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This research proposed a formal specification method by using the transformation rules to
map state diagram notations into CafeOBJ specification, a novel successor of OBJ algebraic language.
The transformation rules are used as a guideline to consider each component of UML state diagram and
provide a corresponding formal definition in CafeOBJ syntax. In this research, it assumes that each state
diagram describes the behavior property of an object.

From the defined transformation rules, a translation tool was developed for drawing the
state diagram and generating the CafeOBJ formal specification. The tool helps to define the equation of
axiom of each operation by retrieving the appropriate parts — operation, variable for writing equations.

The translation tool is tested and the results are syntactically verified using CafeOBJ
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- MIAUUUMTHUNAAT (Observation Operation) Humsauiumsn lifinam

[

Idaouzvesriadoya niedagulasunas ualddmsunsqarvesriiadoya njoing

Q

5 a v J o A J IS [ 1
M t’fa1uﬂ@ﬁmu3‘nﬁq Tﬂ‘(’l“]fu@611’fNWﬁaW‘ﬁ"llﬂ\‘lﬂWﬁﬂ’lLuuﬂ'lﬁﬂﬁglﬂ‘ﬂﬁ wuuudunan

Y
18 Hgduuy fadl

op op_name : sort namel sort name?2 ... - vsort
A
1P
bop op_name : sort namel sort name?2 ... 9 vsort

Taeh

o

op bop Ao MdAyR TS UANTAUTUMS

A

op_name 19 FONITAUHUMNS
sort namel sort name? ... 19 31BN1TVOIDS NUNUA
vsort N0 FHATOYANTUNAA 18 (Visible Sort)

a

o A 1 ~ = [ o a Ao Yo @
- ~MIAAUUNITAININ-(Constant; Operation) L‘lJumsmmumiﬂﬂfﬁmiumi

o 1 d‘ a 9 A o dl o a dy (=1 A o
NIUUAAPNINVOITUAVDY AN ITDINY Iﬂﬁl“ﬂﬂﬁﬂ”lmuﬂﬁﬂ’i&m/]ulliJiJﬁfJﬂﬁ"U’EN@”liﬂ’Jmuﬁ

TpRIITSINY dafl
Op op_name : 9 sort
Taofi
op Ao g ildimuamsduiumsg
op_name A9 %mﬁﬁuﬁumi

A a9
sort v FHAYDYA 1A
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1 o v L4 . .
3) @IUMINUUATINIU (Axioms Declaration)
< ' ~Aq Y ° A a vy A W Y] ]
Lﬂu@")u‘i/lﬁl"'ﬁaluﬂ1§ﬂ1ﬁ1&ﬂWi]ﬂﬂiiﬂﬂlﬂﬁ“ﬂuﬂﬂlﬂyﬂaﬂi@jﬂg ﬂ’JfJﬂ']ﬁGl‘;D'ﬁ'llﬂ"liVIN
a 4 I v o Y o @ o dy
ﬂﬂ!ﬂﬂ"lﬁﬁill%‘ﬂﬂ@]?ﬂ"lﬁuﬂ ‘]Jigﬂ@llﬂﬁﬂfﬂﬁﬂTWuﬂﬂﬁ!LﬂiLLﬁgﬁNﬂ”ﬁ AN
M) MInvuaAIls (Variable Declaration)
o LY 9 o 1Y o [ u’j d' 9 a =\
ﬂTiﬂTﬁu@ﬁ'Ju‘]Ji 15]5?(114TIJﬂTiﬂTVf1!ﬂG]'JLL‘iJﬁV]QW?J@VI@'N’ENiHﬂ”IiHJ?JH

(%

d‘ a a a 9 A = v dy
TUNIT INODTUIWYNHANT TUUDNFUAVDYAVITDING Mgﬂllﬂﬂ ANU
var var_name : sort name
A
Nio
vars var_namel, var name2, ... : sort name

Taeh

v
o o w =

A Yo @
var vars 1o Manun lsimuaans

g

A

var_name 10 ¥0UBIAWILT
A A v An a9 = v
var_namel, var name2, ... fio 718M3vovomas nlvtiadoyanean

sort name ﬁﬁ] “Ifﬁﬂélsllﬁmua

V) MIMUUATNNS (Equation Declaration)
1 I
ansound el 2 dszinn Ao

) E4
- aumsuuyliliSenly (Unconditional Equation Declaration) i1y ¢ail

eq term = term .
A
nIo
beq term = term -
Taoi

[

eq beq A0 Md ey 1Flumssiuaaums uazaumsFInganssy
sy liTeeu Ty
A 4 a 4
term 1D NIUNWANAAETAT

] Y
- aumsuuuiiou v (Conditional Equation Declaration) figltiuy @l

ceq term = term if boolean_term .
A
PG

bceq term = term if boolean_term .
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a g 9 ~
uwugian Idvesau Tedinlumanuan o

'
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WunogaNutN UIN 130 AVAVTIUIAY
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U
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!ﬂuil@ﬂaT]ﬂTWuWﬂﬂﬂUﬂM?Wﬁ]gﬂWﬂTﬁU'}ﬂ "I N13ay I%mﬁmmﬂu on 9%
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Wumsuanay hadasidu off aidlumyauay

23 ngumwamuzmmggﬁmma [10]{11
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9y Y 2 Y o o Aa o .
pHUN NI 1dTnT 1Fuaeuagas uAuUeIN 15U 100 uF9TAg (Object-
Oriented Modeling) 1R8I IHANNITUDIATOINTADIULIINA (Finite State Machine) #a1%1u
s J s A ] ) s & a o
mMavonuuuasands uilssgnaiie limmnzaunumseenuuuse ALl Tagazinssunas
P A Y Aa 4 A& a v @ £ = )
ADUTUDINDAUIMNANINMANIAUINABUDN WO UNYANTINIINAINUDI FIzTHA
IimslasuaauzauaNumINga
uwunmaougl¥dmsumsesuengAnssuvesingrsomsneu Idnuszniteiag
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A 9 A Voo Y a A ~ VY =
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(-2 J a o [
ayanyu (Notations) (aEANNYINIY (Semantics) VDLW UNTNTADIULLBIING ll@a]ii‘ll

MINAUINNUNUNINTDIULUDY David Harel uazé’h"lﬁ’ﬁmﬁimé’ﬂymzmﬁv‘iﬂﬁ’zﬁﬂwa“lu

(% A o a o o Jd v A A A 1 A ad
2 anbUEAD NMIAUHUMTTUNUTIUMTIaeuanIue w5oi58n21 1AT09NaNA (Mealy

o A v o Jdu ' 4 s .
Machine) (a2 NMIAUUUMTTUNUTOVTDIUL W?i’]ﬁﬂﬂ'ﬂ Lﬂ?f’)\?ﬂﬁlﬁ’)ﬁ (Moore Machine)

mod* COUNTER-WITH-SWITCH {
protecting(COUNTER + SWITCH)

*[ Cws ]*

op init : > Cws

bop put : Int Cws -> Cws

bop add : Cws -> Cws

bop sub : Cws -> Cws

bop read : Cws -> Cws

bop counter : Cws -> Counter
bop switch : Cws -> Switch

var N : Int
var C : Cws

eq read(C) = read(counter(C)) .

eq switch(init) = init-switch .

eq switch(put(N,C)) = switch(C) .
eq switch(add(C)) = on(switch(C)) .
eq switch(sub(C)) = off(switch(C)) .
eq counter(init) = init-counter .

eq counter(add(C)) = counter(C) .
eq counter(sub(C)) = counter(C) .

eq counter(put(N,C)) = add(N,counter(C)) if state(switch(C)) == on .
eq counter(put(N,C)) = add(-N,counter(C)) if state(switch(C)) == off .

J

=

JiNn2.4

1 A

ammuaziiisnu Tolinveswogadiun

=

A

!LWHﬂWWﬁﬂ1u$ﬂi$ﬂﬁ)Uﬁ’m 2 NAY AD IFRUDIFDIUL (States)

Q
9

1asuiilag (Transitions) Tasiisieazioenndil

2.3.1 1¥AUDIaDIUS

& v W Jd v {
ADIUSUVDUNUNIWTDIUS “?Qllﬂu@%}?ﬂﬁﬂluaﬂﬂﬂ!ﬂqzﬂﬁ 25 1

tﬂ' [ 9 1 caj 9 [} 1 9 dy 1 aJ
DIAYPUIFADIUSUUURD "lmmauwmmzag“luamuﬂwu 9

Taglugaiuzilsznoudie 2 d11 Ao
A
- Yoanu
- msdwiiums #e luiinai ldaouznlasunlag

UAUMNEDIULTINADUSAYDN 2 TD UL Ao

A I A @
1) aougiudu (Start State) 1Hugasuduvesiag

Q

Y v W Jd o ~
Aedyanyainaglin 2.5

Y <

Y
2) a0uzAuga (End State) (ugadugaveding HNUAIY

q

=

v

3l

o

09

@
v

<

=

any

unna

4

uaIney

AIUMITMHUA
yoga

AIUMIMHUA
<
AIFUNIT
ANUUMNT

AIUMITMHUA
[ J
Fonoul

UAZLYAUDINIT

a

d o

AN

Humsvenliniiumn

ATTUNHDUNUY

vy

“KQT}ﬂLLWUﬂTWﬁﬂ1U8@]@QTJ Unu

1N 2.5
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2.3.2 sauoansilasunilas
~ 9 [ [ v ~ A A v ~
msnlasumlasveaHumnaniuy unualedgdnyaiaegli 2.5 aomsniagulasu
a a I a
WHANTTU MINNYANTTU B TDIULAUNG (Source  State) 1HuUNgANTIN 2t amuzithwaneg
(Target State) Tasm3iasuuastlszneudie 3 au fe
P2 = ~ o P ~
- 193l (Event) vz imai Inumsn/asuaniuy
A . £ g a A 3 A A i3
- 199U 1y (Guard Condition) #49zgnasI9@eUININ 259 HT0 119 Wolltngmsal
- 2
AV

o a . 5 4 4 I a
- MIRUHUMS (Action) Feazgnilszananalioneu luiluas

. ADIULITUAU

state name

activity

an1uginall

event [condition] / action Ms1ldeuaaiuy

9
@ douzduga

(2

{ [ s
31 2.5 dyanvalveINUMINED LY

[

v 1 H - ? o o Y
1981909317 2.6 uEAUHUNINTIUZVBIANAT NI VNS "ldju-'ﬁﬂ'éﬂﬂTi Taganue

U

A 9 o’/’ a o VA QBJ} A Y a S 1) Y = Z A 1 A o Y Aa 4
AU anldve YNTUN-1 ﬂ1ﬂ1ﬂﬁW§lhliJllﬂ®§1/]"]5uﬂ L INNNIZezIMNMUALd? anla

Y [
v A

d‘ (o7 - wva
AADUNITITUN 1 1As0n 1UNA

On
First Floor

Moving to

1 2.6 urun Iz veIas [12]
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. / init-counter S
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{ add(LC)
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mod* COUNTER {
protecting(INT)

*[ Counter |*

op init-counter : -> Counter
bop add : Int Counter -> Counter

-- Observation operation.
bop read : Counter -> Int

varl : Int
var C : Counter

eq read(init-counter) = 0 .
eq read(add(I,C)) = read(C) +T.
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CafeOBJ> in counter.mod
processing input : d:\user\g4 1mrt\cafeobj\test\.\counter.mod
-- defining module* COUNTER....... ..*

** gystem already proved =*=is a congruence of COUNTER done.

COTINTFR>
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COUNTER> red read(add(5,init-counter)) .

-- reduce in COUNTER : read(add(5,init-counter))

5 : NzNat

(0.000 sec for parse, 3 rewrites(0.000 sec), 6 matches)
COUNTER> red read(add(-5,init- counter))

-- reduce in COUNTER : read(add( 5,init-counter))
-5 : NzInt

(0.000 sec for parse, 3 rewrites(0.000 sec) 7 matches)
COUNTER> red read(add(10,add(-7,init-counter))) . 3
-- reduce in COUNTER : read(add(lO add(-7,init- counter)))
3 : NzNat

(0.000 sec for parse, 5 rewrites(0.000 sec), 13 matches)
COUNTER>
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3.2 szuumsdu@unNadndg (Counter with Switch)
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mod! ON-OFF op init-sw : -> Switch
bop on : Switch -> Switch
[ Value ] bop off : Switch -> Switch

bop state : Switch -> Value
op on : -> Value
op off : -> Value var S : Switch

eq state(init-sw) = off .
mod* SWITCH eq state(on (S)) =on .

eq state(off (S)) = off .
protecting(ON-OFF)

*[ Switch ]*
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mod! ON-OFF mod* CWS{
protecting(SWITCH)
[ Value ] protecting(COUNTER)
op on : > Value *[ Cws ]*

op off : -> Value

r{nod* SWITCH

protecting(ON-OFF)
*[ Switch ]*

op init-sw : > Switch

bop on : Switch -> Switch

bop off : Switch -> Switch
bop state : Switch -> Value

var S : Switch
eq state(init-sw) = off .

eq state(on (S)) =on .
eq state(off (S)) = off .

op init-cws : > Cws

bop sub-cws : Cws -> Cws
bop put : Int Cws -> Cws
bop add-cws : Cws -> Cws

-- Observation operation.
bop get-counter : Cws -> Int
bop get-switch : Cws -> Value

-- Projection operation.
bop switch : Cws -> Switch
bop counter : Cws -> Counter

var I : Int
var C : Cws

eq get-counter(C) = read(counter(C)) .
eq get-switch(C) = state(switch(C)) .

!
eq switch(add-cws(C)) = on(switch(C)) .
mod* COUNTER{ eq counter(add-cws(C)) = counter(C) .
protecting(INT) eq switch(init-cws) = init-sw .
eq counter(init-cws) = init-counter .
*[ Counter ]* eq switch(sub-cws(C)) = off(switch(C)) .
eq counter(sub-cws(C)) = counter(C) .
op init-counter : -> Counter eq switch(put(I,C)) = switch(C) .
bop add : Int Counter -> Counter ceq counter(put(I,C)) = add(I,counter(C))
bop read : Counter -> Int if state(switch(C)) == on .
ceq counter(put(I,C)) = add(-(I),counter(C))
var I : Int if state(switch(C)) == off .
var C : Counter
eq read(init-counter) = 0 .
\ eq read(add(I,C)) = read(C) + 1.
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CafeOBJ> in cws.mod
processing input : d:\user\g4 1mrt\cafeobj\test\.\cws.mod
-- defining module! ON-OFF... * done.

-- defining module* SWITCH....... ...*
** system already proved =*= is a congruence of SWITCH done.
-- defining module* COUNTER....... .. *

** gystem already proved =*= is a congruence of COUNTER done.
-- defining module* CWS............. e *

** system failed to prove =*= is a congruence of CWS done.
CWS>
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CWS> red get-switch(add-cws(init-cws)) .

-- reduce in CWS : get-switch(add-cws(init-cws))

on : Value ;

(0.000 sec for parse, 4 rewrlteséQ.QOO sec), 6 matches)
CWS> red get-switch(sub-cws 1n1t—cwsg) ;

-- reduce in CWS : get-switch(sub-cws(init-cws))

off : Value -

(0.000 sec for parse, 4 rewrites(0.000 sec), 9 matches)
CWS>red get—counter(put(S,add—cws(lmt-cwsg))_ . < 3
-- reduce in CWS : get-counter(put(5,add-cws(init-cws)))

5 : NzNat ]

(0.000 sec for parse, 11 rewrites(0.000 sec), 20 matches)
CWS> red get—counter(put(S,sub—cws(mlt—cwsg))_ .

-;_ rel(\iluclte in CWS : get-counter(put(5,sub-cws(init-cws)))
-5 . Nzint

(0.000 sec for parse, 16 rewrites(0.050 sec), 38 matches)
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.-——.____,.-' initTimer Increment Timer
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mod* TIMER{(
protecting(INT)

*[ Timer ]*

op initTimer : -> Timer
bop inc : Timer -> Timer

-- Observation operation.
bop val : Timer -> Nat

var T : Timer
eq ValginitTimer) =0

\ eq val(inc(T)) = Val("f) +1.

= Qo o Y
719 5.11 BermuagiiseIITzU LTI
} down(E)

fup(B

Pressing Up

Pressing Down

.__,." initButton

JU9 5.12 unumnanuzveTzUUNALY

mod! UP-DOWN op initButton : -> Button
bop down : Button -> Button
[ Value ] bop up : Button -> Button
op up : -> Value -- Observation operation.
op down : -=> Value bop status : Button -> Value

var B : Button
mod* BUTTON/{

protecting(UP-DOWN) eq status(initButton) = up .
eq status(up(B)) =up .
*[ Button |* \ eq status(down(B)) = down .
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JUN 5.14 UHUMMADIUZVBITLUVTLY TU

mod* FLOOR {
protecting(NAT)

*[ Floor |*

op initFloor : -=> Floor
bop press : Nat Floor -> Floor

-- Observation operation.
bop stage : Floor -> Nat

var F : Floor
var N : Nat

eq stage(initFloor) = 1 .
eq stage(press(N,F)) = N .

}
= Y o o 3
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u

® upFloorl) [statusbution(L]) = up and stage{laosL) »= M)
bt { gallp(hLL)
4 intLif I 11
Qo up

upFlaonl) [ststusfbution(L]) = up and stagelacsl]) < N]

. o goUgiNY "
upElmoL) [ene(bemonilL)) = upend stagedfioon(L) « M)

[vabimaniLi»=15] JFooUpiNL)
| gaFsFioonL) wmme Ly <15
g -;anslir:In-:nr[L}

downFloonl) [status{bution|L)] = down and slagelagdl)) <= N]
{ goDorenii, L)
ineTirmanL)

downFlacal) [stahusibutianl]) = dewn and stagaifloar(l) > M]
{ goDowm(ML)
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L]

mod* LIFT{
protecting(TIMER)
protecting(BUTTON)
protecting(FLOOR)

*[ Lift J*

bop incTimer : Lift -> Lift

op initLift : -> Lift

bop upFloor : Lift -> Lift

bop goUp : Nat Lift -> Lift
bop downFloor : Lift -> Lift
bop goDown : Nat Lift -> Lift
bop goFstFloor : Lift -> Lift

-- Observation operation.
bop getTimer : Lift -> Nat
bop getFloor : Lift -> Nat
bop getButton : Lift -=> Value

-- Projection operation.
bop timer : Lift -> Timer
bop button : Lift -> Button
bop floor : Lift -> Floor

var N : Nat
var L : Lift

eq getFloor(L) = stage(floor(L)) .
eq getTimer(L) = val(timer(L)) .
eq getButton(L) = status(button(L)) .

eq timer(initLift) = initTimer .
eq button(initLift) = initButton .
eq floor(initLift) = initFloor .

eq timer(goFstFloor(L)) = timer(L)..

eq button(goFstFloor(L)) = button(L) .

ceq floor(goFstFloor(L)) = initFloor
if val(timer(L)) >= 15 .

eq timer(downFloor(L)) = timer(L) .
eq button(downFloor(L)) = down(button(L)) .
eq floor(downFloor(L)) = floor(L) .
ceq timer(goDown(N,L)) = timer(L)
if status(button(L)) == down and
stage(floor(L)) <= N .
ceq timer(goDown(N,L)) = initTimer
if status%button(L)) == down and
stage(floor(L)) > N .
eq button(goDown(N,L)) = button(L)
ceq floor(goDown(N,L)) = floor(L)
if status(button(L)) == down and
stage(floor(L)) <= N .
ceq floor(goDown(N,L)) = press(N,floor(L))
if status(button(L)) == down and
stage(floor(L)) > N .
eq timer(upFloor(L)) = timer(L) .
eq button(upFloor(L)) = up(button(L)) .
eq floor(upFloor(L)) = floor(L) .
ceq timeréj oUp(N,L)) = timer(L)
if status(button(L)) == up and
stage(floor(L)) >= N .
ceq timer(goUp(N,L)) = initTimer
if status%button
(L)) == up and stage(floor(L)) <N .
eq button(goUp(N,L)g) = button(L) .
ceq floor(goUp(N,L)) = floor(L)
if status(button(L)) == up and
stage(floor(L)) >= N .
ceq floor(goUp(N,L)) = press(N,floor(L))
if status(button(L)) == up and
stage(floor(L)) <N .
eq timer(incTimer(L)) = inc(timer(L)) .
eq button(incTimer(L)) = button(L) .
eq floor(incTimer(L)) = floor(L) .
ceq floor(goFstFloor(L)) = floor(L)
if val(timer(L)) < 15 .
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CafeOBJ> in lift.mod ] ]

processing input : d:\user\g4 I mrt\cafeobj\test\.\lift.mod

-- defining module* TIMER...... .*

** system already proved =*= is a congruence of TIMER done.
-- defining module! UP-DOWN... * done.

-- defining module* BUTTON....... ...*
** system already proved =*= is a congruence of BUTTON done.
-- defining module* FLOOR....... ..*
** system already proved =*=is a congruence of FLOOR done.
-- defining module* LIFT................... e *
I*j 1:s stem failed to prove =*=is a congruence of LIFT done.
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LIFT> in liftprove.txt
processing input : d: \user\g41mrt\the51s\ \liftprove.txt
-- opening module LIFT.. done.

-- reduce in %LIFT : getButton(upF loor(initLift)) == up «—

true : Bool

(0.000 sec for IIzarse 5 rewrites(0.050 sec), 10 matches)

-- redlilace in %LIFT : getButton(downF1oor(1n1tL1ft)) == down P R—

true ool

(0.000 sec for Earse 5 rewrites(0.000 sec), 9 matches)

. r%\(lilﬁe in %LIFT : getFloor(goUp(6,upFloor(initLift))) D

zNat

(0.000 sec for Earse 23 rewrites(0.060 sec), 59 matches)

—1— r%%h%\c]e in %LIFT : getFloor(goDown(5, downFloor(mltLlft))) <+
: NzNat

(0.000 sec for Earse 14 rewrites(0.000 sec), 27 matches)

é- r%\(lhﬁe in %LIFT : getFloor(goDown(7, downFloor(goUp(S upFloor(initLift))))) <——
: NzNat

(0.000 sec for Earse 56 rewrites(0.000 sec), 150 matches

-- reduce in %LIFT : getFloor(goUp(4,upFloor(goDown(5,downFloor(goUp(8,

gpFIO(I)\?(lthlft))))))) S E—

(0.000 sec for Earse 186 rewrites(0.060 sec), 517 matches)

E)_ r%duce in %LIFT : getTimer(goUp(4, upFloor(lthlft))) S
€ro

(0.000 sec for parse, 21 rewrites(0.050 sec), 51 matches)

-- reduce in %LIFT :

getFloor(goFstFloor(lncT1mer(1ncT1mer(1ncTlmer(mcT1mer(1ncT1mer(1ncT1mer(1ncT1m

er(incTimer(incTimer(incTimer(incTimer(incTimer(inc Timer Snc imer(incTimer(incTi

mer( %Down(4 downFloor(goUp(6, upFloor(initLift))))))))))))))))) <+«
zNat

(O 000 sec for Earse 116 rewrites(0.050 sec), 372 matches)

-- reduce in %LIFT :

getFloor(goF: stFloor(lncTlmer(mcTlmer(chlmer(mcTlmer(1ncT1mer(1ncT1mer(1ncT1m

er(incTimer(incTimer(incTimer(incTimer(incTimer(incTimer(incTimer(goDown(4, <€

downFloor(goUp(6,upFloor(initLift)))))))))))))))))))
4 : NzNat
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CafeOBJ programs
Program ::= { module | view | eval }

Module declaration

module ::= module_type module_name [ parameters ]

ER]

[ principal_sort 1 “{“ module elt ... “}

module_type ::= module | module! | module*
module name = ident

parameters = “(“ parameter, ... “)”
parameter ::= [protecting | extending]

parameter_name . module_expr

parameter name ;= ident
principal_sort ::= principal_sort sort_name
module elt == sharing | import | sort | record | operation | variable | axiom
| comment
sharing ::= share “(““ module_name “)”
import ::= { protecting | extending | using }
“(“ module_expr, ... “)”
sort ::==visible_sort | hidden_sort
visible_sort u=“[“sort_secl, ... “]”
hidden_sort u=*[“sort decl, ... “1*¥”

sort_desl = sort_name ... | supersorts ...]



supersorts =<sort_name ...

sort_name = sort_symbol[ qualifier ]

sort_symbol 2= ident

qualifier = “"module_expr| qualifier ]
record ::=record sort_name [ super ... ]

ER]

“{“{slot| comment } ...}

2

super = “[“ sort_name [ “(“ slot_rename, ... )" ] ]
slot = slot_name : sort_name | slot_name = “(“term”)” : sort_name
slot name = ident
slot_rename :==slot _name -> slot_name
operation = {op|bop } operation_symbol : [ arity | -> coarity [ op_attrs ]
arity ::=sort_name ...
coarity = Ssort_name
op_attrs w=“op attr... <}
op_attr = constr | associative | commutative | idempotent
| {id: | idr: } “(“ term ©)” | coherent
| strat: “C“ natural ... )"
| prec: natural | 1-assoc | r-assoc
variable 3= var var_name : sort_name | vars var_ name ... : sort_name
var_name = ident
axiom = equation | cequation | transition | ctransition
equation == {eq|beq} [ label ] term = term «.”
cequation u={ ceq| beeq } [ label | term = term.if term<.”
transition ::= {trans | btrans } [ label | term => term «.”
ctransition = { ctrans | betrans } [ label ] term => term if term <.
label a=“[*ident ]
comment u=[--|-->]| **| **> ] ASCII character ...

Module Expressions

module_expr ::= module_name | sum | rename | instantiation | “(‘“ module_expr )"

sum = module_expr { + module expr} ...

50



rename = module _expr * “{“ rename_map “}”
instantiation = module_expr “(“ { ident[qualifier] <= aview}, ... “)”
rename_map ::=sort-map | op_map
sort_map = { sort | hsort } sort_name -> ident
op_map = {op|bop } op_name -> operator_symbol
op_name ::= operation_symbol | “(“operation_symbol*“)’qualifier
aview == view_name | module _expr
| view to module _expr “{“view elt, ...”}”
view_name = ident
view_elt :i=sort_map | op_view | variable
op_view = op_map | term -> term

View Declarations

view = view view _name from module_expr to module_expr
“{BVIEW el s

Evaluations

Eval ::= { reduce | behavioral-reduce | execute } context term «.”

context ::=1in module expr :

51
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1: new()
\~J 2: DisplayModuleListQ)
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3: OnAddModule(Q) | |
import before OnAddModule
[:@ is processed.

4: DisplayModuleList()

e
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Get input file and last
module name that want to

5: bIsModified

6: SetModjfiedFlag()

|_‘J 7: Serialize()
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class CParameter : public CObject

{

CString m_strName;
CString m_strType;
15
typedef CTypedPtrList<CObList,CParameter*> CParameterList;
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@m_sthlame : CString
em_arpdlist | Collection=CString=>
@rn_striC oarity © CSting
$m_strAttr . CString
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0.1

CCafeCBIModule
gmestrioduleName ;| CString
¢m_strioduleType | CString
wrn_parameterList ;. Collection=CParameter>
¢m_irmportModuleList : Collection=Clrmport=
m_sortlist: Collection=CString=
em_sotType : CString
em_operationList - Collection=COperation=
gm_varkist: Collection=CString>
Sm_eguationList : Collection=CString>

0.1 0.1
0.7 o.x

CParameter Clmport
em_stame § CSiring #m_striName : CString
em_sbrTypes CString @m_striiode ; CString
¢rm_parameteryiewList | Collection=CParametryiew=

¢rn_renSortlist - Collection=CRename=>
,_,-ﬁ‘] em_renOperationList | CollectioneCRenarne=

/ o . DA 0.1
L7 - L

CRename CParameterView

om_strType : CString | o 0.1 | ¢m_strParmMame : CString
em_strFrom . Coringl—————— gl om_strParmViewSort : CString
¢m_strTo | CSring @m_renSortlist . Collection=CRenames
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class CRename : public CObject
{
CString m_strType;
CString m_strFrom;
CString m_strTo;
¥
typedef CTypedPtrList<CObList, CRename*> CRenSortList;

typedef CTypedPtrList<CObList, CRename*> CRenOperationList;
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class CParameterView : public CObject

{
CString m_strParmName;
CString m_strParmViewSort;
CRenSortList m_renSortList;
CRenOperationList m_renOperationList;
5

typedef CTypedPtrList<CObList, CParameterView*> CParameterViewList;
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class Clmport : public CObject
{

CString m_strName;
CString m_strMode;

CParameterViewList m_parameterViewList;
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CRenSortList m_renSortList;

CRenOperationList m_renOperationList;
15
typedef CTypedPtrList<CObList, CImport*> ClmportList;
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class COperation : public CObject

{
CString m_strType;
CString m strtName;
CString m_strCoarity;
CStringList m_arityList;
CString m_strAttr;

15

typedef CTypedPtrList<CObList,COperation*> COperationList;
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class CCafeOBJModule : public CObject

{
CString m_strModuleName;
CString m_strModuleType;
CParameterList m_parameterList;
ClmportList m_importModuleList;
CStringList m_sortList;
CString m_sortType;
COperationList m_operationList;
CStringList m_varList;
CStringList m_equationList;

15

typedef CTypedPtrList<CObList, CCafeOBJModule*> CCafeOBJModuleList;
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CCafeOBJView CDefinedImportedModule ClImportedModule CCafeOBJDoc
‘ 1: new() ‘
2: DisplayStdModuleList()
3: DisplayModuleList() It is a dalog for
Zl defining the definition
of imported module
4: new()

5: Define characteristic of imported module

PE—

6: bIsModified

7: DisplayStdModuleList()
8: DisplayModuleList()

SN

9: bIsModified

10: SetModifiedFlag()

11: Serialize()
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class CCurrentRename : public CRename
{
CString m_strModuleName;
CString m_strViewName;
1
typedef CTypedPtrList<CObList, CCurrentRename*> CCurrentRenSortList;

typedef CTypedPtrList<CObList, CCurrentRename*> CCurrentRenOperList;

9 v <3 a
AA1d CCurrentRename 710 1A59a3 Woyad1sumsnusiadoyansons
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bidlolh " lo.» ¢im_rensortlist : Colections CCurentRenarme=
| em_renOperationList : Collection=C CurrentRename=
gm_pamviewlist . Collection=CParameter=

- 0.1
1Ky [
CRename CCurrentRenams

¢m_strType : CString

Mok Sk @m_siModuleMName : CString
om_strFrarm. . CString == |7 e i :
“stTo " CString #m_stiviewName | CString

COperation
Sm_strType ;. CString .
om_striMame . CString COperationEx
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class CCurrentImport : public CObject

{
CString m_sttModuleName; // module that imported to current module
int m_nlmportMode; // import mode
CParameterList m_parmViewList; // if parameter view to another module
CCurrentRenSortList m_renSortList; // renamed sort
CCurrentRenOperList m_renOperationList; // renamed operation

15

typedef CTypedPtrList<CObList, CCurrentimport*> CCurrentImportList;
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class COperationEx : public COperation
{

CString m_strModuleName;
15
typedef CTypedPtrList<CObList,COperationEx*> COperationExList;
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Class
1: new(Q)

:new()

4: Manipulate specification

|

3: AddPage(
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CModuleSpec,
CParameterProperty,
CVariableProperty,

CObserEqProp.

This part composed with 6 class :

CObservationOpProperty,
CProjectionOpProperty and

5: bIsModified

{<:J

il

6: SetModifiedFlag()

Each part has the same behavior.
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COperation ||
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om_striName | CString
$m_antylist! Collection=CString=
em_strCoarity . CString
sm_strittr - CString

CProjectionOp

em_stidoduleMarme | CSiring

class CVariable : public CObject

{

S

CString m_sVarName;

CString m_sVarType;

=

7: Serialize()

Chvanable

#m_sVarkame - CString
em_sVarType : CString

CParameter

em_stiame | CString
om_stType : CString
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typedef CTypedPtrList<CObList, CVariable*> CVariableList;
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Abstract: This paper proposes a formal specification method by using the
transformation rules to map state diagram notations into CafeOBJ specification, a
novel successor of OBJ algebraic language. The transformation rules are used as a
guideline to consider each component of UML state diagram and provide a
corresponding formal definition in CafeOBJ syntax. In our approach, we imply that
each state diagram describes the behavior property of an object. Both static system
and dynamic system of CafeOBJ are covered. We demonstrate our formal
specification method with a case study and the correctness of final specification from
our method is proved with CafeOBJ interpreter.

Key words: Formal specification, Transformation rule, State diagram, CafeOBJ

language

1. Introduction

Formal specification becomes a popular technique
for writing software specification. It is used to
describe a software system and its desired
properties by using languages with the
mathematically defined syntax and semantic. By
using a formal specification, developer can gain a
deeper understanding on the system. It helps avoid
design flaws, inconsistencies, ambiguities, and
incompleteness. Nevertheless, the correctness of
formal specification can be proved by using
mathematics [1,2]. However, the notations used in
formal specification are difficult for communicating
with end user [3].

Although formal specifications is very useful, no
tools are available for practitioner that unfamiliar
with mathematical notations to understand and to
write a software specification. In this_paper, we
propose a specification method to map UML state
diagram into algebraic ‘specification.” CafeOBJ is
selected as the algebraic specification language in
our approach.

This paper is organized.as follows. In Section 2 we
present the brief overviews of- UML state diagram
and CafeOBJ syntax. The  related” works are
reviewed in section 3. In Section 4, we propose a
set of transformation rules in order to map state
diagram into CafeOBJ. In Section 5, we
demonstrate a case study. Section 6 is a conclusion.

2. Overview

2.1. State diagram

State diagram is included in UML [4] to describe
the dynamic behavior of an object during its
lifetime. A state diagram may be attached to the
definitions of classes, use cases, or entire systems in
order to visualize, specify, construct, and document

on
/ init-sw() on()

/ off() on(

off
/ off()

Figure 1: state diagram of SWITCH object

the dynamic property of an individual object. In our
approach, a state diagram is considered as the set of
events, conditions, and actions on each transition
lines and activities in each state. Figure 1 shown the
state diagram of a switch, an example case study in
[5]:: The switch has 2-states — on and off, and 5
transition lines.

2.2. CafeOBJ [5, 6]

CafeOBJ is an algebraic specification language that
is a direct successor of OBJ [5]. When it comes to
write a CafeOBJ specification, three main parts:
sort declaration, signature declaration, and axiom
declaration, are very important. In sort declaration
part, the definitions of all sorts (types of objects)
are declared. Since CafeOBJ supports modular
specification technique, any related object
specification module can be imported. All of
imported modules are defined in sort declaration
part as well. Signature declaration part defines all
of the possible operations in the modules in terms
of sorts of inputs (arity) and sort of output (coarity).
The axiom declaration part is used to define



behavior properties of each operation that appears
in signature declaration part. Figure 2 shows the
sample of CafeOBJ specification of switch object,
an example case study in [5]. A module named
“ON-OFF”, represents the two possible values of
switch ‘on’ and ‘off’ and will be imported by
module named “SWITCH”. A module named
“SWITCH” represents a switch object. Its sort
declaration part declares the imported ‘ON-OFF’
module and a hidden sort named Switch is declared.
The signature declaration part defines a set of
operations: init-sw, on, off, status, and their sorts of
input and output parameters. In the axiom
declaration part, all of the equations are defined to
represent the possible reactions of the Switch.

module! ON_OFF{
[Value]

opon : > Value
op off : = Value

}

module* SWITCH{
{ pr(ON-OFF)

*[Switch]*

sort
declaration

op init-sw : = Switch
signature bop on : Switch - Switch
declaration < hop off : Switch - Switch

bop status : Switch - Value

var S : Switch

) eq status(on(S)) =on.
declaration ) g4 status(off(S)) = off .
}

Figure 2: CafeOBJ specification of SWITCH module

axoim {eq status(init-sw) = on .

3. Related Work

In this section, we review several related researches
on formal specification -method -using diagrams
such as UML class diagram, state diagram, and
object diagram etc. as follows.

In [7], Liliana Favre, and Sivia Clerici proposed an
approach to -integrate ‘UML " static: models to
algebraic specification style.  They map. class
diagram of UML. into a set of GSBL® language and
demonstrate how to describe the semantics of entire
system by using class diagrams to express the
relations among classes and semi-automatically
generate object-oriented codes from UML model.
However, the behavior property of each object is
excluded in their approach.

In [2], T.H. Tse proposed a set of graphical
interface  for Functional Object-Oriented
Programming System (FOOPS), a formal object-
oriented specification language with algebraic
semantics. The algebraic declaration of classes,
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methods, attributes, and inheritances are specified
in the notions of data flow diagram, state diagram,
and object diagram.

In [3], Scott A. DeLoach proposed the approach to
translate  from Rumbaugh’s Object Modeling
Technique (OMT) to algebraic specification. This
model defines how object-oriented concepts are
represented algebraically using an object-oriented
algebraic specification language O-SLANG (O-
SLANG combines basic algebraic specification
constructs with category theory operations to
capture internal object class structure as well as
relationships  between classes) and formal
transformations from OMT to O-SLANG algebraic
specification.

In [8], Shusaku lida, Kokichi Futatsugi, and Razvan
Diaconescu proposed a method to specify
component-based algebraic specification by using
class diagram of UML. This approach represents
each class in UML with a corresponding hidden
sort. Relationships among classes are the projection
operation of the compound object. However, UML
class diagram provides only the static behavior of
the system.

In this research, we proposed a method to specify
dynamic behavior of the system.

4. State Diagram-to-CafeOBJ Transformation
rules

It is conventional mean to begin the software
specification method with some common used
diagrams. Then, a set of formal specifications can
be derived. In our approach, we propose a formal
specification method to transform each given state
diagram into _a corresponding CafeOBJ
specification. By using our transformation rules as a
guideline, a practitioner can write CafeOBJ
specification to describe both static and dynamic
properties of the target system. We especially
consider on the specification of the behavior of
hidden sort (object).

Rule 1 Each state diagram S is formally defined as
a CafeOBJ module with a hidden sort s.

module* S{

*[S]*
}

Where
S is the module name
s is the hidden sort name

We names the module S after the state diagram
name S in order to assume that each state diagram
can be considered as an object or module in
CafeOBJ.

Rule 2 Initial operation of state diagram can be
formally defined as an operation p in CafeOBJ.



For static systems, initial operation can be defined
as follows:
opp:—=>s

For dynamic systems, initial operation may have an
identifier as parameter and can be defined as
follows:
opp:ID—>s

Where

p is the operation name

ID is the identifier

s is the hidden sort name

Rule 3 Each event e of state diagram can be
formally defined as a behavioral operation in
CafeOBJ.

For static systems, the declaration of behavioral
operation is
bope:lss—>s
For dynamic systems, each event may have an
identifier as parameter.
bope:IDIss > s
Where
e is the event name
Is is the list of parameters which are either
visible or hidden sorts
ID is the identifier
s is the hidden sort

Rule 4 Each transition T with a condition can be
formally defined as a conditional equation in
CafeOBJ as follows:
ceq T=Tif (c)

Where

T, T’ are left-term and right-term-in-an equation
respectively.

c is the guard condition

Rule 5 Each action a in state diagram can be
formally defined as a behavioral operation -in
CafeOBJ as follows:

For static systems, the declaration of behavioral
operation is
bopa:ilss—=>'s
For dynamic systems, each action may have an
identifier as parameter.
bopa:IDIss—>s
Where
a is the action
ID is an identifier
Is is the list of parameters which are either
visible or hidden sorts
s is the hidden sort

Rule 6 Each activity A in state can be formally
defined as a behavioral operation in CafeOBJ as
follows:
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For static systems, each activity can be formally
defined as
bopA:lss>s
For dynamic systems, activities may have an
identifier as parameter and can be defined as
follows:
bopA:IDIss=>s
Where
A is the activity name
ID is the identifier
s is the hidden sort
Is is the list of parameters which are either
visible or hidden sorts

Rule 7 For each hidden sort imported to current
module. The states of imported hidden sort can be
observed by using a projection operation p, as
follows:
For static system, the declaration of projection
operation is
bopp:s=>5¢’
For dynamic system, it must have an identifier as a
parameter.
bopp:IDs—>¢s’
Where:
p is the projection operation
s is the hidden sort of current module
s’ is the hidden sort of imported module
ID is the identifier

5. Case Study

We demonstrate our proposed formal specification
method in this section. By using a case study of lift
specification, we firstly draw four state diagrams,
which relevant to the LIFT object. Then, the
CafeOBJ specification will be written using the
proposed transformation rules as a guideline.

5.1 State diagram and CafeOBJ specification of
LIFT object.

Our lift- consists of 3 sub-objects - TIMER,
BUTTON;-and FLOOR: We need to specify these 3
sub-objects firstly as follows:

TIMER Object

It ‘is" used for time measurement. It counts up
continuously. Its state diagram and CafeOBJ syntax
are shown in Figure 3.

BUTTON Object

It is a button in front of lift for controlling lift to go
up or go down. It has 2 states — up and down.

It will be up when up button is pressed and down
when down button is pressed. Its initial value is up.
Both state diagram and CafeOBJ of BUTTON are
shown in Figure 4.



FLOOR Object

It is the panel in the lift to enable the user to choose
the floor he/she wants to go. Its behavior is, to take
the user to the chosen floor. Its initial value is 1. Its
state diagram and CafeOBJ are shown in Figure 5.
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/ inc(T)

/ initTimer m

Increment Timer

val(inc(T)) = val(T) + 1
val(initTimer) = 0.

Pressing Up
status(initButton) =up |, @)
status(up(B)) = up
A
/ up(B) / down(B)
v

‘ Pressing Down

%mwn\k‘

/ down(B)

module* TIMER{
pr(NAT)
*[Timer]*

op initTimer : = Timer
bop inc : Timer > Timer
bop val : Timer - Nat

var T : Timer

eq val(initTimer) = 0.
eq val(inc(T)) =val(T) + 1.

}
Figure 3: State diagram and CafeOBJ
specification of TIMER object
LIFT Object

When we want to define a lift, we need to know its
behavior. A lift in our case study-is as follows:

It consists of 3 sub-objects, each object has affect to
the behavior of lift. When state of button is
changed, lift is ready to go up or go down. When
floor panel is pressed, lift is ready to go to specific
floor. Suppose lift is on the first floor, a user press
up button and press target after that lift will go to
pressed floor. If lift user press down while lift is on
the first floor, then no action is processed. If lift is
on the 5" floor, user presses down button and
presses at 6 floor then lift-has no action, etc. After
going to desired floor, lift will initialize timer to 0.
If no action more than defined time (in this case,
defined time is 15 seconds), then lift will go to the
1% floor automatically. Its state diagram is shown in
Figure 6 and CafeOBJ specification is shown
Figure 7.

5.2 Prove score of LIFT specification
From the CafeOBJ specification of LIFT derived in
case, we can write the prove score for proving the
correctness of specification as follows:
LIFT proving, we must observe the value of 3
objects - BUTTON, TIMER, and FLOOR. Each

module! UP-DOWN{
[Value]

ops up down : -> Value
module* BUTTON{

pr(UP-DOWN)

*[Button]*

op initButton : -> Button

bop up : Button -> Button

bop down : Button -> Button

bop status : Button -> Value

var B : Button

eq status(initButton) = up .

eq status(up(B)) = up .
eq status(down(B)) = down .

Figure 4: State diagram and CafeOBJ
specification of BUTTON object

Initialization ‘

‘ stage(initFloor) = 1 ‘

/ press(N,F) / press(N,F)

v
‘ Press floor

‘ stage(press(N,F)) =N ‘

module* FLOOR{
pr(NAT)

*[Floor]*

op initFloor : -> Floor

bop press : Nat Floor -> Floor
bop stage : Floor -> Nat

var F : Floor
var N : Nat

eq stage(initFloor) =1 .
eq stage(press(N,F)) =N .

Figure 5: State diagram and CafeOBJ
specification of FLOOR objectt



object has its observation operation as such
getButton for BUTTON, getTimer for TIMER, and
getFloor for FLOOR.
1.) Observe the value of BUTTON through object

lift.

red getButton(upFloor(initLift)) == up

We prove that if user press up button, then the
value of Button object must be up. So, CafeOBJ
interpreter must return true.
red getButton(downFloor(initLift)) == down
We prove that if user press down button, then the
value of Button object must be down. As the same
way, CafeOBJ interpreter must return true.
2.) Observe the value of FLOOR through object

lift.

red getFloor(goUp(6,upFloor(initLift))

We prove that if Lift is on the first floor and
user press up button and go to 6" floor, then after
process is completed, floor must be 6. So, CafeOBJ
interpreter must return 6.

red
getFloor(goDown(5,(downFloor(initLift)))

We want to prove that if Lift is on the 1** floor
but user press down button and want to go to 5"
floor, then Lift doesn’t do anything. Then CafeOBJ
interpreter must return 1, these mean that Lift is on
the same floor if condition is incorrect.

Same as previous proved, if condition is true Lift
can go to desired floor, if condition is false Lift has
no action.
3.) Observe the value of TIMER through object
lift.
red getTimer(goUp(4,upFloor(initLift)))

For prove in case of process is executed, and
observe the value of Timer that if desired floor is
arrived, then Timer must be set to 0. If Lift stop on
other floor more than or equal 15 second, then Lift
must go to 1% floor automatically. It can be prove
by the following prove score :

red
getFloor(goFstFloor(incTimer(incTimer(incTimer(i
ncTimer(incTimer(incTimer(incTimer(incTimer(in
cTimer(incTimer(incTimer(incTimer(incTimer(inc
Timer(incTimer(goUp(8,upFloor(goUp(4,upFloor(i
nitLift))))NNN)NN)))

If Timer is less than 15 then Lift must on the
same floor. We can prove by following prove score:

red

getFloor(goFstFloor(incTimer(incTimer(incTimer(i
ncTimer(incTimer(incTimer(incTimer(incTimer(in
cTimer(incTimer(incTimer(incTimer(incTimer(inc
Timer(goUp(8,upFloor(goUp(4,upFloor(initLift)))))
DMMM)))

By these prove score, CafeOBJ interpreter must
return 8.

6. Conclusion and future work

In this approach, we attempt to define relationship
between state diagram of UML and CafeOBJ
specification which we hope that user who use this
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approach  can  understand the  CafeOBJ
specifications well without mathematical training.
Finally, this approach can help designer to check
the completeness, consistencies, and design flaws
of specification.

The transformation rules are used as a guideline to
consider each component of UML state diagram
and provide a corresponding formal definition in
CafeOBJ syntax. In our approach, we imply that
each state diagram describes the behavior property
of an object. Both static system and dynamic
system of CafeOBJ are covered. We demonstrate
our formal specification method with a case study
and the correctness of final specification from our
method is proved with CafeOBJ interpreter.
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module* LIFT{
pr(TIMER + BUTTON + FLOOR)

*[Lift]*

op initLift : -> Lift

-- go up floor

bop goUp : Nat Lift -> Lift
-- go down floor

bop goDown : Nat Lift -> Lift
-- pressing Up

bop upFloor : Lift -> Lift

-- pressing Down

bop downFloor : Lift -> Lift
bop incTimer : Lift -> Lift
bop goFstFloor : Lift -> Lift

-- Observation operation for FLOOR
bop getFloor : Lift -> Nat
-- Observation operation for TIMER
bop getTimer : Lift -> Nat

-- Observation operation for BUTTON

bop getButton : Lift -> Value

-- Projection operation of TIMER
bop timer : Lift -> Timer

-- Projection operation of FLOOR
bop floor : Lift -> Floor

-- Projection operation of BUTTON
bop button : Lift -> Button

var N : Nat
var L : Lift

eq getTimer(L) = val(timer(L)) .
eq getButton(L) = status(button(L)) .
eq getFloor(L) = stage(floor(L)) .

eq timer(initLift) = initTimer .

eq timer(upFloor(L)) = timer(L) .

eq timer(downFloor(L)) = timer(L) .

ceq timer(goUp(N,L)) = initTimer
if status(button(L)) ==up and
stage(floor(L)) <N .

ceq timer(goUp(N,L)) = timer(L)
if status(button(L)) == up and
stage(floor(L)) >= N .

ceq timer(goDown(N,L)) = initTimer
if status(button(L)) == down and
stage(floor(L)) > N .

ceq timer(goDown(N,L)) = timer(L)
if status(button(L)) == down and
stage(floor(L)) <= N.

eq timer(incTimer(L)) = inc(timer(L)) .

ceq timer(goFstFloor(L)) = initTimer
if val(timer(L)) == 15.

eq button(initLift) = initButton .
eq button(upFloor(L)) = up(button(L)) .

eq button(downFloor(L)) = down(button(L)) .

eq button(goUp(N,L)) = button(L) .
eq button(goDown(N,L)) = button(L) .
eq button(incTimer(L)) = button(L) .
eq button(goFstFloor(L)) = button(L) .

eq floor(initLift) = initFloor .

eq floor(upFloor(L)) = floor(L) .

eq floor(downFloor(L)) = floor(L) .

ceq floor(goUp(N,L)) = floor(L)
if status(button(L)) == up and
stage(floor(L)) >= N .

ceq floor(goUp(N,L)) = press(N,floor(L))
if status(button(L)) == up and
stage(floor(L)) <N .

ceq floor(goDown(N,L)) = floor(L)
if status(button(L)) == down and
stage(floor(L)) <= N.

ceq floor(goDown(N,L)) = press(N,floor(L))
if status(button(L)) == down and
stage(floor(L)) > N .

eq floor(incTimer(L)) = floor(L) .

ceq floor(goFstFloor(L)) = initFloor
if val(timer(L)) >=15.

ceq floor(goFstFloor(L)) = floor(L)
if val(timer(L)) < 15.

Figure 7: CafeOBJ specification of LIFT object
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