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Different semantic models that take into account the dynamic aspect of 
information systems, have been suggested until now. Such models make it 
possible to improve the conceptual schemas by representing, in addition to' 
the structure, the behavior of the system. Among the methods that suggest a 
dynamic model, we can mention ACMlPCM , REMORA, DADES , IDA '''. 
Unfortunately, there exist only few tools able to completely support the task 
of design while taking into account the dynamic aspect. This paper presents a 
software tool which is a conceptual help to the design process, that combines 
the NIAM and JSD methods in order to cover not only the static aspect (data) 
but also the dynamic aspect (processing+behavior) of the system. The 
validation of the specification in a rigourous way (automatically) is done in 
the formalism of Rewrite Logic. 
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1. Introduction 

The design is the essential phase in the life cycle of information system (IS). Its aim is to 
produce a detailed specification of information system. The design is a complicated task 
which could be achieved by using methodologies which are generally supported by tools. 
However, we can notice that the latter are themselves complicated systems. Either because 
they are too theoretical to be accessible to the designer, or because they are "black boxes" 
which produce documents and whose logic is difficult to grasp for their users (it's the case 
for most help design tools). 

The difficulty of the design process leads us to develop a tool which gives a help in the 
design process, taking into account the static aspects (data) and the dynamic aspects (state 
change of data). 

Section 2 of this paper presents design methods and their evolution. The dynamicity in the 
information system is introduced in section 3. Section 4 introduces existing design tools. 
Section 5 is concerned with the choice of the used methods. The tool is described in 
section 6. 
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2. Design methods 

Since the sixties, many design methods have been developed. Their important aim in this 
field is to reduce the complexity of the development process. The methods initially 
developed are centered on the manner in which the design process is conducted. 

We can quote Corig (Corig 71), SSA (Gane 89), Sadt (Ross 87), and Isac (Lundeberg 92). 
Since the eighties, the new methods (NIAM) (Nijssen 89), Remora (Rolland 91), IDA 
(Bodart 89), Merise (Tardieu 86) ... ) have been based on the models. In the chronological 
evolution of the design methods, we can classify the methods. 

We introduce two classes that we call the Cartesian method class and the systemic 
method class. Each class is based on a paradigm (respectively the Cartesian paradigm and 
the systemic paradigm) and on a specific approach of the design problems (respectively 
functional approach and conceptual approach). We briefly characterize the two methods. 

The Cartesian methods are characterised by the way in which the design process is 
managed. These approaches are centered on the decomposition of the design process into 
phases, steps and sub-steps. 

These methods propose a functional approach. In this approach, the IS is considered as an 
information processing system which memorises, treats, formats and communicates the 
data. The IS is seen as a "black box" defined by the output to produce. 

For systemic methods the bearing isn't essential. In this approach the IS is viewed as a 
system of elements and relationships among them. The systemic methods emphasize the 
global aspect of IS that they analyse as a system, on the decomposition of the system into 
elements and on the relationships among thess elements. The methods based on a systemic 
approach assimilate the design process to a modelisation process; the result is an abstract 
representation (conceptual schema) of the real world built with the concepts of the model 
that was used. 

Recently, the current methods suggest the integration in the conceptual schema of the 
dynamic aspect of the real system. These methods allow the enrichment of the conceptual 
schema by representing the structure and the data behaviour as ACMlPCM (Brodie 82), 
REMORA (Rolland 91), ClAM (Bubenko 92), TAXIS (Mylopoulos 82), IDA (Bodart 89). 

3. Dynamicity in Information System (IS): 

The Conception stage is the most important one in the life cycle of an (IS) . It consists in 
modeling the organisation reality, in other words, it needs specification about its static and 
dynamic aspects. 

We can illustrate this category of models of the dynamicity by the three following 
methods: MERISE, REMORA and JSD. 
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(i) Dynamicity in Merise method: (Tardieu 86) 

Merise has adapted the Petri Nets concepts (place, transition, token, triggering) to their 
use in IS (message, event, operation, result, ... ). The Merise method can give information 
about successive states of IS and sequences which allow to go from one state to another. 

The used concepts are: event, result, operation and synchronisation. By analogy with 
Petri nets, events and results correspond to places, operations to transitions and 
synchronisation to trigger predicates. The event occurrences are the Petri Nets tokens. 

(ii) Dynamicity in Remora method: (Rolland 91) 

Remora has adopted a semantic model which allows the representation of the static and 
dynamic aspects at the same .time in the real world. 

This model has 3 kinds of fact classes: Entity, Action, Event and 4 kinds of association 
classes between the other 3 classes. It enables a causal description of behaviour of areal 
system. The model concepts are: Object, Event and Operation. 

(iii) Dynamicity in JSD method: (Jean 89) 

The JSD method (Jackson System Development) is specially designed for systems who 
has a behaviour changes in time. JSD specifications include sequential processes which 
communicate together. Sequential processes are about the behaviour of the dynamic entity. 

This method is composed of 3 stages: 

- modelling world 

- modelling the system to be built 

- implementation. 

The first stage is composed of 2 steps: 

- entity-action 

- entity-structure. 

The first step is about knowing the real world and listing the entities and the actions 
concerned. The second step consists of ordering the actions, which are executed or 
submitted, by diagrams or pseudo-codes. 

The second stage modelises the system under way of a network called SSD (System 
specification Diagram). The processes can have relations between them by data flows or 
by state vectors.The data flows. are like FIFO's communication and the state vectors are 
equivalent to local variables of processes, which can be read only (Jean 89). 

4. The Design Tools: 

At level of design phase, the existent tools are: 

- Data Dictionary: (Tardieu 86) 

They are especially storage and retrieval of information tools. 
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- Graphic Tools: Gambit (Bounadja 93) 

They are interfaces which allow to grasp graphically a conception phase: GIOTTO 
(Tamassia 93) & RAMATIC (Dahl 95), for the case of graphic editing. GDBDA (Chan 
90) allow editing grasp but without help in schema elaboration. We can cite for example: 

- PC_lAST (Walfard 88) developed at Control Data which can support concept of NIAM 
method (Nijssen 92). 

- The Software CONSOI (Dzenan 88) realised by Canadian corporation SYSTEMOID. 

- The software EXCELERATOR (Perney 88) realised by American Corporation 
INTECH. These tools use two kinds of models: Data conceptual model (MERISE) and 
Data flow diagram model (ExceleratorlY ourdon). 

- The software MEGA of Gamma Corporation working for MEGA and MERISE methods. 

5. Justification of the proposal methods: 

The choice is justified by a certain duality which exists between the two specifications 
NIAM and JSD each in the aspect of processing. There exists a coherence between the 
two methods. One validates the other , so that there is a relationship between data 
specifications and data processing. 

The NIAM method is based upon the relational binary model and disposes of an 
important number of constraints (exclusion, totality, equality, ... ) which enable to express 
explicitly the semantic of real world. The second benefit which is offered by NIAM is the 
grouping algorithm which enables to pass from a conceptual schema to a set of relations 

in 5th Normal Form. 

The JSD method enables to describe the model behaviour. All entities that belong to 
the real world are described in terms of actions which are executed or submitted. We must 
declare not only the types of events which may occur to an object but also the order in 
which these events must occur. 

6. Architecture and functionalities of the tool: 

6.1. Objectives of the tool: 

The objective of the tool is to introduce an aid to the specification and the conception of 
information systems. It is adapted as a combination of the methods NIAM and JSD which 
enable to represent both the static and the dynamic aspects of information systems. This 
approach has the following objectives: 

1- To guide the designer to elaborate his conceptual schema so that a comprehensive and 
readable product is presented. 

2- To help the designer to complete the specification of data by those of processing and 
behaviour. 

3- To help the designer to validate his specification 

194 



Information System Design With Dynamically Changing Requirements Belkacem Kouninef 

4- To identify, for each phase of conception, the mechanisms which are being at work and 
provide text generating explanation on these mechanisms. The role of explanation is 
to inform and teach the user certain techniques of conception and enable him to validate 
his schema. 

6.2. Global Architecture of the Tool: 

The Tool is composed of five modules (Fig 6.1): 

- The module Ml: the CSDP (Conceptual Schema Design Procedure) 

I.F 

O.R 

-I----

-t---

- The module M2: Graphic Interface NIAM 

- The module M3: Graphic Interface JSD 

- The module M4: The text generation 

- The module M5: Specification in rewriting logic. 

M1 

I CONCEPTUAL II"ELATIONAL 
C.S.D.P 

SCHEMA 
SCHEMA 

(in 5FN) 
M2 

VALIDATION BY 
TEXT 

COHERENCE & 
SIMULATION GENERA 

INTERPRET ATION TION 

M3 M4 

M5 

I 

I 

I 
LEXICAL I SYNTAXIC I COHERENCE + 

ANALYSIS I ANALYSIS VALIDATION 

Figure 6.1: Components of the Tool 

I 

I 

-The Module M1: It has for objective to automate the C.S.D.P. (Nijssen 89) which has 
been developed originally by G. Nijssen and E.D. Falkenberg. The role is to model all the 
phases of elaboration of a CS (Conceptual Schema) on the basis of NIAM, by starting from 
the Input Form (IF) and/or Output Report (OR) by passing through 9 stages to obtain the 
global C.S corresponding to the universe of discourse. 

1- Transform the information examples into familiar elementary ideas and 
apply the quality verifications. 

2- Draw a first draft of the C.S diagram and apply a population verification. 
3- Cancel the type of identities which are surplus and the common roles, and 

identify the type of derived ideas. 
4- Add the unicity constraints for each type idea. 
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5- Verify that all the types of ideas have a correct order. 
6- Add the constraints of identity, totality, types and of sub-types and the 

occurrence frequency. 
7- Verify that each entity may be identified. 
8- Add the equality constraints, exclusion, sub-sets and other constraints. 
9- Verify that the C.S is coherent with the original examples, has no redundancy and 

is complete . 

• The Module M2: The static aspect is realised by this module Graphic Interface NIAM 
(Abdi 93) having for objective to grasp a NIAM schema with possibility to update, to 
analyse its coherence with respect to NIAM rules and provide the relational schema 

corresponding to 5th Normal form (application of the grouping algorithm). Figure 6.2 
shows the NIAM schema for the case of the library taken from (Habrias 92). The object 
NOLOT "book" referenced by its ISBN number such that its copy is a document identified 
by an inventory number. This latter is delivered due to a command which is identified by a 
command number. It is the book which makes the object of command and this latter is 
delivered at a certain date. 

...... ./ 

~ IJ hosbeen 

v I delivered due to 

hostor 

copy 

< ) 
is the 

I I ~ t. £) turns on 
V purpose of 

, , 

ISBN 

dote __ 

, . r------f ot delivering '8' hosbeen 

',dote , : L......-__ ----'-_del_ivere_d ---I 

Figure 6.2: Example of NIAM Schema. 

The application of the grouping algorithm on NIAM· schema (above) gives the relational 

schema in 5th normal form (without vanishing values): 
Document (N inventory, N command, ISBN) 
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Book (ISBN) 
Command (N command ISBN) 
Delivered Command (N command. date of delivering) 
Calendar (date) 

The Module M3: The dynamic aspect (processing + behaviour) is realised by this module 
Graphic Interface JSD (Bounadja 93). It has for objectives to grasp a CS (based upon JSD) 
in interactive or graphic manner with the possibility to update it , to analyse its coherence 
with respect to rules of JSD and provide the interpretations of specified schema (which are 
structured texts and regular expressions to have more semantic). 
Besides, in ordert to have concretely the behaviour of the system (transition from a state to 

an other in front of the events of the' external world). We have simulated two case studies: 
"Telephonic exchange" (Jean 89) and "The case of the Library" (Habrias 92) . 

The figure 6.3 illustrates the life diagram of the "book" entity in JSD. 

ISBN 

Figure 6.3: Example of JSD Schema. 

The semantic of the "Book" entity is completely described. The book is referenced by its 
N ISBN, commanded by the library and received after a delivery at a certain date, will be 
catalogued and attributed as N inventory and can be borrowed many times to be finally 
archived or sold. 
The Module M4: This module enables the user to validate easily his schema with the 
inputs of module Ml (input form and output report). This consists of paraphrasing the C.S, 
that is to express by a set of sentences the conceptual definition of information system 
such as it has been constructed by this module. 
The process starts from the representation of schema saved in the data base in the form of 
LOT, NOLOT, BRIDGE and IDEA , to provide a text in natural language in the form of 
simple understandable sentences by the user. 
Explanation types: 
The explanation types can be classified by an elementary form or by a composed one. 
(1). An elementary form is defined by two NOLOTs linked by an IDEA and possibly by its 
cardinalities. 

To provide an elementary explanation revert to clarify the first role between the two 
NOLOTs and the second role (inverse role) 
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A <NOLOTI > <Rolel> <NOLOT2> 
A <NOLOT2> <Role2> <NOLOTl> 

Vol.l, No.1 Mar. 2000 

Example: The elementary explanation corresponding to the idea between Book and 
Command of the figure 6.4. 

( ) 

"E)'boOk '. , , . , 

islhe 

I I ~ V 
I £)' turns on , , 

. , 
pupose of 

ISBN 

Figure 6.4 Example 

The explanation for the first role is: A Book is the purpose of Command. 
The explanation of second role is: A Command turns on Book. 

(2) The composed explanation is the group formed by an object and all the other objects 
directly linked to it by associations (BridgelIdea). It consists of expressing for a given 
NOLOT its hierarchy and its structure according to a strategy. The adopted strategy allows 
to determine, departing from a NOLOT its identifier, the Bridges and the Ideas to which it 
takes part. 
In this way, the composed explanation for the object Book of the figure 6.4 will be: 
Book is a NOLOT . 
Book is identified by ISBN 
Book for not having Document 
Document is a copy of a single Book 
Each Document is a copy of a single Book 
Book is the purpose of Command 
Each Command turns on a single Book. 

The Module M5: This module allows to check in a strict way (automatically) the 
specification done by the M3 module. To manage it , this specification have to be, 
according to us, transformed to the formalism of the rewriting logic in order to be grasped, 
lexically and syntactically corrected and later validated (checking the properties of the 
specification: completness, consistence ... ) by this module. Its role is to satisfy and to refine 
more and more the third objective of the tool (see 6.1). It means that, in addition to the 
validation done by the M4 module (Text Generation) concerning the static aspect and the 
one done by the M3 module (Graphic Interface JSD) concerning the dynamic aspect (by 
simulation), this M5 module validates, in a formal and strict manner, the specification of 
the system as well as its behaviour in time. For example, consider the following rules 
infered from the case study (Auto-exchanging telephone): 
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active>(the called_busy)~ 
rule3:(end_ring)<tl:telephone/state:free,number:N,ring:inactive==> 
<tl :tlphone/state:free,number:N ,ring: acti ve>(gi ve_back_ 
equipment)~ 

7. CONCLUSION: 

Belkacem Kouninef 

We have introduced the characteristics of a helping tool to the specification of computer 
systems having as objectives, on one hand to take into account static and dynamic aspects 
(of the Information System) presenting to the user a product which is readable and easy to 
be understood (CS), and on the other hand to help the designer during the conception 
process and especially to be able to validate his specification in order to be sure of the 
latter before going to the implementation phase. 
To do that, a combination of the NIAM, JSD methods and the rewriting logic formalism 
seems necessary in our work, in order to satisfy the objectives of our tool. Finally, 'we think 
that the satisfaction of both the user and the designer is an ideal objective (especially for 
information systems), but its implementation is not easy to be reached because according to 
us, it tries to amalgamate the advantages of the informal and those of the formal ones, but 
the transition from a specification done by an informal method to its equivalent. 
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