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Outline and motiv ation

e Informal notations (graphics)/formal (semantics)

e Accomodate different natures of systems

e The best of both worlds 1?

e \Write relevant, legible, useful specifications of the systems to be developed

e Companion user method helping to understand the system to be developed

(different from helping to use the proposed formalism)

FORMAL

INFORMAL

notation

not very friendly (exotic)

very friendly, visual

notation

rigid, overhead

flexible, adaptable

learning

time, background

short(?)

case studies | simple (?)

real common app

.
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Outline and motiv ation (2)

Methods taking into account:

e a software item:
— a simple dynamic system
— a structured dynamic system

— a data structure
e two specification techniques: (constructive)
e CAsL and CAsSL-LTL specifications

lllustration on case studies
To be used

e for requirement specifications

/o in combination with structuring concepts as (Jackson’s) problem frames \

Towards a Formally Grounded Development Method

lay 2003 IFIP WG1.3
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\ Complementar y related works /

e How to write readable CAsL specifications, avoiding semantic pitfalls

http://www.brics.dk/Projects/CoFI
— Roggenbach and Mossakowski for the basic data types library
— Bidoit and Mosses in the CAsSL user’'s manual

e Bidoit and Hennicker [e.g. FOSSACS02] explore the use of observability
concepts which are found to be useful and relevant for writing specifications,
and the combined use of constructors and observers

e Blanc [PhD 2002, Cachan] proposes guidelines for the iterative and
incremental development of specifications

e Choppy and Reggio [WADT99] propose to help requirement analysis by
generating CAsL and CAsSL-LTL skeletons associated with Jackson’s problem
frames (used as structuring concepts to start the problem analysis)

e Choppy and Heisel [WADTO02] propose to go on with using the structuring

concepts provided by architectural styles to support design specifications and
/ explore the combination with the problem frames used to begin with \

Towards a Formally Grounded Development Method

lay 2003 IFIP WG1.3
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CAsL and CASL-LTL

e CAsL (Common Algebraic Specification Language)

partial ops, datatypes declarations, union, extension
free construct, generic specifications

CAsSL-LTL a simple system is considered as a labelled transition system (Its):

labels, states and transition relation

Labelled Transition Logic [Astesiano, Reggio, Costa, TCS97]
sorts st, lab

pred _ — __: st X lab X st
temporal logic (branching, CTL like) used to express properties of the

dsort st label lab stands for

dynamic systems in terms of their paths or sequences of transitions, e.g. :

in_any-case(S, ) or in_one_case(S, )
when a formula holds on the first state of a path,
at the first label of a path, eventually, always .. ..

Towards a Formally Grounded Development Method
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\ Case Study: alift system /

e a lift plant (the cabin, the motor moving it, the doors at the various floors)

e the controller (some software automatically controlling the lift functioning)

e the users

® sensors (e.g., cabin position, doors at floors, motor working status)
e orders (e.g., open/close the doors, move up/down/stop motor)

® users enter or leave the cabin ...

/ Towards a Formally Grounded Development Method \

lay 2003 IFIP WG1.3
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\ Ingredients for a generic specification method

adapted from Astesiano, Reggio, TCS 2000.

Item FormalModel Specification Presentation Documentation

/N * N N~ N N1 N1

Guidelines
modelling semantics viewedAs
1 - Items that will be specified 5 - Semantics
2 - Formal models of the items 6 - Presentation
3 - Modelling 7 - Documentation
4 - Specification 8 - Guidelines

/ Towards a Formally Grounded Development Method \
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_ ltems _

e structured (parts)

Constituent

CFmodelling | Constituent | CFsemantics
Constituent |~ Feature <
Feature * FMod
Yy \ x /|
arts
features _ P has
iSA
Category Item - FormalModel
1.* *

Feature
Definition

features

Specification

e characterized by constituent features of different kinds

Towards a Formally Grounded Development Method
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\ Property vs Model oriented /

Specification
Constructive Specification Property-Oriented Specification
semB
. - *
validity
FormalModel Formula
* *
N+
similar

e Property-oriented (axiomatic) : “relevant” properties expressed
e Model-oriented (constructive) : exhibit a prototype ...
for: simple dynamic systems, structured dynamic systems, data structures

/@ specification methods with common parts. \
Towards a Formally Grounded Development Method
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A General Property-oriented Specification Method (GPSm)

Presentation Guidelines Documentation
Cell Contents Exaustive Search Cells Filling
Presentation Guidelines Documentation

Find: parts, constituent features, express properties (cell filling, presentation).

_A_Z_uH _A_Z_u_A

H H ..... _A _A

O_HH ..... O_HSH O_HH ..... O_H_\__A
1
K O_uH
— -----

N

D 1
Yler
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_ Outline _

Methods taking into account:

e a software item:
— a simple dynamic system
— a structured dynamic system

— a data structure
e two specification techniques: property-oriented, model-oriented (constructive)
e CAsL and CAsSL-LTL specifications

lllustration on case studies

® in combination with structuring concepts as (Jackson’s) problem frames

/ Towards a Formally Grounded Development Method \
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Constituent feature [&

1.*

features

Elementary interaction

State feature

A labelled transition system.
Constituent features:

- state constituent features

Parts: data structures

.

lay 2003

Simple system

parts

~)

\4 A Simple System /_

Data structure

- label: elementary interactions of different types

*

A dynamic system without any internal components cooperation.

k
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Proper ty-oriented specifications (Simple systems)

Data structure specification

State observer definition i
Elementary interaction definition
name: String . parts
argTypes:Sequence(Type) name: String
Property | | resultType: Type argTypes:Sequence(Type)
* * 1.*
properties s-features e-features
Simple system property-oriented specification
name: String
Elementary State
Interaction Observer
U%mH U%@ﬂ
Elementary 3
( ) Int ti .
SystemName nteraction % .
.‘va
elementary interactions,
Eltypel, ..., typen)
State @e.
state observers, Obser ver &/w ®
so(typel, ...,typen): type &%
- J
Visual presentation Cell filling

Towards a Formally Grounded Development Method
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Cell schemata (Simple system/Pr oper ty-oriented)

About a state observer

About two elementary interactions valuel: Set(StateProp)
. . how-change: Set(TransitionProp)
About an elementary interaction About an elementary
- — interaction and a state observer
incompatibilityl: Set(LabelProp) — — About two state
post-cond1: Set(TransitionProp) post-condition2: Set(TransitionProp)
vitality1: Set(StateProp) vitality2: Set(StateProp) value2: Set(StateProp)

Vv

Cell filling

Each cell may contain several properties of different nature. Properties on:
- labels (incompatibilities between elementary interactions under some condition)
- states (state observers properties where path properties may appear)

- transitions (conditions on source and target state observers).

Towards a Formally Grounded Development Method
lay 2003 IFIP WG1.3
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Cell: About a state obser ver (so) -(Simple/Pr oper ty)

valuel (state property) The results of the observation made by so on a state

must satisfy some conditions.
cond, where so must appear in cond

how-change (transition property) If the observed value changes during a
transition, then some condition on the source and target state (the old and the
new value) holds, and some elementary interactions must belong to the
transition label.

if so(arg) =v; and so’'(arg)=ve and vy # vg then cond(v;,vg,arg) and eiy, ..., eiy happen

change-vitality (state property) If a state satisfies some condition, then the
observed value will change in the future.

if cond(v7,ve,arg) and so(arg) =v; and v; # vg then in any case eventuall y so(arg) = v

Note: “at least in a case” (instead of “in any case”) or “next” (instead of

/m<m:Em__<._v are possible. \
Towards a Formally Grounded Development Method
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incompatibilityl (label property) If their arguments satisfy some conditions, then

\Om__” About an elementar y interaction (ei) -(Simple/Pr oper ty)

two instantiations of ei are incompatible, i.e., no label may contain both.

ei(argy) incompatib le with ei(arge) if cond(argy ,argo)

pre-condl (transition property) If the label of a transition contains some
instantiation of ei, then the source state of the transition must satisfy some

condition.

if ei(arg) happen then cond(arg) where source state observers must appear in

cond(arg) and target state ones cannot appear

post-condl (transition property) If the label of a transition contains some
instantiation of ei, then the target state of the transition must satisfy some

condition). This may involve the source state.

if ei(arg) happen then cond(arg) where target (primed) state observers must
/ appear in cond(arg) and source (non-primed) state ones may appear \

Towards a Formally Grounded Development Method
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vitalityl (state property) If a state satisfies some condition, then any sequence of

Cell: About an elementar y interaction (ei) - 2 /

(Simple/Pr operty)

transitions starting from it will eventually contain a transition whose label
contains ei. Note that vitality properties may have also the form “at least in a

case” (instead of “in any case”) or “next” (instead of “eventually”).

if cond(arg) then in any case eventuall y ei(arg) happen

lay 2003

Towards a Formally Grounded Development Method \
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Floor

\_._Eu_m:ﬁ . Parts and Constituent Features (Simple/Pr operty)

-

LiftPlant

W

MotorStatus

down | up | stop

CABIN_POSITION(Floor)
DOOR_POSITION(Floor, DoorPosition)
DOOR_O(Floor, DoorPosition)
MOTOR_STATUS(MotorStatus)
MOTOR_O(MotorStatus)

TRANSIT( Int)

DoorPosition

open | closed

-

door_position(Floor): DoorPosition
cabin_position: Floor
motor_status: MotorStatus

users_inside: Nat

Constituent features

- Elementary interactions

TRANSIT

- State observers

/ Towards a Formally Grounded Development Method

lay 2003

Parts: Floor, MotorStatus, DoorPosition

CABIN_POSITION, DOOR_POSITION, DOOR_O, MOTOR_STATUS, MOTOR_O,

door_position, cabin_position, motor_status, users_inside
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incompatibilityl (label property)
A sensor cannot signal two different values simultaneously.

Lift Plant properties - On MotorStatus (Simple/Pr operty)

MOTOR_STATUS(Ms ) incompatib le with MOTOR_STATUS(MS2) if mMs; # msyp

pre-condl (transition property)
A sensor always signals the correct data.

if MOTOR_STATUS(mS) happen then motor_status = ms

post-condl (transition property)

None

vitalityl (state property)
A sensor cannot break down, thus it may always be able to signal the correct
value.

at least in one case next MOTOR_STATUS(motor_status) happen

/ Towards a Formally Grounded Development Method \
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\ Lift Plant properties - On the orders (Simple/Pr oper ty) /

Cell filling, drop repetition, rearrange, ...
- Only appropriate groups of orders may be received simultaneously by the lift

plant; precisely at most one order for the motor and one for the doors.

MoToR.O(ms;) incompatib le with MOTOR_O(msz2) if ms; # msg
DooR_O(f 7 ,dps;) incompatib le with DOOR_O(f 2,dps2)if ...

- An order cannot be received when its execution may be problematic; precisely
move up (down) only when the motor is stopped and the cabin is not at the top
(ground) floor, and open the door at f only when no door is open, the cabin is at
floor f and the motor is stopped.

if MOTOR_-O(up) happen then motor_status = stop and cabin_position 7 top
if MOTOR_O(down) happen then motor_status = stop and cabin_position % ground

if DOOR_O(f ; ,open) happen then

(for all f e if f 7= f; then door_position(f) # open) and cabin_position = f ; and motor_status = stop

- The orders are always correctly executed.
if MOTOR_O(ms) happen then motor_status’ = ms

/ if Door_O(f,dps) happen then door_position’ (f) = dps \
Towards a Formally Grounded Development Method

lay 2003
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\ CAsL, CASL-LTL view - (Simple/Pr oper ty)

e poSpec.parts = {dsy, ..., ds; } data structure specifications
DSy,...,DS; are the CAsL-LTL presentations of dsy, ..., ds;

® poSpec.e-features = ?S e m?w the elementary interactions

e poSpec.s-features = {s0y, ..., $0,, } the state observers

spec ELINTERACTION =
free type elinteraction ::=
ei;.name(eiz.argTypes) | ... | ein.name(eiy.argTypes)
spec poSpec.name =
FINITESET[ELINTERACTION] and DS; and ... and DS; then
dsort st label FinSet[ellnteraction]

ops S0;.name : st X so;.argTypes —7 so;.resType

SO, .name : st X so,,.argTypes — soy,.resType

axioms

/ formulae corresponding to the cell fillings \

Towards a Formally Grounded Development Method

lay 2003 IFIP WG1.3



C-GR 22

-~

e transition properties

CAsL CASL-LTL view: properties (Simple/Pr operty)

expressed by

l
cond | S — S’ = cond

where cond’ is obtained from cond by adding
- S as extra argument to each source (non-primed) state observer,
- S’ as extra argument to each target (primed) state observer,

and by the following replacement

replaced by

“elnt happen” | elnt € [

/ Towards a Formally Grounded Development Method \
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\ CAsL CAsL-LTL view: properties (follwd) (Simple/Pr oper ty)

e label properties

elntl incompatib le with elnt2 if cond | cond = — Am_sﬁ_. el N elnt2 € D

var [: FinSet|ellnteraction]

e state properties

in any case ... in-any_case(S,...)
at least in one case ... in_one_case(S,...)

eventuall y eInt(arg) happen | eventually < [ eelnt(arg) € [ >

/ Towards a Formally Grounded Development Method \
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Constructive specifications (Simple systems)

Data structure specification

*

State constructor definition

: : —— parts
Elementary interaction definition

Conditional rule

name: String
argTypes:Sequence(Type)

name: String
argTypes:Sequence(Type)

* | conditional-rules + | s-features

1..* | e-features

Simple system constructive specification

name: String

Data

_umSﬁ

-

SystemName

elementary interactions,
ei(typel, ..., typen)

state constructors
C(typel, ...,typen)
N\

Towards a Formally Grounded Development Method
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Refusing(a, inv)

/demmms.sm (inv)

lay 2003

Constructive specifications (Simple systems) - Properties

Clargl) [cond(argl,arg2,ei Set)] ei Set C (arg2)

DONE& ASK-NEW

if a > inv then Init(a)

if a > inv then Init(a)

REFUSED(inv) & ASK-NEW Refusing(a,inv) v

RECEIVE— OK (inv)

> Processing(inv)
RECEIVE—ER(inv)

> Stopped
RECEIVE—OK (inv)

if a < inv then Init(a) > Refusing(a, inv)

{REFUSED(inv),ASK—NEW }

> Init(a)
{DONE,ASK—NEW}

> Init(inv)

Towards a Formally Grounded Development Method
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Lift Controller (Simple/Constructive)

DoorPosition DoorPositions

open | closed List(DoorPosition)

allCloseBut(Floor,DoorPositions)

\
Controller

Floor

MotorStatus

\4

MOTOR_O( MotorStatus)
DOOR_O(Floor,DoorPosition)

down

| up | stop

Towards

DOOR_POSITIONS(DoorPositions)
CABIN_POSITION(Floor)
MOTOR_STATUSMotorStatus)
CALL(Floor)

Y

Coordinating

Stopping(Floor)
Handle_C(Floor,DoorPositions,MotorStatus)
Start_To_Move(Floor,MotorStatus)
Move_Up(Floor,Floor)
Move_Down(Floor,Floor)

fmﬁou

a Formally Grounded Development Method

IFIP WG1.3
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Lift Controller behaviour (Simple/Constructive)
{ Coordinating }
CALL() & [ ms =/=stop or
CABIN_POSITION(f1) & f=flor
DOOR_POSITIONS(dposs) & | ot aliCloseBut(fL,dposs) |
MOTOR_STATUS(mS)
m Handle_C(f,f1,dposs,ms) u‘
[ ms =stop and
f=/=f1 and
allCloseBut(f1,dposs) ]
DOOR_O(f1,close)
ﬁ Start_To_Move(f,f1,ms) u
[ f above f1 ] [ f1 above f ]
MOTOR_O(up) MOTOR_O(down)
[f=fl]MOTOR O(stop) ﬂ ) [f=f1]MOTOR O(stop)
Move_Down(f,f1) Move_Up(f,f1)
f==11 [f==1]
o>m_2|_UOm_~joquv m_ _,\_o<m|_\u70<<:q_§ Move_Up(ff2) ) CABIN_POSITION(f2) &
MOTOR_STATUSdown) MOTOR_STATUSup)
[ ms =/=down ] [ ms =/= up ]
MOTOR_STATUYmMS) & MOTOR_STATUSmMS) &
MOTOR_O(stop) MOTOR_O(stop)
. Stop _
{ Stopping(f1) }
DOOR_O(f1,0pen) {
Towards a Formally Grounded Development Method
IFIP WG1.3
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\O>m_._ CASL-LTL view: constructive spec of simple systems /

e conSpec.parts = {dsy, ..., ds; }
DSy,...,DS; are the CAsL-LTL presentations of dsy, ..., ds;
e conSpec.e-features = {eiy, ..., i, } the elementary interactions
e conSpec.s-features = {sCony, ..., sCon,, } the state constructors
spec ELINTERACTION =
free type elinteraction ::= eis.name(eis.argTypes) | ... | ein.name(eiy.argTypes)

Spec conSpec.NAME =
FINITESET[ELINTERACTION] and DS; and ... and DS; then

free {
dsort st label FinSet[ellnteraction]

ops sCony.name : sCony.argTypes — st

sConpy.name : st X sCony,.argTypes — st

axioms
formulae corresponding to conditional rules

k

IFIP WG1.3
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_ Outline _

Methods taking into account:

e a software item:
— a simple dynamic system
— a structured dynamic system

— a data structure
e two specification techniques: property-oriented, model-oriented (constructive)
e CAsL and CAsSL-LTL specifications

lllustration on case studies

® in combination with structuring concepts as (Jackson’s) problem frames

/ Towards a Formally Grounded Development Method \
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Structured

Systems

specialization of the simple dynamic systems

simple or structured subsystems uniquely identified by some identity

situation: subsystems situations

global move: simultaneous/concurrent executions of subsystems (local)

moves

generalized Its - information: set of local moves

Constituent feature

1.*

Simple system

parts

*

7

1.x

subSyst-parts

features

A

Structured system

Local interaction

Elementary interaction

State feature

lay 2003

Towards a Formally Grounded Development Method

Data structure
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Proper ty-oriented specifications of structured systems

Subsystem
id: Ident
State observer definition Data structure specification type: String
* * 1.*
s-features parts subsystems
Property Elementary interaction definition System specification
e 1. 1.
properties e-features subsyst-Specs

O

Structured system property-oriented specification

name: String

Data

( SystemName h

elementary interactions
ei(typel, ..., typen)

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

L Configuration

Towards a Formally Grounded Development Method

1| - U%Hmq hmvxmﬁpu g
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Cn: Sys Sysl

A: Sys2

B: Sys2

Configuration

About two elementary
interactions

About an elementary interaction

incompatibilityl: Set(LabelProp)
pre-condl: Set(TransitionProp)
post-condl: Set(TransitionProp)
vitalityl: Set(StateProp)
local-globall: Set(TransitionProp)

About a local interaction

About an elementary interaction
and a local interaction

local-global2: Set(TransitionProp)

synchrl: Set(TransitionProp)
pre-cond3: Set(TransitionProp)
post-cond3: Set(TransitionProp)
vitality3: Set(StateProp)
local-global3: Set(TransitionProp)

About an elementary
interaction and a state observer

About two local interactions

synchr2: Set(TransitionProp)

About a local interaction and
a state observer

About two state
observers

Cell filling

pre-cond2: Set(TransitionProp)
post-cond2: Set(TransitionProp)
vitality2: Set(StateProp)

About a state
observer

Cells

Towards a Formally Grounded Development Method
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Cell example About alocal interaction : synchrl and

local-global3 (Structured/Pr operty)

synchrl (transition property)

An instantiation of the local interaction is synchronized (i.e., executed
simultaneously)/not synchronized with another instantiation of the same;
clearly the two instantiations are performed by different subsystems.

if cond(arg,arg;) and sid.ei(arg) happen then sid;.eij(argy) happen
or

if cond(arg,arg;) and sid.ei(arg) happen then not sid; .ei;(argy) happen

local-global3 (transition property)

If an instantiation of sid.ei belongs to the label of some transition of some
subsystem that is part of a global transition, then the label of such global
transition must contain some elementary interaction, or vice versa.

if sid.ei(arg) happen and cond(arg,arg;) then eij(arg;) happen
or
if ei7(argy) happen and cond(arg,arg;) then sid.ei(arg) happen

Towards a Formally Grounded Development Method

lay 2003
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Towards a Formally Grounded Development Method

Lift - Parts and Constituent Features (Structured/Pr operty)
ﬁ_._n_u_msﬁ u ﬁCmmﬂmu ﬁOo::o__mﬂlmv
e ) A\
LiftSystem -
Floor [ Users
mOosqo__mq mu ﬁCmmﬁmv ﬁ_._:_u_mau TRANSIT(Int)
CALL(Floor)
\ J
DoorPosition DoorPositions
open | closed List(DoorPosition)
allCloseBut(Floor,DoorPositions)
Eloor \\ Controller_R )
MOTOR_O(MotorStatus)
DOOR_O(Floor,DoorPosition)
MotorStatus DOOR_P OSITION(DoorPositions)
CABIN_POSITION(Floor)
down | up | stof MOTOR_STATUSMotor_Status)
CALL(Floor)

IFIP WG1.3
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\ Lift Properties - (Structured/Pr operty) /

Local interactions with the same name and from different subsystems are
synchronized

Users.CALL(f) sync hroniz ed with Controller_.R.CALL(f)

LiftPlant. DooR_PosITION(ground,dps;), ... LiftPlant. DoOoR_PosITION(top,dps ;)

sync hroniz ed with Controller_.R.DoOOR_PoOSITIONS(dps;:: ... dpSp)

if Users.CALL(f) happen then in any case eventuall y
LiftPlant.cabin_position(f) and
LiftPlant.motor_status(stop) and

LiftPlant.door_position(f) = open

/ Towards a Formally Grounded Development Method \
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dsort st label lab info inf stands for

poSpec.parts = {dsy, ..., ds; }, and that DSy, ..., DS; are the CASL-LTL

presentations of the data structure specifications dsy, ..., ds; respectively

poSpec.subsyst-Specs = {sspy, ..., SSpk }, that SSP;, ..., SSPy are the
CAsSL-LTL presentations of the system specifications sspy, ..., $Spk
respectively, and that ELINTERACTION, ..., ELINTERACTION be the

specifications of their elementary interactions.

~

CASL-LTLView (Structured/Pr operty)

sorts st, lab, inf

pred _: __ — __:inf X st X lab X st

poSpec.e-features = ﬁg. Iyenns m?w the elementary interactions
poSpec.s-features = {soy, ..., S0,, } the state observers
poSpec.subsystems = {ss;, ..., S, } the subsystems

Towards a Formally Grounded Development Method \

lay 2003
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CAsL-LTLView foll’d (Structured/Pr operty)

spec LOCALINTERACTION =
ELINTERACTION; and ... and ELINTERACTIONg and Ident then

free type subElinteraction ::= _(elinteraction;) | ... | _(elinteractiony)
%% disjoint union of the elementary interaction types of the subsystems
free type locallnteraction ::= < _,_ > (ident, subElinteraction)

spec poSpec.name =
FINITESET[ELINTERACTION] and FINITESET[LOCALINTERACTION] and
DS; and ... and DS; and SSP; and ... and SSPy then
dsort st label FinSet[elinteraction] info FinSet[localinteraction]

ops s0;.name : st X so;.argTypes — so;.resType %% state observers

SO, .name : st X so,,.argTypes — soy,.restype
§S87.1d : st — ss;7.type %% observers of the subsystem states

§$Sr.id : st — ssp.type
axioms those formulae corresponding to the cell fillings

Towards a Formally Grounded Development Method
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_ Outline _

Methods taking into account:

e a software item:
— a simple dynamic system
— a structured dynamic system

— a data structure
e two specification techniques: property-oriented, model-oriented (constructive)
e CAsL and CAsSL-LTL specifications

lllustration on case studies

® in combination with structuring concepts as (Jackson’s) problem frames

/ Towards a Formally Grounded Development Method \
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Data Structure Items / Property

Property-oriented

Constructor definition

Constituent | 1+
Feature features Data structure
/A *
parts
Constructor Operation Predicate

Predicate definition

argTypes:Sequence(Type)

name: String name: String
argTypes:Sequence(Type)
Operation definition
c-features
name: String
argTypes:Sequence(Type)
Property resultType: Type
properties o-features

*

p-features

Data structure specification

*

parts

Data structure property-oriented specification

name: String

Towards a Formally Grounded Development Method
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Data Structure - Proper ty-oriented

Data 1

Um:mq

DataStructureName

constructors

con(typel, ..., typen) or con(typel, ..., typen)?

predicates

pr(typel, ...,typen)

operations

op(typel, ...,typen): type or op(typel, ...,typen): ? type

About two constructors

About a constructor

def2: Set(DataProp)
ident2: Set(DataProp)

and a predicate

About two operations

truthl: Set(DataProp)

def5: Set(DataProp)
value3: Set(DataProp)

About a constructor

About a constructor
and an operation

About an operation

About an operation

defl: Set(DataProp)

and a predicate

identl: Set(DataProp)

def3: Set(DataProp)
valuel: Set(DataProp)

def4: Set(DataProp)
value2: Set(DataProp)

truth-def: Set(DataProp)

truth-value: Set(DataProp)

About two predicates

truth3: Set(DataProp)

V

About a predicate

Cell filling

truth2: Set(DataProp)

Towards a Formally Grounded Development Method
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-~

.

Floor (Data Structure/Pr oper ty-oriented)

Floor

top

floor, and they are different.
above _(Floor,Floor)

ground # top
next(Floor): ? Floor

previous(Floor): ? Floor

— next returns the floor immediately above a given one, if it exists.

There is no floor between f and next(f).

def(next(ground))
not def(next(top))
def(next(f)) iff top above f
whenever everything is defined
next(f) above f and not exists f; e (next(f) above f; and f; above f)

whenever everything is defined next(previous(f)) = previous(next(f)) = f

above is total order over the floors with top as maximum and ground as

minimum . . ..

ground — There exists a ground and a top

~

k

lay 2003
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\ CAsL View (Data/Proper ty) /

e poSpec.parts = {ds;, ..., ds; } w/ DSy, ..., DS; CASL-LTL presentations
e poSpec.c-features = {cony, ..., con, } the constructors

e poSpec.o-features = {opy, ..., op,, } the operations

e poSpec.p-features = {pry, ..., pr, } the predicates.

spec poSpec.name =
DS; and ... and DS; then
type poSpec.name ::= con.name(con;.argTypes)? | ... | con,.name(con, argfypes)

ops op;.name : op;.argTypes —7 op; .resType

Oopm -name : op,.argfypes — opy, .restype

preds prz.name : pry.argTypes

prp.name : pr,.argTypes

axioms

/ formulae corresponding to the cell fillings \
Towards a Formally Grounded Development Method
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Data Structure - Constructive

Constructor definition

c-features

ConditionalRule

Predicate definition

p-features

conditional-rules

*

Operation definition

o-features

*

Data structure specification

lay 2003

Q

Data structure constructive specification

name: String

Towards a Formally Grounded Development Method
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_ Outline _

Methods taking into account:

e a software item:
— a simple dynamic system
— a structured dynamic system

— a data structure
e two specification techniques: property-oriented, model-oriented (constructive)
e CAsL and CAsSL-LTL specifications

lllustration on case studies

e in combination with structuring concepts as (Jackson’s) problem frames

/ Towards a Formally Grounded Development Method \
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Applying our Specification Methods to Classes of Systems

(“Problem Frames”)

Information System Frame Control System Frame

0

data structure

property-oriented property-oriented
specification method specification method

0

simple system

simple system
constructive

specification method

data structure constructive
specification method

structured system
property-oriented

Translation Frame

Towards a Formally

specification method

Grounded Development Method
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\ Information System Frame /

omam. Real World
Sensors Information r : :
System Requests L Information _uc:o:o@
“Seg Information
Outputs
Design Domain Requirements

Real World : simple dynamic system (property), signals relevant information
Information Requests/Outputs : data structure (model/constructive)
Information function : with a (model/constructive) data structure (History, ...)

System : simple system (model/constructive)

/ Towards a Formally Grounded Development Method \
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\ Conclusion and ... /

Companion method for (algebraic) formal specifications

e Paradigms, techniques, pragmatic characteristics originated from the

underlying theory (e.g. no “use cases” ..., no OO)
e both visual and explicit presentations
e systematic and inherently rigorous, cell-filling
e well defined underlying formal models
e experimented on sizeable case studies, on students

e “building-bricks” specification tasks for different kinds of software (simple
systems, structured, data structures), at different abstraction level

(property/more abstract, model or constructive/more concrete)

e relevant for real applications, used for requirement specifications, or in
/ connection with structuring concepts (problem frames) \

Towards a Formally Grounded Development Method
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... Perspectives

Our cell-filling technique can be a basis for generating precise UML models,

or for their inspection (checking all aspects considered)

Further experiments, new problem frames (business automation, web

applications, distributed mobile systems, ...)

Oriented towards CAsL and CAsSL-LTL (algebraic specifications) but

adaptable to other specification/description paradigms

Supporting tools (graphical editor, type checker, guidelines support, ...)

Towards a Formally Grounded Development Method
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