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Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

ent

M
ethod

C
hristine

C
hoppy �

and
G

ianna
R

eggio �

�

LIP
N

,InstitutG
alilée

-
U

niversité
P

aris
X

III,

�

D
IS

IU
niversità

diG
enova

-
Italy
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O
utline

and
m

otiv
ation

�

W
rite

relevant,legible,usefulspecifications
ofthe

system
s

to
be

developed

�

Inform
alnotations

(graphics)/form
al(sem

antics)

�

C
om

panion
user

m
ethod

helping
to

understand
the

system
to

be
developed

(differentfrom
helping

to
use

the
proposed

form
alism

)

�

A
ccom

odate
differentnatures

ofsystem
s

�

T
he

bestofboth
w

orlds
!?

F
O

R
M

A
L

IN
F

O
R

M
A

L

notation
notvery

friendly
(exotic)

very
friendly,visual

notation
rigid,overhead

flexible,adaptable

learning
tim

e,background
short(?)

case
studies

sim
ple

(?)
realcom

m
on

app

Tow
ards

a
F

orm
ally

G
rounded

D
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entM
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M
ay
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O
utline

and
m

otiv
ation

(2)

M
ethods

taking
into

account:

�

a
softw

are
item

:

–
a

sim
ple

dynam
ic

system

–
a

structured
dynam

ic
system

–
a

data
structure

�

tw
o

specification
techniques:

property-oriented,m
odel-oriented

(constructive)

�

C
A

S
L

and
C

A
S

L-L
T

L
specifications

Illustration
on

case
studies

To
be

used

�

for
requirem

entspecifications

�

in
com

bination
w

ith
structuring

concepts
as

(Jackson’s)
problem

fram
es

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
ay

2003
IF

IP
W

G
1.3
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C
om

plem
entar

y
related

w
orks

�

H
ow

to
w

rite
readable

C
A

S
L

specifications,
avoiding

sem
antic

pitfalls

http://w
w

w
.brics.dk/P

rojects/C
oF

I
–

R
oggenbach

and
M

ossakow
skifor

the
basic

data
types

library
–

B
idoitand

M
osses

in
the

C
A

S
L

user’s
m

anual

�

B
idoitand

H
ennicker

[e.g.
F

O
S

S
A

C
S

02]explore
the

use
ofobservability

concepts
w

hich
are

found
to

be
usefuland

relevantfor
w

riting
specifications,

and
the

com
bined

use
ofconstructors

and
observers

�

B
lanc

[P
hD

2002,C
achan]proposes

guidelines
for

the
iterative

and

increm
entaldevelopm

entofspecifications

�

C
hoppy

and
R

eggio
[W

A
D

T
99]propose

to
help

requirem
entanalysis

by

generating
C

A
S

L
and

C
A

S
L-L

T
L

skeletons
associated

w
ith

Jackson’s
problem

fram
es

(used
as

structuring
concepts

to
startthe

problem
analysis)

�

C
hoppy

and
H

eisel[W
A

D
T

02]propose
to

go
on

w
ith

using
the

structuring

concepts
provided

by
architecturalstyles

to
supportdesign

specifications
and

explore
the

com
bination

w
ith

the
problem

fram
es

used
to

begin
w

ith
Tow

ards
a

F
orm

ally
G

rounded
D

evelopm
entM

ethod

M
ay
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IF
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C
A

S
L

and
C

A
S

L-L
T

L

�

C
A

S
L

(C
om

m
on

A
lgebraic

S
pecification

Language)

partialops,datatypes
declarations,

union,extension

free
construct,generic

specifications

�

C
A

S
L-L

T
L

a
sim

ple
system

is
considered

as
a

labelled
transition

system
(lts):

labels,states
and

transition
relation

Labelled
Transition

Logic
[A

stesiano,R
eggio,C

osta,T
C

S
97]

dsort
st

label
lab

stands
for

sorts
st�

lab

pred
���

�

st �

lab �

st
tem

porallogic
(branching,C

T
L

like)
used

to
express

properties
ofthe

dynam
ic

system
s

in
term

s
oftheir

paths
or

sequences
oftransitions,e.g.

:

�	

	� �


�

���
���
�

or�	
�	��


�

� �
���
�

w
hen

a
form

ula
holds

on
the

firststate
ofa

path,

atthe
firstlabelofa

path,eventually,
alw

ays
....

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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C
ase

S
tud

y:
a

lift
system

�

a
liftplant

(the
cabin,the

m
otor

m
oving

it,the
doors

atthe
various

floors)

�

the
controller

(som
e

softw
are

autom
atically

controlling
the

liftfunctioning)

�

the
users

�

sensors
(e.g.,cabin

position,doors
atfloors,m

otor
w

orking
status)

�

orders
(e.g.,open/close

the
doors,m

ove
up/dow

n/stop
m

otor)

�

users
enter

or
leave

the
cabin

...

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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Ingredients
for

a
g

eneric
specification

m
ethod

adapted
from

A
stesiano,R

eggio,T
C

S
2000.view

edA
s

1
*

1..*

sem
antics

*
*

m
odelling

Item
F

orm
alM

odel
S

pecification
P

resentation
D

ocum
entation

G
uidelines

*

1
-

Item
s

thatw
illbe

specified

2
-

F
orm

alm
odels

ofthe
item

s

3
-

M
odelling

4
-

S
pecification

5
-

S
em

antics

6
-

P
resentation

7
-

D
ocum

entation

8
-

G
uidelines

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod
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Item
s

Item

parts
*

C
onstituent
F

eature
D

efinition

S
pecification

*

partsS
pec

features

F
orm

alM
odel

has *

*

features

C
F

m
odelling

*
*

C
F

sem
antics

C
onstituent
F

eature
F

M
od

C
onstituent
F

eature

*

C
ategory

1..*
*

isA

�

structured
(parts)

�

characterized
by

constituentfeatures
ofdifferentkinds

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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W
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P
roperty

vs
M

odel
oriented

validity

*

S
pecification

P
roperty-O

riented S
pecification

F
orm

ula

sim
ilar

*

C
onstructive S

pecification

F
orm

alM
odel

sem
B

*

*

�

P
roperty-oriented

(axiom
atic)

:
“relevant”

properties
expressed

�

M
odel-oriented

(constructive)
:

exhibita
prototype

...

for:
sim

ple
dynam

ic
system

s,structured
dynam

ic
system

s,data
structures

“6”
specification

m
ethods

w
ith

com
m

on
parts.

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod
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A
G

eneral
P

roperty-oriented
S

pecification
M

ethod
(G

P
S

m
)

E
xaustive S

earch 
G

uidelines
C

ell C
ontents

P
resentation

C
ells F

illing 
D

ocum
entation

D
ocum

entation
G

uidelines
P

resentation

F
ind:

parts,constituentfeatures,express
properties

(cellfilling,presentation).

.....
C

F 1n1

C
F

11

C
F

1n1

C
F

k1

C
F

knk

.....

.....

.....

C
F 11

.....
C

F
k1

.....
C

F
knk

K
IN

D
1

K
IN

D
k

KIND
1

KIND
k

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm
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M
ay

2003
IF

IP
W

G
1.3



C
C

-G
R

11

O
utline

M
ethods

taking
into

account:

�

a
softw

are
item

:

–
a

sim
ple

dynam
ic

system

–
a

structured
dynam

ic
system

–
a

data
structure

�

tw
o

specification
techniques:

property-oriented,m
odel-oriented

(constructive)

�

C
A

S
L

and
C

A
S

L-L
T

L
specifications

Illustration
on

case
studies

�

in
com

bination
w

ith
structuring

concepts
as

(Jackson’s)
problem

fram
es

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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A
S

im
ple

S
ystem

S
im

ple system
D

ata structure
parts

features

1..*

*

S
tate feature

E
lem

entary  interaction

C
onstituent  feature

A
dynam

ic
system

w
ithoutany

internalcom
ponents

cooperation.

A
labelled

transition
system

.

C
onstituentfeatures:

-
state

constituentfeatures

-
label:

elem
entary

interactions
ofdifferenttypes

P
arts:

data
structuresTow

ards
a

F
orm

ally
G

rounded
D

evelopm
entM

ethod

M
ay

2003
IF
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W

G
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P
roperty-oriented

specifications
(S

im
ple

system
s)

S
im

ple system
 property-oriented specification

1..*

*

*

S
tate observer definition

nam
e: S

tring
argT

ypes:S
equence(T

ype)
resultT

ype: T
ype

D
ata structure specification

E
lem

entary interaction definition

nam
e: S

tring
argT

ypes:S
equence(T

ype)

nam
e: S

tring

parts

s-features
e-features

P
roperty

properties
*

state observers,
so(type1, ...,typen): type

S
ystem

N
am

e

elem
entary interactions,

E
I(type1, ..., typen)

D
ata1

D
ata

r
....

V
isualpresentation

E
lem

entary
Interaction

State
O

bserver

so

ei

ei1,�ei2so,ei

so1,�so2

E
lem

entary
Interaction

State
O

bserverC
ellfilling

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
ay

2003
IF
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W
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C
ell

schem
ata

(S
im

ple
system

/P
r

operty-oriented)

A
bout tw

o elem
entary interactions

incom
patibility2: S

et(LabelP
rop)

A
bout an elem

entary interaction

incom
patibility1: S

et(LabelP
rop)

pre-cond1: S
et(T

ransitionP
rop)

post-cond1: S
et(T

ransitionP
rop)

vitality1: S
et(S

tateP
rop)

A
bout a state observer

value1: S
et(S

tateP
rop)

how
-change: S

et(T
ransitionP

rop)
change-vitality: S

et(S
tateP

rop)

A
bout an elem

entary 
interaction and a state observer

pre-condition2: S
et(T

ransitionP
rop)

post-condition2: S
et(T

ransitionP
rop)

vitality2: S
et(S

tateP
rop)

A
bout tw

o state 
observers

value2: S
et(S

tateP
rop)

C
ell  filling

E
ach

cellm
ay

contain
severalproperties

ofdifferentnature.
P

roperties
on:

-
labels

(incom
patibilities

betw
een

elem
entary

interactions
under

som
e

condition)

-
states

(state
observers

properties
w

here
path

properties
m

ay
appear)

-
transitions

(conditions
on

source
and

targetstate
observers).

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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IF
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C
ell:

A
bout

a
state

observer
(so

)
-(S

im
ple/P

roperty)

valu
e1

(state
property)

T
he

results
ofthe

observation
m

ade
by

so
on

a
state

m
ustsatisfy

som
e

conditions.

cond,w
here

so
m

ustappear
in

cond

h
ow

-ch
an

g
e

(transition
property)

Ifthe
observed

value
changes

during
a

transition,then
som

e
condition

on
the

source
and

targetstate
(the

old
and

the
new

value)
holds,and

som
e

elem
entary

interactions
m

ustbelong
to

the
transition

label.

if
so(arg)

=
v�

and
so’(arg)

=
v�

and
v����

v�
then

cond(v�

,v�

,arg)
and

ei�

,...,ei�

happen

ch
an

g
e-vitality

(state
property)

Ifa
state

satisfies
som

e
condition,then

the
observed

value
w

illchange
in

the
future.

if
cond(v�

,v�

,arg)
and

so(arg)
=

v�

and
v����

v�

then
in

any
case

eventually
so(arg)

=
v�

N
ote:

“atleastin
a

case”
(instead

of“in
any

case”)
or

“next”
(instead

of

“eventually”)
are

possible.

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
ay

2003
IF

IP
W

G
1.3



C
C

-G
R

16

C
ell:

A
bout

an
elem

entar
y

interaction
(ei)

-(S
im

ple/P
roperty)

in
co

m
p

atib
ility1

(labelproperty)
Iftheir

argum
ents

satisfy
som

e
conditions,then

tw
o

instantiations
ofei

are
incom

patible,i.e.,no
labelm

ay
contain

both.

ei(arg�

)
incom

patib
le

w
ith

ei(arg�

)
if

cond(arg�

,arg�

)

p
re-co

n
d

1
(transition

property)
Ifthe

labelofa
transition

contains
som

e

instantiation
ofei,then

the
source

state
ofthe

transition
m

ustsatisfy
som

e

condition.

if
ei(arg)

happen
then

cond(arg)
w

here
source

state
observers

m
ustappear

in

cond(arg)
and

targetstate
ones

cannotappear

p
o

st-co
n

d
1

(transition
property)

Ifthe
labelofa

transition
contains

som
e

instantiation
ofei,then

the
targetstate

ofthe
transition

m
ustsatisfy

som
e

condition).
T

his
m

ay
involve

the
source

state.

if
ei(arg)

happen
then

cond(arg)
w

here
target(prim

ed)
state

observers
m

ust

appear
in

cond(arg)
and

source
(non-prim

ed)
state

ones
m

ay
appear

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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W

G
1.3



C
C

-G
R

17

C
ell:

A
bout

an
elem

entar
y

interaction
(ei)

-
2

(S
im

ple/P
roperty)

vitality1
(state

property)
Ifa

state
satisfies

som
e

condition,then
any

sequence
of

transitions
starting

from
itw

illeventually
contain

a
transition

w
hose

label

contains
ei.

N
ote

thatvitality
properties

m
ay

have
also

the
form

“atleastin
a

case”
(instead

of“in
any

case”)
or

“next”
(instead

of“eventually”).

if
cond(arg)

then
in

any
case

eventually
ei(arg)

happen

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
ay

2003
IF

IP
W

G
1.3
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LiftP
lant

:
P

arts
and

C
onstituent

F
eatures

(S
im

ple/P
roperty)

C
A

B
IN

_P
O

S
IT

IO
N

(F
loor)

D
O

O
R

_P
O

S
IT

IO
N

(F
loor, D

oorP
osition)

D
O

O
R

_O
(F

loor, D
oorP

osition)
M

O
T

O
R_S

T
A

T
U

S
 (M

otorS
tatus)

M
O

T
O

R_O
(M

otorS
tatus)

T
R

A
N

S
IT( Int)

door_position(F
loor):  D

oorP
osition

cabin_position: F
loor

m
otor_status: M

otorS
tatus

users_inside: N
at

LiftP
lant

F
loor

M
otorS

tatus

dow
n   |  up   |  stop

D
oorP

osition

open  |  closed

P
arts:

F
loor,M

otorS
tatus,D

oorP
osition

C
onstituentfeatures

-
E

lem
entary

interactions

C
A

B
IN

P
O

S
IT

IO
N

,D
O

O
R

P
O

S
IT

IO
N

,D
O

O
R

O
,

M
O

T
O

R
S

TA
T

U
S,M

O
T

O
R

O
,

T
R

A
N

S
IT

-
S

tate
observers

door
position,cabin

position,m
otor

status,users
inside

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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Lift
P

lant
properties

-
O

n
M

otorS
tatus

(S
im

ple/P
roperty)

in
co

m
p

atib
ility1

(labelproperty)
A

sensor
cannotsignaltw

o
differentvalues

sim
ultaneously.

M
O

T
O

R
S

TA
T

U
S(m

s�
)

incom
patib

le
w

ith
M

O
T

O
R

S
TA

T
U

S(m
s�

)
if

m
s����

m
s�

p
re-co

n
d

1
(transition

property)
A

sensor
alw

ays
signals

the
correctdata.

if
M

O
T

O
R

S
TA

T
U

S(m
s)

happen
then

m
otor

status
=

m
s

p
o

st-co
n

d
1

(transition
property)

N
one

vitality1
(state

property)
A

sensor
cannotbreak

dow
n,thus

itm
ay

alw
ays

be
able

to
signalthe

correct
value.

at
least

in
one

case
next

M
O

T
O

R
S

TA
T

U
S(m

otor
status)

happen

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
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Lift
P

lant
properties

-
O

n
the

orders
(S

im
ple/P

roperty)

C
ellfilling,drop

repetition,rearrange,...

-
O

nly
appropriate

groups
oforders

m
ay

be
received

sim
ultaneously

by
the

lift

plant;precisely
atm

ostone
order

for
the

m
otor

and
one

for
the

doors.
M

O
T

O
R

O
(m

s�
)

incom
patib

le
w

ith
M

O
T

O
R

O
(m

s�

)
if

m
s����

m
s�

D
O

O
R

O
(f�

,dps�
)

incom
patib

le
w

ith
D

O
O

R
O

(f�

,dps�

)
if

...

-
A

n
order

cannotbe
received

w
hen

its
execution

m
ay

be
problem

atic;precisely

m
ove

up
(dow

n)
only

w
hen

the
m

otor
is

stopped
and

the
cabin

is
notatthe

top

(ground)
floor,and

open
the

door
atfonly

w
hen

no
door

is
open,the

cabin
is

at

floor
fand

the
m

otor
is

stopped.

if
M

O
T

O
R

O
(up)

happen
then

m
otor

status
=

stop
and

cabin
position���

top

if
M

O
T

O
R

O
(dow

n)
happen

then
m

otor
status

=
stop

and
cabin

position���

ground

if
D

O
O

R
O

(f�

,open)
happen

then

(for
all

f �

if
f���

f�

then
door

position(f)���

open)
and

cabin
position

=
f�

and
m

otor
status

=
stop

-
T

he
orders

are
alw

ays
correctly

executed.
if

M
O

T
O

R
O

(m
s)

happen
then

m
otor

status �

=
m

s
if

D
O

O
R

O
(f,dps)

happen
then

door
position �(f)

=
dps
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C
A

S
L,C

A
S

L-L
T

L
vie

w
-

(S
im

ple/P
roperty)

�

poS
pec.parts

=� ds� ,...,ds !

data
structure

specifications

D
S� ,...,D

S 
are

the
C

A
S

L-L
T

L
presentations

ofds� ,...,ds 

�

poS
pec.e-features "

� ����$###� ��%!

the
elem

entary
interactions

�

poS
pec.s-features "

� 
���$###� 
�&!

the
state

observers

spec
E

LIN
T

E
R

A
C

T
IO

N
=

free
type

elInteraction '' (

ei� .nam
e) ei� .argTypes* +

,,,+
ei�

.nam
e) ei�

.argTypes*

spec
poS

pec.nam
e

=

F
IN

IT
E

S
E

T[E
LIN

T
E

R
A

C
T

IO
N

]
and

D
S�

and
...

and
D

S-

then

dsort
st

label
F

inS
et[elInteraction]

ops
so� .nam

e 'st.

so� .argTypes/ 0

so� .resType
...

so1

.nam
e'

st.

so1

.argTypes/

so1

.resType

axiom
s

form
ulae

corresponding
to

the
cellfillings
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C
A

S
L

C
A

S
L-L

T
L

vie
w

:
properties

(S
im

ple/P
roperty)

�

transition
properties

expressed
by

cond

�
2���

�43
5

cond’

w
here

cond’is
obtained

from
cond

by
adding

-�

as
extra

argum
entto

each
source

(non-prim
ed)

state
observer,

-�43

as
extra

argum
entto

each
target(prim

ed)
state

observer,

and
by

the
follow

ing
replacem

ent

replaced
by

“eInt
happen

”
eInt6 7
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C
A

S
L

C
A

S
L-L

T
L

vie
w

:
properties

(follw
d)

(S
im

ple/P
roperty)

�

labelproperties

eInt1
incom

patib
le

w
ith

eInt2
if

cond
cond5

8
� eInt16 7
9

eInt26 7
�

var7

::�	��
;< elInteraction=

�

state
properties

in
any

case
...

�	

	� �


�

� �
�$###�

at
least

in
one

case
...

�	
�	��


�

���
�$###�

eventually
eInt��> ?

@�

happen

�
A�	;B
77
�DC
7
E

eInt� > ?
@� 6 7
F

...
...
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C
onstructive

specifications
(S

im
ple

system
s)

S
im

ple system
 constructive specification 1..*

*

*

D
ata structure specification

nam
e: S

tring

parts

s-features
e-features

S
tate constructor definition

nam
e: S

tring
argT

ypes:S
equence(T

ype)

E
lem

entary interaction definition

nam
e: S

tring
argT

ypes:S
equence(T

ype)

conditional-rules
*

C
onditional rule

state constructors,
C

(type1, ...,typen)

S
ystem

N
am

e

elem
entary interactions,

ei(type1, ..., typen)

D
ata

1
D

ata
r

....
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C
onstructive

specifications
(S

im
ple

system
s)

-
P

roperties

C
’(arg2)

[cond(arg1,arg2,eiSet)]
C

(arg1)
eiSet

R
E

C
E

IV
E

-O
K

(inv)

G
R

E
C

E
IV

E
-E

R
(inv)

[ a =< inv ]   R
E

C
E

IV
E

-O
K

(inv)

[ a > inv ]

H

Init(a)

D
O

N
E

&
 A

S
K

-N
E

W

R
E

F
U

S
E

D
(inv) &

 A
S

K
-N

E
W

Init(inv)

P
rocessing(inv)

S
topped

R
efusing(a,inv)

ifIJ K
LM

thenNLKOP IQ
R S
T S
UV S
WX Y

ZD[\]
^

______________`
abcd
effK
LgP KLM

Q

ifIJ K
LM

then NLKOP IQ
R S
T S
UV S
WS
RZ [\]
^

______________`
hOcii ej

ifIklK
LM

then NLKOP IQ
R S
T S
UV S
WX Y

ZD[\]
^

______________`
men$ofK
LgP Ip KLM

Q

men ofK
LgP Ip KLM

Q
q R S
rst S
uZ [\]
^ vlwt Y
WxS
yz

_____________________`
NLKOP IQ

abcd
effK
LgP KLM

Q
q uX xSvlwt Y
WxS
yz

_______________`
NLKOP KLM

Q
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Lift
C

ontroller
(S

im
ple/C

onstructive)

C
oordinating

S
topping(F

loor)
H

andle_C
(F

loor,D
oorP

ositions,M
otorS

tatus)
S

tart_T
o_M

ove(F
loor,M

otorS
tatus)

M
ove_U

p(F
loor,F

loor)
M

ove_D
ow

n(F
loor,F

loor)
S

top

C
ontroller

M
O

T
O

R_O
( M

otorS
tatus)

D
O

O
R

_O
(F

loor,D
oorP

osition)
D

O
O

R
_P

O
S

IT
IO

N
S

(D
oorP

ositions)
C

A
B

IN
_P

O
S

IT
IO

N
(F

loor)
M

O
T

O
R_S

T
A

T
U

S(M
otorS

tatus)
C

A
LL(F

loor)

F
loor

M
otorS

tatus

dow
n   |  up   |  stop

D
oorP

osition

open  |  closed

D
oorP

ositions

List(D
oorP

osition)

allC
loseB

ut(F
loor,D

oorP
ositions)
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Lift
C

ontroller
beha

viour
(S

im
ple/C

onstructive)

C
o

o
rd

in
a

tin
g

C
A

LL(f) &
 

C
A

B
IN

_
P

O
S

IT
IO

N
(f1) &

 
D

O
O

R
_

P
O

S
IT

IO
N

S
(dposs) &

 
M

O
T

O
R_

S
T

A
T

U
S(m

s)

H
andle_C

(f,f1,dposs,m
s)

[  m
s =

 stop  and
  f =

/=
 f1   and 

  allC
loseB

ut(f1,dposs)  ] 
D

O
O

R
_O

(f1,close)

[   m
s =

/=
 stop or

   f =
 f1 or

   not allC
loseB

ut(f1,dposs) ]

S
tart_T

o_M
ove(f,f1,m

s)

[  f  above  f1  ] 
M

O
T

O
R_O

(up)

[  m
s  =

/=
  up  ] 

M
O

T
O

R_
S

T
A

T
U

S(m
s) &

M
O

T
O

R_O
(stop)

M
ove_D

ow
n(f,f1)

[ f  =
/=

  f1 ] 
C

A
B

IN
_

P
O

S
IT

IO
N

(f2) &
M

O
T

O
R_

S
T

A
T

U
S(dow

n)

 [ f =
 f1 ]  M

O
T

O
R_O

(stop)

[  m
s  =

/=
 dow

n ] 
M

O
T

O
R_

S
T

A
T

U
S(m

s) &
M

O
T

O
R_O

(stop)

M
ove_D

ow
n(f,f2)

D
O

O
R

_O
(f1,open)

[  f1  above  f  ] 
M

O
T

O
R_O

(dow
n)

M
ove_U

p(f,f1)

M
ove_U

p(f,f2)
[  f  =

/=
  f1 ] 

C
A

B
IN

_
P

O
S

IT
IO

N
(f2) &

M
O

T
O

R_
S

T
A

T
U

S(up)

S
topping(f1)

 [ f =
 f1 ] M

O
T

O
R_O

(stop)

S
top
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C
A

S
L,C

A
S

L-L
T

L
vie

w
:

constructive
spec

of
sim

ple
system

s

{

conS
pec.parts

=| ds} ,...,ds~ �

D
S} ,...,D

S~
are

the
C

A
S

L-L
T

L
presentations

ofds} ,...,ds~

{

conS
pec.e-features �

| eK}p$���p eK\�

the
elem

entary
interactions

{

conS
pec.s-features �

| f�
cL}p$���p�f�
cL��

the
state

constructors
spec

E
LIN

T
E

R
A

C
T

IO
N

=

free
type

elInteraction�� �
ei� .nam

e� ei� .argTypes� �
����

ei�

.nam
e� ei�

.argTypes�

spec
conS

pec.N
A

M
E

=

F
IN

IT
E

S
E

T[E
LIN

T
E

R
A

C
T

IO
N

]
and

D
S�

and
...

and
D

S�

then

free�dsort
st

label
F

inS
et[elInteraction]

ops���
�� .nam

e ����
�� .argTypes�

st

...

���
��

.nam
e�

st����
��

.argTypes�

st

axiom
s

form
ulae

corresponding
to

conditionalrules

�

end
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O
utline

M
ethods

taking
into

account:

{

a
softw

are
item

:

–
a

sim
ple

dynam
ic

system

–
a

structured
dynam

ic
system

–
a

data
structure

{

tw
o

specification
techniques:

property-oriented,m
odel-oriented

(constructive)

{

C
A

S
L

and
C

A
S

L-L
T

L
specifications

Illustration
on

case
studies

{

in
com

bination
w

ith
structuring

concepts
as

(Jackson’s)
problem

fram
es
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S
tructured

S
ystem

s

{

specialization
ofthe

sim
ple

dynam
ic

system
s

{

sim
ple

or
structured

subsystem
s

uniquely
identified

by
som

e
identity

{

situation:
subsystem

s
situations

{

globalm
ove:

sim
ultaneous/concurrentexecutions

ofsubsystem
s

(local)

m
oves

{

generalized
lts

-
inform

ation:
setoflocalm

oves

subS
yst-parts

S
im

ple system
D

ata structure
parts

E
lem

entary interaction

features

1..*

S
tate  feature

*

S
tructured system

1..*

Local  interaction

C
onstituent  feature
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P
roperty-oriented

specifications
of

structured
system

s

1..*

*
*

S
tate observer definition

D
ata structure specification

E
lem

entary interaction definition

S
tructured system

 property-oriented specification

nam
e: S

tring

parts
s-features

e-features

S
ystem

 specification

1..*subsyst-S
pecs

1..*
subsystem

s

S
ubsystem

id: Ident
type: S

tring

P
roperty

properties
*

C
onfiguration

state observers
so(type1, ...,typen): type

S
ystem

N
am

e

elem
entary interactions

ei(type1, ..., typen)

....
....

S
yst

1
D

ata
r

D
ata

1
S

yst
p
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C
onfiguration

and
cells

(S
tructured/P

r
operty)

C
1: S

ys
......

C
n: S

ys
1 <

 n <
 10

A
: S

ys2
B

: S
ys2

S
ys1

C
onfiguration

A
bout an elem

entary interaction

incom
patibility1: S

et(LabelP
rop)

pre-cond1: S
et(T

ransitionP
rop)

post-cond1: S
et(T

ransitionP
rop)

vitality1: S
et(S

tateP
rop)

local-global1: S
et(T

ransitionP
rop)

A
bout tw

o elem
entary 

interactions

A
bout a state 
observer

A
bout an elem

entary 
interaction and a state observer

C
ell  filling

A
bout an elem

entary interaction 
and  a  local interaction 

local-global2: S
et(T

ransitionP
rop)

A
bout a local interaction and 

a state observer

pre-cond2: S
et(T

ransitionP
rop)

post-cond2: S
et(T

ransitionP
rop)

vitality2: S
et(S

tateP
rop)

A
bout tw

o local interactions

synchr2: S
et(T

ransitionP
rop)

A
bout a local interaction

synchr1: S
et(T

ransitionP
rop)

pre-cond3: S
et(T

ransitionP
rop)

post-cond3: S
et(T

ransitionP
rop)

vitality3: S
et(S

tateP
rop)

local-global3: S
et(T

ransitionP
rop)

A
bout tw

o state 
observers

C
ells
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C
ell

exam
ple

A
bout

a
local

interaction
:

sync
hr1

and

local-global3
(S

tructured/P
r

operty)

syn
ch

r1
(transition

property)

A
n

instantiation
ofthe

localinteraction
is

synchronized
(i.e.,executed

sim
ultaneously)/notsynchronized

w
ith

another
instantiation

ofthe
sam

e;
clearly

the
tw

o
instantiations

are
perform

ed
by

differentsubsystem
s.

if
cond(arg,arg�

)
and

sid.ei(arg)
happen

then
sid�

.ei�

(arg�

)
happen

orif
cond(arg,arg�

)
and

sid.ei(arg)
happen

then
not

sid�

.ei�

(arg�

)
happen

lo
cal-g

lo
b

al3
(transition

property)

Ifan
instantiation

ofsid.eibelongs
to

the
labelofsom

e
transition

ofsom
e

subsystem
thatis

partofa
globaltransition,then

the
labelofsuch

global
transition

m
ustcontain

som
e

elem
entary

interaction,or
vice

versa.

if
sid.ei(arg)

happen
and

cond(arg,arg�

)
then

ei�

(arg�

)
happen

orif
ei�

(arg�

)
happen

and
cond(arg,arg�

)
then

sid.ei(arg)
happen
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Lift
-

P
arts

and
C

onstituent
F

eatures
(S

tructured/P
r

operty)

LiftS
ystem

LiftP
lant

U
sers

C
ontroller_R

C
ontroller_R

LiftP
lant

U
sers

U
sers

T
R

A
N

S
IT(Int)

C
A

LL(F
loor)

F
loor

C
ontroller_R

M
O

T
O

R_O
(M

otorS
tatus)

D
O

O
R

_O
(F

loor,D
oorP

osition)
D

O
O

R
_P

O
S

IT
IO

N
(D

oorP
ositions)

C
A

B
IN

_P
O

S
IT

IO
N

(F
loor)

M
O

T
O

R_S
T

A
T

U
S(M

otor_S
tatus)

C
A

LL(F
loor)

F
loor

M
otorS

tatus

dow
n   |  up   |  stop

D
oorP

osition

open  |  closed

D
oorP

ositions

List(D
oorP

osition)

allC
loseB

ut(F
loor,D

oorP
ositions)
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Lift
P

roperties
-

(S
tructured/P

r
operty)

Localinteractions
w

ith
the

sam
e

nam
e

and
from

differentsubsystem
s

are

synchronized

U
sers.C

A
L

L(f)
sync

hroniz
ed

w
ith

C
ontroller

R
.C

A
L

L(f)

LiftP
lant.D

O
O

R
P

O
S

IT
IO

N
(ground,dps� ),...LiftP

lant.D
O

O
R

P
O

S
IT

IO
N

(top,dps�� )
sync

hroniz
ed

w
ith

C
ontroller

R
.D

O
O

R
P

O
S

IT
IO

N
S(dps� ::

...::
dps��

)

if
U

sers.C
A

L
L(f)

happen
then

in
any

case
eventually

LiftP
lant.cabin

position(f)
and

LiftP
lant.m

otor
status(stop)

and

LiftP
lant.door

position(f)
=

open
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C
A

S
L-L

T
LV

ie
w

(S
tructured/P

r
operty)

dsort
st

label
lab

info
inf

stands
for

sorts
st�

lab�

inf

pred

�
���

� inf �

st �

lab �

st

�

poS
pec.parts

=� ds� ,...,ds�  

,and
thatD

S� ,...,D
S�

are
the

C
A

S
L-L

T
L

presentations
ofthe

data
structure

specifications
ds�

,...,ds�

respectively

�

poS
pec.subsyst-S

pecs ¡
�£¢¢¤ ��$¥¥¥� ¢¢¤ ¦ 

,thatS
S

P� ,...,S
S

P¦

are
the

C
A

S
L-L

T
L

presentations
ofthe

system
specifications¢¢¤ � ,...,¢¢¤ ¦

respectively,and
thatE

LIN
T

E
R

A
C

T
IO

N� ,...,E
LIN

T
E

R
A

C
T

IO
N¦

be
the

specifications
oftheir

elem
entary

interactions.

�

poS
pec.e-features ¡

�£§¨
�� ¥¥¥� §¨
© 

the
elem

entary
interactions

�

poS
pec.s-features ¡

�£¢ª
�� ¥¥¥� ¢ª
« 

the
state

observers

�

poS
pec.subsystem

s ¡
�£¢¢��$¥¥¥� ¢¢¬ 

the
subsystem

s
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C
A

S
L-L

T
LV

ie
w

foll’d
(S

tructured/P
r

operty)
spec

L
O

C
A

LIN
T

E
R

A
C

T
IO

N
=

E
LIN

T
E

R
A

C
T

IO
N­

and
...

and
E

LIN
T

E
R

A
C

T
IO

N®

and
Identthen

free
type

subE
lInteraction¯¯ °

± elInteraction­² ³
´´´³

± elInteraction®²

%
%

disjointunion
ofthe

elem
entary

interaction
types

ofthe
subsystem

s

free
type

localInteraction¯¯ °
µ
¶ ·
± ident¶ subE

lInteraction²

spec
poS

pec.nam
e

=

F
IN

IT
E

S
E

T[E
LIN

T
E

R
A

C
T

IO
N

]
and

F
IN

IT
E

S
E

T[L
O

C
A

LIN
T

E
R

A
C

T
IO

N
]

and

D
S­

and
...

and
D

S¸

and
S

S
P­

and
...

and
S

S
P®

then

dsort
st

label
F

inS
et[elInteraction]info

F
inS

et[localInteraction]

ops
so­ .nam

e¯st¹

so­ .argTypesº

so­ .resType
%

%
state

observers

...

so»

.nam
e ¯

st¹

so»

.argTypesº

so»

.resType

¼¼­ .id¯

stº
¼¼­ .type

%
%

observers
ofthe

subsystem
states

...

¼¼½ .id¯ stº
¼¼½ .type

axiom
s

those
form
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corresponding

to
the
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O
utline

M
ethods

taking
into

account:

�

a
softw

are
item

:

–
a

sim
ple

dynam
ic

system

–
a

structured
dynam

ic
system

–
a

data
structure

�

tw
o

specification
techniques:

property-oriented,m
odel-oriented

(constructive)

�

C
A

S
L

and
C

A
S

L-L
T

L
specifications

Illustration
on

case
studies

�

in
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bination
w

ith
structuring
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D
ata

S
tructure

Item
s

/P
roperty

D
ata structureparts

features

1..*

*

O
peration

C
onstituent
F

eature

C
onstructor

P
redicate

P
roperty-oriented

D
ata structure property-oriented specification

nam
e: S

tring

*

D
ata structure specification

parts

*

P
redicate definition

nam
e: S

tring
argT

ypes:S
equence(T

ype)

p-features

*

C
onstructor definition

nam
e: S

tring
argT

ypes:S
equence(T

ype)

c-features

P
roperty

properties
*

*
O

peration definition

nam
e: S

tring
argT

ypes:S
equence(T

ype)
resultT

ype: T
ype

o-features
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D
ata

S
tructure

-
P

roperty-oriented

predicates
pr(type1, ...,typen) D

ataS
tructureN

am
e

constructors
con(type1, ..., typen) or con(type1, ..., typen)?

operations
op(type1, ...,typen): type  or  op(type1, ...,typen): ? type

D
ata

1
D

ata
r

....

A
bout a constructor

def1: S
et(D

ataP
rop)

ident1: S
et(D

ataP
rop)

A
bout tw

o constructors

def2: S
et(D

ataP
rop)

ident2: S
et(D

ataP
rop)

A
bout tw

o operations

def5: S
et(D

ataP
rop)

value3: S
et(D

ataP
rop)

A
bout an operation

def4: S
et(D

ataP
rop)

value2: S
et(D

ataP
rop)

A
bout a constructor 
 and  an operation

def3: S
et(D

ataP
rop)

value1: S
et(D

ataP
rop)

C
ell  filling

A
bout a predicate

truth2: S
et(D

ataP
rop)

A
bout a constructor 
 and  a predicate

truth1: S
et(D

ataP
rop)

A
bout an operation 
 and  a predicate

truth-def: S
et(D

ataP
rop)

truth-value: S
et(D

ataP
rop)

A
bout tw

o predicates

truth3: S
et(D

ataP
rop)

Tow
ards

a
F

orm
ally

G
rounded

D
evelopm

entM
ethod

M
ay

2003
IF

IP
W

G
1.3



C
C

-G
R

41

F
loor

(D
ata

S
tructure/P

r
operty-oriented)

_ above _(F
loor,F

loor)

F
loor

ground
top

next(F
loor): ? F

loor
previous(F

loor): ? F
loor

–
T

here
exists

a
ground

and
a

top

floor,and
they

are
different.

ground¾�¿

top

–
next

returns
the

floor
im

m
ediately

above
a

given
one,ifitexists.

T
here

is
no

floor
betw

een
f

and
next(f).

def(next(ground
))

not
def(next(top))

def(next(f))
iff

top
above

f

w
hene

ver
everything

is
defined

next(f)
above

f
and

not
exists

f­ÁÀ

(next(f)
above

f­
and

f­
above

f)

w
hene

ver
everything

is
defined

next(previous(f))
=

previous(next(f))
=

f

–
above

is
totalorder

over
the

floors
w

ith
top

as
m

axim
um

and
ground

as

m
inim

um
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C
A

S
L

V
ie

w
(D

ata/P
roperty)

�

poS
pec.parts

=� ds� ,...,ds�  

w
/D

S� ,...,D
S�

C
A

S
L-L

T
L

presentations

�

poS
pec.c-features

=� con� ,...,con© 

the
constructors

�

poS
pec.o-features

=� op� ,...,op« 

the
operations

�

poS
pec.p-features

=� pr� ,...,prÂ  

the
predicates.

spec
poS

pec.nam
e

=

D
S­

and
...

and
D

S¸

then

type
poS

pec.nam
e¯¯ °

ÃÄÅ
­ .nam

e± ÃÄÅ
­ .argTypes²�Æ³
´´´³
ÃÄÅ
Ç

.nam
e± ÃÄÅ

Ç

.argTypes²

ops
op­ .nam

e ¯

op­ .argTypesº Æ

op­ .resType
...

op»

.nam
e¯ op»

.argTypesº

op»

.resType

preds
pr­ .nam

e ¯pr­ .argTypes
...

prÈ

.nam
e¯
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.argTypes
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D
ata

S
tructure

-
C

onstructive

D
ata structure constructive specification

nam
e: S

tring

*

D
ata structure specification

parts

*

P
redicate definition

p-features

*

C
onstructor definition

c-features
*

O
peration definition

o-features
conditional-rules

*

C
onditionalR

ule
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O
utline

M
ethods

taking
into

account:

�

a
softw

are
item

:

–
a

sim
ple

dynam
ic

system

–
a

structured
dynam

ic
system

–
a

data
structure

�

tw
o

specification
techniques:

property-oriented,m
odel-oriented

(constructive)

�

C
A

S
L

and
C

A
S

L-L
T

L
specifications

Illustration
on

case
studies
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as
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A
pplying

our
S

pecification
M

ethods
to

C
lasses

of
S

ystem
s

(“P
rob

lem
F

ram
es”)

sim
ple system

  
constructive 

specification m
ethod

T
ranslation F

ram
e

data structure constructive 
specification m

ethod

data structure  
property-oriented 

specification m
ethod

sim
ple system

  
property-oriented 

specification m
ethod

Inform
ation S

ystem
 F

ram
e

C
ontrol S

ystem
 F

ram
e

structured system
  

property-oriented
specification m

ethod
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Inform
ation

S
ystem

F
ram

e

Inform
ation F

unction
S

ystem

R
eal W

orld 

R
equirem

ents
D

om
ain

D
esign

Inform
ation

R
equests

Inform
ation

O
utputs

S
ensors

uses

uses

R
ealW

orld
:

sim
ple

dynam
ic

system
(property),signals

relevantinform
ation

Inform
ation

R
equests/O

utputs
:

data
structure

(m
odel/constructive)

Inform
ation

function
:

w
ith

a
(m
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structure
(H

istory,...)

S
ystem
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sim

ple
system

(m
odel/constructive)
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C
onc

lusion
and

...

C
om

panion
m

ethod
for

(algebraic)
form

alspecifications

�

P
aradigm

s,techniques,
pragm

atic
characteristics

originated
from

the

underlying
theory

(e.g.
no

“use
cases”

...,no
O

O
)

�

both
visualand

explicitpresentations

�

system
atic

and
inherently

rigorous,cell-filling

�

w
elldefined

underlying
form

alm
odels

�

experim
ented

on
sizeable

case
studies,on

students

�

“building-bricks”
specification

tasks
for

differentkinds
ofsoftw

are
(sim

ple

system
s,structured,data

structures),atdifferentabstraction
level

(property/m
ore

abstract,m
odelor

constructive/m
ore

concrete)

�

relevantfor
realapplications,used

for
requirem
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or

in

connection
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structuring

concepts
(problem

fram
es)
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...P
erspectives

�

O
ur

cell-filling
technique

can
be

a
basis

for
generating

precise
U

M
L

m
odels,

or
for

their
inspection

(checking
allaspects

considered)

�

F
urther

experim
ents,new

problem
fram

es
(business

autom
ation,w

eb

applications,distributed
m

obile
system

s,
...)

�

O
riented

tow
ards

C
A

S
L

and
C

A
S

L-L
T

L
(algebraic

specifications)
but

adaptable
to

other
specification/description

paradigm
s

�

S
upporting

tools
(graphicaleditor,type
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support,...)
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