722%,6

DELIVERABLE T23D1.1

PARI S 1

SORBONNE

University of Paris 1-Sorbonne

C. Souveyet, R. Deneckere, C. Rolland

TOOBIS long version

Deliverable T23D1.1 Page n° 2

Contents

1. INTRODUCTION ................................ ................................ ................................ ................................ ............. 3

2. STATE OF ART : A COMPARISON OF SIX OBJECT-ORIENTED ANALYSIS METHODS .............. 6

3. THE OBJECT ORIENTED METHODOLOGY (OOM) ................................ ................................ ............ 56

4. THE TEMPORAL EXTENSION (TOOM) ................................ ................................ ................................ 191

5. APPENDIX: UML COMPLIANCE ................................ ................................ ................................ ............ 303

TOOBIS long version

1. Introduction

Time is everywhere in the information systems. Even if time is required for every application, the use and the need related to

time are different. We identified five classes of time dependent applications :

Temporal database correspond to applications including data and business rules strongly dependent on time. Time is linear

and discrete.

Temporal reasoning applications require reasoning on events (often fuzzy events ) and their possible temporal ordering.

Temporal reasoning is based on intervals and not on period s ( where time is not anchored to time line). A particular use of

temporal reasoning is Automatic Planning .

Branching time applications: c lassically time is considered in a linear manner , but some applications deal with activities done

in parallel with different time and/or several calendars (version ing in design database, e vents in parallel systems etc.).

Real-time systems applications are focusing on the duration, the priority and the synchronization of tasks.

Time series management: time serie s are defined by a set of vectors for different time period s . A vector is a set of values for a

time period . In general, time serie s are based on periodicity requiring a user-defined granularity or a user-defined calendar.

This management requires special functionalities on the data management and time management.

Conventional databases are designed to store and retrieve current data. When update operations, data relative to evolving real

situations, are erased and replaced by their new values. It means that past data are no longer in the database, only current data

are kept. Except if the designer of the application has designed their historical storage.

The importance of time in databases has been revealed from 1975. From this date, applications required more and more to

manage past, present and future data. This justifies to add to DBMS, mechanisms dedicated to model, retrieve, store and

modify data dependent on time. This trend is confirmed by the introduction of SQL/T (temporal extension of SQL) in SQL3.

This new generation of temporal DBMS integrates time into the data model in order to facilitate the management of temporal

aspects in applications. Such DBMS have simplified the storage and the request of temporal data. But, they don´t solve

design problems such as : definition of the data schema, specification of the activities of the application, verification of the

coherence of the temporal database and also how to administrate such a database. The temporal extension of the OO method

is focusing on these design problems relative to temporal databases.

The TOOBIS method is described in two fragments of methods. The first fragment deals with the basic OO method whereas

the second fragment describes the temporal extension of the OO method.

The Unified Method Language should become the ODMG method for designing OO applications. An important issue for the

TOOBIS method is its compatibility to UML.

TOOBIS long version

The document is a long version of the Methodology deliverable. It is composed of 4 chapters :

· chapter 1 : a state of the art : it gives a synthesis of the comparison of six existing OO methods in

terms of ways of modeling and ways of working.

· chapter 2 : the basic OO method (OOM) introduces the basic concepts of the TOOBIS method.

· chapter 3 : tempo ral extension (TOOM) introduces the customized concepts of the TOOBIS method

to deal with the temporal aspects.

· chapter 4 : the Unified Method Language (UML) compliance. It shows the compatibility of the

TOOBIS method with UML.

TOOBIS long version

2. State of art : AComparison of Six Object-Oriented

Analysis Methods

Contents

2.1 I

NTRODUCTION ................................ ................................ ................................ ................................ ............... 8

2.2 T

HE FRAMEWORK ................................ ................................ ................................ ................................ ........... 9

2.2.1 The product reference model ................................ ................................ ................................ ................... 9

2.2.2 The process reference model ................................ ................................ ................................ ................. 10

2.3 P

RESENTATION OF THE SELECTED METHODS ................................ ................................ ................................ . 15

2.3.1 The selected Object-Oriented Methods ................................ ................................ ................................ . 15

2.3.2 Presentation of the selected methods ................................ ................................ ................................ ..... 15

2.3.2.1 OOA&D [Martin92] ................................ ................................ ................................ ................................ ......... 15

2.3.2.2 OOAD [Shlaer88,92] ................................ ................................ ................................ ................................ ........ 20

2.3.2.3 O* [Brunet93] ................................ ................................ ................................ ................................ ................... 24

2.3.2.4 OMT [Rumbaugh91] ................................ ................................ ................................ ................................ ........ 30

2.3.2.5 OOA [Coad90, Coad91] ................................ ................................ ................................ ................................ ... 36

2.3.2.6 OOSE [Jacobson93] ................................ ................................ ................................ ................................ ......... 40

2.4 E

VALUATION ................................ ................................ ................................ ................................ ................. 45

2.4.1 Analysis of the six product models ................................ ................................ ................................ ........ 45

2.4.1.1 The structure abstractions ................................ ................................ ................................ ................................ . 45

2.4.1.2 The behavioural abstractions ................................ ................................ ................................ ............................ 46

2.4.1.3 The function abstractions ................................ ................................ ................................ ................................ .. 47

2.4.1.3.1 Intra-level integration ................................ ................................ ................................ ................................ 48

2.4.1.3.2 Inter-levels integration ................................ ................................ ................................ ............................... 49

2.4.2 Analysis of the proposed process models ................................ ................................ .............................. 49

2.4.2.1 Process modeling approaches ................................ ................................ ................................ ........................... 50

2.4.2.2 Steps and heuristical knowledge ................................ ................................ ................................ ....................... 51

2.4.2.2.1 Steps ................................ ................................ ................................ ................................ .......................... 51

2.4.2.2.2 Heuristical knowledge ................................ ................................ ................................ ............................... 51

2.4.2.3 Meta-modeling ................................ ................................ ................................ ................................ ................. 52

2.5 P

ROPOSED FEATURES FOR THE TOOBIS

METHOD ................................ ................................ ........................ 53

2.6 R

EFERENCES ................................ ................................ ................................ ................................ ................. 54

2. 1 Introduction

Object-oriented analysis and design (OOA&D) has raised exceptional interest both in practice and academics. However the state of art in OOA&D is extremelydiffuse and it is becoming increasinglydifficult to follow the developments in the field.

Books introducing new methodologies [Rumbaugh91], [Jacobson93], [Martin92], [Shlaer88, 92] [Coad 90, 91] are being published at a tremendous speed and CASE tools and environments are being marketed with an accelerating pace. The methods are somewhat immature both theoreticallyand empirically. Their theoretical grounds are poorlydocumented, many of themjust push upwards concepts of programming languages and combine object-oriented concepts with more traditional information systems and software engineering concepts such as E/R modeling and data flow modeling. Their practical experiments are verylimited and most of themare subject to considerable evolution stimulated byboth marketing considerations and practical experience. All this makes a reasonable comparison difficult.

There exists some comparative analyses of OOA&D methods [De Champeaux91], [Iivari94], [Goor92] which mainlyuse comparison criteria derived fromthe OO tradition. Even though this kind of internal evaluation highlights the differences and similarities between methods, it does not provide much information on the applicabilityof OOA&D methods as means of

Information Systems development. In addition none of these comparative reviews do consider applications with a strong temporal dimension.

The purpose of this chapter is to analyze six OO methods with two main objectives in mind :

- identifythe concepts and methodological rules that can be of veryhelp for the development of temporal information systems

- study how fragments of various methods can be assembled to form a new method.

The analysis task has been driven bythe requirements of the GlaxoWellcome and Delta applications. It leads to the proposal of a method engineering approach in which the TOOBIS method will be a modular method constructed by assembling fragments of various methods .

The analysis and comparison of the six methods is based on an analytical framework which is introduced in section 2.

Section 3 presents the six methods using the framework. Section 4 discusses the results of the analysis.

2. 2 The framework

There exist manydifferent definitions of a method[Brikkemper90], [Lyytinen89], [Wynekoop93]. However most of them converge to the fact that everyIS Development Method (ISDM) combines two aspects, namelythe product part and the process part . Following [Olle91] we define an ISDM as composed of two parts : a product model and a process model. The product model is composed of a set of concepts and rules to manipulate them. The process model usuallyprescribes the steps to be followed and the activities to be performed in order to develop the information system. Therefore, a method provides the concepts to describe the product and the methodological guidelines to produce a qualityproduct with a reasonable efficiency. As said in [Olle91], the product is the desired target of an IS development whereas the process is the route to be followed to reach the target.

Based on this assumption the framework employs two reference models : one to evaluate the product model of an ISDM and a second one to analyze its process model. These reference models are summarized in Table 1 , Table 2 and Table 3 . In the following, we introduce these two reference models in turn.

2. 2 .1 The product reference model

The product reference model is sum up in Table 1: Product reference model . It is based upon two assumptions :

- first, an information systemis inherentlya dynamic systemincluding three aspects or perspectives in [Olle91] :

structure (data), functions (process) and behavior (control).

- second, as a model of the Universe of Discourse (UoD) [Griethuysen82], an information systemincludes three levels :

- the model of the UoD, which defines the parts of the realitywhich have to be abstracted in the IS (we will refer to this level as the organizational level),

- the model for the information about the UoD i.e. the conceptual level,

- the model of the technical information system (we will refer to this level as the technical level).

Based on assumption 1, Table 1: P roduct reference model comprises four columns : structure abstraction , function abstraction , behavior abstraction and intra level integration .

The structure abstraction column captures the concepts proposed bythe ISDM to model the data structure. Object class is an example of concept relevant as structure abstraction.

A function abstraction serves to model processes or operations. Processes , operation types and methods are examples of concepts that can belong to this column.

The behavior column contains concepts for modeling the systembehavior i.e. how to control process execution. Events , triggers are examples of concepts used in the behavior column.

The intra level integration column serves to identifying (if existing) the concepts or constraints of the method which allow the integration of the three types of abstractions. Encapsulation in a class description of the data structure and the operations on that data structure is a means to ensure part of the integration between the structure abstractions and the function abstractions of a specific method. We will distinguish between formal integration and informal integration. Formal integration is assured through the definition of concepts; for example, defining the Class concept as including necessarilythe definition of attributes and the one of operations acting on these attributes is a formal integration rule. It is the class definition which implies that operations cannot exist elsewhere than within a class. Vice-versa, acknowledging that a data store of the functional model maybe equivalent to a class in the object model of the same OMT analysis schema is said to be informal.

Based on the second assumption , table 1 comprises three raw : the analysis level raw (sub-divided into organizational level and conceptual level ), design level and the inter levels raw.

The organizational level raw captures the concepts provided bythe ISDM product model to model organizational units such actors , use cases , processes and flows

The conceptual level raw identifies concepts to conceptuallymodel the information about the UoD that has to be maintained by the IS. Object class and event are examples of concepts in this raw.

Concepts in the logical level raw are those which describe the technical information processing carried out bythe IS. Class, method and inheritance are concepts which could belong to this raw.

The inter levels raw is justified bythe importance of pre and post traceability[Gotel&Flinkestein93] [Ramesh92, 93].

Traceabilityis recognized nowadays as a keyfactor for handling change in the requirements and design of a systemin an efficient manner. The raw aims to picking up the concepts (if any) that an ISDM method provides for pre and post product traceability. The link between an actor class at the analysis level and the corresponding C++ class at the design level is an example of inter levels concept.

Combining the four columns and the three raw leads to the product reference model presented in Table 1. The table comprises 12 cells that serve as the basis of presenting and comparing the product models of the six selected methods.

2. 2 .2 The process reference model

The process reference model is summarized in Table 2: P rocess modeling and Table 3: P rocess reference model . Table 2 aims at capturing the keyfeatures of the process modeling approach of the ISD method whereas Table 3 dives more deeply into the methodological guidelines of the method.

Obviouslythe process part of ISDMs is less formalized and less complete than the product part. As developed in [Rolland95] guidelines provided bymethods are unsatisfactory. First, theyare restricted to large-grained life-cycle descriptions most often treated as linear sequences, where crucial aspects of the process such as feedback loops and iteration are not represented [Boehm88], [Curtis88,92]. This emphasis incurs some risks of neglecting the influence of product structure on the development approach. For instance, the waythe product is structured mayhave a strong influence on the steps needed for its construction. Furthermore, this linear view of process seems inadequate to model processes such as the requirements engineering process which are highlynon deterministic in nature [Jarke94]. It is probablydifficult, if not impossible, to write down a realistic state-transition diagram that adequately describes what has to happen during requirements engineering.

In addition they are based on informal means of process definition, and this has made them difficult to follow systematically.

Today, the process knowledge acquired during the development of a project cannot be easilycapitalized to improve the current process model. Process models should help to materialize previous experiences in terms of knowledge which may be reused to guide processes in new projects. Presently, reuse of process knowledge is only performed manually.

The production of systems is an evolutionaryactivity. It is clear that during this activity, not onlydo requirements and products change but also the process itself changes. In addition, it is possible for the process to change even while it is being executed. Accommodating this dynamic evolution of processes changes is a keybut unresolved issue in process centered development environments. Process models should be designed to support this dynamic evolution of processes.

Both the ISE [Olle91] and the SE [Dowson94] communities acknowledge the importance of process guidance. However despite thirty years of information systems development methodologies [Olle91], [Loucopoulos92] the level of guidance provided to application engineers bymethods and CASE tools is still low, especiallyin the earlyphases of information systems development. Methods are often incompletelyand not clearlydefined whereas a formal and detailed description based on notations having a well defined semantics is required to provide automated guidance during process performance.

Consequently, current CASE tools are essentially passive; they help in capturing, storing manipulating and documenting

TOOBIS long version

Table 1 : Product reference model

Structure abstraction Function abstraction Behavior abstraction Intra Level Integration

Support

ANALYSIS

ORGANIZATIONAL

LEVEL

Actors

Use cases

Input flows and flows

States/stores

Organizational functions

Events

Triggering conditions

Operation (class) <-> activity

(event) <-> process (flow)

LEVEL CONCEPTUAL

LEVEL

Object class

Attributes

Association

Action/operation types

IS functions

Events

Triggering conditions

Event -> Operation -> Object

DESIGN / TECHNICAL LEVEL

Abstract class Functions and procedures Transactions

Triggers

Class - trigger

Procedure - input/output class

INTER LEVELS

Actor -> Object Organizational functions ->

Actions

Actions -> Procedures

Events (organizational) ->

Events (analysis)

Events (analysis) -> ECA

rules (design)

2. 3 Presentation of the selected methods

2. 3 .1 The selected Object-Oriented Methods

The six OO methods selected for analysis and comparison are the following :

- OMT (Object Modeling Technique) [Rumbaugh91],

- OOSE (Object Oriented Software Engineering) [Jacobson93],

- OOA&D (Object Oriented Analysis and Design) [Martin92],

- OOAD (Object Oriented Analysis and Design) [Shlaer88], [Shlaer92],

- OOA/OOD (Object Oriented Analysis/ Object Oriented Design) [Coad90, 91],

- O* [Lee94], [Brunet93], [Rolland96]

The selection is based on the following three criteria :

- the method should cover the analysis level,

- the method should include a reasonably specific approach to OOA,

- the method should be accessible by books or/and research papers and documents,

2. 3 .2 Presentation of the selected methods

The analysis of the OOA methods introduced below takes place for each method successivelyin three parts. First, their basic concepts and notations are mapped on the structure of Table 1 . Secondlythe process modeling approach is evaluated in Table 2 , and finallytheyare analyzed fromthe detailed process viewpoint bymapping their steps and rules to the framework of Table 3 .

2. 3 .2 .1 OOA&D [Martin92]

Table 1 is filled up in Figure 1 with some significant examples. In order to differentiate the schemes with the concepts included in them, the different diagrams of the method are shown underlined.

OOA&D is the onlymethod that systematicallyaddresses the organizational level in order to have a good understanding of the IS environment (some methods studythis level but onlywith the aimof starting the modeling of the application). In OOA&D, the Object Flow Diagram gathers objects and activities. Activities produce or exchange objects. Bydividing complicated processes into manageable chunks, OOA&D enables an understanding that is critical in complex situations. In top down analysis, Object Flow Diagrams are commonlydecomposed to

Object Flow Diagrams until enough is known to represent a process as an event schema. However, this is not necessarilythe case. Object Flow Diagrams are one wayof describing processes, event schemes are another.

Therefore, an Object Flow Diagram can be decomposed into either or both descriptions.

Martin and Odell assumed that the product orientation leads to object orientation but it is not immediatelyobvious that the requirements that ’each activityshould produce exactlyone product and that each product should be produced byone activity’ makes it object-oriented. Furthermore, there is the question of whether this requirement is natural. The relationship between products and objects seems quite intuitive.

The concept of object is defined in verygeneral terms and covers a large range of concepts. That gives us a very fuzzydefinition of object even if it seems to be mainlyentityobjects including values. Martin and Odell not model attributes as a separate construct in their Object Schema, but as relationships among objects. OOA&D expresses the life cycle of one particular object with the help of one or several State Transition Diagrams . In addition to showing

TOOBIS long version

Structure abstraction Function abstraction Behavior abstraction Intra Level Integration support

ORGANIZATIONAL

LEVEL

Object flow diagram

Activity

Product

Event schema

Event

State

Triggering rule

Control condition

An event is a noteworthy state

change of an object.

Each activity produces exactly one

product, and each product is

produced by exactly one activity.

ANALYSIS

LEVEL

Object flow diagram

External object type

External activity / operation

Internal object type

Internal activity / operation

CONCEPTUAL

LEVEL

Object schema

Object type

Relationship

Generalization link

Composition link

State transition diagram

State

Transition

Event schema

Internal Operation

External Operation

Event

Triggering rule

Control condition

Event schemes represent the state

changes that occur within the

structure of object schemes.

Event schemes represent the

behavioral aspects of an object. They

specify processes by expressing

procedural causes and effects in

terms of the structural specification

included in the object schema.

DESIGN / TECHNICAL LEVEL

INTER LEVELS

Figure 1 : Application of the Product reference model to OOA&D

the possible states of the objects, these diagrams also show the permissible state changes. Martin and Odell describe object life cycles as subtypes of the object type. Then, an Object Schema describes the states of an object life cycle as a specialization hierarchyof the object type. This nicelylinks Object Schemes and State Transition Diagrams, but at the same time makes object schemes complex.

Martin and Odell propose the representation of external object and external operation. This makes the diagrams to represent what goes on in a systemor collection of systems and also which external objects or operations affect the system.

Theypropose a special notation, Event Schema , to model the functionalityand behavior of the system. It is a formal approach based on the foundations of the Finate State Machine (hypothetical machine that can exist in onlyone of a finite number of states at anygiven moment). Event schemes incorporate structure expressed byObject Schemes.

Theyhave a relativelyrich varietyof concepts for modeling behavior (event, trigger, triggering rule and control condition) but their relationship to the Object Schema is not totallyclear since the events of the Event Schema are not explicitlylinked with the objects of the Object Schema. An event is defined as a noteworthychange in object state.

All classic object concepts (class, instance, association, multiple inheritance, composition, generalization...) are managed and the Event Model used is original according to other OO methods. It permits to emphasize the causal view of the dynamic, like in O*.

We can see in Figure 2 (where is presented Table 2 ) that the links between the process and the product are implicit.

There is no formal language for expressing the process model and rules are stated in natural language. Nor exists a meta-schema of the process.

In order to be more explicit on the process, Table 3 is complete in Figure 3: Application of the P rocess reference model to OOA&D

Martin and Odell suggest that a useful OO analysis method should rest on a behavioral foundation. The structural approach is a visual metaphor that provides a static vision of how things are laid out in space, in contrast with the behavioral approach that describes what a thing does. Accordingly, theypropose a specific approach for object behavior analysis and assume the object structure analysis to be embedded in it. Consequently, with onlya few exceptions the steps emphasize behavior abstractions.

The first step of the process is to ’Identify the realm’ . This can be interpreted as taking place using object flow diagrams defining the activities and products of the enterprise. The products identified can also be interpreted as object types in the realmof interest. We need also to ’Identify the goal event type’ to provide an understood purpose to the selected realm. ’Clarify the goal event type’ will enable the analyst to define the underlying meaning of the chosen event type and provide its label.

The second step is to ’Generalize the goal event type’ in order to help the analyst to determine whether the analysis is being performed at the appropriate level of abstraction or scope.

The third step ’Define operations conditions’ permits to consider the operations and their triggering conditions.

The fourth step ’Identify the operations causes’ is used to determine when a control condition should be evaluated, so that the associated change in state can occur.

Step 1 through 4 guide the analyst in working with a given event, formalizing it, and determining what leads up to it.

Before proceeding through the next cycle, a few refinements are useful and theyare made in the fifth step ’Refine cycle results’ .

TOOBIS long version

Process Modeling Approach Process Modeling Formalism Process - Product

Martin and Odell (OOA&D) Activity oriented process model Natural language Implicitly defined links

Figure 2 : Process modeling of OOA&D

Steps Heuristics Intra Level Integration support

ANALYSIS

ORGANIZATIONAL

LEVEL

0. Define analysis focus

0.a. Identify the realm

In order to model organizations in top down

fashion at the strategic level, you will have to

use an Object Flow Diagram .

An object flow diagram is useful to represent

basic structure and when the dynamic is not

yet comprehensible, otherwise, to express a

process that can generate code, an event

schema is appropriate.

LEVEL CONCEPTUAL

LEVEL

0.b. Identify the goal event type

1. Clarify event type

1.a. Generalize event type and choose level

1.b. Integrate the event type

2. Generalize event type

2.a. Generalize event type and choose level

2.b. Integrate the event type

3. Define operation conditions

3.a. Identify the operation

3.b. Determine whether operation is internal

or external

3.c. Identify control conditions

3.d. Normalize control conditions

4. Identify operation causes

4.a. Identify triggering event types

4.b. Indicate complex control conditions

4.c. Normalize triggering event types

4.d. Specify trigger rules

5. Refine cycle results

5.a Generalize triggering event type

5.b. Specialize goal event type

5.c. Check for duplicate events

By explicitly stating the kind of state change

and the actual object types involved, the

meaning of the event is rigorously expressed.

The event type is expressed along with its pre

and post states. By generalizing these, the

event type is also generalized.

An operation causes event to happen.

If you wish to express the possible states

relative to an object class you will have to use

a state transition diagram.

DESIGN / TECHNICAL LEVEL

INTER LEVELS

Figure 3 : Application of the Process reference model to OOA&D

In the next step, the analyst takes the newlyidentified triggering event type, and continues again with step 1. As long as internal events exist, this cycle continue. It stops when onlyexternal operations remain and the starting event type has been reached.

The process is a step bystep goal-driven analysis technique for constructing event schemes. It is a cyclic process that continue until reaching the starting event type. The process stays in the behavior abstraction for all steps and explores the structure abstraction onlywhen it is necessaryto continue the construction of the event schema. Martin and Odell intimatelyintegrates object structure analysis techniques with the object behavior analysis techniques, but theydo not sayclearlywhen or how object types are identified and structured. Theyonlygive some hints that all the major steps include object identification and generalization. There are onlyfew conceptual heuristics directlyattached to the process, since it concerns onlythe event schema, so the process is highlyintuitive and does not indicate at all when or how structures such as relationships and compositions are identified.

Finally, Martin and Odell seemto employa transformational view. Theydo not discuss OOD in detail, but indicate a mapping from OOA terms to OOPL constructs (structures and behavior) or to relational DBMS.

2. 3 .2 .2 OOAD [Shlaer88,92]

Table 1 is filled up in Figure 4 with some significant examples. In order to differentiate the schemes with the concepts included in them, the different diagrams of the method are shown underlined.

Shlaer and Mellor discuss OOA in terms of different models. A Domain Chart is produced for the entire system. A

Subsystem Communication Model is produced for each domain in order to depict the event communication between the various subsystems within the domain. The majorityof the work products of OOA are placed at the subsystem level: an Information Model , an Object Communication Model , an Object Access Model and supporting tables, descriptions, and lists are produced for each subsystem. Below the subsystem lie the objects that make it up, a State Model is produced for each object and relationship having a relevant behavior.

The actions of each State Model provide the next level; an Action Data Flow Diagramis produced for each state of each State Model. Finally, a Process Description is produced for each complex process of the action.

Three work products are developed for the Information Model of a subsystem: an Information Structure Diagram

(graphic representation of the Information Model); an Object and Attribute Descriptions Document (lists each object and attribute in the model, provides an organized collection of the object, attribute, and domain descriptions); and a

Relationship Descriptions Document (lists each relationship of the model with its relationship description). The

Information Model is expressed using the relational model that does not support object identity. Theydo not adhere to encapsulation, but allows other objects to access the attributes of an object directly. Differing fromthe other methods, theydo not have a concept for complex object. Theydon’t have the concept of aggregation, nor that the one of abstract class. Each object that has a State Model is documented byproviding: a State Transition Diagram; a State

Transition Table ; and a description of each action on the State Transition Diagram. For all the State Models, an

Event List represents a listing of all events that have been defined. An event is defined as an abstraction of an incident or signal in the real world that tells us that something is moving to a new state which means that an event is triggered bythe completion of an external or an internal operation. The dynamic abstraction of OOAD is similar to

OMT but the concepts are less developed.

TOOBIS long version

Structure abstraction Function abstraction Behavior abstraction Intra Level Integration support

ANALYSIS

ORGANIZATIONAL

LEVEL

Domain chart

Object communication

model

Action data flow diagram

-external entity

LEVEL CONCEPTUAL

LEVEL

Information model

Object

Subtype/Super type

(inheritance)

Association

Subsystem

Attribute

Process model

Action data flow diagram

Process

Event Data flow

Data store

External entity

Process description

State model

State transition diagram

Event

State

Transition

Action

Object communication model

Object

Event

Object access model

A Data store in the process

model is considered as an Object

in the information model.

An Event Data Flow in the

Process Model is considered as

an Event in the State Model.

DESIGN / TECHNICAL LEVEL OODLE notation (object oriented design language)

Class diagram

Class structure chart

Dependency diagram

Inheritance diagram

INTER LEVELS

Figure 4 : Application of the Product Modeling to OOAD

The work products of the process modeling phase are organized into documents: the Object Access Model , an Action

Data Flow Diagrams , a State Process Table , and a Process Descriptions Document . The functional abstraction of

OOAD also is similar to OMT but its Data Flow Diagramis used to specifythe actions defined on the objects and not to specify a treatment using several objects.

The product of OOA&D is full of different models and documents (Domain Chart, Object Communication Model,

Action Data Flow Diagram, Information Model, P rocess Model, State Model, Object Access Model...) which lead to increase the complexity of the analysis.

The concept of ’domain’ in OOA includes an implicit categorization of objects. A domain "is a separate real, hypothetical, or abstract world inhabited bya distinct set of objects that behave according to rules and policies characteristic of the domain". Shlaer and Mellor furthermore suggest a more specific classification for domains:

application domains (subject matter of the systemfromthe perspective of the end user of the system), service domains (provides generic mechanisms and utilityfunctions as required to support the application domain), architectural domains (provides generic mechanisms and structures for managing data and control for the systemas a whole) and implementation domains (include programming languages, networks, operating systems, and common class libraries; provide the conceptual entities in which the entire systemwill be implemented), proposing that OOA typicallycovers application domains and the top level service that have application domains as their clients. Each domain, possiblydecomposed in subsystems, is analyzed following three points of view: an Information Model

(extended entity-relationship type) is realized for each subsystem; a State Model is realized for each object of the information model having a life cycle (even the passive objects, such account, can have a life cycle); and an Action

Data Flow Diagram is realized for each activity linked to an object state.

Shlaer and Mellor present a transformation of OOA into an object oriented design. The design is expressed in terms of a single program. Each programis made up of a main program, four architectural classes and some number of application classes. It is represented in the OODLE notation. The obtained design is not the onlypossible one that can be derived but represents a basic synchronous design that can be extended, elaborated, and adjusted to accommodate size and performance constraints.

Figure 5 presents Table 3 . The links between the process and the product are implicit. There is no formal language for expressing the process model and rules are stated in natural language. It doesn’t exist a meta-schema of the process and product models.

In order to be more explicit on the process, Table 3 is complete in Figure 6: Application of the P rocess reference model to OOAD .

Shlaer and Mellor don’t explicitlydefine the process of their method. The analyst has to discover it step bystep.

Consequently, the heuristics are stronglylinked to the product. The method has a linear process that justlycovers the global systembehavior with the Domain Chart to the Information Model, and then covers the behavior abstraction with the State Model and finallythe functional abstraction with the P rocess Model. Seeing that there is no encapsulation, the process doesn’t need to come back to the structure abstraction to put the operations inside object like some other methods, OMT for example.

The first step in the OOA of Shlaer and Mellor is ’Domain analysis’ . The implicit categorization of objects into domains refers to structure, the mission statements of domains to function and the ’bridges’ between domains to behavior. After domain analysis, they recommend constructing the OOA models for the application domain first.

The second step refers to the ’Initial definition of subsystems’ within domains. The initial, tentative assignment of objects to the subsystemcorresponds to structure, and the descriptive of the responsibilityof the subsystemto function.

TOOBIS long version

Process Modeling Approach Process Modeling Formalism Process - Product

Shlaer and Mellor (OOAD) Activity oriented model Natural language Implicitly defined links

Figure 5 : Process modeling of OOAD

Steps Heuristics Intra Level Integration support

ANALYSIS

ORGANIZATIONAL

LEVEL

1. Domain analysis

1.a. identification of domains

1.b. identification of bridges

2. Definition of subsystems

If the domain is unmanageable (too large) the

specification should be partitioned into

subsystems.

LEVEL CONCEPTUAL

LEVEL

3. Construction of information models

3.a objects

3.b. attributes

3.c. relationships

3.d. subtypes and supertypes

4. Construction of state models

4.a. life cycles for objects

4.b. life cycles for relationships

4.c. object communication model

5. Construction of process model

5.a. action data flow diagram

5.b. object access model

Objects are identified by considering what

the conceptual entities, or ’things’ are in the

problem being analyzed.

An attribute must contain no internal

structure.

A single incident in the real world can be

abstracted into more than one event.

If instances of an object are created or

destroyed in run time, the life cycle

should be formalized.

If an object represents a specification,

quality standard, or recipe, its life cycle

probably does not need to be formalized.

In order to represent the behavior of an

object, we can draw a state transition

diagram.

A not atomic action can be detailed by an

action data flow diagram.

DESIGN / TECHNICAL LEVEL 6. Construction of the OOD model

6.a. Produce Class Diagrams and Structure

Charts

INTER LEVELS 6.b. Transform application into architecture

6.c. Transform architecture into

implementation

Each transition, even if it exists in different

state models, is represented in one transition

class.

An object that does not have a state model is

represented by a passive class in the OODLE.

Figure 6 : Application of the Process reference model to OOAD

The concepts of O* are very formally defined which leads to avoid any ambiguity about their signification.

The two basic concepts of O*model, namelyObject and Object Class, are adopted fromthe object oriented paradigm. The main aimof the model is to adopt the concept of object fromthe analysis phase right through the implementation phase. Moreover, the model also takes into account the life cycles of objects for the determination of structural links between object classes, besides the inheritance links of the object oriented paradigm. Other than the inheritance link (based on the multi instanciation concept), two types of structural links can be distinguished:

reference links and composition links, where each link can be defined between two object classes after identifying the dependencybetween the life cycles of objects in these classes. The concept of operation provides a means for locallydescribe the set of possible actions to be performed on objects. There are two kinds of operation that maybe defined in an object class. Basic operations correspond to actions that change object states (theyare triggered by events) and Service operations that merely provide access service to other objects.

An event occurrence is defined as a projection of a real world phenomenon whose occurrence at a given instant generates an impact on some objects of the IS. Simpler, the occurrence of an external event corresponds to the arrival of a valid message, the occurrence of an internal event corresponds to the state change of an object, while the occurrence of a temporal event corresponds to the verification of a temporal assertions.

O*has powerful facilities to model objects and constraints, as well the facilityto check the completeness and correctness of the model. It provides an additional feature byintegrating the enhancement facilitysuch as the abstraction mechanisms for reducing the complexityof the IS in both its static and dynamic aspects. This method allows the formalization of static constraints (cardinality, value and inheritance constraints) and of dynamic constraints (State Transition Diagrams).

O* groups the advantages of object oriented and semantic models.

Table 2 is presented in Figure 8: Process modeling of O* .

The NATURE process modeling approach stronglycouples the context of a decision to the decision itself. This approach aims at capturing not onlyactivities performed during the RE process but also whythese activities are performed (the decisions) and when (the decision contexts).

The central aspect of the process wayof modeling is that it makes the notion of situation (in which to decide) explicit and relates it to the broader question of context handling. Figure 9 gives an overview of the process model, introducing its key concepts and their relationships (with a binary E/R based notation).

The central concept of this meta-model is the one of context. A context allows to describe a step of the process. In a situation the designer has to make a decision in order to progress in the RE process, therefore, a context is the coupling of a situation and a decision.

A situation is most often a part of the specification it makes sense to take a decision on. Situations are built from parts of the specification undergoing the RE process. A decision reflects a choice that a requirement engineer makes at a given point in time of the RE process. A decision encapsulates two aspects, namely intention and approach . An intention expresses what the engineer wants to achieve, it is a goal. An approach characterizes ways to fulfill an intention. Considering IS development, we currentlyrecognize two different approaches, namelybottomup and top down. Following a bottomup approach means to define first the component and then the composite concepts, whereas following a top down approach means to first define composite elements and then their components. A decision is defined as an intention - to achieve - possibly following an approach .

TOOBIS long version

Process Modeling Approach Process Modeling Formalism Process - Product

J. Brunet (O*) Decisional approach NATURE process meta-model Situation-Decision Action-Product

Figure 8 : Process modeling of O*

Choice

Context

Plan

Context isa

isa

#

1,N

0,N

isa isa #

1,N

#

source target

source

1,N

1,1

1,1

1,1 1,N

Tree composed

of

Forest

1,N

1,N

composed

of

Context

Decision

Situation

Product

Part

Executable

Context

modify is based on

isa

Action

applied by

1,1 1,N 1,1

1,N

1,N

0,N

Link

Refinement

Link Link

Composition

Figure 9 : NATURE process meta model

There’s three different types of contexts:

- the executive based context describe how to implement a decision, it allo ws to represent the change of the specification under development. Therefore, an executive based context is associated to an action.

- the choice based context allows to represent the various alternatives, it refines decisions. To help the selection process, arguments and choice criteria are introduced.

- the plan based context provides a means to decompose a context into several other contexts and to express the chaining among the composite context.

This meta model aims at offering a framework to precisely describe the RE process at various levels of details.

Table 3 is completed in Figure 11 which shows the O* process using the NATURE process meta model.

O*has a flexible process that permits you to begin with the wished perspective (structure, behavior, functional) and to develop the other ones onlywhen it became necessaryto the modeling of the application. The methodological process of O*is adopted fromthe fountain model. As a whole, the process steps serve as an aiding tool to the modeling process.

O*has a flexible process that permits you to begin with the wished perspective (structure, behavior, functional) and to develop the other ones onlywhen it became necessaryto the modeling of the application. The methodological process of O*is adopted fromthe fountain model. As a whole, the process steps serve as an aiding tool to the modeling process.

The process is decomposed in several chunks organized in a tree that permits you to have a flexible process.

The chunk ’Find element’ can be decomposed in two alternatives: ’ Initiate discovery’ and ’Expand’ . The first chunk allows the analyst to find an element froma problemstatement. It aimto find and differentiate real world phenomena that share the same structural and behavioral characteristics byclassifying theminto events, objects or actors. The second chunk allows to expand an element in order to discover other elements related to it. These elements can be events, objects, operations or actors. This chunk provides a huge flexibilityto the method. In order to be more explicit, Figure 10 represents the tree concerning this chunk.

<Current product, problem statement ; Expand>

<Current product, problem statements ; Select an element, select aproblemstatement>

<Problemstatement, element selected ;

Expand theelement>

<Problemstatement, element selected

= X ; push(X)>

<Problemstatement, element selected = X ; pull(X)>

Plan

Choice

Figure 10 : Part of the O* method decisional tree

This diagramshows you that if you have an element, you can expand it to find an other one. This new element will be related to the first one with a dynamic link. For example, if you have discover an event, you can applythis decisional tree to find the object/actor that triggered it (pull branch) or an operation invoked by it (push branch).

The chunk ’Describe element’ aims to obtain the local description of an element which can be an object, an actor, an event, an operation or a trigger. It makes a local studyof the characteristics of the inventoried objects and the choices of the relevant characteristics. The acquisition of knowledge of the domain application is done in an informal way.

TOOBIS long version

Steps Heuristics Intra Level Integration support

ANALYSIS

ORGANIZATIONAL

LEVEL

LEVEL CONCEPTUAL

LEVEL

General levels of the O* method decisional tree:

<Curre ntp ro d uc t,

p ro b le m s tate me nts ;

Exp and >

<Curre ntp ro d uc t,p ro b le m

s tate me nts ;Se le c tawayo f

p ro c e s s ing inthe s c he ma

c o ns truc tio n>

<Curre ntp ro d uc t,

p ro b le m s tate me nts ;

Che c kand re f ine >

<Curre ntp ro d uc t,

p ro b le m s tate me nts ;

Co mp le te the g lo b al

b e havio rvie w>

<Curre ntp ro d uc t,p ro b le m

s tate me nts ;Co mp le te the

g lo b als truc ture vie w>

<Curre ntp ro d uc t,

p ro b le m s tate me nts

;Find e le me nt>

<Curre ntp ro d uc t,

p ro b le m s tate me nts ;

De s c rib e >

<Curre ntp ro d uc t,

Pro b le m s tate me nts ;

I nitiate d is c o ve ry>

If you have defined an event and

that you want to work on a top

down approach, you will have to

define an operation. On the

contrary, if you want to work on a

bottom up approach, you will have

to define an object.

If you have defined an operation

and that you want to work on a top

down approach, you will have to

define an object. On the contrary, if

you want to work on a bottom up

approach, you will have to define an

event.

If you have defined an object and

that you want to work on a top

down approach, you will have to

define an event. On the contrary, if

you want to work on a bottom up

approach, you will have to define an

operation.

If you are at the beginning of the

application, you will have to start

the process with the first branch of

the tree: <�, find element> and <�,

initiate discovery>.

If you have already an element in

your current product, you can

choose the branch <�, expend> in

order to find other elements related

to the one you have.

If you have more than two objects,

you can choose to <�, complete the

global structure view>.

If the problem statement is an

adverbial phrase starting with a

temporal adverb like "when" for

example, that means that you can

define an event.

DESIGN / TECHNICAL LEVEL

INTER LEVELS

Figure 11 : Application of the Process reference model to O*

The chunk ’Complete the global structure view’ ’ deals with the studyof semantic links between the object classes by determining the possible composition links, reference links and inheritance links between the classes, with the aimof obtaining a global structure graph. Byconsidering the classes globally, their semantic links are derived fromthe static interactions between the corresponding real world entities.

The chunk ’Complete the global behavior view’ aims to determine the behavioral interactions between objects by considering the classes globallyin the behavioral point of view (theyare analyzed via internal events and operations). This step emphasize events.

The chunk ’Checking and refine’ ’ ensures that the conceptual schema is valid bychecking its correctness with respect to its initial requirements formulated by the user.

These chunks allows us to view the model with three different points of view: one on the structure perspective (the global static graph), one on the structure-functional perspective (the local class view) and one on the structurefunctional-behavior perspective (the global behavior graph). The object paradigmis used at each step of the process.

The O*point of view is either local than global. The local view consider separatelyeach class with its static and dynamic structures, the identification of the component classes and life cycles, the control of the consistencyand the completeness between the static and the dynamic aspects. The global view gives us a general view on the relations and the communication between the different classes.

2. 3 .2 .4 OMT [Rumbaugh91]

Table 1 is filled up in Figure 12 with some significant examples. In order to differentiate the schemes with the concepts included in them, the different diagrams of the method are shown underlined and the names of the models are bold.

The OMT methodologysupports the entire software life cycle. It covers life cycle phases fromproblemformulation through requirement analysis, design, and implementation. The OMT methodologyis based on the development of a three-part model of the system, which is then refined and optimized to constitute a design. The object model captures the objects in the systemand their relationships. The dynamic model describes the reaction of objects in the systemto events, and the interactions between objects. The functional model specifies the transformations of object values and constraints on these transformations.

The object model is an extension of the ER model [Chen76]. The dynamic model is an assemblyof state diagrams of objects those behavior is important for the information system. The functional model is a slight modification of the data flow diagrams in SA.

The three models of OMT correspond directlyto the structure, function and behavior perspectives. The set of concepts of one perspective is overlapping with concepts of another perspective. For instance, the object class concept of the structure perspective maybe represented bya data store concept in the function perspective and the activityor the action concept of the behavior perspective maybe represented bya process concept of the functional perspective. But the links between the three models are not explicit.Even though the role of the dynamic model is more obvious, the relationship between object types and state transition diagrams is not clearlydocumented.

Obviouslyeach object type mayhave 0 to N state transition diagrams, which maybe clarified byidentifying the possible states of each diagramas (special) attributes of the corresponding object class. The interaction between state transition diagrams is not clearlydescribed and documented, but one can imagine two interaction mechanisms. State diagrams of the same object maycommunicate through a common condition that is a state of some attribute of the object in question (p .107). More generally, state diagrams of objects of the same type or different types may communicate through action/event mechanisms ( an object can send an event to another object or set of objects, p.

TOOBIS long version

Structure abstraction Function abstraction Behavior abstraction Intra Level Integration Support

ANALYSIS

ORGANIZATIONAL

LEVEL

Actor Scenario

Event

For each event in the scenario it must

exist an actor that caused that event.

LEVEL CONCEPTUAL

LEVEL

Object Model

Object class

Attributes

Generalization link

Aggregation link

Qualification

Association link

Module

Functional Model

Data flow diagram

Atomic Process

Non atomic Process

Data flow

Data store

Actor

Constraints

Dynamic Model

State transition diagram

Event

State

Conditions

Transition

Operation:

-Activity

-Action

Event trace

Event flow diagram

Each event in the dynamic model

corresponds to an operation in the

object model.

An atomic process in the functional

model should be represented as an

operation in the object model.

A data store in the functional model

should be represented as class or an

attribute in the object model.

A state transition diagram is defined

for one class.

DESIGN / TECHNICAL LEVEL

INTER LEVELS

Figure 12 : Application of the Product Reference Model to OMT

103). The functional model is not well-integrated with the previous two modeling perspectives. It can be constructed quite independentlyof the previous two (p.179). The role of data flows and data stores as objects is not entirely clear. According to Rumbaugh, data stores are `objects in the object model, or at least fragments of objects, such as attributes´ and data flows are `values in the object model´ and `other data flows represent normal objects´ (p. 138).

The identification of operations of objects in OMT is fragmented in all three models. Operations are identified in object modeling, actions and activities in dynamic modeling and functions in functional modeling. Even though

Rumbaugh, outline how to extract operations fromthe object models, state diagrams and data flow diagrams. For instance, `operations fromobject structure include reading and writing attribute values and association links´, `each event sent to an object corresponds to an operation on the object´, `actions and activities in the state diagram maybe functions, these functions having interesting computational structure should be defined as operations on the object model´ and `each function in the data flow diagramcorresponds to an operation an object (or possiblyseveral objects)´ (p. 183 - 185). This identification process seems quite intuitive and pays onlyminimal attention to possible inconsistencies between the models and to their reconciliation.

The OMT method is useful for interactive systems and less interesting for databases based information systems because its dynamic model is insignificant for a purelystatic data repository, such as a database. The dynamic model of OMT is useful only for interactive systems.

Table 2 is presented in Figure 13 and, in order to be more explicit on the process, Table 3 is completed in Figure 14:

Application of the Process Reference Model to OMT .

The analysis process in the OMT methodologyis sequential in nature. The principal process steps correspond to the construction of three models : structural, dynamic and functional. Each step is an assemblyof activities. It is possible to combine several activities or performcertain activities in parallel. Iteration of the activities is necessaryat successivelylower levels of abstraction, adding more details to the model. The links between these activities and their output (the product) are implicit.

The first analysis step in OMT is to generate a `problem statement´ (step 0). Rumbaugh, do not explain its content clearly, but based on their example, the problemstatement is assumed to include some ideas related to the application concept. `Object modeling´ (step 1) is assumed to focus on the `Universe of Discourse´, `the identification of relevant object classes fromthe application domain´ (p. 153). The identification process of aggregation links is not clear.

According to Rumbaugh et al, `aggregation is just an association with extra connotations´ (p. 156). The interaction scenarios, event traces and event flow diagrams identified in the dynamic modeling (step 2) model applications in terms of users and their interactions with the system. The emphasis on the user interface in the dynamic modeling is not totallyclear. According to Rumbaugh, the purpose of scenarios is `to model typical dialogue between user and systemto get a feel for expected systembehavior’. These scenarios show the major interactions, external display formats, and information exchanges´ (p. 170). On other hand, theypoint out that `most interactions can be separated into two parts: application logic and the user interface. The analysis should concentrate first on information flow and control, rather than the presentation format. This maybe interpreted as suggesting that the user interface is a secondaryconcern in analysis, a means of identifying the external events. The authors also take up the possibilityof mocking up at least one user interface format (p. 172). Dynamic modeling is not limited to the user interface, of course, but everyobject that exhibits non-trivial behavior is modeled. P reparing typical interaction scenarios is also supposed to lead to the identification of information objects in addition to user interface objects, the primary emphasis lying on the behavior modeling. `Identifying input and output values´ (step 3.a) result in a description of the systemknown as a context schema in Structured Analysis. In addition to IS process/functions, one mayidentify additional data stores and data flows which are candidate objects when `building

TOOBIS long version

Process Modeling Approach Process Modeling Formalism Process - Product

Rumbaught (OMT) Activity oriented model Natural language Implicitly defined links

Figure 13 : Process modeling of OMT

Steps Heuristics Intra Level Integration Support

ANALYSIS

ORGANIZATIONAL

LEVEL

O. Problem statement

2.a. Prepare scenarios of typical interaction

sequences

LEVEL CONCEPTUAL

LEVEL

1. Object Modeling

1.a. Identify objects and classes

1.b. Prepare a data dictionary

1.c. Identify associations between objects

(including aggregations)

1.d. Identify attributes of objects and links

1.e. Organize and simplify object classes using

inheritance

1.f. Verify that access paths exist for likely queries

1.g. Iterate and refine the model

1.h. Group classes into modules

2. Dynamic Modeling

2.a. (see organizational level)

2.b. Identify events between objects

2.c. Prepare an event trace for scenarios

2.d. Build a state diagram

2.e. Match events between objects to verify

consistency

1.

Classes often correspond to nouns.

Associations often correspond to verbs or verb phrases.

Aggregation is just an association with extra connotations.

Attributes usually correspond to nouns followed by

possessive phrases, such as "the color of car".

Generalizing common aspects of existing classes into a

super classes.

Refining existing classes into specialized subclasses.

2.

Examine the scenario to identify all external events.

Every scenario or event trace corresponds to a path through

the state diagram.

Every event should have a sender and a receiver,

occasionally the same object.

Events can be represented as

operations on the object model.

A process in the functional model

corresponds to an operation in

the object model.

A top-level process corresponds

to an operation on a complex

object, and lower-level processes

correspond on more basic objects

that are part of the complex

object or that implement it.

3. Functional Modeling

3.a. Identify input and output values

3.b. Build data flow diagrams showing functional

dependencies

3.c. Describe functions

3.d. Identify constraints

3.e. Specify optimization criteria

4. Adding operations

5. Iterating the Analysis

3.

A process can be expanded into another data flow diagram.

Each input and output of the process is an input and output

of the new diagram.

Data flows to or from actors

represent operations on or by the

objects.

Data stores are also objects in the

object model, or at least

fragments of objects, such as

attributes.

Both actors and data stores are

objects in object model.

TOOBIS long version

DESIGN / TECHNICAL LEVEL 6. System design

6.a. Organize the system into subsystems

6.b. Identify concurrency inherent in the problem

6.c. Allocate subsystems to processors and tasks

6.d. Choose the basic strategy for implementing

data stores in terms of data structures, files, and

databases

6.e. Identify global resources and determine

mechanisms for controlling access to them

6.f. Chose an approach to implementing software

control

6.g. Consider boundary conditions

6.h. Establish trade-off priorities

7. Object design

7.a. Obtain operations for the object model from

the other models

7.b. Design algorithms that implement operations

7.c. Optimize access paths to data

7.d. Implement software control by fleshing out

the approach chosen during system design

7.e. Adjust class structure to increase inheritance

7.f. Design implementation of associations

7.g.Determine the exact representation of object

attributes

7.h. Package classes and associations

7.a. Find an operation for each process in the functional

model.

Define an operation for each event in the dynamic model,

depending on the implementation of control.

The network of process within the data flow diagram

represent the body of an operation. The flows in the data

flow diagram are intermediate values in the operation.

7.b. Choose algorithms that minimize the cost of

implementing operations.

Select data structures appropriate as necessary.

Assign responsibility for operations that are not clearly

associated with a single class.

7.c. Add redundant associations to minimize access cost and

maximize convenience.

Rearrange the computation for greater efficiency.

Save derived values to avoid re-computation of complicated

expressions.

7.e.Abstract common behavior out of groups of classes.

Use delegation to share behavior where inheritance is

semantically invalid.

7.f Implement each association as a distinct object or by

adding object-valued attributes to one or both classes in the

association.

A process in the functional model

corresponds to an operation in

the object model.

An event from the dynamic

model may also become an

operation on an object.

The process in the data flow

diagram constitute sub

operations.

INTER LEVELS Each operation from the analysis model must be assigned an

algorithm.

An association traversed in a single direction can be

implemented as an attribute pointing to another object as a

set of objects, depending on the multiplicity of the

association.

A bi-directional association can be implemented as a pair of

pointers, but operations that update the association must

always modify both directions of access.

Associations can also be implemented as association objects.

A qualified association with multiplicity `one´ can be

implemented as a dictionary object.

Qualified associations with multiplicity `many´ are rare, but

they can be implemented ad a dictionary of sets of objects.

Figure 14 : Application of the Process Reference Model to OMT

OOD and consequentlyregard HCI objects as implementation objects. These are included in Table 1 to indicate their inclusion in the total OO analysis and design method.

The distinction between OOA and OOD made byCoad and Yourdon is clearlybased on object expansion, OOA being concerned with `problemdomain´ objects, to which OOD adds various implementation objects, modifying the class structure accordingly.

Table 2 is presented in Figure 16 and, in order to be more explicit on the process, Table 3 is completed in Figure 17:

Application of the Process Reference Model to OOA .

Coad and Yourdon point out that steps 1 - 5 in OOA ( `Identifying objects´, `Identifying structures´, ` Identifying subjects´, `Defining attributes´ and `Defining services´ ) are activities and not necessarilysequential steps, but emphasize that their ordering represents the most common overall approach (p. 25). Object identification is based on the studyof the problemdomain (step 1). Structures identification concerns the grouping of objects in structures.

Two kinds of structures are proposed: classification structures or generalization/ specialization structures which represent respectivelythe whole-part structure or aggregation relationship (step 2) and the inheritance structure.

Subject identification allows to group objects of the same application domain in one graphical representation (step

3). This decomposition makes the diagrams more readable. The attributes definition step (step 4) identifies the data and states of objects and the instance connections between objects. The services definition step (step 5) is composed of 4 activities: identifying the fundamental services (occur, calculate, monitor) for each object or classification structure, construct objects life histories and state-event-responses to identifyadditional services, and identification of messages that trigger these services (step 5). Therefore, steps 1 - 4 are highlystructure-oriented, focusing on the

`Universe of Discourse´ only, and step 5 is the only one to address functionality an behavior.

The OOA method proposed byCoad and Yourdon is useful especiallyfor the modeling of the structural (object) perspective of the system. A behavioral perspective is studied only in the design model (OOD).

Steps 6 - 9 correspond to design : `Designing the problem domain component´ (step 6), `Designing the human interaction component´ (step 7), ` Designing the task management component´ (8), and `Designing the data management component´ (step 9). Coad and Yourdon emphasize that these activities are similarlynot sequential steps (p. 26). Consequently, it is assumed that theyproceed largelyin parallel or without anypredefined order.

`Designing the human interaction component´ comprises a number of more detailed steps. The steps `Classify the humans´ (step 7a) and `Design the human and their task scenarios´ (step 7b) model the application concept . `Design the command hierarchy´ (step 7c) is assumed to implysome idea of the user interface objects, while `Design the detailed interaction´ (step 7d) primarilymodels the behavior of the user interface, and step `Design the HCI classes´

(step 7e) defines and structures user interface objects.

Coad and Yourdon propose veryfew methodological rules or heuristics for the analysis process. The concepts of the method are mainly defined through examples.

TOOBIS long version

Process Modeling Approach Process Modeling Formalism Process - Product

Coad and Yourdon (OOA) Activity oriented model Natural language Implicitly defined links

Figure 16 : Process modeling of OOA

Steps Heuristics Intra Level Integration

ANALYSIS

ORGANIZATIONAL

LEVEL

LEVEL CONCEPTUAL

LEVEL

1. Identifying objects

2. Identifying structures

2.a. generalization-specialization

2.b. whole-part

3. Identifying subjects

4. Defining attributes

4.a. attributes

4.b. instance connections

5. Defining services

5.a. identify object states

5.b. identify the required service

5.c. identify message connections

Add a subject corresponding to each structure.

Add a subject corresponding to each object.

If a number of subjects exceeds 7 or so, then refine

the subjects further.

If an attribute applies to a majority of

specialization, put it in the generalization; then,

override it for the specialization that do not need

it.

Attributes with "not applicable" values imply

another classification structure.

Object with a single attribute imply that a higher

level of abstraction is available.

Add message connections for instances already

connected by instance connections.

Each object has at least one

message connection.

Each classification structure

has at least one message

connection.

Each classification structure

level must have at least one

attribute or service .

DESIGN / TECHNICAL LEVEL 6.Designing the problem domain component

7.Designing the human interaction component

7.a Classify the humans

7.b Design the human and their task scenarios

7.c Design the command hierarchy

7.d Design the detailed interaction

7.e Design the HCI classes

8.Designing the task management component

9.Designing the data management component

INTER LEVELS

Figure 17 : Application of the Process Reference Model to OOA

2. 3 .2 .6 OOSE [Jacobson93]

Table 1 is filled up in Figure 18 with some significant examples.

Jacobson [Jacobson93] , propose an object-oriented method called "OOSE" which cover the whole life cycle of the information systemconstruction: requirements, analysis, design , implementation and test. The basic concepts in

OOSE are Actors and Use Cases. An actor is specific role played bya systemuser, and represents a categoryof users that demonstrate similar behavior when using the system. `P rimaryactors´ define the categories of users directly using the system. Both , humans and other external systems or devices maybe the users. An actor is regarded as a class, and users as instances of this class. A use case is a systemusage scenario characteristic of a specific actor. Each execution of a use case maybe considered as an instance of this use case. Jacobson group similar use cases into the use case classes. Each use case execution create an instance of use case class. A use case class is a description that describes the transactions of use case and is expressed in natural language with terms fromthe problemdomain. An assemblyof use case descriptions specifythe whole functionalityof the system. An actor has one or more use cases, which are specific ways of using the system. A use case defines the functionalityinside the system, and is a specific wayof using some parts of the functionality. Based on examples, it seems that use cases are structured according to the organizational functions (tasks/activities) that the actor performs. Theyalso describe the information systemacts, i.e. a special sequence of related transactions in the interaction between the actor and the system.

There are several problems with the interpretation of the actor and use case concepts, as defined in OOSE. No clear definition of the semantics of use cases, and no consistent guidelines on how the user should be described are provided. It is not clear what kind of events we should concentrate on while describing use cases; external stimuliresponses only, or internal systemactivities as well. OOSE treats use cases as classes with inheritance-like relations, but, at the same time, they are seen as sequences of events.

Each use case is associated with a specific actor, but at the same time, OOSE allows use case description in which several actors are involved. Moreover, an actor is defined as a specific role played bya user. The same person maybe an instance of several different actors. This means that, in extreme, one physical user can appear as different actors in a single use case. These uncertainties leave too much roomfor tree interpretations of the actor and use case concepts, and maycause a lot of confusions. The number of use cases maybe verylarge in cases of complex systems. Since produced independently, theymight be inconsistent. Use cases maybe contradictory, as theyexpress goals of different actors. OOSE does not offer support for resolving such problems.

A distinctive feature of OOSE is the explicit distinction between entityobjects, control objects and interface objects.

The actor communicates with the systemthrough the interface objects. The interface objects describe the twodirectional communications between the systemand its users. The entityobjects are used for long time system information treatment. Control objects in OOSE mayeasilyturn out to be function and behavior abstractions.

Recognizing this danger, Jacobson, recommend that it is appropriate to allocate the functionalityof use case first without using control object at all. One possibilityfor avoiding the above danger is to require that a control objects should take care of a particular information object type (e.g. an input transaction, a report, etc.). The semantics of

Acquaintance association are also exceptional in the sense that it is assumed to be unidirectional. An acquaintance association describes a static relationship between two objects. The Consists of association is a specific type of acquaintance association that describes the situation when one object is composed of several other objects. A

Communication association describes the communication (e.g. the dynamic relationship) between two objects.

TOOBIS long version

Structure abstraction Function abstraction Behavior abstraction Intra Level Integration support

ANALYSIS

LEVEL

ORGANIZATIONAL

LEVEL

Actor

Primary actor

Use case An actor has one or more use cases.

Each use case is composed of an

assembly of events invoked by an

actor.

For each suit of events, which are

initiated by an actor, exists a use

case.

CONCEPTUAL

LEVEL

Problem domain object

Entity object

Control object

Interface object

Attribute

Acquaintance association

Consists of

Inheritance association

Sub-system

Operation Communication association

Use case

An object can participate in several

use cases.

The communication between two

objects is realized by a

communication association.

DESIGN / TECHNICAL LEVEL Bloc

Attribute

Acquaintance association

Consists of

Inheritance association

Sub-system

Operation Stimuli

Interaction diagram

State transition graph

An interaction diagram describe the

communications between the blocs.

An interaction between two blocs

exist then one bloc sends a stimuli to

another.

The stimuli trigger the operations.

INTER LEVELS Entity object, Control object,

Interface object -> Bloc

Use case -> Interaction diagram

Figure 18 : Application of the product reference model to OOSE

The design model in OOSE have his own concepts. It is composed of blocs that are the abstractions of the veritable implementations. The communications between blocs are modeled as blocs sending stimuli to each other. These communications are described in the interaction diagrams. There is one interaction diagramfor each use case defined in the requirement analysis phase. It describes the use cases in terms of communicating objects. Interaction diagrams support use cases with extensions. In this case, probe positions are added to an interaction diagram. A probe position indicates a position in the use case that is to be extended and often a condition is required for when the extension is allowed to take place. Finally, the state transition diagrams are used to describe behavior in terms of which stimuli can be received and what stimuli maycause. OOSE uses an extension of SDL notation (Specification and

Description Language).

There is no clear definition of the event concept in OOSE. According to Jacobson, ^ new event gives rise a new operation. The events are the stimuli that are sent by one object to another and trigger the operations. ~

Table 2 is presented in Figure 19 and Table 3 in Figure 20 .

Jacobson do not propose an equallyclear-cut process model, but distinguish five separate models : requirements model, analysis model, design model, implementation model and test model. The following review focuses on the first three of these. The latter two steps mayproceed concurrently. The aspects of problemdomain objects in parentheses may be identified in the requirements analysis, but Jacobson, recommend one to do so.

The analysis process of OOSE have two major phases: requirement model construction and analysis model construction. Requirements model delimits the systemand defines its functionality. It consist of three parts: use case model, problemdomain object model and interface description. The requirement process start with the use case model construction (step 1). The i dentification of the actors (step 1.1) and use cases (step 1.2) in the requirement analysis is assumed to precede the identification of user interface descriptions objects (step 2) and problem domain objects (step 3), even though use cases are expressed in terms of user interface descriptions and problemdomain objects. These three steps can also take place in parallel without anydefinite order. Examples of use cases suggest that theyinclude quite detailed sketches of use interface objects, interface operations and user interface acts.

Jacobson, recommend that the analysis of problem domain objects (step 3) should include onlythe object name and possiblythe attributes and static instances (i.e. acquaintance and consists of associations). Inheritance links, dynamic instance connections and objects operations (steps 3.d-f) maybe identified in the analysis model. The collection of use cases is called the use case model. The use case model serves as a central model of which all other models are derived. It is the basis in the analysis, construction and testing.

The second model in the analysis process is the analysis model. The construction of analysis model begin bythe identification of interface objects (step 4.a), entity objects (step 4.b) and control objects (step 4.c). These three kinds of objects are normallyidentified fromuse cases in an iterative manner when developing the analysis model.

Referring to Jacobson, recommendation that it is appropriate to allocate the functionalityof a use case first without using control objects, analysis of the control objects is assumed to follow the analysis of the former two.

Jacobson, emphasize that it is normal not to identifyoperations in the analysis model. Consequently, the objects operations are identified fromuse cases in the design model. Step 5, Working with the analysis objects , is assumed to include the allocations of functionalitybetween the user interface objects, entityobjects and control objects, even though Jacobson, discuss these allocation options in the context of corresponding object categories. Theyrely heavilyon `use case views´ of the objects related to a specific use case to illustrate the distribution of functionality between objects. These `use case views´ describe the objects and their communication associations. Step 6 corresponds to the identification of subsystems , which are formed bygrouping objects or lower-level subsystems.

One means of forming subsystems is to describe their dependencies in terms of the associations (including

TOOBIS long version

Process Modeling Approach Process Modeling Formalism Process - Product

Jacobson (OOSE) Activity oriented model Natural language Implicitly defined links

Figure 19 : Process modeling of OOSE

Step Heuristics Intra Level Integration support

ANALYSIS

ORGANIZATIONAL

LEVEL

I. Requirements analysis - requirements

model

1.Use case model

1.1 actors

1.2 use cases

2. User interface description

The actors define the roles of the users of the

system.

If one (or one part of) use case must be affected by

several actors, it is necessary to specify the use

cases only for one actor.

The interactions between an actor and the

system are specified by one or several use

cases.

LEVEL CONCEP-TUAL

LEVEL

3. Problem domain object model

3.a object name

3.b logical attributes

3.c static instance connections

3.d (inheritance

3.e dynamic instance connections

3.f operations)

II. Analysis - analysis model

4. Identification of analysis objects

4.a. interface objects

4.b entity objects

4.c control objects

5. Working with the analysis objects

6. Identification of subsystems

A functionality of a use case that is directly

dependent of system environment is transformed

into an interface object.

A functionality of a use case that concerns the

treatment and storage of information is

transformed into an entity object.

A use case functionality that is specific to one or

more use cases is transformed into several control

objects.

The operations that have to be out by an entity

object may include:

_ creating and deleting the entity object,

_ storing and fetching information,

_ behavior that must be changed if the

entity object is changed.

The communication between two objects is

realized by a communication association.

DESIGN / TECHNICAL LEVEL III. Design - design model

7. Implementation environment

identification

8. First approach to a design model

9. Description of object interactions -

design model

An interaction diagram is drawn for each concrete

use case.

The communications between blocs are

modeled as blocs sending stimuli to each

other and they are described in the

interaction diagrams.

INTER LEVELS Each use case is decomposed in objects of tree

kinds.

Each object of the analysis model is transformed

into a bloc of the design model.

Each use case of the analysis model is transformed

in an interaction diagram of the design model.

Figure 20 : Application of the process reference model to OOSE

TOOBIS Long version

Deliverable T23D1.1 ( THE OBJECT ORIENTED METHODOLOGY (OOM) ) Page n° 43

communication associations) between the objects in different subsystems. Jacobson, point out that the division into subsystemis normallymade at the end of the analysis, but in larger projects it maybe outlined before the analysis model is developed. The analysis model describes the structure of the system and is a step towards design.

The design model refine the analysis model and adapt it to the implementation. The first step in design phase is the implementation environment identification . This step includes the identification of the implementation environment consequences on the design, and the strategic decisions of the implementation: incorporation of the DBMS , choice of programming languages, choice of libraries of components etc. This step must be realized in parallel with the analysis phase and it must be readybefore the systemdesign phase. The veritable systemdesign begins by the development of first approach to a design model (step7) when the analysis model is translated into the design model.

The OOSE of Jacobson, adopts transformational view, in which initiallyeveryanalysis object is transformed into a

`bloc´. The resultant bloc structure maybe refined in different ways byadding new blocs, bypossiblydeleting existing ones or more (implementation) classes. The final step of systemdesign affects the objects interactions and identifythe objects interfaces (step 8). The result of this step is the design model that consists of interaction diagrams and state transition graphs. An interaction diagram is drawn for each concrete use case.

Use cases defined in the requirement model are reused in the other models. Theyare used to define the system objects, the objects operations, interaction diagrams in the design model.

2. 4 Evaluation

This section is an evaluation of the six selected methods which is made byreference to the proposed framework.

Based on the analysis of the strengths and weaknesses of methods we also make suggestions for the TOOBIS method. The section is organized in three parts : the two first are related, respectively, to the product and process models of methods; the third one summarizes the choices made for the TOOBIS method.

2. 4 .1 Analysis of the six product models

The comparison of the various concepts and notations shows that all methods include the three types of abstractions mentioned in the product reference model :namely, structure, function and behavior abstractions. However, the levels are unequallytreated. OOSE, OMT and OOA&D integrate the organizational level whereas the design level is explicitly handled by OMT, OOA/OOD and OOSE. All methods integrate a conceptual level.

There is a consensus among the six methods on the structure abstraction but significant differences in the wayof modeling the systemfunctions and behavior. We comment these aspects in turn. Then, we review the topics of inter and intra levels integration.

2. 4 .1 .1 The structure abstractions

Except for the class concept which originates fromOO approaches, almost all the other notions are adaptations of the

E/R model concepts. The notions of class , aggregation , association and inheritance are the preeminent concepts.

Theyprovide means to structure complex objects, classifytheminto hierarchies and relate one to another. However, aggregation to define complex objects is not supported by OOAD.

The terminologyis not uniform, neither for the class concept nor for the relationship names. The class is named object (OOAD), object-type (OOA&D). Names respective to methods are reported in Figure 21: Synthesis of the structure abstraction .

A class is characterized byproperties (also named attributes or functions); see Figure 21 . The same occurs for the relationship names.

Although the concepts are defined in similar ways, there are differences. For instance, attributes cannot be associated to references in O*whereas theycan be associated to OMT associations. A reference link between two object classes in O*is constrained : (a) instances of the referred object class are shared byinstances of other object classes - (b) the life cycle of the referred class contains the life cycle of the referring object class. Similar constraints exist in O*for the composition link. The constraints provide a strict semantics to the reference and composition links. Such formal definitions do not exist in OMT for example and therefore, there is complete indetermination in the use of association and/or aggregation. The same situation can be modeled as an aggregation between objects or as an association. Similarlythe use of different types of relationship links in OOA&D and OOAD is intuitive and subject to modeling errors which could be costlyat the implementation and maintenance stages. Vice-versa in O*, the static links between object classes (reference, composition, inheritance) are strictlydefined and guidelines provide advice to the analyst on how to proceed in the situation at hand.

methods class properties inheritance association composition strict definition

OOA&D object-type attribute function

generalization relationship function

composition no

OOA object attribute subtype/supertype

association no

O* object class attribute inheritance reference composition yes

OMT object class attribute generalization association aggregation no

OOA/OOD object class attribute generalization specification structure

instance connection

Whole-part structure

no

OOSE Entity object

Control object

Interface object

attribute inheritance association

acquaintance association

consists-of no

Figure 21 : Synthesis of the structure abstraction

For the TOOBIS method, we choose the concepts of object class, properties, association , composition and inheritance with formal definitions which provide a strict semantics of these concepts.

2. 4 .1 .2 The behavioural abstractions

Behavior modeling is tackled in three ways :

- the event driven approach (OOA& D and O*),

- the state transition approach (OMT, OOSE and OOAD),

- the message passing approach (OOA/OOD and OOSE).

In the first approach, the behavior of the application is described in terms of events and triggering rules. An event is a particular state change of objects which plays the role of a stimulus implying the systemreaction. The reaction of the systemto an event is expressed through triggering rules in terms of operations to performon objects. This is a causal approach of dynamics in the sense of cybernetics and causal theoryof organizations. It has numerous advantages among which are (a) the possibilityof both a global and a local studyof the systembehavior and (b) a tight coupling of perspectives, the function and behavior perspectives in OOA&D and of the three perspectives in O*. The important principle of minimality (minimumset of concepts for a maximumrepresentability) which is a well established principle in science is then, fully followed.

The second approach uses state-transition diagrams. A state transition diagramis onlylocal to a class; it exhibits the possible states of an object in the class and the allowed transitions between these states. This approach lacks the representation of the global systembehavior; this makes for example, the validation of the specification more difficult. In addition, the behavioral modeling is disconnected from structure and function modeling, which is bad.

The last approach is the weakest wayof behavioral modeling. The expressing power of the corresponding techniques is verylow. Message passing is a programming technique, not a conceptual modeling technique and the use of such mechanisms at the conceptual level is onlyjustified bythe fact that OO programming techniques have been pushed

(sometimes erroneously) forward to design and analysis. Theyshould not been accepted as conceptual. A message passing between an object A to object B does not explain when (in which situation) and why objects of classes A and

B have to cooperate which is a necessary condition for conceptual modeling.

The classification of the six methods according to these three approaches is shown in Figure 22: Synthesis of the behavior abstraction . Note that, surprisingly, OOSE uses the message passing approach at the analysis level and state-transition modeling at the design level.

Another point of differentiation relates to the intra-level integration aspect (integration of the three abstractions).

Two methods even belonging to the same behavioral modeling approach can offer verydifferent solutions in termof integration. OMT and OOA are the worst in the sense that there is no formal rules of integration. Some guidelines are provided in the process but the formal correspondence among concepts is not provided. For example, an activityin the FM of OMT could be or not be an operation of a class in the OM. But this is not formallydefined. In OOA&D there is a tight coupling between the behavior and the function abstractions; the structure modeling is a part fromthe behavioral modeling while the three are fullyintegrated in O*. Therefore with a verylimited set of concepts, O* subsumes all the other models which require more concepts with less modeling power.

methods event driven state-transition message connection

intra level integration

OOA&D X function

OOA X no

O* X function/structure

OMT X no

OOA/OOD X function/structure

OOSE X (design) X (analysis) function/structure (analysis) no (design)

Figure 22 : Synthesis of the behavior abstraction

Behavior in temporal applications is an important aspect to study. This is whywe propose to choose and event oriented approach and a strong integration of behavioral modeling with the two other perspectives.

2. 4 .1 .3 The function abstractions

There are two trends :

- data-flow modeling (OMT and OOAD),

- encapsulation (OOA&D, O*, OOA/OOD and OOSE).

As shown in Figure 23: Synthesis of the function abstraction at the analysis level , the data-flow technique is used in

OMT and OOAD for describing the systemfunctions through channel agencydiagrams. DF based modeling approaches explicitlyrecognize the encapsulation principle, which is a pityfor so-called OO methods!!. However,

OOAD recommends that operations found in the functional model should be integrated later in the class definitions while OMT only mentions that it could be done.

Following the encapsulation principle, functions called operations (or services) are defined in the class scheme.

OOA&D is specific as function modeling is part of behavioral modeling. Therefore, operations are introduced in the event schema. Inputs and the outputs of an operation are defined in its signature.

Figure 23 shows the impact of the two modeling trends on the intra-level integration. Data flow modeling implies a separate and specific model for the function abstraction. Therefore, the integration with the other abstractions is only made a posteriori , at the end of the analysis process (see previous comments on OMT and OOAD). Byessence the encapsulation principle forces to an integration of the function abstraction to the structure abstraction. This is made in OOA/OOD, O* and OOSE.

Methods Data flow approach integrated approach intra-level integration

OOA&D X behavior

OOAD X no

O* X structure/behavior/function

OMT X (X) -no

-structure/function

OOA/OOD X structure/behavior/function

OOSE X structure/behavior/function

Figure 23 : Synthesis of the function abstraction at the analysis level

In the method proposed for the TOOBIS project, we choose to follow the encapsulation principle which is part of the

OO paradigmand also followed byO2. This will ease the mapping fromthe conceptual specification onto an O2 schema.

2. 4 .1 .3 .1 Intra-level integration

Integration between abstractions is an important issue and a keyfactor of success or failure of the practical modeling exercise. The wayintegration is taken into account in methods is therefore an important element of choice. The analysis of methods on this point is shown in Figure 24: Synthesis of the integration of the three abstractions at the analysis level . It is a pairwise comparison. We found out three different ways of integration :

- in one single model,

- in two different models with overlapping concepts,

- in two different models without overlapping concepts,

OOA/OOD, OOSE, O*use onlyone model at the analysis level. Obviouslythis has a number of advantages: it minimizes the number of concepts, makes explicit their relationships and then, facilitates their understanding , eases the validation of the specification because links between the three abstractions are done explicitlyin the definition of concepts. At the other extreme OMT and OOAD require the use of three models which are redundant. A concept in one given model can overlap one or several concepts of another model. Overlapping concepts can have different names with no clear defined overlap. OOA&D has an atypical position with two models without overlapping concepts. For instance, the operation and the event concepts in the event schema are defined relativelyto the object type concept but it doesn’t appear in this model (it is an implicit link only).

methods number of models

structure- behavior behavior - function function - structure

OOA&D 2 two different models, no overlapping concepts

one model two different models, no overlapping concepts

OOAD 3 two different models, overlapping concepts,

two different models, overlapping concepts

two different models, overlapping concepts

O* 1 integrated in one model integrated in one model integrated in one model

OMT 3 two different models, overlapping concepts

two different models, overlapping concepts

-two different models, overlapping concepts

- encapsulation of operation in object class

OOA/OOD 1 one model one model one model

OOSE 1 one model one model one model

Figure 24 : Synthesis of the integration of the three abstractions at the analysis level

Integration of the three perspectives -structure, behavior and function- seems to show a number of significant advantages: minimalityof the set of concepts, orthogonalityof concepts, ease of understanding and use, better and quicker validation of specifications. We propose to follow this line in TOOBIS.

2. 4 .1 .3 .2 Inter-levels integration

We consider the three following questions :

- how analysis and design do relate?

- how is the organizational level taken into account ?

- is traceability of specifications ensured ?

(a) There are two possible ways of integrating analysis and design products : by transformation or by expansion .

The transformation mode assumes a different model at each level. The analysis product needs, therefore, to be transformed into a valid design representation. This mode is required when the two levels are based on different paradigms; for instance a conceptual OO schema and a relational database schema.

Conversely, the expansion mode is applicable when the two levels are based on the same modeling paradigm; for example the Object Oriented paradigm. Design decisions based on technical requirements are made to augment the conceptual product with design features which were not relevant at the conceptual level.

Considering the fully Object Orientation TOOBIS project, we propose the expansion mode.

(b) Three methods deal with organizational modeling : OMT, OOSE and OOA&D. Use Cases, scenarios and Object

Flow diagrams are respectivelyused byOOSE, OMT and OOA&D to identifythe relevant events and activities of the application.

The method of the TOOBIS project should propose the use of these kinds of methodological tools to initiate the analysis process.

(c) Traceabilityis recognized nowadays as a keyfactor of success for handling change in the requirements of a systemin an efficient manner. P roduct traceabilitycan be handled in an ISDM method in a rather simple manner; by keeping track of links between product elements belonging to different levels; for example between an actor class at the analysis level and the corresponding C++ class at the design level. Another approach consists in tracing the analysis and design process itself to record the design decisions and their rationale.

None of the studied OO methods proposes product traceabilitymechanisms. OOSE mentions the importance of traceabilitybut no concrete concept is introduced. O*that promotes a decision-oriented process model for describing its wayof working is supported bymechanisms for keeping track of all taken decisions and their rationale as well as their causes and their consequences in terms of product evolution. The tracing mechanismis a process tracing mechanism.

The TOOBIS method should, if possible, be accompanied by traceability mechanisms.

2. 4 .2 Analysis of the proposed process models

The evaluation of the process dimension of methods presented in this section uses the criteria of the framework summarized in Table 2 and Table 3 . It is summarized in Figure 25 which is progressivelydetailed in the following.

We comment in turn (1) the process modeling approaches, (2) the steps and heuristical knowledge and (3) the metaprocess i.e. the process of constructing process models.

methods paradigm global organization for the analysis level

organization of heuristics

level of instructions

OOA&D activity behavior -> (structure, function)

no poorly incomplete

OOAD activity structure -> behavior -> function

included in the model description

partly insufficient

O* decision "situational" approach modeling approach efficient guidance

OMT activity structure -> behavior -> function -> structure

specific chapter partly insufficient

OOA/OOD activity structure -> (function -> behavior)

no insufficient

(function, behavior )

OOSE activity "use cases" approach no insufficient

(function, behavior )

Figure 25 : summary on the process part

2. 4 .2 .1 Process modeling approaches

The analysis of Table 2 shows that almost all methods (all except O*) follow an activity-oriented process modeling approach.

Limitations of this modeling paradigmhave been acknowledged and discussed in manypapers. Despite its limitations, the use of this paradigm, is rather universal in classical methods. As said in the introduction of this document is it de facto the approach used, not bychoice but more because of the lack of focus that methods put until recentlyon the process dimension. Things are changing and the focus is shifting fromproduct modeling to process modeling. O*benefits fromthis shift and is associated to a decision-oriented approach which is semanticallymore complete and better adapted to the earlystages of systemdevelopment e.g. requirements engineering and system analysis.

An activity-oriented approach implies a linear view of processes which is not the case for analysis processes which are, byessence iterative. The process is prescribed as a plan of predefined and ordered actions i.e. a list of steps which, finally are never followed by the analysts.

Converselya decision-oriented approach looks to conceptual modeling as a process of making decisions. It is more adapted to highlyintellectual and creative activities for which analysts need to be guided and advised, locallyto handle the particular situation theyare faced to, and globally, to monitor the flow of decisions theyhave to make.

The required support is based on heuristic knowledge, for example, suggestions on how to proceed in a certain context, providing alternatives for achieving a goal and advice to refine a goal.

Decision-oriented process models explain not onlyhow the process proceeds but also when and whyactions happen.

Theyprovide a more complete knowledge about the process which is particularlyuseful for capturing design heuristics, reusing developed products and design decisions, and for dealing with backtracking issues.

In the TOOBIS project, we would like to follow a decision-oriented approach based on our experience of the definition and use of the O*way-of-working. We feel necessaryto provide to analysts and stakeholders interacting with analysts a well defined set of methodological guidelines which explain how to work with the proposed set of concepts.

2. 4 .2 .2 Steps and heuristical knowledge

2. 4 .2 .2 .1 Steps

The detailed Table 2 of the previous section show that the process model of methods is restricted to a list of ordered step s which are informallydescribed using natural language phrases. In addition these phrases express large grained activities. Theyconstitute no more than a road map to proceed globallyat each level. The granularity of the process steps is too large and descriptions are not detailed enough to provide an explicit guidance. Consequentlythe analyst has to discover byhimself how to proceed in detail. Such descriptions are not accurate enough to provide guidance allowing, for instance, to choose a bottom-up or top-down design approach or to decide if an object class should be decomposed or subtyped. Vice-versa, the O*process model is able to handle different levels of granularitywith an homogeneous wayof describing detailed decisions and large grained decisions. In addition it offers more flexibility because there not one predefined order in which decisions have to be made but different possible ones. The exact order is chosen dynamically when the process proceeds.

2. 4 .2 .2 .2 Heuristical knowledge

Another important aspect of process models is the heuristical knowledge theycan encapsulate. We found that this point was unequally treated by methods. Some of them provide detailed heuristics which explain in informal terms :

- when a concept should be used,

- if a real world phenomena should be modeled by a specific concept

- when a model should/must be used,

- how to check some properties of the specification

- empirical advice such as "a module cannot have more than 10 objects".

Heuristics are useful and supportive for the analysts especiallyfor novices. However we found that their description in the five methods other than O*was first, spread over the books in various chapters and not necessarilyin the chapters dealing with the process model descriptions. Second the heuristics are expressed in various forms : theycan be examples only, natural language explanations, veryoften ambiguous or stories. Third, guidelines do not cover all aspects of the process. For example the Object Flow Diagramof OOA&D is not treated in the process part. Fourth, most often the guidelines are not globallyconsistent. We reached this conclusion when we gathered all heuristics in one single list and tried to organize the list to group together rules dealing with the same subject.

Current methods seemto be completelydisorganized in their wayof presenting methodological guidelines. We are in front of a kind of mess which does not reallyhelp the analysts who have to work with these methods. Finally, there is no possible automatic support of these methods on the process side. It is obvious that a software tool cannot guide a process with a disorganized list of informal, ambiguous and conflicting guidelines.

As a result of tackling process modeling in the similar wayproduct modeling is tackled, O*uses the same precise formalismfor describing global steps and detailed heuristics. In addition, these two aspects are related to each other byrefining or decomposing higher decisions to more detailed ones. O*provides, in one hand, a process description guiding analysts fromthe beginning of their tasks until the end. In the other hand, a single process modeling formalismaccommodates a wide range of process granularityin an homogeneous fashion. Moreover, based on the process model description, analysts can be supported guided bya CASE environment during the performance of the process.

In TOOBIS project, we intend to follow the O* approach in order to provide :

- a complete process model dealing with a wide range of process granularity in an homogeneous fashion ,

- a modular process description through the notion of context (intention to fulfill in a given situation)

- a complete and well organized set of heuristics,

- a process approach permitting to keep track of design rationales and to provide product traceabilitythrough process traces.

2. 4 .2 .3 Meta-modeling

The last concern with process modeling is the manner to develop one specific process model i.e. meta-modeling.

meta-modeling is the process of modeling process models. Traditional information systems methodologies were defined in an "ad-hoc" manner. This has a number of disadvantages among which the fact that the process model is depending of the experience of his designers.

The Information Systems Engineering (ISE) communityhas been recentlypaying attention to this problemadopting a method engineering approach [Lyytinen89], [Wynehoop93], [Brinkkemper90] in which the process model is considered as the product of an engineering process. The SOCRATES project [Hofstede90], [Wijers91] and the

CAME (Computer Aided MethodologyEngineering) approach [Martiin94] are earlyand promising works dealing with an automated support for creating situation specific process models.

The area of Method Engineering has emerged in response to an increasing feeling that methods are not well-suited

[Lyytinen87] to the needs of their users, the application engineers. In particular, it is necessaryto change methods fromone business situation [Hidding94] to another. Situational method engineering [Kumar92] is the construction of methods which are tuned to specific situations of development projects. The situational method spectrum

[Harmsen94] organizes approaches to situational method engineering according to their degree of flexibilityin meeting situational needs and places themon a scale ranging from’low’ flexibilityto ’high’. At the ’low’ end of this spectrumare rigid methods whereas at the ’high’ end is modular method construction [Harmsen94]. Rigid methods such as OMT, OOSE, and so on, are completelypre-defined and leave little scope for adapting themto the situation at end. In situational method engineering, a method is viewed as a collection of method fragments. A fragment can be a product fragment or a process fragment. In the former case, it captures product related knowledge of methods whereas in the latter case, it captures activityrelated knowledge. Method fragments are available in a method base to be assembled together to form a method.

We believe that such approach is interesting in the TOOBIS environment. A libraryof time dependent guidelines would be defined independentlyof anyspecific methodology. These reusable modules of temporal knowledge could be, then, integrated in various existing methodologies such as OMT or OOA&D.

A method engineering approach is our suggestion for the TOOBIS project.

2. 5 Proposed features for the TOOBIS method

We sumup in this section the proposed features for the TOOBIS method that we have progressivelyintroduced in this conclusive section. The summaryis presented in two tables ( Figure 26 and Figure 27 ) dealing with the product and the process aspects respectively.

characteristics proposed features structure abstraction concepts of object class, properties, association, composition and inheritance links following the OMT terminology but with a formal semantics borrowed from O*.

behavior abstraction event driven approach which seems semantically more powerful and particularly adapted to temporal applications.

function abstraction encapsulation principle : functions are integrated in class definition intra-level abstraction one model single model for the analysis level. i.e. full integration of the three types of abstractions : structure, behavior and function abstractions.

inter-level abstraction process

expansion mode i.e the design specification results of the augmentation of the conceptual definition of classes inter-level abstraction :

traceability

the O* approach : the traceability mechanism is provided through process traces.

organizational level a "scenario" based approach to initiate the analysis process

Figure 26 : features of the TOOBIS method characteristics proposed features process modeling approach the decision-oriented approach borrowed from O* to provide a flexible process guidance advising on which decision to make in the situation at hand.

process model formalism formal process description language allowing a modular description of the

TOOBIS way-of-working.

heuristical knowledge granularity

the O* approach in order to provide :

- a modular process description at different levels of detail

- a complete and well organized set of heuristics,

- traceability of design decisions

Figure 27 : features of the process modeling approach

2. 6 References

[Armenise93] : S. B. Armenise P ., C. Ghezzi, A. Morzenti, A survey and assessment of software process representation formalisms, Int. Journal of Software Engineering and Knowledge Engineering, 3(3), 1993.

[Bandinelli93] : A. F. Bandinelli S., S. Grigoli, Process Modelling in the large with SLANG , P roc. of the 2nd Int.

Conference on Software Process, (Berlin, Germany), pp. 75-93, 1993.

[Batini92] : S. C. Batini C., S. Navathe, Conceptual Data Base Design : An ER Approach , Benjamin/Cummings

(Pub), 1992.

[Belkhatir94] : W. L. M. Belkhatir N., Supporting Software Development Processes in Adele ,, Computer Journal,

37(7), pp. 621-628, 1994.

[Boehm88] : B. Boehm, A Spiral Model of Software Development and Enhancement , IEEE Computer, 21(5), 1988.

[Brinkkemper90] : S. Brinkkemper, Formalisation of Information Systems Modelling , P hD Thesis, Thesis

Publishers, Amsterdam, University of Nijmegen, 1990.

[Brunet93] : J. Brunet, Analyse Conceptuelle orientée-objet , PhD Thesis, University of Paris 6, 1993.

[Chen76] : P . P . S. Chen, The Entity-Relationship Model : Towards an unified view of data , ACM Transactions on

Database Systems, 1(1), 1976 (March).

[Coad90] : Y. E. Coad P., Object Oriented Analysis, Prentice Hall, englewoods Cliffs, New Jersey, 1990.

[Coad91] : Y. E. Coad P. , Object Oriented Design, Prentice Hall, Englewood Cliffs, New Jersey, 1991.

[Curtis88] : M. K. Curtis B., J. Over, A Field Study of the Software Design Process for Large Systems , Com. ACM,

31(11), 1988.

[Curtis92] : M. K. Curtis B., J. Over, Process Modeling, Communications of ACM , 35(9), pp. 75-90, 1992

(September).

[De-Champeaux 91] : D. De-Champeaux, A Comparative Study of Object Oriented Analysis Method ,, HP

Laboratories, Research Report 1991 (April).

[Dowson88] : M. Dowson, Iteration in the Software Process, Proc 9th Int. Conf. on "Software Engineering", 1988.

[Dowson93] : M. Dowson, Software Process Themes and Issues , IEEE int. conf., 1993.

[Dow son94] : M. Dowson, Towards Requirements for Enactment Mechanisms , European worshop on Software

Process Technology WSPT’94, pp. 90-106, 1994.

[Finkelstein90] : K. J. Finkelstein A., Goedicke M., ViewPoint Oriented Software Development , P roc. Int. Conf. on

"Le Génie Logiciel et ses Applications", 1990.

[Franckson91] : C. P . Franckson M., Specification of the Object and Process Modeling Language , ESF Report n°

D122-OPML-1.0, 1991.

[Goor92] : B. S. Goor G. van den, Hong S., Formalization and comparison of six Object Oriented Analysis and

Design Methods , University of Twente,, Report Method Engineering Institute 1992.

[Gotel94] : A. C. W. F. Gotel O.C.Z., An Analysis of the Requirements Traceability Problem , IEEE transactions on software engineering journal, pp. 94-100, 1994 (May).

[Griethuysen82] : J. J. V. Griethuysen, Concepts and Terminology for the concptual Schema and the Information

Base , ISO TC97/SC5/WG3, 1982.

[Harmsen94] : B. S. Harmsen F., Oei H., S ituational method Engineering for Information System Project

Approaches , IFIP Int. Conf. on Methods and associated Tools for the Information Systems Life, 1994.

[Henderson-Sellers90] : J. M. E. Henderson-Sellers B., T he Object-Oriented Systems Life Cycle, Communication of the ACM , 1990 (September).

[Hidding94] : G. J. Hidding, Methodology information: who uses it and why not ? , WITS-94, (Vancouver, Canada),

1994.

[Hofstede90] : T. F. V. Hofstede A.H.M., G.M. Wijers , S. Brinkkemper, The SOCRATES project , proc. of

NGCT’90, (Noordwijkerhout, The netherlands), pp. X1-1-X1-7, 1990 (April).

[Humphrey90] : W. S. Humphrey, Managing the Software Process, Addison-Wesley, Eds., 1990.

[Iivari94] : J. Iivari, Object-oriented Information Systems Analysis: a comparaison of six object-oriented analysis methods ,in E. S. B.V., Eds. , , 1994.

[Jacherri92] : J. O. L. Jacherri L., R. Conradi, Sotware Process Modelling and Evolution in EPOS , P roc. of the 4th

Int. Conf. on Software Engineering and Knowledge Engineering (SEKE’92), (Capri, Italy), pp. 574-589, 1992.

[Jacobson93] : I. Jacobson, M. Christerson, P . Jonsson, G. Övergaard, Le genie logiciel orienté-objet, une approche fondée sur les cas d’utilisation, A.-W. France, Eds., (Bordas, 1993.

[Jarke92] : M. J. Jarke M., Schmidt J.W., Vassiliou Y., DAIDA - An environment for evolving Information Systems ,

ACM Trans. on Information Systems, vol. 10, 1992.

[Jarke94] : P . K. Jarke M., Rolland C., Schmitt J.R., Experienced-Based Method Evaluation and Improvement : A process Modeling Approach , Int. IFIP WG8.1 Conference in CRIS series : Method and associated Tools for the

Information Systems Life Cycle, 1994.

[Jarke93] : e. a. Jarke M. , Requirements Engineering : An Integrated view of representation, Process and Domain ,

4th European Software Engineering Conference, Springer Verlag, 1993.

[Kaiser88] : B. N. S. Kaiser G.E., Feiler P .H., Schwanke R.W., Database support for knowledge-Based Engineering

Environments , IEEE Expert, 3(2), pp. 18-32, 1988.

[Kumar92] : W. R. J. Kumar K., Eds., Methodology Engineering: A proposal for situation-specific Methodology

Construction, 1992.

[Lee94] : S. P. Lee, Formalisation et aide outillée à la modelisation conceptuelle , PhD Thesis, Paris 1, 1994.

[Loucopoulos92] : Z. R. Loucopoulos P., Conceptual Modeling, Database and Case Wiley, 1992.

[Lubars93] : P . C. Lubars M., Richter C., A review of the state of the practice in Requirements Modeling , Int.

Symposium on Requirements Engineering, 1993.

[Lyytinen87] : K. Lyytinen, Different Perpectives on Information Systems : problems and solutions , ACM

Computing surveys, 19(1), 1987.

[Lyytinen89] : S. K. Lyytinen K., Tahvainen V-P ., Modeling CASE Environments in systems Work , CASE’89 conference papers, (Kista, Sweden), 1989.

[Martiin94] : P . Martiin, Methodology Engineering in CASE shells : Design Issue and current Practice, Computer science and information systems reports PhD thesis, Technical report TR-4, 1994.

[Martin92] : J. Martin, J. J. Odell, Object-Oriented Analysis and Design , P.-H. I. Editions, Eds., 1992.

[Olle91] : H. J. Olle W., Macdonald I.G., Rolland C., Sol H.G. Assche F.J.M.V., Verrijn-Stuart A.A., Information

Systems Methodologies, Addison-Wesley, 1991.

[Potts89] : C. P otts, A Generic Model for Representing Design Methods , 11th Int. Conf. on Software Engineering,

1989.

[Ramesh92] : D. V. Ramesh B., Supporting Systems Development by Capturing Deliberations During Requirements

Engineering , IEEE transactions on Software Engineering, 18(6), pp. 498-510, 1992.

[Ramesh94] : E. M. Ramesh B., Issues in the Development of a Requirements Traceability Model, Int. Conf. on

Requirements Engineering (ICRE), (Colorado Springs, USA), 1994.

[Rolland95] : S. C. Rolland C., Moreno M., An approach for defining Ways of Working , Information Systems

Journal, 1995.

[Rolland96] : P . V. Rolland C., Using Generic Method Chunks to Generate Process Models Fragments , 3rd Int.

Conf. on Requirements Engineering (ICRE’96), 1996.

[Royce70] : W. W. Royce, Managing the Development of Large Software Systems , IEEE WESCON 08/1970++,

1970.

[Rumbaugh91] : J. Rumbaugh, M. Blaha, W. P remerlani, F.Eddy, W. Lorensen, Object-Oriented Modeling and

Design, P.-H. I. Editions, Eds., 1991.

[Shlaer92] : S. Shlaer, S. J. Mellor, Object lifecycles. Modeling the world in states , Y. Press, Eds., 1992.

[Shlaer88] : M. S. J. Shlaer S., Eds., Object Oriented Systems Analysis , Yourdon Press, 1988.

[Sugiyama94] : Y. Sugiyama, Producing and Managing Software Objects in Process Programming Environment

OPM , IEEE Asia-Pacific Software Engineering Conference (APSEC), pp. 268-277, 1994.

[Tominaga94] : T. T. Tominaga K., Constraint-Centered Descriptions for Automated Tool Invocation , IEEE Asia-

Pacific Software Engineering Conference (APSEC), pp. 92-101, 1994.

[Wijers91] : G. M. Wijers, Modeling Support in Information Systems Development , PhD Thesis, PhD thesis, 1991.

[Wynekoop93] : R. N. Wynekoop J., System Development Methodologies: Unanswered Questions and Research-

Practice Gap , 14th Int. Conf. Information Systems, (Orlando), pp. 181-190, 1993.

3. THE OBJECT ORIENTED METHODOLOGY

(OOM)

Contents

3.1 I

NTRODUCTION ................................ ................................ ................................ ................................ .............. 61

3.2 T

HE MODELING TECHNIQUE ................................ ................................ ................................ ........................... 62

3.2.1 Instances and Types ................................ ................................ ................................ ............................... 63

3.2.2 The Decomposition mechanism ................................ ................................ ................................ ............. 63

3.3 T HE M ODEL ................................ ................................ ................................ ................................ .................. 64

3.3.1 The structure abstraction ................................ ................................ ................................ ....................... 65

3.3.1.1 Objects Vs Classes ................................ ................................ ................................ ................................ ............ 65

3.3.1.2 Object class ................................ ................................ ................................ ................................ ....................... 67

3.3.1.3 Actor class ................................ ................................ ................................ ................................ ......................... 67

3.3.1.4 Calendar class ................................ ................................ ................................ ................................ .................... 68

3.3.1.5 Properties ................................ ................................ ................................ ................................ .......................... 69

3.3.1.5.1 Attributes and domains ................................ ................................ ................................ ............................... 69

3.3.1.5.2 Aggregation ................................ ................................ ................................ ................................ ................ 71

3.3.1.5.3 Association ................................ ................................ ................................ ................................ ................. 74

3.3.1.6 Inheritance link ................................ ................................ ................................ ................................ .................. 78

3.3.1.6.1 Inheritance Constraint ................................ ................................ ................................ ................................ 79

3.3.1.6.2 Clustering ................................ ................................ ................................ ................................ ................... 81

3.3.1.7 Constraints ................................ ................................ ................................ ................................ ........................ 83

3.3.1.7.1 Attribute Constraint ................................ ................................ ................................ ................................ .... 83

3.3.1.7.2 Uniqueness Constraint ................................ ................................ ................................ ................................ 84

3.3.1.8 Summary : ................................ ................................ ................................ ................................ ......................... 85

3.3.2 The function abstraction ................................ ................................ ................................ ........................ 86

3.3.2.1 Operations ................................ ................................ ................................ ................................ ......................... 86

3.3.2.1.1 Basic operations ................................ ................................ ................................ ................................ ......... 87

3.3.2.1.2 Queries ................................ ................................ ................................ ................................ ....................... 87

3.3.2.1.3 Object operations Vs Class operations ................................ ................................ ................................ ....... 88

3.3.2.2 Links between operations ................................ ................................ ................................ ................................ .. 89

3.3.2.2.1 Aggregation between operations ................................ ................................ ................................ ................ 89

3.3.2.2.2 Inheritance between operations ................................ ................................ ................................ .................. 89

3.3.2.3 External Operations ................................ ................................ ................................ ................................ ........... 90

3.3.2.4 Summary : ................................ ................................ ................................ ................................ ......................... 91

3.3.3 The behavior abstraction ................................ ................................ ................................ ....................... 92

3.3.3.1 Event ................................ ................................ ................................ ................................ ................................ . 92

3.3.3.1.1 Typology of events ................................ ................................ ................................ ................................ ..... 93

3.3.3.1.2 The event description ................................ ................................ ................................ ................................ . 95

3.3.3.2 Dynamic transition ................................ ................................ ................................ ................................ ............ 97

3.3.3.3 Event Induction Graph ................................ ................................ ................................ ................................ .... 100

3.3.3.4 Event Concurrence Graph ................................ ................................ ................................ ............................... 102

3.3.3.5 Summary : ................................ ................................ ................................ ................................ ....................... 103

3.3.4 Diagrams associated to the model ................................ ................................ ................................ ....... 104

3.3.4.1 The global structure graph ................................ ................................ ................................ ............................... 104

3.3.4.2 The global behavior graphs ................................ ................................ ................................ ............................. 105

3.3.4.3 The event induction graph ................................ ................................ ................................ ............................... 107

3.3.4.4 The event concurrence graph ................................ ................................ ................................ ........................... 109

3.3.4.5 The local class views ................................ ................................ ................................ ................................ ....... 109

3.3.5 Checking & Verification ................................ ................................ ................................ ...................... 112

3.3.5.1 Controls local to a class ................................ ................................ ................................ ................................ ... 112

3.3.5.2 Controls on the static aspects of the specification ................................ ................................ ........................... 113

3.3.5.3 Controls on the dynamic aspects of the specification ................................ ................................ ...................... 113

3.3.5.4 Global controls on the specification ................................ ................................ ................................ ................ 113

3.4 T HE S PECIFICATIONLANGUAGE ................................ ................................ ................................ ................... 115

3.4.1 The application definition ................................ ................................ ................................ .................... 115

3.4.2 Domains ................................ ................................ ................................ ................................ ............... 116

3.4.3 Classes ................................ ................................ ................................ ................................ ................. 116

3.4.3.1 Object Classes ................................ ................................ ................................ ................................ ................. 117

3.4.3.1.1 Properties ................................ ................................ ................................ ................................ ................. 117

3.4.3.1.2 Constraints ................................ ................................ ................................ ................................ ............... 119

3.4.3.1.3 Operations ................................ ................................ ................................ ................................ ................ 124

3.4.3.2 Actor classes ................................ ................................ ................................ ................................ .................... 128

3.4.3.2.1 external operations ................................ ................................ ................................ ................................ ... 128

3.4.3.2.2 External messages ................................ ................................ ................................ ................................ .... 129

3.4.3.3 The calendar class ................................ ................................ ................................ ................................ ........... 130

3.4.4 Events ................................ ................................ ................................ ................................ ................... 131

3.4.4.1 Event Predicates ................................ ................................ ................................ ................................ .............. 131

3.4.4.1.1 Internal Event Predicates ................................ ................................ ................................ .......................... 131

3.4.4.1.2 External Event Predicates ................................ ................................ ................................ ......................... 132

3.4.4.1.3 Temporal Event Predicates ................................ ................................ ................................ ....................... 132

3.4.4.1.4 Absolute time ................................ ................................ ................................ ................................ .......... 132

3.4.4.1.5 Relative time ................................ ................................ ................................ ................................ ............ 132

3.4.4.1.6 Periodic time ................................ ................................ ................................ ................................ ............ 133

3.4.4.2 Event Triggers ................................ ................................ ................................ ................................ ................. 133

3.4.4.3 Triggering conditions ................................ ................................ ................................ ................................ ...... 136

3.4.4.4 Triggering factors ................................ ................................ ................................ ................................ ............ 136

3.4.5 Event Induction Graph ................................ ................................ ................................ ........................ 137

3.4.5.1 obligation ................................ ................................ ................................ ................................ ........................ 137

3.4.5.2 permission ................................ ................................ ................................ ................................ ....................... 137

3.4.6 Event Concurrence Graph ................................ ................................ ................................ ................... 138

3.4.6.1 concurrent event ................................ ................................ ................................ ................................ .............. 138

3.5 REFERENCES ................................ ................................ ................................ ................................ ........... 139

3.6 ANNEX I S

YNTAXOFTHESPECIFICATIONLANGUAGE ................................ ................................ ............... 140

3.6.1 Application definition ................................ ................................ ................................ .......................... 141

3.6.2 Domain definition ................................ ................................ ................................ ................................ 142

3.6.3 Declarations of object class ................................ ................................ ................................ ................. 143

3.6.3.1 Attributes of object class ................................ ................................ ................................ ................................ . 146

3.6.3.2 Function and procedure signatures ................................ ................................ ................................ .................. 146

3.6.3.3 Events ................................ ................................ ................................ ................................ .............................. 147

3.6.4 Declarations of actor class and calendar class ................................ ................................ ................... 148

3.6.4.1 Declaration of a message of an external event ................................ ................................ ................................ . 149

3.6.5 Call of conditions, factors and operations ................................ ................................ ........................... 150

3.6.6 Event induction graph & Event concurrence graph ................................ ................................ ............ 151

3.7 ANNEX II CASE STUDY OF THE LIBRARY SYSTEM ................................ ................................ ...... 153

3.7.1 Management of the library system ................................ ................................ ................................ ....... 153

3.7.1.1 The Statements ................................ ................................ ................................ ................................ ................ 153

3.7.1.2 The Organizational Choices ................................ ................................ ................................ ............................ 153

3.7.1.3 The Rules of Management ................................ ................................ ................................ ............................... 154

3.7.2 The various object classes identified for the library application schema are: ................................ .... 154

3.7.3 Global Structure view ................................ ................................ ................................ .......................... 156

3.7.4 Global behavior view ................................ ................................ ................................ ........................... 157

3.7.5 Event Induction graph ................................ ................................ ................................ ......................... 164

3.7.6 Event Concurrence graph ................................ ................................ ................................ .................... 165

3.7.7 Local class view ................................ ................................ ................................ ................................ ... 167

3.7.8 Textual specification of the library system ................................ ................................ .......................... 174

3. 1 Introduction

This document is the reference manual of the basic OO method. The temporal extension is defined in Chapter 4 . The content of the OO method follows the guidelines induced by the State of Art : A comparison of six object-oriented analysis methods ( Chapter 2 ).

If the reader is interested in the existing OO methods and the justifications of our choices in terms of concepts and model, he should read the State of Art first, otherwise he can start directly by this report.

The purpose of this document is to familiarize the reader with the modeling technique in general and more precisely with the concepts defined in the OO method. As it has been proposed in the State of Art, OOM aims to be a modular method constructed by assembling fragments of popular OO methods. It is based on one model integrating the three abstractions : structure, function and behavior. The concepts are presented through these three abstractions.

The document is structured as follows. The modeling technique , introduced in Section 2 , gives to the reader a general understanding and terminology about the modeling activities. Section 3 presents the model and describes all the concepts of this method. Section 4 explains in details the concepts through the specification language associated to the model. Finally, two annexes are provided; one for the syntax of the specification language and the other one for a case study.

3. 2 The modeling technique

A model is an abstraction of "the real world" for the purpose of understanding it before building it. Because a model omits nonessential details, it is easier to manipulate than the original entity. Abstraction is a fundamental human capability that permits us to deal with complexity. To build complex systems, the developer must abstract different views of the system, build models using precise notations, verify that the model satisfy the requirements of the system.

¯ Abstraction is the selective examination of certain aspects of a problem. The goal of abstraction is to identify and describe aspects that are important for some purpose. Many abstractions of the same thing are possible, depending on the purpose for which they are made.

In [Olle91] an Information System Methodology has to deal with three orthogonal aspects or perspectives : structure

(data), function (process) and behavior (control).

These three abstractions can be considered as three related but different viewpoints, each capturing important aspects of the system.

The structure abstraction has to describe the structure of objects managed by the system.

The function abstraction allows to define the processes or operations applied to objects of the system.

The behavior abstraction permits to explain the behavior of the system through the events from which it has to react.

These three viewpoints have to be strongly related in order to provide a complete description of the system. The relation between the structure and function abstractions describes the effects of the processes or operations on objects of the system. The link between the function and behavior abstractions permits to define the reaction of the system to an event, in terms of processes to trigger. Then, the link between the structure and the behavior abstractions allows to describe events in terms of state changes of objects.

Modeling a system requires to use the three basic concepts : objects, operations and events. Consequently, the designer has to abstract from the real phenomena of the real world, those representing objects, operations and events.

The methodology we propose, follows the encapsulation principle, it means that the operations modifying an object and the events representing state changes of an object are encapsulated into the object definition.

Even if these three viewpoints are encapsulated, the designer can begin his design by any of these three perspectives.

3. 2 .1 Instances and Types

Observing the real world permits to identify real phenomena important to model. The real phenomena to capture are objects, events and operations. For example, the Patient Smith is an object , the arrival of the patient Smith to the London Hospital is an occurrence of a particular event, and the update of the weight of the patient Smith to 75 kilos is an occurrence of an operation.

Such descriptions belong to the instance level. But these instances can be classified into types of phenomena. Such types compose the model of the application. The patient Smith is an instance of the object class PATIENT , whereas the arrival of the patient Smith to the London Hospital is an instance of the event-type ARRIVAL OF A PATIENT TO A HOSPITAL and then the change of the weight of the patient Smith to 75 kilos is an instance of the operation-type WEIGHT_CHANGE . In this case, such descriptions belong to the type level.

The analyst has to describe his application in terms of types of phenomena. Sometimes, such abstraction appears difficult to make, observing the reality at the instance level and describing a model of this application at the type level. The methodology we propose permits to define the application in both instance and type levels and methodological guidelines are provided in order to transform the conceptual specification at the instance level to one at the type level.

3. 2 .2 The Decomposition mechanism

Each main concept of the model have a precise definition which is often difficult to follow at an early stage of the analysis process. As a consequence, the main concept´s definition is relaxed to capture the first version of the system.

For instance, an event is not the state change of only one object and an operation does not modify only one object.

The observation of the real world made by the analyst is not constrained by the model. The decomposition mechanism allows the analyst to refine his first perception to a well-formed description.

Considering in the library system, the LOAN_ACCEPTANCE operation consists in creation of a loan, updating the state of the borrowed book and increasing the number of current loans of the subscriber. The refinement by decomposition allows to refine coarser operations, events and object classes to finer ones.

3. 3 The Model

The main concepts of the model, that are used to formalize real world phenomena, together with their underlying relationships are shown in Figure 28: Main concepts of the OO Model .

object class object

inheritance instanciation mechanism

association aggregation event dependency

Figure 28 : Main concepts of the OO Model

The two basic concepts of the model, namely object and object class, are adopted from the object-oriented paradigm.

The main aim of the model is to adopt the concept of object from the analysis phase right through the implementation phase. Moreover, the model also takes into account the life cycles of objects for the determination of structural links

(static links) between object classes, besides the inheritance links of the object-oriented paradigm. Other than the inheritance links, two types of structural links can be distinguished: associations and aggregations, where each link can be defined between two object classes after identifying the dependency between the life cycles of objects in these classes.

An object class is implicitly defined by an extent that stores objects representing the real world phenomena of the same nature. The extents of all the object classes form the persistent information of the IS. By default, an object of an object class refers to an object from the extent of the object class, which in turn, represents a persistent object of the

IS. For specification purposes, the extent of object class is alternatively referred to as persistent collection, or more precisely, persistent set.

Other than the structural aspects, the model also considers the concepts of event and operation to take into account the behavioral aspects of ISs at the conceptual level. The causal dependency of events is related to the cause and effect in the occurrence of events. It can be explicated by the fact that the occurrence of an event is due to the previous occurrence(s) of some event(s).

Three groups of events are distinguished: external events, internal events and temporal events. External events correspond to the events occurring in the environment outside the IS. Internal events correspond to the internal state changes, or rather, the system responses to external changes. Temporal events that depend on the description of time, correspond to time occurrences. External events interact with the IS through messages initiated by an actor of an actor class. Each external event is attached to an actor class, while all temporal events are attached to the calendar class. Internal events are attached to object classes. Each event is defined by an event predicate that indicates when the event occurs. The calendar class is simulated by the system’s internal clock.

The concept of event is derived from the REMORA approach [Rolland82]. In this approach, propagation of state changes in the IS by basic operations is normally initiated by internal events as a result of the interception of an external event occurred in the environment outside the IS. Besides this, state changes can also be initiated by the occurrence of a temporal event. The concept of external event provides a more powerful way of communication than message passing mechanism by providing a mean for explaining when a certain phenomenon occurs.

Operations are defined in object classes. They are classified under basic operations and queries. A basic operation defined in an object class represents an action that will act on an object of this class, as a result, causing a state change to that object. The execution of basic operations is triggered by events. Queries merely provide access services to other objects. Derived attributes are realized as queries without input parameter.

Triggering conditions and/or triggering factors can be defined in the operation triggering of a trigger. They will be activated when the event occurs. A triggering condition is the condition that must be verified for activating a basic operation, while a triggering factor evaluates the set of objects on which the basic operation will be executed.

3. 3 .1 The structure abstraction

The structure abstraction allows to capture the static structure of a system as well as its environment.

The static structure of the system is described in terms of objects which are considered internal s. An object is an instance of an object class which is described in terms of properties and constraints . The definition of an object class can be done by deriving it from existing classes (inheritance mechanism).

The environment of the system is composed of external objects which have an impact on the system. External objects are classified in two groups : actors and clocks. Actors correspond to humans or devices interacting with the system through messages whereas clocks allow to wake up the system when relevant time instants occur. Actors are instances of an actor class whereas clocks are instances of a calendar class.

3. 3 .1 .1 Objects Vs Classes

Objects represent real phenomena of the application. For instance, the patient Smith, the GlaxoWellcome company, the truck number 4477 GB 75 . are objects.

(patient )

Smith

(company )

GlaxoWellcome

(truck )

4477 GB 75

Figure 29 : examples of objects

Object identity provides a means for differentiating an object from other objects in the same class. It implies two points :

¯ existence of an object is independent from the value that characterizes the object; and

¯ equality of two objects in terms of values does not mean equality of the objects.

The object identity is intrinsic to the object and it is insignificant to the user’s point of view. Though the identity of an object is invariant across time, the object evolves in terms of its value with respect to time.

An object has its own identity. Each object can be differentiated from others, even if its attribute values are the same.

When we want to precise and refer exactly one thing, we will use the phrase object . We will use the phrase class to refer to a group of similar things.

The classification mechanism allows objects of the same structural and behavioral characteristics to be classified into object classes.

For instance, the objects patient Martin and patient Smith are classified into the object class PATIENT , which describes the structural and behavioral characteristics of potential patients.

(patient )

Smith

(company )

Glaxo

(truck )

4477 GB 75

Patient

Company

Truck

classes objects

Figure 30 : examples of instanciations

¯ Class is a way to group objects having similar properties (attributes) and common behavior (operations, events).

In the model, there are three kinds of classes, namely object class , actor class and the calendar class . The object classes represent relevant information managed by the system whereas actor and calendar classes compose the environment of the system.

3. 3 .1 .2 Object class

An object class describes and groups a set of objects of the same nature in terms of the structural and behavioral characteristics of the objects. It is identified by a unique name and has an extent consisting of the set of objects at a given time.

An object class has a type that is defined by the description of the structural and behavioral characteristics of its objects. The structural characteristics are defined in the object perspective and the behavior characteristics are handled by the functional and the dynamic perspectives.

For instance PATIENT, COMPANY, TRUCK are classes and are represented graphically by a rectangle notation as:

Patient Company

Truck

Figure 31 : Examples of classes

3. 3 .1 .3 Actor class

¯ Object classes describe the internal structure of the system to model whereas actor classes represent the environment of the system to model. By modeling actors, we are interested to show the interaction between the system and its environment. The interaction existing between an actor and the system is described in terms of external events and external operations.

This means that actors interact with the system by producing stimuli to the system in terms of messages. Their reception implies a reaction of the system which is described in the external event. In addition the system can interact with actors by triggering external operations.

The properties of an actor class are attributes useful to identify a particular actor within an actor class. For example, the class CLIENT can be viewed as object class but also as actor class because he interacts with the hospital system.

In this case, the Client is represented in the application as an actor class as well as an object class . The Client Smith is an instance of the actor class Client . For instance, in the library system, the actor class Client , is represented graphically as follows:

Client

Figure 32 : Example of an actor class

The description of an actor class consists of three parts:

¯ attributes are useful to identify an actor in the set of actors belonging to the same actor class. They are detailed in the section " Properties ".

¯ external events describe how an actor which can affect the internal structure of the system. They are detailed in the section " behavior abstraction ",

¯ external operations allow the system to send message to an actor. The set of external operations define the set of messages received by an actor. They are detailed in the section "function abstraction" .

3. 3 .1 .4 Calendar class

The calendar class allows to represent clocks which affect the system because of temporal business rules that are performed when a specific time instant occurs.

Usually, there is only one calendar class called CLOCK which is related to the Gregorian calendar. All temporal events are attached to this pre-defined calendar class. The environment of the system is composed by one Gregorian clock used to trigger temporal events.

Relevant time occurrences may induce a temporal event occurrence which will propagate state changes to the objects in the IS. Figure 3.6 shows the graphical representation of the calendar class CLOCK,

Figure 33 : Example of the calendar class CLOCK

The description of the calendar class is composed by the list of temporal events having effects on the system.

Details about the temporal aspects are provided in the companion document "TOOM".

3. 3 .1 .5 Properties

Properties are used to characterize a class. The property can be classified in two groups : attributes and relationships between objects.

An attribute is a characteristic of a class. The value set of an attribute is defined with the notion of domain

Relationships between objects are of two kinds : association and aggregation .

3. 3 .1 .5 .1 Attributes and domains

A class is characterized by attributes which are related to domains . Two categories of attributes can be defined :

object attr i butes and class attributes .

3. 3 .1 .5 .1 .1 Attributes

An attribute is a value characterizing objects of a class . NAME, BIRTHDATE, WEIGHT and WEIGHTDATE are attributes of the class PATIENT . Each attribute has a value for each object of a class. Attributes are defined in the class, and each attribute name can be followed by optional details such as the domain and the default value. The type is introduced by a colon and the default value by the equal sign. An attribute is regarded as a mapping function that gives for each object a value of a given value domain. For example, WEIGHT is a mapping function providing, for each patient , his weight.

Patient properties name : STRING birthdate : DATE weight : REAL weightdate : DATE numberofchildren : INTEGER=0

(Patient)

Smith

12/2/80

70

10/2/96

0

Figure 34 : The instanciation of the attributes of the class PATIENT

An attribute should be a pure data value, not an object. Unlike objects, pure data values do not have identity. For example, all occurrences of the integer 70 are indistinguishable, as are all occurrences of the string Smith .

Due to the fact that each object has its own identity, explicit object identifiers are not required. But notice that internal identifiers are purely an implementation convenience and have no meaning in the problem domain.

3. 3 .1 .5 .1 .2 Domain

A domain is a data that contributes to the state of an object. It is described by a type that may be pre-defined or userdefined .

The domain of an attribute may be a pre-defined data value, an enumerated value, a complex value, or other domain value, depending on the definition of the domain associated. A domain definition describes a static aspect of an object and contributes to the description of an information system. The concept of domain is not as important as the concept of class.

Integer, char, string, symbol, boolean are examples of pre-defined domain. But, the attribute patient-state can be defined in the following domain {"registered", "followed", "under_treatment", "dead", "lost"}. This domain is an enumerated domain which is user-defined.

Patient properties name : STRING birthdate : DATE weight : REAL weightdate : DATE patient_state : PATIENT-STATE patient_address : ADDRESS

Figure 35 : examples of domains in the object class PATIENT

The domain can be also simple or complex . For example, integer , state , degree , sea-miles are examples of simple domains, whereas address , position and periods are examples of complex domains.

domain state : { "registered", "followed", "under_treatment", "dead" } domain degree : [ 0..359 ] domain sea-miles : REAL domain position : [ x : sea-miles, y : sea-miles ] domain address : [ number : integer, street : string, city : string, city code : string, country : string ] domain periods : set([ period : [ start : date, end : date ]])

3. 3 .1 .5 .1 .3 Class attributes Vs object attributes

¯ If attribute has a value for each object of a class, it is called object attribute but when its value is common to all objects of a class, it is called class attribute . A class attribute is noted with a ’$’ mark.

Patient properties

Name : STRING birthdate : DATE weight : REAL weightdate : DATE patient_state : PATIENT-STATE patient_address : ADDRESS numberofpatients : INTEGER

Figure 36 : Example of class attribute in the class PATIENT

For example, the attribute numberofpatients is a class attribute, it represents the number of patients existing in the extent of the PATIENT class. The attribute name is an object attribute because its value is different for each patient.

The class attributes can evolve during the life of the application.

3. 3 .1 .5 .2 Aggregation

¯ An aggregation is a specific association between classes. This link represents the composition of objects. It establishes a strong structural relationship between each object of the former class, referred to as composite object, and an object or several objects of the latter class, referred to as component object(s).

The aggregation link between two classes verifies the following properties :

- non-sharing : a component object cannot be shared by several composite objects;

- life cycle inclusion : the life-cycle of a component object is more or less included in the life cycle of its composite objects;

- life cycle similarity : at least one component object has the same life cycle duration as the composite object.

For instance in the library system, the fact that a subscriber has an address is represented by an aggregation link originated from the object class SUBSCRIBER and terminated in the object class ADDRESS as shown in Figure

3.15. The role sub_address precises which property takes its value into the set of objects of the class ADDRESS .

The aggregation link is expressed with a hollow diamond standing on the component side of the link, as represented on the following example.

a subscriber is composed of several address

SUBSCRIBER

ADDRESS

sub_address

Figure 37 : Aggregation link between the object classes SUBSCRIBER and ADDRESS

For instance, the life cycle duration of the object "address of Martin" corresponding to the address of the subscriber called Martin (where Martin is represented by the object "subscriber Martin" in SUBSCRIBER ) can never be greater than the one of the object "subscriber Martin" .

The reasons for representing the address of a subscriber by an object instead of a domain are two fold. Firstly, the address of a subscriber is perceived to be a phenomenon of the real world that is relevant to the development of the desired IS. The second reason aims at relating the autonomy of the object representing the address so that its information content is independent of its composite object representing the subscriber. As such, the information content of the object will be managed by the object itself and not by its composite object.

Aggregation link can be associated with one of the following cardinalities : [0,1]; [1,1]; [0,N] and [1,N].

The cardinality constraint is graphically represented in the same way the association link is represented.

For instance, the fact that there are several copies of a book is represented as shown in Figure 38: Aggregation link between the object classes BOOK and COPY . The property copies represents the set of copies for a book. The cardinality mentions that a book is composed of zero or more copies.

BOOK

COPY

a book is composed of several copies

copies

Figure 38 : Aggregation link between the object classes BOOK and COPY

For instance, the object "book OMT" has at least one component object in COPY having the same life cycle duration as it due to its initial creation, together with either one or several of its copies. These ones are perceived to be phenomena of the real world that are relevant to the development of the desired IS.

Figure 39 shows graphically the different cardinalities allowed for an aggregation link.

BOOK

COPY

copies book may have [0,N] copies

BOOK

COPY

copies

1+ book may have [1,N] copies

SUBSCRIBER

ADDRESS

sub_address a subscriber may have [0,1] address

SUBSCRIBER

ADDRESS

sub_address a subscriber may have [1,1] address

Figure 39 : Cardinalities on aggregations

An aggregation link between two object classes is defined internally in the composite class by an attribute whose name corresponds to the name of the aggregation link. The inverse link from the component class to the composite class is managed implicitly by inverse of BOOK::copies from an object of the class COPY .

Semantically, the aggregation link expresses a strong coupling of behavior of the composite object with its component object(s). This coupling of behavior can be summarized as follows:

¯ the creation of a composite object implicitly implies the creation of at least one component object;

¯ the modification of a composite object may imply the creation, modification, or deletion of its component object(s);

¯ the deletion of a composite object implicitly implies the deletion of all its component objects.

These semantics are reflected in the signature of the composite object’s basic operations.

3. 3 .1 .5 .3 Association

Associations allow to group relationships, between objects, which have the same structure and semantic. For instance, one object of the class PATIENT is followed by one object of the class DOCTOR . An association is considered as a mapping function that gives for each object of a class a set of objects of a given type. For example IS

FOLLOWED BY is a mapping function providing, for each patient , the doctor who follows him.

is followed by

Patient Doctor follows

Figure 40 : An example of association

Connections between classes are represented in terms of association. Relations are bi-directional in nature, even if at the implementation level one direction is not useful.

3. 3 .1 .5 .3 .1 Properties of the association

We distinguish the principal direction (mandatory) and the inverse direction (optional).

For instance, the association between the classes PATIENT and DOCTOR describes the role is followed by as a principal direction of the association whereas the inverse role is follows . The referenced objects belongs to the class

DOCTOR whereas the referring objects belongs to the class PATIENT .

The principal direction is described by a role in bold. The inverse role, when introduced, is in normal style.

An association has to verify the following properties :

- sharing : a referenced object can be shared by several referring objects;

- life cycle inclusion : the life cycle duration of a referring object is included in the life cycle duration of its referenced object;

- life cycle disparity : each referenced object has at least one referring object having an inferior life cycle duration.

Semantically, the association expresses a weak coupling of behavior of the referring object with its referenced object(s). The referenced object can be related to the several roles it plays, through different associations originated from some referring objects of different classes. For instance, an employee may play several roles related to his involvement in a project. Compared to the aggregation , the association has a trivial coupling of behavior between objects. It can be summarized as follows:

¯ the creation of a referring object may imply its binding to one or several referenced objects according to the type of association (simple or multiple);

¯ the deletion of a referenced object is allowed only when there isn’t any referring link referring to it.

Note that it is possible to create a referring object initially without referring it to any referenced object. The binding can be done after the creation of the referring object. For instance, a new project is first created in an organizational

IS without assigning it to any employee.

In order to ensure consistency, by default, the deletion of a referenced object is not allowed while there exists a referring link referring to it. This can be reasoned out simply through the library system, such that deleting a copy of book while there is still reservation of it will lead to inconsistency in the IS. However, if the reservation refers to a copy which is not referred by any other objects, then in this case, it is possible to delete the reservation together with the copy.

Cardinalities can be defined on associations. They are used to express how many instances of a class are connected to one instance of the associated class at a given time.

For instance, a patient is followed by only one doctor but a doctor follows up many patients.

is followed up by

Patient Doctor a doctor may follow many patients (zero or more) a patient is followed by exactly one doctor is followed up by

Patient Doctor

1+ a doctor may follow one or more patients

follows up follows up

Figure 41 : Cardinalities on associations

The connection may be optional. For instance, a doctor may not work for an hospital.

works for

Hospital

Doctor a doctor works for zero or one hospital

employs

Figure 42 : An optional cardinality on associations

The definition prohibits two cases allowed in the E/R modeling approach:

- case 1 : attributes and operations defined on an association,

- case 2 : more than two roles on an association.

3. 3 .1 .5 .3 .2 How to model case 1 :

If you need to couple attributes and operations to associations, model association as a class.

For instance, if you want to describe the association WORKS FOR as follows :

works for

Hospital

Doctor salary

Hospital

Doctor employment salary

is employed employs

Figure 43 : transformation of an association

The transformation mechanism leads to retype the association into the class EMPLOYMENT.

3. 3 .1 .5 .3 .3 How to model case 2:

Each role of the association must be transformed into a binary association between two classes. Considering the following ternary association between the STUDENT , PROFESSOR and UNIVERSITY c lasses, the mapping process leads to define the class COURSE with an association for each of these classes.

student

University Professor student

Course

Professor University

is followed up by is managed by is given by

Figure 44 : transformation of a ternary association

These restrictions are motivated by two reasons : the object orientation requires the IS structure to be a set of classes

(not as a set of classes and associations) and for compliance to the ODMG report which excludes operations and attributes on associations.

3. 3 .1 .6 Inheritance link

The inheritance and the generalization are powerful abstractions allowing to share common properties between classes and to preserve their differences . For instance, each person has a name, an address and a phone number. In addition, a patient has a weight and a doctor has a speciality.

The inheritance link is expressed with a hollow triangle, as represented on the following example.

patient doctor

person name address tel weight speciality

Figure 45 : Example of inheritance link

T he PERSON class is considered as a superclass and the PATIENT and DOCTOR classes are subclasses.

Attributes, associations, aggregations and behavior characteristics defined in the superclass are inherited to subclasses.

An inheritance constraint restricts the possibility of creating specialized objects for a given generalized object. It is declared in the generalized class. Three types of inheritance constraints are distinguished: partition constraints , disjunction constraints and covering constraints . An inheritance constraint can cover a set of specialized classes.

3. 3 .1 .6 .1 Inheritance Constraint

A disjunction constraint covering a set of specialized classes specifies that every generalized object can correspond only to an object belonging to at the most one of the specialized classes. Therefore, the intersection of the extents of all specialized classes covered by the constraint is empty. For instance, a disjunction constraint defined on the object classes VEHICLE t hat covers the two specialized classes CAR and TRUCK i ndicates that a vehicle can either be a car, or a truck, or neither a car nor a truck (i.e., non-shaded portion), but not both a car and a truck (i.e., shaded portion) as shown in Figure 3.19.

CAR TRUCK

VEHICLE forbidden case

Figure 46 : Disjunction constraint covers the specialized classes CAR and TRUCK

A covering constraint covering a set of specialized classes specifies that every generalized object must always correspond to at least an object belonging to one of the specialized classes. Moreover, the union of the extents of all specialized classes covered by the constraint is equal to the extent of the generalized class. For instance, a covering constraint defined on the object class PERSON that covers the two specialized classes STUDENT and TEACHER indicates that a person must either be a student, or a teacher, or both a student and a teacher (i.e., non-shaded portion) and nothing else as shown in Figure 3.20.

STUDENT TEACHER

PERSON forbidden case

Figure 47 : Covering constraint covering the specialized classes STUDENT and TEACHER

A partition constraint covering a set of specialized classes is at the same time a disjunction constraint and a covering constraint. This means that every generalized object must correspond exactly to an object belonging to one of the specialized classes. For instance, a partition constraint defined on the object class PERSON that covers the two specialized classes MAN and WOMAN indicates that a person must either be a man or a woman (i.e., non-shaded portion) and nothing else (i.e., shaded portion) as shown in Figure 3.21.

forbidden case

MAN WOMAN

Figure 48 : partition constraint covering the specialized classes MAN and WOMAN

The solid triangle means that the specialized classes are overlapping (or not disjoints).

A simple triangle means that the specialized classes are not overlapping (disjoint constraint).

=

The equal symbol beside the triangle means that the specialized classes cover the generic classes

(covering constraint).

=

The combination of a solid triangle and the equal symbol expresses the partition constraint.

TOOBIS long version

3. 3 .1 .6 .2 Clustering

The specialized classes of a generalized class may be grouped into clusters , each of the clusters is conditioned by an inheritance constraint . As a result of specialization through criteria of the inheritance constraints, the same specialized class may be constrained by more than one inheritance constraint. For instance, persons are grouped into two clusters, respectively consisting of the object classes MAN and WOMAN , and the object classes SINGLE ,

MARRIED , and DIVORCED .

woman man

divorced

married

single sex

status

=

= person

Figure 49 : Clusters of the class PERSON

¯ Properties of the inheritance link :

Objects participating in such a relationship own the same object identity. The concept of inheritance to be proposed is based on the multi-instantiation principle .

The inheritance relationship between two object classes verifies the following properties:

¯ i dentity inclusion: each specialized object has the same identity as its generalized object;

¯ l ife cycle inclusion: the life cycle duration of a specialized object is included in the life cycle duration of the corresponding generalized object;

¯ class description inclusion: the description of a specialized object implicitly includes the description of the corresponding generalized object.

As a result of the multi-instanciation principle, multiple inheritance is allowed but is limited to the condition where the generalized classes inherited by an object class must be originated from a unique ancestor in the inheritance hierarchy. This also means that an object class can inherit the characteristics from several object classes.

Semantically, the inheritance link induces some behavioral dependencies between specialized objects and generalized objects as follows:

¯ creation of a specialized object implies simultaneous creation of its corresponding generalized object(s), provided that the latter still has not existed yet;

¯ deletion of a generalized o bject implies simultaneous deletion of its specialized objects;

¯ deletion of a specialized object having several generalized objects implies deletion of at least one of these generalized objects due to the principle of multi-instanciation.

The inheritance link is associated to a mechanism called augmentation mechanism, which is related to the execution of those basic operations or events having the same name defined in both the specialized class as well as its generalized class. For instance, if the basic operation of the specialized class is invoked, the mechanism causes this operation to be executed in addition to the basic operation having the same name defined in the corresponding generalized class.

The example on simple inheritance is described by the fact that the objects of the generalized class PERSON are specialized into objects corresponding to men, women, people who are single, people who are married and people who are divorced. Hence, the specialized classes MAN , WOMAN , SINGLE , MARRIED and DIVORCED inherit the structural and behavioral characteristics of PERSON . Furthermore, each object of a specialized class such as

MAN has the same object identity as the corresponding object in the generalized class PERSON . This implies that the same person can be viewed as a man in another perspective.

student working_student

employee

person

Figure 50 : Multiple inheritance

The example on multiple inheritance illustrates the fact that a working student who is both a student and an employee is a person. The restriction of the multiple inheritance is reflected by the acyclic inheritance graph requiring a common ancestor (the object class PERSON ) to be issued from the two generalized classes STUDENT and

EMPLOYEE of the specialized class WORKING_STUDENT . The same explanation can be argued on multiinstanciation, a working student is an instance of STUDENT at one point of view and an instance of EMPLOYEE at a different point of view. These two instances are different perspectives of the working student, who is viewed as a person at a more general perspective.

3. 3 .1 .7 Constraints

Several constraints are still embedded in the concept definitions. For instance, referential constraints and cardinalities constraints are defined in the relationship between object classes : association and aggregation. In addition, the inheritance constraints are defined in the inheritance link.

Additional constraints can be described in the definition of an object class. These constraints are classified in two groups : attribute constraint and uniqueness constraint .

3. 3 .1 .7 .1 Attribute Constraint

An attribute constraint is a property assertion that restricts either the attribute values of an object, or the cardinalities of the attributes defining related objects or domains according to a certain criterion. It is expressed as a boolean assertion. For instance, the invariant stating that the weightdate of a patient must be greater than the birth date is specified in the object class PATIENT as shown in figure 3.24.

Patient properties name : STRING birthdate : DATE weight : REAL weightdate : DATE patient_state : PATIENT-STATE patient_address : ADDRESS numberofpatients : INTEGER constraints weightdate > birthdate

Figure 51 : Attribute Constraint on the class PATIENT

An attribute constraint can also be defined so that an inherited attribute of a composite specialized object takes its value from a component specialized object, where both objects are related via an association or an aggregation defined between their generalized objects. For instance, an attribute constraint defined in the specialized object class

STUDENT restricts its property named period to take its value from the specialized object class STUDENT-CARD , where both classes are related via an association property define between PERSON and CARD .

Person

Card

Lecturer Student

Properties

Period

Constraints

{Period = Has.Period of validity}

Lecturer

Card

Properties

Start date

Student Card

Properties

Period of validity

Has

Figure 52 : Example of an attribute constraint

3. 3 .1 .7 .2 Uniqueness Constraint

A uniqueness constraint ensures uniqueness of objects in an object class based on the uniqueness of values for one or several attributes of the objects. It corresponds to the notion of key in the relational model. All uniqueness constraints are declared as invariants. For instance, the uniqueness of objects in the object class CAR can be identified via the pair of attributes ( country, registration_number ) as shown in figure 3.26.

operations unique(country, registration_number)

CAR properties registration_number : STRING country : COUNTRY

Figure 53 : Uniqueness constraint of objects on the attributes country and registration_number

The function unique() is pre-defined for verifying the uniqueness of one or several attributes in an object class. The reference attribute country and the domain attribute registration_number refer to an object of the referenced class

COUNTRY and a car registration number respectively. The invariant indicates that the pair of values corresponding to the country and the registration number must be unique for all objects of CAR .

3. 3 .1 .8 Summary :

The structure abstraction deals with three classes which are object class , actor class and calendar class . Each of these classes are characterized by attributes . Only object classes are defined by a set of properties which are attributes and relationships. Two kinds of relationships between object classes are supported : association and aggregation .

A property is regarded as a mapping function that gives for each object a value of a given domain or extent of an object class. For example, weight is a mapping function providing, for each patient , his weight. Constraints on attributes can be defined on object class.

Domains associated to attributes can be pre-defined or user-defined domain .

Associations express relationships between objects. Such associations are restricted to a reference link from one class to another. It is embedded to the object class definition of the source class. An association from A to one or more objects B describes a main direction and the inverse link from B to A can be managed if it is necessary.

Cardinalities constraints a re expressed on association.

Aggregation is supported between object classes. It expresses that an object class A is a part of an object class B.

The aggregation allows as it is in the association link to access the composite object from the component object.

Cardinalities constraints are defined for the composing object class.

The inheritance link between object classes is supported. It expresses that an object class is a specialization or a generalization of another object class. Cluster is a group of specialized classes which forms a partition of a superclass. Three inheritance constraints can be expressed : disjunction, covering and partitioning constraints .

3. 3 .2 The function abstraction

The function abstraction emphasizes the concept of operation . This concept provides a mean for locally describing the set of possible actions to be performed on objects.

3. 3 .2 .1 Operations

An operation is a function or a transformation that may be applied on or by one object of a class. Operations are described in a class definition. They allow to define the behavior of objects of this class.

For instance, WEIGHT_CHANGE , ADDRESS_CHANGE, AGE and $AVERAGE_AGE are operations defined in the PATIENT class as shown in Figure 54 .

Patient properties name: STRING

Patient_address :ADDRESS birthdate : DATE weight :REAL weightdate : DATE operations weight_change(real new_weight) address_change(address new_address) integer age() integer $average_age()

Figure 54 : Operations of the class PATIENT

The operation has a target object as an implicit argument. The behavior of the operations depends on the class of its target. The same operation name can be reused in different classes. In this case, the right implementation of the operation is derived from the class of the target object. This mechanism is called polymorphism .

The operation may have arguments in addition to the target object. Such arguments are defined in the signature of the operation. To simplify the semantic complexity, the same operation can not be defined in the same class with different signatures (as it is done in O2).

The signature of an operation is composed of the operation name, the argument list (limited by parenthesis) and the result domain (introduced before the operation name).

Each operation in an object class has a unique name. There are two kinds of operations that may be defined in an object class. There are classified under basic operations and queries . During modeling, it is useful to distinguish operations which are side effect on objects and those which compute a functional value without modifying objects.

3. 3 .2 .1 .1 Basic operations

Basic operations correspond to actions that change object states. A basic operation is activated by an event trigger, and thus causing a state change to an object at a given time.

Basic operations are encapsulated in object classes. The activation of a basic operation is triggered by an event, as a result, a side effect (state change) will be produced in the encapsulating object. In addition to an operation name and an operation text, a basic operation is also characterized by an operation type: create , delete or update . Explicit specification of operation type enables the verification of the consistency of the behavior of the application. As a result, a basic operation may be either an operation of creation, an operation of update or an operation of deletion, referred to as create operation , update operation and delete operation respectively. A basic operation may be triggered by one or several events at different time. Figure 3.28 shows the various basic operations defined in the object class REQUEST OF LOAN.

Request of loan properties dateofrequest : DATE subscriber : asso(onemany, SUBSCRIBER) book : asso (onemany, BOOK) state : REQUEST_STATE operations request acceptance (id_sub:string, id_book : string) request wait(id_sub:string, id_book : string) notification () cancellation()

Figure 55 : Basic operations encapsulated in the object class REQUEST OF LOAN

Hence, the create operation type is associated to the basic operation acceptance and wait , t h e delete operation type to the basic operation cancellation , and the update operation type to the basic operation notification .

3. 3 .2 .1 .2 Queries

A query does not cause state changes to objects. It only provides services to other objects either by retrieving the appropriate object, or by carrying out computation from the information of an object or some objects from an object class, and returns the computed result. For instance, a query named average_age can be defined in the object class

PATIENT to calculate the average age of subscribers as shown in Figure 56 .

Patient properties name: STRING patient_address : ADDRESS birthdate : DATE weight : REAL weightdate : DATE operations weight_change(real new_weight) address_change(address new_address) integer age() queries integer $average_age()

Figure 56 : Query named average_age defined in the object class PATIENT

The query needs only to access the values of the attribute birthdate of all objects of PATIENT without producing any side effect and returns the average value calculated from these values.

Queries with no arguments can be considered as derived attributes . For example, the operation age is considered as a derived attribute, which compute the age of the patient from the attribute birthdate .

3. 3 .2 .1 .3 Object operations Vs Class operations

Orthogonally to these categories of operations, we can distinguish two levels of operations : Object operation and

Class operation .

An Object operation is applied on one object of the class whereas a Class operation is applied to the extent of the class or to class attributes. It means that a class operation computes a value requiring all objects of the target class.

For example, the operation average_age is a class operation computing the average of the derived attribute age of all objects of the class PATIENT . A Class operation has an implicit argument which is the target class.

The Class operation is mentioned in the object class definition with the ’$’ mark.

3. 3 .2 .2 Links between operations

Aggregation and inheritance links between object classes imply aggregation and inheritance links between operations of these object classes.

3. 3 .2 .2 .1 Aggregation between operations

Aggregation between object classes imply aggregation between operations. As a result of the strong coupling of object behavior implied by an aggregation link between the object classes ORDER and ORDER LINE (with onetomany cardinality) the creation of an object of ORDER will invoke the creation of a set of objects of ORDER

LINE , while the deletion of an object of ORDER will invoke the deletion of all its component objects in ORDER

LINE . Consequently, the operations ORDER_CREATION, ORDER_DELETION a re aggregate operations. They are composed of a set of the operation ORDERLINE_CREATION or respectively ORDERLINE_DELETION .

Order Order_creation(...): aggr (many, Orderline::orderline_creation(...))

Order_deletion(...) : aggr (many, Orderline::orderline_deletion(...))

3. 3 .2 .2 .2 Inheritance between operations

The inheritance link between object classes is associated to a mechanism called augmentation mechanism , which is related to the execution of those basic operations or events having the same name defined in both the specialized class as well as its generalized class. For instance, if the basic operation of the specialized class is invoked, the mechanism causes this operation to be executed in addition to the basic operation having the same name defined in the corresponding generalized class.

As a result of the inheritance link between object classes, a creation of an object of the specialized class implies the creation of the object of the superclass with the same identity. For instance, the operation MAN_CREATION is an operation which is derived from the operation PERSON_CREATION .

Man Man_creation(): Person::Person_creation()

Man_deletion() : Person::Person_deletion()

The augmentation mechanism is allowed by deriving operation of the specialized class from operation of the generalized class.

3. 3 .2 .3 External Operations

Actor classes are used to describe the environment of the system. The impact of an actor on the system is illustrated in terms of external events described in the section the behavior abstraction . The interaction of the system to its environment is shown in terms of external operations.

External operations allow to describe how messages are sent to an actor. The external operation SEND_NOTICE allows to the system to send a notice to a subscriber when his waiting request is selected. The external operation is described with its signature.

SUBSCRIBER

Send notice

availability of copy COPY

Figure 57 : Example of an external operation

3. 3 .2 .4 Summary :

The function abstraction deals with the concepts of operation .

Operations are classified according to their effect and their scope.

If the operation modifies an object or an attribute, it is called a basic operation otherwise it is called a query .

If the scope of the operation is the class, it is named a class operation whereas it is considered as an object operation .

Links between operations are coming from the aggregation and inheritance links between object classes. Aggregation between operations are used to emphasize the behavioral consequences of the aggregation link between object classes.

Inheritance link between operations are allowed to define an operation of a specialized class by augmentation of an operation of a generalized class.

External operations are attached to actor classes for showing the interaction of the system to its environment. The system can send messages to actors through the external operations. They are described with their signature.

3. 3 .3 The behavior abstraction

The behavior abstraction deals with the concept of event .

Three kinds of events are defined : internal , external and temporal . Internal events are defined in object classes, external ones are related to actor classes and finally temporal events are embedded in calendar classes.

The event description details the treatment to execute after the occurrence of an event. This treatment is composed by operations to perform. Each triggering operation can be conditional or iterative. It is conditional, a triggering condition is specified whereas if it is iterative, a triggering factor is defined.

The dynamic transition is associated to each event. It represents a unit of atomicity, consistency and integrity.

Two relationships between events are defined : the induction and the concurrence. The induction link between two events expresses that an event occurrence of an event may imply the occurrence of another event. Events are concurrent when their executions implies a conflicting access to at least one object.

3. 3 .3 .1 Event

An event occurrence is a projection of a real world phenomenon whose occurrence at a given instant generates an impact on some objects of the IS.

For instance, the phenomenon "arrival of the patient Smith to the hospital London" and "arrival of delivery for the order number 88" are two event occurrences, that generate impacts on the objects "patient Smith" and "order number 88" respectively. Event occurrences are differentiated from objects in the sense that they are instantaneous while objects have life duration .

An event is the result of the classification process from event occurrences with similar characteristics.

Hence, an event describes a set of event occurrences of the same nature. The description includes the cause of the occurrence of an event occurrence and its impact on objects of the IS. There are three types of events : external events, internal events and temporal events . Thus an external event groups external event occurrences of the same nature, an internal event groups internal event occurrences of the same nature, while a temporal event groups temporal event occurrences of the same nature. An event represents either a state change of an object (internal event), an arrival of message made by an actor (external event), or the occurrence of time (temporal event).

The occurrence of an external event corresponds to the arrival of a valid message made by a particular actor, the occurrence of an internal event corresponds to the state change of an object, while the occurrence of a temporal event corresponds to the verification of a temporal assertion. An event is represented graphically in the dynamic graph, by a triangular notation. For instance, the external event ARRIVAL_OF_PATIENT_TO_AN_HOSPITAL is attached to the actor class PATIENT, the internal event NEW_AVAILABILITY to the object class COPY , and the temporal event EACH_WEEK_AFTER_EXPIRATION_OF_LOAN to the calendar class CLOCK .

The behavior abstraction is based on three kinds of classes : object class, actor class and calendar class .

An object class is defined by the description of the structural and behavioral characteristics of its objects. The behavior aspects are described in terms of the events through which state changes (evolution) of objects of that type can be ascertained.

Object classes describe the internal structure of the system to model whereas actor classes represent the environment of the system to model. By modeling actors, we are interested to show the interaction between the system and its environment. The interaction existing between an actor and the system is described in terms of external events.

Actors interact with the system by producing stimuli to the system in terms of messages. Their reception implies a reaction of the system which is described in the trigger part of the external event. The behavior aspects of an actor class is described in terms of external events initiated by an actor of that type which have effects on the internal structure of the system.

The calendar class can be simulated as the system’s internal clock.

It describes time occurrences. There is usually one calendar class which is associated to the Gregorian calendar called

CLOCK . This predefined class has only one instance clock . Particular occurrences of time induce the occurrence of temporal events which will propagate state changes to the objects in the IS.

The list of temporal events having effects on the system are defined in the calendar class CLOCK .

The occurrence of an event has an impact on the states of some objects in an IS. An event is defined by an event predicate and a trigger part.

3. 3 .3 .1 .1 Typology of events

¯ An internal event is related to an object class because it represents a particular state change of one object of this class. The event AVAILABILITY_OF_COPY occurs when a copy becomes available. Thus, the predicate was false and become true due to the effect of an operation applied to a copy. The triggering part of the event is executed. The context execution of an event depends on the type of event (external, internal and temporal). For an internal event, the context is the object on which the event has just been ascertained by the internal event. The internal events are described in the object class definition.

An internal event is represented with a white triangle and it is associated to an object class.

Copy copy availability

Figure 58 : Internal event

The Inheritance between object classes can leads to define an internal event of the specialized class by augmentation of an internal event of the generalized class. The specialized event inherits the predicate and the trigger part from the generalized event. A specialized event can occur also when the generalized event with the same name occurs. The predicate and the trigger part of the specialized event are defined by augmentation of the generalized one.

The aggregation between object classes implies that the internal events associated to the component object class are available in the composite object class.

¯ An external event is related to a message sent by a particular actor to the system. The RETURN_LOAN event occurs when the system receives a message occurrence, recognizes the type of this message, but also when the predicate of the associated external event is true. The external event predicate is composed of verification conditions on the message content. The triggering part of the event is executed, after the verification of the predicate. For an external event, the context is the message received. The external events are described in the actor class definition.

An external event is represented with a solid triangle associated to an actor class.

Loan return

Client

Figure 59 : External event

¯ A temporal event is related to the calendar class CLOCK . The EXPIRATION_OF_ LOAN event occurs when the temporal assertion defined in the predicate is true. The internal clock evolves due to the time passing. When an occurrence time verifies the temporal event predicate, its triggering part is executed. The context of it is the time occurrence and the object used as a reference time in the predicate (event or object in the system). The temporal events are described in the calendar class definition.

The temporal event is represented graphically with a grey triangle as follows :

expiration of delay for returning book

Figure 60 : Temporal event

3. 3 .3 .1 .2 The event description

¯ The event description includes the description of its predicate part and its trigger part. The event predicate describes the condition for the occurrence of the event, while the event trigger describes how basic operations will be triggered on objects when the event occurs. In a global behavior graph, an operation triggering is represented by an arrow originated from an event and terminated in the operation to be triggered.

Let us take the example of the library IS for illustrating the description of an event on the availability of a copy of book. When a copy of book is available, the reservation for the copy will be made if there is a waiting request for it.

The description reflects the representation shown in the following figure by an internal event named new_availability for ascertaining if it exists an available copy.

new_availablity accept

REQUEST create

exists_waiting_request

COPY reserve exists_waiting_request

exists_waiting_request

RESERVATION

Figure 61 : Description of the internal event new_availability

The event predicate of new_ availability describes the availability of a copy represented by the fact that the old state of the copy is not available and the new state is available. The figure also shows the trigger part of the event. A trigger describes how the basic operations will be triggered. There are three operation triggering associated to the trigger. If the event occurs, the three operation triggering will be activated in parallel. An operation triggering defines the basic operation to be triggered, and it may also be associated by a triggering condition and/or a triggering factor.

In the figure, only a triggering condition named exists_waiting_request is defined for all the operation triggering .

Triggering factors will be explained later.

If the event occurs, the event context will be passed to the triggering conditions/triggering factors associated to the operation triggering . The context of an event contains the information needed during event triggering. It depends on the type of event: external, internal or temporal. For an external event, the context is the message object representing the message contents received from the external environment. For an internal event, the context is the object on which a state change has just been ascertained by the event. In the example, the context is the object corresponding to the copy ascertained by the internal event, new_availability , whose old state is not available and whose new state is available. For a temporal event, the context is the time occurrence of the calendar.

¯ An event predicate describes when an event occurs, i.e., the occurrence condition of the event. There are three types of event predicates : external event predicates , internal event predicates and t emporal event predicates .

The external event predicate is described by using the message attributes defined in the external event description, the internal event predicate by using the attributes and/or the states of the objects of an object class, and the temporal event predicate by a temporal assertion.

The structure of the event trigger is common for all kinds of events. The trigger involves the verification of the associated triggering condition and the evaluation of the associated triggering factor for each operation triggering.

The basic operation of an operation triggering is activated only if the associated control condition is true. If a triggering factor is also associated to the operation triggering, the triggering factor will be computed first and the basic operation will be executed repeatedly for each element of the triggering factor.

¯ A triggering condition : before the operation is actually invoked, its control condition is checked. If the results of evaluating the condition are true, its operation is invoked. If false, the operation is not invoked.

Subscriber suspension subscriber_is_valid

expiration of delay for payment of subscription

Figure 62 : A graphical representation of a triggering condition

¯ A triggering factor is expressed as a function returning a set of objects. The operation is iterated for each object of this set. The factor may be used by several events. It describes the parameters for the iterative execution of a basic operation. This means, it determines the set of objects of an object class on which a particular basic operation must be applied when the triggering condition of an event occurrence is verified.

Copy deletion f1: set_of_worn_out_or_lost_copies

annual inventory

[f1]

Figure 63 : A graphical representation of a triggering factor

¯ Triggering operation : an operation is an action that can be processed alone in the organization and can change the state of its objects. This concept is represented with a box having the operation name inside as shown in Figure 64:

Operations of classes . An operation may change the state of an object.

Request

Copy

cancellation availability

copy availability

Figure 64 : Operations of classes

An operation is invoked by an event but an operation may be invoked by one or more events.

Copy

Purchased copy

Loan return

Librarian

availability

Subscriber

Figure 65 : Operation triggering

3. 3 .3 .2 Dynamic transition

¯ A dynamic transition [Rolland82] is made up of an event, a set of basic operations triggered by the event and a set of persistent objects manipulated by these operations. A dynamic transition is analogous to an elementary transaction of databases, that is, a unit of atomicity, consistency and integrity. In a wider perspective, a dynamic transition may be defined globally and explicitly by the sequence of event occurrences caused by the occurrence of an external or a temporal event. The execution of a dynamic transition must lead the database from a coherent state to a coherent state.

In a dynamic transition, the basic operations that manipulate persistent objects are triggered in parallel by the event.

Therefore, any creation, update or deletion of persistent objects within the dynamic transition must be completely done before any other process can be carried out by/on any of these persistent objects. In this sense, a dynamic transition can easily be mapped into a run-time elementary transaction.

In conclusion, the dynamic transition describes the effect of the event occurrence. When a dynamic transition occurs, one or several basic operations is(are) triggered in parallel on objects. The event together with its trigger part make up a dynamic transition whose interpretation is equivalent to a synchronization of parallel processes for triggering basic operations on objects. The dynamic transition indicates that any update made to an object as a result of an operation triggering does not appear to other operation triggering accessing the same object in the same dynamic transition. It provides a more conceptual view of atomicity, consistency and integrity of objects.

The representation of the behavior of the business activities has been summarized as shown in Figure 66 .

SUBSCRIBER

REQUEST

Acceptation

Wait

C1

C2

Loan request

Loan return

COPY

Check out

Availability

C1

SUBSCRIBER

Add to copies in hand

Reduce from copies in hand

C1

Acceptation

C1

Send waiting request message

Send accepted request message

C2

C1

LIBRARIAN

Send accepted request message

C1

LOAN

Creation

Settlement

C1

REMINDER

Settlement

C1: Valid request

C2: Copy not available

C3: loan is valid

C4: loan is expired

Expiration

Expiration of delay for returning a book

C3

Update the number of times fined

Expiration of each week after the loan had expired

C4

Creation

C4

Figure 66 : A global behavior graph part

3. 3 .3 .3 Event Induction Graph

The behavior of the application is expressed by a set of events. The application requires a particular sequence between these events which are described in the behavior schema but in an implicit manner. The event induction graph makes the causalities between events explicit. The induction means that an event may or must imply the occurrence of another event. This link is defined for the three types of events : internal, external and temporal.

The induction link is defined between two events. This relationship is characterized by the following syntax :

<induction link>::=<modality> [ if <condition_name>] [ with delay <interval>] <cardinality> <event_name>

<modality>::= may / must

<cardinality>::= one / more

The induction link is characterized by :

- its modality : obligation or possibility,

- its existence : unconditional or conditional,

- its temporal constraint : immediate or delayed,

- its cardinality : simple or multiple.

The modality of the induction link comes from the distinction between permission and obligation made in the modal logic [Hughes88] (permission and obligation). Obligation is associated to the obliged induction whereas permission corresponds to possible induction . The obliged induction means that each occurrence of the source event must induce an occurrence of the target event. This constraint has to be verified for prohibiting something classified as "bad" from happening. For instance, the external event RETURN_OF_LOAN must imply systematically an occurrence of the internal event AVAILABILITY_OF_COPY . In the same way the external event

RESPONSE_OF_NOTIFICATION must induce the occurrence of the internal event AVAILABILITY_OF_COPY

(if the condition SUBSCRIBER_IS_NOT_VALID is true ).

The possible induction means that each occurrence of the source event should induce an occurrence of the target event. This constraint is derived from the permission used in the modal logic, indicating something permissive but not sufficient is allowed to occur. For instance, the external event REQUEST_FOR_ LOAN may induce an occurrence of the external event RETURN_OF_LOAN . In the same way, the internal event

AVAILABILITY_OF_ COPY should induce an occurrence of the external event

RESPONSE_OF_NOTIFICATION . The target event of a possible induction link is an external event because it expresses an expected behavior of an actor of the system.

The existence of an induction link from the event EV1 to EV2 can be unconditional or conditional. The existence of this link is conditional if EV2 occurs only when a certain condition is true, after the performance of an occurrence of ev1. For instance, the external event RESPONSE_OF_ NOTIFICATION may imply the occurrence of the internal

TOOBIS long version event AVAILABILITY_OF_ COPY only if the condition SUBSCRIBER_IS_VALID is true. On the contrary, the external event RETURN_OF_LOAN imply systematically the occurrence of the internal event

AVAILABILITY_OF_COPY.

The temporal constraint of the induction link allows to describe if the induction must be either immediate or delayed within a time limit. For instance, the induction link < RETURN_OF_ LOAN must imply an occurrence of the internal event AVAILABILITY_OF_COPY> is an example of immediate induction. The induction link

< AVAILABILITY_OF_COPY may induce in a delay of seven days an occurrence of the external event

RESPONSE_OF_NOTIFICATION > is an example of delayed induction with a strict delay of 7 days. In this case, the target event should occur after the period of validity. Exception events can be defined to handle the expiration time.

The cardinality of the induction link permits to express that an occurrence of the source event induce one or many occurrence(s) of the target event. The induction is simple if the cardinality is one whereas it is called multiple if the cardinality is many. For instance, the external event RETURN_OF_LOAN must imply only one occurrence of the internal event AVAILABILITY_OF_COPY (simple induction). The event NEW_SUBSCRIPTION should induce many occurrences of the event REQUEST_FOR_LOAN in a delay of thirteen months (example of multiple induction).

The graphical notation of the induction link is shown by Figure 67: event induction graph .

Return_of_loan availability_of_copy

Request_for_loan

[request_is_valid] (one month)

New_subscription

<13 months>

Expiration of delay of notification

[request_is_attended] temporal event

internal event

external event enabling induction liveness induction multiple induction

<13 months>

[request_is_valid]

: strict delay of the induction

: conditional induction

Response_of_notification

[exist_waiting_request]

<7 days>

[valid_request] (one month)

(1 month) : suggested delay of the induction

Figure 67 : event induction graph

3. 3 .3 .4 Event Concurrence Graph

Two events are concurrent if their executions implies conflicting accesses to the same object (i.e. read/write or write/write).

The concurrence link is bi-directional . The solving mechanism consists of sequencing their execution. For instance, the external event REQUEST_FOR_LOAN is concurrent to the external event RETURN_OF_ LOAN because the former requires to read the number of current loans of the subscriber whereas the latter update it. The analyst can define priorities for concurrent events. For instance, the event REQUEST_FOR_LOAN has a lower priority than

RETURN_OF_LOAN (The return of loan will be executed first). Figure 68 shows the notation used for representing the concurrence between two events.

Return_of_loan Request_for_loan after

Figure 68 : A concurrence link between events

3. 3 .3 .5 Summary :

The behavior abstraction emphasizes the concept of event. The event definition is encapsulated into the class definition. A typology of classes allows to have a typology of events. An internal event is a particular state change of an object of an object class. An e xternal event is a message sent to the system by an actor of an actor class. Finally, a temporal event is a particular state changes of a clock of the calendar class.

The predicate of an event is a boolean assertion describing when the event has to occur. If the predicate is true, the event occurs and its trigger part is executed. A trigger part of an event is composed of operations to perform. Each of these operations can be conditional or iterative. A conditional operation means that the operation is performed only if a specific triggering condition is true. An iterative operation represents the fact that the operation must be applied on several objects. The set of objects modified by the operation is specified by the triggering factor .

The dynamic transition is composed of the recognition of the event and the execution of its trigger part. It represents a unit of atomicity, consistency and integrity. The end of each dynamic transition sets the database in the consistent state.

Managing the event execution requires to specify for each event the induced events and the concurrent events. The event induction graph allows to express the induction relationships between events. The induction means that an event must/may/should imply the occurrence of another event. This link is defined for the three types of event :

internal, external and temporal.

The concurrence between two events corresponds to events using during their executions same objects with conflicting access types (i.e. read/write or write/write). This link is defined for the three types of event : internal, external and temporal. Concurrent events implies a sequencing of their execution. A priority can be specified for determining the execution order.

3. 3 .4 Diagrams associated to the model

The structural aspects (static aspects) of the IS are described in the global structure graph , that provides the global structural perspective of the application.

The behavioral aspects (dynamic aspects) of the IS are described in some global behavior graphs , that provide the global behavioral perspective of the application, through the hypothesis that the behavioral aspects are responsible for causing state changes to the structural aspects of the IS. The global behavior graph is completed by the event induction graph and the event concurrence graph .

The local structural aspects and local behavioral aspects of the objects in the individual object classes are described in local class views . These views correspond to the local structural and behavioral perspectives of the objects defined in the application.

3. 3 .4 .1 The global structure graph

The global structure graph describes graphically all the object classes with their static relationships : aggregation, association and inheritance.

For instance , the global structure graph of the library system is graphically shown in Figure 69 .

TOOBIS long version

PERSON

AUTHOR

SUBSCRIBER

EDITOR

BOOK

1+

REQUEST

NOTICE

LOAN

COPY

KEYWORDS

REMINDER

editors subscriber authors keywords copy loancopies book

reminders notice books requests request loans requests

notices loan

Figure 69 : The Global structure graph of the library system

The global structure gives to the analyst the general map of the persistent information of the system.

3. 3 .4 .2 The global behavior graphs

The global behavior graphs describe the dynamic of the application in terms of events, triggers and operations embedded in classes such as object classes, actor classes and calendar classes. This global behavior graph allows to see how an event is ascertained and what are the effects of an event.

Ideally it will be better to manage one global behavior graph, but in the reality it could be unreadable. It is why we suggest to split the global graph into several behavior graphs.

An example of a global behavior graph is shown in Figure 70 .

SUBSCRIBER

REQUEST

Acceptation

Wait

C1

C2

Request for loan

Return of loan

COPY

Check out

Availability

C1

SUBSCRIBER

Add to copies in hand

Reduce from copies in hand

C1

Acceptation

C1

Send waiting request message

Send accepted request message

C2

C1

LIBRARIAN

Send accepted request message

C1

LOAN

Creation

Settlement

C1

REMINDER

Settlement

C1: Valid request

C2: Copy not available

C3: loan is valid

C4: loan is expired

Expiration

Expiration of delay for returning a book

C3

Update the number of times fined

Expiration of each week after the loan had expired

C4

Creation

C4

Figure 70 : A global behavior graph

3. 3 .4 .3 The event induction graph

The event induction graph completes the global behavior graph by defining the induction between any kinds of event

: internal, external and temporal. The global behavior graphs provide indirectly the induction of the internal events.

For instance , the event induction graph of the library system is shown in Figure 71 .

TOOBIS long version

Return_of_loan availability_of_copy

Request_for_loan

[request_is_valid] <one month>

New_subscription

<13 months>

Expiration of delay of notification

[request_is_attended] temporal event

internal event

external event enabling causality liveness causality multiple induction

<13 months>

[request_is_valid]

: delay of the induction

: conditional induction

Response_of_notification

[exist_waiting_request]

<7 days>

[valid_request] <one month>

Payment of subscription

Purchased copy

Expiration of each week after the loan had expired

Attainment of 3 fines

<13 months>

[new.number of times fined = 3]

Figure 71 : The event induction graph of the library system

TOOBIS long version

3. 3 .4 .4 The event concurrence graph

The event concurrence graph describes how events can be sequenced according to their concurrence.

An example of an event concurrence graph is shown in Figure 72 .

Suspension

Response of notification

after

Expiration of delay of notification

before

Return of loan

Payment of subscripton

Expiration of delay of subscription

afterafterbefore

Figure 72 : An event concurrence graph

3. 3 .4 .5 The local class views

The local class views describe the static and the dynamic aspects of a class of any kind (object class, actor class and calendar class).

¯ The local view of an object class describes its attributes, its constraints, its operations or queries as well as its internal events. The local view of the object class COPY is graphically shown in Figure 73 .

COPY properties reference : STRING purchase date: DATE loan date : DATE state : COPY-STATE loans : inverse (zeromany, LOAN.copy) notices : inverse (zeromany, NOTICE.copy) constraints unique(Copies,reference) operations

COPY purchase(c:structure(COPY)) reservation() availability() check out() wear out() loss() deletion() queries boolean exist_copy_available() internal-events

$availability of copy

Figure 73 : The local class view of the object class COPY

¯ The local view of an actor class is composed by its attributes, its external operations and its external events. The local view of the actor class SUBSCRIBER is shown graphically in Figure 74 .

SUBSCRIBER (actor) properties id of subscriber : STRING external operations send_notice (n: NOTICE) send_reminder (r: REMINDER) send_waiting_request_message (r : REQUEST) send_accepted_request_message (r : REQUEST, c: COPY) send_cancelled_request_message (r: REQUEST) send_exclusion_message (s: SUBSCRIBER) external events request for loan response of notification return of loan new subscription payment of subscription

Figure 74 : The local class view of the actor class SUBSCRIBER

¯ The local view of a calendar class is only defined by its temporal events. The local view of the calendar class

CLOCK is shown graphically in Figure 75 .

CLOCK temporal-events expiration of delay for payment of subscription expiration of waiting for request expiration of delay of notification moment of annual inventory expiration of delay for returning a book expiration of each week after the loan has expired suspension

Figure 75 : The local class view of the calendar class CLOCK

3. 3 .5 Checking & Verification

The checking activity of the specification can be done manually or automatically. Validation is the activity aiming at assuring that the specification is valid by checking the correctness of the specification with respect to the model. The controls can be classified according to the following typology:

¯ conformity controls -- ensure that all concepts of the Model used are conformed to their definitions;

¯ correctness controls -- verify that the specification does not contain inconsistent or contradictory descriptions;

¯ completeness controls -- aim at verifying the completeness of the specification based on what has been specified;

¯ reliability controls -- detect the possible abnormal situations.

Validation controls are of the following nature:

¯ controls local to a class;

¯ controls on the static aspects of the specification;

¯ controls on the dynamic aspects of the specification;

¯ global controls on the specification.

In the following subsections, the controls of the first typology are used for the detailed description of the controls of the second typology. They are qualified by abbreviations, such as conformity control (fc), correctness control (cc), completeness control (pc) and reliability control (rc).

3. 3 .5 .1 Controls local to a class

Rule 1 (fc): the names of all attributes are unique within a class.

Rule 2 (fc): the names of all operations are unique within an object class.

Rule 3 (fc): the names of all events are unique within a class.

Rule 4 (cc): every actor class contains at least one attribute.

Rule 5 (pc): every attribute is defined by a valid domain.

Rule 6 (pc): every association/aggregation property is defined by a valid object class .

Rule 7 (pc): an internal event predicate is associated to every internal event .

Rule 8 (pc): an external event predicate is associated to every external event.

Rule 9 (pc): a temporal event predicate is associated to every temporal event.

Rule 10 (cc): every object class contains at least a basic create operation.

Rule 11 (cc): every object class contains at least an (inherited) attribute.

Rule 12 (cc): every event triggers at least a basic operation.

Rule 13 (cc): every basic operation defined in an object class that is neither a component class nor a generalized class is triggered by at least an event.

Rule 14 (cc): every actor class contains at least an external operation or an external event.

Rule 15 (pc): every external operation defined in an actor class is triggered by at least an event .

Rule 16 (pc): every derived attribute defined in an object class is associated to a query operation with the same name (without argument).

3. 3 .5 .2 Controls on the static aspects of the specification

Rule 17 (cc): an inheritance graph (i.e., graph whose nodes are object classes and whose arcs are inheritance links) must not contain a cycle.

Rule 18 (cc): an aggregation graph (i.e., graph whose nodes are object classes and whose arcs are aggregation links) must not contain a cycle.

Rule 19 (cc): a graph whose arcs are aggregation links and inheritance links must not contain a cycle.

Rule 20 (cc): in the case of multiple inheritance, the generalized classes inherited by an object class must be originated from a unique ancestor in the inheritance hierarchy.

Rule 21 (cc): an inheritance graph must not have a transitive path containing only an inheritance link.

Rule 22 (rc): a transitive path in a composition graph can be redundant (depending on the semantics of the aggregation links).

Rule 23 (rc): a transitive path in an association graph (i.e., graph whose nodes are object classes and whose arcs are associations) can be redundant (depending on the semantics of the associations).

3. 3 .5 .3 Controls on the dynamic aspects of the specification

Rule 24 (cc): the basic operations of the same class triggered by an event must be exclusively executed or must be executed on different objects of the class.

Rule 25 (cc): the basic operations of the same class triggered by several dependent events (i.e., related by immediate induction relationship) must be exclusively executed or must be executed on different objects of the class.

Rule 26 (rc) : An internal event must be induced indirectly by at least one temporal or external event.

Rule 27 (pc) : Every triggering condition is triggered by at least one event.

Rule 28 (pc) : Every triggering factor is triggered by at least one event.

Rule 29 (fc): the names of all triggering conditions are unique within an application.

Rule 30 (fc): the names of all triggering factors are unique within an application.

3. 3 .5 .4 Global controls on the specification

Rule 31 (fc): the names of all object classes or domains are unique within an application.

Rule 32 (fc): there is at least one global behavior graph (dynamic graph) within an application.

Rule 33 (fc): each class belongs to at least one global behavior graph.

Rule 34 (fc): the names of all actor classes are unique within an application.

Rule 35 (cc) : Every obliged induction between an event ev1 and event ev2 of the event induction graph is represented in the global behavior graph by an operation triggered by ev1 modifying an object of the object class whose ev2 is originated.

Rule 36 (cc) : Every obliged induction between an event ev1 and event ev2 with a condition has to verify one of these two cases :

- an operation triggered by ev1 modifying an object of the object class of the event ev2 is conditional.

- the predicate of the event ev2 is not systematically satisfied when the operation is executed, the condition embedded in the predicate must be verified.

3. 4 The Specification language

A conceptual schema is identified by an application name. The definition part of each application is composed of :

object classes actor classes calendar classes domains triggering conditions triggering factors

3. 4 .1 The application definition

The syntax of the definition of an application is given as follows :

<application-definition>::= application <application-name> <specification-part>

<specification-part>::= definition <specification-list> enddefinition

<specification-list> ::=

<object-class-definition-list>

<actor-class-definition-li st>

[ <calendar-class-definition> ]

[ <domain-definition-list> ]

[ <triggering-condition-definition-list> ]

[ <triggering-factor-definition-list> ]

The object classes and actor classes are the mandatory elements of an application.

3. 4 .2 Domains

Domains contribute to the description of object states. A domain is described by a type that may be atomic (core type) , enumerated , complex , or the type of other domain . The concept of domain is not as important as the concept of class, but it must be introduced in the first place.

A domain is identified by the domain keyword in the type declarations of the specification. Its name should be unique among the names of all domains and object classes declared within the specification. The domain of an attribute may be a core literal , an enumerated literal , a complex literal , or other domain literal , depending on the definition of the domain associated. A domain definition describes a static aspect that contributes to the context descriptions of different objects, and hence, they are the components that contribute to the description of classes. The following presents some examples of domain declarations.

domain day : { "Monday", "Tuesday", "Wednesday", " Thursday», «Friday ", "Saturday",

"Sunday" } domain hotel_number : [ 0 .. 359 ] domain end_point : integer domain position : [ x : structure ( end_point ) , y : structure ( end_point )] domain address : [ street : string, city : string, postal_code : string, country : string ] domain periods : set([ period : [ start : date, end : date ]])

The domain day is defined by an enumeration of strings, the domain hotel_number by an interval of integers and the domain end_point by a core type , integer . The type definition of the domains, namely position and address, are generated by a tuple constructor, while the type definition of the domain periods is generated by both tuple constructor and set constructor. Each field in the domain position, is defined by a tuple whose structure will be copied from the data type definition (structure) of the domain end_point .

3. 4 .3 Classes

The three kinds of classes, namely object class, actor class and calendar class are respectively introduced by the keywords object-class, actor-class and calendar-class in the type declarations. The declarations of each class define other related concepts such as properties in object classes and actor classes, events in all kinds of classes.

3. 4 .3 .1 Object Classes

An object class has a type definition associated to it. The type definition corresponds to the intentional description of the common characteristics of the objects in the class. The intentional description is local to the object class. It is possible to relate several class extents to an object class. An object class is identified by the object- class keyword in the type declarations. Its name should be unique among the names of all classes and domains declared within the application. Its declarations end with the endobject-class keyword. The syntax of object class is given as follows:

<object-class-definition> ::= object-class <object-class-name> ’ : ’ <inherited-class-list> extents <persistent-collection-list>

[ clusters <cluster-list> ]

[ properties <object-properties> ]

[ constraints <invariant-list> ]

[ operations <operation-list>]

[ queries <operator-list> ]

[ internal-events <event-list> ] endobject-class

The simple example below shows the type definition schema of the object class STUDENT .

object-class STUDENT : PERSON extents Students properties student_number : integer

...

...

endobject-class

The object class STUDENT is inherited from the object class PERSON. In this case, all properties and operations of

PERSON will be inherited by STUDENT . It has an attribute defined by the type integer and an extent named

Students .

3. 4 .3 .1 .1 Properties

The attributes of an object class are described in the attributes part of its type definition schema. An attribute name should be unique among all attributes declared in the class. An attribute can be considered as a named function of an object that returns a value. The attribute value returned makes up a portion of the object state. It is possible to explicitly declare the inverse link of an association or an aggregation via the inverse keyword, in order to allow navigation to be specified in a more readable form.

The syntax for aggregation properties and association properties in the following subsections use the aggr constructor for describing the aggregation relationship between objects from two different object classes, the asso constructor for describing the association between objects.

3. 4 .3 .1 .1 .1 Attributes

A domain attribute is an attribute that takes its value from a domain. Its type can be either a built-in core type , an enumerated type , a complex type , or other domain name . A domain attribute of an object class is called derived attribute if it contains the derived keyword in its declaration. It takes the same name as a query operation defined in the class. In this case, the usage of the derived attribute is equivalent to the assignment of the activation result of the corresponding query operation.

Example 1 :

A person is identified by an identification number, a name and a derived attribute named age which is associated to the service operation having the same name.

object-class PERSON extents Persons properties id_number : integer name : name age : integer derived queries integer age() type object service endobject-class

3. 4 .3 .1 .1 .2 Aggregation property

An aggregation property defined in an object class declares an aggregation link from this class to a related object class.

Example 2 :

A car is composed of an engine. It is assumed that the object class ENGINE exists.

object-class CAR extents Cars properties engine : aggr ( one, ENGINE )

...

endobject-class

Example 3 :

An hotel is composed of a set of rooms, each room has an implicit inverse link to the hotel

( inverse of HOTEL::rooms). It is assumed that the object class ROOM exists.

obj ect-class HOTEL extents Hotels properties name : string category : string rooms : aggr (onemany , ROOM ) endobject-class

3. 4 .3 .1 .1 .3 Association property

An association property defined in an object class declares an association link from this class to a related object class.

Example 4 :

An order line is associated to a product by the property ordered_product. The inverse role orderlines is described in the object class PRODUCT . An association property is described by the cardinality, the referenced object class and the inverse role. The inverse role is defined in the referenced class with its cardinality and the name of the association property.

object-class ORDERLINE extents Orderlines properties ordered_product : ass o (one , PRODUCT, inverse of orderlines ) quantity : integer endobject-class object-class PRODUCT extents Products properties orderlines : inverse (zeromany , ORDERLINE::ordered_product ) quantity : integer endobject-class

3. 4 .3 .1 .2 Constraints

The constraints defined in the object class are of three kinds : attribute constraints, uniqueness constraints and inheritance constraints

3. 4 .3 .1 .2 .1 Attribute Constraints

The example below describes that the number of wheels of a car must be equal to 4.

object-class CAR extents Cars properties wheels : aggr (many, WHEEL ) constraints boolean wheel_constraint() comment number of wheels = 4 endobject-class

An attribute constraint may be defined on inherited attributes. For instance, if age is an attribute of the object class

PERSON, it is possible to define an attribute constraint on age in the object class STUDENT that inherits from

PERSON . This constraint is defined to be an invariant and applies only to students.

object-class STUDENT : PERSON extents Students properties student_number : integer constraints boolean age_constraint() comment age > 0 endobject-class

The assertion function named age_constraint defines the attribute constraint age > 0 that requires a person to have an age superior to zero.

A constraint can restrict an inherited attribute. For instance, the inherited attribute rooms in LUXURY_ HOTEL take s its value from the specialized object in LUXURY_ROOM is a constraint specified as follows:

object-class LUXURY_ROOM : ROOM extents Luxury_rooms

...

endobject-class object-class HOTEL extents Hotels properties rooms : aggr ( onemany, ROOM )

...

endobject-class object-class LUXURY_HOTEL : HOTEL extents Luxury_hotels

...

constraints boolean room_constraint() comment each room r in Luxury_rooms endobject-class

3. 4 .3 .1 .2 .2 Uniqueness Constraints

The pre-defined function named unique() can be called to verify the uniqueness of one or several attributes, that may be defined by aggregation or association links. The first argument of the function is the name of the class or the name of the aggregation/association property having a many cardinality. The rest of the arguments are the list of attributes on which the uniqueness constraint will be imposed in the class or the collection defined by the aggregation/association property. In other words, the list of attribute values of objects must be unique within the class or the collection defined by an association with a many cardinality. The example below shows the declaration of a uniqueness constraint to so that all objects are unique on the pair of attributes ( country, registration_number ).

object-class CAR extents Cars properties country : ass o ( one, COUNTRY, inverse of cars ) registration_number : string constraints unique( Cars, country, registration_number ) endobject-class

The following uniqueness constraint states that room numbers are unique for each hotel (but rooms of different hotels may have the same room number).

object-class HOTEL extents Hotels properties hotel_name : string rooms : aggr (onemany, ROOM ) endobject-class object-class ROOM extents Rooms properties number : integer constraints unique(self. inverse of HOTEL::rooms.rooms, number ) endobject-class

The path leading to the composite object in HOTEL can be accessed by specifying the keyword self followed by inverse of and the name of the aggregation property. The path self.inverse of HOTEL::rooms.rooms is specified to ensure uniqueness of the room numbers in the hotel.

When object classes are related to each other by an association link, such as the object class ORDERLINE related to each of the object classes ORDER and PRODUCT , it is possible to say that an orderline is identified by its order and its product as described in the following type definition of ORDER :

object-class ORDER extents Orders properties orderlines : inverse ( onemany , ORDERLINE::order) endobject-class object-class PRODUCT extents Products properties orderlines : inverse ( zeromany , ORDERLINE::product) endobject-class object-class ORDERLINE extents Orderlines properties product : ass o (one, PRODUCT, orderlines ) order : ass o (one, ORDER, orderlines ) quantity : integer constraints unique( Orderlines, product, order ) endobject-class

3. 4 .3 .1 .2 .3 Inheritance Constraints

The three pre-defined functions corresponding to the three types of inheritance constraints: partition constraint, disjunction constraint and covering constraint defined in the previous chapter can be called in the following manner:

partitioning( <object class name1>, ..., <object class nameN> ) disjoint( <object class name1>, ..., <object class nameN> ) covering( <object class name1>, ..., <object class nameN> )

3. 4 .3 .1 .2 .3 .1 Disjunction Constraints

The disjunction constraint defined in the type definition of the object class VEHICLE given below states that a vehicle cannot be at the same time a car and a truck, but it can be another type of vehicle.

object-class VEHICLE extents Vehicles

...

constraints disjoint( CAR, TRUCK ) endobject-class object-class CAR : VEHICLE extents Cars

...

endobject-class object-class TRUCK : VEHICLE extents Trucks

...

endobject-class

3. 4 .3 .1 .2 .3 .2 Covering Constraints

The covering constraint defined in the type definition of the object class PERSON given below states that a person must be a student, a teacher, or both.

object-class PERSON extents Persons

...

constraints covering( STUDENT, TEACHER ) endobject-class object-class STUDENT : PERSON extents Students

...

endobject-class object-class TEACHER : PERSON extents Teachers

...

endobject-class

3. 4 .3 .1 .2 .3 .3 Partition Constraints

The partition constraint defined in the type definition of the object class PERSON given below states that a person must be either a man or a woman, but not both.

object-class PERSON extents Persons

...

constraints partitioning( MAN, WOMAN ) endobject-class object-class MAN : PERSON extents Men

...

endobject-class object-class WOMAN : PERSON extents Women

...

endobject-class

3. 4 .3 .1 .2 .4 Clusters

A cluster is identified by a cluster name. For instance, the following type definition schema illustrates how vehicles can be grouped into two clusters, namely vehicle_propulsion and vehicle_by_medium .

object-class VEHICLE extents Vehicles clusters vehicle_propulsion(WIND_PROPELLED, MOTORIZED, MAN_POWERED) vehicle_by_medium(AIR_VEHICLE, WATER_VEHICLE, LAND_VEHICLE)

...

constraints covering( vehicle_propulsion, WIND_PROPELLED, MOTORIZED, MAN_POWERD ) covering( vehicle_by_medium, AIR_VEHICLE, WATER_VEHICLE, LAND_VEHICLE )

...

endobject-class

In this case, an inheritance constraint is associated to each cluster by including the cluster name as the first parameter of the function covering() for the inheritance constraint.

3. 4 .3 .1 .3 Operations

An operation of a given type is specified by an operation signature. Each operation signature defines the name of the operation, the names and types of any arguments and the type of any return value.

3. 4 .3 .1 .3 .1 Basic Operations

Input values must be passed to a create operation for creating an object along with its attribute values. For an update operation, input values might be passed for replacing the old attribute values of an object. No input values need to be passed to a delete operation. When an object is deleted, all its attribute values and relationships with other objects are also deleted. The signature of a basic operation includes the operation type denoted by either type create , type update or type delete .

By default, the primitive delete procedure , delete() , follows the default rule for the deletion of a referenced object.

The default rule stipulates that a referenced object can be deleted only when there isn’t any association refers to it.

The violation of the default rule causes the abortion of the transaction. To make sure that a referenced object does not have any other associations applied to it, control must be explicitly defined in a delete operation for verification before applying the primitive delete procedure. For instance, the type definition schema of the object class ROOM defines two separate delete operations for taking care of the deletion of an object of ROOM .

object-class ROOM extents Rooms properties number : integer availabilities : inverse ( zeromany , AVAILABILITY::room) reservations : inverse ( zeromany , RESERVATION::room) operations delete_room() type delete comment deletion of the room control_delete_room() type delete comment if the inverse links availabilities and reservations are empty then deletion of the room endobject-class

The delete operation delete_room applies the default rule for the deletion of an object of ROOM , i.e. deletion of the object only if no other association applied to it. The violation of the default rule will cause the abortion of the implicated transaction. On the other hand, the delete operation control_delete_room verifies that there isn’t any association link associated to the object before deleting it. This avoids abortion of the transaction by integrating control in the delete operation for taking care of the object still referred by other objects.

3. 4 .3 .1 .3 .2 Strong Coupling of Basic Operations implied by Aggregation Links

Some kind of specifications has been defined for taking into consideration the strong coupling of behavior implied by an aggregation link, i.e., the dependency of component objects on their composite object. Such specifications are defined in a declarative way on the signatures of the basic operations of composite classes by including the aggr clause right after the operation type ( type create and type delete ). The dependencies are specified as follows :

<operation name> ( ... ) <operation type> : aggr ( cardinality, <component class name> :: <operation name>, ...

)

The aggr clause can take a list of operations from different object classes. The list may include a specific cardinality for each operation, such as,

<operation name> ( ... ) <operation type> : aggr ( one, <component class name1> :: <operation name1>, many,

<component class name2> :: <operation name2>,... )

Two cases may be summarized as follows:

¯ the invocation of the create operation of the composite class will automatically generate the invocation (or iterative invocation) of the create operation(s) for its component class(es);

¯ the invocation of the delete operation of the composite clas s will automatically generate the invocation (or iterative invocation) of the delete operation(s) for its component class(es).

The invocation of the create/delete operation of a component class will be iterative if the composite object is related to more than one component objects. In other words, the composite class and the component class are related with each other via an aggregation link. Our main aim in the example hereafter is to demonstrate how to define basic operations between a composite object and its component objects. The object classes HOTEL and ROOM are related to each other via the aggregation properties rooms defined in HOTEL . HOTEL is the composite class while ROOM is the component class. Some basic operations are defined in the following type definition schema of ROOM for creating an object of ROOM via create_room , for updating an object of ROOM via update_room , as well as for deleting an object of ROOM via delete_room .

object-class ROOM extents Rooms properties number : integer ope rations

ROOM create_room(num : integer) type create comment insertion of a room in rooms delete_room() type delete comment deletion of a room update_room(new_number : integer) type update comment update of the number of the room endobject-class object-class HOTEL extents Hotels properties name : string category : string rooms : aggr (onemany, ROOM ) operations

HOTEL create_hotel(name : string, category : string, rms : set(structure(ROOM)) type create : aggr (many, ROOM::create_room ) delete_hotel() type delete : aggr (many, ROOM::delete_room ) add_rooms(rooms : set(structure(ROOM))) type update delete_rooms(room_numbers : set(integer)) type update endobject-class

The above example intends to show coupling of behavior between a composite object in HOTEL and related component objects in ROOM via the create operation (respectively delete operation). As a result of declaration of the agg clause right after the operation type of create_hotel (i.e., aggr (many, ROOM::create_room ), the basic operation create_room() defined in ROOM will be automatically invoked in an iterative way for any creation performed by the basic operation create_hotel() of HOTEL .

3. 4 .3 .1 .3 .3 Queries

Queries can be invoked in the trigger part of events. They can be seen as encapsulated functions returning a value. A class operation service is mentioned with a ’$’ mark before the name of the service. In the following example, there is a query called age defined in the object class PERSON for calculating the age of a person from his date of birth, and a query named average_age for calculating the average age of all the people. The operation age() is a query calculating the value for the derived attribute age.

object-class PERSON extents Persons properties name : string birth_date : date age : integer derived queries integer age() integer $ average_age() endobject-class

Notice that the object operation age() will be invoked in the following way via an object of PERSON represented by p:

p.age() while the class operation average_age() which deals with the persistent set Persons in the implementation, will be invoked in the following way:

Persons.average_age()

Moreover, if an attribute of the type derived is declared in the class and possesses the same name as the service operation age(), the actual age of each person can be directly access via the attribute without activating the query operation, as this is implicitly done via the attribute having the same name as a query. The following query returns the earliest waiting request for a book from the object class REQUEST .

object-class REQUEST extents Request

...

queries

REQUEST $find_earliest_request(book : BOOK) endobject-class

This query attached to REQUEST deals with the persistent set Requests and could be invoked as follows:

Requests.find_earliest_request(b) where b is an object of BOOK .

A query may also deal with an object, in this case, it is invoked via the object. For instance, the query find_request is attached to COPY, from which a request for a copy of a book can be accessed.

object-class COPY extents Copies

...

queries

REQUEST find_request () endobject-class

It can be invoked in the following way for retrieving the request of the copy c.

c.find_request()

3. 4 .3 .2 Actor classes

An actor class has a type definition associated to it. The type definition of an actor class corresponds to the intentional description of actors belonging to the same class. An actor class is identified by the actor- class keyword in the type declarations. Its name should be unique among the names of actor classes of an application. Its declaration ends with the endactor-class keyword. The syntax of actor class is described as follows:

<actor-class-definition> ::= actor-class <actor-class-name> properties <object-properties> external operations <external-operation-list> external-event <external-event-list> endactor-class

The example below shows the type definition schema of the actor class SUBSCRIBER .

actor-class SUBSCRIBER properties id_subscriber : string subscriber_name : string

...

endactor-class

The attributes allows to characterize a subscriber when he interacts with the system.

3. 4 .3 .2 .1 external operations

An external operation is specified by its signature. Each operation signature defines the name of the operation, the names and types of any arguments. The arguments of this kind of operations represent information send by the system to the actor.

actor-class SUBSCRIBER properties i d_subscriber : string subscriber_name : string external operations send_notice (n: NOTICE) send_reminder (r: REMINDER) send_waiting_request_message (r : REQUEST) send_accepted_request_message (r : REQUEST) send_cancelled_request_message (r: REQUEST) send_exclusion_message (s: SUBSCRIBER) send_suspension_message (s: SUBSCRIBER)

...

endactor-class

For instance, the external operation SEND_NOTICE permits to send a notice to the subscriber. The message is the argument of the operation.

3. 4 .3 .2 .2 External messages

An actor impacts the system through external events. An external event represents the arrival of a particular message which requires a reaction of the system. The external message is described by its structure. The example below shows the definition of the message attached to the event RETURN_LOAN .

actor-class SUBSCRIBER properties

...

external-events return_loan message RETURN_LOAN s_family_name : string s_name : string copy_reference : string

...

end message-class

Three attributes code_reference, s_family and s_name , compose the message belonging to the external event return_loan . External events will be described separately in the next section.

An attribute of a message may be described by a domain type or a structure defining other type via the structure constructor. An attribute that takes its value from a domain is called a domain attribute . An attribute described by a structure of a type takes the data structure (data type definition) of that type, and it is referred to as structure attribute . The example below shows the definition of the message PURCHASED_ COPY associated to the external event PURCHASED_COPY .

actor-class LIBRARIAN properties

...

external-events purchased_copy message PURCHASED_COPY b : structure( BOOK ) date put out for loan : date

...

endactor-class

The structure type indicates that the b attribute defines the data type of the object class BOOK. Hence, the b attribute can be elaborated as, b : [ referenc e : string, title : string, edition date : date, last edition : string, price: integer, copies : set ( COPY ), editor : EDITOR, authors : set ( AUTHOR ), keywords : set ( KEYWORD ),]

3. 4 .3 .3 The calendar class

The calendar class has a type definition associated to temporal events. It is identified by the calendar-class keyword in the type declarations and its declaration ends with the endcalendar-class keyword. The syntax of calendar class is described as follows:

<calendar-class-definition> ::= calendar-class <calendar-class-name> temporal-events <event-list> endcalendar-class

Temporal events will be described separately in the next section. The example below shows the definition of the calendar class CLOCK, describing two temporal events, namely each_week_after_expiration_of_loan and at_the_end_of_each_month .

calendar-class CLOCK temporal-events each_week_after_expiration_of_loan

...

at_the_end_of_each_month

...

endcalendar-cl ass

3. 4 .4 Events

An event represents either a state change of object, an arrival of message or an occurrence of time, depending on the type of the event. It is defined by an event predicate and a dynamic transition.

3. 4 .4 .1 Event Predicates

The predicate is recognized by the keyword predicate . If the predicate is a boolean expression. If the predicate is true, an event will occur.

3. 4 .4 .1 .1 Internal Event Predicates

Internal event predicates are the event predicates of internal events. The event predicate of the internal event availability of copy is described by a predicate, for verifying if there is a copy available. Its description is given in the following type definition schema of COPY .

object-class COPY extents Copies

...

internal-events availability of copy predicate (not(old.state. available ) and new.state. available )

...

endobject-class

Notice that the keywords old and new are normally used in internal event predicates. They refer respectively to the old object and the new object. The assertion verifies if the state of the old version of the object is not "available", and the state of the new version is "available". If the predicate is verified, the event will occur.

3. 4 .4 .1 .2 External Event Predicates

External event predicates are the event predicates of external events. The predicate in the external event is used for verifying message attributes.

For instance, the predicate of the event RETURN_LOAN verifies if the subscriber exists, the copy exists and the loan for this subscriber and that copy exists. If the predicate is false, the message is considered invalid and there is no occurrence of the external event.

3. 4 .4 .1 .3 Temporal Event Predicates

Temporal event predicates are the event predicates of temporal events. The temporal predicate is a temporal assertion which corresponds to a particular state change of the object clock . Three different kinds of temporal assertions are allowed : absolute time, relative time and periodic time.

3. 4 .4 .1 .4 Absolute time

The absolute time represents a particular time instant. For instance, 15th January 1995 is an absolute time.

3. 4 .4 .1 .5 Relative time

The relative time is a time instant which is expressed relatively to a temporal mark. The temporal mark could be a time occurrence of an event or a temporal attribute of a persistent object class.

For instance , today = NOTICE::date of notification + 7 days is an example of relative time based on a temporal attribute. In this case, the temporal mark is the attribute date of notification of the object class NOTICE . For each value of this attribute in the Notices collection , the assertion is/was/will be true.

The same example can be described as follows :

today = COPY::availability of copy.time+ 7 days

In this example, the temporal mark is the time occurrence of the internal event availability of copy of the object class

COPY . For each occurrence of the internal event, the temporal assertion is/was/will be true. These two examples are equivalent because the notice is created by the internal event availability of copy and the value of the attribute date of notification is today (time occurrence of the event).

3. 4 .4 .1 .6 Periodic time

The periodic time is a temporal assertion which becomes true when a certain period of time is expired from the last time the assertion was true. For instance, each day or each end_of_year are examples of periodic time. A periodic time is introduced by the each keyword.

3. 4 .4 .2 Event Triggers

The direct mapping of the event trigger from the diagram can be expressed in two general forms for all kinds of events. In the case where no triggering factor is defined in the operation triggering, the statement of the operation triggering in the trigger part can be expressed in the following description:

trigger if ( triggering_condition( context ) ) then query_operation ( context ) . basic_operation( ... )

...

endtrigger

If there is a triggering factor defined in the operation triggering, the statement of the operation triggering in the trigger part corresponds to the following description:

trigger if ( triggering_condition( context ) ) then foreach object in triggering_factor( context ) do query _operation(object) . basic_operation( ... )

...

endtrigger

The statements within the keywords trigger and endtrigger describe operation triggering . The activation of the triggering condition is described in the if clause by its invocation, triggering_condition( context ) . The service request of the basic operation is represented by the invocation of the service operation, query( context ) , if the triggering factor is not defined in the operation triggering, and query(object) , if a triggering factor is defined. The result of this invocation returns the requested object. The invocation of the basic operation on the requested object

(result of the service request) corresponds respectively to the two statements described as follows:

query( context ).basic_operation( ... ) query(object).basic_operation( ... )

For each operation triggering, if the triggering condition is verified, the context will be passed to any triggering factor associated for the evaluation of the appropriate objects, for which the basic operation will be performed repeatedly. If there is no triggering factor associated, the context will be passed to the query operation of the basic operation whose operation type is either update or delete , for retrieving the appropriate object. A basic operation whose operation type is create does not have any query operation.

¯ Triggers Corresponding to the Three Types of Events

¯ The trigger part is integrated in the internal event availability_of_copy as:

object-class COPY extents Copies properties

...

operations

COPY purchase(c:structure(COPY)) type create reservation() type update queries boolean exist_copy_available() type class service internal-events availability of copy predicate(not(old.state = "available" ) and (new.state = "available" )) trigger if exist_waiting_request( context.inverse of BOOK::copies) then context .reservation() if exist_waiting_request( context.inverse of BOOK::copies) then

Requests.find_earliest_request( context . inverse of BOOK::copies).notification() if exist_waiting_request( context.inverse of BOOK::copies) then Notices.creation() if exist_waiting_request( context.inverse of BOOK::copies) then context .reservation() if exist_waiting_request( context.inverse of BOOK::copies) then

Requests.find_earliest_request( context . inverse of BOOK::copies).subscriber.add to copies inhand() if exist_waiting_request( context.inverse of BOOK::copies) then

Requests.find_earliest_request( context . inverse of BOOK::copies).subscriber.

send_notice( context. notice) if exist_waiting_request( context.inverse of BOOK::copies) then

Librarian.send_notice( context. notice) endtrigger endobject-class

If the internal event occurs, it is said that the object COPY has been ascertained by the event. This object corresponds to the context of the event and it is the available copy. The context of the event is denoted by the context keyword.

The context will be passed to the triggering condition exists_waiting_request for determining if there exists a waiting request

If the triggering condition is verified, the context will be passed to the service operation find_earliest_request , defined in REQUEST . It is the query operation for the basic operation accept, defined in REQUEST . It provides the service of retrieving the earliest waiting request for the basic operation accept. Since the basic operation reservation, defined in COPY , reserves the available copy and will be performed on the object that is the context itself, it does not need to have a service operation. The basic operation creation , creates an object of NOTICE , so there is no service operation associated to it.

In the example, different ways have been shown for the activation of basic operations, for instance, the basic operation reservation is invoked on the object that is the context itself, the basic operation notification is preceded by the invocation of the service operation described by Requests.find_earliest_request( context.inverse of

BOOK::copies) and the basic operation creation is preceded by the persistent set named Notices .

¯ The context of an external event is the message coming from the environment.

Let us consider the external event new_person , defined in the message class NEW_PERSON, for creating a new person in the IS. For instance, the external event new_person, is defined by the following specification:

external-event new_person message new_person name : string address : structure(ADDRESS) predicate ( the person does not exist) trigger

Persons.create( context. name, context. address) endtrigger

The predicate is ascertained if there is an arrival of a valid message, by verifying that there isn’t any object with the same name as the context already exists in the persistent set named Persons The context of the external event is the message just intercepted. If the predicate is verified, the trigger of the event will be activated. The activation begins by passing the context of the event to the basic operation create defined in the object class PERSON for invoking the creation of an object corresponding to the person in the persistent set Persons.

3. 4 .4 .3 Triggering conditions

Like an operation, a triggering condition has a declaration part describing its signature. A triggering condition can be seen as a non-encapsulated function returning a boolean. Its name should be unique among the names of all triggering conditions defined in the specification. The triggering condition defined below determines if there exists some waiting requests of a book made by the subscribers who have less than three copies in-hand.

triggering-condition boolean exists_waiting_request(c : COPY) comment does there exist a request waiting for the book became available which can be satisfied ?

endtriggering-condition

3. 4 .4 .4 Triggering factors

Like the triggering conditions, a triggering factor has a declaration part describing its signature. It can also be seen as a non-encapsulated function returning the set of objects on which will be applied the basic operation. Its name should be unique among the names of all triggering factors defined in the specification. To see how a triggering factor can be used in the trigger part, consider an example in which a decision can be activated for deleting those copies of books that have been declared as worn-out. With this, we consider the description of the following external event named decision_for_worn_out_copies attached to the message D_WORN_OUT_COPIES .

decision_for_worn_out_copies message D_WORN_OUT_COPIES copy_refs : set( string ) predicate ( the copies must exist) trigger foreach c in set_of_for_worn_out_copies( context ) do c.wear out() endtrigger

The predicate determines if all reference labels of the books in the message correspond to those found in the object base. If it is verified, the context will be passed to the triggering factor named set_of_worn_out_copies for retrieving the set of the appropriate copies to be deleted. The declaration and implementation of the triggering factor set_of_worn_out_copies is given as follows:

triggering-factor set(COPY) set_of_worn_out_copies(m : D_WORN_OUT_COPIES) endtriggering-factor

Notice that the foreach statement retrieves each object from the set of worn-out copies returned by the triggering factor and passes it to the basic operation wear_out .

3. 4 .5 Event Induction Graph

The event induction graph is expressed in the event definition. The syntax is declared as follows :

<event-name>

[ induction <induction-list> ] predicate ’ ( ’ <text> ’ ) ’

<trigger>

3. 4 .5 .1 obligation

The obliged induction allows to characterize if an event must induce the occurrence of other events. The following example expresses that the external event RETURN OF LOAN must induce an occurrence of the internal event

AVAILABILITY OF COPY .

induction

Lo ans.find_loan( context ).copy::availability of copy()

The variable context is the execution context of the event RETURN OF LOAN . The target event is specified with the returned copy which is the execution context of the internal event AVAILABILITY OF COPY .

The conditional induction can be expressed as follows :

induction

IF request_is_attended ( context ) context .copy.availability of copy()

If the condition request_is_attended is true, the temporal event expiration of delay of notification must induce an occurrence of the internal event AVAILABILITY OF COPY .

3. 4 .5 .2 permission

The possible induction allows to characterize if an event may or should induce an occurrence of other events. For instance, the event NEW_SUBSCRIPTION and PAYMENT_OF_SUBSCRIPTION may induce several occurrences of the external event REQUEST_FOR_LOAN within one year.

induction with delay 1 year more self .request_for_loan ()

The induction can concern several occurrences of the target event, it is mentioned with the more keyword. The strict delay of the induction link is mentioned after the keyword with delay The induced event concerns the same actor, it is why the keyword self is used.

3. 4 .6 Event Concurrence Graph

The concurrence between events is described in the event definition. Each event has a list of concurrent events. If a priority is required the keyword before or after can be specified.

3. 4 .6 .1 concurrent event

The concurrence between events is expressed through concurrent link defined in each event description. For instance, the REQUEST_FOR_LOAN and RETURN OFLOAN events are concurrents . The description is as follows :

request_for_loan

...

concurrent events after return of loan

This example expresses that an occurrence of the REQUEST_FOR_LOAN event has to be performed after the occurrence of the RETURN OF LOAN event .

3. 5 REFERENCES

[Hughes68] G. E. Hughes, M. J. Cresswell, ^An Introduction to Modal Logic~, Methuen , 1968.

[Olle91] T. W. Olle, J. Hagelstein, I. G. Macdonald, C. Rolland, H. G. Sol, F. J. M. V. Assche, A. A. Verrijn-

Stuart, ^Information Systems Methodologies~, Addison-Wesley , 1991.

[Rolland82] C. Rolland, C. Richard, ^The Remora Methodology for Information Systems Design and

Management~, IFIP Conference on Comparative Review of Information Systems Design Methodologies , North-

Holland, 1982.

[Rolland88] C. Rolland, O. Foucaut, G. Benci, ^Conception des Systèmes d´Information~, EYROLLES , 1988.

[Wieringa89] R. Wieringa, J-J. Meyer, H. Weigand, ^Specifying Dynamic and Deontic Integrity Constraints~,

Data & Knowledge Engineering 4 , North-Holland. 1988.

3. 6 ANNEX I

Synta x of the specification language

Lexical conventions :

<comment> :

- comment which can appear anywhere :

/* <text> */

- comment which can appear only between atomics OOPL :

// <text> end-of-line

< identifier > : an identifier is an arbitrary long sequence of letters or digits. The first character must be a letter; the underscore is counted as a letter. Upper and lower case letters are different. All characters are significant. The identifier with a double underscore is reserved for use by implementation and standard libraries should be avoided by users.

< keywords > :

single character : ^ * ( ) - + = { } [ ] / ; ’ : " < > , . \ character combinations : <= >= := <> ::

< literals > :

<char-constant> : a character constant is one or more characters enclosed in single quotes : ’a’,

<string-constant> : a string constant is a sequence of characters surrounded by double quotes : "assss",

<integer-constant> : a sequence of digits which is in base ten : 100

<real-constant> : consists of an integer part a decimal point and a fractional part

3. 6 .1 Application definition

<application-definition>::= application <application-name> <specification-part>

<specification-part>::= definition <specification-list> enddefinition

<specification-list> ::=

<object-class-definition-list>

<actor-class-definition-list>

[ <calendar-class-definition> ]

[ <domain-definition-list> ]

[ <tri ggering-condition-definition-list> ]

[ <triggering-factor-definition-list> ]

<domain-definition-list> ::=

<domain>

| <domain-definition-list> <domain>

<object-class-definition-list> ::=

<object-class-definition>

| <object-class-definition-list> <object-class-definition>

<actor-class-definition-list> ::=

<actor-class-definition>

| <actor-class-definition-list> <actor-class-definition>

<triggering-condition-definition-list> ::=

<condition-definition>

| <triggering-condition-definition-list> <cond ition-definition>

<condition-definition> ::= triggering-condition

<boolean-fonction-signature> comment <text> endtriggering-condition

<triggering-factor-definition-list> ::=

<factor-definition>

| <triggering-factor-definition-list> <factor-definition>

<factor-definition> ::= triggering-factor

<factor-signature> comment <text> endtriggering-factor

3. 6 .2 Domain definition

<domain>::= domain <domain-name> ’ : ’ <domain-definition>

[ operations <operation-list>] enddomain

<domain-name>::=

<identifie r>

<domain-definition>::=

<enumerated-domain-type>

| <domain-elaborated-type-specifier>

<domain-elaborated-type-specifier> ::=

<domain-final-type>

| <constructor> ’ ( ’ <domain-elaborated-type-specifier> ’ ) ’

| ’ [ ’ <domain-field-specifier-list> ’ ] ’

<domain-final-type> ::=

<simple-type-name>

| <domain-name>

| ’ [’ <domain-field-specifier-list> ’ ] ’

<constructor> ::= set | bag | list | multilist

<domain-field-specifier-list> ::=

<domain-field-specifier>

| <domain-field-specifier-list> ’ , ’ <domain-field-specifier>

<domain-field-specifier> ::=

<field-name> ’:’ <domain-definition>

<enumerated-domain-type>::=

’ { ’ <string-constant-list> ’ } ’

| ’ [ ’ <integer-constant> ’ .. ’ <integer-constant> ’ ] ’

| ’ [ ’ <real-constant> ’ .. ’ <real-constant> ’ ] ’

| ’ [ ’ <char-constant> ’ .. ’ <char-constant> ’ ] ’

| ’ [ ’ <date-constant> ’ .. ’ <date-constant> ’ ] ’

<string-constant-list>::=

<string-constant>

| <string-constant-list> ’ , ’ <string-constant>

3. 6 .3 Declarations of object class

<object-class-definition> ::= object-class <object-class-name> ’ : ’ <inherited-class-list> extents <persistent-collection-list>

[ clusters <cluster-list> ]

[ properties <object-properties> ]

[ constraints <invariant-list> ]

[ operations <operation-list>]

[ queries <operator-list> ]

[ internal-events <event-list> ] endobject-class

<persistent-collection-list>::=

<persistent-collection-name>

| <persistent-collection-list> ’ , ’ <persistent-collection-name>

<inherited-class-list>::=

<object-class-name>

| <inherited-class-list> ’ , ’ <object-class-name>

<cluster-list>::=

<cluster>

| <cluster-list> <cluster>

<cluster>::=

<cluster-name> ’ ( ’ <object-class-list> ’ ) ’

<cluster-name> ::=

<identifier>

<object-class-list>::=

<object-class-name>

| <object-class-list> ’ , ’ <object-class-name>

<invariant-list>::=

<invariant>

|<invariant-list> <invariant>

<invariant>::=

<boolean-fonction-signature>

| unique ’ ( ’ <expression-list> ’ ) ’

| partitioning ’ ( ’ <expression1-list> ’ ) ’

| covering ’ ( ’ <expression1-list> ’ ) ’

| disjoint ’ ( ’ <expression1-list> ’ ) ’

<expression1-list>::=

<expression1>

| <expresion1-list> <expression1>

<expression1>::=

<expression>

| <cluster-name>

<operation-list>::=

<operation>

| <operation-list> <operation>

<operation> ::=

<signature-operation> [ ’:’ agg r ’(’ <operation-reference-list> ’)’ ]

[ ’:’ <operation-reference-list>] [ comment <text>]

<signature-operation> ::=

<fonction-signature>

| <procedure-signature>

<cardinality_agg> ::= one | many

<operation-reference-list> ::=

<operation-spec>

| <operation-reference-list> ’,’ <operation-spec>

<operation-spec> ::=

<cardinality_agg> ’,’ <operation-reference>

<operation-reference> ::=

<operation-name>

| <object-class-name> ’::’ <operation-name>

<operator-list> ::=

<function-signature>

| <operator-list> <function-signature>

<event-list> ::=

<event>

| <event-list> <event>

3. 6 .3 .1 Attributes of object class

<object-properties>::=

<attribute-definition>

| <attributes> <attribute-definition>

<attribute-definition> ::=

<attribute-name> ’ : ’ <attribute-type-specifier> [ ’=’ <default_value> ]

<default_value> ::= <constant>

<attribute-type-specifier> ::=

<attribute-final-type> [ derived ]

<attribute-final-type> ::=

<simple-type-name>

| <domain-name>

| agg r ’ ( ’ [ <cardinality> ’ , ’ ] <object-class-name> ’ ) ’

| ass o ’ ( ’ [ <cardinality> ’ , ’ ] <object-class-name> [ ’,’ inverse of <attribute-name> ] ’ ) ’

| inverse ’ ( ’ [ <cardinality> ’ , ’ ] <object-class-name> ’ :: ’ <attribute-name> ’ ) ’

<cardinality> ::= one | zeroone | many | zeromany

3. 6 .3 .2 Function and procedure signatures

<fonction-signature> ::=

<type-specifier> <fonction-name> ’ ( ’ [ <argument-list> ] ’ ) ’ [ type create ] |

<type-specifier> $ <fonction-name> ’ ( ’ [ <argument-list> ] ’ ) ’

<procedure-signature> ::=

<operation-name> ’ ( ’ [ <argument-list> ] ’ ) ’ [ type update | type delete ]

<boolean-fonction-signature> ::= boolean <boolean-fonction-name> ’ ( ’ [ <argument-list> ] ’ ) ’

<factor-signature> ::=

<constructor> ’ ( ’ <type-specifier> ’ ) ’ <factor-name> ’ ( ’ [ <argument-list> ] ’ ) ’

<fonction-name> ::=

<operation-name>

| <conversion-function-name>

| <operator-function-name>

<boolean-fonction-name> ::=

<invariant-name>

<condition-name>

<argument-list> ::=

<argument-declaration>

| <argument-declaration> ’ , ’ <argument-list>

<argument-declaration> ::=

[ <variable-name> ’ : ’ ] <type-specifier> [ ’:=’ <expression> ]

<operation-name> ::=

<identifier>

<factor-name> ::=

<identifier>

<invariant-name> ::=

<identifier>

<condition-name> ::=

<identifier>

3. 6 .3 .3 Events

<event> ::=

<event-name>

[ induction <induction-list> ]

[ concurrent events <concurrent-list> ] predicate ’ ( ’ <text> ’ ) ’

<trigger>

<event-name> ::=

<identifier>

<trigger> ::= trigger <statement-list> endtrigger

<statement-list> ::=

<statement>

| <statement-list> <statement>

<statement> ::=

[ IF <call-condition> THEN ] [ FOREACH <variable-name> in <call-factor> ] <call-operation>

3. 6 .4 Declarations of actor class and calendar class

<actor-class-definition> ::= actor-class <actor-class-name> properties <object-properties> external operations <external-operation-list> external-event <external-event-list> endactor-class

<actor-class-name> ::=

<identifier>

<external-event-list> ::=

<external-event>

| <external-event-list> <external-event>

<external-event> ::=

<event-name> message <message-name> <message-attributes>

[ induction <induction-list> ]

[ concurrent events <concurrent-list> ] predicate ’ ( ’ <text> ’ ) ’

<trigger>

<external-operation-list>

<external-operation>

| <external-operation-list> <external-op eration>

<external-operation> ::=

<operation-name> ’ ( ’ [ <argument-list> ] ’ ) ’

<calendar-class-definition> ::= calendar-class <calendar-class-name> temporal-events <event-list> endcalendar-class

<calendar-class-name> ::=

<identifier>

3. 6 .4 .1 Declaration of a message of an external event

<message-attributes>::=

<message-attribute-definition>

| <message-attributes> <message-attribute-definition>

<message-attribute-definition> ::=

<attribute-name> ’ : ’ <message-type-specifier>

<message-type-specifier> ::=

<message-final-type>

| <constructor> ’ ( ’ <message-type-specifier> ’ ) ’

<message-final-type> :

<simple-type-name>

| structure ’ ( ’ <OODL-type-name> ’ ) ’ // O*-type-name : object class or domain

| ’ [ ’ <message-field-specifier-list> ’ ] ’

<message-field-specifier-list> ::=

<message-field-specifier>

| <message-field-specifier-list> ’ , ’ <message-field-specifier>

<message-field-specifier> :

<field-name> ’ : ’ <message-type-specifier>

3. 6 .5 Call of conditions, factors and operations

<call-condition> ::=<condition-name> ’ (’ [<expression-list>] ’ )’

<call-factor> ::=<factor-name> ’ (’ [<expression-list>] ’ )’

<call-operation> ::= <procedure-expression> ’ (’ [<expression-list>] ’ )’

<procedure-expression> ::=

<name2>

| <object-expression> ’.’ <name2>

<object-expression> ::=

<variable-name>

| <object-expression> ’.’ <name1>

| <object-expression> inverse of <name1>

| <procedure-expression> ’ (’ [<expression-list>] ’ )’

<name1> ::= // name of attribute for an object class

<attribute-name>

| <qualifi ed-class-name> ’::’ <name1>

<name2> ::= // name of an encapsulated function or a procedure

<operation-name>

| <operator-function-name>

| <conversion-function-name>

| <qualified-class-name> ’::’ <name2>

<expression-list> ::=

<expression>

| <expression-list> ’,’ <expression>

<expression> ::=

<primary-expression>

| <postfix-expression>

<postfix-expression> ::=

<final-expression>

| <direct-fonction-name> ’ (’ [<expression-list>] ’ )’

| <postfix-expression> ’ .’ <fonc-name> ’ (’ [<expression-list>] ’ )’

| <postfix-expression> ’ .’ <name>

| <postfix-expression> inverse of <name1>’ .’ <object-class-name>

<final-expression> ::=

<variable-name>

| <persistent-collection-name>

| context | old | new | self

<primary-expression> ::=

<literal>

| ’ ( ’<expression> ’ )’

<literal> ::=

<integer-constant>

| <character-constant>

| <symbol-constant>

| <date-constant>

| <floating-constant>

| <string-constant>

| <boolean-constant>

| <reference-constant>

<boolean-constant> ::= true | false

<reference-constant> ::= nil

3. 6 .6 Event induction graph & Event concurrence graph

<induction-list>::=

<induction-link>

| <induction-list> <induction-link>

<concurrent-list>::=

<concurrent-link>

| <concurrent-list> <concurrent-link>

<induction-link>::=<modality> [IF <call-condition> ] [ with delay <quantity-of-time>] [<cardinality>] <call-event>

<modality> ::= may | must

<cardinality> ::= one | more

<concurrent-link>::= [ before | after ] <event-name>

<call-event>::= <proc-expression> ’ (’ [<expression-list>] ’ )’

<proc-expression> ::=

<namef>

| <object-expression> ’.’ <namef>

<object-expression> ::=

<variable-name>

| CLOCK

| <object-expression> ’.’ <nameatt>

| <object-expression> inverse of <nameatt> ’.’ <object-class-name>

| <proc-expression> ’ (’ [<expression-list>] ’ )’

<nameatt> ::= // name of attribute for an object class

<attribute-name>

| <qualified-class-name> ’::’ <nameatt>

<namef> ::= // name of an encapsulated function or a procedure

<event-name>

| <qualified-class-nam e> ’::’ <namef>

3. 7 ANNEX II

CASE STUDY OF THE LIBRARY SYSTEM

In this annex, a case study on the functioning of the library system will be conducted to demonstrate how to define an IS as a representation of the real world library system.

3. 7 .1 Management of the library system

The text below shows an example of the functioning of a library system, in which the purpose of the system, the organizational choices and the management rules have been described separately.

3. 7 .1 .1 The Statements

The aim of the project is to organize the functioning of a library stressing on an automated IS. The IS should allow a coherent functioning of the library and inform the librarian of the present or former state of this functioning, bringing with it, for example, information on:

¯ the inventory of books by subject, or author, or year of entry or keywords;

¯ the inventory of books borrowed at a given moment;

¯ the inventory of present or former subscribers, or for a given period;

¯ the list of overdue books;

¯ the boo ks borrowed at a given moment, by a given subscriber;

¯ the frequency of the reading of the books;

¯ the average duration of the waiting for a book;

¯ the eagerness with which readers come to look for an available book;

¯ the proportion of subscribers who have gone past the period of loan allowed by the rules ...

The functioning of the library stresses on a set of organizational choices and of management rules, that can be set down as follows after discussion with the managers.

3. 7 .1 .2 The Organizational Choices

The library consists of a collection of books, each with a unique reference. There may be several copies of the same book in the library. In the actual management, a card is created for each new book. On this card are written the reference number of the book, the name of the author(s), the date of edition, the reference number of the last edition, a summary in the form of a list of keywords, and the number of copies for loan with the date they are put out for loan. This card is updated for any purchase of new copies or any deletion of copies. Each subscriber of the library has a card on which the librarian writes down the date of each loan, the reference of the book borrowed, and the date of return, together with the reference of the book.

The librarian has, at his disposition, two other cards:

¯ the card for requests of loans that could not be satisfied immediately and that are on the waiting list;

¯ the card for notifications of the subscribers, that inform them that they can come and take from the library t he book that they have been waiting for and that is available from now on.

3. 7 .1 .3 The Rules of Management

Below is a list of the principal rules of the functioning of the library:

¯ To subscribe, a subscription must be paid and it is renewable every year. The period of subscription is 12 months from the date of payment of the subscription.

¯ The maximum delay allowed for the payment of a renewed subscription is a month from the normal date of this renewed subscription.

¯ The subscriber who has not paid his subscr iption a month after the normal delay cannot borrow any book. It is said that he is suspended.

¯ A subscriber can, at the most, borrow 3 books at the same time.

¯ Any book on loan must be returned to the library, at the latest, at the end of the delay of a month for the loan.

¯ The requests for loan non-satisfied are placed on the waiting list, if the subscriber wishes it, and the requests would be satisfied according to the chronological order of their registrations.

¯ When a book on the waiting list deman ded by a subscriber becomes available, he is informed by notice. He has a week to come and to take it. At the end of this delay, the book will no longer be reserved for him.

¯ The subscriber who has not returned the books borrowed within the normal delay period will be reminded one week after the expiring date of return, and will be fined at the end of two weeks of delay. The fine is equivalent to 20% of the price of the book. Each additional week of delay gives rise to a new reminder and to a fine of the same amount.

¯ A subscriber who has not returned the borrowed book to the library two weeks after the allowable period of a month will be suspended from borrowing any book from the library. If he has been fined thrice for the same loan, he can no longer benefit from the services of the library. It is said that he is excluded.

¯ A request on the waiting list for 3 months should be canceled .

¯ At the moment of the annual inventory, the librarian can decide to delete the copies of books too worn out and proceed to request new ones. He can decide to purchase additional copies of books much in demand.

3. 7 .2 The various object classes identified for the library application schema are:

1. BOOK - a class of all books kept in the library.

2. COPY - a class of all copies of books.

3. KEYWORD - a class of all keywords used in the books.

4. PERSON - a class of all people relevant for the management of the library system.

5. SUBSCRIBER - a class which is a specialization of PERSON for representing all subscribers who borrow books.

6. AUTHOR - a class which is a specialization of PERSON for representing all authors of books.

7. EDITOR - a class which is a specialization of PERSON for representing all editors of books.

8. LOAN - a class grouping all loans of copies requested by the subscribers.

9. REQUEST - a class grouping all requests of books.

10. NOTICE - a class grouping all notices sent to the subscribers whose requests for loan have been put into waiting state.

11. REMINDER - a class grouping all reminders sent to the subscribers who have been fined for not returning the borrowed books after the allowable period.

TOOBIS long version

3. 7 .3 Global Structure view

PERSON

AUTHOR

SUBSCRIBER

EDITOR

BOOK

1+

REQUEST

NOTICE

LOAN

COPY

KEYWORDS

REMINDER

editors subscriber authors keywords copy loancopies book

reminders notice books requests request loans requests

notices loan

Figure 76 : Global Structure View

3. 7 .4 Global behavior view

SUBSCRIBER

REQUEST

Acceptation

Wait

C1

C2

Loan request

Loan return

COPY

Check out

Availability

C1

SUBSCRIBER

Add to copies in hand

Reduce from copies in hand

C1

Acceptation

C1

Send waiting request message

Send accepted request message

C2

C1

LIBRARIAN

Send accepted request message

C1

LOAN

Creation

Settlement

C1

REMINDER

Settlement

C1: Valid request

C2: Copy not available

C3: loan is valid

C4: loan is expired

Expiration

Expiration of delay for returning a book

C3

Update the number of times fined

Expiration of each week after the loan had expired

C4

Creation

C4

Figure 77 : Global behavior view (part 1)

COPY

Availability of copy

Reservation

C1

C1: Exist waiting request

C2: request is attended

LIBRARIAN

Send notice

C1

SUBSCRIBER

Send notice

C1

SUBSCRIBER

Add to copies in hand

C1

REQUEST

C1

Notification expiration of delay of notification

Reduce from copies in hand

Send cancelled request message

C2

C2

Send cancelled request message

C2

Availability

C2

Cancellation

C2

NOTICE

Cancellation

C2

Figure 78 : Global behavior view (part 2)

LOAN

Attainment of 3 fines

C1: subscriber not excluded

LIBRARIAN

Send exclusion message

C1

SUBSCRIBER

Send exclusion message

C1

SUBSCRIBER

Exclusion

C1

C1

C1

Send lost copy message

COPY

Loss

Figure 79 : Global behavior view (part 3)

LIBRARIAN

REQUEST

Acceptation

COPY

Check out

LOAN

Creation

SUBSCRIBER

Registration

Payment of subscription

New subscription

Payment of subscription

NOTICE

Response

Send accepted request message

SUBSCRIBER

Response of notification

Send accepted request message

Expiration of delay for payment of subscription

suspension

C1: subscriber is valid

C1

Send suspension message

C1

Suspension

Figure 80 : Global behavior view (part 4)

LIBRARIAN

Purchased copy

BOOK

Purchase

AUTHOR

Creation

KEYWORD

Creation

EDITOR

Creation

Decision for worn out copies

COPY

Wear out

C3

C3

C3: Not exist book reference

C4: not exist book reference and author

C5: copy is in the set of for worn out copies

C3

C4

C5

Figure 81 : Global behavior view (part 5)

Moment of annual inventory

COPY

Deletion

LIBRARIAN

Send inventory message

C1

C1: copy in the set of worn out or lost

C2: request is waiting

Expiration of waiting for request

Send cancelled request message

C2

SUBSCRIBER

Send cancelled request message

C2

REQUEST

Cancellation

C2

Figure 82 : Global behavior view (part 6)

3. 7 .5 Event Induction graph

Return_of_loan availability_of_copy

Request_for_loan

[request_is_valid] <one mo nth>

New_subscription

<13 month s>

Expiration of delay of notification

[request_is_attended] temporal event

internal event

external event Obligation induction

Possibility induction multiple induction

<13 months>

[request_is_valid]

: delay of the induction

: conditional induction

Response_of_notification

[exist_waiting_ request]

<7 days>

[valid_req uest] <one month>

Payment of subscription

Purchased copy

Expiration of each week after the loan had expired

Attainment of 3 fines

<13 month s>

[new.number of times fined = 3]

Figure 83 : Event Induction graph

TOOBIS long version

3. 7 .6 Event Concurrence graph

Expiration of delay of notification

Availability of copy

Request for loan

before afterafterafterafterafter

Return of loan

Payment of subscripton

Attainment of

3 fines

Expiration of delay of subscription

after before

afterafterafterafter

Suspension

afterafter

Expiration of waiting for request

Response of notification

after

Figure 84 : Event concurrence graph (part 1)

TOOBIS long version

Suspension

Response of notification

after

Expiration of delay of notification

before

Return of loan

Payment of subscripton

Expiration of delay of subscription

afterafterbefore

Figure 85 : Event concurrence graph (part 2)

3. 7 .7 Local class view

PERSON properties id of person : string family name : string first name : string address: string date of birth : date profession : string constraints unique(Persons,family name, first name, date of birth) operations

PERSON creation(p:structure(PERSON)) type create

Figure 86 : Local class view of the object-class PERSON

EDITOR : PERSON properties books : inverse (zeromany, book.editor) operations

EDITOR creation(e:structure(EDITOR)) type create :

Person::creation (e)

Figure 87 : Local class view of the object-class EDITOR

AUTHOR : PERSON properties books : inverse (zeromany, book.author) operations

AUTHOR creation(a:structure(AUTHOR)) type create :

Person::creation (e)

Figure 88 : Local class view of the object-class AUTHOR

SUBSCRIBER : PERSON properties number of copies in-hand : integer date of subscription : date state : subscriber_state requests : inverse (zeromany, REQUEST::subscriber) operations

SUBSCRIBER registration(s:structure(SUBSCRIBER)) type create : Person::creation (e) suspension() type update exclusion() type update payment of subscription() type update add to copies in-hand() type update reduce from copies in-hand() type update queries

SUBSCRIBER find_subscriber(id:string) type class service

Figure 89 : Local class view of the object-class SUBSCRIBER

BOOK properties reference : string title : string edition date : date last edition : string price: integer requests : inverse (zeromany, book.request) copies : aggr ( zeromany, COPY) editor : asso ( one, EDITOR, inverse of books) authors : asso ( many, AUTHOR, inverse of books) keywords : asso (zeromany, KEYWORD, inverse of books) constraints unique(Books,reference) operations

BOOK purchase(p:PURCHASED_COPY) type create :

agg(many, copy::purchase)

COPY add_copy(p:PURCHASED_COPY) type update queries

BOOK $ find_book(p:PURCHASED_COPY)

Figure 90 : Local Class View of the object-class BOOK

COPY properties reference : string date acquired : date date put out for loan : date state : copy_state loans : inverse (zeromany, LOAN.copy) notices : inverse (zeromany, NOTICE.copy) constraints unique(Copies,reference) operations

COPY purchase(c:structure(COPY)) type create reservation() type update availability() type update check out() type update wear out() type update loss() type update deletion() type update queries boolean $ exist_copy_available() internal-events availability of copy

Figure 91 : Local Class View of the object-class COPY

KEYWORD properties content : string creation date : string books : inverse (zeromany, BOOK::keywords) constraints invariants unique(Keywords,content) operations

KEYWORD creation(k:structure(KEYWORD)) type create

Figure 92 : Local Class View of the object-class KEYWORD

REQUEST

REQUEST properties date of request : date date of cancellation : date subscriber : asso (one, SUBSCRIBER, inverse of requests) book : asso (one, BOOK, inverse of requests) loan : inverse (zeroone, LOAN::request) notice : inverse (zeroone, NOTICE::request) state : request_state operations

REQUEST acceptation(id of subscriber:string, reference of book:string) type create

REQUEST wait(id of subscriber:string, reference of book:string) type create notification() type update cancellation() type update queries

REQUEST $ find_earliest_request(book : BOOK)

Figure 93 : Local Class View of the object-class REQUEST

LOAN properties date borrowed : date return date : date nunmber of times fined : integer copy : asso (one, COPY, inverse of loans) request : asso (one, REQUEST, inverse of loan) reminders : inverse (zeromany, REMINDER::loan) state : loan_state operations

LOAN creation(r:REQUEST FOR LOAN) type create expiration() type update settlement() type update update the number of times fined() type update queries

LOAN $ find_loan(m:RETURN_LOAN) internal-events attainment of 3 fines

Figure 94 : Local Class View of the object-class LOAN

NOTICE properties reference : string date of notification : date date of response : date request : asso (one, REQUEST, inverse of notice) copy : asso (one, COPY, inverse of notices) state : notice_state constraints unique(Notices,reference) operations

NOTICE creation(c:COPY) type create response() type update cancellation() type update queries

NOTICE $ find_notice(m:RESPONSE OF NOTIFICATION)

Figure 95 : Local Class View of the object-class NOTICE

REMINDER properties reference : string date of reminder : date date of settlement : date loan : asso (one, LOAN, inverse of reminders) state : reminder_state constraints unique(Reminders,reference) operations

REMINDER creation(l:LOAN) type create settlement() type update

Figure 96 : Local Class View of the object-class REMINDER

SUBSCRIBER (actor) properties id of subscriber : string external operations send_notice (n: NOTICE) send_reminder (r: REMINDER) send_waiting_request_message (r : REQUEST) send_accepted_request_message (r : REQUEST, c: COPY) send_cancelled_request_message (r: REQUEST) send_exclusion_message (s: SUBSCRIBER) external events request for loan response of notification return of loan new subscription payment of subscription

Figure 97 : Local Class View of the actor-class SUBSCRIBER

LIBRARIAN properties name of librarian : string external operations send_notice (n: NOTICE) send_reminder (r: REMINDER) send_waiting_request_message (r : REQUEST) send_accepted_request_message (l:LOAN) send_cancelled_request_message (r: REQUEST) send_exclusion_message (s: SUBSCRIBER) send_suspension_message (s: SUBSCRIBER) send_lost_copy_message (c:COPY) send_inventory_message ( s : set (COPY)) send_no_copy_message (b:BOOK) external events purchased_copy decision_for_worn_out_copies

(actor)

Figure 98 : Local Class View of the actor-class LIBRARIAN

CLOCK temporal-events expiration of delay for payment of subscription expiration of waiting for request expiration of delay of notification moment of annual inventory expiration of delay for returning a book expiration of each week after the loan has expired suspension

Figure 99 : Local Class View of the calendar-class CLOCK

3. 7 .8 Textual specification of the library system application library system definition object-class PERSON extents Persons properties id of person : string family name : string first name : string address: string date of birth : date profession : string constraints unique( Persons, family name, first name, date of birth ) operations

PERSON creation(p:structure(PERSON)) type create endobject-class object-class EDITOR : PERSON extents Editors properties books : inverse (zeromany, book.editor ) operations

EDITOR creation(e:structure(EDITOR)) type create : Person::creation (e) endobject-class object-class AUTHOR : PERSON extents Authors properties books : inverse (zeromany, book.author ) operations

AUTHOR creation(a:structure(AUTHOR)) type create : Person::creation (e) endobject-class object-class SUBSCRIBER : PERSON extents Subscribers properties number of copies in-hand : integer date of subscription : date state : subscriber_state requests : inverse (zeromany, REQUEST::subscriber ) operations

SUBSCRIBER registration(s:structure(SUBSCRIBER)) type create : Person::creation (e) suspension() type update exclusion() type update payment of subscription() type update add to copies in-hand() type update reduce from copies in-hand() type update queries

SUBSCRIBER $ find_subscriber(id:string) endobject-class object-class BOOK extents Books properties reference : string title : string edition date : date last edition : string price: integer requests : inverse (zeromany, book.request ) copies : aggr ( zeromany, COPY ) editor : asso ( one, EDITOR, inverse of books ) authors : asso ( many, AUTHOR, inverse of books ) keywords : asso (zeromany, KEYWORD, inverse of books ) constraints unique( Books,reference ) operations

BOOK purchase(p:PURCHASED_COPY) type create : aggr (many, copy::purchase )

/* copies will be created implicitly through this operation and the states of all copies will be iimplicitly initialized to "available" */

COPY add_copy(p:PURCHASED_COPY) type update queries

BOOK $ find_book(p:PURCHASED_COPY) endobject-class object-class COPY extents Copies properties reference : string date acquired : date date put out for loan : date state : copy_state loans : inverse (zeromany, LOAN: : copy ) notices : inverse (zeromany, NOTICE : : copy ) constraints unique( Copies,reference ) operations

COPY purchase(c:structure(COPY)) type create reservation() type update availability() type update check out() type update wear out() type update loss() type update deletion() type update queries boolean $ exist_copy_available() internal-events availability of copy induction may IF exist_waiting_request( context ) with delay 7 days context .request.subscriber.response of notification ( context .notice, context .request.subscriber, context .request.book) concurrent events before request for loan // conflict access to subscriber and copy after return of loan // conflict access to subscriber after response of notification // conflict access to subscriber after payment of subscription // conflict access to subscriber after expiration of delay of notification // conflict access to subscriber after expiration of delay for pyment of subscription // conflict access to subscriber after suspension // conflict access to subscriber after attainment of 3 fines // conflict access to subscriber after expiration of waiting for request // conflict access to request predicate(not(old.state = "available" ) and (new.state = "available" )) trigger if exist_waiting_request( context ) then context .reservation() if exist_waiting_request( context ) then

Requests.fi nd_earliest_request( context . inverse of BOOK::copies).notification() if exist_waiting_request( context ) then Notices.creation() if exist_waiting_request( context ) then

Requests.find_earliest_request( context . inverse of BOOK::copies).subscriber.add to copies in-hand() if exist_waiting_request( context ) then

Requests.find_earliest_request( context . inverse of BOOK::copies).subscriber.

send_notice( context. notice) if exist_waiting_request( context ) then

Librarian.send_notice( context. notice) endtrigger endobject-class object-class KEYWORD extents Keywords properties content : string creation date : string books : inverse (zeromany, BOOK::keywords ) constraints invariants unique( Keywords,content ) operations

KEYWORD creation(k:structure(KEYWORD)) type create endobject-class object-class REQUEST extents Requests properties date of request : date date of cancellation : date subscriber : asso (one, SUBSCRIBER, inverse of requests ) book : asso (one, BOOK, inverse of requests ) loan : inverse (zeroone, LOAN::request ) notice : inverse (zeroone, NOTICE::request ) state : request_state operations

REQUEST acceptation(id of subscriber:string, reference of book:string) type create

REQUEST wait(id of subscriber:string, reference of book:string) type create notification() type update cancellation() type update queries

REQUEST $ find_earliest_request(book : BOOK) endobject-class object-class LOAN extents Loans properties date b orrowed : date return date : date number of times fined : integer copy : asso (one, COPY, inverse of loans ) request : asso (one, REQUEST, inverse of loan ) reminders : inverse (zeromany, REMINDER::loan ) state : loan_state operations

LOAN creation(r:REQUEST FOR LOAN) type create expiration() type update settlement() type update update the number of times fined() type update queries

LOAN $ find_loan(m:RETURN_LOAN) internal-events attainment of 3 fines concurrent ev ents before availability of copy // conflict access to subscriber before request for loan // conflict access to subscriber after return of loan // conflict access to subscriber before response of notification // conflict access to subscriber before expiration of delay for payment of subscription // conflict access to subscriber expiration of delay of notification // conflict access to subscriber before payment of subscription // conflict access to subscriber predicate(old .number of times fined < 3 and new .number of times fined = 3 ) trigger if subscriber_not_excluded( context .request.subscriber) then context .request.subscriber.exclusion() if subscriber_not_excluded( context .request.subscriber) then context .copy.loss() if subscriber_not_excluded( context .request.subscriber) then context .request.subscriber.send_exclusion_message() if subscriber_not_excluded( context .request.subscriber) then

Librarian.send_exclusion_message( context .request.subscriber) if subscriber_not_excluded( context .request.subscriber) then

Librarian.send_lost_copy_message( context .copy) endtrigger endobject-class object-class NOTICE extents Notices properties reference : string date of notification : date date of response : date request : asso (one, REQUEST, inverse of notice ) copy : asso (one, COPY, inverse of notices ) state : notice_state constraints unique( Notices,reference ) operations

NOTICE creation(c:COPY) type create respon se() type update cancellation() type update queries

NOTICE $ find_notice(m:RESPONSE OF NOTIFICATION) endobject-class object-class REMINDER extents Reminders properties reference : string date of reminder : date date of settlement : date loan : asso (one, LOAN, inverse of reminders ) state : reminder_state constraints unique( Reminders,reference ) operations

REMINDER creation(l:LOAN) type create settlement() type update endobject-class actor-class SUBSCRIBER properties id of subscriber : string external operations send_notice (n: NOTICE) send_reminder (r: REMINDER) send_waiting_request_message (r : REQUEST) send_accepted_request_message (r : REQUEST, c: COPY) send_cancelled_request_message (r: REQUEST) send_exclusion_message (s: SUBSCRIBER) external events request for loan message REQUEST_FOR_LOAN reference of book : string id of subscriber : string induction may IF valid_request ( context ) with delay 1 month self .return of loan(copy_reference= context .copy) concurrent events after availability of copy // conflict access to subscriber and copy after attainment of 3 fines // conflict access to subscriber after suspension // conflict access to subscriber after return of loan // conflict access to subscriber and copy after payment of subscription // conflict access to subscriber after expiration of delay of notification //conflict access to subscriber and copy after response of notification // conflict access to subscriber after expiration of delay for payment of subscription //conflict access to subscriber predicate( the book must exist and the subscriber must exist in valid state) trigger if valid_request( context ) then

Requests.acceptation(Subscribers.find_subscriber( context. id of subscriber), context .reference of book) if valid_request( context ) then Loans.creation( context ) if valid_request( context ) then Copies.find_copy_available( context ).check out() if valid_request( context ) then

Subscribers.find_subscriber( context. id of subscriber).add to copies in-hand() if copy_not_available( context ) then

Requests.wait(Subscribers.find_subscriber( context. id of subscriber), context .reference of book) if copy_not_available( context ) then context .id of subcriber.send_waiting_request_message ( context. request) if copy_not_available( context ) then

Librarian.send_waiting_request_message ( context. request) if valid_request( context ) then

Librarian.send_accepted_request_message ( context. loan) if valid_request( context ) then context .id of subcriber.send_accepted_request_message ( context. request , context. copy) endtrigger response of notification message RESPONSE_OF_NOTIFICATION reference of notification : string id of subscriber : string reference of book : string induction may IF valid_request ( context ) with delay 1 month self .return of loan(copy_reference= context .copy) concur rent events before availability of copy // conflict access to subscriber after attainment of 3 fines // conflict access to subscriber after suspension // conflict access to subscriber after return of loan // conflict access to subscriber after payment of subscription // conflict access to subscriber before expiration of delay of notification //conflict access to subscriber after expiration of delay for payment of subscription //conflict access to subscriber before request for loan // conflict access to subscriber predicate ( the notification must exist and today < date of notification +7 days ) trigger

Notices.find_notice( context ).response()

Notices.find_notice( context ).request.acceptation( context .id of subscriber, context .reference of book)

Notices.find_notice( context ).copy.check out()

Loans.creation( today ,

Notices.find_notice( context ).request,

Notices.find_notice( context ).copy)

Librarian.send_accepted_request_message ( context. loan) context .id of subcriber.send_accepted_request_message ( context. request , context. copy) endtrigger

Return of loan message RETURN_LOAN s_date_of_birth : date s_family_name : string s_name : string copy_reference : string induction must context .copy.availability of copy() concurrent events before availability of copy // conflict access to subscriber before attainment of 3 fines // conflict access to subscriber suspension // conflict access to subscriber before response of notification // conflict access to subscriber payment of subscription // conflict access to subscriber expiration of delay of notification // conflict access to subscriber expiration of delay for payment of subscription // conflict access to subscriber before request for loan // conflict access to subscriber predicate( the subscriber must exist and the copy must exist ) trigger if (return_loan_is_late( Loans.find_loan( context ) ) then foreach r in set_of_reminders(Loans.find_loan( context )) do r.settlement()

Loans.find_loan( context ).copy.availability()

Loans.find_loan( context ).settlement()

Loans.find_loan( context ).request.subscriber.reduce from copies in-hand() endtrigger new subscription message NEW_SUBSCRIPTION sub : structure( SUBSCRIBER ) induction may IF subscriber_not_exist ( context .sub) with delay 1 year more self .request for loan() may IF subscriber_not_exist ( context .sub) with delay 1 year self .payment of subscription() predicate( today - sub.date of birth >= 8 ) trigger if subscriber_not_exist( context. sub) then

Subscribers.registration( context. sub) endtrigger payment of subscription message PAYMENT_OF_SUBSCRIPTION id of subscriber : string induction may IF subscriber_not_excluded ( context .sub) with delay 1 year more self .request for loan() may IF subscriber_not_excluded ( context .sub) with delay 1 year self .payment of subscription() concurrent events before availability of copy // conflict access to subscriber after attainment of 3 fines // conflict access to subscriber suspension // conflict access to subscriber before response of notification // conflict access to subscriber expiration of delay of notification // conflict access to subscriber before expiration of delay for payment of subscription //conflict access to subscriber before request for loan // conflict access to subscriber return of loan // conflict access to subscriber predicate( the subscriber must exist ) trigger if subscriber_not_excluded(Subscribers.find_subscriber( context. id of subscriber)) then

Subscribers.find_subscriber( context. id of subscriber).payment of subscription() endtrigger endactor-class actor-class LIBRARIAN properties name of librarian : string external operations send_notice (n: NOTICE) send_reminder (r: REMINDER) send_waiting_request_message (r : REQUEST) send_accepted_request_message (l:LOAN) send_cancelled_request_message (r: REQUEST) send_exclusion_mess age (s: SUBSCRIBER) send_suspension_message (s: SUBSCRIBER) send_lost_copy_message (c:COPY) send_inventory_message ( s : set (COPY)) external events purchased_copy message PURCHASED_COPY b : structure( BOOK ) date put out for loan : date induction must context .copy.availability of copy() trigger if not_exist_book_reference( context ) then Books.purchase( context ) if not_exist_book_reference( context ) then foreach a in set_of_authors do Authors.creation(a) if not_exist_book_reference( context ) then foreach k in set_of_keywords do Keywords.creation(k) if not_exist_book_reference_and_editor( context ) then Editors.creation( context ) add_copy( context ) endtrigger decision_for_worn_out_copies message D_WORN_OUT_COPIES copy_refs : set( string ) predicate ( the copies must exist) trigger foreach c in set_of_for_worn_out_copies( context ) do c.wear out() endtrigger endactor-class calendar-class CLOCK temporal-events expiration of delay for payment of subscription concurrent events before availability of copy // conflict access to subscriber after attainment of 3 fines // conflict access to subscriber suspension // conflict access to subscriber before response of notification // conflict access to subscriber expiration of delay of notification // conflict access to subscriber and copy after payment of subscription // conflict access to subscriber before request for loan // conflict access to subscriber return of loan // conf lict access to subscriber predicate( today = SUBSCRIBER.date of subscription + 13 months) trigger /* context is a subscriber */ if subscriber_is_valid( context ) then context .suspension() if subscriber_is_valid( context ) then Librarian.send_suspension_message( context ) endtrigger expiration of waiting for request concurrent events before availability of copy // conflict access to request predicate(today = REQUEST::date of request+3 months) trigger /* context is a request */ if request_is_waiting( context ) then context .cancellation() if request_is_waiting( context ) then context. subscriber.send_cancelled_request_message( context ) if request_is_waiting( context ) then

Librarian.send_cancelled_request_message( context ) endtrigger expiration of delay of notification induction must IF request_is_attended( context ) context .copy.availability of copy() concurrent events before availability of copy // conflict access to subscriber attainment of 3 f ines // conflict access to subscriber suspension // conflict access to subscriber after response of notification // conflict access to subscriber expiration of delay for payment of subcription // conflict access to subscriber payment of subscription // conflict access to subscriber before request for loan // conflict access to subscriber return of loan // conflict access to subscriber predicate(today = NOTICE::date of notification + 7 days) trigger /* context is a notice */ if request_is_attended( context ) then context .cancellation() if request_is_attended( context ) then context .request.cancellation() if request_is_attended( context ) then context .copy.availability() if request_is_attended( context ) then context .request.subscriber.reduce from copies in-hand() if request_is_attended( context ) then context. request . subscriber.send_cancelled_request_message( context. request) if request_is_attended( context ) then

Librarian.send_cancelled_request_message( context. request) en dtrigger moment of annual inventory predicate( each end_of_year ) trigger foreach c in set_of_worn_out_or_lost() do c.deletion()

Librarian.send_inventory_message (set_of_worn_out_or_lost()) endtrigger expiration of delay for returning a book predicate(today =LOAN::date borrowed+1 month) trigger /* context is loan */ if loan_is_valid( context ) then context .expiration() endtrigger expiration of each week after the loan has expired predicate(today = (LOAN::date borrowed +1month )+n+1 weeks) trigger /* context is loan */ if loan_is_expired( context ) then context .update the number of times fined() if loan_is_expired( context ) then Reminders.creation( context ) if loan_is_expired( context ) then context.request.subscriber.send_reminder( context ) if loan_is_expired( context ) then Librarian.send_reminder( context ) endtrigger suspension concurrent events before availability of copy // conflict access to subscriber before attainment of 3 fines // conflict access to subscriber expiration of delay of notification // conflict access to subscriber before response of notification // conflict access to subscriber expiration of delay for payment of subcription // conflict access to subscriber payment of subscription // conflict access to subscriber before request for loan // conflict access to subscriber return of loan // conflict access to subscriber predicate(today= LOAN::date borrowed+1 month +2 weeks)) trigger context .request.subscriber.suspension()

Libr arian.send_suspension_message( context .request.subscriber) endtrigger endclass-calendar domain subscriber_state : { "valid", "suspended", "excluded" } domain copy_state : { "available", "reserved", "check out", "worn out", "lost" } enddomain domain request_state : { "accepted", "wait", "attended", "cancelled" } enddomain domain loan_state : { "valid", "expired", "settled"} enddomain domain notice_state : { "valid", "cancelled", "responded"} enddomain domain reminder_state : { "fined", "paid"} enddomain triggering-condition boolean exist_waiting_request(c:COPY) comment does there exist a request waiting for the book became available which can be satisfied

?

endtriggering-condition triggering_condition boolean valid_request(r: REQUEST FOR LOAN) comment if a copy of the request book is available and the subscriber is valid and the number of copies in hand < 3 endtriggering-condition triggering_condition boolean copy_not_available(r: REQUEST FOR LOAN) comment there is no available copy of the requested book endtriggering-condition triggering_condition boolean not_exist_book_reference(p:PURCHASED_COPY) comment the book does not exist endtriggering-condition triggering_condition boolean not_exist_book_reference_and_editor(p:PURCHASED_COPY) comment the editor does not exist endtriggering-condition triggering_condition boolean subscriber_not_exist(n:NEW SUBCRIPTION) comment the subscriber does not exist endtriggering-condition triggering_condition boolean subscriber_not_excluded(s:SUBSCRIBER) comment the subscriber are not excluded endtriggering-condition triggering_condition boolean subscriber_is_valid(s:SUBSCRIBER) comment the subscriber is valid endtriggering-condition triggering_condition boolean request_is_waiting(r:REQUEST) comment the request is in the waiting state endtriggering-condition triggering_condition boolean request_is_attended(n:NOTICE) comment the state of the request is "attended" endtriggering-condition triggeri ng_condition boolean loan_is_valid(l:LOAN) comment the state of the loan is valid endtriggering-condition triggering_condition boolean return_loan_is_late (l:LOAN) comment today > date borrowed of the loan + 1 month endtriggering-condition triggering-factor set(AUTHOR) set_of_authors(p:PURCHASED_COPY) comment set of authors of the purchased book endtriggering-factor triggering-factor set(KEYWORD) set_of_keywords(p:PURCHASED_COPY) comment set of keywords associated to the purchased book endtriggering-factor triggering-factor set(COPY) set_of_for_worn_out_copies(d : D_WORN_OUT_COPIES) comment set of copies mentioned in the worn out copies message endtriggering-factor triggering-factor set(COPY) set_of_worn_out_or_lost() comment set of worn_out or lost copies endtriggering-factor triggering-factor set(REMINDER) set_of_reminders(l:LOAN) comment set of reminders of the loan endtriggering-factor

TOOBIS long version

4. THE TEMPORAL EXTENSION (TOOM)

TOOBIS long version

Contents

4.1 I NTRODUCTION

................................ ................................ ................................ ................................ ............ 194

4.2 T EMPORAL REQUIREMENTS

................................ ................................ ................................ ......................... 194

4.3 T EMPORAL EXTENSION

................................ ................................ ................................ ................................ 197

4.3.1 Definition of one or more calendars ................................ ................................ ................................ .... 197

4.3.2 Extension of the basic domains to temporal domains ................................ ................................ .......... 201

4.3.3 Derived class Vs Basic class : specialization of object class ................................ ............................... 204

4.3.4 Extension of object classes to time dimensions ................................ ................................ ................... 208

4.3.4.1 The snapshot class ................................ ................................ ................................ ................................ .......... 208

4.3.4.2 The temporal class ................................ ................................ ................................ ................................ ........... 212

4.3.4.3 The temporal dictionary class ................................ ................................ ................................ .......................... 218

4.3.4.4 Temporal analysis process ................................ ................................ ................................ ............................... 222

4.3.5 Extension of static links between classes to time dimensions ................................ ............................. 225

4.3.6 Extension of constraints applied on object classes ................................ ................................ ............. 227

4.3.6.1 Classification applied on constraints ................................ ................................ ................................ ............... 228

4.3.6.2 Extension of constraints to time dimensions ................................ ................................ ................................ ... 229

4.3.7 Extension of events to time dimensions ................................ ................................ ................................ 236

4.3.7.1 External event ................................ ................................ ................................ ................................ .................. 236

4.3.7.2 Internal event ................................ ................................ ................................ ................................ ................... 237

4.3.7.3 Temporal event ................................ ................................ ................................ ................................ ................ 239

4.3.8 Database administration policy ................................ ................................ ................................ ........... 241

4.4 APPENDICES ................................ ................................ ................................ ................................ ............ 244

4.4.1 Foundations of the time management ................................ ................................ ................................ .. 244

4.4.1.1 The model of time ................................ ................................ ................................ ................................ ........... 244

4.4.1.2 Calendars and Granularities ................................ ................................ ................................ ............................ 248

4.4.1.3 Absolute, Relative and Periodic Times ................................ ................................ ................................ ........... 253

4.4.1.4 Time Dimensions ................................ ................................ ................................ ................................ ............ 254

4.4.2 The syntax of the TOOM specification language ................................ ................................ ................. 259

4.4.2.1 Application definition ................................ ................................ ................................ ................................ ..... 260

4.4.2.2 Domain definition ................................ ................................ ................................ ................................ ........... 261

4.4.2.3 Object class definition ................................ ................................ ................................ ................................ ..... 262

4.4.2.3.1 Definition of Attributes ................................ ................................ ................................ ............................ 268

4.4.2.3.2 Function and procedure signatures ................................ ................................ ................................ ........... 268

4.4.2.4 Internal events and trigger part ................................ ................................ ................................ ........................ 269

4.4.2.5 Actor class and Calendar class definitions ................................ ................................ ................................ ...... 270

4.4.2.5.1 Actor class definition ................................ ................................ ................................ ................................ 270

4.4.2.5.2 Calendar class definition ................................ ................................ ................................ .......................... 271

TOOBIS long version

4.4.2.5.3 Temporal event definition ................................ ................................ ................................ ........................ 272

4.4.2.5.4 External event definition ................................ ................................ ................................ .......................... 272

4.4.2.6 Call of conditions, factors and operations ................................ ................................ ................................ ....... 273

4.4.2.7 Event induction graph & Event concurrence graph ................................ ................................ ......................... 275

4.4.3 A Case Study : THE LOAN MANAGEMENT SYSTEM ................................ ................................ ....... 276

4.4.3.1 Management of the loan management system ................................ ................................ ................................ . 276

4.4.3.2 Global structure graph ................................ ................................ ................................ ................................ ..... 278

4.4.3.3 Global behavior graph ................................ ................................ ................................ ................................ ..... 280

4.4.3.4 Event induction graph ................................ ................................ ................................ ................................ ..... 287

4.4.3.5 Event concurrence graph ................................ ................................ ................................ ................................ . 288

4.4.3.6 Textual specification ................................ ................................ ................................ ................................ ....... 289

4.4.3.7 Vacuuming rules ................................ ................................ ................................ ................................ ............. 299

TOOBIS long version

4. 1 Introduction

The Temporal Object Oriented Method (TOOM) is described in two fragments of methods. The first fragment deals

with the basic OO method whereas the second fragment describes the temporal extension of the OO method. This

chapter is the reference manual of the temporal extension. We recommend to read the reference manual of the basic

OO method.

The pre-requisite for reading this document is to understand the concepts of object class, actor class, calendar class,

event and operation explained in the reference manual of the basic OO method (Chapter 3 ), first.

The document reminds to the reader the basic knowledge relative to temporal management in temporal database

applications (see Appendix 4.4.1 page 244 ).

The document is structured in three sections and three appendices :

· introduction

· the temporal requirements handled by the methodology,

· the concepts of the temporal extension,

· Appendices :

· the foundation of time management,

· the syntax of the specification language,

· Case study.

4. 2 Temporal requirements

Time is everywhere in information systems. Even if time is required for everyapplication, the use and the need

relative to time are different. We have identified five categories of use :

Temporal database

This category corresponds to database applications including data and business rules stronglydependent on

time. Time is linear and discrete.

Temporal reasoning

This category aims at reasoning on events and/or fuzzyevents for finding their p ossible temporal ordering.

T emporal reasoning is based on intervals (time is not anchored to the time line). A particular use of temporal

reasoning is automatic planning .

Branching time

Classically, the time is considered linear, but some applications manage activities done in parallel with

different time and/or several calendars (version ing in design database, e vents in parallel systems etc. ).

TOOBIS long version

Real-time systems

Real-time systems are interested in the duration, the priority and the synchronization of tasks.

Time series management

A time serie s are defined bya set of vectors for different time period. A vector is a set of values for a time

period . In general, the time serie s are based on periodicityrequiring a user-defined granularities or a user-

defined calendar. This management requires special functionalityon the data management and time

management.

The conventional databases are designed to store and retrieve current data. During update operations, the data

relative to evolving real situations are erased and replaced bytheir new values. It means that past data are no longer

in the database, only current data are kept. Except if the designer of the application their historisation.

The relevance of time in the database area has been revealed from1975. Fromthis date, applications require more

and more to manage past, present and future data. This justifies to add to DBMS, mechanisms dedicated to model,

retrieve, store and modifytime dependent data. This trend is confirmed bythe introduction of SQL/T (temporal

extension of SQL) in SQL3. This new generation of temporal DBMS integrates time into the data model in order to

facilitate the management of temporal aspects at the application layer. Such DBMS have simplified the storage and

the request of temporal data. But, theydon´t solve design problems such as : definition of the data schema,

specification of the activities of the application, verification of the consistencyof the temporal database and also how

to administrate such database. The temporal extension of the OO method is focusing on these design problems

relative to temporal databases .

The temporal requirements relative to the temporal database is refined in 7 sub-categories :

· User-defined time management means that the semantic of time is managed bythe application . This management

requires to have an extended set of temporal abstract data types.

· Management of reports of activities on periods of time requires to handle th e valid time on information related to

the relevant activities.

· R etroaction and postaction represent respectivelyactivities performed with a certain delayor in advance. In

these two cases, the consistencyof the database through the time is assured byundo treatments and replyactions

using the current state of the database.

· Business rules dependent to time requires functionality such as :

- handling temporal triggers or alerters,

- handling temporal constraints on event occurrences,

TOOBIS long version

Deliverable T23D1.1 ( THE TEMPORAL EXTENSION (TOOM) ) Page n° 194

- handling statistical triggers or alerters.

�

· Planning oriented applications essentially require the use of relative time instead of absolute time.

· A uditing-oriented a pplications need to use the transaction time . It´s the time during which the data was/is/will be present in the database. It permits to keep track of input mistakes, delayof registration in order to measure their impact on the activities of the enterprise.

· Schema Versioning . The TSQL2 terminologymakes a distinction between schema modification, schema evolution and schema versioning. Schema modification does not guarantee to recover data whereas schema evolution has to guarantee it. And finally, in the schema versioning, the schema is considered as temporal data. It means that the evolution of the schema is kept in the database. Schema modification and schema evolution are not specific to temporal DBMS whereas schema versioning is. Schema versioning is not yet supported in current temporal DBMS.

The TOOM method supports the designer while analysis temporal applications meeting one or several of the six mentioned categories of temporal requirements.

4. 3 Temporal extension

The temporal extension aims at introducing at the analysis level, the concepts required to manage the temporal aspects of a database application.

In addition information systems become more and more dataware houses which have to manage basic information of the enterprise but also derived information such as statistics, decisional supports , management reports etc. This new trend is taken into account at the analysis level, by providing in the OO method the notion of derived class.

The temporal extension of the OO method described in chapter 3 is structured in 8 points :

· definition of one or more calendars for an application,

· extension of basic domains to temporal domains,

· derived class : specialization of object class,

· extension of object classes to time dimensions,

· extension of static links between object classes to time dimensions,

· extension of constraints applied on object classes,

· extension of events to time dimensions,

· Database administration policy.

4. 3 .1 Definition of one or more calendars

A calendar is a metric systemto applyon the time line (cf. section 4.4.1.2 , page 248 ). The OO method proposes the concept of calendar class for defining temporal events of the application (cf. section 3.3.1.4 .). In the basic OO method, the calendar is the Gregorian one. At the object level, the calendar class has onlyone instance : the clock of the Gregorian calendar.

We extend the definition of the calendar class for defining any calendar useful for the application.

A calendar is described by :

· a name ,

· an origin (instant),

· a basic unit (granule) ,

· a set of granules . Each granule is described bythe upward and downward mapp ings. If the mapping is regular, the mapping is described with a coefficient whereas an irregular mapping is explained bya function name.

· three operations have to be redefined for the calendar :

· addition of an interval to an instant,

· addition of an instant to an interval,

· extraction of an interval between two instants.

· a set of external formats . An external format is a temporal format used bythe application which has to be mapped into the defined calendar. Theyare managed bythe application and the mapping functions are explicitly invoked by the application.

The Gregorian calendar is described in 4.3.1 1 . The chronon of the systemis a second. As we can see , months and minute are granules with irregular mapping (cf. section 4.4.1.2 page 248 ).

Calen d ar class calen d ar

Gregorian origin "01/01/0001:00:00:00" b asic u n it = ch ron on gran u les second : {1 basic unit, basic unit=1second} minute : {minute_second(), second_minute()} hour : {60 minutes, minute=1/60hour} day: {24 hours, hour=1/24day} month : {month_day(),day_month()} year : {12 months, mois=1/12 year} op eration s instant<Gregorian, *> operator+ (instant<Gregorian, *>, interval<Gregorian, *>) instant<Gregorian, *> operator+ (interval<Gregorian, *>, instant<Gregorian, *>) interval<Gregorian, *> operator- (instant<Gregorian, *>, instant<Gregorian, *>) extern al formats

TimeZone= "instant<Gregorian, hour>, TZ, DS T"

{instant<Gregorian, hour> input(TimeZone),

TimeZone output(instant<Gregorian, hour>)}

En d Calen d arClass

Figure 100 : The Gregorian Calendar Definition (defined by the system).

1 The irregular mapping is denoted by a function : minute_second().

The three temporal types are instant (point on the time line), interval (unanchored quantity of time) and period ( quantity of time between two instants).

Instant<Gregorian,hour> means an instant at the hour level of the Gregorian calendar.

Instant <Gregorian, *> means an instant with one of the granularity of the Gregorian calendar.

Interval<Gregorian, *> means an interval with one of the granularity of the Gregorian calendar.

An instant in the Gregorian calendar has the following format : "year-day-month hour: minute: second". This format is used to store physicallyan instant in the database. But, companies become more and more wide-world, it means that information systems have to deal with temporal data spread in different time zones. The Gregorian calendar includes local time as an external format. The external format TimeZone is composed of :

· the value of an instant,

· the value of the time zone (the property is called GMT and the value belongs to [-12, 12] ),

· the value of the daysaving time (the propertyis called DST and the value is true if the time is different in Winter and Summer otherwise it is false).

The input function allows us to map a local time to a "reference time" which is the time at GMT+0 without DST. The output function do the inverse mapping from a reference time to a local time.

The Gregorian calendar is provided by default as it is defined in 4.3.1 .

How to proceed if the application requires extra granules such as week, quarter etc. ?

You have to analyze why the application needs such granules. Two cases are possible :

· the granularityis helpful for giving and retrieving information. No temporal manipulation is done with this granule. Thus, the granule can be viewed as user-defined external formats of the Gregorian calendar. For each granule, you have to define the input and the output functions. Figure 101 :

Overloading of the Gregorian Calendar. shows how to add the external format week to the Gregorian

Calendar.

Calen d ar class calen d ar

Gregorian

Extern al formats week="year/week"{instant<Gregorian, day> input(week), week output(instant<Gregorian, day>)} en d Calen d arClass

Figure 101 : Overloading of the Gregorian Calendar.

· the granularityis used to measure and refer to instant on the time line. It means that time manipulation and physical storage require this granularity. Thus, a new calendar should be defined. Figure 102 explains how to define new calendars such as MyWeek and MyHalfYear .

Calen d ar class MyWeek origin ="01/0001", b asic u n it = <Gregorian, day> gran u les week : {day_week(), week_day() } year : {53 weeks, week=1/year}, op eration s :

instant<MyWeek,*> operator + (instant<MyWeek,*>, interval<MyWeek,*>) instant<MyWeek,*> operator + ( interval<MyWeek,*>, instant<MyWeek,*>) interval<MyWeek,*> operator - ( instant<MyWeek,*>, instant<MyWeek,*>)

En d Class

Calen d ar class MyHalfYear origin ="01/0001", b asic u n it =<Gregorian,month> gran u les half : {6 months, month=1/6half} year : {2 halfs, half=1/2year}, op eration s :

instant<MyHalfYear,*> operator + (instant< MyHalfYear,*>, interval< MyHalfYear,*>) instant< MyHalfYear,*> operator + (interval < MyHalfYear,*>, instant< MyHalfYear,*>) interval < MyHalfYear,*> operator - ( instant< MyHalfYear,*>, instant< MyHalfYear,*>)

En d Class

Figure 102 : MyWeek and MyHalfYear calendars.

How to use several calendars in the same application ?

Assume that we have three object classes : Employee , Project and Charge ( Figure 103 ). The class Charge represents the amount of time dedicated to a project bya person for a given week. The birthday of the employee is an instant at the day level of the Gregorian calendar whereas the week attribute in the Charge class is an instant at the week level of the MyWeek calendar. The charge attribute is a number of hours ; it means an interval at the hour level of the

Gregorian calendar.

project properties n am e :STRING d ates :PERIOD<Grego rian ,d ay >

employee properties n am e :STRING, b irth d ay :INSTANT<Grego rian ,d ay >

charg e properties ch arge :INTERVAL<Grego rian ,h o u r> week:INSTANT<My Week,week>

relative to for

Figure 103 : examples of classes using several calendars

We will see in section 4.3.7.3 (page 202 ) how to integrate the temporal events of the application into the different calendars.

4. 3 .2 Extension of the basic domains to temporal domains

Three temporal domains are introduced in section 4.4.1.1 (page 244 ) : instant, period and interval. An instant represents a point on the time line ( 1996-12-12 ). A period represents the quantityof time between two instants

([1996-12-12, 1996-12-15) 2 ). By contrast an interval is an unanchored quantity of time ( 3months ).

These three types are expressed with one granularityof one calendar. Consequently, the granularityand the calendar are their parameters. For instance, an instant expressed at the week level of MyWeek calendar is described as

INSTANT<MyWeek, week>. An interval expressed at the hour level of Gregorian calendar is defined as follows :

INTERVAL<Gregorian, hour>. And finally, P ERIOD<Gregorian, day> defines a period at a day level of Gregorian calendar. Figure 104 shows different temporal attributes.

Temp oral attrib u tes :

birthday: INS TANT<Gregorian,day> charge : INTERVAL<Gregorian, hour> week : INS TANT<MyWeek, week> dates : P ERIOD <Gregorian, day>

Figure 104 : examples of temporal attributes

These generic temporal domains (INSTANT<calendar, granule>, PERIOD<calendar, granule> and

INTERVAL<calendar, granule>) replace the classical types : date , time and datetime found in the classical DBMS.

2 [1996/12/12, 1996/12/15) expresses a period including the beginning of the period and excluding the end of the period.

The two domains INSTANT<calendar, granule> and PERIOD<calendar, granule> permit to define temporal attributes which are absolute or relative times (cf. section 4.4.1.3 page 213 ). These generic domains are specialized in two categories for absolute and relative times respectively.

The domains INSTANT-A<calendar, granule>, PERIOD-A<calendar, granule> are used to specifyabsolute time domains.

But applications require to manage and store relative time for planning reasons. For instance, the end of the project is equal to "J0+30months" ; J0 is a temporal mark. In addition, the task1 of the project should be the relative period

["begin of the project+7days", "begin of the project +2months"). The relative time appears as a temporal derived attribute. The temporal expression of a relative time is limited to <temporal mark> + <interval>. Instead of storing the temporal value, the temporal expression used to derive its value is stored. The characteristics of a relative time is to have no value until its temporal mark is valued. The relative time becomes absolute time since the valuation of its temporal mark has occurred. The temporal mark of a relative time attribute is a temporal attribute which can be itself a relative time or an absolute time. In the previous examples, J0 and begin of the project must be temporal attributes of the application.

The relative time is introduced bytwo new temporal domains : INSTANT-R<calendar, granule> and PERIOD-

R<calendar, granule>.

Figure 105 shows how to use relative time domains. The begin attribute in the project class is an absolute time expressed at a day level of the Gregorian calendar. The end of the project is defined as a relative time. The date of the task is defined as a relative period of time. For instance, the end of the TOOBIS project is « begin of the project

+ 30 months ». The temporal mark is the begin attribute of the same project which is an absolute time. This project is composed of two tasks T1 and T2 . The task T1 is planned to be during [« begin of the project TOOBIS+7days »,

« begin of the project TOOBIS + 2months ») whereas the task T2 should take place during [« T1().date.end

+7days », «T1().date.end + 2months »). The temporal mark of the attribute date of T2 is the end of the task T1 of the project TOOBIS which is also a relative time. The function T1() is a OQL or TOQL queryallowing to access to task

T1 from the task T2.

Two predefined relative instants are defined tomorrow and yesterday (cf. section 4.4.1.3 page 253 ). The usage of relative time is restricted to the user-defined times. It means that the valid time cannot be a relative time, it is always an absolute time from the past, the present or the future.

p rop erties name : S TRING begin: INS TANT-A<Gregorian, day> end : INS TANT-R<Gregorian, day>

p roject

p rop erties name : S TRING date : P ERIOD-R<Gregorian, day> objective : TEXT description : TEXT

task relative to

1+

Figure 105 : examples of relative time attributes.

The generic temporal domains INSTANT<calendar, granule>, PERIOD<calendar, granule> are used when the attribute can be either absolute or relative time.

When temporal domains have to be used ?

These new temporal domains are used to define the domain value of temporal attributes. Three time dimensions are defined in the temporal DBMS : valid time, transaction time and user-defined time (cf. section 4.4.1.4 , page 254 ).

The valid and the transaction time are managed bythe temporal DBMS (cf. section 4.4.1.4 , page 254 ). The analyst defines explicitlyin his specification the temporal attributes belonging to the user-defined times (semantically dependent on the application).

The transaction time is the time during which an information was/is present in the database ; its semantic is linked to the computerized information systeminstead of the application. For instance , the time registration of an order into the database is the transaction time of this order. In general, the problemis to have a clear distinction between the valid and the user-defined times.

What is the semantic associated to a temporal attribute ?

It is often difficult to differentiate the valid time and a user-defined attribute. The birthday of a person is dependent on the application. The attribute week of the Charge class ( cf. Figure 103 ) is the valid time of the declared charge.

The begin and the end of the project (cf. Figure 105 ) should represent the valid time of the project if theywere not declared as relative times. If based on relative time, the begin and the end of the project are user-defined temporal attributes. They represent the planning of the project, and therefore are not valid times.

The dates of a task (cf. Figure 105 ) should represent the planning of a task but not its valid time. P lanning time or intended time is managed by the application.

4. 3 .3 Derived class Vs Basic class : specialization of object class

Information systems become more and more data warehouses or Executive Information Systems (EIS). Such systems maybe projected in three distinct spaces [Toobis96a] : data, aggregation and variation spaces. The data space deals with basic information managed bythe enterprise. The aggregation space results of aggregate computation on data elements, such as the amount of sales per vendor and per week . Finally, the variation space deals with the observation of changes of derived data belonging to the aggregation space.

Executive Information Systems (EIS) include basic information about the enterprise but also derived information such as statistics, decisional supports, management reports etc. The specification of such Information Systems requires to take into account the exploitation of basic information as well as derived information.

The persistent and relevant information of an application is designed in the OO method bythe notion of object class

(cf. section 3.3.1.2 .).

The extension specializes this concept in two classes : basic class and derived class . A basic class is an object class describing basic objects of the enterprise (not derivable) or information belonging to the data space. A derived class is an object class derived fromone or more object classes. It means that a derived object can be created or updated through its derivation function. A derived class is used to structure the aggregation space.

In the following figure, the Order class is a basic class whereas the WeeklySale class is a derived class representing the amount of sales for a vendor in one week. The objects of the class WeeklySale are created fromthe orders. In the global static diagram, derived and basic classes are graphicallyrepresented bya black box with the name of the class and its type : « basic class » or « derived class ».

Rela tive to

Order Cus tomer h a s

WeeklyS ales

Vendor

Derivatio n fu n ctio n

hasS ale

Derived class

Derived class

Basic class

Basic class

Derived class

Basic class

Basic class

Basic class

Figure 106 : Examples of basic & derived classes

A basic class is defined as an object class (cf. section 3.3.1.2 . page 94 ). A basic class is described by :

· properties : explain the structure of objects of this class. Attributes, association and aggregation are considered as properties;

· constraints : allow to limit the valid values of attributes or objects;

· operations : represent the actions of creation, updating and deletion applied on objects of this class;

· queries : correspond to services applied at the class or object levels returning a value;

· events : describe the activities of the application depending on the state change of an object of this class.

B asicClass : O rd er p rop erties amount : REAL deliveryDate: INS TANT-A<Gregorian, day> relativeto : asso (one, Customer) op eration s

C reationOrder (C ustomer, amount) type create

DeletionOrder()typedelete

Delivery(INS TANT-A<Gregorian, day>)typedelete

Figure 107 : Local description of the Order class.

A derived class is described by :

· properties : theydefine the structure of the derived object. A propertyis either a parameter or a derived value . A propertyis derived if its value is the result of a derivation function whereas a property is a parameter if it is an input parameter of the derivation function.

· derivation functions : they explain how objects are derived ,

· queries : they are methods for accessing to derived objects. A querycan be applied on an object or on the extent of the class. For instance $averageSalesVendor and $averageSales are methods applied at the class level.

· events : describe the activities of the application depending on the state change of a derived object. For instance, if the sales decreases bytwo, a message is sent to the vendor. This is an internal event based on the WeeklySales derived class.

Derived Class : WeeklyS ales p rop erties sales : REAL d erived relativeto : inverse(one, Vendor. hasS ale) p arameter d erivation weeklysales_derivation (Vendor, INS TANT<MyWeek, week>) q u eries

R EAL$averageS aleVendor(v : Vendor)

R EAL$averageS ale(s:INS TANT<MyWeek, week>) even ts decreasebytwo

Figure 108 : Local description of the derived class WeeklySales.

4. 3 .4 Extension of object classes to time dimensions

A temporal DBMS is able to manage different kinds of objects : snapshot, historical, rollback and temporal (cf.

section 4.4.1.4 , page 254 ). A snapshot object is managed in non-temporal DBMS (without time management).

Historical, rollback and temporal objects are specific to temporal DBMS (with a specific time management). Valid time is managed in historical and temporal objects whereas transaction time is included in rollback and temporal objects.

This section presents how the valid and the transaction times are introduced in object classes either basic or derived.

Three sub-classes are introduced : snapshot class, temporal class and temporal dictionary class .

· A snapshot class is a class which does not require time management. The properties of such classes are not related to time. For instance, The Order class is a snapshot class because the evolution of its properties is not relevant.

· A tem poral class is a class with time management (cf. historical, rollback and temporal objects). It means the properties are associated to the valid or/and transaction times. The salary of an employee is a temporal class because its evolution has to be kept in the database.

· A tem poral dictionary class is a specific class where data are accessed onlywith the valid time key. For instance, the inflation-rate of a country can be defined as a temporal dictionaryif each stored value is indexed byits valid time period. The semantic of the value depends on its valid time period.

4. 3 .4 .1 The snapshot class

The snapshot class is used to model objects which do not require time management. Object classes described in chapter 3 are always snapshot classes.

For instance, the Order class is a snapshot class because the evolution of its properties is not relevant to keep track of.

· The snapshot class may be a basic or a derived class .

For instance, the Order class is an example of a basic and snapshot class. Changing a value of one of its property leads to replace it without keeping the previous values.

The WeeklySales class is a derived class. It is considered as a snapshot class if each derivation implies to replace the old sales value by the new one.

· User-defined time in snapshot class.

A snapshot class can integrate temporal attributes (attributes based on temporal domains). For instance, the attribute deliveryDate of the Order class is user-defined time (managed by the application).

· Properties, constraints, methods and events in snapshot class.

A property of a snapshot class can be a relationship to another class or an attribute as it is defined in the object class (cf. section 3.3.1.5 page 68 ). The relationships between classes are aggregation, association and inheritance links.

A constraint defined for a snapshot class can be an attribute constraint or an inheritance constraint as it is described in the object class (cf. section 3.3.1.7 page 82 )

Methods of a snapshot class can be queries or basic operations, and theycan be applied at the object or class level. (cf. section 3.3.2.1.3 page 87 ). These features are defined on the object class concept and are available for the snapshot class. The types of basic operations are create, update, delete or erase. Because of the temporal consistencyof the temporal database, the delete operation applied on a snapshot object is a logical deletion. The physical deletion is materialized by the erase operation.

The derived class is defined by a set of derivation functions instead of basic operations.

And finally, internal events can be expressed on snapshot classes (see internal events, section 3.3.3.1 page 91 ).

· Textual and graphical specification of a snapshot class.

A snapshot class may be specialized into basic or derived class.

· Basic class : the textual specification of a basic class is similar to object class (introduced in section

3.3.1.2 page 66 ). For instance, the textual specification of the copy basic class is shown in Figure 109 .

basic -class COPY extents Copies properties sales : real derived vendor : date date put out for loan : date state : copy_state loans : inverse (zeromany, LOAN.copy ) notices : inverse (zeromany, NOTICE.copy ) constraints unique( Copies,reference ) operations

COPY purchase(c:structure(COPY)) type create reservation() type update availability() type update check out() type update wear out() type update loss() type update delet ion() type delete queries boolean $ exist_copy_available() internal-events availability of copy ...

end basic -class

Figure 109 : Textual specification of a basic class.

The graphical notation is composed of two views : local class view (cf. section 3.3.4.5 page 108 ) and global structural view (cf. section 3.3.4.1 page 103 ). Figure 110 describes the local view of the copybasic class whereas Figure 111 illustrates the global structural view of the application.

B asic class : COP Y p rop erties reference : string date acquired : date date put out for loan : date state : copy_state loans : inverse (zeromany, LOAN.copy) notices : inverse (zeromany, NOTICE.copy) con strain ts unique(Copies,reference) op eration s

COP Y purchase(c:structure(COP Y)) type create reservation() type update availability() type update check out() type update wear out() type update loss() type update deletion() type update q u eries boolean $ exist_copy_available() in tern al-even ts availabilityof copy

Figure 110 : Local class view of a basic class.

l oan

P ERS ON

AUTHOR

S UBS CRIBER

EDITOR

BOOK

1+

REQUES T

NOTICE

LOAN

COP Y

KEYWORDS

REMINDER

editors subscriber

authors keywords copy

copies

book copy

rem i nders

noti c e

book s book s reques ts request l oans

reques ts book s noti c es

request loan

Basic class Basic class

Basic class

Basic class

Basic class

Basic class

Basic class

Basic class

Basic class

Basic class

Basic class

Figure 111 : Global structural view.

· Derived class : The textual specification of the WeeklySales derived class is illustrated in Figure 112 .

The local class view of the WeeklySales derived class is introduced in Figure 108 and a global structural view is given in Figure 106 .

derived -class WeeklySales of vendor extents WSales properties sales : real derived relative to : inverse (one, Vendor.hasSale) parameter derivation weeklysales_derivation (Vendor, INSTANT<MyWeek, week>) queries real $ averageSaleVendor ( v :Vendor ) real $ averageSale ( s :INSTANT<MyWeek, week> ) events decreasebytwo ...

end derived -class

Figure 112 : Textual specification of a derived class.

4. 3 .4 .2 The temporal class

The temporal class is a class with time management. It means that the properties are associated to the valid or/and transaction times. The function of an employee is a temporal class because its evolution has to be kept in the database.

The temporal class permits to integrate the valid or/and the transaction times management into the class definition.

This concept represents the wayto define historical, rollback and bi-temporal objects found in the temporal DBMS literature.

· State Vs History

The state of an object is composed of a set of values (a value for each property) at a given point of time. A state is associated to a timestamp (valid or/and transaction times).

A state is called valid when it is associated to the valid time whereas it is named database state when it is related to the transaction time. And finally, a bi-temporal state of an object integrates its valid and its transaction times.

The notion of history permits to keep all states of an object in order to have its evolution over time. The valid history of an object reflects its evolution fromthe real world point of view (valid time management). The database history of an object represents its evolution according to the database viewpoint (transaction time management). And finally, a bi-temporal history of an object combines the real world and database viewpoints.

The temporal class is characterized bythe time dimension to manage. For each time dimension, two possibilities are offered : last state or history . The possible combinations fromthe temporal class concept are summarized in Table 4 .

Note that a class with no time dimension to manage is not handled bythe temporal class concept but by the snapshot class concept.

transaction time none state history none no time management

(snapshot class)

last database state of an object database history of an object valid time state last state of an object with its valid time

last bi-temporal state of an object

database historyof an object and its last valid state history valid history of an object valid historyof an object and its last database state

bi-temporal historyof an object

Table 4 : time management defined in a temporal class.

The function of an employee evolves over time, and the enterprise is interested byits evolution, it is modeled as a temporal class. The valid, database and bi-temporal states and valid, database and bi-temporal histories are exemplified in the following table.

Assuming that an employee Durand was programmer before becoming project leader (see the detailed example in section 4.4.1.4 , page 254 ). The following table summarizes the different options for this example.

state history valid project leader,

VT [95-12-20,forever)

programmer, VT [94-12-12,95-12-20 ) project leader, VT [95-12-20, forever ) database project leader,

TT [96-01-01

15 : 56 :50, ’now’ )

programmer, TT [95-01-01 9 : 20 :15,96-01-01 15 : 56 :50) project leader , TT [96-01-01 15 : 56 :50, ’now’ ) bi-temporal project leader,

VT [95-12-20, forever ),

TT [96-01-01

15 : 56 :50, ’now’ )

programmer, VT [94-12-12, forever ) , TT [95-01-01 9 : 20 :15,96-01-01

15 : 56 :50) programmer, VT [94-12-12,95-12-20), TT [96-01-01

15 : 56 :50, ’now’ ) project leader, VT [95-12-20, forever ), TT [96-01-01 15 : 56 :50, ’now’ )

According to the information you want to retrieve, you have to define the characteristics of each time dimension you want to manage.

· The semantic of a temporal class

A temporal class is used to group properties which evolve at the same time and on which the time management required is the same. For instance, the salary and the function of an employee should be two temporal classes if the salary and the function are not evolving at the same time.

A temporal class describes one temporal aspect of objects identified in a snapshot class. For instance, the function of an employee is a temporal aspect of the employee class. In the OODBMS, we consider that it exists at least one propertywhich does not change : the identityof the object. Thus, a temporal class is a temporal variation of one snapshot class. Bycontrast, a snapshot class can have several temporal variations. The relationship of a temporal class to its snapshot class is called « temporal aggregation »(cf. Figure 113 ). A snapshot class is graphically mentioned with a black box whereas a temporal class is a grey box.

Employee

has

Basic class

Function

Tem p o ralaggregatio n

Basic class

Tem p o ralclass

Sn ap sh o t class

Figure 113 : Temporal class of the class Employee.

· Definition of the valid time (if it is required) :

Several characteristics for the valid time have to be determined :

· the nature of the valid time (instant or period),

· the granularity and the calendar of the valid time,

· the type of management (state or history),

· the completeness of the history (complete or partial),

· the extrapolation function if the history is partial.

The nature of the valid time can be an instant or a period. The valid time is an instant when the application cannot control the evolution of the propertybut this propertycan be measured at certain points of time. For instance, the weight of a patient is measured at each visit of a patient to his doctor. As his weight can evolve between two visits, its validity is instantaneous.

The valid time is a period when the application can control the evolution of a propertyor when the evolution of a propertyis known « a posteriori ». For instance, the salary and the function of an employee can be defined with a period as valid time because their evolution is controlled bythe enterprise. The position of the « enemy »unit in the militarysystemis updated « a posteriori ». We know that the Panzer unit was inside the town hall during the period [1940/8/4 12:56:30, 1940/8/5 10 :25 :30).

TOOBIS long version

Deliverable T23D1.1 ( THE TEMPORAL EXTENSION (TOOM) ) Page n° 213

The granularityand the calendar of the valid time have to be determined according to the application. For instance, the sa l a ry an d t h e f u n ct i o n o fan emp l o yee are asso ci at ed t o aval i d t i me exp ressed at t h e d a y l evel i n

t h e Greg o ri a n cal en d ar. In ad d i t i o n t h e Weekl yS a l es d eri ved cl asscan b eh i st o ri sed wi t h aval i d t i me exp ressed at the week level of MyWeek calendar.

Th et yp eo fman agemen t i sd efi n ed b yt wo o p t i o n s : st at eo r h i st o ry. Th e st a t e o p t i o n al l o wst o man i p u l at et h e l ast val i d st at eo fan o b j ect wh ereast h e h i st o ry o p t i o n p ermi t st o h ave al l t h eval i d st at eso fan o b j ect . F o r i n st an ce, t h e sa l a ry o fan emp l o yee sh o u l d b e an h i st o ry wh ereast h el ast val i d st at eo ft h e f a mi l yst a t u s o fan employee is sufficient for his/her enterprise.

Th e co mp l et en esso ft h eh i st o ry i sa ch aract eri st i c ap p l i ed o n l yo n an h i st o ryman agi n gt h ep eri o d o fval i d i t yfo r each state. This characteristic expresses if the history is complete or partial.

·

Aco mp l et eh i st o ryi mp l i est h at t h eu n i o n o fal l p eri o d so fval i d i t yfo rmsap eri o d ; t h i sp eri o d rep resen t s t h el i fesp an o ft h eo b j ect . It mean st h at ast at ei skn o wn fo r each i n st an t b el o n gi n gt o t h el i fesp an o ft h e o b j e c t . F o r i n s t a n c e , t h e salary of an employee is a complete history .

·

Ap art i al h i st o ryi mp l i est h at t h eu n i o n o fal l p eri o d so fval i d i t yfo rmsaset o fp eri o d s(n o ad j acen cy). It mean st h at we can n o t d et ermi n e ast at efo r each i n st an t b el o n gi n gt o t h el i fesp an o ft h eo b j ect . Aval i d h i st o ryman agi n gan i n st an t ast i mest amp i sco n si d ered t o b e a p art i al h i st o ry. Th e wei g h t o f a p a t i en t i sa p art i al h i st o ry, b ecau set h ewei gh t b et ween t wo vi si t si sn o t kn o wn . Ah i st o rywi t h ap eri o d o fval i d i t ycan al so p art i al , fo r i n st an cet h e« In t el l i gen ce » d ep art men t o b serves« en emy » u n i t san d can rep o rt o n i t s observation by providing p o s i t i o n of u n i t during a period of time.

The completeness of an history is managed as a constraint applied on the valid timestamp.

Th e ext rap o l at i o n fu n ct i o n can b ed efi n ed i fap art i al h i st o rymu st b evi ewed asa co mp l et eo n e. Th e ext rap o l at i o n fu n ct i o n i su sed t o d et ermi n et h est at eo fan o b j ect at agi ven i n st an t wh i ch aren o t p art o ft h e h i st o ry. Th eq u eryo p erat i o n cal l ed g et _ va l u e() mu st b ered efi n ed asan ext rap o l at i o n fu n ct i o n . F o r i n st an ce, t h e w e i g h t of a p a t i e n t is a partial history on which the extrapolation function must be defined.

·

Definition of the transaction time (if it is required) :

One characteristic for the transaction time has to be determined : the type of management (state or history).

Th et yp eo fman agemen t i sd efi n ed b yt wo o p t i o n s : st at eo r h i st o ry. Th e st a t e o p t i o n p ermi t st o man i p u l at e t h el ast d at ab asest at eo fan o b j ect wh ereast h e h i st o ry o p t i o n p ermi t st o h ave al l t h ed at ab asest at eso fan o b j e c t .

·

Textual and graphical specification of a temporal class.

At emp o ral cl assi sd efi n ed o n ad eri ved cl asso r o n ab asi c cl ass. F o r i n st an ce, Wei g h t o fa p a t i en t i sa b a si c& t e m p o r a l class(cf. Figure 1 1 4 )whereas WeeklySales of a v e n d o r is a derived & temporal class(cf. Figure 1 1 5 ) .

Th esp eci fi c ch aract eri st i cso fat emp o ral cl assaret h ed efi n i t i o n o ft h et i med i men si o n st o man age. Th et wo t emp o ral cl assesreq u i ret h eval i d t i meman agemen t , b u t Wei g h t i sap art i al h i st o rywi t h ext rap o l at i o n wh ereas

TOOBIS l o n g v e r s i o n

D e l i v e r a b l e T 2 3 D 1 . 1 ( THE TEMPORAL EXTENSION (TOOM) ) P a g e n ° 2 1 4

Weekl yS a l es i sa co mp l et eh i st o ry. No t et h at t h et emp o ral aggregat i o n l i n k(b et ween at emp o ral cl asst o a snapshot class) in the textual specification is introduced by the keyword of .

Th e t yp eso fo p erat i o n s avai l ab l ei n ab asi c&t emp o ral cl assare : crea t e , evo l ve , co rrect , (l o gi cal ) d el et e an d era se . E vo l u t i o n an d co rrect i o n o p erat i o n sp ermi t t o d i st i n gu i sh an u p d at ed u et o an evo l u t i o n o ft h eo b j ect o b served i n t h ereal wo rl d an d an u p d at ed u et o an erro n eo u si n p u t i n t h ed at ab ase. Del et e an d eraseo p erat i o n s al l o wu st o d i fferen t i at el o gi cal an d p h ysi cal d el et i o n s. Del et eo p erat i o n co rresp o n d st o t h el o gi cal d el et i o n o fan o b j ect (t h e en d o fval i d o r/ an d t ran sact i o n p eri o d saremo d i fi ed ). Th e eraseo p erat i o n h el p st h ed at ab ase administrator to clean up the temporal database.

T e m p o r a l - c l a s s f o r b a s i c c l a s s

W e i g h t o f p a t i e n t extents

W e i g h t s timedimensionsVTINSTANT-A<

Gregorian,day> a s h i s t o r y p a r t i a l w i t h e x t r a p o l a t i o n properties weight :REAL ;

constraints

0 < weight < 200 kilos ;

o p e r a t i o n s create_weight(w :REAL,t :

INSTANT < Gregorian,day>) t y p e c r e a t e update_weight (w :REAL,t :

INSTANT < Gregorian,day>) type evolution correct_weight(w :REAL,t :

INSTANT < Gregorian,day>) t y p e c o r r e c t i o n queries

REAL g e t _ v a l u e ( t : INSTANT < Gregorian,day> ) events

. . .

endtemporal-class

Figure 1 1 4 :Textualspecificationofabasic&temporalclass.

T e m p o r a l - c l a s s f o r d e r i v e d c l a s s

W e e k l y S a l e s o f v e n d o r extents

W c o l l e c t i o n timedimensionsVTPERIOD-A<

MyWeek,week> as history complete properties sales :REAL derived d e r i v a t i o n w e e k l y s a l e s _ d e r i v a t i o n ( V e n d o r , P E R I O D - A < M y W e e k , w e e k > ) queries r e a l $ a v e r a g e S a l e V e n d o r ( v : V e n d o r ) r e a l $ a v e r a g e S a l e ( s :PERIOD-A<MyWeek, week> ) events d e c r e a s e b y t w o endtemporal-class

Figure 1 1 5 :Textualspecificationofaderived&temporalclass.

Th et emp o ral cl assco n cep t mayb eu sed t o man ageo n l yt h el ast st at eo fan o b j ect i n st ead o fan h i st o ry. F o r i n st an ce,

F a m i l y S t a t u s of an employee can be managed as a state (cf. Figure 1 1 6 ) .

T e m p o r a l - c l a s s f o r b a s i c c l a s s

F a m i l y _ s t a t u s o f E m p l o y e e extents

F c o l l e c t i o n timedimensionsVTPERIOD-A<

Gregorian,day> as state properties s t a t u s :FAMILYSTATUS ;

o p e r a t i o n s

. . .

events

. . .

endtemporal-class

Figure 1 1 6 :ExampleofValidstatemanagement.

In ad d i t i o n , t h et emp o ral cl assco n cep t can man aget h eval i d an d t h et ran sact i o n t i me. F o r i n st an ce, P o si t i o n o fan

« enemy » u n i t may require a bi-temporal management with a valid history and the last database state.

T e m p o r a l - c l a s s f o r b a s i c c l a s s P o s i t i o n o f E n e m y U n i t extents P c o l l e c t i o n

timedimensionsVTPERIOD-A< Gregorian, minute> a s p a r t i a l h i s t o r y

T T a s s t a t e

properties p o s i t i o n :POSITION ;

o p e r a t i o n s

. . .

endtemporal-class

TOOBIS l o n g v e r s i o n

Figure 1 1 7 :Exampleofbi-temporalmanagement.

Th eb i -t emp o ral man agemen t can b e al so ap p l i ed o n d eri ved cl ass. F o r i n st an ce, Weekl yS a l es o fa V en d o r may

require a bi-temporal management with the valid and the database histories (cf. Figure 1 1 8 ) .

T e m p o r a l - c l a s s f o r d e r i v e d c l a s s W e e k l y S a l e s o f v e n d o r extents W c o l l e c t i o n

timedimensionsVTPERIOD-A< MyWeek,week> as history complete

T T a s h i s t o r y

properties

sales :REAL derived

d e r i v a t i o n

w e e k l y s a l e s _ d e r i v a t i o n ( V e n d o r , P E R I O D - A < M y W e e k , w e e k > )

queries

r e a l $ a v e r a g e S a l e V e n d o r ( v : V e n d o r )

r e a l $ a v e r a g e S a l e ( s :PERIOD-A<MyWeek, week> )

events

d e c r e a s e b y t w o

endtemporal-class

Figure 1 1 8 :Exampleofbi-temporalmanagementforaderivedclass.

Th el o cal cl assvi ewassi gn ed t o t h e Weekl yS a l es cl assd efi n ed i n F i gu re 1 1 7 i s si mi l ar t o al o cal cl assvi ewfo r a

snapshot class except that the time dimensions are illustrated as well (cf. Figure 1 1 9 ) .

T em p ora l &Deriv ed C l a s s : Week lyS a l es of V endo r

p rop erti es

s al es: R E A

L d eri ved

d eri va ti on

w eekl y s al es _deri v at i o n(Ven dor,I

NS T A N T < M y W eek, w eek> )

q u eri es

R EA L $ av erag eS a l eVen do r(v : Ven do r)

R EA L $ av erag eS a l e(s : I

NS T A NT < My W eek, w e ek > )

even ts

decrea s eb y t w o

T i m ed i m en si o n s

T T as h i s to ry

VT P E RI

O D-A< M y Week , w eek> as h i sto rycom p l ete

Figure 1 1 9 :LocalclassviewofWeeklySalesclass.

The global structural view permits to show the relationships between classes which are snapshot or temporal classes.

The characteristics of time dimensions for a temporal class (cf. Figure 1 1 9 ) are mentioned graphically in the grey

b o x :

VT or TT and the type of management (state or history) as well.

TOOBIS l o n g v e r s i o n

E m pl oy e e o f

B a s i c c l a s s

Func ti on

Ba s i c c l a s s

H is tory<V T >

B a s i c c l a s s

S a l a r y

H is tory<V

T ,T T > o f

B a s i c c l a s s

Fa m i l y

S ta tus

Sta te <V T > o f

P e r s on

Ba s i c c l a s s

B a s i c c l a s s

A s s i gnm e nt

H is tory<V T > o f

Ba s i c c l a s s

De pa r tm e nt a s s ign e dto

Figure 1 2 0 :Globalstructuralviewwithtemporalclasses.

4 . 3 . 4 . 3 The temporal dictionary class

Th ed i ct i o n aryi sap art i cu l ar co l l ect i o n cl assi n ODM G-9 7 al l o wi n gt o accesst o d at avi a akey. Ad i ct i o n arycl assi s

a collection of pairs (key, data).

F o r examp l e, Th est o rageu n i t sh o u l d b ed esi gn ed asad i ct i o n arywh ere each fi l e(d at a) i saccessed vi ai t sad d ress

(key).

Th eTOOM met h o d i n t ro d u cesat emp o ral fo rmo ft h eODM G-9 7 d i ct i o n a ry co l l ect i o n cal l ed t emp o ra l d i ct i o n a ry

cl a ss , wh eret h ekeyi st h eval i d t i mep eri o d o ft h e co rresp o n d i n gd at a. F o r examp l e, t h e i n f l a t i o n ra t e o fa co u n t ry

can b e a t emp o ra l d i ct i o n a ry cl a ss o ft h esn ap sh o t cl ass co u n t ry , b ecau set h eseman t i co fan i n f l a t i o n ra t e val u e

depends of its valid time period.

c ountr y h a s

T em p o ral aggregat i o n

Ba s i c c l a s s

S n ap s h o t cl as s

I nfl a ti on_ r a te

Ba s i c c l a s s

T em p o ral d i ct i o n ary cl as s

Figure 1 2 1 :Exampleoftemporaldictionaryclass.

TOOBIS l o n g v e r s i o n

Co n si d er a cl ass co u n t ry , t h at h asat emp o ral vari at i o n cal l ed In f l a t i o n _ ra t e cl asswh i ch i sat emp o ral d i ct i o n ary

cl ass. In f l a t i o n _ ra t e mayh ave en t ri eswi t h o verl ap p i n g val i d t i mep eri o d sasl o n gast h e exact p eri o d can n o t b eu sed

wi t h t wo d i fferen t val u es. Th i smean st h at fo r asp eci fi ed co u n t ry, sayGreece, wemayh aved i fferen t i n fl at i o n rat e

values according to their valid time period (cf. Table 5 : Inflation rate of Greece as a temporal dictionary class. ) .

Inflation_rate key :

ValidTimePeriod

7 . 8 % [ 1 9 9 5 - 0 1 , 1 9 9 6 - 0 1 )

8 . 8 % [ 1 9 9 5 - 0 1 , 1 9 9 5 - 0 7 )

6 . 8 % [ 1 9 9 5 - 0 7 , 1 9 9 6 - 0 1 )

9 . 5 % [ 1 9 9 6 - 0 1 , 1 9 9 7 - 0 1 )

Table 5 :InflationrateofGreeceasatemporaldictionaryclass.

No t et h at t h ep eri o d st h at refer t o t h ei n fl at i o n rat esareo verl ap p i n g. Th i si st o t al l yaccep t ab l e, si n cet h ei n fl at i o n rat e

d ep en d so n t h et i mep eri o d o n wh i ch i t i smeasu red asawh o l e, an d h asn o mean i n gfo r su b p eri o d s. Ho wever, a

val u efo r t h ei n fl at i o n rat e eq u al t o , say, 9 . 9 %an d val i d t i mep eri o d eq u al t o [ 1 9 9 5 -0 1 , 1 9 9 5 -0 7 ) wo u l d b e

unacceptable, since a value for this time period is already defined.

·

Differencebetween t e m p o r a l d i c t i o n a r y class a n d temporal class

In t h et emp o ral d i ct i o n ary, t h eval i d t i mep eri o d scan o verl ap b ecau set h eval i d t i mei so n l yu sed t o access

the value.

Th e i n f l a t i o n ra t e o fa co u n t ry wasn o t co n si d ered asat emp o ral cl assb ecau set h ed i fferen t val u escan h ave

d i fferen t seman t i csd ep en d i n go ft h ei r val i d t i me an d al l t h eval u esd o n o t b u i l d t h e evo l u t i o n o ft h e

i n f l a t i o n r a t e .

If i n f l a t i o n _ ra t e wasd esi gn ed asat emp o ral cl asswi t h val i d t i me an d h i st o ryman agemen t , t h eval i d t i me

p eri o d swi l l n o t o verl ap an d t h eval u est aken b yt h e at t ri b u t e i n f l a t i o n _ ra t e wo u l d h avet h esameseman t i c.

Tab l e 6 d escri b est h et emp o ral cl ass i n f l a t i o n _ ra t e fo r t h e co u n t ry Greece . Th ei n fl at i o n rat e at t ri b u t e

p ro vi d est h e an n u al rat e(p eri o d i ci t yi sfi xed ). Wi t h t h e i n f l a t i o n _ ra t e t emp o ral cl ass, o n e can exami n et h e

evolution of the inflation rate and might define an extrapolation function if required.

Inflation_rate ValidTime

7 . 8 % [ 1 9 9 5 , 1 9 9 6 )

9 . 5 % [ 1 9 9 6 , 1 9 9 7 )

Table 6 :InflationrateofGreeceasatemporalclass.

Ift h e ap p l i cat i o n req u i rest h emo n t h l yan d yearl yrat esfo r each co u n t ry, t wo t emp o ral cl asseswo u l d b e

necessary : M o n t h l y _ I n f l a t i o n _ r a t e a n d Y e a r l y _ I n f l a t i o n _ r a t e .

·

Time dimensions definition

TOOBIS l o n g v e r s i o n

·

Defi n i t i o n o ft h eval i d t i me : t h ekeyo ft h et emp o ral d i ct i o n aryi st h eval i d t i mep eri o d . Th eval i d

t i mest amp i sap eri o d , several val u escan b eman aged b u t aren o t co n si d ered asan h i st o ry. Th e

gran u l ari t yan d t h e cal en d ar o ft h eval i d t i meh ast o b ed et ermi n ed . Th e i n f l a t i o n _ ra t e t emp o ral

d i ct i o n arycl assexemp l i fi ed i n Tab l e 6 h asaval i d t i me exp ressed at t h e mo n t h l evel o ft h e Greg o ri a n

calendar.

·

Definition of the transaction time (if it is required) :

Th et ran sact i o n t i me can b eman aged i ft h ed at ab aseh i st o ryo r t h el ast d at ab asest at efo r each keyi s

req u i red . Tab l e 7 i l l u st rat est h et ran sact i o n man agemen t i n si d et h e i n f l a t i o n _ ra t e t emp o ral d i ct i o n ary

cl ass. Ad at ab aseh i st o ryi sman aged fo r each key. It p ermi t st o kn o wt h esu ccessi veval u es st o red i n t h e

d at ab asewi t h t h ei r t ran sact i o n t i me. F o r i n st an ce, at t h ei n st an t « 1 9 9 6 -0 3 -2 5 1 0 : 1 5 : 4 5 »

, t h ei n fl at i o n

rat efo r t h ep eri o d [ 1 9 9 5 -0 1 , 1 9 9 6 -0 1 ) waskn o wn as7 , 6 %wasu p d at ed ap o st eri o ri at t h ei n st an t « 1 9 9 6 -

0 3 - 2 6 1 1 : 4 0 : 1 2 » to 7,8%.

Key : Valid time database history

t r a n s a c t i o n t i m e i n f l a t i o n _ r a t e

[ 1 9 9 5 - 0 1 , 1 9 9 6 - 0 1 ) [ 1 9 9 6 - 0 3 - 2 5 1 0 : 1 5 : 4 5 , 1 9 9 6 - 0 3 - 2 6 1 1 : 4 0 : 1 2 )

[ 1 9 9 6 - 0 3 - 2 6 1 1 : 4 0 : 1 2 , ` n o w ´ )

7 , 6 %

7 , 8 %

[ 1 9 9 5 - 0 1 , 1 9 9 5 - 0 7 ) [ 1 9 9 6 - 0 8 - 2 5 1 2 : 1 5 : 5 0 , 1 9 9 6 - 0 9 - 2 6 1 1 : 4 0 : 5 5 )

[ 1 9 9 6 - 0 9 - 2 6 1 1 : 4 0 : 5 5 , ` n o w ´ )

8 . 5 %

8 , 8 %

[ 1 9 9 5 - 0 7 , 1 9 9 6 - 0 1 ) [ 1 9 9 6 - 0 2 - 2 5 1 0 : 1 5 : 4 5 , 1 9 9 6 - 0 3 - 2 6 1 1 : 4 0 : 1 2 )

[ 1 9 9 6 - 0 3 - 2 6 1 1 : 4 0 : 1 2 , ` n o w ´ )

6 . 7 %

6 , 8 %

[ 1 9 9 6 - 0 1 , 1 9 9 7 - 0 1 ) [ 1 9 9 7 - 0 2 - 1 0 1 0 : 1 5 : 4 5 , ` n o w ´ ) 9 . 5 %

Table 7 :Exampleoftemporaldictionaryclasswithdatabasehistorymanagement.

One characteristic for the transaction time has to be determined :

·

thetypeofmanagement(stateorhistory),

Th et yp eo fman agemen t i sd efi n ed b yt wo o p t i o n s : st at eo r h i st o ry. Th e st a t e o p t i o n al l o wst o man i p u l at e

t h el ast d at ab asest at eo fad at awh ereast h e h i st o ry o p t i o n p ermi t st o h ave al l t h ed at ab asest at eso fad at a.

The history management is shown in Table 7 whereas the state management is illustrated in Table 8 .

Key : Valid time database state

t r a n s a c t i o n t i m e i n f l a t i o n _ r a t e

[ 1 9 9 5 - 0 1 , 1 9 9 6 - 0 1 ) [ 1 9 9 6 - 0 3 - 2 6 1 1 : 4 0 : 1 2 , ` n o w ´ ) 7 , 8 %

[ 1 9 9 5 - 0 1 , 1 9 9 5 - 0 7 ) [ 1 9 9 6 - 0 9 - 2 6 1 1 : 4 0 : 5 5 , ` n o w ´ ) 8 , 8 %

[ 1 9 9 5 - 0 7 , 1 9 9 6 - 0 1 ) [ 1 9 9 6 - 0 3 - 2 6 1 1 : 4 0 : 1 2 , ` n o w ´ ) 6 , 8 %

[ 1 9 9 6 - 0 1 , 1 9 9 7 - 0 1 ) [ 1 9 9 7 - 0 2 - 1 0 1 0 : 1 5 : 4 5 , ` n o w ´ ) 9 . 5 %

Table 8 :Exampleoftemporaldictionaryclasswithdatabasestatemanagement.

TOOBIS l o n g v e r s i o n

·

Temporal dictionary derived class

Th e t emp o ra l d i ct i o n a ry cl a ss i su sefu l fo r d eri ved cl asses. F o r i n st an ce, S a l es i sad eri ved cl asseval u at i n gt h esal es

rel at i vet o aven d o r. Th esal esare eval u at ed weekl y, mo n t h l yan d q u art erl y. Th u s, t h eseman t i co ft h e at t ri b u t e sa l es

i sd ep en d en t o fi t sp eri o d o ft i me. Ift h ep eri o d h asamo n t h d u rat i o n i t mean st h at t h e sa l es rep resen t st h esal es

p erfo rmed d u ri n go n emo n t h . Co n cep t u al l y, t h e an al yst sh o u l d d efi n e asman yd eri ved cl assesast emp o ral

gran u l ari t i esreq u i red b yt h esest at i st i cs. Ift h esal esp er ven d o r are eval u at ed each week, each mo n t h , each q u art er

an d each year, 4 d eri ved cl asses : Weekl yS a l es, Mo n t h l yS a l es, Qu a rt erl yS a l es, a n d Y ea rl yS a l es sh o u l d b ed efi n ed .

P ract i cal l y, i t can ap p ear d i ffi cu l t t o d et ermi n ei n ad van cet h et emp o ral p eri o d i ci t yo ft h erep o rt i n g. Th ep eri o d i ci t y

o ft h erep o rt i n gcan evo l ved u ri n gt h el i feo ft h e ap p l i cat i o n . Th e« t emp o ral d i ct i o n ary » cl asso ffersafl exi b l eway

to describe this situation (cf. Figure 1 2 2 : Example of Derived & Temporal dictionary class. ) .

R el a t i vet o

Ord er

C u s tom er

h a s

S al es

Ven d or

Deri vat i o n fu n ct i o n of

Deri ved &T em p o ral d i ct i o n ary cl as s

Deri v ed cl as s

Deri v ed cl as s

B as i ccl as s

B as i ccl as s

B as i ccl as s

Figure 1 2 2 :ExampleofDerived&Temporaldictionaryclass.

·

Textual and graphical specification of a temporal class.

At emp o ral d i ct i o n arycl assi sasso ci at ed t o ab asi co r ad eri ved cl ass. It sd efi n i t i o n i scl o set o t h ed efi n i t i o n o fa

t emp o ral cl ass. F o r i n st an ce, F i gu re 1 2 3 i l l u st rat est h et ext u al d efi n i t i o n o ft h e i n f l a t i o n _ ra t e cl asso fa co u n t ry .

The valid time is a key of the dictionary and the transaction time is defined as an implicit time management.

T e m p o r a l - d i c t i o n a r y c l a s s f o r b a s i c c l a s s I n f l a t i o n _ r a t e o f c o u n t r y extents I n f l _ s e t

keyVTPERIOD-A< Gregorian,day>

time dimension TT as history

properties inflation_rate :REAL ;

o p e r a t i o n s

. . .

events

. . .

endtemporaldictionary-class

Figure 1 2 3 :Textualspecificationofabasic&temporaldictionaryclass.

TOOBIS l o n g v e r s i o n

Inthesameway,wecandefine S a l e s of a v e n d o r as a derived & temporal dictionary class.

T e m p o r a l - d i c t i o n a r y c l a s s f o r d e r i v e d c l a s s S a l e s o f V e n d o r extents S a l e s _ s e t

keyVTPERIOD-A< Gregorian,day>

time dimension TT as history

properties sales :REAL derived

derivation . . .

endtemporaldictionary-class

Figure 1 2 4 :Textualspecificationofaderived&temporaldictionaryclass.

The local class view is similar to a temporal class, except that the valid time is mentioned as a key (cf. Figure 1 2 5 ) .

The global structural view with a temporal dictionary class is shown in Figure 1 2 1 a n d Figure 1 2 2 .

T em p ora l d i cti o n ary &Deriv ed C l a s s : S al es of V endo r

p rop erti es

s al es: R E A

L d eri ved

d eri va ti on

. ..

q u eri es

even ts

T i m ed i m en si o n :T T a sh i s tory

K ey :VT

P E RI

O D-A< G rego ri an , m o n th >

. ..

. ..

Figure 1 2 5 :Localclassviewofatemporaldictionaryclass.

4 . 3 . 4 . 4 T e m p o r a l a n a l y s i s p r o c e s s

Th ei n t ro d u ct i o n o ft i mei n t h est ru ct u ral d efi n i t i o n o fcl assesl ead st o t h ep ro cesso fd eco mp o si t i o n o fan o b j ect

class to its temporal variations. The three following questions are examined :

·

What properties are not modified during the life span of objects ?

·

What properties evolve during the life span of objects ?

TOOBIS l o n g v e r s i o n

·

What properties are relevant as timestamp ?

A sa l a ry o fan emp l o yee i sap ro p ert ywh i ch evo l vesd u ri n gt h el i fesp an o ft h e emp l o yee. Byco n t rast , t h e so ci a l

secu ri t yn u mb er o fa p erso n d o esn o t ch an ge. A t el ep h o n en u mb er o fa p erso n can ch an ged u ri n gh i sl i fesp an b u t i t s

evolution is not necessarily relevant for the application.

Ap ro p ert yi scal l ed p erma n en t wh en t h ep ro p ert yd o esn o t ch an geo r i t sevo l u t i o n h asn o i n t erest . F o r i n st an ce,

social security number a n d t e l e p h o n e n u m b e r are permanent properties of a person.

Ap ro p ert yi sn amed va ri a b l e wh en t h ep ro p ert ych an gesd u ri n gt h el i fesp an o ft h eo b j ect an d wh en i t sch an ge

sh o u l d b erel at ed t o t i me. F o r i n st an ce, t h e sa l a ry o fan emp l o yee i savari ab l ep ro p ert yb ecau set h e en t erp ri seh ast o

keep its different values and to relate each value to its valid time.

Th ep erman en t p ro p ert i eso fan o b j ect aregro u p ed i n t o a sn a p sh o t cl a ss . A t emp o ra l cl a ss al l o wst o gro u p vari ab l e

properties changing at the same time and related to the same timestamp.

At emp o ral cl assi sat emp o ral vari at i o n o fasn ap sh o t cl ass. Asn ap sh o t cl asscan h aveseveral vari ab l e cl asses. A

vari ab l e cl assi sal waysrel at ed t o asn ap sh o t cl assb ecau set h ei d en t i t yo fan o b j ect i sap ro p ert ywh i ch d o esn o t

change during the life of an object.

p rop erti es

em p l o y eeNu m b er: INT EGER

s o ci al S ecu ri t y Nu m b er: S T R ING

s al ary :

R EAL

fu n ct i o n : S T R ING

as s i gn m en t :

as s o (o n e,Dep art m en t )

B as i ccl as s :em p l oyee p rop erti es

n am e: S T R ING

b i rt h d ay :

INS T ANT -A<Grego ri an ,d ay >

t el ep h o n eNu m b er: S T R ING

ad d res s :

ADDR ES S

fam il y S t at u s :

F AMILY S T AT U S

B as i ccl as s :P ers on

Figure 1 2 6 :Examplesofbasicclasses.

F i gu re 1 2 6 p resen t st wo b asi c cl asses emp l o yee an d p erso n rel at ed b yan i n h eri t an cel i n k. Th e emp l o yeeNu mb er ,

so ci a l S ecu ri t yNu mb er p ro p ert i esare co n si d ered p erman en t wh ereast h e at t ri b u t es f u n ct i o n , sa l a ry an d a ssi g n men t

arevari ab l ep ro p ert i es. Th reet emp o ral cl assesared efi n ed ( F i gu re 1 2 7 ) b ecau set h eset h reep ro p ert i esd o n o t ch an ge

at t h esamet i me. Th e F a mi l yS t a t u s at t ri b u t e can ch an gefo r ap erso n , b u t t h e ap p l i cat i o n req u i reso n l yt o t i mest amp

the last status of a person ; a temporal class is introduced.

TOOBIS l o n g v e r s i o n

B as i ccl as s

B as i ccl as s

F am i l yS tatu s

B as i ccl as s

as s i g n m en t

B as i ccl as s

fu n cti on

B as i ccl as s

s al ary

B as i ccl as s

S t at e< VT >

H i s t ory

< VT >

H i s t ory

< VT >

H i s t ory

< VT ,TT >

P ers on

E m p l oyee

Figure 1 2 7 :Examplesofsnapshot&temporalclasses.

Th i sp ro cesso fd eco mp o si t i o n o fan o b j ect i n t o i t st emp o ral vari at i o n scan al so b e ap p l i ed o n d eri ved cl asses. Th e

Weekl yS a l es cl assal l o wst o d et ermi n e an d st o ret h e a mo u n t o f sa l es real i zed b ya ven d o r fo r agi ven week. Th e

weekl ya mo u n t o f sa l es real i zed b ya ven d o r evo l vesd u ri n gt h el i feo faven d o r. Th eman ager o ft h eS al esd ep art men t

i si n t erest ed b yt h e evo l u t i o n o ft h eweekl yamo u n t o fsal esp er ven d o r. Th u s, Weekl yS a l es i sat emp o ral cl assasi t i s

s h o w n i n Figure 1 2 8 .

Ven d or

R el a t i vet o

Ord er

C u s tom er

h a s

Week l yS al es of

B as i ccl as s B as i ccl as s

B as i ccl as s

Deri ved cl as s

Hi s t o ry <VT >

Figure 1 2 8 :Exampleofderivedvariableclass.

TOOBIS l o n g v e r s i o n

4 . 3 . 5 E x t e n s i o n o f s t a t i c l i n k s b e t w e e n c l a s s e s t o t i m e d i m e n s i o n s

The static links between object classes are aggregation, association and inheritance (cf. section 3 . 3 . 1 . 5 page 6 8 ) .

·

Aggregation

Th e aggregat i o n l i n kexi st i n gi n t h eOOmet h o d i su sed t o exp resst h e co mp o si t i o n o fo b j ect so fsn ap sh o t

classes. For instance, the order class is composed of order lines . This aggregation is time independent.

Th e t emp o ra l a g g reg a t i o n i saki n d o faggregat i o n b et ween asn ap sh o t cl assan d at emp o ral cl asso r a

t emp o ral d i ct i o n arycl ass. F o r i n st an ce, an emp l o yee h asa sa l a ry an d a f u n ct i o n wh i ch are evo l vi n gd u ri n g

t h e career o ft h e emp l o yee. Th et emp o ral vari at i o n i sd en o t ed grap h i cal l ywi t h ab l ackd i amo n d (cf. F i gu re

1 2 9 ) .

E m pl oy e e

H i sto ry< V T ,T T

>

S a l a r y

Or de r

Or de r Li ne

h a s h a s

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

Figure 1 2 9 :Examplesofaggregation.

·

Association

Th e asso ci at i o n i sd efi n ed i n t h eOOmet h o d . It i sap p l i ed o n sn ap sh o t o r t emp o ral o r t emp o ral d i ct i o n ary

cl asses. Two ki n d so frel at i o n sh i p exi st : an asso ci at i o n referri n gt o an o b j ect an d asso ci at i o n referri n gt o a

state (state of an object at a given instant).

A p erso n o wn sa ca r (a) an d a n o rd eri s rel a t ed t o a cu st o mer (b ) are examp l eso fasso ci at i o n o n o b j ect s.

Bu t , a cl i en t h a sa versi o n o f a so f t wa re ( c) i san asso ci at i o n referri n gt o ast at eo fan o b j ect , su ch

associations are c a l l e d s t a t e a s s o c i a t i o n s (cf. Figure 1 3 0 ) .

TOOBIS l o n g v e r s i o n

P e r s on

Hi s t o ry< V T >

Owne r s hi p

Ca r

Or de r

Cus tom e r

Cus tom e r

V e r s i on

S oftwa r e

I s o w n e d b y

(a )a s s oc i a ti on

(b)a s s oc i a ti on

Re l a t i v e t o

(c )s ta te a s s oc i a ti on

s o f t w a re s

< t>

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

Hi s t o ry< V T >

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

Figure 1 3 0 :Examplesofassociation.

An asso ci at i o n b et ween asn ap sh o t cl assan d at emp o ral cl assexp ressesal i n kb et ween o b j ect s. Ast h et arget o b j ect s

aret i med ep en d en t , t h el i n kp ro vi d est h ewh o l eh i st o ryo ft h et arget . F o r i n st an ce, t h e a sso ci a t i o n b et ween p erso n

a n d o wn ersh i p cl a sses exp ressest h at a p erso n o wn sa ca r , an d a ca r st o red a l l i t so wn erso vert i mei n t h et emp o ra l

class ownership .

A st at e asso ci at i o n exp ressest h efact t h at an o b j ect i sl i n ked t o asp eci fi cst at eo fan o t h er o b j ect . It mean st h at t h e

t i meo ft h est at et o refer t o i smen t i o n ed i n t h e asso ci at i o n st at e. Co n seq u en t l y, t h ei d en t i t yo ft h ereferred st at eo fan

o b j ect i st h eOIDo ft h eo b j ect an d t h et i meo ft h ereq u i red st at e(t emp o ral OID). F o r i n st an ce, a cu st o merh a sa

p a rt i cu l a rversi o n o f a so f t wa re ; i t mean sast at eo faso ft wareo b j ect . F i gu re 1 3 0 i l l u st rat est h egrap h i cal n o t at i o n o f

a state association (case c).

The textual specification of a state association is the following :

b a s i c -class

C u s t o m e r extents

C u s t o m e r s

properties

n a m e :

string

addressr :

address

sofwares :

state asso ( z e r o m a n y

, V e r s i o n ) / / s t a t e a s s o c i a t i o n

. . .

end b a s i c -class

·

Inheritance

Th ei n h eri t an cemech an i smcan b e ap p l i ed o n l yb et ween sn ap sh o t cl asses. F o r i n st an ce, t h e emp l o yee cl ass

i n h eri t sf ro m t h e p erso n cl ass. It mean st h at an emp l o yeei n h eri t sfro mt h ep erso n cl assal l t h est ru ct u ral

TOOBIS l o n g v e r s i o n

p ro p ert i esaswel l ast h eb eh avi o ral p ro p ert i es ; i n p art i cu l ar al l t h et emp o ral vari at i o n s, e. g. t h e

f a m i l y _ s t a t u s class. The inheritance is prohibited with temporal and temporal dictionary classes.

4 . 3 . 6 Extension of constraints applied on object classes

In t h ed efi n i t i o n o fan o b j ect cl ass, we can d efi n e co n st rai n t st h at sh o u l d b esat i sfi ed b yi t si n st an ces. Th eki n d so f

constraints available in the OO method are :

·

u n i q u en essco n st ra i n t : i t al l o wst o d efi n et h at aval u eo fan at t ri b u t eo r aset o fat t ri b u t esi su n i q u ei n

asp eci fi c co l l ect i o n . F o r i n st an ce, t h eso ci a l S ecu ri t yNu mb ero f a p erso n i su n i q u ei n t h eset o f p erso n s

(Persons) is described as follows : unique (socialSecurityNumber, Persons) .

·

referen t i a l co n st ra i n t : i t i si mp l i ci t l yd efi n ed wh en an asso ci at i o n exi st sb et ween t wo cl asses. It mean s

t h at ap ro p ert yo fan o b j ect mu st refer an o b j ect b el o n gi n gt o an o t h er o b j ect cl ass. F o r i n st an ce, a n

o rd eri s rel a t i vet o a cu st o mer l ead st o t h ep ro p ert y rel a t i vet o i n t h e

Order

cl asswh i ch mu st refer t o

an object of the Customer class.

·

ca rd i n a l i t y co n st ra i n t : i t i semb ed d ed i n t h ed efi n i t i o n o fan asso ci at i o n o r an aggregat i o n . It

exp ressesh o wman yo b j ect sp art i ci p at ei n t h erel at i o n sh i p . F o r i n st an ce, a n o rd eri s rel a t i vet o o n l y

o n e cu st o mer , b u t a cu st o merca n h a ve ma n y o rd ers . Th e card i n al i t yexp ressest h at t h ep ro p ert y

rel a t i vet o i n t h e Ord er cl assreferst o o n l yo n e cu st o mer wh ereast h ei n versel i n k h a s i n t h e Cu st o mer

class is a set of order references.

Th e card i n al i t yi sco n si d ered i n st an t an eo u s. It mean st h at at agi ven i n st an t , h o wman ycu st o mersare

asso ci at ed t o an o rd er an d at agi ven i n st an t , h o wman yo rd ersare asso ci at ed t o a cu st o mer. Th e

p erman en cyo ft h e asso ci at i o n i sn o t t reat ed i n t h e card i n al i t y(i . e. t h efact t h at an asso ci at i o n b et ween

an o rd er an d a cu st o mer d o esn o t ch an ged u ri n gt h el i fesp an o fan o rd er). Byco n t rast wi t h t h e

fo l l o wi n gexamp l e : a car i so wn ed b yo n l yo n ep erso n at at i me ; i t mean st h at t h e car can ch an gei t s

owner during its life span.

·

a t t ri b u t e co n st ra i n t : i t i san assert i o n ap p l i ed o n p ro p ert i eso fan o b j ect (cf. P art II). T h ewei g h t o f a

p a t i en t ca n n o t exceed 2 0 0 ki l o s o rt h eb i rt h d a yo f a p a t i en t ca n n o t b ep o st eri o rt o 1 8 0 0 are examp l es

of attribute constraints.

Th eu n i q u en essan d at t ri b u t e co n st rai n t sare exp l i ci t l yd escri b ed b yt h e an al yst wh ereast h ereferen t i al an d card i n al i t y

co n st rai n t sare emb ed d ed i n t h ed efi n i t i o n o fasso ci at i o n san d aggregat i o n s. Th ei n h eri t an ce co n st rai n t i sn o t

co n si d ered i n t h et emp o ral ext en si o n b ecau set h ei n h eri t an cel i n ki sn o t ap p l i ed o n t emp o ral an d t emp o ral d i ct i o n ary

classes.

TOOBIS l o n g v e r s i o n

4 . 3 . 6 . 1 Classification applied on constraints

TOOBIS combines the features of an OO DBMS and of a temporal DBMS.

·

In t h e act i veOO DBM S su ch asODE

3

, co n st rai n t sare cl assi fi ed i n t wo gro u p s

: i n t ra -o b j ect an d i n t er-o b j ect

co n st rai n t s. Th i sd i st i n ct i o n al l o wsu st o d et ermi n ewh en t h eyh avet o b everi fi ed . An i n t ra-o b j ect co n st rai n t i s

d efi n ed l o cal l yt o an o b j ect an d can b e ch ecked at t h e en d o feach met h o d execu t i o n . Bu t an i n t er-o b j ect

co n st rai n t u ses several o b j ect s, t h u si t h ast o b e ch ecked at t h e en d o ft h ed at ab aset ran sact i o n . A ref eren t i a l

co n st ra i n t i san examp l eo fi n t er-o b j ect co n st rai n t wh ereas t h ewei g h t o f a p a t i en t ca n n o t exceed 2 0 0 ki l o s i san

example of intra-object constraint.

C o n s t r a i n t i n t r a - o b j e c t i n t e r - o b j e c t

u n i q u e n e s s X

r e f e r e n t i a l X

c a r d i n a l i t y X

i n h e r i t a n c e X

a t t r i b u t e X

4

X

5

Table 9 :Classificationoftheconstraints.

Th eseco n d cl assi fi cat i o n co mesfro mt h et emp o ral d at ab asefi el d

6

. Th eygro u p t h e co n st rai n t si n t wo mai n

categories :

i n t r a - t i m e a n d i n t e r - t i m e constraints.

An i n t ra-t i me co n st rai n t i so n l yd ep en d en t o fan i n st an t t . E ach i n st an t t sh o u l d veri fyt h e co n st rai n t . Th reeseman t i cs

of constraints are derived from the time dimensions to consider : intra-VT, intra-TT and intra-Bi constraints.

·

An i n t ra-V Tco n st rai n t i srel at ed t o t h esn ap sh o t vi ewo ft h esamereal wo rl d excerp t at agi ven i n st an t

t . F o r i n st an ce, f o rea ch weekd ecl a red i n t h eWeekl y ef f o rt , a n a ssi g n men t o f t h i semp l o yeef o rt h i s

project must exist .

·

An i n t ra-TTco n st rai n t rel at est o t h esn ap sh o t vi ewo ft h ed at ab ase at agi ven i n st an t t . F o r i n st an ce,

t h e n a m e o f a c o m p a n y m u s t b e u n i q u e i n e a c h d a t a b a s e s t a t e .

·

An i n t ra-Bi co n st rai n t rel at est o t h esn ap sh o t o ft h esamereal wo rl d p art at an i n st an t vt st o red i n t h e

d at ab asesn ap sh o t at an i n st an t t t . F o r i n st an ce, i ft h ewei gh t o fp at i en t i s st o red i n t h et emp o ral cl ass

withhistory<VT,TT> , t h e v a l i d t i m e o f a w e i g h t v a l u e c a n n o t b e s u p e r i o r t o i t s t r a n s a c t i o n t i m e .

3

Gehani N., Jagadish H.V.,

Odeasanactivedatabase :constraintsandtriggers ,

Proc. of the 17 t h

VLDB, Barcelona, Spain, 91, pp. 327-336

4

a t t r i b u t e c o n t r a i n t s w i t h o u t u s i n g a n o t h e r o b j e c t i n i t s d e f i n i t i o n . . E x a m p l e , T h e w e i g h t o f a p a t i e n t

c a n n o t e x c e e d 2 0 0 k i l o s .

5

a t t r i b u t e c o n t r a i n t s u s i n g o t h e r o b j e c ts i n i t s d e f i n i t i o n . E x a m p l e , T h e t e m p o r a l d i s t a n c e b e t w e e n t w o

v i s i t s c a n n o t b e s u p e r i o r t o o n e m o n t h .

6

Michael H. Böhlen,

Validtimeintegrityconstraints

,1994.

TOOBIS l o n g v e r s i o n

An i n t er-t i me co n st rai n t i sd efi n ed b yu si n gi n fo rmat i o n avai l ab l eo r val i d at d i fferen t i n st an t s. E ach i n st an t t sh o u l d

veri fyt h e co n st rai n t . Th reeseman t i cso fco n st rai n t sared eri ved fro mt h et i med i men si o n st o co n si d er : i n t er-V T,

inter-TT and inter-Bi constraints.

·

An i n t er-V Tco n st rai n t u sesi n i t sd efi n i t i o n several sn ap sh o t so ft h ereal wo rl d . F o r i n st an ce, t h e va l i d

t i m e s t a m p m u s t b e u n i q u e i n t h e t e m p o r a l c l a s s w i t h h i s t o r y < V T > .

·

An i n t er-TTco n st rai n t u sesi n i t sd efi n i t i o n several sn ap sh o t so ft h ed at ab ase. F o r i n st an ce, i ft h en ame

o fap erso n i si n t h et emp o ral cl asswi t h h i st o ry<TT>, t h en a meo f a p erso n ca n n o t ch a n g emo ret h a n

three times .

·

An i n t er-Bi co n st rai n t u ses several sn ap sh o t so ft h ereal wo rl d st o red i n d i fferen t d at ab asesn ap sh o t s.

F o r i n st an ce, i ft h ewei gh t o fp at i en t i s st o red i n t h et emp o ral cl asswi t h h i st o ry<V T, TT> , t h ewei g h t o f

a p a t i e n t f o r a s p e c i f i c v a l i d t i m e c a n n o t b e c o r r e c t e d m o r e t h a n t h r e e t i m e s .

Th e ap p l i cat i o n can ch an get h ep ast , fu t u re an d p resen t d at a ab o u t t h ereal wo rl d b u t i t can o n l ych an get h e cu rren t

state of the database.

Th ei n t ra-t i me co n st rai n t sare easyt o veri fy, t h eysh o u l d b e ap p l i ed o n t h esn ap sh o t o ft h ereal wo rl d an d t h e

sn ap sh o t o ft h ed at ab asemo d i fi ed b yeach d at ab aseo p erat i o n . Bu t , t h ei n t er-t i me co n st rai n t saremo re exp en si vet o

ch eckb ecau se aft er each d at ab aseo p erat i o n each sn ap sh o t (V Tan d TT) o ft h et emp o ral d at ab asesh o u l d b e ch ecked

otherwise the database could be inconsistent.

4 . 3 . 6 . 2 Extension of constraints to time dimensions

·

Th e ca rd i n a l i t y co n st ra i n t i si n cl u d ed i n t h ed efi n i t i o n o fan aggregat i o n o r an asso ci at i o n . Th e card i n al i t yb y

co n ven t i o n i si n st an t an eo u s, t h u st h esi gn i fi can ced o esn o t ch an gei ft h e cl assesp art i ci p at i n gt o t h e asso ci at i o n

are temporal or temporal dictionary classes.

The following examples illustrate the point.

TOOBIS l o n g v e r s i o n

Hi s t o ry< V T >

Owne r s hi p

Ca r

I s o w n e d b y

P e r s on

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

Or de r

Cus tom e r

Re l a t i v e t o

B a s i c c l a s s

B a s i c c l a s s

Cus tom e r

V e r s i on

S oftwa r e

s o f t w a re s

< t>

Hi s t o ry< V T >

B a s i c c l a s s

B a s i c c l a s s

AC u s t o m erh as ,at agi ven i n s t an t m o ret h an

o n eOrd er.

An o rd eri s rel at i vet o ,at agi ven i n s t an t ,o n ean d o n l y

o n ecu s t o m er.

AP ers o n can o wn ,at agi ven i n s t an t ,m o ret h an o n ecar.

AC ar,at agi ven i n s t an t ,i s o wn ed b y o n l y o n eP ers o n .

Acu s t o m erh as ,at agi ven i n s t an t ,o n l y o n e

s p eci fi cvers i o n o fas o ft ware.

Avers i o n o fas o ft warecan b eo wn ed ,at agi ven

i n s t an t ,b y s everal

C u s t o m ers .

B a s i c c l a s s

Figure 1 3 1 : Examples of cardinality constraints.

·

Th e referen t i a l o rt em p o ra l ex i st en ce co n st ra i n t i semb ed d ed i n t h e aggregat i o n an d asso ci at i o n d efi n i t i o n s.

But, three different referential constraints are introduced according to the time to consider.

·

Th e n o n t em p o ra l referen t i a l co n st rai n t i sap p l i ed o n sn ap sh o t cl asses. F o r i n st an ce, t h e at t ri b u t e

relative to i n t h e Order class refers to an object of Customer class.

·

Th e t em p o ra l ex i st en ce co n st rai n t i sap p l i ed o n t emp o ral o r t emp o ral d i ct i o n arycl asses. F o r i n st an ce,

t h e at t ri b u t e i s o wn ed b y i n t h e Own ersh i p t emp o ral cl asswi t h Hi st o ry<V T>referst o an o b j ect o ft h e

Person class which should exist at the valid time.

·

Th e t em p o ra l referen t i a l co n st rai n t i sd efi n ed o n st at e-asso ci at i o n wh i ch referst o t h est at eo fan o b j ect

at a given instant. For instance, the customer refers to a v e r s i o n o f a s o f t w a r e a t a g i v e n i n s t a n t .

TOOBIS l o n g v e r s i o n

P e r s on

Hi s t o ry< V T >

Owne r s hi p

Ca r

I s o w n e d b y

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

Or de r

Cus tom e r

Re l a t i v e t o

B a s i c c l a s s

B a s i c c l a s s

Cus tom e r

V e r s i on

S oftwa r e

s o f t w a re s

< t>

Hi s t o ry< V T >

B a s i c c l a s s

B a s i c c l a s s

B a s i c c l a s s

An o rd errefers t o acu s t o m erex i s t i n gi n t h ed at ab as e.

In each Own ers h i p ,t h eat t ri b u t e p er s o n h as t o refert o

P ers o n ex i s t i n gi n t h eDat ab as e.

AC u s t o m errefers t o an ex i s t i n gvers i o n o faS o ft ware.

Figure 1 3 2 :Examplesofreferentialconstraints.

·

Th e u n i q u en essco n st ra i n t i sal so d efi n ed fo r t emp o ral cl assan d t emp o ral d i ct i o n arycl ass. Acco rd i n gt o t h e

time integration in the collection to consider, 3 different uniqueness constraints are introduced :

·

Th e u n i q u en ess co n st rai n t d efi n eso n t h en o n -t emp o ral co l l ect i o n . F o r i n st an ce, t h e at t ri b u t e

S o ci a l S ecu ri t yNu mb ero f a p erso n mu st b eu n i q u e i n t h eset o f P erso n s (co l l ect i o n asso ci at ed t o t h e

class Person ) .

·

Th e l o ca l t em p o ra l u n i q u en ess co n st rai n t i sap p l i ed i n si d e an o b j ect . F o r i n st an ce, ea ch i n st a n t

b el o n g i n g t o t h eV T p eri o d mu st b eu n i q u e i n si d et h e o wn ersh i p (t emp o ral cl asswi t h h i st o ry<V T>) o f

a car .

·

Th e g l o b a l t em p o ra l u n i q u en ess co n st rai n t i sap p l i ed o n at emp o ral co l l ect i o n rel at i vet o several

o b j ect s. F o r i n st an ce, t h e i mma t ri cu l a t i o n Nu mb ero f a ca ra t a g i ven i n st a n t mu st b eu n i q u e i n t h eset

of cars at every instant .

TOOBIS l o n g v e r s i o n

i m m at ri cu l at i o n Nu m b eri s u n i q u ei n t h es et o fC ars .

Ba s i c c l a s s :

Ca r

pr ope r ti e s

I m m a t ri c u l a t i o n Nu m b e r : S T RI NG

Co l o r : COL OR

Each i n s t an t t i n VT m u s t b eu n i q u ei n t h ecl as s

Own ers h i p o fevery car.

B a s i c c l a s s

Owne r s hi p

Hi s t o ry <VT >

Figure 1 3 3 :ExamplesofUniquenessconstraints.

TOOBIS l o n g v e r s i o n

·

Th e a t t ri b u t e co n st ra i n t i sd efi n ed fo r an yki n d o fcl asses. Th eycan refer t o o n eo r mo reo b j ect san d t h eycan

use one or more times. Below, is an example for each possible category (cf. Table 1 0 ) .

intra-object inter-object

without time

age of a person is less than 200 years d a t e o f v i s i t 2 < d a t e o f v i s i t 1 + 1 , 5 m o n t h s

intra-vt

foreachsnapshotoftherealworld,effort

declaredbyanemployeeforaprojectandfor

aweek(temporalclasswithhistory<VT>)<

6 0 h o u r s effortdeclaredbyanemployeeforaweek=

sum of efforts per project declared by this

employeeforthisweek.

i n t r a - t t

for each database snapshot, weight of a

patient (temporal class with History<TT>) is

less than 200 kilos for each database snapshot, the assignment

ofanemployeetoaprojectisallowedifthey

belong to the same department

i n t r a - B i

for each snapshot of the real world stored in

a database snapshot, effort declared by an

employeeforaprojectandforaweek

(temporalclasswithhistory<VT,TT>)<60

hours for each snapshot of the real world stored in

a database snapshot, effort (temporal class

withHistory<VT,TT>)declaredbyan

employeeforaweek=sumofeffortsper

projectdeclaredbythisemployeeforthis

week.

inter-vt

thesalaryofanemployee(temporalclass

with History<VT>) can not be updated by

increasing it by two thesalaryofanemployee(History<VT>)

can not be increased by a percentage superior

to the limit defined by department for the

same period

inter-tt

the name of a person (temporal class with

History<TT>) can not change more than

threetimes apersoncannotbeemployedtwotimesby

thesamecompanywithalowersalary

(temporalclasswithHistory<TT>)

inter-Bi

the weight of a patient (temporal class with

History<VT, TT>) for a specific valid can

not be corrected more than three times

.

areviewerassignedtoaproject(temporal

classwithHistory<VT,TT>)shouldnot

belong to a company of the consortium at

any time in the past or present time.

Table 1 0 :Categoriesofattributeconstraints.

Th e cl assi fi cat i o n o ft h e co n st rai n t sacco rd i n gt o t h et wo framewo rksi n t ra/ i n t er o b j ect / t i me areh el p fu l d u ri n gt h e

d esi gn p h asefo r t h emap p i n go ft h e co n cep t u al sp eci fi cat i o n i n t o t h eTOODBM S en vi ro n men t (TODL, TOQL,

TODM an d C++b i n d i n go fO2 ). Th eTOOBIS en vi ro n men t i sn o t an act i veDBM S man agi n gco n st rai n t san d

t ri ggers. Co n seq u en t l yt h e co n cep t o fco n st rai n t san d even t s(co n cep t cl o set o t h et ri gger co n cep t o ft h e act i ve

TOOBIS l o n g v e r s i o n

DBM S ) i n t ro d u ced i n t h eTOOM met h o d h avet o b emap p ed i n t o met h o d san d d at ab aset ran sact i o n s. Th e

cl assi fi cat i o n o fco n st rai n t si sd efi n ed at t h e an al ysi sp h aseb u t i t i su sed an d exp l o i t ed at t h ed esi gn p h asefo r

mapping the conceptual to the logical specification.

The summary of the possible cases is given in the following table :

intra-

object inter-object without

time intra-VT intra-TT intra-Bi inter-VT inter-TT inter-Bi

cardinality x x x

7

x

8

x

9

referential x x

temporalexistence x x

10

x

11

x

12

temporalreferential x x

13

x

14

x

15

u n i q u e n e s s x x

local temp. uniqueness x x

16

x

17

x

18

global temp. uniqueness x x

19

x

20

x

21

a t t r i b u t e x x x x x x x x x

Table 1 1 :classificationofconstraintswiththetwoframeworks.

Th e co n st rai n t saresp eci fi ed i n si d et h e cl assd efi n i t i o n (sn ap sh o t , t emp o ral an d t emp o ral d i ct i o n arycl asses). Tab l e

1 2 d efi n esh o wt h eki n d so fco n st rai n t saresp eci fi ed i n t h esp eci fi cat i o n l an gu age. In ad d i t i o n , fo r each co n st rai n t , i t s

category has to be determined according to the two frameworks :

·

intra-object or inter-object (OODBMS framework),

·

intra-VT, intra-TT, intra-Bi, inter-VT, inter-TT, inter-Bi (temporal DBMS framework).

7

f o r e a c h s n a p s h o t o f t h e r e a l w o r l d , a c a r i s o w n e d b y o n l y o n e p e r s o n . ( o w n e r s h i p i s H i s t o r y < V T > )

8

f o r e a c h d a t a b a s e s n a p s h o t , a c a r i s o w n e d b y o n l y o n e p e r s o n ( o w n e r s h i p i s H i s t o r y < T T > )

9

f o r e a c h s n a p s h o t o f t h e r e a l w o r l d s t o r e d i n a s n a p s h o t d a t a b a s e , a c a r i s o w n e d b y o n l y o n e p e r s o n ( o w n e r s h i p i s

History<Bi>)

1 0

t h e a t t r i b u t e o w n e d b y i n t h e O w n e r s h i p H i s t o r y < V T > c l a s s r e f e r s t o a n o b j e c t o f P e r s o n c l a s s w h i c h s h o u l d e x i s t

a t t h e v a l i d t i m e .

1 1

t h e a t t r i b u t e o w n e d b y i n t h e O w n e r s h i p H i s t o r y < T T > c l a s s r e f e r s t o a n o b j e c t o f P e r s o n c l a s s w h i c h s h o u l d e x i s t

a t t h e t r a n s a c t i o n t i m e .

1 2

t h e a t t r i b u t e o w n e d b y i n t h e O w n e r s h i p H i s t o r y < B i > c l a s s r e f e r s t o a n o b j e c t o f P e r s o n c l a s s w h i c h s h o u l d e x i s t

a t t h e v a l i d a n d t h e t r a n s a c t i o n t i m e s

13

the customer refers to a software at a given V T i n s t a n t ( v e r s i o n i s a n H i s t o r y < V T > ) .

1 4

the customer refers to a software at a given T T i n s t a n t ( v e r s i o n i s a n H i s t o r y < T T > ) .

1 5

the customer refers to a software at a given V T a n d T T i n s t a n t ( v e r s i o n i s a n H i s t o r y < B i > ) .

1 6

e a c h i n s t a n t b e l o n g i n g t o t h e V T p e r i o d m u s t b e u n i q u e i n s i d e t h e o w n e r s h i p h i s t o r y < V T > o f a c a r

1 7

e a c h i n s t a n t b e l o n g i n g t o t h e T T p e r i o d m u s t b e u n i q u e i n s i d e t h e o w n e r s h i p h i s t o r y < T T > o f a c a r

1 8

? ?

1 9

t h e I m m a t r i c u l a t i o n N u m b e r o f a c a r ( H i s t o r y < V T > ) m u s t b e u n i q u e i n t h e s e t o f c a r s a t e v e r y i n s t a n t

2 0

t h e I m m a t r i c u l a t i o n N u m b e r o f a c a r ( H i s t o r y < T T > ) m u s t b e u n i q u e i n t h e s e t o f c a r s a t e v e r y i n s t a n t

2 1

t h e I m m a t r i c u l a t i o n N u m b e r o f a c a r ( H i s t o r y < B i > ) m u s t b e u n i q u e i n t h e s e t o f c a r s a t e v e r y i n s t a n t

TOOBIS l o n g v e r s i o n

Th ed et ermi n at i o n o ft h e cat ego ryo feach co n st rai n t sh o u l d b eu sed wh en t h esp eci fi cat i o n i smap p ed o n t o t h e

TODL/TOQLenvironment.

How to specify it

cardinality embedded in aggregation, association and state association

referential embedded in aggregation, association and state association

temporalexistence specifiedasaTOQLstatement

temporalreferential embedded in state association

u n i q u e n e s s defined as following :

unique ( <attribute-list>, <collection>)

local temp. uniqueness defined as following :

temporal_unique ( local , <attribute-list>, <collection>)

global temp. uniqueness defined as following :

temporal_unique ( global , <attribute-list>, <collection>)

a t t r i b u t e described as a TOQL statement or a boolean function

Table 1 2 :Howtospecifythedifferentkindsofconstraints.

TOOBIS l o n g v e r s i o n

4 . 3 . 7 Extension of events to time dimensions

E ven t i st h e co n cep t u sed i n t h eOOmet h o d t o d efi n et h ed yn ami co ft h e ap p l i cat i o n (cf. ch ap t er 2 ). Th reeki n d so f

events are defined :

·

anexternaleventmaterializestheemissionofamessagebyanactor,

·

an internal event acknowledges a noteworthy state change of an object,

·

a temporal event is a particular state of the clock.

Th ei n t ro d u ct i o n o ft h et i med i men si o n si n t h ed at ab asel ead st o t akei n t o acco u n t t h eval i d an d t h et ran sact i o n t i mes

i n t o t h e e v e n t c o n c e p t .

Th eo ccu rren ceo fan even t h ap p en sat agi ven i n st an t . Th i si n st an t i st h et ran sact i o n t i meo ft h i seven t . Th eval i d

time of an event depends on the kind of event.

4 . 3 . 7 . 1 E x t e r n a l e v e n t

Th e emi ssi o n o famessageb yan act o r i san ext ern al even t . Th et ri gger p art o ft h i seven t rep resen t st h et reat men t t o

p erfo rmwh en su ch messagesarri vet o t h esyst em. Th i st reat men t i st h e an swer o ft h eIS t o t h i smessage. Th eval i d

t i meo fan ext ern al even t i st h eval i d t i me asso ci at ed t o t h emessage. A n even t i n t i me i san even t wh o seval i d t i mei s

t h ep resen t t i me. A n « a p ri o ri » even t h asaval i d t i mei n t h efu t u rewh ereasan « a p o st eri o ri » even t h asaval i d t i me

i n t h e p a s t .

Th e even t sd escri b ed wi t h t h eb asi cOOmet h o d (cf. sect i o n 3 . 4 . 4 p age 1 1 8 ) are even t i n t i me. Th e« a p ri o ri » an d

« a p o st eri o ri » even t sare excep t i o n al cases, wh i ch h avet o b et aken i n t o acco u n t i n t emp o ral d at ab ases. Th eset wo

kinds of events are managed in the TOOM method as follows :

·

An « ap ri o ri » even t al l o wst o t ri gger t reat men t i n ad van ce. In o rd er t o avo i d p ro b l emsrel at i vet o t h e

man agemen t o fp o st -act i o n s, t h e acq u i si t i o n o ft h emessagei sd o n ei n ad van ceb u t t h et reat men t asso ci at ed t o t h e

event is executed in time.

·

An « ap o st eri o ri » even t i sl i mi t ed t o excep t i o n al casesai mi n gat co rrect i n gt h emo d el ed real wo rl d st o red i n t h e

d at ab ase. F o r i n st an ce , t h e co rrect i o n o f t h e cu st o mer´sa cco u n t rel a t ed t o a reg i st ered ch eq u ei n a b a n k i san

examp l eo f« a p o st eri o ri » even t . Th et reat men t asso ci at ed t o t h i seven t h ast o co rrect t h esi t u at i o n b yerasi n gt h e

t reat men t mad ewi t h t h e« wro n g » acco u n t an d ap p l yt h et reat men t wi t h t h e« ri gh t » o n e. In t h esameman n er,

t h e even t « i n p u t t h esa l a ryo f a n emp l o yeewi t h t h reemo n t h sd el a y » req u i rest o red o t h ep aymen t t reat men t fo r

t h eset h reemo n t h s. Th e« ap o st eri o ri » even t sare excep t i o n al si t u at i o n so ft h e ap p l i cat i o n req u i ri n gexcep t i o n al

b u si n essru l est o ap p l y. Th e co rrect i vet reat men t i si n ch argeo ft h e ap p l i cat i o n l ayer. Th et emp o ral DBM S d o es

n o t p r o v i d e r e t r o - a c t i o n f u n c t i o n a l i t i e s .

TOOBIS l o n g v e r s i o n

Sa la r y u p d a te in a d v a n c e

De la y e d sa la r y u p d a te

P

F

Sa la r y u p d a te

N a po st e r io r i e v e nt

a pr io r i e v e nt

e v e nt int ime ad mi n i st rat i v e

ad mi n i st rat i v e

ad mi n i st rat i v e

Act o r-cl ass

E x te r n a l e v e n t

Figure 1 3 4 :Examplesofexternalevents.

·

Textual specification of the three kinds of external events

Th et ext u al sp eci fi cat i o n o fan ext ern al even t i semb ed d ed i n t h ed efi n i t i o n o fan act o r cl ass. Th e ext ern al even t

i sco mp o sed o famessage, ap red i cat e an d at ri gger p art an d o p t i o n al l yt h ei n d u ct i o n l i n ksan d co n cu rren t even t s

canbedescribed.Thevaliditytimeofamessageismentionedbyakeyword past,futureorintime .

D e l a y e d S a l a r y U p d a t e

pastmessage DELAYEDSALARY

attributes

employee_id :INTEGER ;

salary :REAL ;

VT : PERIOD<Gregorian,month>

predi cate « t h e emp l o yeemu st exi st at t h i sV T

period»

trigger . . .

4 . 3 . 7 . 2 I n t e r n a l e v e n t

The valid time of an internal event is restricted in the TOOM method to the « event in time ».

In t ern al even t sb ased o n sn ap sh o t cl assescan o n l yb e ascert ai n ed o n t h e ch an geo ft h e cu rren t st at eo fan o b j ect .

Thus, the event is considered in time.

TOOBIS l o n g v e r s i o n

F o r t h et emp o ral cl asseswi t h h i st o ry, t h e« ap ri o ri » an d « ap o st eri o ri » even t sarefo rb i d d en . On l ych an geo ft h e

cu rren t st at e can t ri gger i n t ern al even t s. Th i sl i mi t at i o n avo i d st h ep ro b l emo fau t o mat i cal l yt ri ggeri n gret ro -act i o n s

and post-actions raising the problem of consistency assurance.

Cl assi cal l yt h ep red i cat eo fan i n t ern al even t exp ressest h est at e ch an geo fan o b j ect ; fo r i n st an ce, i f t h est o cko f a

p ro d u ct b eco mesl esst h a n t h erep l en i sh emen t l evel , amessagei s sen t t o t h est o ckman ager. Th i seven t i scal l ed even t

o n o b j ect b ecau sei t i sb ased o n t h est at e ch an geo ft h est o cko b j ect . Th e ext en si o n o fo b j ect cl assest o t emp o ral

cl asseswi t h h i st o ryi mp l i esan ewcl asso feven t sb ased o n t h est at eo ft h eh i st o ryi n st ead o ft h est at eo fan o b j ect .

F o r i n st an ce , If a n emp l o yeeh a si n crea sed h i s sa l a ryf o u rt i mesd u ri n g t h el a st t h ree yea rs , t h est affd ep art men t i s

al ert ed . Th ep red i cat eo ft h i seven t i sb ased o n t h eh i st o ri cal st at e ch an ges. Wh en t h efo u rt h u p d at erep resen t i n gan

i n creaseo ft h esal aryi sp erfo rmed , t h e even t o ccu rsan d i t st reat men t i st ri ggered . Th i ski n d o feven t i scal l ed even t

o n h i s t o r y .

Th e even t o n o b j ect are ap p l i cab l eo n al l ki n d so fcl asses : sn a p sh o t , t emp o ra l cl a ss , an d t emp o ra l d i ct i o n a ry . Bu t

t h e event on history is defined only on temporal classes with history or temporal dictionary with history<TT>.

Emp l o yees a l a r yi n cr ea s ed f o u r

t i mes i n t h el a s t t h r eeyea r s

Ou t o f o r d er

O

H

E ven ton ob ject

E ven ton h i s tory

S t o ck

B as i ccl as s

S al ary

B as i ccl as s

Hi s t o ry <VT >

Figure 1 3 5 :Examplesofinternalevents.

·

Textual specification of the three kinds of internal events

Th et ext u al sp eci fi cat i o n o fan i n t ern al even t i semb ed d ed i n t h ed efi n i t i o n o fasn ap sh o t cl ass, t emp o ral cl asso r

t emp o ral d i ct i o n arycl ass. Th ei n t ern al even t i sco mp o sed o fap red i cat e an d at ri gger p art an d o p t i o n al l yt h e

i n d u ct i o n l i n ksan d co n cu rren t even t scan b ed escri b ed . Th et yp eo fi n t ern al even t (o n o b j ect o r o n h i st o ry) i s

mentionedbythekeywork onobject o r onhistory .

O u t o f s t o c k onobject

predi cate « st o ckq u an t i t yi sl esst h an t h el i mi t fi xed

for the product»

trigger . . .

TOOBIS l o n g v e r s i o n

4 . 3 . 7 . 3 T e m p o r a l e v e n t

At emp o ral even t i sat emp o ral exp ressi o n b ased o n eo ft h e cal en d arso ft h e ap p l i cat i o n . Ift h e ap p l i cat i o n req u i res

several cal en d ars, t emp o ral even t sarel o cal t o a cal en d ar. E ach cal en d ar cl assi sch aract eri zed b yt h ed efi n i t i o n o ft h e

calendar explained in section 4 . 4 . 1 . 3 (page 2 1 3 ) and the set of temporal events based on the clock of this calendar.

E ach cal en d ar cl assi sreal i zed at t h ei n st an cel evel b ya cl o ck. Byd efau l t , aDBM S p ro vi d est h e cl o cko ft h e

G r e g o r i a n calendar. Each clock of the application is synchronized on the system clock.

Th reet yp eso ft emp o ral even t sared efi n ed : ab so l u t e, rel at i ve an d p eri o d i c even t s. F o r i n st an ce, t h e « 2 5 th

o f

Decemb er1 9 9 6 » i san ab so l u t e even t , « ea ch 2 5 th

o f Decemb er» i sap eri o d i c even t an d « 1 mo n t h a f t ert h e

e x p i r a t i o n o f t h e l o a n »isarelativeevent.

Th et ran sact i o n t i meo fat emp o ral even t i st h ei n st an t wh en t h e even t i sackn o wl ed ged . Th eval i d t i meo ft h e

t emp o ral even t i sap eri o d d u ri n gwh i ch i t sp red i cat ei st ru e. In at emp o ral d at ab ase, at i meo ccu rren ceo fat emp o ral

even t b el o n gst o i t sval i d . Ift h ep eri o d o fval i d i t yat t ach ed t o t emp o ral even t sh asad u rat i o n l esst h an t h emi n u t e

g r a n u l a r i t y , the application is considered as a characteristic of real time system application.

In t h et emp o ral ext en si o n TOOM , t h erel at i ve even t i srefi n ed acco rd i n gt o t h erel at i vet i med o mai n sd efi n ed i n

section 4 . 4 . 1 . 3 (page 2 1 3 ) .

Th erel at i ve even t h asarel at i vet i me exp ressi o n asp red i cat e. Two ki n d so ft emp o ral marksarep o ssi b l e : t emp o ra l

a t t r i b u t e o r time occurrence of event .

·

« 1 mo n t h a f t ert h e exp i ra t i o n o f t h el o a n » i san even t rel a t i vet o a n o b j ect o ft h el o an cl assan d t h et emp o ral

mark is the attribute e n d o f l o a n . The valid time of the event is derived from the attribute used as temporal mark.

·

« 1 5 d a ysa f t ert h ea rri va l o f a n o rd er » i san even t rel a t i vet o t h e even t « a rri va l o f a n o rd er » . Th eval i d t i meo f

t h i seven t i sd eri ved wh en t h e even t « a rri va l o f a n o rd er » o ccu rs. Th et emp o ral marku sed i n t h i scasei st h e

time occurrence of t h e « a r r i v a l o f a n o r d e r » (transaction time).

Each 25 th

ofDecem ber

25 th

ofDecem ber1996

A

P

1 m ont h aft ert heexpi rat i on

oft hel oan

R -o

Ab s ol u teeven t

P eri od i ceven t

E ven trel ati veto an

ob ject

E ven trel ati veto an

even t

15 day s aft ert hearri v al

ofan order

R -e

Figure 1 3 6 :Examplesoftemporalevents.

TOOBIS l o n g v e r s i o n

·

Textual specification of the three kinds of temporal events

Th et ext u al sp eci fi cat i o n o fan t emp o ral even t i semb ed d ed i n t h ed efi n i t i o n o fa cal en d ar cl ass. Th et emp o ral even t

i sco mp o sed o fat emp o ral p red i cat e an d at ri gger p art . Op t i o n al l yi n d u ct i o n l i n ksan d co n cu rren t even t scan b e

d escri b ed . Th et yp eo ft emp o ral even t (ab sl o u t e, rel at i vet o an o b j ect , rel at i vet o an even t o r p eri o d i c) i smen t i o n ed

bythekeywork periodic time , absolute time , time relative to object , time relative to event .

A f t e r L o a n E x p i r a t i o n withrelativetimetoevent

predicate « one month after loan.expirationdate»

trigger . . .

TOOBIS l o n g v e r s i o n

4 . 3 . 8 Database administration policy

Temp o ral d at ab asesai mat keep i n gal l d at a ab o u t t h ereal wo rl d wh i ch rep resen t p resen t , p ast o r fu t u rekn o wl ed ge.

S u ch h i st o ri esi n creaset h evo l u meo ft h ed at ab ase an d al so d ecreasei t sp erfo rman cei n t ermso fq u eri es. Th eset wo

asp ect sare essen t i al fo r p reservi n gt h eo p t i mal u sageo ft h ed at ab ase. Th e an al yst h ast o mo d el t h e ap p l i cat i o n b u t

h asal so t o t akei n t o acco u n t t h ep o l i cyt o ap p l yfo r cl ean i n gt h ed at ab aseb yp h ysi cal l yd el et i n gal l p ast i n fo rmat i o n

ab o u t t h ereal wo rl d wh i ch i sn o l o n ger u sed . Bu t , t h esevacu u mi n gact i vi t i esmu st keep t h ed at a co n si st en t . F o r

i n st an ce, an o b j ect o r ast at eo fan o b j ect at agi ven i n st an t sh o u l d n o t b ed el et ed p h ysi cal l yi fan asso ci at i o n referst o

i t .

Th e co h eren ceo ft h et emp o ral d at ab asei sd i ffi cu l t t o p reservei ft h ep o l i cyi sal waysl o cal t o a cl ass. We ad vi set h e

an al yst t o co n si d er t h e ad mi n i st rat i o n o ft h et emp o ral d at a asagl o b al p ro b l em, an d t o d esi gn t h eset o fvacu u mi n g

activities as a particular case of the database behavior.

Th evacu u mi n gru l esared escri b ed t h ro u gh ad yn ami csch emai n t ermso feven t san d o p erat i o n so n o b j ect s. Th an ks

to the event concept vacuuming rules can be classified as follows :

how to specify it example

Number maximum of states internal event on history Th e sa l a ry t emp ora lc la ss wi t h h i st ory< VT> i s li mi t ed

t o 1 0 s t a t e s

Fixedinterval temporaleventrelativeonobject Th e sa l a ry t emp ora lc la ss wi t h h i st ory< VT> i s li mi t ed

to the interval 2 y e a r s

Relative time limit temporaleventrelativeonobject Th ei n feri orli mi t oft h e sa l a ry t emp ora lc la ss wi t h

history<VT>is :« now »-2years(now-relativetime)

Periodictriggering temporal event with periodic time Eachyear

Manual triggering ext ern a leven t a ssoc i a t ed t ot h e

d a t a b a s e a d m i n i s t r a t o r actor

Database transaction called « Salary vacuuming »

Table 1 3 :Kindsofvacuumingrules

TOOBIS l o n g v e r s i o n

·

Examplesofvacuumingrules

Assuming that the salary history should be limited to 2 years, the analyst can have 3 ways of modeling it :

·

temporal event with relative time on the begin of the history (a)

·

eachtwoyears(b)

·

al ert i n gau t o mat i cal l yt h ed at ab ase ad mi n i st rat o r wh o resp o n d sb yt ri ggeri n gt h evacu u mi n gact i vi t y

(c).

S al ary

Manual Vacuumi ng

Datab as ead m i n i s trator

N(c)

v acuum

Vacuum i ng al ert

R -o (a)

R -o (c)

P (b)

Each t w o year s

Tw o y e ar s af te r Be gin of his tor y < VT>

Figure 1 3 7 : Fixed interval of the salary history.

Assuming that the salary history should be limited to 10 states, the analyst can model it in two ways :

·

an i n t ern al even t o n t h eh i st o ry « n u mb ero f st a t esi n t h eh i st o ryb eco mesg rea t ert h a n 1 0 » (a) wh i ch

automaticallytriggersthevacuumingactivity

·

Tri ggeri n gan au t o mat i c al ert t o t h ed at ab ase ad mi n i st rat o r wi t h t h ei n t ern al even t . Th e ad mi n i st rat o r

responds by triggering the vacuuming activity(b).

Sa la r y

Ma n u a lV a c u u min g

Da t a ba se a dminist r a t o r

N ( b )

v a c u u m

Va c u u m in g a le r t

H ( b )

H ( a )

Nu mb e ro f sta te sin th e h isto ry

b e c o me sg re a te rth a n 1 0 .

Figure 1 3 8 :Numbermaximumofstatesinthe salary history.

TOOBIS l o n g v e r s i o n

·

Consistency rules to follow

Th evacu u mi n gact i vi t i esared efi n ed b yaset o fd at ab aseo p erat i o n st o execu t ei n o rd er t o erased at ab aseo b j ect si n a

consistent way. The trigger part of events is used to describe the vacuuming activity.

The analyst has to follow some guidelines in order to keep the database consistent.

R 1 : The vacuuming operation should be performed on logically deleted objects,

R 2 : A snapshot object can be physically deleted if :

·

it has no association with a temporal object and

·

it is not used in a temporal existence constraint.

R 3 : The constraints have to be satisfied with the cleaned temporal database.

TOOBIS l o n g v e r s i o n

4 . 4 APPENDICES

4. 4 .1

Foundations of the time management

Ti meman agemen t i sco mp l exb ecau set i mei sco mp l ex. Th i s ap p en d i x gi vest h egen eral fo u n d at i o n s o f t i me

modeling andtimemanagementintemporaldatabases . It comprises in four sections :

- modeloftime : basic knowledge about the temporal structure,

- calendar& Granularities : basic knowledge about time abstraction,

- absolute,relativeandperiodictime : different kinds of time expression,

- timedimensions :differentsemanticsoftimemanagedintemporaldatabases.

4. 4 .1 .1

The model of time

¯Temporalstructure

In t h et emp o ral d at ab ase co mmu n i t y, o n e can fi n d t h reet i memo d el swh i ch h aveb een u sed asb asi sfo r al l t h e

researches o n time : the continuous model, the dense model, and the discrete model.

¯ In the continuous model, the time is isomorphic to the real numbers: each real number is a point on the time line.

¯ In the dense model, the time is isomorphic to the rational numbers: each rational number is a point on the time line.

¯ In the discrete model, the time is isomorphic to the integer numbers: each integer number is a point on the time line.

Those three different models share a same hypothesis: the time line is an axis.

At emp o ral st ru ct u rei saset o fp o i n t swi t h an asymmet ri c an d t ran si t i verel at i o n o fp reced en ce. Th erel at i o n l ess

t h a n (’<’) i n t h ei n t eger set Z i sat emp o ral st ru ct u re; t h esameh o l d sfo r t h i srel at i o n i n t h erat i o n al set Q , an d i n t h e

real set R . Then the time space is projected on a time line, with the relation of precedence using the axis direction.

At emp o ral st ru ct u rei scal l ed l i near i fwh en o n e ch o o se an yt wo p o i n t si n t h et emp o ral st ru ct u re, t h en t h eset wo

points satisfy the relation of prec edence. Therefore the model of t ime is linear only if it supports one branch of time.

Z, Q, o r R with ’<’ relation form a linear temporal structure (total order).

TOOBIS l o n g v e r s i o n

Byo p p o si t i o n t o t h e l i n ear t emp o ral st ru ct u re, t h ere exi st sb ran ch i n g o r arb o rescen t t i me. Wi t h b ran ch i n gt i me o n e

may h aveseveral d i fferen t p ast s, cal l ed p o st l i n ear o r ri gh t l i n ear; several d i fferen t fu t u res, cal l ed an t el i n ear o r l eft

linear. The ’<’ relation can only determine partial order, since it is only well defined over o n e branch of time.

In t h et emp o ral d at ab asefi el d , t h e ai mi sn o t t o u n d erst an d t h ereal wo rl d b u t t o man age rep resen t at i o n o f i t .

Co n seq u en t l y, t h el i n ear st ru ct u reo ft i mei s su ffi ci en t . Ho wever, i ft h ed at ab asei su sed asakn o wl ed geb ase

integrated with a reasoning or/and p l a n n i n g systems,the arborescent time is required.

¯BoundariesofTime

On a co n cep t u al h an d , t h et i mei si n fi n i t e, i n t h ep ast aswel l asi n t h efu t u re. On amo re p ract i cal h an d , t h et i mewi l l

b est o red i n t o so med at ast ru ct u res, wh i ch arel i mi t ed i n s i ze. Th erefo ret h ei n fi n i t yo ft i me wi l l b ei mp ract i cal at t h e

storage level.

M o reo ver, i n t h el i t erat u ret h e B i g B a n g , 1 4 4 b i l l i o n yearsago , an d t h e B i g Cru n ch , s o met i mei n t h efu t u re, are

known as the boundaries of Time.

Two sp eci al p o i n t s en ab l et o escap et o t h eseb o u n d ari es:

beg i nni ng

an d forever

. Th o set wo p o i n t sarel o cat ed at t h e

exterior of the boundaries: beginning will be smaller than any point, and forever will be greater than any point.

¯Instant,PeriodandInterval

An i so l at ed p o i n t o n t h et i me l i n e i scal l ed an i n st a n t . Th et i meb et ween t wo i n st an t si scal l ed a p eri o d . Ap eri o d i s

p reci sel yan d o n l yd escri b ed b ya co u p l eo fi n st an t s: i t sb egi n n i n gb o u n d ary, an d i t sen d i n gb o u n d ary. Al l t h e

i n st an t sco n t ai n ed b et ween t h eset wo b o u n d ari esb el o n gt o t h ep eri o d . An i n st an t can b eseen asap eri o d o fzero

d u r a t i o n , w h e r e i t s b e g i n n i n g a n d e n d i n g b o u n d a r i e s a r e e q u a l .

An u n an ch o red q u an t i t yo ft i mei scal l ed an i n t erva l . Th ed i fferen ceb et ween an i n t erval an d ap eri o d i st h at ap eri o d

i swel l -l o cat ed o n t h et i me axi s, wh ereasan i n t erval i so n l yat i me-wi n d o wt h at can b emo ved o ver t h et i me axi s. An

interval is not defined by the quantity of time between two boundaries but only by the a quantity of time.

Th e ab st ract d o mai n u sed t o rep resen t al l t h et emp o ral d o mai n si s cal l ed "t emp o ral el emen t ". It sp ri n ci p al

characteristic is to express the time with a certain granularity belonging to a particular calendar.

Th e ch o i ce amo n gt h e set h ree p re-men t i o n ed mo d el s, n amel yco n t i n u o u s, d en se an d d i scret e, i sn o t so i mp o rt an t

wh en co n si d eri n gt h e t emp o ral d at ab aseo n t o l o gy. Th ed efi n i t i o n so fi n st an t san d p eri o d saret h esame, o n

co n t i n u o u s, d en seo r d i scret et i me arro w. On t h eo t h er h an d , si n cet h et i mei s mo d el ed o n ad i scret e co mp u t i n g

d evi ce, t h evi ewo ft i meh ast o b e d i scret e . S o t h eu ser wi l l man i p u l at e ad i scret evi ewo ft h et i me arro w wh i ch can

b e c o n t i n u o u s , d e n s e o r d i s c r e t e .

TOOBIS l o n g v e r s i o n

¯Adiscre te view of t ime

Becau seo fi t sb o u n d ari es, Th et i mel i n ei sat i mesegmen t . Let u scal l Tt h i st i mesegmen t . We can d i vi d eTi n t o a

fi n i t en u mb er o fsmal l er segmen t scal l ed g ra n u l es . E ach set o fgran u l esi swel l o rd ered , si n ce each gran u l ei s

asso ci at ed t o asegmen t o fTan d t h eo rd ered rel at i o n o n Ti mp l i esan o rd ered rel at i o n o n t h eset o fgran u l es. Th i s

p art i t i o n i n gi scal l ed scal i ng . It gi vesad i scret evi ewo ft h et i mesegmen t . Th i svi ewi sd yn ami csi n cei t o n l yap p ears

at t h e execu t i o n t i meo ft h ereq u est s. F o r i n st an ce, ad ay-si zed scal i n gp art i t i o n st h et i mesegmen t i n t o d ay-si zed

granules.

Th esmal l est scal ei sco mp o sed o fch ro n o n s. Th e ch ro n o n i st h esmal l est gran u l e. Th esi zeo ft h e ch ro n o n i s sp eci fi c

to the implementation.

Wh en h e ch o o sesan ap p ro p ri at escal i n g, t h eu ser can seet h et i mesegmen t asad i scret eset o fseco n d s, o r o fd ays, o r

ofyears...

Th ed i scret evi ewo ft h et i mei screat ed at t h e execu t i o n t i meo freq u est s. Bu t , i fyo u l o o kat an i n st an t wi t h d i fferen t

gran u l ari t i es , t h evi ewyo u wi l l get o ft h ei n fo rmat i o n can b ed i fferen t . F o r i n st an ce, t h ei n st an t « 1 9 7 0 -0 1 - 0 1 » seen

t h ro u gh ad ay-si zed scal i n g, b eco mest h ep eri o d « 1 9 7 0 - 0 1 -0 1 0 0 : 0 0 : 0 0 , 1 9 7 0 -0 1 -0 1 2 3 : 5 9 : 5 9 » t h ro u gh aseco n d -

sized scaling.

Let us introduce two terms :

temporaldomains a n d temporaluniverses .

At emp o ral u n i verse, TU, i safi n i t esu ccessi o n o ft emp o ral d o mai n s, <T

0

, T

1

, . . . T

n

>. F o r t wo t emp o ral d o mai n s, T

i

an d T

j

, wh erei , j ared i sj o i n t s. E ach t emp o ral d o mai n T

i i sap art i t i o n i n gi n segmen t so ft h et emp o ral d o mai n T

i +1

.

ThereforethesegmentsofthetemporaldomainT

0 a r e t h e c h r o n o n s .

F o r i n st an ce <seco n d s, mi n u t es, h o u rs, d ays, mo n t h s, years>i sat emp o ral u n i verse. In t h i su n i versei t i si mp o ssi b l e

t o insert the weeks, since we can not represent a week which overlaps two months or two years.

The discrete view, manipulated by users, is a discrete linear temporal structure, as (Z,’<’) is one.

¯ Modeling Instants

Th esmal l est q u an t i t yo ft i met h at can b erep resen t ed i n an i n st an t t i mest amp i sa ch ro n o n . Bu t a ch ro n o n i sa

segment of time, whereas an instant is an isolated point on the time segment.

In fact , si n cewed i d n o t ch o o se an exp l i ci t mo d el o ft i me, we can assu me a co n t i n u o u smo d el . Th en t h e ch ro n o n sare

b i gger t h an t h ei n st an t s, si n cet h e co n t i n u o u smo d el i mp l i est h at t h ere are an i n fi n i t en u mb er o fi n st an t si n t o each

c h r o n o n .

NB: If we explicitly choose the discrete model, the size of an instant ha s t o b e e q u a l t o t h e s i z e o f a c h r o n o n .

TOOBIS l o n g v e r s i o n

Th en an i n st an t t i mest amp st o rest h ei n fo rmat i o n t h at t h i seven t h aso ccu rred so met i med u ri n gap art i cu l ar ch ro n o n

o r ap art i cu l ar gran u l e. We can assu met h at t h ei n st an t t i mest amp rep resen t san yi n st an t d u ri n gt h egran u l e i n wh i ch

i t i sl o cat ed . Th en t h e exact i n st an t mo d el ed b yan i n st an t t i mest amp , i sn ever wel l -kn o wn . At t h eb est , o n l yt h e

granule where it is located, is known.

Ho wever, t wo t i mest amp s exp ressed wi t h t h e samegran u l e, maymo d el t wo d i fferen t i n st an t s. F o r i n st an ce, t wo

i n st an t sl o cat ed i n t h esameh o u r-si zed gran u l e, can rep resen t t wo d i fferen t i n st an t sfar awayb yfi ft yn i n emi n u t es.

The two instants are represented by the same instant timestamp, with the granularity of an hour.

Th ere exi st so meo t h er h yp o t h esi sab o u t t h e l o cal i zat i o n o ft h ei n st an t sregard i n gt o ch ro n o n san d gran u l es. Here are

thetw o most common of those hypothese s,buttheyarefarfromreality.

¯Wemayassu met h at t h ei n st an t t i mest amp rep resen t st h efi rst i n st an t o ft h egran u l ewh erei t i sl o cat ed .

Un fo rt u n at el y, wh en an i n st an t i srep resen t ed b y « 2 0 h 3 0 mi n » , t h i so n l ymean st h at wed o n o t kn o wmo ret h an i t i s

l o cat ed so met i med u ri n gt h emi n u t ed escri b ed b y « 2 0 h 3 0 mi n »

. It d o esn o t mean p reci sel yt h efi rst i n st an t o ft h e

30th minutes after 20h.

¯Wemayal so assu met h at t h ei n st an t t i mest amp rep resen t st h ewh o l e ch ro n o n o r t h ewh o l egran u l ewh erei t i s

l o cat ed . Bu t an i n st an t h asa zero d u rat i o n , wh ereasagran u l eh asan o n -zero d u rat i o n . F o r i n st an ce, t h ei n st an t

t i mest amp « 2 0 h 3 0 mi n » d o esn o t mean t h at i t b egi n sat t h e3 0 t h mi n u t e aft er 2 0 h , an d t h at i t en d sj u st b efo ret h e

31st minute.

S o , an i n st an t i s mo d el ed b yan i n st an t t i mest amp , wi t h an asso ci at ed t i megran u l ari t y. Th ei n st an t rep resen t ed b yt h i s

timestamp is an instant from a granule, and this granule is determined by the scaling.

F o r examp l e, t h ei n st an t t i mest amp « 1 9 9 6 -0 1 -0 1 » , wi t h ad ay-si zed gran u l ari t y, rep resen t so n ei n st an t d u ri n gt h e

first day of the January month of year 1996.

¯ Modeling Periods

Th et i mest amp o fap eri o d o wn san asso ci at ed gran u l ari t y. Th i st i mest amp i sco mp o sed o ft wo i n st an t t i mest amp s,

an d a co n st rai n t . Th i sco n st rai n t fo rcest h ei n st an t t i mest amp o ft h eb egi n n i n gb o u n d aryo ft h ep eri o d , t o p reced eo r

to be equal to the instant timestamp of the ending boundary. The two instant timestamps have the same granularity.

F o r i n st an ce, [ 1 9 9 6 -0 1 -0 1 , 1 9 9 6 -0 3 -3 1 ) i sap eri o d t i mest amp , an d rep resen t sap eri o d fro mt h efi rst d ayo fJan u ary

of 1996 to the last day of March of 1996.

Let u sh ave al o o kat an o t h er examp l e: t h ep eri o d t i mest amp [ 1 9 9 6 -0 1 -0 1 , 1 9 9 6 -0 1 -0 1 ] rep resen t sap eri o d

so mewh ered u ri n gt h ed ayo fJan u ary1 st 1 9 9 6 . Bu t wi t h t h i sp art i cu l ar examp l e, we can n o t b emo rep reci se ab o u t

the instant where it starts and where it ends, because the two instant timestamps are equal at the day granularity.

TOOBIS l o n g v e r s i o n

4 . 4 . 1 . 2 C a l e n d a r s a n d G r a n u l a r i t i e s

·

Calendars

Th eb asi c i n t ern at i o n al u n i t o ft i mei st h eseco n d . Al o t o ft emp o ral u n i t s h aveb een d efi n ed i n o rd er t o r yt h man d

measu ret emp o ral even t s. Th en cal en d arsh aveb een i n t ro d u ced . Acal en d ar i sah u man ab st ract i o n o ft h ep h ysi cal

t i mel i n e. Acal en d ar i swel l -d efi n ed b yi t sn ame, i t so ri gi n , a co l l ect i o n o fgran u l es, an d a co rresp o n d i n gsyst em

between the different units.

The default calendar is the Gregorian one. Its default granularities are year, month, day, hour, minute, and second.

Thereexisttwoway s of defining a calendar:

·

t h ed escen d i n gmet h o d , wh ere o n e d efi n e asmal l er u n i t t h an kst o t h ed i vi si o n o ft h eb asi c u n i t . F o r i n st an ce, o n e

minute is the division of one hour in sixty segments.

·

t h e ascen d i n gmet h o d , wh ere agreat er u n i t i sd efi n ed b yt h e aggregat i o n o fseveral smal l er u n i t s. F o r i n st an ce,

o n ed ayi st h e aggregat i o n o ft wen t yfo u r h o u rs. Th i si st h ewayt emp o ral d o mai n san d t emp o ral u n i verse sare

b u i l t .

Wefo l l o wt h e seco n d met h o d t o d efi n egran u l esi n a cal en d ar. Th esmal l est gran u l eo feach cal en d ar h ast o b e

expressed with regards to the chronon which is implementation specific.

Conversiontofinerorcoarser granularities

E ach cal en d ar h ast o p ro vi d et h ewayt o mo vefro mo n eo fi t s gran u l ari t i es t o an o t h er, i . e. aq u an t i t yo ft i me

expressed with a particular granule could be converted to a smaller, finer, or greater, coarser, granularity.

On o n eh an d , co n vert i n gan i n st an t t o afi n er gran u l ari t y i s i n d et ermi n i st i c si n cet h at t ran sfo rmst h ei n st an t i n t o an

i n d et ermi n at et i mest amp wh erewed o n o t kn o wp reci sel ywh en t h ei n st an t o ccu rred . F o r i n st an ce, « Jan u ary1 st

1 9 9 6 » wh i ch rep resen t st h efi rst d ayo f1 9 9 6 at t h ed ay-si zed gran u l ari t y, i sco n vert ed i n t o t h e « 1 9 9 6 -0 1 -0 1 0 0 h ~

1 9 9 6 - 0 1 - 0 1 2 3 h » indeterminate instant at the hour-sized granularity.

On t h eo t h er h an d , co n vert i n gan i n st an t t o a co arser gran u l ari t yresu l t si n ad i scard o fp reci si o n ab o u t wh en t h e

i n st an t o ccu rred . F o r i n st an ce, « Jan u ary1 st 1 9 9 6 » wh i ch rep resen t st h efi rst d ayo f1 9 9 6 at t h ed ay-si zed

granularity, is converted into the « January 1996 » instant at the month-sized granularity.

In TS QL2 , t wo o p erat i o n sarep ro vi d ed t o co n vert t i mest amp si n t o fi n er o r co arser gran u l ari t yt i mest amp s. F i rst ,

sca l e al l o wst o mo ve at i mest amp u p o r d o wn t h egran u l ari t ysy st em. M o vi n gat i mest amp u p fo r t h egran u l es syst em

p ro d u cesad et ermi n at et i mest amp , b u t mo vi n gat i mest amp d o wn fo r t h e gran u l es syst em p ro d u cesan i n d et ermi n at e

t i mest amp . S eco n d , ca st i s si mi l ar t o scal e excep t t h at i t o n l yd el i versd et ermi n at et i mest amp s. Wh en co n vert i n ga

timestamp into a finer granularity one, cast returns the first possib le indeterminate timestamp that scale would return.

Examplesofscale&castoperationsfromTSQL2 :

SCALE(DATE’06 - 0 1 - 1994’ AS YEAR) = ’1994’

TOOBIS l o n g v e r s i o n

SCALE(DATE’06 - 0 1 - 1994’ AS MONTH) = ` 1 9 9 4 - 0 6 ’

SCALE(DATE’06 - 0 1 - 1994’ AS DAY) = ` 1 9 9 4 - 0 6 - 0 1 ´

SCALE(DATE’06 - 0 1 - 1994’ AS HOUR) = ` 1 9 9 4 - 0 6 - 0 1 0 0 ~ 1 9 9 4 - 0 6 - 0 1 2 3 ’

SCALE(DATE’06 - 0 1 - 1994’ AS MINUTE) = ` 1 9 9 4 - 0 6 - 0 1 0 0 : 0 0 ~ 1 9 9 4 - 0 6 - 0 1 2 3 : 5 9 ’

SCALE(DATE’06 - 0 1 - 1994’ AS SECOND) = ` 1 9 9 4 - 0 6 - 0 1 0 0 : 0 0 : 0 0 ~ 1 9 9 4 - 0 6 - 0 1 2 3 : 5 9 : 5 9 ’

CAST(DATE’06 - 0 1 - 1994’ AS YEAR) = ’1994’

CAST(DATE’06 - 0 1 - 1994’ AS MONTH) = ` 1 9 9 4 - 0 6 ’

CAST(DATE’06 - 0 1 - 1994’ AS DAY) = ` 1 9 9 4 - 0 6 - 0 1 ´

CAST(DATE’06 - 0 1 - 1994’ AS HOUR) = ` 1 9 9 4 - 0 6 - 0 1 0 0 ´

CAST(DATE’06 - 0 1 - 1994’ AS MINUTE) = ` 1 9 9 4 - 0 6 - 0 1 0 0 : 0 0 ’

CAST(DATE’06 - 0 1 - 1994’ AS SECOND) = ` 1 9 9 4 - 0 6 - 0 1 0 0 : 0 0 : 0 0 ’

An i n d et ermi n at ei n st an t i sd escri b ed b yal o wer su p p o rt , an u p p er su p p o rt , an d ap ro b ab i l i t ymassfu n ct i o n (p . m. f. ).

Th eman i p u l at i o n o fsu ch t i mest amp si sd escri b ed i n asp eci al ch ap t er o fTS QL2 asap o ssi b l e ext en si o n . Ab o u t

S QL/ Temp o ral , t h e act u al d raft sd o n o t d eal wi t h t emp o ral i n d et ermi n acy. An d i n t h ero ad map o fad d i t i o n st o

SQL/Temporal, temporal indeterminacy appear as described in TSQL2.

In t h e Temp o ral M o d el (TM ), wewi l l n o t su p p o rt t emp o ral i n d et ermi n acy. TM ad o p t s t h eseman t i co ft h e cast

o p erat i o n : fo r t h e co n versi o n o fat i mest amp i n t o afi n er gran u l ari t yo n e, t h eresu l t wi l l b et h efi rst p o ssi b i l i t yo ft h e

theoretical indeterminate timestamp.

·

Gregorian Calendar

Th emo st fami l i ar an d wo rl d -wi d e u sed cal en d ar i st h e Greg o ri a n o n e. Th e Greg o ri a n cal en d ar i sb ased o n t h e

rotation of the e arth on its axis a n d i t s r e v o l u t i o n a r o u n d t h e s u n .

The origin used in SQL-92 is ’January 1st 1 AD , midnight’.

The default granularities are second, minute, hour, day, month, year.

The relationships between the granularities are classified in r e g u l a r a n d irregular m a p p i n g s .

¯Regularmappings

- one Gregorian year includes 12 Gregorian months.

- one Gregorian day includes 24 Gregorian hours.

- one Gregorian hour includes 60 Gregorian minutes.

¯ Irregular mappings

- o n eGrego ri an mo n t h i n cl u d es2 8 t o 3 1 Grego ri an d ays, d ep en d i n go n t h emo n t h n ame an d t h emo n t h i s l o cat ed i n

a leap year or not (c.f. Table 1 4 )

- o n eGrego ri an mi n u t ei n cl u d es5 8 t o 6 2 Grego ri an seco n d s, d ep en d i n go n weat h er -2 , -1 , 0 , 1 , 2 l eap seco n d sh ave

b e e n a d d e d .

M o n t h Duration in days

January 3 1

February ¯29,iftheyearisaleapyear

¯ 28, else

March 3 1

TOOBIS l o n g v e r s i o n

April 3 0

May 3 1

J u n e 3 0

July 3 1

August 3 1

September 3 0

October 3 1

November 3 0

December 3 1

Table 1 4 :TheGregorianmonths

Leap seco n d sa red u et o t h evari at i o n i n t h e eart h ’sro t at i o n : t h e e art h ru n s sl o wat ro u gh l yt wo mi l l i seco n d sp er d ay.

Th en aft er ab o u t fi veh u n d red d ays, t h e accu mu l at i o n reach es n ear o n eseco n d . Leap seco n d sare ad d ed j u st b efo re

mi d n i gh t o n d at es sel ect ed i n ad van ceb yt h eIn t ern at i o n al E art h Ro t at i o n S ervi ce(IE RS ), i n o rd er t o keep t h e Co -

o rd i n at ed Un i versal Ti mewi t h i n o n eseco n d o ft h eGreen wi ch M ean Ti me. F o r i n st an ce, t h el at est l eap seco n d

o ccu rred at t h e en d o f1 9 9 5 year: 1 l eap seco n d h as b een ad d ed o n Decemb er 3 1 st 1 9 9 5 at 2 3 h 5 mi n 5 9 sec, en ab l i n g

the e arth to catch up with its delay. Then the last minute of the 1995 year contained 61 seconds.

y e a r

month

d a y

hour

minute

seconde

c h r o n o n

1 2

m o n t h _ t o _ d a y

2 4

6 0

6 0

s e c o n d _ t o _ c h r o n o n

1 / 1 2

d a y _ t o _ m o n t h

1 / 2 4

1 / 6 0

1 / 6 0

c h r o n o n _ t o _ s e c o n d

Figure 1 3 9 :TheGregorianconversionsystem

Wi t h t h emap p i n gb et ween t h ed i fferen t gran u l es, we can d efi n et h esyst emo fGrego ri an gran u l es (c. f. F i gu re 1 3 9 ) .

Irregu l ar map p i n gsarerep resen t ed t h an kst o fu n ct i o n s wi t h an amei n ferred fro mt h eso u rce an d t h e t arget

granularities . The mappings dealing with chronons are implementation specific.

¯Fixedandvariableintervals

TOOBIS l o n g v e r s i o n

An o t h er p o i n t t o exp l o rewi t h cal en d arsi st h eu seo fsp an s o r i n t erval s. Afi xed i n t erval rep resen t safi xed d u rat i o n .

On t h eo t h er h an d , avari ab l ei n t erval i sasp an wh o sed u rat i o n vari esi n rel at i o n t o an asso ci at ed even t . Asfo r

instance, within the Gregorian calendar, month-sized intervals can be variable.

The fixed span for one month is thirty one days.

But fixed size are not always suitable for the month because of the irregular mapping between months and days.

Let u sassu met h at weget an i n st an t , d efi n ed at ad ay-si zed gran u l ari t yo r smal l er o n e. Th en we mo ve t h reeseman t i c s

for the result of the addition of one month-long interval to this instant:

¯ the same day in the next month

- F o r i n s t a n c e : < 1 9 9 6 - 0 5 - 0 3 > + < 1 > m o n t h = < 1 9 9 6 - 0 6 - 0 3 >

- B u t w h a t a b o u t : < 1 9 9 6 - 0 5 - 31> + <1> month = ?

¯ the same number of days from the begin of the month

- F o r i n s t a n c e : < 1 9 9 6 - 0 5 - 3 0 > + < 1 > m o n t h = < 1 9 9 6 - 0 6 - 3 0 >

- B u t w h a t a b o u t : < 1 9 9 6 - 0 5 - 31> + <1> month = ?

¯ the same number of days from the end of the month

- F o r i n s t a n c e : < 1 9 9 6 - 0 5 - 3 1 > + < 1 > m o n t h = < 1 9 9 6 - 0 6 - 3 0 >

- B u t w h a t a b o u t : < 1 9 9 6 - 0 5 - 01> + <1> month = ?

Wewi l l fo l l o wt h e ch aract eri st i cso ft h eM u l t i Cal p ro j ect , wh i ch i smen t i o n ed i n TS QL2 asa co n cret e real i zat i o n o f

su p p o rt i n gcal en d ars. Th eso l u t i o n i sa co mb i n at i o n o ft h et wo l ast seman t i cs. Ift h ei n st an t i sl o cat ed i n t h efi rst h al f

o famo n t h t h en t h eo p erat i o n wi l l b ep erfo rmed u si n gt h en u mb er o fd aysfro mt h eb egi n n i n g o ft h emo n t h .

Co n versel y, i ft h ei n st an t i sl o cat ed i n t h eseco n d h al fo famo n t h , t h en t h eo p erat i o n wi l l b ep erfo rmed u si n gt h e

n u mb er o fd aysfro mt h e en d o ft h emo n t h . Th emi d d l eo ft h emo n t h i sch o sen at mi d n i gh t o ft h esi xt een t h d ay,

except for February where the middle is at midnight of the fifteenth day.

Then the previous unresolved operations have now the following results:

- < 1 9 9 6 - 0 5 - 3 1 > + < 1 > m o n t h = < 1 9 9 6 - 0 6 - 3 0 >

- < 1 9 9 6 - 0 5 - 0 1 > + < 1 > m o n t h = < 1 9 9 6 - 0 6 - 0 1 >

Regard i n gfract i o n al mo n t h sp an ad d i t i o n , t h eo p erat i o n i sp erfo rmed i n t wo st ep s. F i rst t h e ad d i t i o n o ft h ei n t eger

p art i sco mp u t ed , fo l l o wi n gt h ep revi o u sru l es. S eco n d , t h efract i o n al p art i scal cu l at ed i n t h eresu l t mo n t h . F o r

i n st an ce, ’1 9 9 6 - 0 5 - 1 0 ’+’1 , 5 ’mo n t h , gi vesasresu l t ’1 9 9 6 - 0 6 - 1 0 ’+’0 . 5 ’mo n t h , an d fi n al l y’1 9 9 6 - 0 6 - 2 5 ’si n ceJu n e

co n t ai n s3 0 d aysan d 3 0 *

0 . 5 =1 5 . Ifweget mo red ayst h an t h ere arei n t h ed est i n at i o n mo n t h , we co n vert t h e excess

t o afract i o n o ft h efi rst mo n t h an d ap p l yt h i sfract i o n t o t h en ext mo n t h . F o r i n st an ce, ’1 9 9 6 - 0 6 - 2 1 ’+’0 . 5 ’mo n t h ,

gi vesasresu l t ’1 9 9 6 - 0 7 - 0 1 ’+’1 / 6 ’mo n t h si n ce(3 0 *

0 . 5 =1 5 , 1 5 -1 0 =5 an d 5 / 3 0 =1 / 6 ), an d fi n al l y’1 9 9 6 - 0 7 - 0 6

04h04min48sec’.

Leap seco n d sareu sed i n vari ab l ei n t erval co mp u t at i o n so n l yaft er t h ed est i n at i o n mo n t h an d d ayared et ermi n ed .

Th efi n al t i mei sco mp u t ed b ymu l t i p l yi n gt h ep ercen t ageo fd ayl eft b yt h en u mb er o fseco n d s i n t h at d ay, i n cl u d i n g

an yl eap seco n d s. Wi t h t h i sp o l i cyt h e ad d i t i o n o fan i n t eger n u mb er o fd ayswi t h i n amo n t h wi l l resu l t i n t h esame

timeasthestartingday .

Timestampoperations

Asso ci at i n gagran u l ari t yt o t h et i mesegmen t creat esad i scret evi ewo ft h i st i mesegmen t . Ho wever t h et i mesegmen t

c o u l d b e c o n t i n u o u s , d e n s e o r d i s c r e t e .

TOOBIS l o n g v e r s i o n

Th et i mest amp o p erat i o n sared efi n ed wi t h resp ect t o t h i sd i scret evi ewo ft h et i mesegmen t . F o r examp l e, a

co mp ari so n o p erat i o n carri ed o u t at t h ed ay-si zed gran u l ari t ywi l l co mp areso med ays; ad u rat i o n cal cu l u so p erat i o n

carried out at the second-sized granularity will return a duration in seconds.

Aswesawb efo re, an i n st an t -si zed gran u l ari t ycan n o t exi st . Th esmal l est gran u l ari t yi sco mp o sed o fch ro n o n s,

wh i ch aresegmen t so ft i me. Th erefo ret h et i mest amp o p erat i o n scan n o t b e carri ed o u t at t h el evel o ft h ei n st an t s. F o r

i n st an ce, we co u l d n o t an swer t o aq u est i o n su ch as « Do esan i n st an t p reced e an o t h er i n st an t , i n an o n l yi n st an t

p o i n t o fvi ew? » . It i si mp o ssi b l et o rep l yp reci sel ysi n ce an i n st an t t i mest amp d o esn o t st o ret h ep reci sel o cat i o n o f

t h e even t , b u t o n l yt h egran u l ewh erei si t l o cat ed . Ofco u rse, we co u l d an swer p reci sel yt o t h eq u est i o n « Do esan

i n st an t p reced e an o t h er i n st an t , i n an i n st an t t i mest amp p o i n t o fvi ew? » , si n ceh erewe co mp aret wo i n st an t

timestamps.

¯Granularitiesinoperations

In si d e at emp o ral d o mai n , t h et i mest amp o p erat i o n sare carri ed o u t at t h egran u l ari t yo ft h i sd o mai n . On t h eo t h er

h an d , i n o rd er t o ext en d t h eseo p erat i o n st o t h ewh o l et emp o ral u n i verse, i . e. t o o p erat ewi t h t i mest amp sfro m

d i fferen t t emp o ral d o mai n s, i t i sn ecessaryt o b e ab l et o man i p u l at eo n eo ft h et wo t i mest amp si n t h egran u l ari t yo f

t h eo t h er o n e. Th i si sp o ssi b l et h an kst o t h el at t i ceo ft h e cal en d ar gran u l esi n wh i ch are exp ressed t h et i mest amp s.

Th en weh avet o co n si d er t h reep o ssi b l eseman t i cs, ab o u t t h e ch o i ceo ft h egran u l ari t yat wh i ch t h eo p erat i o n wi l l b e

c a r r i e d o u t .

¯Th eo p erat i o n can b ep erfo rmed at t h egran u l ari t yo ft h efi rst o r l eft o p eran d . Th at i sb ed o n ei n S QL-9 2 . Th e

disadvantageisthatsymmetricoperationsarenolongersymmetric.

¯Th efi n er o p eran d gran u l ari t ycan b e ch o sen , i . e. t h e co arser gran u l ari t yt i mest amp wi l l b ep l u n ged i n t o t h efi n er

o n e. Th ep ro b l emi st h at co n vert i n gat i mest amp t o asmal l er gran u l ari t yresu l t si n an i n d et ermi n acy, asd escri b ed

before in this chapter.

¯Th e co arser o p eran d gran u l ari t ycan b e ch o sen , i . e. t h efi n er gran u l ari t yt i mest amp wi l l b ep l u n ged i n t o t h e co arser

one. This solution avoids indeterminacy, but some information of the finer granularity are discarded.

TS QL2 ad o p t ed t h eseman t i ct h at t h eo p erat i o n arep erfo rmed at t h egran u l ari t yo ft h el eft o p eran d , i n o rd er t o

remain consistent with SQL-92.

S QL/ Temp o ral sh o u l d req u i ret h e gran u l ari t i es t o b ei d en t i cal . Th i si sa si mp l est wayb u t al so amo re co mp el l i n g

o n e .

Asd efau l t seman t i c, TM wi l l ad o p t t h ep o l i cyo fTS QL2 wh i ch i smo refl exi b l ewi t h regard st o t h eu ser. S o

o p erat i o n swi l l b ep erfo rmed at t h egran u l ari t yo ft h el eft o p eran d . Ofco u rse, t h eu ser can o verl o ad t h i s b eh avi o r b y

casting the operands to his wanted Granularities .

TOOBIS l o n g v e r s i o n

4. 4 .1 .3

A b s o l u t e , R e l a t i v e a n d P e r i o d i c T i m e s

The temporal expressions can be classified in three groups : absolute, relative and periodic times.

¯Absolutetime

Lo cat i n gafact i n t h et i mel i n ewi t h an an ch o red q u an t i t yo ft i meo n t h et i mel i n ei scal l ed a b so l u t ed a t i n g . P eri o d s

an d In st an t sare exp ressed i n agi ven gran u l ari t y o fagi ven cal en d ar. F o r i n st an ce, t h e ab so l u t ei n st an t ’ 1 9 9 6 -0 7 -0 6

0 4 : 0 4 : 4 8 ’ i sexp ressed at t h e seco n d gran u l eo ft h e Greg o ri a n cal en d ar. In ad d i t i o n [ 1 9 9 6 -0 1 -0 1 , 1 9 9 6 -0 3 -3 1 ) i s

an example of absolute period at the d a y granule of the G r e g o r i a n calendar.

¯Relativetime

Locating a fact in the time line with a reference to another temporal event is called r e l a t i v e d a t i n g .

Arel at i vei n st an t i srel at ed t o at emp o ral mark, an d d el ayed fro mi t o fagi ven q u an t i t yo ft i me, ei t h er i n t h efu t u reo r

i n t h ep ast . Th i sq u an t i t yo ft i mei si n fact an i n t erval . Ab asi ct emp o ral markcan b e co mp o sed o fan i n st an t an d o f

i t sn ame. Th en wei n t ro d u cet h e T emp o ra l Ma rk t yp et o rep resen t ab asi ct emp o ral mark. Arel at i vei n st an t wi l l b e

linked to a temporal mark, with an interval as delay.

In t h erel at i vei n st an t t yp e, t h ei n st an t val u eh ast o b e co mp u t ed fro mt h eval u eo ft h et emp o ral mark. Th erei sn o

rest ri ct i o n ab o u t t h ed at i n go ft h et emp o ral mark. Th en t h et emp o ral markcan co n t ai n arel at i vei n st an t , an d t h e

val u e co mp u t at i o n wi l l b ep erfo rmed recu rsi vel y. Two p re-d efi n ed rel at i vei n st an t sare t o m o rro w an d yest erd a y , an d

t h eyarerel at ed t o t h e n o w t emp o ral markresp ect i vel ywi t h ad el ayo fo n ep o si t i ved ay a n d ad el ayo fo n en egat i ve

day.

Latebinding expression

Th emo d el o ft i mewi l l i n t ro d u ce ’ n o w ’ asal at eb i n d i n g exp ressi o n . Th et i mest amp i n st an t wi l l o n l yb e val u ed wh en

i t i s r e q u i r e d , a n d w i l l b e t h e c u r r e n t i n s t a n t .

F o r i n st an ce, t h efo l l o wi n g val i d t i mep eri o d [ now , ’ now ’

) wi l l rep resen t ap eri o d fro mt h e cu rren t d at eu n t i l t h e

req u est t i me . Th e n o w exp ressi o n i seval u at ed an d val u ed wh en t h ep eri o d i sco n st ru ct ed wh ereast h e ’ n o w ’

exp ressi o n i seval u at ed wh en t h eval u eo ft h ep eri o d i sreq u est ed . Th i si su sed b yt h esyst emt o u p d at et h et ran sact i o n

timestamp.

¯Periodictime

TOOBIS l o n g v e r s i o n

Th ep eri o d i ct i mei sreq u i red t o man agep eri o d i c act i vi t i eso fd at ab ase ap p l i cat i o n s. Ap eri o d i ct i mei sfo rmal l y

d efi n ed asan i n fi n i t eseri eo fi n st an t so r p eri o d s(t i meseri es) wh eret h ed i st an ceb et ween t wo el emen t si sd efi n ed as

an i n t erval . F o r i n st an ce, " t h e2 5 t h o f ea ch mo n t h " i sap eri o d i ct i me exp ressi o n . Th eman agemen t o ft h ep eri o d i c

t i mei sreq u i red t o t ri gger t reat men t wh en an el emen t o ft h i st i meseri eo ccu rs. Th i sreq u i remen t al l o wsu st o rest ri ct

ap eri o d i ct i met o i t sl ast el emen t (b ase) an d i t sd i st an ceb et ween t wo el emen t s(d i st an ce). Co n si d eri n ga cu rren t d at e

e q u a l t o " 1 9 9 6 - 0 3 - 1 2 " and the previous example, its distance is a m o n t h a n d t h e b a s e i s t h e i n s t a n t " 1 9 9 6 - 0 2 - 2 5 " .

In t h i st emp o ral ext en si o n , ap eri o d i ct i me can b e l i mi t ed b yap eri o d . F o r i n st an ce, " ea ch d a yf ro mt h eo rd erd a t et o

the delivery date" is a valid periodic time expression.

4. 4 .1 .4

T i m e D i m e n s i o n s

The literature on temporal databases identifies three time dimensions :

- va l i d t i me o fafact i st h et i mewh en i t i st ru ei n t h e mo d el ed real i t y. F o r i n st an ce, Du p o n d h asb een

emp l o yed b yE xp ert Co mp an yfro m1 9 9 5 -0 2 -0 1 t o 1 9 9 6 -1 2 -1 0 . Th i sd efi n i t i o n al l o wst o rep resen t ei t h er t h ei n st an t

o r t h e p e r i o d w h e n t h e f a c t i s v a l i d . T h e p e r i o d o f v a l i d i t y h e r e i s [ 1 9 9 5 - 0 2 - 0 1 , 1 9 9 6 - 1 2 - 1 0 ) .

- t ra n sa ct i o n t i me o fad at ab asefact i st h et i mewh en t h efact i scu rren t i n t h ed at ab ase an d mayb e

ret ri eved . F o r i n st an ce, t h e emp l o ymen t o fM r. Du p o n d b yt h eE xp ert co mp an yi savai l ab l ei n t h ed at ab asefro m

1 9 9 5 -0 1 -1 0 1 4 : 5 6 : 5 0 t o 1 9 9 6 -1 0 -1 5 1 0 : 5 0 : 1 0 . Th et ran sact i o n t i meo ft h i sfact i st h ep eri o d [ 1 9 9 5 -0 1 -1 0 1 4 : 5 6 : 5 0 ,

1 9 9 6 - 1 0 - 1 5 1 0 : 5 0 : 1 0 ) .

- u ser - d ef i n ed t i me i san u n i n t erp ret ed at t ri b u t ed o mai n o ft i me. It i su sefu l fo r seman t i co ft i med i fferen t o f

t h eval i d an d t h et ran sact i o n t i mes. F o r i n st an ce, t h eb i rt h d ayo fap erso n i su ser-d efi n ed t i me. It i smat eri al i zed i n t h e

t emp o ral d at ab aseb yan at t ri b u t ewi t h at emp o ral d o mai n wh i ch i sn o t i n t erp ret ed b yt h et emp o ral DBM S b u t b yt h e

application layer.

According to these types of time, a n Object-Oriented database extended to time requires the management of :

s n a p s h o t o b j e c t s : the last state of an object is present in the database,

h i st o ri ca l o b j ect s : al l t h eval i d st at eso b j ect d u ri n gi t sl i fesp an i n t h e ap p l i cat i o n arekep t i n t h ed at ab ase.

E ach o ft h esest at esaret i mest amp ed wi t h t h eval i d t i me, i . e. t i med u ri n gwh i ch t h i s st at ei s/ was/ wi l l b et ru e

i n t h e ap p l i cat i o n d o mai n . Th eh i st o ri cal o b j ect i srest ri ct ed t o st at e ch an gesval i d acco rd i n gt o t h eseman t i c

of the application (correction of mistake is not considered as a valid state change),

TOOBIS l o n g v e r s i o n

ro l l b a cko b j ect s : al l t h est at est aken b yan o b j ect d u ri n gi t sl i fesp an arekep t i n t h ed at ab ase. E ach o ft h ese

st at esaret i mest amp ed wi t h t h et ran sact i o n t i me, i . e . t i med u ri n gwh i ch t h i s st at ei s/ was/ wi l l b et ru ei n t h e

database,

t emp o ra l o b j ec t s : al l t h est at eso fan o b j ect d u ri n gi t sl i fesp an arekep t i n t h ed at ab ase. E ach o ft h esest at es

aret i mest amp ed wi t h t h eval i d an d t h et ran sact i o n t i me. Co rrect i o n o ft h eval i d t i mei sco n si d ered asast at e

change of an object.

We present the properties of each kind of objects.

¯ S napshot objects areman aged b yco n ven t i o n al mo d el i n go ft h ereal wo rl d asasn ap sh o t rel at i vet o t h e cu rren t st at e

o ft h ereal wo rl d . Dat ab ase ch an gesared u et o i n sert i o n o r u p d at eo r d el et i o n o p erat i o n s. Up d at eo r d el et i o n

o p erat i o n si mp l yt h el o st o fp revi o u s st at eo fd at awh i ch aret h et arget so ft h eo p erat i o n s. M an agi n gexp l i ci t l y

temporal information is a decision of the application designer.

¯ hi stori cal objects al l o wst o keep t racko ft h eh i st o ryo fd at a . Bu t , t h eseman t i c at t ach ed t o t h eh i st o ryi sd i fferen t

fro mo n eo fro l l b acko b j ect s. Th et i mest amp man aged i n t h eh i st o ri cal o b j ect si st h eval i d t i mei n st ead o ft h e

transaction time . This divergence between these two kinds of object implies the following characteristics :

- M i st akesd et ect ed i n an h i st o ri cal o b j ect can b e co rrect ed . Th ese co rrect i o n saren o t kep t i n t h eh i st o ry. It

mean st h at t h e« erro n eo u s st at e » i srep l aced b y t h e« co rrect i vest at e »

. An h i st o ri cal o b j ect b eh avesasa

sn ap sh o t o b j ect wh en a co rrect i o n o p erat i o n i sreq u est ed . Wh en t h eo p erat i o n rep resen t san evo l u t i o n o f

the object, it behaves as a rollback object.

- P ast , p resen t an d fu t u rest at eso fan h i st o ri cal o b j ect can b eu p d at ed . It mean st h at t h ekn o wl ed ge ab o u t p ast

st at escan b ei mp ro ved at an yt i me. An h i st o ri cal o b j ect ai msat p ro vi d i n gt h ep ast st at eso ft h ereal wo rl d

as they are known at the current time (the « erroneous states are lost).

employee name function validtime

begin end

(a) D u r a n d programmer 9 4 - 1 2 - 1 2 9 5 - 1 2 - 2 0

( b ) D u r a n d project leader 9 5 - 1 2 - 2 0 forever

(c) et (d) M a r t i n engineer 9 5 - 0 2 - 0 1 forever

(e) D u p o n d c o n s u l t a n t 9 5 - 0 1 - 0 2 9 6 - 1 0 - 1 2

Figure 1 4 0 :Examplesofhistoricalobjects.

TOOBIS l o n g v e r s i o n

¯ Rol l back objects al l o wt o p reservesu ccessi vest at eso fan o b j ect . E ach o ft h i s st at ei s st amp ed wi t h t h et ran sact i o n

t i me. An o p erat i o n (i n sert i o n , mo d i fi cat i o n an d d el et i o n ) mu st mo d i fyt h el ast st at eo ft h ed at ab ase, an d gen erat e a

new state. Last states cannot be modified and future states are forbidden. Data are no more updated in such objects.

In ad d i t i o n d at ab eco meval i d wh en t h eyarest o red i n t h ed at ab ase. Ro l l b acko b j ect skeep t h eh i st o ryo ft h ei r u p d at es

rather than the history of their evolution in the real world.

employee name function transaction time

begin end

( a ) Durand programmer

9 5 - 0 1 - 0 1 9 : 2 0 : 1 5 9 6 - 0 1 - 0 1 1 5 : 5 6 : 5 0

( b ) Durand p r o j e c t l e a d e r

9 6 - 0 1 - 0 1 1 5 : 5 6 : 5 0 ’ n o w ’

( c ) Martin analyst

9 5 - 0 1 - 0 1 9 : 2 0 : 1 5 9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0

( d ) Martin engineer

9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0 ’ n o w ’

( e ) Dupond consultant

9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0 9 6 - 1 0 - 1 5 1 0 : 5 0 : 1 0

Figure 1 4 1 :Examplesofrollbackobjects.

Figure 1 4 1 shows the management of a rollback object. The state of objects result from the following operation :

- t h e o b j e c t D u r a n d (a) et object Martin (c) arecreated at 9 5 - 0 1 - 0 1 9 : 2 0 : 1 5 ,

- t h e o b j e c t D u p o n d (e) is created at 9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0 ,

- at 9 5 -0 1 -1 0 1 4 : 5 6 :5 0 , t h eo b j ect Ma rt i n (c) i sco rrect ed b ecau seo fami st ake , h i sfu n ct i o n i sn o t a n a l yst b u t

en g i n eer. Co n seq u en t l y, t h est at e (c) exi st s u n t i l 9 5 -0 1 -1 0 1 4 : 5 6 :5 0 an d t h est at e (d ) i screat ed wi t h t h e

following t i m e s t a m p [ 9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0 , ` n o w ´ ) .

- t h eo b j ect Du ra n d i smo d i fi ed at 9 6 -0 1 -0 1 1 5 : 5 6 :5 0 : h i sfu n ct i o n evo l vest o p ro j ect l ea d er . Th i sl o gi cal

update implies :

-t h eu p d at eo ft h et i mest amp asso ci at ed t o t h est at e (a) ( t h e en d o ft h et ran sact i o n t i mei s set t o 9 6 -0 1 -0 1

1 5 : 5 6 : 5 0 ) , a n d

-the creation of the state ( b ) with the following transaction time [ 9 6 - 0 1 - 0 1 1 5 : 5 6 : 5 0 , ’ n o w ’ ) ;

- an d fi n al l y, at 9 6 -1 0 -1 5 1 0 : 5 0 :1 0 t h eo b j ect Du p o n d (e) i sl o gi cal l yd el et ed . Th i sd el et i o n i n d u cest h eu p d at e

of the transaction time (end of the transaction time is set 9 6 - 1 0 - 1 5 1 0 : 5 0 : 1 0 .

Remarks : i t i si mp o ssi b l ei n ro l l b acko b j ect st o d i fferen t i at e an u p d at ed u et o an evo l u t i o n o ft h ereal wo rl d o r a

co rrect i o n o fami st ake. In o rd er t o man aget h i sd i st i n ct i o n , wep ro p o set wo o p erat i o n s : evo l u t i o n an d co rrect i o n . A

mark indicating if the state is due to an evolution or a correction is managed .

TOOBIS l o n g v e r s i o n

Th eo b j ect sp resen t ed i n F i gu re 1 4 0 resu l t fro mt h esameo p erat i o n so f F i gu re 1 4 1 . Di fferen cesb et ween t h eset wo

kinds of objects come from the semantical difference of the history.

The operations leading to the objects of Figure 1 4 0 are the following :

- t h e o b j e c t s Du ra n d (a) an d Ma rt i n (c), creat ed at 9 5 -0 1 -0 1 9 : 2 0 :1 5 (cf. F i gu re 1 4 0 ), aren o t val i d i n t h e

real wo rl d at t h esamet i me . Th eo b j ect Du ra n d i s p ro g ra mme r i n t h ereal wo rl d si n ce

9 4 -1 2 -1 2

( b egi n o f

itsvalidity ) whereas the object Martin will be a n a l y s t from

9 5 - 0 2 - 0 1 ,

- t h eo b j et Ma rt i n i s i n i t i al l y creat ed at 9 5 -0 1 -0 1 9 : 2 0 :1 5 (cf. F i gu re 1 4 0 ) wi t h t h efo l l o wi n gi n st an t

9 5 -0 2 -

0 1

asval i d t i me . Bu t h i sfu n ct i o n i sn o t co rrect . Th e co rrect i veo p erat i o n i sexecu t ed at 9 5 -0 1 -1 0 1 4 : 5 6 :5 0 .

Th i sl ead st o rep l acet h e« wro n g val u e » b yt h e« co rrect val u e » ; t h eh i st o ryd o esn o t keep t racko ft h i s

modification,

- at 9 6 -0 1 -0 1 1 5 : 5 6 :5 0 , t h e o b j et Du ra n d ch an geh i sfu n ct i o n , t h i sch an gei sval i d fro m

9 5 -1 2 -2 0

t h eval i d

t i meo ft h est at e (a) b eco mes

9 5 -1 2 -2 0

an d t h est at e (b ) i screat ed wi t h t h efo l l o wi n g val i d t i me[

9 5 -1 2 -

2 0

, forever ) .

- at 9 6 - 1 0 - 1 5 1 0 : 5 0 : 1 0 , t h e o b j e c t D u p o n d is logically deleted with the following valid time

9 6 - 1 0 - 1 2

.

¯ Tem poral objects co mb i n et h e ad van t ageso fro l l b ackan d h i st o ri cal o b j ect s. Th eseo b j ect scan b et arget o f

ro l l b ackreq u est s(co n cern i n gt h est at eo ft h eo b j ect at agi ven i n st an t ) aswel l ash i st o ri cal req u est s(co n cern i n gt h e

valid state of the real world at a given time).

Th eyman age at i mest amp co mp o sed o ft h eval i d an d t h et ran sact i o n t i mes. Th eyp ermi t t o rep resen t t h eval i d st at es

of the real world at a given instant as they are known by the system at another given instant.

Co n seq u en t l y, each o p erat i o n (i n sert i o n , mo d i fi cat i o n an d su p p ressi o n ) l ead st o i n sert an ewst at ei n t h eh i st o ry

(append-only).

Temp o ral o b j ect sal l o wu st o t akei n t o acco u n t ret ro act i ve an d p o st act i veo p erat i o n s. Th en o t i o n so fret ro act i o n

(d el ayed ) an d p o st act i o n (i n ad van ce) co mefro mt h ed el ayb et ween t h eval i d an d t h et ran sact i o n t i me. It mean st h at

t h e ap p l i cat i o n h ast o o b servet h ed i fferen ceb et ween t h et i meo ccu rren ceo fafact i n t h ereal wo rl d an d i t seffect i ve

time in the database.

name function validtime transactiontime

begin end begin end

(a) D u r a n d programmer 9 4 - 1 2 - 1 2 forever 9 5 - 0 1 - 0 1 9 : 2 0 : 1 5 9 6 - 0 1 - 0 1 1 5 : 5 6 : 5 0

( b ) D u r a n d programmer 9 4 - 1 2 - 1 2 9 5 - 1 2 - 2 0 9 6 - 0 1 - 0 1 1 5 : 5 6 : 5 0 ’ n o w ’

(c) D u r a n d project leader 9 5 - 1 2 - 2 0 forever 9 6 - 0 1 - 0 1 1 5 : 5 6 : 5 0 ’ n o w ’

( d ) M a r t i n analyst 9 5 - 0 2 - 0 1 forever 9 5 - 0 1 - 0 1 9 : 2 0 : 1 5 9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0

(e) M a r t i n engineer 9 5 - 0 2 - 0 1 forever 9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0 ’ n o w ’

(f) D u p o n d c o n s u l t a n t 9 5 - 0 1 - 0 2 forever 9 5 - 0 1 - 1 0 1 4 : 5 6 : 5 0 9 6 - 1 0 - 1 5 1 0 : 5 0 : 1 0

(g) D u p o n d c o n s u l t a n t 9 5 - 0 1 - 0 2 9 6 - 1 0 - 1 2 9 6 - 1 0 - 1 5 1 0 : 5 0 : 1 0 ’ n o w ’

Figure 1 4 2 :Examplesoftemporalobjects .

TOOBIS l o n g v e r s i o n

Th eo p erat i o n sap p l i ed t o o b t ai n t h eo b j ect so f F i gu re 1 4 2 aret h esameo p erat i o n sp resen t ed i n F i gu re 1 4 1 an d

Figure 1 4 0 .

In t h e caseo ft emp o ral o b j ect s, each o p erat i o n gen erat esan ewst at e. Th e creat i o n o ft h eo b j ect Du ra n d i sret ro act i ve

b ecau sei t sval i d t i me (9 4 -1 2 -1 2 ) b egi n sb efo ret h eb egi n o fi t st ran sact i o n t i me( 9 5 -0 1 -0 1 9 : 2 0 :1 5 ). Du ra n d b ecame

p ro j ect l ead er wi t h aval i d t i me

9 5 -1 2 -2 0

b u t t h i sfact i skn o wn i n t h ed at ab ase si n ce 9 6 -0 1 -0 1 1 5 : 5 6 :5 0 . Th i s

evolution is also retroactive and leads to :

�

- modify the transaction time of the state (a),

�

- insert a new state ( b ) because of the valid time update,

- insert a new state (c) with the new function value and the new valid time.

Th est at e(a) i sn o l o n ger u p d at ab l e, i t rep resen t st h ep ast kn o wl ed geweh avei n t h ed at ab ase. Du ri n gt h efo l l o wi n g

p eri o d [ 9 5 -0 1 -0 1 9 : 2 0 :1 5 , 9 6 -0 1 -0 1 1 5 : 5 6 :5 0 ) t h ed at ab aseh ast h efo l l o wi n gi n fo rmat i o n : Du ra n d wa s

p r o g r a m m e r f r o m 9 4 - 1 2 - 1 2 u n t i l f o r e v e r .

Th i ski n d o fo b j ect si st h eseman t i cal l ymo rep o werfu l t h an t h eo t h ers, b u t t h eyreq u i re al o t o fsp ace asyo u can

imagine.

The classification of objects dependent to time are depicted by Figure 1 4 3 :

transaction time

not managed transaction time

managed

validtime

not managed

Snapshotobjects Rollbackobjects

validtime

managed historicalobjects Temporalobjects

Figure 1 4 3 :Classificationofobjects .

No t i cet h at u ser-d efi n ed t i mesaren o t u sed i n t h i scl assi fi cat i o n . User-d efi n ed t i mesh av en o si g n i fi cat i o n i n t h e

DBMS and are managed as ordinary attributes. In fact, User-defined time is offered by all DBMS.

TOOBIS l o n g v e r s i o n

4 . 4 . 2 The syntax of the TOOM specification language

L e x i c a l c o n v e n t i o n s :

<comment> :

- comment which can appear anywhere :

/ * <text> * /

- comment which can appear only between atomics OOPL :

/ / <text> end-of-line

< i d en t i fi er >: an i d en t i fi er i san arb i t rary l o n g seq u en ceo f l et t erso r d i g i t s. T h efi rst ch aract er mu st b e al et t er; t h e

u n d ersco rei sco u n t ed asal et t er. Up p er an d l o wer casel et t ersared i fferen t . Al l ch aract ersaresi g n i fi can t . T h e

i d en t i fi er wi t h ad o u b l eu n d ersco rei sreserv ed fo r u seb y i mp l emen t at i o n an d st an d ard l i b rari es sh o u l d b e av o i d ed

b y u s e r s .

< k e y w o r d s > :

single character :

^ * ( ) - + = { } [ ] / ; ’ : " < > , . \

character combinations :

< = > = : = < > : :

< literals > :

<char-constant> : a character constant is one or more characters enclosed in single quotes : ’a’,

< s t r i n g - c o n s t a n t > : a s t r i n g c o n s t a n t i s a s e q u e n c e o f c h a r a c t e r s s u r r o u n d e d b y d o u b l e q u o t e s : " a s s s s " ,

< i n t e g e r - c o n s t a n t > : a s e q u e n c e o f d i g i t s w h i c h i s i n b a s e t e n : 1 0 0

<real-constant> : consists of an integer part a decimal point and a fractional part

TOOBIS l o n g v e r s i o n

4 . 4 . 2 . 1 Application definition

< a p p l i c a t i o n - d e f i n i t i o n > : : =

a p p l i c a t i o n <application-name> <specification-part>

<specification-part>::=

d e f i n i t i o n <specification-list> e n d d e f i n i t i o n

<specification-list> ::=

<object-class-definition-list>

<actor-c lass-definition-list>

[ <calendar-class-definition-list> ]

[ < d o m a i n - d e f i n i t i o n - l i s t > ]

[ < t r i g g e r i n g - c o n d i t i o n - d e f i n i t i o n - l i s t > ]

[ < t r i g g e r i n g - f a c t o r - d e f i n i t i o n - l i s t > ]

<domain-definition-list> ::=

<domain>

| <domain-definition-list> <domain>

<object-class-definition-list> ::=

<object-class-definition>

| <object-class-definition-list> <object-class-definition>

<actor-class-definition-list> ::=

<actor-class-definition>

| <actor-class-definition-list> <actor-class-definition>

<calendar-class-definition-list> ::=

<calendar-class-definition>

| <calendar-class-definition-list> <calendar-class-definition>

< t r i g g e r i n g - c o n d i t i o n - d e f i n i t i o n - l i s t > : : =

< c o n d i t i o n - d e f i n i t i o n >

| < t r i g g e r i n g - c o n d i t i o n - d e f i n i t i o n - l i s t > < c o n d i t i o n - d e f i n i t i o n >

< c o n d i t i o n - d e f i n i t i o n > : : =

t r i g g e r i n g - c o n d i t i o n

TOOBIS l o n g v e r s i o n

< b o o l e a n - f o n c t i o n - s i g n a t u r e >

comment

<text>

e n d t r i g g e r i n g - c o n d i t i o n

<triggering-factor-definition-list> ::=

<factor-definition>

| <triggering-factor-definition-list> <factor-definition>

<factor-definition> ::=

triggering-factor

<factor-signature>

comment

<text>

endtriggering-factor

4 . 4 . 2 . 2 Domain definition

<domain>::=

d o m a i n

<domain-name> ’ : ’ < d o m a i n - d e f i n i t i o n >

[ o p e r a t i o n s

<operation-list>] e n d d o m a i n

<domain-name>::=

<identifier>

< d o m a i n - d e f i n i t i o n > : : =

<enumerated-domain-type>

| <domain-elaborated-type-specifier>

<domain-elaborated-type-specifier> ::=

<domain-final-type>

| <constructor> ’ ( ’ <domain-elaborated-type-specifier> ’ ) ’

| ’ [ ’ <domain-field-specifier-list> ’ ] ’

<domain-final-type> ::=

<simp le-type-name>

| <domain-name>

| <temporal-domain>

temporal-domain::=

TOOBIS l o n g v e r s i o n

INSTANT ’ < ’ <calendar-name> ’ , ’ <granule-name> ’ > ’

| INSTANT- A ’ < ’ <calendar-name> ’ , ’ <granule-name> ’ > ’

| INSTANT-R ’ < ’ <calendar-name> ’ , ’ <granule-name> ’ > ’

| PERIOD ’ < ’ <calendar-name> ’ , ’ <granule-name> ’ > ’

| PERIOD- A ’ < ’ <calendar-name> ’ , ’ <granule-name> ’ > ’

| PERIOD-R ’ < ’ <calendar-name> ’ , ’ <granule-name> ’ > ’

| INTERVAL ’ < ’ <calendar-name> ’ , ’ <granule-name> ’ > ’

<granule-name>::=

<identifier>

<calendar-name>::=

<i dentifier>

<simple-type-name> ::=

<constructor> ::=

set | b a g | list | multilist

<domain-field-specifier-list> ::=

<domain-field-specifier>

| <domain-field-specifier-list> ’ , ’ <domain-field-specifier>

<domain-field-specifier> ::=

<field-name>

’ : ’ < d o m a i n - d e f i n i t i o n >

<enumerated-domain-type>::=

’ { ’ < s t r i n g - c o n s t a n t - l i s t > ’ } ’

| ’ [ ’ < i n t e g e r - c o n s t a n t > ’ . . ’ < i n t e g e r - c o n s t a n t > ’ ] ’

| ’ [ ’ <real-constant> ’ . . ’ <real-constant> ’ ] ’

| ’ [ ’ <char-constant> ’ . . ’ <char-constant> ’ ] ’

| ’ [ ’ <date-constant> ’ . . ’ <date-constant> ’ ] ’

<string-constant-list>::=

<string-constant>

| <string-constant-list> ’ , ’ < s t r i n g - c o n s t a n t >

TOOBIS l o n g v e r s i o n

4 . 4 . 2 . 3 O b j e c t c l a s s definition

<object-class-definition> ::=

< s n a p s h o t -basic-class-definition>

| < s n a p s h o t -derived-class - d e f i n i t i o n >

| < temporal-basic-class-definition >

| < temporal-derived-class-definition >

| < temporal-dictionary - basic-class - d e f i n i t i o n >

| < temporal-dictionary - d e r i v e d -class - d e f i n i t i o n >

< s n a p s h o t -basic-class-definition> ::=

basic-class < s n a p s h o t -class-name> ’ : ’ <inherited-class-list>

extents <persistent-collection-list>

[ clusters <cluster-list> ]

[ properties <object-properties> ]

[ constraints <invariant-list> ]

[ o p e r a t i o n s <operation-list>]

[ queries <operator-list> ]

[ events <internal-event-list> ]

endbasic-class

< s n a p s h o t -derived-class-definition> ::=

derived-class < s n a p s h o t -class-name> ’ : ’ <inherited-class-list>

extents <persistent-collection-list>

[ properties <object-properties> ]

[ d e r i v a t i o n f u n c t i o n <operator-list>]

[ queries <operator-list> ]

[ events <internal-event-list> ]

endderived-class

< temporal -basic-class-definition> ::=

temporal-class for basic class < time -class-name> o f <snapshot-class-name>

extents <persistent-collection-list>

time dimensions <time-dimension-definition>

[ properties <object-properties> ]

[ constraints <invariant-list> ]

[ o p e r a t i o n s <operation-list>]

[ queries <operator-list> ]

TOOBIS l o n g v e r s i o n

[ events <internal-event-list> ]

end temporal -class

<time-dimension-definition> : :=

VT <temporal-domain> a s <valid-time-definition>

| TT <nature>

| VT <temporal-domain> a s < v a l i d - t i m e - d e f i n i t i o n > , TT <transaction-time-definition>

< v a l i d - t i m e - d e f i n i t i o n >::=

state

| h i s t o r y

<typeVT-history>

< t y p e V T - h i s t o r y > ::= complete | p a r t i a l [ w i t h e x t r a p o l a t i o n ]

< transaction-time-definition >::=

state | h i s t o r y

< temporal -derived-class-definition> ::=

temporal-class f o r derived class < time -class-name> o f <snapshot-class-name>

extents <persistent-collection-list>

time dimensions <time-dimension-definition>

[ properties <object-properties> ]

[ d e r i v a t i o n f u n c t i o n <operator-list>]

[ queries <operator-list> ]

[ events <internal-event-list> ]

end temporal -class

< temporal-dictionary- basic-class-definition> ::=

t e m p o r a l d i c t i o n a r y for basic class < time -class-name> o f <snapshot-class-name>

extents <persistent-collection-list>

k e y

VT PERIOD ’ < ’ < c a l e n d a r - n a m e > ’ , ’ < g r a n u l e - n a m e > ’ > ’

[ time dimension

TT < t r a n s a c t i o n - t i m e - d e f i n i t i o n > ]

[ properties <object-properties> ]

[ constraints <invariant-list> ]

[ o p e r a t i o n s <operation-list>]

[ queries <operator-list> ]

[ events <internal-event-list> ]

TOOBIS l o n g v e r s i o n

end t e m p o r a l d i c t i o n a r y -class

< temporal - d i c t i o n a r y - derived-class-definition> ::=

t e m p o r a l d i c t i o n a r y f o r derived class < time -class-name> o f <snapshot-class-name>

extents <persistent-collection-list>

k e y

VT PERIOD ’ < ’ < c a l e n d a r - n a m e > ’ , ’ < g r a n u l e - n a m e > ’ > ’

[ time dimension

TT < t r a n s a c t i o n - t i m e - d e f i n i t i o n > ]

[ properties <object-properties> ]

[ d e r i v a t i o n f u n c t i o n <operator-list>]

[ queries <operator-list> ]

[ events <internal-event-list> ]

end t e m p o r a l d i c t i o n a r y -class

<persistent-collection-list>::=

<persistent-collection-name>

| <persistent-collection-list> ’ , ’ <persistent-collection-name>

<inherited-class-list>::=

<object-class-name>

| <inherited-class-list> ’ , ’ <object-class-name>

<object-class-name> : :=

<snapshot-class-name>

| < time-class-name >

<cluster-list>::=

<cluster>

| <cluster-list> <cluster>

<cluster>::=

<cluster-name> ’ ( ’ <object-class-list> ’ ) ’

<cluster-name> ::=

<ide ntifier>

<object-class-list>::=

<object-class-name>

| <object-class-list> ’ , ’ <object-class-name>

TOOBIS l o n g v e r s i o n

<invariant-list>::=

<invariant> < t y p e 1 > [ ` , ´ <type2>]

|<invariant-list> <invariant>

<type1> : := intra-object | inter-object

<type2> : := intra-VT | inter-VT | intra-TT | inter-TT | intra-Bi | inter-Bi

<invariant>::=

< b o o l e a n - f u n c t i o n - s i g n a t u r e >

| u n i q u e ’ ( ’ <expression-list> ’ ) ’

| p a r t i t i o n i n g ’ ( ’ < e x p r e s s i o n 1 - l i s t > ’ ) ’

| c o v e r i n g ’ ( ’ < e x p r e s s i o n 1 - l i s t > ’ ) ’

| d i s j o i n t ’ ( ’ < e x p r e s s i o n 1 - l i s t > ’ ) ’

| < TOQL-statement > // temporal existence constraint

| temporal_ u n i q u e ’ ( ’ <type_scope> ` , ´ <expression-list> ’ ) ’

<type_scope> : : = l o c a l | g l o b a l

<expression1-list>::=

<expression1>

| <expresion1-list> <expression1>

<expression1>::=

<expression>

| <cluster-name>

<operation-list>::=

<operation>

| <operation-list> <operation>

<operation> ::=

<signature-operation> [

’ : ’ a g g r ’ ( ’ <operation-reference-list> ’)’ ]

[ ’ : ’ <operation-reference-list>] [ comment <text>]

<signature-operation> ::=

<f u n c t i o n - s i g n a t u r e >

| <procedure-signature>

<cardinality_agg> ::=

TOOBIS l o n g v e r s i o n

o n e | m a n y

<operation-reference-list> ::=

<operation-spec>

| <operation-reference-list>

’ , ’ <operation-spec>

<operation-spec> ::=

<cardinality_agg>

’ , ’ <operation-reference>

<operation-reference> ::=

<operation-name>

| <object-class-name>

’::’ <operation-name>

<operator-list> ::=

< f u n c t i o n - s i g n a t u r e >

| <operator-list> <function-signature>

<internal-event-list> ::=

<internal-event>

| <internal-event-list> <internal-event >

TOOBIS l o n g v e r s i o n

4. 4 . 2 . 3 . 1 Definition of Attributes

<object-properties>::=

< a t t r i b u t e - d e f i n i t i o n >

| <attributes> <attribute-definition>

<attribute-definition> ::=

<attribute-name> ’ : ’ <attribute-type-specifier> [ ’=’ <default_value> ]

<default_value> ::= <constant>

<attribute-type-specifier> ::=

<attribute-final-type> [ derived ]

<attribute-final-type> ::=

<domain-final-type>

| a g g r ’ ( ’ [ < c a r d i n a l i t y > ’ , ’ ] <object-class-name> ’ ) ’

| ass o ’ ( ’ [ < c a r d i n a l i t y > ’ , ’ ] <object-class-name> [

’,’ inverse of <attribute-name> ] ’ ) ’

| state ass o ’ ( ’ [ < c a r d i n a l i t y > ’ , ’ ] < temporal -class-name> [

’,’ inverse of <attribute-name> ] ’ ) ’

| inverse ’ ( ’ [ < c a r d i n a l i t y > ’ , ’ ] <object-class-name> ’ :: ’ <attribute-name> ’ ) ’

<cardinality> ::=

o n e | zeroone | m a n y | zeromany

4. 4 . 2 . 3 . 2 Function and procedure signatures

<f u nction-signature> ::=

<type-specifier> <f u nction-name> ’ ( ’ [ <argument-list> ] ’ ) ’ [ type create ] |

<type-specifier> $ <f u nction-name> ’ ( ’ [ <argument-list> ] ’ ) ’

<procedure-signature> ::=

<operation-name> ’ ( ’ [ <argument-list> ] ’ ) ’ [ t y p e u p d a t e | t y p e correction | t y p e e v o l u t i o n | type delete |

t y p e v a c u u m ]

< b o o l e a n - f u nction-signature> ::=

b o o l e a n < b o o l e a n - f u nction-name> ’ ( ’ [ <argument-list> ] ’ ) ’

TOOBIS l o n g v e r s i o n

<factor-signature> ::=

<constructor> ’ ( ’ <type-specifier> ’ ) ’ <factor-name> ’ ( ’ [ <argument-list> ] ’ ) ’

<f u nction-name> ::=

<operation-name>

| <conversion-function-name>

| <operator-function-name>

< b o o l e a n - f u nction-name> ::=

<invariant-name>

<condition-name>

<argument-list> ::=

<argument-declaration>

| <argument -declaration> ’ , ’ <argument-list>

<argument-declaration> ::=

[ <variable-name> ’ : ’ ] <type-specifier> [

’ : = ’ <expression> ]

<operation-name> ::=

<identifier>

<factor-name> ::=

<identifier>

<invariant-name> ::=

<identifier>

<condition-name> ::=

<identifier>

4 . 4 . 2 . 4 Internal events and trigger part

<internal-event> ::=

<event-name> o n <type-internal-event>

[ i n d u c t i o n < i n d u c t i o n - l i s t > ]

[ concurrent events <concurrent-list> ]

predicate ’ ( ’ < t e x t > ’ ) ’

TOOBIS l o n g v e r s i o n

<trigger>

<type-internal-event>::= object | h i s t o r y

<event-name> ::=

<identifier>

<trigger> ::=

trigger

<statement-list> endtrigger

<statement-list> ::=

<statement>

| <statement-list> <statement>

<statement> ::=

[ IF < c a l l - c o n d i t i o n >

THEN

] [

FOREACH

<variable-name> i n <call-factor> ] <call-operation>

4 . 4 . 2 . 5 A c t o r c l a s s a n d C a l e n d a r c l a s s definitions

4. 4 . 2 . 5 . 1 A ctor class definition

<actor-class-definition> ::=

actor-class

<actor-class-name>

properties

<object-properties>

e x t e r n a l o p e r a t i o n s

<external-operation-list>

external-event

<external-event-list>

endactor-class

<actor-class-name>::=

<identifier>

<external-operation-list>

<external-operation>

| <external-operation-list> <external-operation>

<external-operation> ::=

TOOBIS l o n g v e r s i o n

<operation-name> ’ ( ’ [ <argument-list> ] ’ ) ’

4. 4 . 2 . 5 . 2 C alendarclass definition

<calendar-class-definition> ::= <user-defined-calendar> | <Gregorian-calendar-overloading>

<user-defined-calendar>::=

calendar-class <calendar-class-name>

o r i g i n <string-constant>

b a s i c u n i t ’ < ’ <granule-name>’ , ’ <calendar-name> ’ > ’

g r a n u l e s <granules-list>

[ external formats <external-format-list>]

o p e r a t i o n s <operator-list>

[ temporal-events <temporal-event-list>]

endcalendar-class

<Greorian-calendar-overloading>::=

calendar-class

Gregorian

[ external formats <external-format-list>]

[ temporal-events <temporal-event-list>]

endcalendar-class

<calendar-class-name> ::=

<identifier>

<granules-list>::=<granule-definition>

| <granule-list> <granule-definition>

<granule-definition> ::= <granule-name> ’ { ’ < m a p p i n g - f u n c t i o n > ’ , ’ < m a p p i n g - f u n c t i o n > ’ } ’

<mapping-function> ::= <irregular-mapping> | <regular-mapping>

<regular-mapping>::= <granule-name> ’=’ <float-constant> <granule-name>

<irregular-mapping>::= <function-name> ’ ( ’ ’ ) ’

<external-formats-list>::=<external-format-definition>

| <external-format-list> <external-format-definition>

TOOBIS l o n g v e r s i o n

<external-format-definition>::=

<external-format-name> ’ = ’ < s t r i n g - c o n s t a n t > ’ { ’ < m a p p i n g - s i g n a t u r e > ’ , ’ < m a p p i n g - s i g n a t u r e > ’ } ’

<calendar-class-name> ::=

<identifier>

<operator-list>::= <operator-signature>

| <operator-list> <operator-signature>

<operator-signature>::= <type-specifier> o p e r a t o r + ’ ( ’ [ <argument-list> ] ’ ) ’

<mapping-signature> ::=

<type-specifier> <fu nction-name> ’ ( ’ [ <argument-list> ] ’ ) ’

4. 4 . 2 . 5 . 3 T emporalevent definition

<temporal-event-list> ::=

<temporal-event>

| <temporal-event-list> <temporal-event>

< tempor al-event> ::=

<event-name> with <type-temporal-event>

[ i n d u c t i o n < i n d u c t i o n - l i s t > ]

[ concurrent events <concurrent-list> ]

predicate ’ ( ’ < t e x t > ’ ) ’

<trigger>

<type-temporal-event>::=

periodic time | absolute time | time relative to object | time relative to event

4. 4 . 2 . 5 . 4 E xternalevent definition

<external-event-list> ::=

<external-event>

TOOBIS l o n g v e r s i o n

| <external-event-list> <external-event>

<external-event> ::=

<event-name>

[ <VT-message> ] message <message-name>

attributes <message-attributes>

[ i n d u c t i o n < i n d u c t i o n - l i s t > ]

[ concurrent events <concurrent-list> ]

predicate ’ ( ’ < t e x t > ’ ) ’

<trigger>

<VT-message>::= in time | future | p a s t

<message-attributes>::=

<me ssage-attribute-definition>

| <message-attributes> <message-attribute-definition>

<message-attribute-definition> ::=

<attribute-name> ’ : ’ <message-type-specifier>

<message-type-specifier> ::=

<message-final-type>

| <constructor> ’ ( ’ <message-type-specifier> ’ ) ’

<message-final-type> :

<domain-final-type>

| structure ’ ( ’ <OODL-type-name> ’ ) ’ // O*-type-name : object class or domain

| ’ [ ’ <message-field-specifier-list> ’ ] ’

<message-field-specifier-list> ::=

<message-field-specifier>

|<message-f ield-specifier-list> ’ , ’ <message-field-specifier>

<message-field-specifier> :

<field-name> ’ : ’ <message-type-specifier>

TOOBIS l o n g v e r s i o n

4 . 4 . 2 . 6 Call of conditions, factors and operations

<call-condition> ::=<condition-name> ’

( ’ [<expression-list>] ’ )’

<call-factor> ::=<factor-name> ’

( ’ [<expression-list>] ’ )’

<call-operation> ::= <procedure-expression> ’

( ’ [<expression-list>] ’ )’

<procedure-expression> ::=

<name2>

| <object-expression>

’ . ’ <name2>

<object-expression> ::=

<variable-name>

| <object-expression>

’ . ’ <name1>

| <object-expression> inverse of <name1>

’ . ’ <object-class-name>

| <procedure-expression> ’

( ’ [<expression-list>] ’ )’

<name1> ::= // name of attribute for an object class

<attribute-name>

| <qualified-class-name>

’::’ <name1>

<name2> ::= / / n a m e o f a n e n c a p s u l a t e d f u n c t i o n o r a p r o c e d u r e

<operation-name>

| <operator-function-name>

| <conversion-function-name>

| <qualified-class-name>

’::’ <name2>

<expression-list> ::=

<expression>

| <expression-list>

’ , ’ <expression>

<expression> ::=

<primary-expression>

| <postfix-expression>

<postfix-expression> ::=

<final-expression>

| <direct-fonction-name> ’

( ’ [<expression-list>] ’ )’

TOOBIS l o n g v e r s i o n

| < p o s t f i x - e x p r e s s i o n > ’

. ’ <fonc-name> ’

( ’ [<expression-list>] ’ )’

| < p o s t f i x - e x p r e s s i o n > ’

. ’ <name>

| < p o s t f i x - e x p r e s s i o n > inverse of <name1>’

. ’ <object-class-name>

<final-expression> ::=

<variable-name>

| <persistent-collection-name>

| c o n t e x t | o l d | new | self

<primary-expression> ::=

<literal>

| ’ ( ’ < e x p r e s s i o n > ’ )’

<literal> ::=

< i n t eger-constant>

| <character-constant>

| <symbol-constant>

| <date-constant>

| <floating-constant>

| <string-constant>

| <boolean-constant>

| <reference-constant>

<boolean-constant> ::=

true | false

<reference-constant> ::=

n i l

4 . 4 . 2 . 7 Event induction graph & Event concurrence graph

< i n d u c t i o n - l i s t > : : =

< i n d u c t i o n - l i n k >

| < i n d u c t i o n - l i s t > < i n d u c t i o n - l i n k >

<concurrent-list>::=

<concurrent-link>

| <concurrent-list> <concurrent-link>

TOOBIS l o n g v e r s i o n

< i n d u c t i o n - l i n k > : : = < m o d a l i t y > [ IF < c a l l - c o n d i t i o n > ] [ w i t h d e l a y <quantity-of-time>] [<cardinality>] <call-event>

<modality> ::= m a y | must

<cardinality> ::= o n e | more

<concurrent-link>::= [ before | after ] <event-name>

<call-event>::= <proc-expression> ’

( ’ [<expression-list>] ’ )’

<proc-expression> ::=

<namef>

| <object-expression>

’ . ’ <namef>

<object-expression> ::=

<variable-name>

| CLOCK

| <object-expression>

’ . ’ <nameatt>

| <object-expression> inverse of <nameatt>

’ . ’ <object-class-name>

| <proc-expression> ’

( ’ [<expression-list>] ’ )’

<nameatt> ::= // name of attribute for an object class

<attribute-name>

| <qualified-class-name>

’::’ <nameatt>

<namef>::= / / n a m e o f a n e n c a p s u l a t e d f u n c t i o n o r a p r o c e d u r e

<event-name>

| <qualified-class-name>

’::’ <namef>

4 . 4 . 3 ACaseStudy :

THELOANMANAGEMENTSYSTEM

In t h i s ap p en d i x , a casest u d y fo r ab an k l o an ap p l i cat i o n i s co n d u ct ed t o d emo n st rat eh o wt o sp eci fy an IS asa

r e p r e s e n t a t i o n o f t h e r e a l w o r l d b a n k l o a n s y s t e m .

TOOBIS l o n g v e r s i o n

4 . 4 . 3 . 1 Management of the loan management system

The problem is stated as follows

¯ Aims and objectives

T h e ai mo f t h ep ro j ect i st o o rg an i zet h efu n ct i o n i n g o f ab an k l o an man ag emen t st ressi n g o n an au t o mat ed IS . T h e

IS sh o u l d p ermi t a co h eren t man ag emen t o f t h el o an an d i n fo rmt h eb an k man ag er o f t h ep resen t o r fo rmer st at e so f

a n y l o a n m a d e b y t h e b a n k b r i n g i n g w i t h i t , f o r e x a m p l e , i n f o r m a t i o n o n :

¯ t h e i n v e n t o r y o f l o a n s b y d a t e o f e n t r y ;

¯ t h e i n v e n t o r y o f l o a n s a t a g i v e n m o m e n t ;

¯ t h e i n v e n t o r y o f p r e s e n t o r f o r m e r l o a n o w n e r s , o r f o r a g i v e n p e r i o d ;

¯ t h e l i s t o f f i n e d l o a n s ;

¯ t h e l o a n s t h a t h a v e b e e n r e v i s e d i n t h e p a s t t w o y e a r s ;

¯ t h e a v e r a g e d u r a t i o n o f l o a n s , e t c .

¯ The O r g a n i s a t i o n a l Choices

T h el o an man ag emen t co n si st so f a co l l ect i o n o f l o an s, each wi t h au n i q u ereferen ce. F o r each l o an t h ere ex i st sa

cl i en t o f t h eb an k . T h el o an h asan amo u n t , a d u rat i o n an d a rat e. T h ere’ sat h eo ret i cmo n t h l y rep ay men t co mp u t ed at

t h e creat i o n o f t h el o an b u t t h el o an can b e rev i sed fo l l o wi n g cert ai n co n d i t i o n s. F i n es can b e at t ri b u t ed o n l o an

owners f o r late p a y m e n t s . T h e l o a n i s c l o s e d i f t h e l o a n a m o u n t h a s b e e n p a i d a n d i f t h e r e i s n o fines left.

¯ M a n a g e m e n t Rules

Below is a list of the main rules f o r m a n a g i n g l o a n s :

¯ A c l i e n t c a n ’ t h a v e m o r e t h a n o n e l o a n a t a g i v e n i n s t a n t .

¯ A c l i e n t w h o h a s a c u r r e n t l o a n i s s a i d " a c t i v e " . O n t h e c o n t r a r y , i f h e h a s n o l o a n , h e i s s a i d " i n a c t i v e " .

¯ T h el o an req u est i sp u t o n t h ewai t i n g l i st o n l y i f t h e cl i en t t h at mak est h ed eman d h asareg u l ar mo n t h l y

sal ary (man ag ed b y t h eb an k ). It i sn ecessary al so t h at t h e cl i en t h ad n ev er b een su sp en d ed . If t h e cl i en t d o esn ’ t

s a t i s f y t h e s e c o n d i t i o n s , t h e l o a n r e q u e s t i s r e f u s e d .

¯ After one month, the manager’ will send its agreement or refusal.

TOOBIS l o n g v e r s i o n

¯ T h e r e i s a m o n t h l y r e p a y m e n t ( o n a d a y d e c i d e d b y t h e c l i e n t : t h e d u e d a y ) .

¯ T h e r e p a y m e n t i s c o m p u t e d a t t h e c r e a t i o n o f t h e l o a n w i t h i t s a m o u n t , i t s d u r a t i o n a n d i t s r a t e .

¯ The repayment can be recompute d w h e n t h e l o a n i s r e v i s e d .

¯ E ach mo n t h , at t h ed u ed ay , t h eb an k ch eck s t h erep ay men t smad eb y t h e cl i en t fo r h i sl o an . T h el o an

statement is sent t o t h e c l i e n t .

¯ T h emax i mu md el ay al l o wed fo r t h erep ay men t i s3 mo n t h s. Aft er t h i sd el ay , t h ere’ sa fi n e ap p l i cab l eo n

t h e l o a n . T h i s f i n e i s c o m p u t e d p r o p o r t i o n a l l y t o t h e l o a n a m o u n t .

¯ T h e client w h o h a s a n u n p a i d t a x i s s a i d " s u s p e n d e d " .

¯ W h en t h e cl i en t mak esarep ay men t , t h e fi n e i sp ai d fi rst . If t h et ax can ’ t b et o t al l y p ai d , t h erep ay men t i s

t a k e n i n t o a c c o u n t f o r t h e l o a n .

¯ I f t h e f i n e i s n o t p a i d a t t h e d u e d a y , i t i s i n c r e a s e d .

¯ I f t h e c l i e n t h a s p a i d 3 m o n t h l y r e p a y m e n t s i n a d v a n c e , t h e r e i s a r e v i s i o n o f t h e l o a n .

¯ T h e l o a n i s c l o s e d w h e n t h e l o a n a m o u n t i s t o t a l l y p a i d a n d w h e n t h e r e i s n o d u e f i n e s .

The various object classes identified for the loan management application schema are :

1 . LOAN

- a s n a p s h o t c l a s s o f a l l l o a n s k e p t i n t h e b a n k .

2 . DEMAND

- a s n a p s h o t class of all demands of loans.

3 . C L I E N T

- a s n a p s h o t class of all clients having loans.

4 . M O N T H L Y S A L A R Y

- a temporal class of the monthly salary of the clients.

5 . C L I E N T S T A T U S

- a temporal class of a the family status of the clients.

6 . L O A N R E Q U E S T S T A T U S

- a temporal class of the status of the loan.

7 . REPAYMENT

- a temporal class of all the repayments made for the loans.

8 . F E A T U R E S

- a temporal class of the c h aracteristics of the loans.

9 . BILL BOOK

- a t e m p o r a l c l a s s o f t h e b i l l b o o k o f t h e l o a n s .

1 0 . T A X

- a s n a p s h o t c l a s s g r o u p i n g a l l t a x e s o f t h e l o a n s .

1 1 . TAXM

- a temporal class grouping all the taxes repayments.

4 . 4 . 3 . 2 Global structure graph

TOOBIS l o n g v e r s i o n

Bas ic c las s

Clien t st at u s

State<VT >

Bas ic c las s

Clien t

Bas ic c las s

L o an req u est

Bas ic c las s

L o an

Bas ic c las s

F eat u res

His tor y

<VT >

Bas ic c las s

F in e

Bas ic c las s

F in eRep aym en t

His tor y

<VT ,T T >

- >s tate( ac tive,

inac tive,s us pended)

- >s tate( r ef us ed,

ac c epted,waiting)

- >dur ation

- >loanam ount

- >theor etic alm onth

r epay m ent

- >paidam ount

- >am ountpaid

- >am ountr em ainingtopay

- >theor etic alam ountto

ber epaid

- >theor etic alam ount

paid

- >am ountpaid

- >Loannum ber

- >dueday

- >r ate

- >beginning- date

Bas ic c las s

M o n t h lysalary

State<VT >

- >am ountto

r epay

Bas ic c las s

L o an req u est

st at u s

State<VT >

Bas ic c las s

Rep aym en t

His tor y

<VT ,T T >

Der ivedc las s

In st alm en t

His tor y

<VT >

- >Clientnum ber

- >Clientnam e‘

- >Clientf or enam e

- >Clientaddr es s

- >MSAm ount

- >Loanr eques t

num ber

- >dur ation

- >am ount

- >F inedate

Figure 1 4 4 :Globalstructuregraph

TOOBIS l o n g v e r s i o n

B a s i c c l a s s

Cl a s s Na m e

B a s i c c l a s s

T e m p o ra l c l a s s n a m e

B a s i c

s n a p s h o t

c l a s s

b a s i c

t e m p o ra l

c l a s s

T e m p o ra l Co m p o s i t i o n l i n k

A s s o c i a t i o n

Legend

Staticv iew

De ri v e d c l a s s

Cl a s s Na m e

De ri v e d

s n a p s h o t

c l a s s

De ri v e d c l a s s

T e m p o ra l c l a s s n a m e

De ri v e d

t e m p o ra l

c l a s s

B a s i c t e m p o ra l

d i c t i o n a ry

c l a s s

B a s i c c l a s s

T e m p o ra l

d i c t i o n a ry

Cl a s s Na m e

De ri v e d t e m p o ra l

d i c t i o n a ry

c l a s s

De ri v e d c l a s s

T e m p o ra l

d i c t i o n a ry

Cl a s s Na m e

Figure 1 4 5 :Legendoftheglobalstructuregraph

4 . 4 . 3 . 3 G l o b a l b e h a v i o r g r a p h

TOOBIS l o n g v e r s i o n

D y namicv iew

Cl a s s Na m e

c l a s s n a m e

Cl a s s

T e m p o ra l c l a s s

T e m p o ra l d i c t i o n a ry

c l a s s

Op e ra t i o n

E x t e rn a l E v e n t

Legend

o p e ra t i o n n a m e

I n t e rn a l E v e n t

T e m p o ra l E v e n t

A c t o r

Co n t ro l c o n d i t i o n

Ca l e n d a r

A c t o rNa m e

Figure 1 4 6 :Legendoftheglobalbehaviorgraph

Cre a te

Clie n t

Crea t e

L oa n re q u e st

L oa n re q u e st S t a t u s

Re f u se

C1

C1

C1 : co rre ct d e m a n d (re g u la rm o n t h ly sa la ry , clie n t n e v e r

su sp e n d e d )

Re q u e st a rriv e d

P u t in t h e w a it list

Mo n t h ly sa la ry

Up d a t e

N

Figure 1 4 7 :Globalbehaviorgraph(part1)

TOOBIS l o n g v e r s i o n

Bank Manager

Cr eate

Cr eate

Loan

F eatur es

Ins tallment

Cr eate

Loanr eques ts tatus

Ac c ept

Refus e

Ac c eptedloan

Refus edloan

ClientStatus

Ac tiv ate

N

N

Figure 1 4 8 :Globalbehaviorgraph(part2)

TOOBIS l o n g v e r s i o n

Up d a t e

Crea t e

Fin e

L oa n

P 1 : a ct iv e clie n t , la st m o n t h , a m o u n t =p a y m e n t , n o t a x

P 2 : t h ree re p a y m e n t s in a d v a n ce

P 3 : t h ree d e la y e d re p a y m e n t s loa n d u e d a y

B illb oo k

De riv e

Re v isio n

(P 2 )

Fin n in g (P 3 )

A le rt m o re t h a n 3

re v isio n s

in o n e y ea r

Fea t u re s

S u sp e n d

Clie n t st a t u s

I n a ct iv a t e

P a id o ff loa n (P 1 )

Ma n a g e r

Clo se

H

O

O

O

P

Figure 1 4 9 :Globalbehaviorgraph(part3)

TOOBIS l o n g v e r s i o n

Clie n t

P a y m e n t

Crea t e

C6 a n d C1 0

Re p a y m e n t

A ct iv a t e

C7 a n d C9

Clie n t S t a t u s

De le t e

Fin e

C6 : a ct iv e clie n t

C7 : su sp e n d e d clie n t

C8 : p a y m e n t -t a x >0

C9 : p a y m e n t -t a x >=0

C1 0 : f irst re p a y m e n t o f t h e loa n

C1 1 : f irst re p a y m e n t o f t h e t a x

C7 a n d C8 a n d C1 0

C7 a n d C9

Crea t e

Fin e Re p a y m e n t

C7

Up d a t e

C6

C7 a n d C8

C7 a n d C1 1

Up d a t e

N

Figure 1 5 0 :Globalbehaviorgraph(part4)

TOOBIS l o n g v e r s i o n

Ma n a g e r

Ne w clie n t

Crea t e

Clie n t

Crea t e

Clie n t S t a t u s

Crea t e

Mo n t h ly sa la ry

N

Figure 1 5 1 :Globalbehaviorgraph(part5)

One month after the

event "Paid off loan"

Send a follow up

letter

Client

Send the loan

statement

The first of each month

Send an

information

letter

Three days after the loan

b e g i n n i n g d a t e

[f1]

f1: set_of_loans

R-e

P

R-o

Figure 1 5 2 :bGlobalbehaviorgraph(part6)

TOOBIS l o n g v e r s i o n

The 1/1/2000

Increase the rate

of one per cent

Loan

[f1]

f1: set_of_loans

A

Figure 1 5 3 :Globalbehaviorgraph(part7)

TOOBIS l o n g v e r s i o n

Bank c ler k

Client’ s Pay ment

r etr iev ed

Update

Repay ment

Ac tiv ate

ClientStatus

Cor r ec t

F ine

C1:F inningas ar es ultofthis mis tak e

C2:F inePay mentex is ts

C1

Cor r ec t

F ineRepay ment

C1andC2

Sendmoney bac k

Client

C1andC2

C1

Der iv e

Ins tallment

P

Figure 1 5 4 :Globalbehaviorgraph(part8)

4 . 4 . 3 . 4 Event induction graph

TOOBIS l o n g v e r s i o n

Re que st a r r i v a l

Ne wc l i e nt

Ac c e pte d l o a n

Re fuse d l o a n

Mo r e tha nthr e e

r e v i si o ns i no ne y e a r

Pa y m e nt

L o a n due da y

Re v i si o n Pa i d-o ff l o a n

T a x a ti o n

One m o nth a fte r the

e v e nt« Pa i d-o ff l o a n »

T he fi r sto f

e a c h m o nth

T hr e e da y s a fte r the

l o a n be g i nni ng da te

Cl i e nt́s pa y m e nt

r e tr i e v e d

T he 1 / 1 / 2 0 0 0

[ v a l i d _ re q u e st ]

[ n o t ( v a l i d _ re q u e st )]

[ t h re e re p a y me n t s

i n a d v a n c e ]

[ t h re e d e l a y e d

re p a y me n t s]

< o n e mo n t h >

< 3 d a y s>

Figure 1 5 5 :Eventinductiongraph

4 . 4 . 3 . 5 E v e n t c o n c u r r e n c e g r a p h

TOOBIS l o n g v e r s i o n

ne wc l i e nt

r e que sta r r i v a l

l o a na c c e pte d l o a nr e fuse d

p a y men t c l i e nt́s pa y m e nt

r e tr i e v e d

3 da y s a fte r the l o a n

be g i nni ng da te l o a n due da y

pa i do ffl o a n

o ne m o ntha fte r the e v e nt

« pa i do ffl o a n » b e fo re

b e fo re

b e fo re b e fo re b e fo re b e fo re

b e fo re

b e fo re b e fo re

Figure 1 5 6 :Eventconcurrencegraph

4 . 4 . 3 . 6 T e x t u a l s p e c i f i c a t i o n

basic class CLIENT extents clients

properties

c l i e n t _ n u m b e r :

INTEGER

name :

STRING

forename :

STRING

address :

ADDRESS

requests :

inverse ( zeromany , LOAN_REQUEST::client)

constraints

u n i q u e ( c l i e n t _ n u m b e r )

o p e r a t i o n s

CLIENT crea te (c : structure(CLIENT)) type create

endbasic-class

temporal class for basic class MONTHLY_SALARY o f CLIENT extents monthly_salaries

time dimensions VT INSTANT-A<Gregorian, month> as state

TOOBIS l o n g v e r s i o n

properties

m s _ a m o u n t :

REAL

o p e r a t i o n s

MONTHLY_SALARY create ( m : structure (MONTHLY_ SALARY )) type create

update(m : structure (MONTHLY_ SALARY ) ) t y p e e v o l u t i o n

endtemporal-class

temporal class for basic class C L I E N T _ S T A T U S o f CLIENT extents clients_status

time dimensions VT INSTANT-A<Gregorian, month> as state

properties

state :

CLIENTSTATE

o p e r a t i o n s

CLIENT_STATUS create(c : structure(CLIENT_STATUS)) type create

activate () t y p e e v o l u t i o n

inactivate () t y p e e v o l u t i o n

s u s p e n d ( ) t y p e e v o l u t i o n

endtemporal-class

basic class LOAN extents l o a n s

properties

l o a n _ n u m b e r :

INTEGER

d u e _ d a t e :

INSTANT <Gregorian,day>

rate :

PERCENTAGE

l o a n _ r e q u e s t :

a s s o ( o n e , LOAN_REQUEST, inverse of l o a n )

fines :

inverse ( zeromany , FINE : : l o a n )

constraints

u n i q u e ( l o a n _ n u m b e r )

o p e r a t i o n s

LOAN creat e (p:structure(LOAN)) type create

close() t y p e e v o l u t i o n

increase_rate_one_per_cent () t y p e u p d a t e

queries

LOAN $Find_loan (INTEGER)

endbasic-class

basic class LOAN-REQUEST extents l o a n _ r e q u e s t s

properties

l o a n _ r e q u e s t _ n u m b e r :

INTEGER

client :

a s s o ( o n e , C L I E N T , inverse of requests)

l o a n :

inverse ( zeroone , LOAN::loan_request)

TOOBIS l o n g v e r s i o n

rate :

PERCENTAGE

a m o u n t

: REAL

d u r a t i o n

: INTERVAL <Gregorian, month>

constraints

u n i q u e ( l o a n _ r e q u e s t _ n u m b e r )

o p e r a t i o n s

LOAN_REQUEST creat e (l : structure(LOAN_REQUEST)) type create

queries

LOAN_REQUEST $Find_loan_request (INTEGER)

endbasic-class

temporal class for basic class LOAN_REQUEST_STATUS o f LOAN_REQUEST extents loan_requests_status

time dimensions

VT PERIOD-A<Gregorian, month> as state

properties

state :

REQUESTSTATE ;

o p e r a t i o n s

LOAN_REQUEST_STATUS create () type create

p u t _ i n _ t h e _ w a i t list () t y p e e v o l u t i o n

refuse () t y p e e v o l u t i o n

accept () t y p e e v o l u t i o n

endtemporal-class

temporal class for basic class REPAYMENT o f LOAN extents repayments

time dimensions

VT PERIOD-A<Gregorian, month> a s h i s t o r y p a r t i a l

T T a s h i s t o r y

properties

a m o u n t _ p a i d :

REAL

o p e r a t i o n s

REPAYMENT creat e (r : structure(REPAYMENT)) type create

u p d a t e ( r : structure(REPAYMENT) ) t y p e e v o l u t i o n

endtemporal-class

temporal class for basic class FEATURE o f LOAN extents features

time dimensions

VT PERIOD-A<Gregorian, month> a s h i s t o r y p a r t i a l

properties

d u r a t i o n :

PERIOD <Gregorian,month>

TOOBIS l o n g v e r s i o n

a m o u n t :

REAL

theoretic_repayment :

REAL

o p e r a t i o n s

FEATURE creat e (f : structure(FEATURE)) type create

u p d a t e () t y p e e v o l u t i o n

events

m o r e _ t h a n _ t h r e e _ r e v i s i o n s _ i n _ o n e _ y e a r

predicate « m o r e t h a n 3 r e v i s i o n s i n o n e y e a r »

trigger

bank_manager.alert ( c o n t e x t . o f )

end-trigger

endtemporal-class

temporal class for derived class INSTALMENT o f LOAN extents instalments

time dimensions

VT PERIOD-A<Gregorian, month> as history complete

properties

a m o u n t _ p a i d :

REAL

theoretic al _ a m o u n t _ t o _ r e p a y :

REAL

a m o u n t _ r e m a i n i n g :

REAL

theoretic al _ a m o u n t _ p a i d :

REAL

d e r i v a t i o n f u n c t i o n

INSTALMENT create ( b : s tructure( INSTALMENT ) ) type create

derive (INSTANT-A<Gregorian, day>) t y p e e v o l u t i o n

events

r e v i s i o n

i n d u c t i o n

m a y c o n t e x t . o f . i n v e r s e o f F E A T U R E : : o f . . m o r e _ t h a n _ t h r e e _ r e v i s i o n s _ i n _ o n e _ y e a r

predicate « Three repayments in advance »

trigger

c o n t e x t . o f . i n v e r s e o f F E A T U R E : : o f . u p d a t e ()

end-trigger

p a i d _ o f f _ l o a n

i n d u c t i o n must with o n e m o n t h d e l a y

g r e g o r i a n . o n e _ m o n t h _ a f t e r _ t h e _ e v e n t _ p a i d _ o f f _ l o a n ( c o n t e x t )

concurrent events

after l o a n d u e d a y

TOOBIS l o n g v e r s i o n

before o n e m o n t h a f t e r t h e e v e n t « p a i d _ o f f l o a n »

predicate « c o n t e x t . a m o u n t _ p a i d = c o n t e x t . o f . i n v e r s e o f F E A T U R E : : o f . a m o u n t »

trigger

c o n t e x t . o f . l o a n _ r e q u e s t . c l i e n t . i n v e r s e o f C L I E N T _ S T A T U S : : o f . inactivate ()

c o n t e x t . o f .close ()

end-trigger

F i n n i n g

predicate « Three delayed repayments »

trigger

c o n t e x t . o f . l o a n _ r e q u e s t . c l i e n t . i n v e r s e o f C L I E N T _ S T A T U S : : o f . s u s p e n d ( )

fine s .create ( c o n t e x t )

end-trigger

endtemporal-class

basic class FINE extents fine s

properties

fine _ n u m b e r :

INTEGER

a m o u n t :

REAL

l o a n

: a s s o ( o n e , LOAN

, inverse of fines )

constraints

u n i q u e ( fine _ n u m b e r )

o p e r a t i o n s

FINE creat e ( p : FEATURE ) type create

correct ( ) t y p e correction

delete () t y p e delete

queries

$Find_fine (p: structure (PAYMENT))

endbasic-class

temporal class for basic class FINE_REPAYMENT o f FINE extents fineRepayments

time dimensions

VT PERIOD-A<Gregorian, month> a s h i s t o r y p a r t i a l

T T a s h i s t o r y

properties

p a i d _ a m o u n t :

REAL

o p e r a t i o n s

FINE_REPAYMENT creation(p:structure( FINE_REPAYMENT )) type create

correct ( p o l d :structure( FINE_REPAYMENT, p new :structure( FINE_REPAYMENT) ) type correction

u p d a t e ( p:structure( FINE_REPAYMENT)) t y p e u p d a t e

TOOBIS l o n g v e r s i o n

endtemporal-class

actor-class CLIENT

properties

i d o f c l i e n t :

INTEGER

e x t e r n a l o p e r a t i o n s

s e n d _ m o n e y _ b a c k ( b : B A N K _ C L E R K )

s e n d _ f o l l o w _ u p _ l e t t e r ( )

send_loan_statement ( l:LOAN )

s e n d _ i n f o r m a t i o n _ l e t t e r ( l:LOAN )

external-events

request_arrived

message REQUEST_ARRIVAL

p : structure (LOAN_REQUESTED)

i n d u c t i o n

must I F v a l i d _ r e q u e s t ( context )

b a n k _ m a n a g e r . a c c e p t e d _ l o a n ( L o a n _ r e q u e s t s . F i n d _ l o a n _ r equest(context))

must I F n o t v a l i d _ r e q u e s t ( context )

b a n k _ m a n a g e r . r e f u s e d _ l o a n ( L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( c o n t e x t ) )

concurrent events

after new client

before accepted loan

before refused loan

predicate The client must exist

trigger

loan_request.create ( L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( c o n t e x t ) . i n v e r s e o f

l o a n _ r e q u e s t _ s t a t u s : : o f )

i f v a l i d _ r e q u e s t ( context ) then

l o a n _ r e q u e s t _ s t a t u s . p u t _ i n _ t h e _ w a i t l i s t ( context )

i f n o t ( v a l i d _ r e q u e s t ( context )) then

L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( c o n t e x t ) . i n v e r s e o f l o a n _ r e q u e s t _ s t a t u s : : o f .refuse

( context )

end-trigger

payment

message PAYMENT

i d o f l o a n : I N T E G E R

a m o u n t : R E A L

TOOBIS l o n g v e r s i o n

concurrent events

after accepted loan

predicate T h e l o a n m u s t e x i s t a n d m u s t n o t b e c l o s e d

trigger

i f active_client ( c o n t e x t ) a n d f i r s t _ p a y m e n t ( c o n t e x t ) then

repayment.create ( c o n t e x t )

i f active_client ( c o n t e x t ) a n d n o t f i r s t _ p a y m e n t ( c o n t e x t ) then

repayment. u p d a t e ( c o n t e x t )

i f ( s u s p e n d e d _ c l i e n t ( c o n t e x t ) a n d d i f f e r e n c e _ p o s i t i v e ( c o n t e x t )) then

repayment. u p d a t e ( c o n t e x t )

i f ( s u s p e n d e d _ c l i e n t ( c o n t e x t ) a n d d i f f e r e n c e _ p o s i t i v e _ o r _ z e r o ( c o n t e x t )) then

L o a n _ r e q u e s t s . F i n d _ l o a n ( c o n t e x t . i d - o f l o a n ) . l o a n _ r e q u e s t . c l i e n t . i n v e r s e o f

C L I E N T _ S T A T U S : : o f .activate ()

F i n d _ f i n e ( c o n t e x t ) .close ()

i f s u s p e n d e d _ c l i e n t ( ) then

fineRepayment .create ( c o n t e x t )

end-trigger

endactor-class

actor-class BANK_MANAGER

properties

i d o f b a n k _ m a n a g e r :

STRING

e x t e r n a l o p e r a t i o n s

alert (f:FEATURES)

external-events

accepted _ l o a n

message ACCEPTED _LOAN

i d o f l o a n _ r e q u e s t : I N T E G E R

i n d u c t i o n

m a y multiple bank_clerk.client´s_payment_retrieved ()

must m u l t i p l e c l i e n t . p a y m e n t ( L o a n s . F i n d _ l o a n ( c o n t e x t ) )

must g r e g o r i a n . t h r e e _ d a y s _ a f t e r _ t h e _ l o a n - b e g i n n i n g - d a t e ( )

must m u l t i p l e g r e g o r i a n . l o a n _ d u e _ d a y ( )

concurrent-events

after request arrival

before payment

before client´s payment retrieved

before t h r e e d a y s a f t e r t h e l o a n b e g i n n i n g d a t e

before l o a n d u e d a y

TOOBIS l o n g v e r s i o n

predicate the loan request must exist

trigger

L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( c o n t e x t ) .loan_request_status.accept ()

L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( c o n t e x t ) . client.inverse of

CLIENT _ S T A T U S : : o f . activate ()

loan.create ( L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( context ) )

feature.create ( L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( context ))

instalment .create ( L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( context ))

endtrigger

r efused _ l o a n

message REFUSED _LOAN

i d o f l o a n _ r e q u e s t : I N T E G E R

concurrent-events

after request arrival

predicate the loan request must exist

trigger

L o a n _ r e q u e s t s . F i n d _ l o a n _ r e q u e s t ( c o n t e x t ) . l o a n _status.refuse ( context )

endtrigger

new_client

message NEW_CLIENT

i d o f c l i e n t : I N T E G E R

c : structure (CLIENT)

m : structure (MONTHLY_SALARY)

i n d u c t i o n

m a y client.request_arrived (client)

concurrents-events

before request arrival

predicate t h e c l i e n t d o e s n o t e x i s t

trigger

client.create ( context )

client_status.inactivate ( context )

monthly_salary.create ( context )

endtrigger

endactor-class

actor-class BANK_CLERK

properties

TOOBIS l o n g v e r s i o n

i d o f b a n k _ c l e r k :

STRING

external-events

client’s_payment_retrieved

message CLIENT’S_PAYMENT_RETRIEVED

p : structure (REPAYMENT)

concurrents-events

after accepted loan

predicate t h e l o a n m u s t e x i s t

trigger

repayment. u p d a t e ( c o n t e x t )

i f taxation_mistake ( c o n t e x t ) then

l o a n s . F i n d _ l o a n ( c o n t e x t . i d o f l o a n ) . l o a n _ r e q u e s t . c l i e n t . i n v e r s e o f

C L I E N T _ S T A T U S : : o f .activate ()

f i n e s . F i n d _ f i n e ( c o n t e x t ) .delete ()

i f taxation_mistake ( c o n t e x t ) a n d t a x _ p a y m e n t _ e x i s t ( c o n t e x t ) then

f i n e s . F i n d _ f i n e ( c o n t e x t ) . I n v e r s e o f f i n e R e p a y m e n t : : o f .delete ()

client. s e n d _ m o n e y _ b a c k ( c o n t e x t . i d o f b a n k _ c l e r c k )

endtrigger

endactor-class

calendar class Gregorian

temporal-events

l o a n _ d u e _ d a y w i t h time relative to object

i n d u c t i o n

m a y I F t h r e e _ r e p a y m e n t s _ i n _ a d v a n c e ( c o n t e x t )

i n s t a l m e n t . r e v i s i o n ( c o n t e x t )

m a y IF (three delayed repayment)

i n s t a l m e n t . f i n n i n g ( c o n t e x t )

must i n s t a l m e n t . p a i d _ o f f _ l o a n ( c o n t e x t )

concurrent events

after accepted loan

before p a i d o f f l o a n

predicate « d a y ( n o w ( ) ) = L o a n . d u e d a y »

trigger

instalment . derive ( context.time ) t y p e e v o l u t i o n

end-trigger

TOOBIS l o n g v e r s i o n

o n e _ m o n t h _ a f t e r _ t h e _ e v e n t _ " p a i d _ o f f _ l o a n " with time relative to event

concurrent events

after p a i d o f f l o a n

predicate « One month after p a i d _ o f f _ l o a n

.time »

trigger

c l i e n t ( c o n t e x t . l o a n ) . s e n d _ f o l l o w _ u p _ l e t t e r ( )

end-trigger

t h e _ f i r s t _ o f _ e a c h _ m o n t h with periodic time

predicate « F o r e a c h f i r s t d a y o f a m o n t h »

trigger

FOR EACH c IN set_of_loans c.loan_request.client.send_loan_statement ( c )

end-trigger

t h r e e _ d a y s _ a f t e r _ t h e _ l o a n _ b e g i n n i n g _ d a t e with time relative to object

concurrent events

after accepted loan

predicate « t h r e e d a y s a f t e r L o a n . b e g i n i n g d a t e »

trigger

context.loan_request.client. . s e n d _ i n f o r m a t i o n _ l e t t e r ( c o n t e x t )

end-trigger

t h e _ 1 / 1 / 2 0 0 0 with absolute time

predicate « a t t h e i n s t a n t 1 - 1 - 2 0 0 0 »

trigger

FOREACH l i n s e t _ o f _ l o a n s l . l o a n . i n c r e a s e _ t h e _ r a t e _ o f _ o n e _ p e r _ c e n t ( )

end-trigger

endcalendar-class

d o m a i n C L I E N T S T A T E :

{ active, inactive, suspended}

e n d d o m a i n

d o m a i n R E Q U E S T S T A T E :

{refused, accepted, waiting}

e n d d o m a i n

d o m a i n PERCENTAGE : [ 0 . . 1 0 0 ]

TOOBIS l o n g v e r s i o n

e n d d o m a i n

t r i g g e r i n g - c o n d i t i o n

b o o l e a n valid_request (c:COMING_OF_THE_DEMAND)

comment i f t h e c l i e n t h a s a r e g u l a r m o n t h l y s a l a r y a n d h a s n e v e r b e e n s y s p e n d e d

e n d t r i g g e r i n g - c o n d i t i o n

t r i g g e r i n g - c o n d i t i o n

b o o l e a n active_client (p:PAYMENT)

comment if the client is active

e n d t r i g g e r i n g - c o n d i t i o n

t r i g g e r i n g - c o n d i t i o n

b o o l e a n s u s p e n d e d _ c l i e n t ( p : P A Y M E N T )

comment i f t h e c l i e n t i s s u s p e n d e d

e n d t r i g g e r i n g - c o n d i t i o n

t r i g g e r i n g - c o n d i t i o n

b o o l e a n d i f f e r e n c e _ p o s i t i v e _ o r _ z e r o ( p : P A Y M E N T )

comment i f t h e d i f f e r e n c e b e t w e e n t h e p a y m e n t a n d t h e t a x i s p o s i t i v e o r e q u a l t o z e r o

e n d t r i g g e r i n g - c o n d i t i o n

t r i g g e r i n g - c o n d i t i o n

b o o l e a n difference_positive (p:PAYMENT)

comment if the difference between the payment and the tax is positive e n d t r i g g e r i n g - c o n d i t i o n

t r i g g e r i n g - c o n d i t i o n

b o o l e a n taxation_mistake (p:CLIENT’S_PAYMENT_RETRIEVED)

comment a payment is retrieved

e n d t r i g g e r i n g - c o n d i t i o n

t r i g g e r i n g - c o n d i t i o n

b o o l e a n t a x _ p a y m e n t _ e x i s t ( p : C L I E N T ’ S _ P A Y M E N T _ R E T R I E V E D )

comment a p a y m e n t e x i s t f o r t h i s t a x

e n d t r i g g e r i n g - c o n d i t i o n

4 . 4 . 3 . 7 V a c u u m i n g r u l e s

The rules applied for the administration of the database are the following :

TOOBIS l o n g v e r s i o n

·

eraset emp o ral i n fo rmat i o n rel at ed t o cu rren t l o an swh en t h eyaremo ret h an t en yearso l d ( i n st a l men t ,

rep a ymen t a n d f i n e t emp o ral cl asses). Th et ri ggeri n go ft h esevacu u mi n gact i vi t i esare au t o mat i cwh en

the situation is detected.

·

eraset h ei n fo rmat i o n rel at ed t o l o an swh en t h eyare cl o sed d u ri n gmo ret h an 5 years. Th et ri ggeri n go f

the vacuuming activities is done manually by the database administrator when it is alerted

TOOBIS l o n g v e r s i o n

Dynamicschema

Databas e

adm inis tr ator

Loan_vac uum ing er as e ins talm ent

er as e

F ine

er as e

F ineRepay m ent er as e

N

Repay m ent

er as e

Loan_r eques t

er as e f eatur es er as e loan

Loan_aler t( )

Loan_aler t

Vacuumingschema(Part1)

TOOBIS l o n g v e r s i o n

er as e ins talm ent

er as e

F ine

er as e

F ineRepay m ent er as e

Repay m ent

Repay m ent_vac um m ing

ins talm ent_vac um m ing

f ine_vac um m ing

R_o

R_o

R_o

Vacuumingschema(Part2)

calendar class Gregorian

temporal-events

r e p a y m e n t _ v a c u u m i n g with time relative to object

predicate «now() - repayment.firstVT() > 10 years »

trigger

c o n t e x t . erase ()

end-trigger

instalment_vacumming with time relative to object

predicate «now() - instalment.firstVT() > 10 years »

trigger

c o n t e x t . . erase ()

end-trigger

f i n e _ v a c u m m i n g with time relative to object

predicate « n o w ( ) - f i n e . f i r s t V T ( ) > 1 0 y e a r s »

trigger

c o n t e x t . . erase ()

end-trigger

loan_alert with time relative to object

predicate « n o w ( ) - l o a n . l a s t T T ( ) > 1 0 y e a r s »

trigger

i f l o a n _ c l o s e d ( c o n t e x t ) t h e n c o n t e x t . . erase ()

TOOBIS l o n g v e r s i o n

end-trigger

endcalendar-class

actor-class database_administrator

properties

i d o f database _ administrator :

STRING

external-events

l o a n _ v a c u u m i n g

message LOAN_VACUUMING

i d o f l o a n : INTEGER

predicate « loan must exist »

trigger

F i n d _ l o a n ( c o n t e x t ) . erase ()

F i n d _ l o a n ( c o n t e x t ) . inverse of INSTALMENT : :of.erase ()

F i n d _ l o a n ( c o n t e x t ) . inverse of REPAYMENT : :of.erase ()

F i n d _ l o a n ( c o n t e x t ) . loan_request.erase ()

F i n d _ l o a n ( c o n t e x t ) . features.erase ()

FOR EACH f IN

F i n d _ l o a n ( c o n t e x t ) . fines f.erase ()

FOR EACH f IN

F i n d _ l o a n ( c o n t e x t ) . fines f.fine_repayment.erase ()

end-trigger

endactor-class

TOOBIS L o n g v e r s i o n

5. A

PPENDI X : UML CO MPL I A NCE

TOOBIS L o n g v e r s i o n

Contents

5 . 1 I

NTRODUCTION

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 6

5 . 1 . 1 U M L p u r p o s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 6

5 . 1 . 2 U M L n o t a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 6

5 . 1 . 3 M a p p i n g f r o m O O M a n d T O O M t o U M L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 7

5 . 2 M

APPINGFROM

O O M

TO

UML . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 8

5 . 2 . 1 F r o m t h e G l o b a l S t r u c t u r e G r a p h t o t h e C l a s s D i a g r a m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 9

5 . 2 . 1 . 1 C l a s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 9

5 . 2 . 1 . 2 A c t o r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 9

5 . 2 . 1 . 3 C a l e n d a r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 0

5 . 2 . 1 . 4 L i n k s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 0

5 . 2 . 1 . 5 A s s o c i a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 1

5.2.1.6 Aggregation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 1

5 . 2 . 1 . 7 I n h e r i t a n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 2

5.2.1.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 4

5 . 2 . 2 F r o m t h e G l o b a l B e h a v i o r G r a p h t o t h e C l a s s D i a g r a m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 5

5 . 2 . 2 . 1 A c t o r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 5

5 . 2 . 2 . 2 C a l e n d a r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 5

5 . 2 . 2 . 3 C l a s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 6

5.2.2.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 7

5 . 2 . 3 F r o m t h e G l o b a l B e h a v i o r G r a p h t o t h e S e q u e n c e D i a g r a m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8

5 . 2 . 3 . 1 E x t e r n a l e v e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8

5.2.3.2 Temporal event . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8

5 . 2 . 3 . 3 I n t e r n a l e v e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 9

5 . 2 . 3 . 4 C o n t r o l C o n d i t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 0

5.2.3.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 0

5 . 2 . 4 F r o m t h e G l o b a l B e h a v i o r G r a p h t o t h e U s e C a s e M o d e l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 1

5 . 2 . 5 C a s e s t u d y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 2

5.2.5.1 Class diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 2

5.2.5.2 Sequences diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 9

5.2.5.3 Use case model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 6

5 . 3 M

APPINGFROM

T O O M

TO

UML . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 7

5 . 3 . 1 F r o m t h e G l o b a l S t r u c t u r e G r a p h t o t h e C l a s s D i a g r a m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 7

5 . 3 . 1 . 1 S n a p s h o t B a s i c C l a s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 7

5 . 3 . 1 . 2 S n a p s h o t D e r i v e d c l a s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 7

5.3.1.3 Temporal basic class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 8

5.3.1.4 Temporal derived class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 9

5.3.1.5 Temporal dictionary basic class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 0

TOOBIS L o n g v e r s i o n

5.3.1.6 Temporal dictionary derived class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 0

5 . 3 . 1 . 7 A c t o r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 1

5 . 3 . 1 . 8 C a l e n d a r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 1

5 . 3 . 1 . 9 L i n k s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 2

5 . 3 . 1 . 1 0 A s s o c i a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 2

5 . 3 . 1 . 1 1 S t a t e a s s o c i a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 2

5.3.1.12 Aggregation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 3

5.3.1.13 Temporal aggregation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 3

5 . 3 . 1 . 1 4 I n h e r i t a n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 4

5.3.1.15 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 4

5 . 3 . 2 F r o m t h e G l o b a l B e h a v i o r G r a p h t o t h e C l a s s D i a g r a m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 5

5 . 3 . 2 . 1 A c t o r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 5

5 . 3 . 2 . 2 C a l e n d a r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 5

5 . 3 . 2 . 3 C l a s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 6

5.3.2.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 7

5 . 3 . 3 F r o m t h e G l o b a l B e h a v i o r G r a p h t o t h e S e q u e n c e D i a g r a m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 8

5 . 3 . 3 . 1 E x t e r n a l e v e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 8

5.3.3.2 Temporal event . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 8

5 . 3 . 3 . 3 I n t e r n a l e v e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 8

5 . 3 . 3 . 4 C o n t r o l C o n d i t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 8

5.3.3.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 8

5 . 3 . 4 F r o m t h e G l o b a l B e h a v i o r G r a p h t o t h e U s e C a s e M o d e l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 0

5 . 3 . 5 C a s e s t u d y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 0

5.3.5.1 Class diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 0

5.3.5.2 Sequence diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 5

5.3.5.3 Use case model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 9

5 . 4 R

EFERENCES

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 6 1

TOOBIS L o n g v e r s i o n

5. 1 Introduction

5 . 1 . 1 UML purpose

The Unified Method Language (UML) is owned by Rational Company and it is issued from three well known OO methods :

- OMTdesignedbyJamesRumbaugh,

- OO method designed by Grady Booch,

- OOSE of Ivar Jacobson.

UM Li samet h o d fo r sp eci fyi n g, vi su al i zi n g, an d d o cu men t i n gt h e art i fact so fan o b j ect -o ri en t ed syst emu n d er d evel o p men t .

Byu n i fyi n gt h eset h reel ead i n go b j ect -o ri en t ed met h o d s, UM Lp ro vi d est h eb asi sfo r ad efact o st an d ard i n t h ed o mai n o f

object-oriented analysis and design founded on a wide base of user experience.

V ersi o n 0 . 9 1 o fUM Li sap ro p o sal fo r an OOmet h o d su b mi t t ed t o t h eOM Ggro u p . Th efi n al d eci si o n i sn o t mad eb u t t h e

p ro p o sal h asagreat ch an cet o b eco me ast an d ard i n t h eOOmet h o d sarea. Th eUM Lco mp l i an cei san i mp o rt an t i ssu efo r t h e

TOOM method.

5 . 1 . 2 UMLnotation

UM Lh asd efi n ed t h e ext ern al fo rmat o fd i agrams. Ad i agrami sap ro j ect i o n u p o n t h e el emen t so famo d el ; t h esame

el emen t smayap p ear i n mu l t i p l ed i agramsan d agi ven d i agram mayp resen t so me- b u t n o t n ecessari l yal l - o ft h ed et ai l so f

any particular element.

- Cl a ssd i a g ra m . It i st h e co reo fan UM Lmo d el . Th i svi ewsh o wst h el o gi cal st at i cst ru ct u reo fasyst em: i t sco n t en t san d

t h ei r rel at i o n sh i p st o each o t h er. In i t smo st fu n d amen t al fo rm, i t sh o wst h e el emen t sco mp o si n gt h est at eo fasyst em(t h o se

elementsthatmustberememberedfrommomenttomoment).

- Use ca sed i a g ra m . It i sagen eri cd escri p t i o n o fan en t i ret ran sact i o n i n vo l vi n gseveral o b j ect s. It can al so d escri b et h e

behavior of a set of objects, such as an organization.

- S eq u en ced i a g ra m . It sh o wst h ei n t eract i o n samo n gaset o fo b j ect si n t emp o ral o rd er. At ext d i al o gu e can acco mp an yo r

replace such a diagram. It emphasizes the temporal flow of behavior.

- Co l l a b o ra t i o n d i a g ra m . It i sascen ari o d i agramt h at sh o wst h eseq u en ceo fmessagest h at i mp l emen t san o p erat i o n o r a

transaction.

- S t a t ed i a g ra m . It d escri b est h et emp o ral evo l u t i o n o fan o b j ect o fagi ven cl assi n resp o n set o i n t eract i o n swi t h o t h er o b j ect s

i n si d eo r o u t si d et h esyst em. E ach cl assmayh ave ast at ed i agramt o d escri b ei t sd yn ami cb eh avi o r, al t h o u gh n o t al l cl asses

have interesting dynamic behavior.

- C o m p o n e n t s d i a g r a m . It represents the physical modules that provide the defining occurrence of these logical elements.

TOOBIS L o n g v e r s i o n

- D e p l o y m e n t d i a g r a m . It specifies and visualizes the physical topology upon which a software system executes.

5 . 1 . 3 Mapping from OOM and TOOM to UML

Beh avi o r i n t emp o ral ap p l i cat i o n si san i mp o rt an t asp ect t o st u d y. Th i si swh ywe ch o o sefo r OOM an even t o ri en t ed

approach and a strong integration of behavioral modeling with the two other perspectives.

In t h eOOM ap p ro ach , t h eb eh avi o r o ft h e ap p l i cat i o n i sd escri b ed i n t ermso feven t san d t ri ggeri n gru l es. An even t i sa

p art i cu l ar st at e ch an geo fo b j ect swh i ch p l ayst h ero l eo fast i mu l u si mp l yi n gt h esyst emreact i o n . Th ereact i o n o ft h esyst em

t o an even t i sexp ressed t h ro u gh t ri ggeri n gru l esi n t ermso fo p erat i o n st o p erfo rmo n o b j ect s. Th i si sa cau sal ap p ro ach o f

d yn ami csi n t h esen seo fcyb ern et i csan d cau sal t h eo ryo fo rgan i zat i o n s. It h asn u mero u sad van t agesamo n gwh i ch are(a) t h e

p o ssi b i l i t yo fb o t h agl o b al an d al o cal st u d yo ft h esyst emb eh avi o r an d (b ) at i gh t co u p l i n go ft h et h reep ersp ect i ves. Th e

i mp o rt an t p ri n ci p l eo f mi n i ma l i t y (mi n i mu mset o fco n cep t sfo r amaxi mu mrep resen t ab i l i t y) wh i ch i sawel l est ab l i sh ed

principle in science is then, fully followed.

On t h e co n t rary, UM Lu ses st at esmo d el s. Ast at esmo d el i so n l yl o cal t o a cl ass; i t exh i b i t st h ep o ssi b l est at eso fan o b j ect i n

t h e cl assan d t h e al l o wed t ran si t i o n sb et ween t h esest at es. Th i sap p ro ach l ackst h erep resen t at i o n o ft h egl o b al syst em

b eh avi o r; t h i smakesfo r examp l e, t h eval i d at i o n o ft h esp eci fi cat i o n mo red i ffi cu l t . In ad d i t i o n , t h eb eh avi o ral mo d el i n gi s

disconnected from structure and function modeling, which is bad.

Th eUM Lmet h o d i san o p en met h o d wh i ch can b e ext en d ed wi t h t h e co n cep t o fst ereo t yp e. Ast ereo t yp erep resen t st h e

met acl assi fi cat i o n o fan el emen t . It rep resen t sa cl asswi t h i n t h eUM Lmet amo d el i t sel f, i . e. , at yp eo fmo d el i n gel emen t . It i s

awayt o al l o wu sers(met h o d o l o gi st s, t o o l b u i l d ers, an d u ser mo d el ers) t o ad d n ewki n d so fmo d el i n gt yp es. E veryel emen t i n

t h eUM Lmayh ave at mo st o n est ereo t yp e; t h i s st ereo t yp ei so mi t t ed wh en t h en o rmal p red efi n ed UM Lmo d el i n gseman t i cs

su ffi ce. Th erei sasep arat el i st o fst ereo t yp esfo r each ki n d o fUM Lel emen t . S o mest ereo t yp esarep red efi n ed , b u t u sersare

al l o wed t o d efi n et h ei r o wn . S t ereo t yp esh aveseman t i ci mp l i cat i o n swh i ch mayb esp eci fi ed fo r everysp eci fi cst ereo t yp e

val u e. UM Lreco mmen d st h at t o o l sal l o weveryst ereo t yp et o b efu rt h er d i st i n gu i sh ed b yst yl e(co l o r, l i n et h i ckn ess, fi l l

p at t ern , fo n t ) aswel l asb yi co n . Th ep u rp o seo ft h i si mp ro vemen t i st o p ermi t t o o l sb u i l d ersan d u serst o t ai l o r t h eUM L’s

graphical syntax in controlled ways, and to permit model to have special visual cues.

Th i srep o rt i so rgan i zed asfo l l o wed . S ect i o n 5 . 2 p resen t st h e exp l an at i o n o ft h emap p i n gfro mOOM an d sect i o n 5 . 3 t h e

mappingfromTOOM.

TOOBIS L o n g v e r s i o n

5. 2 M a p p i n g f r o m O O M t o U M L

Th eUM Ln o t at i o n i sp ro l i fi co fd i agrams. We ch o o set o u seo n l yt h reeo ft h emfo r t h eUM Lco mp l i an ceo ft h eOOM , wi t h

the purpose to ease the bridge between the two notations.

Th e Cl a ssDi a g ra m i sco n st ru ct ed wi t h t h efo l l o wi n gst ereo t yp es: t h eo b j ect s, t h e act o rs, t h e cal en d ar an d t h e even t s. Th ese

cl assesal l o wt o kn o wt h est ru ct u reo ft h e ap p l i cat i o n . As sh o wn i n F i gu re1 5 7 , t h el i n ksb et ween t h e even t san d t h eo t h er,

classes aims to show a part of the behavior of this application.

Object

A c t o r

Calendar

Event ascertain modify

Figure 1 5 7 :linksbetweentheclassesintheClassDiagram

Th e S eq u en ceDi a g ra ms p ermi t t o sh o wt h el i n ksb et ween t h e even t s, t h eo p erat i o n san d t h emo d i fi ed cl asses. Th ese

diagrams aim to complete the behavioral view of the application.

Class

Event

Operation trigger

Figure 1 5 8 :behaviorexpressedinaSequenceDiagram

Th e UseCa seMo d el al l o wst o h ave agen eral vi ewo ft h e ap p l i cat i o n an d o ft h e ext ern al an d t emp o ral even t swh i ch h ave an

effect on it.

Th e Secti o n 5 . 2 . 1 an d 5 . 2 . 2 p resen t t h emap p i n gt o t h eCl assDi agram, S ect i o n 5 . 2 . 3 t h emap p i n gt o t h eS eq u en ceDi agrams

a n d S e c t i o n 5 . 2 . 4 the mapping to the Use Case Model. A Case study is given in Section 5 . 2 . 5 .

TOOBIS L o n g v e r s i o n

5 . 2 . 1 From the Global Structure Graph to the Class Diagram

5 . 2 . 1 . 1 C l a s s

In the OOM, a class is composed of properties, operations, queries, constraints and internal-events. However, in the UML, a

class in only composed of properties and operations. If we keep this way of modeling, we loose all the benefits of the event-

driven approach. As a consequence, we choose to use the concept of stereotype explained in the 0.91 addendum of the UML

in order to have the concept of event in the class diagram.

A class in the OOM will be represented in the UML as a class with the stereotype < o b j e c t > .

The properties a n d o p e r a t i o n s of the class will be the same in the two models.

The queries are just an other kind of operations, so they will be represented in the set of operations of the class.

The constraints can’t be represented in the class, so we will use the concept of n o t e to represent them in the diagram.

The internal events are represented in the UML compliance as a class with the stereotype <event> . This particular class will

automatically have the operation trigger-off() in order to have the possibility to set off the event when it is necessary. As a

consequence, there is a link between the object class and the event with the association ascertain . As for the constraints, the

event’s predicate is represented graphically with the concept of n o t e .

< o b j e c t>

CL ASS-1

p ro p 1

p ro p 2

o p 1

o p 2

q u 1

q u 2

< e v e n t>

EV-1

t ri g g e r-o f f ()

CL ASS-1

p ro p e rti e s

p ro p 1

p ro p 2

o p e ra ti o n s

o p 1

o p 2

q u e ri e s

q u e 1

q u e 2

c o n s tra i n ts

c 1

c 2

i n te rn a l -e v e n ts

e v 1 a s c e rt a i n

c o n s t ra i n t 1

c o n s t ra i n t 2

Gl o b a l Stru c tu re

Gra p h o f th e OOM

Cl a s s Di a g ra m o f th e UML

p re d i c a t e

Figure 1 5 9 :mappingofanobjectclass

5 . 2 . 1 . 2 Actor

Th e act o rscan b erep resen t ed i n t h egl o b al st ru ct u red i agramo ft h eOOM . It i sp o ssi b l et o d o t h esamei n t h eUM Lu si n gt h e

stereotype concept. As a result, an actor will be noted as a class with the stereotype < a c t o r > .

Th e ext ern al even t swi l l b erep resen t ed i n t h esamewayt h an t h ei n t ern al even t sfo r t h e cl asses: a cl asswi t h t h est ereo t yp e

< even t > an d t h eo p erat i o n t ri g g er-o f f () . Th e act o r an d t h e even t wi l l b el i n ked b yt h e asso ci at i o n a scert a i n an d t h ep red i cat e

represented in a n o t e .

TOOBIS L o n g v e r s i o n

< a c t o r >

A C T - 1

<event>

E V - 2

trigger-off()

A C T - 1

e x t e r n a l - e v e n t s

e v 2

e v 3

<event>

E V - 3

trigger-off() ascertain

Figure 1 6 0 :mappingofanactorclass

5 . 2 . 1 . 3

C a l e n d a r

Th erep resen t at i o n o ft h e cal en d ar cl assfo l l o wt h esamep ri n ci p l esast h eo b j ect an d act o r cl asses. An ewst ereo t yp e

< c a l e n d a r > will be used to allow its notation in the class diagram.

Th et emp o ral even t swi l l b e ext ract ed ast h eo t h er even t swi t h t h est ereo t yp e < even t > , l i n ked at t h e cal en d ar cl asswi t h t h e

association ascertain and with a n o t e explaining the predicate.

< c a l e n d a r >

C A L - 1

<event>

E V - 4

trigger-off()

C a l - 1

t e m p o r a l - e v e n t s

e v 4

e v 5

<event>

E V - 5

trigger-off()

Figure 1 6 1 :mappingofacalendarclass

5 . 2 . 1 . 4 L i n k s

Th erei sn o d i ffi cu l t i esi n t h emap p i n go ft h est ru ct u ral l i n ks si n ce al l t h el i n ksco n cep t so fOOM exi st i n t h en o t at i o n o f

UML.

5 . 2 . 1 . 5 Association

Th egrap h i cal n o t at i o n o ft h eOOM i srep l aced b yt h en u meral mean i n go fi t . Ift h e card i n al i t yrep resen t saran ge, i t can b e

n o t ed wi t h t wo n u mb ers: o n efo r t h emi n i mal an d o n efo r t h emaxi mal val u es. Ifi t co rresp o n d st o a co n st an t n u mb er, t h i so n e

is represented alone. The cardinality N is represented with the ’*’ symbol.

TOOBIS L o n g v e r s i o n

works for

H o s p i t a l

Doctor

a d o c t o r w o r k s f o r z e r o o r o n e h o s p i t a l employs i s f o l l o w e d b y

P a t i e n t Doctor

a d o c t o r m a y f o l l o w m a n y p a t i e n t s

(zero or more)

a p a t i e n t i s f o l l o w e d b y e x a c t l y o n e d o c t o r

i s f o l l o w e d b y

P a t i e n t Doctor

1+

a d o c t o r m a y f o l l o w o n e o r m o r e p a t i e n t s f o l l o w s

f o l l o w s

works for

H o s p i t a l

Doctor

employs i s f o l l o w e d b y

P a t i e n t Doctor

i s f o l l o w e d b y

P a t i e n t Doctor

1+ f o l l o w s

f o l l o w s

*

*

1

1

0 . . 1

Figure 1 6 2 :mappingoftheassociationlink

5 . 2 . 1 . 6 Aggregation

Th e aggregat i o n symb o l i st h esamei n t h et wo met h o d s. Th eo n l yn o t at i o n t h at ch an gesi st h e card i n al i t ysymb o l asfo r t h e

association link.

TOOBIS L o n g v e r s i o n

BOOK

COPY copies

BOOK

COPY copies

1 +

SUBSCRIBER

ADDRESS sub_address

SUBSCRIBER

ADDRESS sub_address

BOOK

COPY copies

BOOK

COPY copies

1 . . *

SUBSCRIBER

ADDRESS sub_address

SUBSCRIBER

ADDRESS sub_address

*

0..1

1

1

1

1

1

Figure 1 6 3 :mappingoftheaggregationlink

5 . 2 . 1 . 7 I n h e r i t a n c e

Th ei n h eri t an cei sexp ressed i n UM Lasah o l l o warro w-h ead i n st ead o fat ri an gl ei n OOM . Th en o t at i o n fo r t h ei n h eri t an ce

co n st rai n t si n OOM wast h eh o l l o wt ri an gl efo r t h ed i sj o i n t co n st rai n t , t h eb l ackt ri an gl efo r t h eo verl ap p i n gco n st rai n t , t h e

eq u al symb o l wi t h h o l l o wt ri an gl efo r t h e co veri n gco n st rai n t an d t h e eq u al symb o l wi t h t h eb l ackt ri an gl efo r t h ep art i t i o n

co n st rai n t . In t h eUM L, t h e co rresp o n d i n gsymb o l sare al l rep resen t ed wi t h t h eh o l l o warro w-h ead ad d i n gt o t h e

c o r r e s p o n d i n g n o t a t i o n { d i s j o i n t } , { o v e r l a p p i n g } , { c o v e r i n g } a n d { p a r t i t i o n } .

TOOBIS L o n g v e r s i o n

p a t i e n t d o c t o r person

student e m p l o y e e person disjoint constraint

overlapping constraint

t e a c h e r student

= person covering constraint p a t i e n t d o c t o r person

{disjoint}

student e m p l o y e e person

{overlapping}

t e a c h e r student person

{covering}

w o m a n man person

{�partition}

w o m a n man sex

= person partition constraint

Figure 1 6 4 :mappingoftheinheritancelink

TOOBIS L o n g v e r s i o n

5 . 2 . 1 . 8 S u m m a r y

Global Structure Diagram of OOM Class Diagram of UML

object class stereotype <object>

attributes of the class attributes of the class

operation encapsulated in the object class o p e r a t i o n e n c a p s u l a t e d i n t h e c l a s s

queries encapsulated in the object class q u e r i e s e n c a p s u l a t e d i n t h e c l a s s a s o p e r a t i o n s

event encapsulated in the object class stereotype <event>

c l a s s ascertain event

predicate of the internal event note with the predicate

c a l e n d a r c l a s s stereotype <calendar>

e v e n t e n c a p s u l a t e d i n t h e c a l e n d a r c l a s s stereotype <event>

c a l e n d a r ascertain event

predicate of the temporal event note with the predicate

actor class stereotype <actor>

event encapsulated in the actor class stereotype <event>

actor ascertain event

predicate of the external event note with the predicate

TOOBIS L o n g v e r s i o n

5 . 2 . 2 From the Global Behavior Graph to the Class Diagram

5 . 2 . 2 . 1 Actor

Al t h o u gh t h e act o rsaren o t everyt i mesrep resen t ed i n t h egl o b al st ru ct u regrap h , t h eyare al waysfo u n d i n t h egl o b al

b eh avi o r grap h o ft h eOOM . Asa co n seq u en ce, i ft h e cl assd i agramd o esn ’t co n t ai n t h e act o rs, i t i sp o ssi b l et o co mp l et ei t

with this graph. In the same way, it is possible to find the external events associated with the actor.

The behavior graph can also be useful to find the associations m o d i f y between the external events and the objects.

< a c t o r >

A C T - 1

<event>

E V - 3

trigger-off()

CLASS-1

G l o b a l b e h a v i o r g r a p h o f t h e O O M

A C T - 1

Op1

Op2

E v - 3

< o b j e c t >

C L A S S - 1

p r o p 1

p r o p 2

o p 1

o p 2

q u 1

q u 2 ascertain modify

C l a s s d i a g r a m o f t h e U M L

Figure 1 6 5 :mappingofanactor

5 . 2 . 2 . 2 C a l e n d a r

In t h esameway, t h e cal en d ar i sn o t al waysrep resen t ed i n t h egl o b al st ru ct u regrap h . Th egl o b al b eh avi o r grap h can b eu sefu l

to find the temporal events and to represent the calendar class.

Asfo r t h e act o rs, t h i sgrap h can b eu sefu l t o fi n d t h e asso ci at i o n smo d i fyb et ween t h et emp o ral even t san d t h emo d i fi ed

classes.

TOOBIS L o n g v e r s i o n

<event>

E V - 4

trigger-off()

G l o b a l b e h a v i o r g r a p h o f t h e O O M

Ev4

CLASS-1

Op1

Op2

< c a l e n d a r >

C A L - 1

< o b j e c t >

C L A S S - 1

p r o p 1

p r o p 2

o p 1

o p 2

q u 1

q u 2 modify

C l a s s D i a g r a m o f t h e U M L

Figure 1 6 6 :mappingofacalendar

5 . 2 . 2 . 3 C l a s s

On t h e co n t rary, t h e cl assesare al waysrep resen t ed i n t h egl o b al st ru ct u regrap h . Th egl o b al b eh avi o r grap h can st i l l b eu sefu l

to find the associations m o d i f y between the internal events and the modified classes.

<event>

E V - 1

trigger-off()

< o b j e c t >

C L A S S - 2

p r o p 3

o p 3 modify

C l a s s D i a g r a m o f t h e U M L

CLASS-1

G l o b a l b e h a v i o r g r a p h o f t h e O O M

E v - 1

CLASS-2

Op3

< o b j e c t >

C L A S S - 1

p r o p 1

p r o p 2

o p 1

o p 2

q u 1

q u 2

Figure 1 6 7 :mappingofaclass

TOOBIS L o n g v e r s i o n

5 . 2 . 2 . 4 S u m m a r y

Global Behavior Diagram of OOM Class Diagram of UML

c l a s s stereotype <object>

actor stereotype <actor>

c a l e n d a r stereotype <calendar>

internal event stereotype <event>

c l a s s 1 ascertain event

event modify c l a s s 2

external event stereotype <event>

actor ascertain event

event modify c l a s s

temporal event stereotype <event>

c a l e n d a r ascertain event

event modify c l a s s

TOOBIS L o n g v e r s i o n

5 . 2 . 3 From the Global Behavior Graph to the Sequence Diagram

Th eseq u en ced i agramsareu sefu l t o sh o w wh i ch o p erat i o n saret ri ggered b yt h e even t s. Wed rawo n eseq u en ced i agramfo r

each event defined.

Aseq u en ced i agramco n t ai n sat l east t h reevert i cal l i n es: o n efo r t h erel easeo b j ect , o n efo r t h e even t an d o n e(o r mo re) fo r

the object(s) modified by this event.

It al so co n t ai n sat l east t wo h o ri zo n t al l i n es: o n efo r t h e t ri g g er-o f f () o p erat i o n b et ween t h erel easeo b j ect an d t h e even t an d

one (or more) for the operation(s) that modify the object(s) between this (these) one(s) and the event.

5 . 2 . 3 . 1 E x t e r n a l e v e n t

Th e act o r i srep resen t ed ast h efi rst vert i cal l i n e an d t h e ext ern al even t ast h eseco n d o n e. Th eo p erat i o n t ri g g er-o f f () i st h e

horizontal line that makes the link between them.

E ach t ri ggered o p erat i o n sco rresp o n d san h o ri zo n t al l i n efro mt h e even t t o t h emo d i fi ed o b j ect s(each o ft h emsh o wn asa

vertical line).

CLASS-1

G l o b a l b e h a v i o r g r a p h o f t h e O O M

A C T - 1

Op1

E v - 3

A C T - 1 E V - 3 C L A S S - 1

trigger-off()

O p 1 ( )

S e q u e n c e D i a g r a m o f t h e U M L

CLASS-3

Op4

C L A S S - 3

O p 4 ( )

Figure 1 6 8 : mappingofanexternalevent

5 . 2 . 3 . 2 T e m p o r a l e v e n t

Th ewayt o d rawaseq u en ced i agramfo r at emp o ral even t fo l l o wst h esamep ro cesst h an t h eo n efo r an ext ern al even t , excep t

that the first vertical line represents the calendar instead of the actor.

TOOBIS L o n g v e r s i o n

CLASS-1

G l o b a l b e h a v i o r g r a p h o f t h e O O M

Op2

E v - 4

C A L E N D A R E V - 4 C L A S S - 1

trigger-off()

O p 2 ( )

S e q u e n c e D i a g r a m o f t h e U M L

Op1

Figure 1 6 9 :mappingofatemporalevent

5 . 2 . 3 . 3 I n t e r n a l e v e n t

Th ewayt o d rawaseq u en ced i agramfo r at emp o ral even t fo l l o wst h esamep ro cessasfo r t h e ext ern al an d t emp o ral even t s,

except that the first vertical line represents the class instead of the actor or calendar.

CLASS-1

G l o b a l b e h a v i o r g r a p h o f t h e O O M

E v - 1

C L A S S - 1 E V - 1 C L A S S - 2

trigger-off()

O p 3 ( )

S e q u e n c e D i a g r a m o f t h e U M L

Op2

Op1

CLASS-2

Op3

Figure 1 7 0 :mappingofaninternalevent

TOOBIS L o n g v e r s i o n

5 . 2 . 3 . 4 Control Condition

It i sp o ssi b l et o sh o wt h e co n t ro l co n d i t i o n so ft h egl o b al b eh avi o r grap h o n t h eseq u en ced i agramsb yn o t i n gt h emb efo ret h e

name of the operations and by drawing the operations lines from the same point on the event line.

CLASS-1

G l o b a l b e h a v i o r g r a p h o f t h e O O M

E v - 1

C L A S S - 1 E V - 1 C L A S S - 2

trigger-off()

[C1] Op3()

S e q u e n c e D i a g r a m o f t h e U M L

Op2

Op1

CLASS-2

Op3

Op4

C 1

C 1

[not C1] Op4()

Figure 1 7 1 :mappingofacondition

5 . 2 . 3 . 5 S u m m a r y

Global Behavior Diagram of OOM S e q u e n c e D i a g r a m o f U M L

Actor Actor on the first vertical line

C a l e n d a r C a l e n d a r o n t h e f i r s t v e r t i c a l l i n e

Release object Object on the first vertical line

Event Event on the second vertical line

tri g g er-of f () oper a ti on on th e h or i z on ta l l i n e

between the first two vertical lines

Modified object(s) Obj ect(s ) on th e th i r d ver ti ca l l i n e, on th e four th ,

o n t h e f i f t h . . .

Operation that modify an object Oper a ti on on th e h or i z on ta l l i n e betw een th e even t

and the modified object

Condition before an operation Con d i ti on on th e h or i z on ta l l i n e befor e th e

operation

TOOBIS L o n g v e r s i o n

5 . 2 . 4 From the Global Behavior Graph to the Use Case Model

Th ere aret wo ki n d so fUseCaseM o d el : t h et o p -l evel an d t h el o w-l evel . Th et o p -l evel UseCaseM o d el wi l l sh o wt h e act o rs

wh i ch act o n t h e ap p l i cat i o n an d t h eu se casesp erfo rmed fo l l o wi n gt h e ext ern al even t s. Th el o w-l evel o n eswi l l sh o wt h e

sameb u t l o cal l yt o o n eo b j ect cl ass. Th esel ast o n eswi l l n o t b eu sefu l fo r u s si n cet h ei n fo rmat i o n wi l l b et h esame asi n t h e

Sequence Diagrams. As a consequence, we will only use the top-level Use Case Model.

Acco rd i n gt o UM L, t h emean i n go faUseCasei so ft en wri t t en asan i n fo rmal t ext d escri p t i o n o ft h e ext ern al act o rsan d t h e

seq u en ceso fi n t eract i o n sb et ween o b j ect st h at makeu p t h et ran sact i o n . We assu met h at each ext ern al an d t emp o ral even t

b egan at ran sact i o n i n t o t h e ap p l i cat i o n . Asa co n seq u en ce, each UseCasei st h eseq u en ceo fo p erat i o n st ri ggered b yan

external or a temporal event and can be named with its name.

Th e ap p l i cat i o n i srep resen t ed asab o x. Th e act o rsan d t h e cal en d arsarep l aced o u t si d et h i sb o xan d h avel i n kswi t h t h eu se

cases placed inside.

A CT-1

A CT-2

A CT-3

A P P LI CA

TI ON

Tr e a tm e nt

ofE V -1

Tr e a tm e nt

ofE V -2

Tr e a tm e nt

ofE V -3

Tr e a tm e nt

ofE V -4

A CT-1

E V -1

E V -3

A CT-2

E V -4

A CT-3

E V -2

Us e Ca s e M ode l

Gl oba l Be ha v i or Gr a ph

E V -5

CLOCK

Tr e a tm e nt

ofE V -5

Figure 1 7 2 :mappingtotheUseCaseModel

TOOBIS L o n g v e r s i o n

5 . 2 . 5 Casestudy

Th el i b raryman agemen t ap p l i cat i o n i st h e casest u d yfo u n d i n ch ap t er 3 . Th i s sect i o n i l l u st rat est h eu seo ft h eUM L

compliance rules on the case study « Librarymanagement » .

5 . 2 . 5 . 1 C l a s s d i a g r a m

constraints

u n i q u e ( P e r s o n s , f a m i l y n a m e ,

f i r s t n a m e , d a t e o f b i r t h )

<Object>

PERSON

i d o f p e r s o n : s t r i n g

family name : string

f i r s t n a m e : s t r i n g

a d d r e s s : s t r i n g

d a t e o f b i r t h : d a t e

p r o f e s s i o n : s t r i n g

PERSON creation(p:structure(PERSON))

< O b j e c t >

EDITOR

EDITOR creation(e:structure

( E D I T O R ) )

<Object>

AUTHOR

AUTHOR creation(a:structure

( A U T H O R ) )

<Object>

SUBSCRIBER

n u m b e r o f c o p i e s i n - h a n d : i n t e g e r

d a t e o f s u b s c r i p t i o n : d a t e

state : subscriber_state

SUBSCRIBER registration(s:structure

( S U B S C R I B E R ) )

s u s p e n s i o n ( )

e x c l u s i o n ( )

p a y m e n t o f s u b s c r i p t i o n ( )

a d d t o c o p i e s i n - h a n d ( )

r e d u c e f r o m c o p i e s i n - h a n d ( )

S U B S C R I B E R f i n d _ s u b s c r i b e r ( i d : s t r i n g )

constraints

u n i q u e ( B o o k s , r e f e r e n c e )

<Object>

BOOK

reference : string

t i t l e : s t r i n g

e d i t i o n d a t e : d a t e

l a s t e d i t i o n : s t r i n g

price: integer

BOOK purchase(p:PURCHASED_COPY)

C O P Y a d d _ c o p y ( p : P U R C H A S E D _ C O P Y )

BOOK

$

f i n d _ b o o k ( p : P U R C H A S E D _ C O P Y )

[ 1 . . N ]

1

1

[ 1 . . N ]

Figure 1 7 3 :Classdiagram(part1)

TOOBIS L o n g v e r s i o n

<Object>

R E Q U E S T

date of request : date

date of cancellation : date

state : request_state

REQUEST acceptation(id of subscriber:string,

r e f e r e n c e o f b o o k : s t r i n g )

REQUEST wait(id of subscriber:string,

r e f e r e n c e o f b o o k : s t r i n g )

notification()

c a n c e l l a t i o n ( )

REQUEST $ find_earliest_request(book : BOOK)

<Object>

N O T I C E

r e f e r e n c e : s t r i n g

date of notification : date

date of response : date

state : notice_state

NOTICE creation(c:COPY)

r e s p o n s e ( )

c a n c e l l a t i o n ( )

NOTICE $ find_notice(m:RESPONSE

O F N O T I F I C A T I O N ) c o n s t r a i n t s

u n i q u e ( N o t i c e s , r e f e r e n c e )

<Object>

L O A N

date borrowed : date

return date : date

nunmber of times fined : integer

state : loan_state

L O A N c r e a t i o n ( r : R E Q U E S T F O R L O A N )

expiration()

settlement()

update the number of times fined()

L O A N $ f i n d _ l o a n ( m : R E T U R N _ L O A N )

<Object>

B O O K

<Object>

S U B S C R I B E R

<Event>

A T T A I N M E N T

OF 3 FINES

trigger-off()

1

[ 1 . . N ]

*

1

1

1

[ 1 . . N ] ascertain

[ 1 . . N ]

<Object>

C o p y

<Actor>

Subscriber

<Actor>

L i b r a r i a n modify

Figure 1 7 4 :classdiagram(part2)

TOOBIS L o n g v e r s i o n

< O b j e c t >

REMINDER

r e f e r e n c e : s t r i n g

d a t e o f r e m i n d e r : d a t e

d a t e o f s e t t l e m e n t : d a t e

s t a t e : r e m i n d e r _ s t a t e

R E M I N D E R c r e a t i o n ( l : L O A N )

s e t t l e m e n t ( )

constraints

u n i q u e ( C o p i e s , r e f e r e n c e )

<Object>

B O O K

< O b j e c t >

KEYWORD

c o n t e n t : s t r i n g

c r e a t i o n d a t e : s t r i n g

K E Y W O R D c r e a t i o n

( k : s t r u c t u r e ( K E Y W O R D ) )

constraints

i n v a r i a n t s

u n i q u e ( K e y w o r d s , c o n t e n t )

<Object>

N O T I C E

<Object>

L O A N

constraints

u n i q u e ( R e m i n d e r s , r e f e r e n c e )

1

*

* *

1

1 *

<Event>

A V A I L A B I L I T Y

OF COPY

trigger-off() ascertain modify

<Actor>

Subscriber

<Actor>

L i b r a r i a n

<Object>

R e q u e s t

<Object>

Subscriber modify

< O b j e c t >

C O P Y

r e f e r e n c e : s t r i n g

d a t e a c q u i r e d : d a t e

d a t e p u t o u t f o r l o a n : d a t e

s t a t e : c o p y _ s t a t e

C O P Y p u r c h a s e ( c : s t r u c t u r e

( C O P Y ) )

r e s e r v a t i o n ( )

a v a i l a b i l i t y ( )

c h e c k o u t ( )

w e a r o u t ( )

l o s s ( )

d e l e t i o n ( )

b o o l e a n

$

e x i s t _ c o p y _ a v a i l a b l e ( )

Figure 1 7 5 :Classdiagram(part3)

TOOBIS L o n g v e r s i o n

<Calendar>

CLOCK

<Event>

Expiration of

d e l a y f o r p a y m e n t

of subsc�ription

trigger-off()

<Event>

Expiration of

w a i t i n g f o r

r e q u e s t

trigger-off()

<Event>

Expiration of

d e l a y f o r

r e t u r n i n g a b o o k

trigger-off()

<Event>

Expiration of

e a c h w e e k a f t e r t h e

l o a n h a s e x p i r e d

trigger-off()

<Event>

Expiration of

d e l a y o f

n o t i f i c a t i o n

trigger-off()

<Event>

Suspension

trigger-off()

<Event>

M o m e n t o f a n u a l

inventory

trigger-off() ascertain

ascertain

<Object>

C o p y

<Object>

L o a n

<Actor>

Subscriber

<Object>

N o t i c e

<Actor>

L i b r a r i a n

<Object>

R e q u e s t

<Object>

R e m i n d e r

<Object>

Subscriber modify

modify

modify

Figure 1 7 6 :Classdiagram(part4)

TOOBIS L o n g v e r s i o n

< A c t o r >

S U B S C R I B E R

i d o f s u b s c r i b e r : s t r i n g

s e n d _ n o t i c e ( n : N O T I C E )

s e n d _ r e m i n d e r ( r : R E M I N D E R )

s e n d _ w a i t i n g _ r e q u e s t _ m e s s a g e ( r : R E Q U E S T )

s e n d _ a c c e p t e d _ r e q u e s t _ m e s s a g e ( r : R E Q U E S T , c : C O P Y )

s e n d _ c a n c e l l e d _ r e q u e s t _ m e s s a g e ( r : R E Q U E S T )

send_exclusion_message (s: SUBSCRIBER)

<Event>

R e q u e s t f o r l o a n

trigger-off()

<Event>

Return of loan

trigger-off()

<Event>

N e w s u b s c r i p t i o n

trigger-off()

<Event>

P a y m e n t o f

s u b s c r i p t i o n

trigger-off()

<Event>

Response of

n o t i f i c a t i o n

trigger-off() ascertain

<Object>

C o p y

<Object>

Subscriber

<Object>

R e m i n d e r

<Object>

L o a n

<Actor>

Subscriber

<Object>

N o t i c e

<Actor>

L i b r a r i a n

<Object>

R e q u e s t modify

Figure 1 7 7 :Classdiagram(part5)

TOOBIS L o n g v e r s i o n

< A c t o r >

Librarian

n a m e o f l i b r a r i a n : s t r i n g

s e n d _ n o t i c e ( n : N O T I C E )

s e n d _ r e m i n d e r ( r : R E M I N D E R )

s e n d _ w a i t i n g _ r e q u e s t _ m e s s a g e ( r : R E Q U E S T )

s e n d _ a c c e p t e d _ r e q u e s t _ m e s s a g e ( l : L O A N )

s e n d _ c a n c e l l e d _ r e q u e s t _ m e s s a g e ( r : R E Q U E S T )

send_exclusion_message (s: SUBSCRIBER)

send_suspension_message (s: SUBSCRIBER)

s e n d _ l o s t _ c o p y _ m e s s a g e ( c : C O P Y )

s e n d _ i n v e n t o r y _ m e s s a g e ( s : s e t ( C O P Y ) )

s e n d _ n o _ c o p y _ m e s s a g e ( b : B O O K )

<Event>

P u r c h a s e d _ C o p y

trigger-off()

<Event>

Decision_for_worn_

o u t _ c o p i e s

trigger-off() ascertain ascertain

<Object>

B o o k

<Object>

A u t h o r

<Object>

K e y w o r d

<Object>

E d i t o r

<Object>

C o p y modify

modify

modify

Figure 1 7 8 :Classdiagram(part6)

TOOBIS L o n g v e r s i o n

< A c t o r >

Librarian

n a m e o f l i b r a r i a n : s t r i n g

s e n d _ n o t i c e ( n : N O T I C E )

s e n d _ r e m i n d e r ( r : R E M I N D E R )

s e n d _ w a i t i n g _ r e q u e s t _ m e s s a g e ( r : R E Q U E S T )

s e n d _ a c c e p t e d _ r e q u e s t _ m e s s a g e ( l : L O A N )

s e n d _ c a n c e l l e d _ r e q u e s t _ m e s s a g e ( r : R E Q U E S T )

send_exclusion_message (s: SUBSCRIBER)

send_suspension_message (s: SUBSCRIBER)

s e n d _ l o s t _ c o p y _ m e s s a g e ( c : C O P Y )

s e n d _ i n v e n t o r y _ m e s s a g e ( s : s e t ( C O P Y ) )

s e n d _ n o _ c o p y _ m e s s a g e ( b : B O O K )

<Event>

P u r c h a s e d _ C o p y

trigger-off()

<Event>

Decision_for_worn_

o u t _ c o p i e s

trigger-off()

<Object>

B o o k

<Object>

A u t h o r

<Object>

K e y w o r d

<Object>

E d i t o r

<Object>

C o p y modify

modify

modify ascertain

Figure 1 7 9 :Classdiagram(part7)

TOOBIS L o n g v e r s i o n

<Event>

A V A I L A B I L I T Y

OF COPY

trigger-off() ascertain

<Object>

C o p y modify

<Object>

C o p y

<Actor>

Subscriber

<Actor>

L i b r a r i a n

<Object>

R e q u e s t

<Object>

Subscriber

Figure 1 8 0 :Classdiagram,part8

5 . 2 . 5 . 2 S e q u e n c e s d i a g r a m s

COPY

C h e c k o u t

L O A N

C r e a t i o n

C 1 : V a l i d r e q u e s t

C 2 : C o p y n o t a v a i l a b l e

SUBSCRIBER

( a c t o r )

Loanrequest

S e n d w a i t i n g

r e q u e s t m e s s a g e

S e n d a c c e p t e d

r e q u e s t m e s s a g e trigger-off

LIBRARIAN

S e n d a c c e p t e d

r e q u e s t m e s s a g e

REQUEST

A c c e p t a t i o n

Wait

SUBSCRIBER

A d d t o c o p i e s i n h a n d

A c c e p t a t i o n

[C1]

[C2]

[C1]

[C2]

[C1]

[C1]

[C1]

[C1]

[C1]

TOOBIS L o n g v e r s i o n

Figure 1 8 1 :Sequencediagramofthe l o a n r e q u e s t event

REMINDER

SUBSCRIBER

( a c t o r )

Loanreturn

trigger-off

SUBSCRIBER COPY

L O A N

R e d u c e f r o m c o p i e s

in hand

Availability

Settlement

Settlement

Figure 1 8 2 :Sequencediagramofthe l o a n r e t u r n event

Expiration of

delayfor

returning a book

trigger-off

L O A N

Expiration

CLOCK

[C3]

C3: loan is valid

Figure 1 8 3 :Sequencediagramofthe e x p i r a t i o n o f d e l a y f o r r e t u r n i n g a b o o k event

Expirationofeach

weekaftertheloan

hadexpired

trigger-off

L O A N

Update the

number of times

fined

CLOCK

[C4]

Creation

[C4]

R E M I N D E R

C4: loan is expired

Figure 1 8 4 :Sequencediagramofthe e x p i r a t i o n o f e a c h w e e k a f t e r t h e l o a n h a d e x p i r e d event

TOOBIS L o n g v e r s i o n

Decisionforworn

out copies

trigger-off

COPY

Wear out

L I B R A R I A N

[C5]

C5: copy is in the set of for

worn out copies

Figure 1 8 5 :Sequencediagramofthe d e c i s i o n f o r w o r n o u t c o p i e s event

Moment of annual

inventory

trigger-off

COPY

Deletion

CLOCK

[C1]

Send inventory

message

L I B R A R I A N

C1: copy in the set of

worn out or lost

Figure 1 8 6 :Sequencediagramofthe m o m e n t o f a n n u a l i n v e n t o r y event

E x p i r a t i o n o f w a i t i n g

f o r r e q u e s t

trigger-off

SUBSCRIBER

( a c t o r )

Send cancelled

request message

CLOCK

[C2]

L I B R A R I A N

C2: Request is waiting

Send cancelled

request message

[C2]

REQUEST

Cancellation

[C2]

Figure 1 8 7 :Sequencediagramofthe e x p i r a t i o n o f w a i t i n g f o r r e q u e s t event

TOOBIS L o n g v e r s i o n

E x p i r a t i o n o f d e l a y f o r

p a y m e n t o f s u b s c r i p t i o n

trigger-off

SUBSCRIBER

Suspension

CLOCK

[C1]

Send suspension

message

L I B R A R I A N

C1: subscriber is valid

[C1]

Figure 1 8 8 :Sequencediagramofthe e x p i r a t i o n o f d e l a y f o r p a y m e n t o f s u b s c r i p t i o n event

S u s p e n s i o n

trigger-off

SUBSCRIBER

Suspension

CLOCK

Send suspension

message

L I B R A R I A N

C1: subscriber is valid

Figure 1 8 9 :Sequencediagramofthe s u s p e n s i o n event

N e w s u b s c r i p t i o n

trigger-off

SUBSCRIBER

Registration

SUBSCRIBER

(actor)

Figure 1 9 0 :Sequencediagramofthe n e w s u b s c r i p t i o n event

TOOBIS L o n g v e r s i o n

P a y m e n t o f

s u b s c r i p t i o n

trigger-off

SUBSCRIBER

Payment of

subscription

SUBSCRIBER

(actor)

Figure 1 9 1 :Sequencediagramofthe p a y m e n t o f s u b s c r i p t i o n event

EDITOR

LIBRARIAN

P u r c h a s e d c o p y

trigger-off

BOOK AUTHOR

KEYWORD

P u r c h a s e

Creation

Creation

Creation

[C3]

[C3]

[C3]

[C4]

C 3 : N o t e x i s t b o o k r e f e r e n c e

C4: Not exist book reference and author

Figure 1 9 2 :Sequencediagramofthe p u r c h a s e d c o p y event

TOOBIS L o n g v e r s i o n

COPY

C h e c k o u t

L O A N

C r e a t i o n

SUBSCRIBER

( a c t o r )

R e s p o n s e o f

n o t i f i c a t i o n

S e n d a c c e p t e d

r e q u e s t m e s s a g e trigger-off

LIBRARIAN

S e n d a c c e p t e d

r e q u e s t m e s s a g e

NOTICE

Response

REQUEST

A c c e p t a t i o n

Figure 1 9 3 :Sequencediagramofthe r e s p o n s e o f n o t i f i c a t i o n event

SUBSCRIBER

A d d t o c o p i e s i n h a n d

COPY

A v a i l a b i l i t y o f c o p y

trigger-off

REQUEST

N o t i f i c a t i o n

LIBRARIAN

S e n d n o t i c e

SUBSCRIBER

( a c t o r )

S e n d n o t i c e

[C1]

[C1]

[C1]

[C1]

C1: Exist waiting request

Reservation

[C1]

Figure 1 9 4 :Sequencediagramofthe a v a i l a b i l i t y o f c o p y event

TOOBIS L o n g v e r s i o n

R e d u c e f r o m c o p i e s i n h a n d

CLOCK

Expiration of delay

of notification

trigger-off

REQUEST

Cancellation

LIBRARIAN

S e n d c a n c e l l e d r e q u e s t

message

SUBSCRIBER

( a c t o r )

S e n d c a n c e l l e d r e q u e s t

message

[C2]

[C2]

[C2]

[C2]

C2: Request is attended

Availability

[C2]

SUBSCRIBER

NOTICE

Cancellation

[C2]

Figure 1 9 5 :Sequencediagramofthe e x p i r a t i o n o f d e l a y o f n o t i f i c a t i o n event

SUBSCRIBER

E x c l u s i o n

L O A N

A t t a i n m e n t o f 3 f i n e s

trigger-off

COPY

Loss

LIBRARIAN

S e n d e x c l u s i o n m e s s a g e

SUBSCRIBER

( a c t o r )

S e n d e x c l u s i o n m e s s a g e

[C1]

[C1]

[C1]

[C1]

C1: Subscriber not excluded

Send lost copy message

[C1]

Figure 1 9 6 :Sequencediagramofthe a t t a i n m e n t o f 3 f i n e s event

TOOBIS L o n g v e r s i o n

5 . 2 . 5 . 3 U s e c a s e m o d e l

T re a t m e n t

o f L o a n

re q u e s t

T re a t m e n t o f

L o a n re t u rn

T re a t m e n t o f

E x p i ra t i o n o f d e l a y

f o rre t u rn i n g a b o o k

T re a t m e n t o f

E x p i ra t i o n o f e a c h

w e e k a f t e rt h e l o a n

h a d e x p i re d

T re a t m e n t o f

De c i s i o n f o rw o rn

o u t c o p i e s

T re a t m e n t o f M o m e n t

o f a n n u a l i n v e n t o ry

T re a t m e n t o f

E x p i ra t i o n o f w a i t i n g

f o rre q u e s t

T re a t m e n t o f

E x p i ra t i o n o f d e l a y

f o rp a ym e n t o f

s u b s c ri p t i o n

T re a t m e n t o f

S u s p e n s i o n

T re a t m e n t o f Ne w

s u b s c ri p t i o n

T re a t m e n t o f

E x p i ra t i o n o f d e l a y

o f n o t i f i c a t i o n

T re a t m e n t o f

P a ym e n t o f

s u b s c ri p t i o n

T re a t m e n t o f

P u rc h a s e d c o p y

T re a t m e n t o f

Re s p o n s e o f

n o t i f i c a t i o n

S UB S CRI

B E R

L I B RA RI A N

A ppl i c a ti on

CL OCK

Figure 1 9 7 :Usecasemodel

TOOBIS L o n g v e r s i o n

5. 3 Mapping from T O O M t o U M L

5 . 3 . 1 From the Global Structure Graph to the Class Diagram

5 . 3 . 1 . 1 S n a p s h o t B a s i c C l a s s

Th e co n cep t o fcl assi n OOM co rresp o n d st o t h esn ap sh o t b asi c cl asso fTOOM . It i s co mp o sed o fp ro p ert i es, o p erat i o n s,

q u eri es, co n st rai n t san d i n t ern al -even t s. Asfo r t h emap p i n gfro mOOM , we ch o o set o u set h e co n cep t o f st ereo t yp e

explained in the 0.91 addendum of the UML in order to have the concept of event in the class diagram.

A class i n t h e T OOM will be represented in the UML as a class with the stereotype < basic class o b j e c t > .

The properties a n d o p e r a t i o n s of the class will be the same in the two models.

The queries are just an other kind of operations, so they will be represented in the set of operations of the class.

The constraints can’t be represented in the class, so we will use the concept of n o t e to represent them in the diagram.

Th ei n t ern al even t sarerep resen t ed i n t h eUM Lco mp l i an ce asa cl asswi t h t h est ereo t yp e < i n t ern a l even t > . Th i sp art i cu l ar

cl asswi l l au t o mat i cal l yh avet h eo p erat i o n t ri g g er-o f f () i n o rd er t o h avet h ep o ssi b i l i t yt o set o fft h e even t wh en i t i s

n ecessary. Asa co n seq u en ce, t h erei sal i n kb et ween t h eo b j ect cl assan d t h e even t wi t h t h e asso ci at i o n a scert a i n . Asfo r t h e

constraints, the event’s predicate is represented graphically with the concept of n o t e .

< b a s i c c l a s s o b j e c t>

CL ASS-1

p ro p 1

p ro p 2

o p 1

o p 2

q u 1

q u 2

< i n te rn a l e v e n t>

EV-1

t ri g g e r-o f f ()

Ba s i c c l a s s

CL ASS-1

p ro p e rti e s

p ro p 1

p ro p 2

o p e ra ti o n s

o p 1

o p 2

q u e ri e s

q u e 1

q u e 2

c o n s tra i n ts

c 1

c 2

i n te rn a l -e v e n ts

e v 1 a s c e rt a i n

c o n s t ra i n t 1

c o n s t ra i n t 2

Gl o b a l Stru c tu re

Gra p h o f th e T OOM

Cl a s s Di a g ra m o f th e UML

p re d i c a t e

Figure 1 9 8 :mappingofabasicobjectclass

5 . 3 . 1 . 2 S n a p s h o t D e r i v e d c l a s s

Th e co n cep t o fd eri ved cl assd o esn ’t exi st i n UM L. Asfo r t h emap p i n go fab asi c cl ass, we ch o o set o u set h e co n cep t o f

stereotype .

A derived class i n t h e T OOM will be represented in the UML as a class with the stereotype < derived class o b j e c t > .

The properties will be the same in the two models.

TOOBIS L o n g v e r s i o n

The d e r i v a t i o n f u n c t i o n of the TOOM derived class will be placed in the operations of the UML class.

< d e ri v e d c l a s s o b j e c t>

CL ASS-1

p ro p 1

p ro p 2

f u n

< i n te rn a l e v e n t>

EV-1

t ri g g e r-o f f ()

De ri v e d c l a s s

CL ASS-1

p ro p e rti e s

p ro p 1

p ro p 2

De ri v a ti o n fu n c ti o n

f u n

i n te rn a l -e v e n ts

e v 1

a s c e rt a i n c o n s t ra i n t 1

c o n s t ra i n t 2

Gl o b a l Stru c tu re

Gra p h o f th e T OOM

Cl a s s Di a g ra m o f th e UML

p re d i c a t e

Figure 1 9 9 :mappingofaderivedobjectclass

5 . 3 . 1 . 3 T e m p o r a l b a s i c c l a s s

ATOOM t emp o ral b asi c cl assmayh avesi xd i fferen t h ead ers : st at e<V T>, S t at e<TT>, Hi st o ry<V T>, Hi st o ry<TT> an d

History<VT,TT>. A note is added on the class in order to have the distinction in UML.

Th emap p i n go ft h e co n t en t so ft h eTOOM cl assi n UM Lcl assfo l l o wst h esamep ri n ci p l est h an fo r t h esn ap sh o t cl asses, as

s h o w n i n S e c t i o n 5 . 3 . 1 . 1 .

TOOBIS L o n g v e r s i o n

Ba s i c c l a s s

CL ASS-1

Sta te < VT >

< b a s i c te m p o ra l

c l a s s >

CL ASS-1

p ro p 1

p ro p 2

o p 1

o p 2

q u 1

q u 2

< i n te rn a l e v e n t>

EV-1

t ri g g e r-o f f () p ro p e rti e s

p ro p 1

p ro p 2

o p e ra ti o n s

o p 1

o p 2

q u e ri e s

q u e 1

q u e 2

c o n s tra i n ts

c 1

c 2

i n te rn a l -e v e n ts

e v 1 a s c e rt a i n

c o n s t ra i n t 1

c o n s t ra i n t 2

Gl o b a l Stru c tu re

Gra p h o f th e T OOM

Cl a s s Di a g ra m o f th e UML

p re d i c a t e

Sta te < VT >

Figure 2 0 0 :mappingofatemporalbasicclass

5 . 3 . 1 . 4 T e m p o r a l d e r i v e d c l a s s

Th emap p i n gfro mat emp o ral d eri ved cl assfo l l o wst h esamep ri n ci p l est h an t h emap p i n gfro masn ap sh o t d eri ved cl ass. Th e

p ro p ert i es wi l l b et h esamei n t h et wo mo d el san d t h e d eri va t i o n f u n ct i o n o ft h eTOOM d eri ved cl asswi l l b ep l aced i n t h e

operations of the UML class.

ATOOM t emp o ral d eri ved cl ass, ast h et emp o ral b asi c cl asses, mayh avesi xd i fferen t h ead ers. On t h esamewayan o t ei s

used to specify it in UML.

TOOBIS L o n g v e r s i o n

Sta te < VT >

< b a s i c te m p o ra l

d i c ti o n a ry c l a s s >

CL ASS-1

p ro p 1

p ro p 2

o p 1

o p 2

q u 1

q u 2

< i n te rn a l e v e n t>

EV-1

t ri g g e r-o f f ()

Ba s i c c l a s s

CL ASS-1

Sta te < VT >

p ro p e rti e s

p ro p 1

p ro p 2

o p e ra ti o n s

o p 1

o p 2

q u e ri e s

q u e 1

q u e 2

c o n s tra i n ts

c 1

c 2

i n te rn a l -e v e n ts

e v 1 a s c e rt a i n

c o n s t ra i n t 1

c o n s t ra i n t 2

Gl o b a l Stru c tu re

Gra p h o f th e T OOM

Cl a s s Di a g ra m o f th e UML

p re d i c a t e

Figure 2 0 1 :mappingofatemporalderivedclass

5 . 3 . 1 . 5 T e m p o r a l d i c t i o n a r y b a s i c c l a s s

Ast h et emp o ral cl asses, aTOOM t emp o ral d i ct i o n aryb asi c cl assmayh aved i fferen t h ead i n gs : S t at e<TT> an d Hi st o ry

<TT>. These distinctions are specified in a UML note, linked to the class.

Th emap p i n go ft h e co n t en t so ft h eTOOM cl assi n UM Lcl assfo l l o wst h esamep ri n ci p l est h an fo r t h esn ap sh o t o r t emp o ral

basic classes, as shown in Section 5 . 3 . 1 . 1 .

5 . 3 . 1 . 6 T e m p o r a l d i c t i o n a r y d e r i v e d c l a s s

Th emap p i n gfro mat emp o ral d i ct i o n aryd eri ved cl assfo l l o wst h esamep ri n ci p l est h an t h emap p i n gfro masn ap sh o t o r

t emp o ral d eri ved cl ass. Th e p ro p ert i es wi l l b et h esamei n t h et wo mo d el san d t h e d eri va t i o n f u n ct i o n o ft h eTOOM d eri ved

class will be placed in the operations of the UML class.

ATOOM t emp o ral d i ct i o n aryd eri ved cl ass, ast h et emp o ral d i ct i o n aryb asi c cl asses, mayh avet wo d i fferen t h ead erst h at are

specified in a UML note linked to the class.

TOOBIS L o n g v e r s i o n

Sta te < T T >

< d e ri v e d te m p o ra l

d i c ti o n a ry c l a s s >

CL ASS-1

p ro p 1

p ro p 2

f u n

< i n te rn a l e v e n t>

EV-1

t ri g g e r-o f f ()

De ri v e d c l a s s

CL ASS-1

Sta te < T T >

p ro p e rti e s

p ro p 1

p ro p 2

De ri v a ti o n fu n ti o n

f u n

i n te rn a l -e v e n ts

e v 1

a s c e rt a i n

Gl o b a l Stru c tu re

Gra p h o f th e T OOM

Cl a s s Di a g ra m o f th e UML

p re d i c a t e

Figure 2 0 2 :mappingofatemporaldictionaryderivedclass

5 . 3 . 1 . 7 Actor

The concept of actor is the same in OOM and TOOM. As a consequence, the mapping to UML is the same as in the Section

5 . 2 . 1 . 2 .

5 . 3 . 1 . 8 C a l e n d a r

The representation of the calendar class follow the same principles as the object and actor classes. A new stereotype

<calendar> will be used to allow its notation in the class diagram.

The origin of the TOOM calendar class is represented as an attribute of the UML class. The mapping of the set of granules

and of external formats follows the same principle.

The three operations of the TOOM calendar class are mapped as operations in the UML class.

The temporal events will be extracted as the other events with the stereotype <event>, linked at the calendar class with the

association ascertain and with a note explaining the predicate.

TOOBIS L o n g v e r s i o n

< c a l e n d a r>

CAL -1

o r1

g r1

g r2

e x t 1

o p 1

o p 2

o p 3

< i n te rn a l e v e n t>

EV-4

t ri g g e r-o f f ()

Ca l -1

o ri g i n

o r1

g ra n u l e s

g r1

g r2

o p e ra ti o n s

o p 1

o p 2

o p 3

e x te rn a l fo rm a ts

e x t 1

te m p o ra l e v e n ts

e v 4

e v 5 a s c e rt a i n

Figure 2 0 3 :mappingofacalendarclass

5 . 3 . 1 . 9 L i n k s

There was no difficulties in the mapping of the structural links of OOM since all the links concepts exist in the notation of

UML. However, some links of the TOOM does not exist in UML, it is the case for the temporal aggregation for example.

5 . 3 . 1 . 1 0 Association

The association concept is the same than for the mapping from OOM, as explained in Section 5 . 2 . 1 . 5 .

5 . 3 . 1 . 1 1 S t a t e a s s o c i a t i o n

Th est at e asso ci at i o n i sap art i cu l ar co n cep t o fTOOM . An ewst ereo t yp ei si n t ro d u ced i n o rd er t o ad d i t i n t h eUM L : < st a t e

a s s o c i a t i o n > . This class is linked to the two classes.

TOOBIS L o n g v e r s i o n

Ba sic c la ss

Cla ss1

a tt1

Ba sic c la ss

Cla ss2

Sta te < VT >

a tt2

< Ba sic c la ss>

Cla ss1

a tt1

< T e m p o r a l Ba sic c la ss>

Cla ss2

a tt2

Sta te < VT >

< Sta te a sso c ia tio n >

Ro le 1

G lo ba l st r uc t ur e g r a pho f TO O M

Cla ss dia g r a mo f UML

< t>

Figure 2 0 4 :mappingofastateassociation

5 . 3 . 1 . 1 2 Aggregation

The aggregation concept is the same than for the mapping from OOM, as explained in Section.

5 . 3 . 1 . 1 3 Temporal aggregation

Th et emp o ral aggregat i o n i sap art i cu l ar co n cep t o fTOOM . An ewst ereo t yp ei si n t ro d u ced i n o rd er t o ad d i t i n t h eUM L :

< t e m p o r a l a g g r e g a t i o n > . This new type of class is linked to the snapshot class and to the temporal class.

Ba sic c la ss

Cla ss1

a tt1

Ba sic c la ss

Cla ss2

Sta te < VT >

a tt2

< Ba sic c la ss>

Cla ss1

a tt1

< T e m p o r a l Ba sic c la ss>

Cla ss2

a tt2

Sta te < VT >

< T e m p o r a l

a g g r e g a tio n >

Ro le 1

G lo ba l st r uc t ur e g r a pho f TO O M

Cla ss dia g r a mo f UML

Figure 2 0 5 :mappingofatemporalaggregation

TOOBIS L o n g v e r s i o n

5 . 3 . 1 . 1 4 I n h e r i t a n c e

The inheritance concept is the same than for the mapping from OOM, as explained in Section 5 . 2 . 1 . 7 .

5 . 3 . 1 . 1 5 S u m m a r y

Global Structure Diagram of T OOM Class Diagram of UML

Snapshot Basic class Stereotype <Basic object class>

Snapshot Derived class Stereotype <Derived object class>

TemporalBasicclass Stereotype < B a s i c t e m p o r a l c l a s s >

TemporalBasicclassHistory Stereotype < B a s i c t e m p o r a l c l a s s >

TemporaldictionaryBasicclass Stereotype < B a s i c t e m p o r a l d i c t i o n a r y c l a s s >

Class in State <VT> n o t e with« State <VT> » linked to the class

ClassinState<TT> n o t e with« State<TT> » linked to the class

Class in History <VT> n o t e with« History<VT> » linked to the class

ClassinHistory<TT> n o t e with« History<TT> » linked to the class

ClassinHistory<VT,TT> n o t e with« History<VT,TT> » linked to the class

attributes of the class attributes of the class

o p e r a t i o n e n c a p s u l a t e d i n t h e basic object class operation encapsulated in the class

derivation function encapsulated in the derived object

class derivation function encapsulated in the class as o p e r a t i o n

queries encapsulated in the object class queries encapsulated in the class as operations

event encapsulated in the object class stereotype<event>

class ascertain event

predicate of the internal event note with the predicate

calendar class stereotype<calendar>

origin of the calendar attribute of the class

basic unit of the calendar attribute of the class

set of granules of the calendar attributes of the class

the three operations encapsulated in the calendar operations encapsulated in the class

set of external formats of the calendar attributes of the class

event encapsulated in the calendar class stereotype<event>

calendar ascertain event

predicate of the temporal event note with the predicate

actor class stereotype<actor>

event encapsulated in the actor class stereotype<event>

actor ascertain event

predicate of the external event note with the predicate

TOOBIS L o n g v e r s i o n

5 . 3 . 2 From the Global Behavior Graph to the Class Diagram

5 . 3 . 2 . 1 Actor

Th e co n cep t o fact o r i n TOOM i st h esame asi n OOM . Asa co n seq u en ce, t h erep resen t at i o n o fan act o r i n UM Li st h esame

as explained in the Section 5 . 2 . 2 . 1 .

Ho wever, t h e ext ern al even t sh ave a cl assi fi cat i o n t h at d o esn o t exi st i n OOM . Asa co n seq u en ce, an o t ei sn ecessaryt o

specify which type of event is concerned.

L e t t e r i d e n t i f y i n g t h e t y p e o f T O O M e v e n t Note linked to the UML class

N event in time

F event a priori

P event a posteriori

E v e nti n

ti m e

< a c tor >

A CT-1

< e x te r na l e v e nt>

E V -3

t ri g g e r-o f f ()

CL A S S -1

Gl oba l be ha v i or gr a phofthe TOOM

A CT -1

Op 1

Op 2

E v -3

< ba s i c obj e c t>

CLA S S -1

p ro p 1

p ro p 2

o p 1

o p 2

q u 1

q u 2 a s c e rt a i n m o d i f y

Cl a s s di a gr a m ofthe UM L

N

Figure 2 0 6 :mappingofanactor

5 . 3 . 2 . 2 C a l e n d a r

Th emap p i n go fa cal en d ar fro mTOOM t o UM Li st h esame asfro mOOM . Asa co n seq u en ce, t h erep resen t at i o n o fan act o r

i n UM Li st h esame asexp l ai n ed i n t h eS ect i o n 5 . 2 . 1 . 3 . Ho wever, t h e tempor a l even ts h a ve a cl a s s i fi ca ti on th a td oes

TOOBIS L o n g v e r s i o n

n otex i s ti n OOM. As a con s equen ce, As a con s equen ce, a n ote i s n eces s a r y to s peci fy w h i ch ty pe of even ti s

concerned.

L e t t e r i d e n t i f y i n g t h e t y p e o f T O O M e v e n t Note linked to the UML class

A event absolute

P event periodic

R - o event related to an object

R-e event related to an event

Ab s o l u te

e v e n t

< te m p o ra l e v e n t>

EV-4

t ri g g e r-o f f ()

Gl o b a l b e h a v i o rg ra p h o f th e T OOM

E v4

CL ASS-1

Op 1

Op 2

< c a l e n d a r>

CAL -1

< b a s i c o b j e c t>

CL ASS-1

p ro p 1

p ro p 2

o p 1

o p 2

q u 1

q u 2 mo d i f y

Cl a s s Di a g ra m o f th e UML

A

Figure 2 0 7 :mappingofacalendar

5 . 3 . 2 . 3 C l a s s

The global behavior graph can be useful to find the associations m o d i f y between the internal events and the modified classes.

The internal events have a classification that does not exist in OOM. As a consequence, As a consequence, a note

is necessary to specify which type of event is concerned.

L e t t e r i d e n t i f y i n g t h e t y p e o f T O O M e v e n t Note linked to the UML class

O event on object

H event on history

TOOBIS L o n g v e r s i o n

E v e nton

obj e c t

< i nte r na l e v e nt>

E V -1

t ri g g e r-o f f ()

< ba s i c obj e c t>

CLA S S -2

p ro p 3

o p 3 m o d i f y

Cl a s s Di a gr a m ofthe UM L

CL A S S -1

Gl oba l be ha v i or gr a phofthe TOOM

E v -1

CL A S S -2

Op 3

< ba s i c obj e c t>

CLA S S -1

p ro p 1

p ro p 2

o p 1

o p 2

q u 1

q u 2

O

Figure 2 0 8 :mappingofaclass

5 . 3 . 2 . 4 S u m m a r y

GlobalBehaviorDiagramof T OOM ClassDiagramofUML

actor stereotype<actor>

calendar stereotype <calendar>

internal event class1 ascertain event

eventmodifyclass2

internal event with the letter « O » Stereotype <event on object>

internal event with the letter « H » Stereotype <event on history>

external event actor ascertain event

eventmodifyclass

externaleventwiththeletter« N » Stereotype<eventintime>

externaleventwiththeletter« F » Stereotype <event a priori>

externaleventwiththeletter« P » Stereotype <event a posteriori>

temporal event calendar ascertain event

eventmodifyclass

temporaleventwiththeletter« A » Stereotype <event absolute>

temporaleventwiththeletter« P » Stereotype <event periodic>

temporaleventwiththeletter« R - o » Stereotype <event related to an object>

temporaleventwiththeletter« R-e » Stereotype <event related to an event>

TOOBIS L o n g v e r s i o n

5 . 3 . 3 From the Global Behavior Graph to the Sequence Diagram

Th eseq u en ced i agramsareu sefu l t o sh o w wh i ch o p erat i o n saret ri ggered b yt h e even t s. Wed rawo n eseq u en ced i agramfo r

each event defined.

Aseq u en ced i agramco n t ai n sat l east t h reevert i cal l i n es: o n efo r t h erel easeo b j ect , o n efo r t h e even t an d o n e(o r mo re) fo r

the object(s) modified by this event.

It al so co n t ai n sat l east t wo h o ri zo n t al l i n es: o n efo r t h e t ri g g er-o f f () o p erat i o n b et ween t h erel easeo b j ect an d t h e even t an d

one (or more) for the operation(s) that modify the object(s) between this (these) one(s) and the event.

5 . 3 . 3 . 1 E x t e r n a l e v e n t

Th emap p i n go fext ern al even t fro mt h egl o b al b eh avi o r grap h o fTOOM t o t h eseq u en ced i agrami st h esame asfro mOOM .

As a consequence, the representation of an actor in UML is the same as explained in the Section 5 . 2 . 3 . 1 .

5 . 3 . 3 . 2 T e m p o r a l e v e n t

Th emap p i n go ft emp o ral even t fro mt h egl o b al b eh avi o r grap h o fTOOM t o t h eseq u en ced i agrami st h esame asfro mOOM .

As a consequence, the representation of an actor in UML is the same as explained in the Section 5 . 2 . 3 . 2 .

5 . 3 . 3 . 3 I n t e r n a l e v e n t

Th emap p i n go fi n t ern al even t fro mt h egl o b al b eh avi o r grap h o fTOOM t o t h eseq u en ced i agrami st h esame asfro mOOM .

As a consequence, the representation of an actor in UML is the same as explained in the Section 5 . 2 . 3 . 3 .

5 . 3 . 3 . 4 Control Condition

The control condition concept is the same in OOM and in TOOM. The mapping is presented in Section 5 . 2 . 3 . 4 .

5 . 3 . 3 . 5 S u m m a r y

GlobalBehaviorDiagramof T OOM SequenceDiagramofUML

Actor Actor on the first vertical line

Calendar Calendar on the first vertical line

Release object Object on the first vertical line

TOOBIS L o n g v e r s i o n

Event Event on the second vertical line

trigger-off() operation on the horizontal line between

the first two vertical lines

Modified object(s) O b j e c t ( s ) o n t h e t h i r d v e r t i c a l l i n e , o n t h e f o u r t h , o n t h e

fifth ...

Operation that modify an object Operation on the horizontal line between the event and

the modified object

C o n d i t i o n b e f o r e a n o p e r a t i o n C o n d i t i o n o n t h e h o r i z o n t a l l i n e b e f o r e t h e o p e r a t i o n

TOOBIS L o n g v e r s i o n

5 . 3 . 4 From the Global Behavior Graph to the Use Case Model

Asfo r OOM , w e assu met h at each ext ern al an d t emp o ral even t b egan at ran sact i o n i n t o t h e ap p l i cat i o n . Asa co n seq u en ce,

each UseCasei st h eseq u en ceo fo p erat i o n st ri ggered b yan ext ern al o r at emp o ral even t an d can b en amed wi t h i t sn ame.

The mapping is explained in Section 5 . 3 . 4 .

5 . 3 . 5 Casestudy

In t h e t h i rd p art o ft h i sd el i verab l e i s exp o sed t h e casest u d yo ft h e l o an man agemen t syst emi n T OOM . Th i sexamp l ei s

obtained from this T OOM model, following the mapping rules explained in this Appendix.

5 . 3 . 5 . 1 C l a s s d i a g r a m

TOOBIS L o n g v e r s i o n

<B a s ic c la s s >

C lie nt

c lie n tn um be r

c lie n tn a m e

c lie n tfore n a m e

c lie n ta ddre s s

c re a te

<B a s ic c la s s >

L oanr e que s t

loa n re que s t-

n um be r

c re a te

<B a s ic c la s s >

L oan

loa nn um be r

due da y

ra te

be g inn ing -da te

c re a te

c los e

<B a s ic c la s s >

F ine

a m oun t to re pa y

c re a te

c los e

<T e m pora lB a s ic c la s s >>

F e atur e s

dura tion

loa n a m oun t

th e ore tic a lm on th re pa ym e n t

c re a te

H is tory <V T >

<T e m pora lB a s ic c la s s >

F ine R e pay me nt

pa id a m oun t

c re a te

de le te

H is tory <V

T ,T T >

<T e m pora lde rive d c la s s >

I ns tallme nt

a m oun tpa id

a m oun tre m a in ing to pa y

th e ore tic a la m oun t to be re pa id

th e ore tic a la m oun tpa id

c re a te

upda te

H is tory <V T >

<T e m pora lba s ic c la s s >

L oanr e que s ts tatus

s ta te

c re a te

re fus e

a c c e pt

put in th e w a it li s t

Sta te <V T >

<T e m pora lba s ic c la s s >

R e pay me nt

a m oun tpa id

c re a te

upda te

H is tory <V

T ,T T >

<T e m pora lB a s ic c la s s >

C lie nts tatus

s ta te

c re a te

a c tive

in a c tive

s us pe n d

Sta te <V T > <T e m pora lba s ic c la s s >

M onthly s alar y

M Sa m oun t

c re a te

upda te

Sta te <V T >

<T e m pora l a gg re g a tion >

A gg1

<T e m pora la gg re g a tion >

A gg2

<T e m pora l a gg re g a tion >

A gg3

<T e m pora la gg re g a tion >

A gg4

<T e m pora la gg re g a tion >

A gg5

<T e m pora la gg re g a tion >

A gg6

<T e m pora la gg re g a tion >

A gg7

Figure 2 0 9 :Classdiagram(part1)

TOOBIS L o n g v e r s i o n

E ve n t i n t i me

E ve n t i n t i me

< Te m po ral b a si c cl a s s >

C li e n ts ta tu s

< Ba s i c c l as s >

C li e n t

< Te m po ral b a si c c l as s >

Mo n thl y s al a r y

< Ba s i c c l as s >

L oa n r eq u e st

< Te m po ral b a si c c l as s >

L oa n r eq u e st s tatu s

< A ct o r c l as s >

C li e n t

< A ct o r c l as s >

B an k M a na g er

< e xt e rna l e ve n t >

R eq u es t a r i v al

t rig g e r-o ff

< e xt e rna l e ve n t >

N ew cl i e n t

t rig g e r-o ff m od i fy

a sc e rt ai n m od i fy

m od i fy

m od i fy

a sc e rt ai n

m od i fy

m od i fy

Figure 2 1 0 :Classdiagram(part2)

Ev e n t i n t i me

Ev e n t i n t i me

< Te mp o ra l b a si c c l a ss>

Cl i e ntsta tus

< B a si c c l a ss>

L o a n

< Te mp o ra l b a si c c l a ss>

L o a n r e que st sta tus

< Ac t o r c l a ss>

B a nkMa na g e r

< e x t e rn a l e v e n t >

L o a n a c c e pte d

t ri g g e r-o ff

< e x t e rn a l e v e n t >

L o a n r e fuse d

t ri g g e r-o ff

< Te mp o ra l b a si c c l a ss>

Fe a tur e s

< Te mp o ra l d e ri v e d c l a ss>

Insta l l m e nt a sc e rt a i n mo d i fy

a sc e rt a i n mo d i fy

mo d i fy

mo d i fy

mo d i fy

mo d i fy

Figure 2 1 1 :Classdiagram(part3)

TOOBIS L o n g v e r s i o n

Hi st o ry Ev e n t

< Ac t o r c l a ss>

B a nkMa na g e r

< i n t e rn a l e v e n t >

Mo r e tha n thr e e r e v i si o ns i n o ne y e a r

t ri g g e r-o ff

< Te mp o ra l b a si c c l a ss>

Fe a tur e s a sc e rt a i n

mo d i fy

Figure 2 1 2 :Classdiagram(part4)

< Te mp o ra l b a si c c l a ss>

Cl i e ntsta tus

< Ac t o r c l a ss>

B a nkMa na g e r

Ev e n t o n o b j e c t

< In t e rn a l e v e n t >

Re v i si o n

t ri g g e r-o ff

Ev e n t o n o b j e c t

< In t e rn a l e v e n t >

Pa i d-o ff l o a n

t ri g g e r-o ff

Ev e n t o n o b j e c t

< In t e rn a l e v e n t >

Fi nni ng

t ri g g e r-o ff

< B a si c c l a ss>

L o a n

< Te mp o ra l d e ri v e d c l a ss>

Insta l l m e nt

< B a si c c l a ss>

Fi ne mo d i fy

a sc e rt a i n

a sc e rt a i n mo d i fy

mo d i fy

mo d i fy

mo d i fy a sc e rt a i n

Figure 2 1 3 :Classdiagram(part5)

< Te mp o ra l b a si c c l a ss>

Cl i e ntsta tus

< Ac t o r c l a ss>

Cl i e nt

Ev e n t i n t i me

< Ex t e rn a l e v e n t >

Pa y m e nt

t ri g g e r-o ff

< Te mp o ra l b a si c c l a ss>

Fi ne Re pa y m e nt

< B a si c c l a ss>

Fi ne

< Te mp o ra l b a si c c l a ss>

Re pa y m e nt

a sc e rt a i n mo d i fy mo d i fy

mo d i fy

mo d i fy

Figure 2 1 4 :Classdiagram(part6)

TOOBIS L o n g v e r s i o n

< Te mp o ra l b a si c c l a ss>

Cl i e ntsta tus

< Ac t o r c l a ss>

B a nk c l e r k

Ev e n t a p ri o ri

< Ex t e rn a l e v e n t >

Pa y m e nt

t ri g g e r-o ff

< Ac t o r c l a ss>

Cl i e nt

< Te mp o ra l b a si c c l a ss>

Fi ne Re pa y m e nt

< Te mp o ra l d e ri v e d c l a ss>

Insta l l m e nt

< B a si c c l a ss>

Fi ne

< Te mp o ra l b a si c c l a ss>

Re pa y m e nt

mo d i fy

a sc e rt a i n mo d i fy

mo d i fy

mo d i fy

mo d i fy

mo d i fy

Figure 2 1 5 :Classdiagram(part7)

< C a l e n d a r c l a ss>

Gr e g o r i a n

Pe ri o d i c Ev e n t

< Te mp o ra l e v e n t >

L o a n due da y

t ri g g e r-o ff

< Te mp o ra l d e ri v e d c l a ss>

Insta l l m e nt a sc e rt a i n mo d i fy

Figure 2 1 6 :Classdiagram(part8)

< C a l e n d a r c l a ss>

Gr e g o r i a n

Ab so l u t e Ev e n t

< Te mp o ra l e v e n t >

T he 1 / 1 / 2 0 0 0

t ri g g e r-o ff

< B a si c c l a ss>

L o a n a sc e rt a i n mo d i fy

Figure 2 1 7 :Classdiagram(part9)

< C a l e n d a r c l a ss>

Gr e g o r i a n

Ev e n t re l a t i v e t o

a n e v e n t

< Te mp o ra l e v e n t >

One m o nth a fte r the e v e nt« Pa i d-o ff l o a n »

t ri g g e r-o ff

< Ac t o r c l a ss>

Cl i e nt a sc e rt a i n mo d i fy

Figure 2 1 8 :Classdiagram(part10)

TOOBIS L o n g v e r s i o n

< C a l e n d a r c l a ss>

Gr e g o r i a n

Pe ri o d i c e v e n t

< Te mp o ra l e v e n t >

T he fi r sto f e a c h m o nth

t ri g g e r-o ff

< Ac t o r c l a ss>

Cl i e nt a sc e rt a i n mo d i fy

Figure 2 1 9 :Classdiagram(part11)

< C a l e n d a r c l a ss>

Gr e g o r i a n

Ev e n t re l a t i v e t o

a n o b j e c t

< Te mp o ra l e v e n t >

T hr e e da y s a fte r the l o a n be g i nni ng da te

t ri g g e r-o ff

< Ac t o r c l a ss>

Cl i e nt a sc e rt a i n mo d i fy

Figure 2 2 0 :Classdiagram(part12)

5 . 3 . 5 . 2 S e q u e n c e d i a g r a m s

t ri gger-of f

C l i e n t R e q u e st a rri v a l

LOANR EQUEST

M ONTHLY

SALAR Y

C re a t e

LOANR EQUEST

STATUS

[C 1 ]Pu t i n t h e wa i t l i st

[ n o t C 1 ]R e fu se

Up d a t e

C 1 : c o rre c t d e ma n d

Figure 2 2 1 :sequencediagramoftheevent Request arrival

TOOBIS L o n g v e r s i o n

t ri gger-of f

C LIENT

Pa y me n t

R EPAYM ENT

FINE

[C 6 o r (C 7 a n d

C 1 0 ] Up d a t e

C LIENT STATUS

[C 7 a n d C 9 ] Ac t i v a t e

[C 7 a n d C 9 ] De l e t e

[C 7 ] C re a t e

C 6 : a c t i v e c l i e n t

C 7 : su sp e n d e d c l i e n t

C 8 : p a y me n t - fi n e > 0

C 9 : p a y me n t - fi n e > = 0

C 1 0 : fi rst re p a y me n t o f t h e l o a n

C 1 1 : fi rst re p a y me n t o f t h e t a x

FINE R EPAYM ENT

[(C 6 a n d C 1 0 )o r (C 7

a n d C 8 a n d C 1 0 ] C re a t e

[C 7 a n d C 1 1 ] Up d a t e

Figure 2 2 2 :sequencediagramoftheevent P a y m e n t

t ri gger-of f

B ANK

M ANAGER

Lo a n re fu se d

R e fu se

LOANR EQUEST

STATUS

Figure 2 2 3 :sequencediagramoftheevent L o a n r e f u s e d

t ri gger-of f

B ANK

M ANAGER

Lo a n a c c e p t e d

LOAN

INSTALLM ENT

C re a t e

FEATUR ES

C re a t e

Ac t i v a t e

Ac c e p t

C LIENT

STATUS

C re a t e

LOAN

R EQUEST

STATUS

TOOBIS L o n g v e r s i o n

Figure 2 2 4 :sequencediagramoftheevent L o a n a c c e p t e d

t ri gger-of f

FEATUR ES

M o re t h a n t h re e

re v i si o n s i n o n e y e a r

Al e rt

M ANAGER

Figure 2 2 5 :sequencediagramoftheevent More than three revisions in one year

t ri gger-of f

INSTALLM ENT

R e v i si o n

Up d a t e

FEATUR ES

Figure 2 2 6 :sequencediagramoftheevent Revision

t ri gger-of f

INSTALLM ENT

Pa i d -o ff l o a n

C l o se

LOAN

C LIENT STATUS

I n a c tiv a te

Figure 2 2 7 :sequencediagramoftheevent P a i d - o f f l o a n

t ri gger-of f

INSTALLM ENT

Fi n n i n g

C re a t e

FINE

C LIENT STATUS

Su sp e n d

Figure 2 2 8 :sequencediagramoftheevent F i n n i n g

TOOBIS L o n g v e r s i o n

t ri gger-of f

M ANAGER Ne wc l i e n t

C LIENT

M ONTHLY

SALAR Y

C re a t e

C LIENT STATUS

C re a t e

C re a t e

Figure 2 2 9 :sequencediagramoftheevent New client

t ri gger-of f

GR EGOR IAN

On e mo n t h a ft e r t h e e v e n t

« Pa i d -o ff l o a n »

Se n d a fo l l o w-u p l e t t e r

C LIENT

Figure 2 3 0 :sequencediagramoftheevent O n e m o n t h a f t e r t h e e v e n t " p a i d - o f f l o a n "

t ri gger-of f

GR EGOR IAN

Th e fi rst o f e a c h mo n t h

Se n d t h e l o a n st a t e me n t

C LIENT

Figure 2 3 1 :sequencediagramoftheevent T h e f i r s t o f e a c h m o n t h

t ri gger-of f

GR EGOR IAN

Th re e d a y s a ft e r t h e l o a n

b e g i n n i n g d a t e

Se n d a n i n fo rma t i o n l e t t e r

C LIENT

Figure 2 3 2 :sequencediagramoftheevent T h r e e d a y s a f t e r t h e l o a n b e g i n n i n g d a t e

TOOBIS L o n g v e r s i o n

t ri gger-of f

GR EGOR IAN

Th e 1 / 1 / 2 0 0 0

In c re a se t h e ra t e o f o n e

p e rc e n t

LOAN

Figure 2 3 3 :sequencediagramoftheevent T h e 1 / 1 / 2 0 0 0

t ri gger-of f

B ANK

C LER K

C l i e n t ś p a y me n t

re t ri e v e d

R EPAYM ENT

FINE

Up d a t e

C LIENT

STATUS

[C 1 ]C o rre c t

[C 1 a n d C 2 ]C o rre c t

[C 1 a n d C 2 ] Se n d mo n e y b a c k

FINE

R EPAYM ENT

[C 1 ] Ac t i v a t e

C LIENT

( a c t o r)

INSTALLM ENT

De ri v e

C 1 : Fi n n i n g a s a re su l t o f t h i s mi st a k e

c 2 : Fi n e Pa y me n t e x i st s

Figure 2 3 4 :sequencediagramoftheevent Client’s payment retrieved

5 . 3 . 5 . 3 U s e c a s e m o d e l

TOOBIS L o n g v e r s i o n

T re a tm e n tof

R e que s t a rriva l

T re a tm e n tof

Pa ym e n t

T re a tm e n tof

A c c e pte d loa n

T re a tm e n tof

R e fus e d loa n

T re a tm e n tof

L oa n due da y

T re a tm e n tof

N e w c lie n t

T re a tm e n tof O n e m on th

a fte r th e e ve n t« Pa id-off

loa n »

T re a tm e n tof T h e firs t

of e a c h m on th

T re a tm e n tof T h re e da ys

a fte r th e loa n be g inn ing da te

T re a tm e n tof

T h e 1/1/2000

T re a tm e n tof C lie n t́s

pa ym e n t re trie ve d

B a n k c le rk

C lie n t

B a n k m a n a g e r

G re g oria n

Ap p l i cati on

Figure 2 3 5 :Usecasemodel

TOOBIS L o n g v e r s i o n

D e l i v e r a b l e T 2 3 D 1 . 1 ( APPENDIX : UMLCOMPLIANCE ) P a g e n ° 3 6 0

5. 4 References

[BOOCH95]

G r a d y B o o c h , J a m e s R u m b a u g h . " U n i f i e d M e t h o d " .

V e r s i o n 0 . 8 . 1 9 9 5 .

[BOOCH9 6 ]

Grad y Bo o ch , Iv ar Jaco b so n , JamesRu mb au g h . " T h eu n i f i ed Mo d el i n g L a n g u a g ef o rOb j ect -Ori en t ed

Development"

. D o c u m e n t a t i o n S e t , V e r s i o n 0 . 9 1 A d d e n d u m , U M L U p d a t e . 1 9 9 6 .

[S OUVEYET9 6 a ]

C. S o u v ey et , C. Ro l l an d , R. Den eck ère, J. Ral y t é. " S t a t eo f a rt : A co mp a ri so n o f si xo ri en t ed o b j ect

m e t h o d s "

. T O O B I S d e l i v e r a b l e T 2 3 D 1 . 1 . 1 9 9 6

[S OUVEYET9 6 b ]

C. S o u v ey et , R. Den eck ère, C. Ro l l an d . " T h eo b j ect o ri en t ed met h o d o l o g y(OOM)"

. T OOBIS

d e l i v e r a b l e T 2 3 D 1 . 1 . 1 9 9 6

[S OUVEYET9 6 c]

C. S o u v ey et , R. Den eck ère, C. Ro l l an d . " T h e t emp o ra l ext en t i o n ( T OOM)"

. T OOBIS d el i v erab l e

T 2 3 D 1 . 1 . 1 9 9 6