MOVE._* done.

-- defining module! FLOOR.......ovvteiueuviennennn, * done.
-- defining module FLR.._* done.

-- defining module FLR-REL,,,,,,_,,5555555_5,%._% done.

-- defining module FLR-SET,,,,,, 555555950 ssFcenuuuueeee _vuiuueeenn. * done.
-- defining module DIRECT..... _..* done.

-- defining module DIR.._* done.

-- defining module DIR-REL,,,,,,_,55555555_5,%._% done.

-- defining module DOOR...._* done.

-- defining module DOR.._* done.

-- defining module DOR-REL,,,,,,_5,5555555_5,%._% done.

-- defining module OUT.._* done.

-- defining module OUT-REL,,,,,,_,55555555_5,%._% done.

-- defining module IN.._* done.

-- defining module IN-REL,,,,,,_,,5555555_5,%._% done.

-- defining module LFT-SET,,,,,,_555555555_5,%.._% done.

-- defining module DOR-SET.,,,,,, 555555555 ss%cuceueeeeronn
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-- defining module FLOOR-SET,,,,,,_ 5555555555
-- defining module DIRECT-SET,,,,,,_ 555555555
-- defining module DIR-SET,,,,,,_555555555_55%
-- defining module IN-OUT-SET,,,,,,_5s55555555_
-- defining module LIFT3......................

-- reduce in LIFT3
stop(1£ftl,
depart—and—move—down(1ft1,
request-floor(1ftil,floor3,
close-door/(
pickup-and-change-dir (1ft1,
continue-up(1ftl,
continue-up(1fti1,
depart-and-move-up(1ft1,
request-1lift (floor4,down,
state( -- OO0O0OOO0OO0000O00OOO

,*%._% done.

,s%._% done.

{ ((1ft1 flr floorl) , (1ft2 flr floorl)) 1},

{ ((Aft1 dir up) , (1ft2 dir up)) 1},

{ ((1ft1 dor close) , (1ft2 dor close)) 1},
{343,

{ (Aft1 , 1£ft2) 1},

{ (bottom, floorl, floor2, floor3, floor4,top) 1,
{ (up , down) }

2

state( -- JOOOOOO0O00OO

{ ((1ft1 flr floor3) , (1ft2 flr floorl)) 1},

((1ft1 dir down), (1ft2 dir up)) 1},

ALY,
(1ft1 , 1£t2) 3,
(bottom , floorl , floor2 , floor3

P U ST S,

(up , down) }
) : State
(70.656 sec for parse, 591 rewrites(0.133 sec)

LIFT3>

((1ft1 dor open) , (1ft2 dor close)) I,

, floor4 , top) 1,

, 1115 match attempts)
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A4 U0 LIFTOOOOOOODOOO

LIFTOO00D0O000000O000O00O00bObOOoDbbOOoobooooLIFTroooooogifgon
gbogbobbooboboobobooooboboobobooooooboonboo

-- -- proof section -- ---

-- 0000000000 (axiom) DO OO

-- eq sfloor?(initial-hslft(LFT)) = floorl .
open .

- 15t 00000000000000000000

op 1ft : -> Lft .

--> VVVVV shuld be true

red floor?(initial-hlft(1ft)) == floorl .

close .

--> 0000000000 (axiom) OOO0O
-- eq sfloor?(request-slft(FLOOR, HSLFT)) = FLOOR .
-- for proof 00000000000 OOOOOOOODODOO

open .
ops floor upper-floor : -> Floor .
ops directl direct2 : -> Direct .
op door : -> Door .

vars FLOOR UFLOOR FLOOR1 : Floor .

vars DIRECT1 DIRECT2 : Direct .

vars DOOR : Door .

op request-1ft2 : Floor Direct H1ft -> H1ft .

-- 00000000 request-1ft 00000000000 O0OOOCDOOOOODOOO
-- 0000000000000 0oDOO00oO00DO000ooODOO0oooOD0o0oooDOooooo
-- continue-up UUUOOOOOOOODOOOON continue-up UOUOODOOODOOOOOO

-- proof 1
-- continue-up U UUO0O0O00O000O0O0O0OOO00O0OO0OOOOODOOOODODO
--> VVVV Base 1 should be true VVVV

op floor-tmp : -> Floor .
eq request-1ft2(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door(
continue-up(
request-1£ft (UFLOOR, DIRECT2,
close-door (state(FLOOR, DIRECT1, open, FLOOR, DIRECT1)))))
red floor?(request-1ft2(upper (floor-tmp), direct2,
state(floor-tmp, directl, open, floor-tmp, directl))) == upper(floor-tmp)

--> VVVV Base n induction hypothesis be true VVVV
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op upper-n : Floor -> Floor .
op continue-n-up : H1ft -> H1ft
eq continue-n-up(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(upper-n(FLOOR1), up, close, FLOOR, DIRECT)
eq request-1ft2(UFLOOR, DIRECT2, state(FLOODR, DIRECT1, open, FLOOR, DIRECT1))
= open-door(
continue-n-up(
request-1£t (UFLOOR, DIRECT2,
close-door (state(FLOOR, DIRECT1, open, FLOOR, DIRECT1)))))
eq floor?(request-1ft2(upper-n(FLOOR1), DIRECT2,
state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))) = upper-n(FLOOR1)

--> VVVV Base n+l1 should be true VVV
op request-1ft3 : Floor Direct H1ft -> HI1ft
eq request-1ft3(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door(
continue-up(
continue-n-up(
request—lft(UFLUDR, DIRECT2,
close-door(state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))))))
red floor?(request-1ft3(upper (upper-n(floor-tmp)), direct2,
state(floor-tmp, directl, open, floor-tmp, directl))) == upper(upper-n(floor-tmp))

-- for proof O UUOOO0OOOOOODOOO
--> VVVV Base 1 should be true VVVV
op request-1fts : Floor Direct H1ft -> H1lft
eq request-1ft5(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door (
continue-down (
request-1£ft (UFLOOR, DIRECT2,
close-door (state(FLOOR, DIRECT1, open, FLOOR, DIRECT1)))))
red floor?(request-1ft5(lower (floor-tmp), direct2,
state(floor-tmp, directl, open, floor-tmp, directl))) == lower(floor-tmp)
--> VVVV Base n should be true VVVV
op lower-n : Floor -> Floor .
op continue-n-down : H1ft -> H1ft
eq continue-n-down(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(lower-n(FLOOR1), down, close, FLOOR, DIRECT)
eq request-1ft5(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door(
continue-n-down(
request—lft(UFLDOR, DIRECT2,
close-door (state(FLDOOR, DIRECT1, open, FLOOR, DIRECT1)))))
eq floor?(request-1ft5(lower-n(FLOOR1), DIRECT2,
state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))) = lower-n(FLOOR1)
--> VVVV Base n+1 should be true VVVV
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op request-1ft6 : Floor Direct H1ft -> H1ft
eq request-1£ft6(UFLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door(
continue-down (
continue-n-down(
request-1ft (UFLOOR, DIRECT2,
close-door(state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))))))
red floor?(request-1ft6(lower (lower-n(floor-tmp)), direct2,
state(floor-tmp, directl, open, floor-tmp, directl))) == lower(lower-n(floor-tmp))

-- for proof 00000000000 DOOOOODO
op request-1ft4 : Floor Direct H1ft -> H1lft
eq request-1ft4(FLOOR, DIRECT2, state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))
= open-door (request-1ft (FLOOR, DIRECT2,
close-door(state(FLOOR, DIRECT1, open, FLOOR, DIRECT1))))
red floor?(request-1ft4(floor-tmp, direct2,
state(floor-tmp, directl, open, floor-tmp, directl))) == floor-tmp .

close .

--> 0000000000 (axiom) OOO0O
-- eq sfloor?(request-sfloor (FLOOR, HSLFT)) = FLOOR .
-- for proof 000000000 DOOOOOOOOOOOO

open .
ops floor floorl : -> Floor .
ops direct directl : -> Direct

vars FLOOR FLOOR1 : Floor .
vars DIRECT DIRECT1 : Direct
vars DOOR : Door .

--> Base 1 VVVVV shuld be true
op request-floor2 : Floor H1ft -> H1ft
eq request-floor2(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door(
continue-down(
request-floor (FLOOR,
close-door(state(FLODR1, DIRECT1, open, FLOOR1, DIRECT)))))

red floor?(request-floor2(lower (floor),

state(floor, direct, open, floor, directl))) == lower(floor)

-- proof n continue-down UU0 n OD0O0O0OOOO0OOOO n OOODOOOOODODOO
--> Base n VVVVV be true
op lower-n : Floor -> Floor .
op continue-n-down : Hlft -> HI1ft
eq continue-n-down(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(lower-n(FLOOR1), down, close, FLOOR, DIRECT)
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eq request-floor2(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door(
continue-n-down(
request-floor (FLOOR,
close-door(state(FLODR1, DIRECT1, open, FLOOR1, DIRECT)))))
-- induction hypothises
eq floor?(request-floor2(lower-n(FLOOR),
state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))) = lower-n(FLOOR)

-- proof n continue-down U0 n+1 ODOOUOOOODODOOO n+yt ODOOO0ODODOOOOO
--> Base n+1 VVVVV shuld be true
op request-floor3 : Floor H1ft -> H1ft
eq request-floor3(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door (
continue-down (
continue-n-down(
request-floor(FLOOR,
close-door (state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))))))

red floor?(request-floor3(lower (lower-n(floor)),

state(floor, direct, open, floor, direct1))) == lower(lower-n(floor))

--> 0000000000000
--> Base 1 VVVVV shuld be true
op request-floor4 : Floor H1ft -> H1ft
eq request-floor4(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door(
continue-up(
request-floor (FLOOR,
close-door(state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT)))))
red floor?(request-floor4(upper(floor),
state(floor, direct, open, floor, directl))) == upper(floor)

-- proof n continue-down UU0 n OD00O0O0O0OO0OO0OO n OOOOOOOODODOO
--> Base n VVVVV be true
op upper-n : Floor -> Floor .
op continue-n-up : H1ft -> H1ft
eq continue-n-up(state(FLOOR1, DIRECT1, close, FLOOR, DIRECT))
= state(upper-n(FLOOR1), up, close, FLOOR, DIRECT)
op request-floor5 : Floor H1ft -> H1ft
eq request-floor5(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door (
continue-n-up(
request-floor (FLOOR,
close-door(state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT)))))
-- induction hypothises

eq floor?(request-floor5(upper-n(FLOOR),
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state(FLODR1, DIRECT1, open, FLOOR1, DIRECT))) = upper-n(FLOOR)

-- proof n continue-down U0 n+1 OOO0OOOOODOOO n+t OOOOODOODOOO
--> Base n+1 VVVVV shuld be true
op request-floor6 : Floor H1ft -> H1ft
eq request-floor6(FLOOR, state(FLOOR1, DIRECT1, open, FLOOR1, DIRECT))
= open-door(
continue-up(
continue-n-up (
request-floor (FLOOR,
close-door(state(FLDOR1, DIRECT1, open, FLOOR1, DIRECT))))))
red floor?(request-floor6 (upper (upper-n(floor)),
state(floor, direct, open, floor, directl))) == upper (upper-n(floor))

close .

ooooogg

[mercury:UN 1] % cafeobj

-- loading standard prelude

Loading /tmp_mnt/local.1ldl/1d1l/src/lang/cafe/cafeobj-1.4/prelude/std.bin

Finished loading /tmp_mnt/local.ldl/1dl/src/lang/cafe/cafeobj-1.4/prelude/std.bin

-- CafeOBJ system Version 1.4.0(Beta-5) --
built: 1997 Dec 3 Wed 11:34:27 GMT
prelude file: std.bin
*ok ok
1998 Feb 12 Thu 9:03:43 GMT
Type 7 for help

uses GCL (GNU Common Lisp)

Licensed under GNU Public Library Licemnse

Contains Enhancements by W. Schelter

CafeOBJ> in proofil
-- processing input : ./proofl.mod

-- processing input : /glico/home2/n-ume/F12/PefPro/start.mod

-- defining module! FLOOR................ e et * done.
-- defining module DIRECT..... _..* done.

-- defining module DOOR...._* done.

-- defining module LFT...... _* done.

-- defining module HSLFT.......... ek

** system already proved =*= is a congruence of HSLFT done.
-- defining module HLFT.................._........ * done.
-- opening module HLFT.. done.

--> VVVVV shuld be true_x*

-- reduce in % : floor?(initial-hlft(1ft)) == floorl
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true : Bool

(0.000 sec for parse, 3 rewrites(0.000 sec), 3 match attempts)

--> 0000000000 (axiom) OO0

-- opening module HLFT.. done.

--> VVVV Base 1 should be true VVVV_x*

-- reduce in % : floor?(request-1ft2(upper(floor-tmp),direct2,state(
floor-tmp,directl,open,floor-tmp,directl))) == upper(floor-tmp)

true : Bool

(0.017 sec for parse, 7 rewrites(0.000 sec), 22 match attempts)

--> VVVV Base n induction hypothesis be true VVVV_

--> VVVV Base n+1 should be true VVV_x*

-- reduce in % : floor?(request-1ft3(upper (upper-n(floor-tmp)),direct2,
state(floor-tmp,directl,open,floor-tmp,directl))) == upper (upper-n(floor-tmp))

true : Bool

(0.017 sec for parse, 8 rewrites(0.000 sec), 24 match attempts)

--> VVVV Base 1 should be true VVVV_x*

-- reduce in % : floor?(request-1ft5(lower(floor-tmp),direct2,state(
floor-tmp,directl,open,floor-tmp,directl))) == lower(floor-tmp)

true : Bool

(0.017 sec for parse, 7 rewrites(0.000 sec), 23 match attempts)

--> VVVV Base n should be true VVVV_

--> VVVV Base n+1 should be true VVVV_x*

-- reduce in % : floor?(request-1ft6(lower(lower-n(floor-tmp)),direct2,
state(floor-tmp,directl,open,floor-tmp,directl))) == lower(lower-n(floor-tmp))

true : Bool

(0.017 sec for parse, 8 rewrites(0.017 sec), 25 match attempts)

-- reduce in % : floor?(request-1ft4(floor-tmp,direct2,state(floor-tmp,
directl,open,floor-tmp,directl))) == floor-tmp

true : Bool

(0.000 sec for parse, 6 rewrites(0.000 sec), 8 match attempts)

--> 0000000000 (axiom) OO0

-- opening module HLFT.. done.

--> Base 1 VVVVV shuld be true _x*

-- reduce in % : floor?(request-floor2(lower(floor),state(floor,direct,
open,floor,directl))) == lower(floor)

true : Bool

(0.000 sec for parse, 7 rewrites(0.000 sec), 22 match attempts)

--> Base n VVVVV be true _

--> Base n+1 VVVVV shuld be true _*

-- reduce in % : floor?(request-floor3(lower(lower-n(floor)),state(
floor,direct,open,floor,directl))) == lower(lower-n(floor))

true : Bool

(0.017 sec for parse, 8 rewrites(0.017 sec), 24 match attempts)

--> 0000000000000

--> Base 1 VVVVV shuld be true _*

-- reduce in % : floor?(request-floor4(upper(floor),state(floor,direct,
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open,floor,directl))) == upper(floor)
true : Bool
(0.033 sec for parse, 7 rewrites(0.000 sec), 23 match attempts)
--> Base n VVVVV be true __
--> Base n+1 VVVVV shuld be true _=*
-- reduce in % : floor?(request-floor6(upper (upper-n(floor)),state(
floor,direct,open,floor,directl))) == upper (upper-n(floor))
true : Bool
(0.017 sec for parse, 8 rewrites(0.000 sec), 25 match attempts)
HLFT>
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A.5 OO LIFTOO0O0O0OO0ODOOO

select HSLFTSYS .
open .

op _R_ : HslftSys HslftSys -> Bool .

--> give a candidate hidden congruence relation R .
vars HS1 HS2 : HslftSys
eq HS1 R HS2 =
( sfloor?(slft?(1ftl1, HS1))
( sfloor?(slft?(1ft2, HS1))

sfloor?(slft?(1ftl1, HS2)) ) and
sfloor?(slft?(1ft2, HS2)) )

--> hypothiesis .

ops hsl hs2 : -> HslftSys

eq [ hypol 1: sfloor?(slft?(1ftl, hsl))
eq [ hypo2 1: sfloor?(slft?(1ft2, hsl))

sfloor?(slft?(1ft1, hs2))
sfloor?(slft?(1ft2, hs2))

-- prove the R is a congruence .

-- ops 1ftl 1ft2 : -> Lft

op floor : -> Floor .

red request-slft(1ftl, floor, hsl) R request-slft(1ftl, floor, hs2)

red request-slft(1ft2, floor, hsl) R request-slft(1ft2, floor, hs2)

red request-sfloor(1ftl, floor, hsl) R request-sfloor(lftl, floor, hs2)
red request-sfloor(1ft2, floor, hsl) R request-sfloor(lft2, floor, hs2)

-- prove beq sfloor(slft?(1ftl, request-slft(1ftl, floor, request-slft(1ft2, floor, initial-ssys))))
-- = sfloor(slft?(1ftl, request-slft(1ft2, floor, request-slft(1ftl, floor, initial-ssys))))
-- prove beq sfloor(slft?(1ft2, request-slft(1ftl, floor, request-slft(1ft2, floor, initial-ssys))))

-- = sfloor(slft?(1ft2, request-slft(1ft2, floor, request-slft(1lftl, floor, initial-ssys))))

red request-slft(1ftl, floor, request-slft(1ft2, floor,initial-ssys))
R request-slft(1ft2, floor, request-slft(lftl, floor, initial-ssys))

close .

gooogo

[mercury:UN 1] % cafeobj

-- loading standard prelude

Loading /tmp_mnt/local.ldl/1d1l/src/lang/cafe/cafeobj-1.4/prelude/std.bin

Finished loading /tmp_mnt/local.ld1l/1d1l/src/lang/cafe/cafeobj-1.4/prelude/std.bin

-- CafeOBJ system Version 1.4.0(Beta-5) --

built: 1997 Dec 3 Wed 11:34:27 GMT
prelude file: std.bin
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*okok
1998 Feb 8 Sun 16:26:55 GMT
Type ? for help
uses GCL (GNU Common Lisp)
Licensed under GNU Public Library License

Contains Enhancements by W. Schelter

CafeOBJ> in proof2
-- processing input : ./proof2.mod

-- processing input : /glico/home2/n-ume/F9/start.mod

-- defining module! FLOOR................ A * done.
-- defining module DIRECT..... _..* done.

-- defining module DOOR...._* done.

-- defining module LFT...... _* done.

-- defining module HSLFT.......... ek

** system already proved =*= is a congruence of HSLFT done.

-- defining module* HSLFTSYS........._..... *

** system already proved =*= is a congruence of HSLFTSYS done.

-- opening module HSLFTSYS.. done.

--> give a candidate hidden congruence relation R ._

--> hypothiesis .__x*

-- reduce in ¥ : request-slft(1ftl,floor,hsl) R request-slft(1lftl,
floor,hs2)

true : Bool

(0.017 sec for parse, 19 rewrites(0.050 sec), 145 match attempts)

-- reduce in % : request-slft(1ft2,floor,hsl) R request-slft(1ft2,
floor,hs?2)

true : Bool

(0.000 sec for parse, 19 rewrites(0.033 sec), 146 match attempts)

-- reduce in % : request-sfloor(1ftl,floor,hsl) R request-sfloor(
1ft1,floor,hs2)

true : Bool

(0.000 sec for parse, 19 rewrites(0.017 sec), 147 match attempts)

-- reduce in % : request-sfloor(1ft2,floor,hsl) R request-sfloor(
1ft2,floor,hs2)

true : Bool

(0.000 sec for parse, 19 rewrites(0.017 sec), 148 match attempts)

-- reduce in % : request-slft(1ftl,floor,request-slft(1ft2,floor,
initial-ssys)) R request-slft(1ft2,floor,request-slft(1ftl,floor,
initial-ssys))

true : Bool

(0.033 sec for parse, 36 rewrites(0.033 sec), 102 match attempts)

HSLFTSYS>
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1 B U

10 Vending Machine

SEES
Vend |dat a
SEES
‘ SEES

n_sl ot Basi c_\Control | er Contr

I NCLUDES I NCLUDES

Development Architecture of Vending Machine Devel opment

5

0 _1o0/
di spenser. gi ve_drink

accept _5

accept _5/
di spenser. gi ve_dri

10

accept _10/
di spenser. gi ve_dri nk, gi ve_change(5)

Statechart of Vending Machine
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000 Controller D OO0 OO0OODOOOOODODOO

B.1 00 Vending Machine [J B-OJ O OO OO

MACHINE Vend_data
SETS
CSTATE = { coin_present, coin_absent};
DSTATE = { stocked, unstocked }
CONSTANTS COINS, STATE
PROPERTIES
COINS = { 5,10 } A STATE = { 0, 5, 10 }
END

MACHINE Dispenser
SEES Vend_data
VARIABLES
dstate, given
INVARIANT
dstate € DSTATE A given € N
INITTALISATION
dstate := unstocked || given := 0
OPERATIONS
restock = dstate := stocked;
give_drink =
PRE dstate = stocked
THEN dstate :€ DSTATE || given := given + 1
END
END
MACHINE Coin_slot
SEES Vend_data
VARIABLES
cstate, current_coin
INVARIANT
cstate € CSTATE
current_coin € COINS
INITTALISATION
cstate := coin_absent ||
current_coin :€ COINS
OPERATIONS
give_change(cc) def
PRE cc € COINS
THEN cstate := coin_absent
END;

3

coin « accept_coin def
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ANY cc
WHERE cc € COINS
THEN
current_coin := cc ||
cstate := coin_present ||
coin := cc
END

END

MACHINE BasicController
SEES Vend_data
INCLUDES Dispenser, Coin_slot
PROMOTES restock, accept_coin
VARIABLES state
INVARIANT
state € STATE
INITTALISATION
state := 0
OPERATIONS
accept_10 def
BEGIN
IF state = 0
THEN state := 10
ELSE state := 0
END ||
IF state =5
THEN give_drink
ELSE
IF state = 10
THEN give_drink || give_change(5)
END
END
END;
accept_b def
BEGIN
state := (state + 5) mod 15 ||
IF state = 10
THEN give_drink
END
END
END
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B.2 [0 Vending Machine [1 CafeOBJ [ []

}

module! VEND-DATAL1 {

[ Cstate, Coins ]

op coin-present : — Cstate
op coin-absent : — Cstate
op zeroc : — Coins

op fivec : — Coins

op tenc : — Coins

module! VEND-DATA2 {

}

[ Dstate |
op stocked : — Dstate

op unstocked : — Dstate

module VEND-DATA3 {

}

[ State ]
op zeros : — State
op fives : — State

op tens : — State

module! DISPENSER {

}

protecting(VEND-DATA?2)
protecting(SIMPLE-GIVEN)
signature {

[ Dispenser |

op restock : Dstate — Dstate

op give-drink : Dispenser — Dispenser

op empty-dispenser : — Dispenser

op _"_: Dstate Given — Dispenser

}

axioms {
var DS : Dstate

var G : Given

eq empty-dispenser = (unstocked Zzero) .

eq restock(DS) = stocked .

ceq give-drink(DS G) = stocked 8ucc(Q) if DS == stocked .
ceq give-drink(DS () = unstocked succ(Q) if DS == stocked .

module! COIN-SLOT {

protecting(VEND-DATA1)
signature {

[ CSlot |

op empty-cslot : — CSlot

op _ | —: Cstate Coins — CSlot
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op give-change : CSlot Coins — CSlot
op accept-coin : CSlot Coins — CSlot
op entered-coin : CSlot — Coins
op current-state : CSlot — Cstate — for proof
}
axioms {
var CS : Cstate
vars CO1,C02 : Coins
var CL : CSlot
eq empty-cslot = coin-absent | fivec .
eq empty-cslot = coin-absent | tenc .
eq accept-coin(CL, CO2) = (coin-present | CO2) .
eq give-change(CL,CO1) = (coin-absent | CO1) .
eq current-state(CS | CO2) = CS . — for proof
eq entered-coin(CS | CO2) = CO2 .

}
module! BASIC-COINTROLLER {

protecting(VEND-DATA3)
using(DISPENSER)
using(COIN-SLOT)
signature {
[ Basic BContrl |
op empty-basic-contrl : — BContrl
op — ~ _: Dispenser CSlot — Basic
op — @ _: State Basic — BContrl
op acceptl0 : BContrl — BContrl
op accepth : BContrl — BContrl
}
axioms {
var DS : Dispenser
var ST : State
var CL : CSlot
eq empty-basic-contrl = zeros @ (empty-dispenser ~ empt y-cslot) .
eq accept10(zeros @ (DS " CL)) = tens @ (DS " (give -change(CL, zeroc))) .
eq accept10(fives @ (DS * CL))= zeros @ (give-drink(DS) " give-change(CL, zeroc)) .
eq accept10(tens @ (DS * CL)) = zeros @ (give-drink(DS) " give-change(CL, fivec)) .
eq acceptb(zeros @ (DS " CL)) = fives @ (DS " give-change(CL, zeroc)) .
eq acceptb(fives @ (DS * CL)) = tens @ (DS " give-change(CL, zeroc)) .
eq acceptb(tens @ (DS * CL)) = zeros @ (give-drink(DS) " give-change(CL, zeroc)) .
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B.3 U0 Vending Machine ] CafeOBJ UUUUOUODOOOOON

[mercury:UN 62] % cafeobj

-- loading standard prelude

Loading /tmp_mnt/local.ldl/1d1l/src/lang/cafe/cafeobj-1.4/prelude/std.bin

Finished loading /tmp_mnt/local.ld1l/1d1l/src/lang/cafe/cafeobj-1.4/prelude/std.bin

-- CafeOBJ system Version 1.4.0(Beta-5) --
built: 1997 Dec 3 Wed 11:34:27 GMT
prelude file: std.bin
*ok ok
1998 Feb 12 Thu 4:52:56 GMT
Type ? for help

uses GCL (GNU Common Lisp)

Licensed under GNU Public Library License

Contains Enhancements by W. Schelter

CafeOBJ> in basic-controller

-- defining module VEND-DATA.............. _* done.

-- defining module VEND-DATA1....... _* done.

-- defining module VEND-DATA2..._* done.

-- defining module VEND-DATA3...._* done.

-- defining module! COIN-SLOT........... e * done.
-- defining module SIMPLE-GIVEN..._* done.

-- defining module DISPENSER......... _....% domne.

-- defining module BASIC-CONTROLLER..

BASIC-CONTROLLER> red empty-basic-contrl
-- reduce in BASIC-CONTROLLER : empty-basic-contrl
zeros @ ((stocked ~ zero) ~ (coin-absent | fivec)) : BContrl

(0.000 sec for parse, 3 rewrites(0.017 sec), 3 match attempts)

BASIC-CONTROLLER> red acceptlO(empty-basic-contrl)
-- reduce in BASIC-CONTROLLER : acceptl0(empty-basic-contrl)
tens @ ((stocked ~ zero) ~ (coin-absent | zeroc)) : BContrl

(0.000 sec for parse, 5 rewrites(0.017 sec), 5 match attempts)

BASIC-CONTROLLER> red acceptb(acceptlO(empty-basic-contrl))
-- reduce in BASIC-CONTROLLER : accept5(accept10(empty-basic-contrl)
)

zeros @ ((stocked ~ succ(zero))

(coin-absent | zeroc)) : BContrl

(0.017 sec for parse, 9 rewrites(0.017 sec), 11 match attempts)
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BASIC-CONTROLLER> red acceptb(acceptb(accept10(empty-basic-contrl)))
-- reduce in BASIC-CONTROLLER : accept5(accept5(accept10(empty-basic-contrl)
))

fives @ ((stocked ~ succ(zero))

(coin-absent | zeroc)) : BContrl

(0.000 sec for parse, 11 rewrites(0.000 sec), 13 match attempts)

BASIC-CONTROLLER> red acceptb(acceptb(acceptb(acceptl10(empty-basic-contrl))))

-- reduce in BASIC-CONTROLLER : accept5(accept5(acceptb(accept10(
empty-basic-contrl))))

tens @ ((stocked ~ succ(zero)) ~ (coin-absent | zeroc)) : BContrl

(0.000 sec for parse, 13 rewrites(0.017 sec), 16 match attempts)

BASIC-CONTROLLER> red acceptlO(acceptb(acceptb(acceptb(acceptlO(empty-basic-contrl)))))

-- reduce in BASIC-CONTROLLER : acceptlO(accept5(acceptb(accepth(
accept10(empty-basic-contrl)))))

zeros @ ((stocked ~ succ(succ(zero))) - (coin-absent | fivec)) : BContrl

(0.017 sec for parse, 17 rewrites(0.017 sec), 22 match attempts)

BASIC-CONTROLLER>
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