



TOOBIS





Requirements Analysis

Deliverable T22TR.1



GLAXO S.A.

DELTA S.A.

MATRA CAP SYSTEMES

01-PLIROFORIKI S.A.

UNIV. OF SORBONNE









May 1996

�

TABLE OF CONTENTS



� TOC \o "1-3" �0. Introduction	0.� GOTOBUTTON _Toc358210506  � PAGEREF _Toc358210506 �1��

1. Requirements Analysis - Consolidation of Pilot applications.	1.� GOTOBUTTON _Toc358210507  � PAGEREF _Toc358210507 �1��

1.1. Introduction	1.� GOTOBUTTON _Toc358210508  � PAGEREF _Toc358210508 �1��

1.2. General framework for analysis	1.� GOTOBUTTON _Toc358210509  � PAGEREF _Toc358210509 �1��

1.2.1. Types of temporal applications	1.� GOTOBUTTON _Toc358210510  � PAGEREF _Toc358210510 �1��

1.2.2. Subtyping of data intensive temporal applications	1.� GOTOBUTTON _Toc358210511  � PAGEREF _Toc358210511 �2��

1.2.3. Temporal requirements	1.� GOTOBUTTON _Toc358210512  � PAGEREF _Toc358210512 �3��

1.3. Evaluation criteria table	1.� GOTOBUTTON _Toc358210513  � PAGEREF _Toc358210513 �9��

1.4. Glaxo application	1.� GOTOBUTTON _Toc358210514  � PAGEREF _Toc358210514 �11��

1.4.1. Overview	1.� GOTOBUTTON _Toc358210515  � PAGEREF _Toc358210515 �11��

1.4.2. Temporal requirements	1.� GOTOBUTTON _Toc358210516  � PAGEREF _Toc358210516 �11��

1.4.3. Conclusions for GLAXO application	1.� GOTOBUTTON _Toc358210517  � PAGEREF _Toc358210517 �13��

1.4.4. Additional proposal	1.� GOTOBUTTON _Toc358210518  � PAGEREF _Toc358210518 �14��

1.5. DELTA application	1.� GOTOBUTTON _Toc358210519  � PAGEREF _Toc358210519 �15��

1.5.1. Overview	1.� GOTOBUTTON _Toc358210520  � PAGEREF _Toc358210520 �15��

1.5.2. Temporal requirements	1.� GOTOBUTTON _Toc358210521  � PAGEREF _Toc358210521 �15��

1.5.3. Additional proposal	1.� GOTOBUTTON _Toc358210522  � PAGEREF _Toc358210522 �18��

1.6. Synthesis : similarities and differences	1.� GOTOBUTTON _Toc358210523  � PAGEREF _Toc358210523 �19��

2. Requirements Analysis of the DELTA pilot Application	2.� GOTOBUTTON _Toc358210524  � PAGEREF _Toc358210524 �1��

2.1. Introduction	2.� GOTOBUTTON _Toc358210525  � PAGEREF _Toc358210525 �1��

2.1.1. User presentation: DELTA S.A.	2.� GOTOBUTTON _Toc358210526  � PAGEREF _Toc358210526 �1��

2.2. Statement of the DELTA - Pilot Requirements	2.� GOTOBUTTON _Toc358210527  � PAGEREF _Toc358210527 �2��

2.2.1. Current System	2.� GOTOBUTTON _Toc358210528  � PAGEREF _Toc358210528 �2��

2.2.2. Desired System	2.� GOTOBUTTON _Toc358210529  � PAGEREF _Toc358210529 �4��

2.2.3. Reporting requirements Incorporating Time	2.� GOTOBUTTON _Toc358210530  � PAGEREF _Toc358210530 �4��

2.3. Use Cases	2.� GOTOBUTTON _Toc358210531  � PAGEREF _Toc358210531 �5��

2.4. Actor Catalog	2.� GOTOBUTTON _Toc358210532  � PAGEREF _Toc358210532 �5��

2.5. Use Case Catalog	2.� GOTOBUTTON _Toc358210533  � PAGEREF _Toc358210533 �6��

2.5.1. Use Case Descriptions	2.� GOTOBUTTON _Toc358210534  � PAGEREF _Toc358210534 �7��

2.6. Data Flow Model	2.� GOTOBUTTON _Toc358210535  � PAGEREF _Toc358210535 �10��

2.6.1. Data Flow Diagram	2.� GOTOBUTTON _Toc358210536  � PAGEREF _Toc358210536 �10��

2.6.2. Actors	2.� GOTOBUTTON _Toc358210537  � PAGEREF _Toc358210537 �11��

2.6.3. Data Stores	2.� GOTOBUTTON _Toc358210538  � PAGEREF _Toc358210538 �11��

2.6.4. Process Descriptions	2.� GOTOBUTTON _Toc358210539  � PAGEREF _Toc358210539 �12��

2.7. Class Model	2.� GOTOBUTTON _Toc358210540  � PAGEREF _Toc358210540 �13��

2.8. The Relational Data Model	2.� GOTOBUTTON _Toc358210541  � PAGEREF _Toc358210541 �19��

2.8.1. Logical Data Structures	2.� GOTOBUTTON _Toc358210542  � PAGEREF _Toc358210542 �19��

2.8.2. The Physical Data Model of DELTA	2.� GOTOBUTTON _Toc358210543  � PAGEREF _Toc358210543 �24��

2.9. Dynamic Modelling	2.� GOTOBUTTON _Toc358210544  � PAGEREF _Toc358210544 �25��

2.9.1. Event Catalogue	2.� GOTOBUTTON _Toc358210545  � PAGEREF _Toc358210545 �27��

2.9.2. Entity/Event Matrix	2.� GOTOBUTTON _Toc358210546  � PAGEREF _Toc358210546 �28��

2.9.3. Entity Life Histories	2.� GOTOBUTTON _Toc358210547  � PAGEREF _Toc358210547 �30��

2.9.4. Effect Correspondence Diagram	2.� GOTOBUTTON _Toc358210548  � PAGEREF _Toc358210548 �34��

2.9.5. Object Interaction Diagram	2.� GOTOBUTTON _Toc358210549  � PAGEREF _Toc358210549 �35��

2.9.6. Rumbaugh Dynamic Modelling	2.� GOTOBUTTON _Toc358210550  � PAGEREF _Toc358210550 �37��

2.10. Architecture Design Issues - Delivering a Scaleable Enterprise Architecture	2.� GOTOBUTTON _Toc358210551  � PAGEREF _Toc358210551 �39��

2.11. Summary	2.� GOTOBUTTON _Toc358210552  � PAGEREF _Toc358210552 �41��

3. Requirements of the GLAXO Pilot Application	3.� GOTOBUTTON _Toc358210553  � PAGEREF _Toc358210553 �1��

3.1. INTRODUCTION	3.� GOTOBUTTON _Toc358210554  � PAGEREF _Toc358210554 �1��

3.2. DESCRIPTION OF THE "USER REQUIREMENTS"	3.� GOTOBUTTON _Toc358210555  � PAGEREF _Toc358210555 �1��

3.2.3.  Glaxo-Wellcome	3.� GOTOBUTTON _Toc358210556  � PAGEREF _Toc358210556 �1��

3.2.4. Identification of users target group	3.� GOTOBUTTON _Toc358210557  � PAGEREF _Toc358210557 �2��

3.2.5. Generic process of the Data Management and Biostatistics	3.� GOTOBUTTON _Toc358210558  � PAGEREF _Toc358210558 �6��

3.2.6. Particular case: Clinical Trial FLP B 01 45	3.� GOTOBUTTON _Toc358210559  � PAGEREF _Toc358210559 �7��

3.2.7. Temporal Requests	3.� GOTOBUTTON _Toc358210560  � PAGEREF _Toc358210560 �9��

3.3. SPECIFICATION OF THE "USER REQUIREMENTS"	3.� GOTOBUTTON _Toc358210561  � PAGEREF _Toc358210561 �11��

3.3.1. Generic process of the Data Management	3.� GOTOBUTTON _Toc358210562  � PAGEREF _Toc358210562 �11��

3.3.2.  Common objects for each clinical trial	3.� GOTOBUTTON _Toc358210563  � PAGEREF _Toc358210563 �12��

3.3.3.  Clinical Trial "FLP B 01 45"	3.� GOTOBUTTON _Toc358210564  � PAGEREF _Toc358210564 �13��

3.3.4.  Objects details of the Clinical Trial "FLP B 01 45"	3.� GOTOBUTTON _Toc358210565  � PAGEREF _Toc358210565 �14��

3.4.Summary	3.� GOTOBUTTON _Toc358210566  � PAGEREF _Toc358210566 �17��

4. Conclusions	4.� GOTOBUTTON _Toc358210567  � PAGEREF _Toc358210567 �1��

Bibliography	� GOTOBUTTON _Toc358210568  � PAGEREF _Toc358210568 �0��

 ANNEXES	A.� GOTOBUTTON _Toc358210569  � PAGEREF _Toc358210569 �1��

ANNEX- I Decision Support Systems, Multidimensional Databases and Data Warehouses - An overview of the field and its reflexion on the TOOBIS applications	I.� GOTOBUTTON _Toc358210570  � PAGEREF _Toc358210570 �1��

I.1. Introduction	I.� GOTOBUTTON _Toc358210571  � PAGEREF _Toc358210571 �1��

I.2.Decision Support and Multidimensional Data Systems	I.� GOTOBUTTON _Toc358210572  � PAGEREF _Toc358210572 �1��

I.3. Modeling Issues	I.� GOTOBUTTON _Toc358210573  � PAGEREF _Toc358210573 �3��

I.4.Manipulating Data Objects	I.� GOTOBUTTON _Toc358210574  � PAGEREF _Toc358210574 �5��

I.5. Design Issues	I.� GOTOBUTTON _Toc358210575  � PAGEREF _Toc358210575 �7��

I.6. Implementation Issues	I.� GOTOBUTTON _Toc358210576  � PAGEREF _Toc358210576 �8��

ANNEX - II Trial "FLP B 01 45" observations notebook description	II.� GOTOBUTTON _Toc358210577  � PAGEREF _Toc358210577 �1��

�

��0. Introduction

This deliverable lists the requirements of the users via the analysis of the user applications of TOOBIS. This task aims to result the required support from the data model and the query languages. The requirements have been documented in the requirements catalogue and are presented with diagrammatic techniques. The methodologies used in capturing the user requirements were influenced by OOSE, OMT and SSADM. The requirements capture scenario in accordance with the technical annex was as follows: 

The approach to defining the user requirements was early aggreed by all parties.

DELTA and 01-Pliroforiki have worked together for the definition of the DELTA pilot application.

GLAXO and MATRA C.S. have worked together for the definition of the GLAXO pilot application.

The results of both investigation tasks were fed into University of Sorbonne, also, responsible for the quality issues of the analysis and the definition of the TOOBIS (OO+T) methodology. Sorbonne, performed the integration step to abstract and generalise the requirements of the two user applications.



This document is divided into three sections: 

Section one, contains the consolidated presentation of the user requirements which reflects the work of University of Sorbonne into integrating the results of the two pilot applications. 

Section two, contains the detailed analysis of the DELTA application. Various techniques have been used for analysing the application domain. The approach to analysis emphasises in the use of techniques (complementary, sometimes) and in architectural issues for the application design. The results of this step will be exploited in the task for the methodology definition.

Section three lists the detailed analysis of the GLAXO application. Time-Oriented issues have been carefully treated throughout the analysis.

A survey of the current DSS, Data Warehousing and Multidimensional technology has been performed. All the above technologies have become nowadays a set of commonly used buzzwords within the Database community. The DSS application domain contains concepts not dissimilar and quite valid for both pilot applications. However, within TOOBIS, only the DELTA pilot application seems to be leading the DSS way. The GLAXO application is dealing with monitoring patients and targets to maintaining in a valid state the information stored in the Medical Protocol Tests Database. 

The DSS survey has been appended as an annex, mainly due to organisational and presentation reasons. This deliverable is dealing with the requirements of the pilot applications, also TOOBIS emphasises in the matching of Temporal and Object Oriented technologies. DSS offers a wider prism to view the applications and will certainly reflect into the specifications and the design of pilot development within TOOBIS, however, it does not completely covers the extends and the depths of the TOOBIS project objectives.

�1. Requirements Analysis - Consolidation of Pilot applications.

1.1. Introduction

This section intends to study the needs of both pilot applications with respect to time and present a consolidated view of their requirements. The text is organised in four (4) parts:

introduces a general framework for understanding and analyzing temporal applications. 

involves the analysis of the GLAXO application 

involves the analysis DELTA application 3. 

contains the synthesis of both applications

1.2. General framework for analysis



This section provides a general framework for understanding temporal applications. It will be used to analyse the GLAXO and DELTA applications.

1.2.1. Types of temporal applications 

Temporal applications can be subtyped according to their domain-types :

Data intensive application This domain corresponds to database applications including data and business rules strongly dependent on time. Time is linear and discrete. 

Temporal reasoning This domain aims at reasoning on events and/or fuzzy events for finding their possible temporal ordering. The temporal reasoning is based on intervals whereas period (time is not anchored to time line). A particular use of the temporal reasoning is the automatic planification.

Branching time Classically, the time is considered linear, but some applications manage activities done in parallel with different time and/or several calendars (version in design database, events in parallel systems etc...).

Real-time systems Real-time systems are interested in the duration, the priority and the synchronisation of tasks.

Time series management A time serie is defined by a set of vectors for different time period. A vector is a set of values for a time period . In general, the time serie is based on periodicity requiring a user-defined granularities or a user-defined calendar. This management requires special functionality on the data management and time management.



Within the TOOBIS project, the GLAXO application aims at constructing a temporal database about clinical tests performed on patients. States of each patient observed during the clinical test are recorded in the database. They will be later on exploited by biostatisticians. This application is the kind data intensive applications.

The DELTA application concerns the implementation of Decision Support database to improve the performance of mainly two business process areas :

production planning and 

loading of delivery trucks.

The application deals with the daily Production-Loading-Distribution-Returns cycle of milk products. The Decision Support System is required to assist in the prediction of the daily consumption of milk by customers  in order to minimise returns of milk. This application belongs also to the data intensive applications.

1.2.2. Subtyping of data intensive temporal applications 

Within the data intensive applications we propose 6 more refined subtypes :.

Applications which do not require to manage time explicitly. Such applications only use the user-defined time.

Applications aiming at managing reports of activities on periods of time. This requires to handle the valid time on the informations related to relevant activities.

Applications with retroaction and/or postaction :

Retro-action activities correspond to activities performed with a certain delay. It means that  activities are executed at t1 with a valid time t0 (t1>t0). The problem is to re-evaluate activities performed between [t0, t1], using information updated by the retro-action activities.

Post-action means that activities are performed in advance. An activity is executed at t0 (transaction time) with a valid time t1 (t1>t0). A re-evaluation of such activity is required when information used by the post-action activities are updated between [t0, t1]. 

Applications with time dependent and time constrained rules. This requires functionality such as : 

 handling temporal triggers or alerters,

 handling temporal constraints on event occurrences,

 handling statistical triggers or alerters.

Applications auditing-oriented. The transaction time is then required (tracking of errors, delay between the valid time and the transaction time).

Planning oriented applications. The relative time is used for user-defined planning.



The GLAXO application belongs to the (2) and (5) subtypes because it requires :

to keep track of states of patients,

the performance of statistics on periods of time,

the auditing of errors made during the double acquisition phase,

the relative time when biostatisticians query the database

The schedule of clinical tests is a planning using relative time. But this schedule is not handled by the application yet. Information about a patient are entered in the database at the end of the clinical test because patients and investigators do not have computers. Consequently, the timing control of the patient scheduling cannot be done during performance of clinical tests. Therefore, the dynamic rules of this application are not strongly dependent on time.

The DELTA application belongs to (2) and (4) subtypes because it requires :

 to keep track of variation of customers, distributors and products,

 the performance of statistics on periods of time,

 the business rules of the application are strongly dependent on time.

1.2.3. Temporal requirements

We propose in this section to identify the requirements for managing data intensive applications.

Temporal dimension

The literature identifies three temporal dimensions : 

valid time : it  represents the time during which a particular information is/will be/was true in the application domain. For example, the function of the person Smith  during [1995/11/5-1996/4/24] was "lecturer".

transaction time : it corresponds to the time during which a particular information is/will be/was true in the database. For example, the life span of the person Smith  in the database is [1995/12/5-1996/4/24].

user-defined time : it is used for defining a particular semantic to temporal information managed by the application. For instance, the birthday of a person is a user-defined time. 

The user-defined time dimension is managed by default in any DBMS.



Typology of objects 

An Object-Oriented database extended to time requires the management of :

snapshot objects : the last state of an object is present in the database,

historical objects  : all the valid states object during its life span in the application are kept in the database. Each of these states are time stamped with the valid time, i.e time during which this state is/was/will be true in the application domain. The historical object is restricted to state changes valid according to the semantic of the application (correction of mistake is not considered as a valid state change),

rollback object  : all the states taken by an object during its life span are kept in the database. Each of these states are time stamped with the transaction time, i.e time during which this state is/was/will be true in the database,

bi-temporal objecs : all the states of an object during its life span are kept in the database. Each of these states are time stamped with the valid and the transaction time. Correction of the valid time is considered as a state change of an object.



Temporal structures:

In the literature, the different proposed temporal structures are as follows : 

temporal point  : if the application requires to keep track of the valuation of some characteristics at different time instants, the temporal point is enough to represent the temporal variation of these characteristics. If the application is interested only in the state of a particular characteristic at a given time instant, the temporal point is sufficient as temporal structure of temporal queries.

period  : it can be used as a temporal storage structure if the application is required to follow the time-variation of some characteristics. The temporal reasoning structure is a period of time when the application requires the state of a given characteristic during a period of time.

set of temporal points : is used as a storage or reasoning structure when the application wants to store or to know all the time instants for which a particular valuation of a characteristic is/will be/ was true. This structure is difficult to maintain at the storage level.

set of periods : is used as a storage or reasoning structure when the application wants to store or to know all the periods of time during which a particular valuation of a characteristic is/will be/ was true. This structure is difficult to maintain at the storage level.



Temporal abstract data types 

Interval : it expresses a quantity of time without anchored points to the time-line. A temporal granularity is used to express this quantity of time. Three days, 2 hours are examples of intervals.

Period  : a period of time is used to describe a quantity of time with anchored points to the time-line delimited by the inferior and the superior boundaries. These two boundaries must be expressed with the same temporal granularity. [1996/1/1-1996/4/1] is an example of period of time.

Temporal point : it is an instant anchored to the time line with a particular granularity. For example, the year 1996 is a temporal point expressed at the year level.

Date  : it is a particular temporal point with the day  granularity with the "year/month/day" format . This particular point can be mapped into a period defined at one of the lower granularities : hour, minute, second.

Time  : it is a particular time expression used to refer a temporal point within a day.The format is the following: "hour/minute/second".

Timestamp : it is a particular temporal point expressed at the second granularity with "year/month/day:hour/minute/second" format.

Relative time : it is here restricted to a temporal point expressed relatively to a temporal reference. T0+6 months is an example of relative time expressed on the temporal reference T0. When the temporal reference T0 is anchored to a time-line (absolute time), the relative time can be also anchored. The relative time is used to express temporal queries based on variables which are anchored instants to the time-line . For example, give the weight of the patient Smith  during [J0, J0+1week].



Granularity & Calendar

The application is mono-granularity  when it uses one granularity for manipulating time and multi-granularity  if several granularities are required for time manipulation.

The application requires temporal granularities which are not managed in the default temporal system. In this case, the temporal granularity is user-defined.

The calendar is a metric system for time. A calendar is defined with a starting point and a set of temporal granularities. Usually, applications use the Gregorian  calendar as a default calendar. 

If the default calendar is not sufficient for the application, a user-defined calendar has to be defined and managed in addition to the Gregorian calendar.



Temporal database language

The temporal database language is composed of two parts :

	temporal query language

	temporal manipulation language



Temporal query language: The query language is used to query the four types of objects namely :

snapshot objects,

historical objects,

rollback objects,

bi-temporal objecs of the database.



Note : the historisation is available for objects but also for attributes. It means that a snapshot object can have an attribute on which a temporal historisation is applied (historical attribute, rollback attribute and bi-temporal attribute). Their definitions are similar to ones defined at the object level.

The query language on snapshot objects  is also able to handle user-defined times. Typical examples of queries are as follows : 

Comparison of dates.  

Does there exist a patient having a visit2 before a visit1 ?



Comparison and construction of periods. 

Which are the name of patients having a period of treatment included between visits 1 and 5 ?



Mapping of dates into intervals. 

Which are the name of patients having a delayed visit2 (date of visit2 > date of visit1 + 1 week) ? 



Calculation of an interval. 

Does there exist, at least, a patient having a duration of hospitalisation inferior or equal to the delay between the first and the fifth visit ?



Conversion of a snapshot object. 

A snapshot Object having historical, rollback or bi-temporal attributes is converted to an historical, rollback or bi-temporal object. This functionality corresponds to the propagation of the history of component objects to the composed object.



Construct the valid time history from the observation notebook 

For example of the patient Smith  



Construct the transaction time history from the observation notebook 

For example of the patient Smith  



Construct the bi-temporal history from the observation notebook 

For example of the patient Smith  



The temporal query language has firstly to manage the user-defined time. The language must provide the user with operators such casting, constructor, arithmetic operators and comparison operators required for handling various temporal domains (period, interval, date, timestamp, relative time). 

The query language dealing with historical and rollback objects  has to be extended for manipulating both valid and transaction times.

Access to the valid or transaction time of an object  : 

What is the valid time of the first value of * VEMS* ?

What is the transaction time of the last value of VEMS ? 



Construction of the valid time related to an object :

Which is the life span of each observation notebook ?

Which is the life span of each individual tracking notebook ?



Selection of values from an historical object (resp. rollback object) according to a period of time: 

Which are the different values of VEMS during the period of treatment ? 

Which are the different values of VEMS before visit3 ? 

Which are the different values of VEMS after visit3 ? 

Which are the different values of VEMS at visit3 ? 

Which are the different values of VEMS since visit3 ? 

Which are the different values of VEMS until visit3 ? 

Which are the different values of VEMS while [1996/1/1-1996/3/6) ? 

Which are the different values of VEMS while not [1996/1/1-1996/3/6) ? 



Extrapolation or calculation of values from an historical object (resp. rollback object) for a period of time: 

Which are the VEMS at 1996/1/1? (the value does not exist in the historical object but is calculated from values found in the historical objects)

Which is the discrepancies between J0 and J28 on observed and theoretical values ?

Which is the percentage of patients having a 10% increase of VEMS with regard to the theoretical value, between J0 and J14 ?



Selection of periods of time from an historical object (resp. rollback object) satisfying a criterion : 

Which are the periods of time having a value of VEMS exceeding the theoretical value of 30% ? 

What is the relative time to J0 time to obtain a 10% increase of VEMS with regard to the theoretical value ? 



Selection of an historical object (resp. rollback object) from an historical object (resp. rollback object) : 

Which is the VEMS history during the period of treatment ? 

Which is the VEMS history before visit3 ? 

Which is the VEMS history after visit3 ? 

Which is the VEMS history at visit3 ? 

Which is the VEMS history since visit3 ? 

Which is the VEMS history until visit3 ? 

Which is the VEMS history while [1996/1/1-1996/3/6) ? 

Which is the VEMS history while not [1996/1/1-1996/3/6) ? 



Temporal grouping applied on an historical object (resp. rollback object) : 

What are the average value of exploratory debit week by week ?

What are the amount of sales for last year ?

What are the amount of returns for the last month ?

What are the amount of sales by product for the last week ?



Temporal ordering selection applied on an historical object (resp. rollback object) : 

What is the first value of the VEMS ?

What is the last value of the VEMS ?



Aggregate functions applied on an historical object (resp. rollback object) for a period of time : 

What are the average value of exploratory debit week by week ?

What are the amount of sales by product for last week ?



Temporal modal operators (exist and for all) applied on an historical object (resp. rollback object) for a period of time : 

Does there exist a temporal point belonging to the period of treatment having a value of the VEMS different from the theoretical value ?

For each point in the period of treatment, does the value of the VEMS exceed the theoretical value of more than 30% ?



The query language on bi-temporal objects  has to be extended for manipulating valid and transaction times. The management of both dimensions implies to add functionalities such as :

Conversion of a bi-temporal object to an historical object : 

What is the VEMS history for the last transaction time ?

What is the VEMS history for the first transaction time ?



Conversion of a bi-temporal object to a rollback object : 

What is the VEMS history for the database point of view ?



All classes of queries described above could combine both temporal dimensions. Examples  : 

What is the time to reach the control of the asthma at the last transaction time ?

Which are the life span of each observation notebook at the last transaction time ?

Which are the life span of each individual tracking notebook at the last transaction time ?



In this example, all queries applied on historical objects can be performed on bi-temporal objects if for example all requested informations are related to the last transaction time.

Note : Most of these examples come from the GLAXO application.

Temporal manipulation language : The temporal manipulation language aims at updating of objects, generating temporal views and handling temporal constraints and temporal triggers.

(1) Temporal updates .



A creation of an historical object implies the acquisition of the valid time,

An update of the state of an historical object implies the acquisition of the valid time,

A creation of a rollback object implies the automatic generation of the transaction time,

An update of a rollback object implies the automatic generation of the transaction time,



A creation of a bi-temporal object implies the acquisition of the valid time and the automatic generation of the transaction time,

An update of the state of a bi-temporal object implies the acquisition of the valid time and the automatic generation of the transaction time,

A correction of the state of a bi-temporal object implies the automatic generation of the transaction time period,

A correction of the valid time related to the state of a bi-temporal object implies the automatic generation of the transaction time period.



(2) Static temporal constraints .



For instance : 

A salary of an employee can not decrease.

The valid time of the first value of VEMS must be equal to the valid time of the visit1.

The valid time of the statement of treatment for 1 week must be equal to the valid time of the visit2.



A rule in the active DBMS is composed of an event, a condition and an action.

A rule is a temporal rule if one of these three conditions are satisfied :

complex event based on the time of basic events occurrences (every nth trade of IBM stock at price > 50, alerts the trader),

event described by a temporal statement (for example, each month, the monthly management report is generated, or 15 days after the visit1, if the visit2 is not performed by a patient, his investigator is alerted),

condition containing a temporal database query.



Vacuuming of the temporal database

The vacuuming rules defined on historical, rollback or bi-temporal objects are useful to limit the size of the database. In the TSQL2 report, a vacuuming rule is expressed in the table definition statement as an interval calculated from the variable now().



Dynamic aspects of the application :



Modelling aspects : the time variation of information result of the application of business rules. In the OO methodology rules are connected to the concept of event. An event is a particular state change of an object (persistent or not) from which the application has to react by performing operations on objects. Three kinds of events are distinguished :

An internal event  is ascertained on the particular state change of a persistent object. For example the detection of an inconsistency implies the generation of a DCF document (data clarification form).

An external event  occurs when something happens in the environment requiring its report into the database. The acquisition of the observation notebook content is an external event which updates the database in order to keep the history of the patient during the clinical test.

A temporal event  is defined as a temporal assertion applied on the calendar object . When the temporal assertion becomes true, the operations related to this event are executed. For example, each month, a monthly report management is produced.



Dynamic constraints: The list of events is not enough to capture the temporal aspects of the business rules of the application. Temporal constraints can be defined on events in order to precise their temporal ordering. For example, the detection of inconsistency event  has to occur after the acquisition of a observation notebook content event .

The temporal ordering can be more precise if, for instance, the additional order has not been registered after 14:00 AM and the distributor orders are not taken into account after 11:00 AM.

1.3. Evaluation criteria table 

Characteristics�Possible Values

��temporal dimension�valid time, transaction time��typology of objects�snapshot object, historical object, rollback object

bi-temporal object��temporal structure (storage)�temporal point, period, set of temporal points

set of periods��temporal structure

 (reasoning)�temporal point, period, set of temporal points

set of periods��temporal abstract data-types�period, interval, date, timestamp, relative time, temporal point��granularity & calendar 

�calendar =  (default, user-defined)

granularity =  (default, user-defined) and (mono or multi-granularity)

list of granularities = { year, month, day, hour, minute, second ...}��temporal query���queries on user-defined time dimension 

�comparisons of dates,

comparisons of periods & construction of periods,

mapping of dates into intervals,

calculation of interval, relative time manipulation.��temporal queries on snapshot objects �conversion of a snapshot object to historical object,

conversion of a snapshot object to rollback object,

conversion of a snapshot object to bi-temporal object,��temporal queries on historical objects �extraction of the valid time related to an object,

construction of the valid time related to a result object,

selection of values according to a period,

extrapolation or calculation of values according to a period,

selection of periods satisfying a criterion,

selection of an historical object from an historical object,

temporal grouping,

temporal ordering selection,

aggregate functions,

temporal modal operators.���

Characteristics�Possible Values

��temporal query���temporal queries on rollback objects �selection of values according to a period,

extrapolation or calculation of values according to a period,

selection of periods satisfying a criterion,

selection of a rollback object from a rollback object,

temporal grouping,

temporal ordering selection,

aggregate functions,

temporal modal operators.��temporal queries on bi-temporal objects�conversion of a bi-temporal object to an historical object,

conversion of a bi-temporal object to a rollback object,

<queries applied for both historical and rollback objects>.��temporal manipulation���temporal updates �snapshot objects, historical objects, rollback objects

bi-temporal objects��temporal constraints �yes or not��temporal business rules �yes or not��vacuuming rules

vacuuming rules�

yes or not��type of vacuuming rules management �automatic management, user management��dynamic aspects 

events �

internal, external, temporal��temporal constraints on events �yes or not��

�1.4. Glaxo application

1.4.1. Overview

The application chosen by GLAXO is called "Data Management". Its purpose is to manipulate and store data produced by Clinical Trials. For each clinical test a protocol is defined, comprising all parameters of this clinical test such as number of patients, profile of patients, profile of medical centres, the observations notebook, the individual tracking notebook, the planning of the visits and summaries, but also the main and secondary criteria of efficiency of the treatment considered by biostatisticians.

The particular clinical test "FLP B 01 45" is the application considered as trial application in the TOOBIS project. The database is composed of the observations notebook and individual tracking notebook of patients involved in the clinical test. When a patient reaches the end of the clinical test, the informations belonging to his observations notebook and his individual tracking notebook are entered in the database using the double dependent acquisition strategy.

This database is temporal because of tracking the different states of a patient (valid time), and the corrections made on them (transaction time). When the database is considered to be correct and consistent, it can be used for clinical research.

1.4.2. Temporal requirements

Temporal dimensions

Valid time : is useful to keep track all of the states of a patient observed by an observer during the clinical test period.

Transaction time : is useful to keep track of the corrections of informations due to errors. The particularity of this application is the need to keep track of the user name along with the transaction time in order to know who has performed the update operation.



Typology of objects 

The types of objects managed in this application are as follows :

Snapshot objects : they are used to describe, for instance, investigators and investigator centres involved in the clinical test,

Rollback objects : they are helpful to manage the general informations about patients (non medical informations),

Bi-temporal objects  : they are required for managing the informations included in the observations notebook and in the individual tracking notebook.



Temporal structure for storage 

The type of the temporal structure required by the valid time is a temporal point. The application aims at measuring several medical characteristics of a patient according to a predefined schedule. The measure is instantaneous. The medical exploitation of these informations allows to estimate, for example, the weight of a patient for a period of time. 

The type of the temporal structure for the transaction time dimension is a temporal point. The data are entered in the database according to a double acquisition process. It means two versions of the same data are entered with different transaction time. If these two versions are similar, the information is considered coherent otherwise it has to be corrected. Then, a semantic controls are defined in the protocol and are executed after the double dependent acquisition. If data are detected inconsistent, a Data Clarification Form (DCF) document is generated and the inconsistency has to be corrected and reported. At the end of the clinical test, when all inconsistencies are corrected, the database is considered clean. The last transaction time of the database is used by the biostatisticians.

Temporal structure for temporal query results 

The temporal structure is usually a period  for query based on the valid time whereas a temporal point  is enough for query based on the transaction time.



Temporal abstract data types to manage

The following temporal elements are required by the application : 

interval, period, date, time, timestamp, relative time (date of visit2 is 10 days after the date of visit1)



Granularity & Calendar

The calendar used by the application is by default the Gregorian Calendar. The temporal metric system used by the application is by default  year/month/day/hour/minute/second.

The two granularities of interest are day and minute. Informations belonging to the observation notebook require a valid time with the day  granularity. Informations belonging to the individual tracking notebook require a valid time with the minute  granularity. The valid time related to undesirable events are expressed at the day granularity but this granularity of time can be redefined depending on the kind of event.

Temporal query language

The application has to manage snapshot objects, rollback objects and bi-temporal objects.

If we consider the application, the temporal queries require : 

Management of the user-defined time dimension : 

comparisons of dates, comparisons of periods & construction of periods, mapping of dates into intervals, calculation of interval, manipulation of relative time.

Management of snapshot object having rollback or bi-temporal attributes :

The requirement is to propagate the history of attribute valuess at the object level. This is helpful when the object has a deep structure and when the historisation is at the attribute level. In this case, the construction of the object history is done by a specific operator. For example, the observation notebook is a snapshot object which is composed of bi-temporal attributes. The global history of the observation notebook can be provided by the conversion operator.

The following operators are required : 

conversion of a snapshot object to rollback object

conversion of a snapshot object to bi-temporal object

conversion of snapshot object to historical object (considering for instance the last transaction time version of a bi-temporal object).



Temporal queries on historical objects are useful when a bi-temporal object is converted into an historical object : 

access of the valid time related to an object

construction of the valid time related to a result object

selection of values according to a period

extrapolation or calculation of values according to a period

selection of periods satisfying a criterion

selection of an historical object from an historical object

temporal grouping

temporal ordering selection

aggregate functions

temporal modal operators.



Note : the relative time can be used to define the reference period in the temporal queries. The temporal modal operators are helpful to manage missing data before performing statistics.



Temporal queries on rollback objects are only used to detect inconsistencies between two transaction times :

selection of temporal points satisfying a criterion,

temporal grouping,

temporal ordering selection.

temporal modal operators.



Note : the statistics made on bi-temporal objects are done only on their last transaction time version.



Temporal queries on bi-temporal objects can be reduced to the three following cases : 

conversion of a bi-temporal object to an historical object by selecting only the last transaction time,

temporal queries on rollback objects for inconsistency checking

temporal queries on historical objectsfor statistics generation.



Note : In section I.3, the features of the temporal query language are illustrated by GLAXO examples.

1.4.3. Conclusions for GLAXO application

Requirements about temporal queries in the GLAXO application are of various kinds. We can summarize them as follows :



temporal modal operators are needed,

temporal ordering access is enough for selecting transaction time version.

all the features defined in section I.3 for the valid time and user defined time manipulation are needed,

relative time is required and manipulated in temporal queries as the reference time.



Temporal manipulation language

The creation and update operations on rollback and bi-temporal objects are required by the application.

For each update, the application requires to automatically register the transaction time and the user name who triggers this update.

The temporal constraints are not expressed in the user requirements report. If the schedule defined in the protocol definition is stored in the database, it can be used to check if it has been followed by patients and observers during the clinical test.

Temporal rules are not useful in this application because the database is filled up at the end of the clinical test only. 

Vacuuming rules

From the legacy point of view, the clinical tests database has to be kept during 25 years. All information related to mistakes of data acquisition or consistent data are kept during this period. But the exploitation of this database by the biostatisticians is only done at the last transaction time version. It means that the biostatisticians work only on a part of the entire clinical test database.

Dynamic aspects



Temporal constraints

There are no temporal constraints among events because the schedule of the protocol is not stored in the database and the data acquisition of the two notebooks is performed at the end of the clinical test. 

Events

The dynamic of the application is only composed of external and internal events.

The list of events are : 

start-up of the clinical test (external)

double dependent acquisition of the observations notebook of a patient (external)

double dependent acquisition of the individual tracking notebook of a patient (external)

detection of a semantic inconsistency in the observations notebook (internal)

detection of a semantic inconsistency in the individual tracking notebook (internal)

correction of an inconsistency in the observation notebook (external)

correction of an inconsistency in the individual tracking notebook (external)

1.4.4. Additional proposal

The analysis of the application lead us to propose three directions of extension:

The temporal application may include temporal events and statistical alerters such as : 

statistical alerter based on the same kind of inconsistencies. It would help suggesting a protocol for improvement,

follow up alerter : follow up of a patient could be made according to his respect of the schedule defined in the protocol.

If the patient and the investigator could enter data in the database during the clinical test, the system could handle schedule controls and alerts when the planned delay is over. 

The protocol defines the main and secondary criteria to follow in order to measure the efficiency and the side effects of the medical treatment. It means that the application can be extended to a Decision Support System managing three spaces : data, aggregation and variation spaces.The data space is composed of the temporal data acquired during the clinical test about patients. The aggregation space defines how the application intends to exploit these temporal data. Consequently, this handles the main and the secondary criteria to measure and how to measure it. In general, the data belonging to the aggregation space are temporal data, the criteria are measured through time period reference. The variation space is useful to compare the results obtained by the clinical test with theoretical or intended ones. The difference has to be explained and proofed perhaps by new clinical tests.

1.5. DELTA application

1.5.1. Overview



The application of DELTA is detailed in section 3 of the Requirements Analysis. In this section an overview of the application is inserted. The DELTA pilot application in TOOBIS concerns the implementation of a decision support database to improve the performance of mainly two business process areas :

production planning and

loading of delivery trucks.

The application deals with the daily Production-Loading-Distribution-Returns cycle of milk products. The Decision Support System (DSS) is required to assist in the prediction of the daily consumption of milk  in order to minimise their daily returns.



Every morning the distributor collects the track from the loading bay and follows his usual route to deliver the products, performing customer visits. A customer visit consists of : 

	- delivery a batch of products, 

	- reception of the returns which are expired products,

	- establishing the customer invoice,

	- evaluating the customer's stock,

	- collecting the request of products for the next day.



Every distributor has to put an order to the factory for the next day's delivery by 11:00 AM. Additional orders can be made by customers directly to the factory as long as their truck is still on the loading bay (14:00). The factory integrates these additional orders to the order of the associated distributor. The orders are considered provisional and can be adjusted by the factory according to the production or the estimated consumption.

Customer returns are collected by distributors during their customer visits and returned to the factory. The returns are classified into three groups : daily, expired  and super-market. The daily returns are re-grouped and delivered to the Province and the Islands until 14:00.

The historical database is useful to keep track of the daily activities of distributors, customers and factories about the milk products. This historical database is used firstly to the prediction of the daily consumption of each customer and secondly to make management reports every week, month, year etc...

1.5.2. Temporal requirements

Temporal dimensions

	valid time : it is useful to keep track of all of daily activities carried out by customers, distributors and factories.



Typology of objects 

The types of objects managed in this application are :

snapshot objects : they are used to describe, for instance, the products, the distributors and the customers,

historical objects  : they are helpful to manage informations about the daily activities performed by distributors, customers and the factory.



Temporal structure for storage

In the application, two temporal structures for data storage are required :

The temporal point is enough for reporting about the daily activities of distributors, customers and factory. For instance, the customer returns or the customer's stock are evaluated at the customer visit time.

The period of time is useful to keep track of the general informations about customers, the life-span of products etc.

It means that the application for some characteristics (type of customer) are able to change in the database when they have changed in the application. Whereas the customer's stock and customer returns are measured at different instants.



Temporal structure for temporal query results

Performing the prediction of the daily consumption of customers, the temporal point for reasoning is enough whereas for performing report management the period of time appears to be the right temporal structure.



Temporal abstract data types

The following temporal data types are required by the application : 	interval, period, date, time, timestamp.



Granularity & Calendar :

The calendar used by the application is by default  the Gregorian Calendar. The temporal metric system used by the application is by default : year/month/day/hour/minute/second.

The various granularities required by the application are the day and the minute granularities. Information related to daily planned activites requires a valid time with the day  granularity. Whereas information about the daily performed activities needs a valid time expresses with the minute  granularity (in order to report on the time performance of the route and on the fact that a customer has two deliveries in one day).



Temporal language requirements 

Temporal query language

The application has to manage snapshot objects and historical objects.

If we consider the application, the temporal queries require : 



Management of the user-defined times: 

comparisons of dates, comparisons of periods & construction of periods, mapping of dates into intervals, calculation of intervals.



Temporal queries on historical objects are useful for the prediction of the consumption and for the management reports: 

access of the valid time related to an object

construction of the valid time related to a result object

selection of values according to a period or a temporal point

extrapolation or calculation of values according to a period, or a temporal point

selection of periods or temporal points satisfying a criterion

selection of an historical object from an historical object

temporal grouping

aggregate functions



In the DELTA application, requirements about temporal queries are traditional ones. We can summarize them as follows :

all the features defined in the section I.3 for the valid time are needed,

the user-defined time dimension is less developed than in the GLAXO application,

the ordering of the valid times is not needed,

the relative time is not required in this application,

temporal modal operators are not needed.



Temporal manipulation language 

The creation and update operations on historical objects are required.

The temporal constraints are not expressed in the user requirements report even if activities are strongly constrained by time.

The management reports can be generated according to a periodic time. Temporal rules could handle the generation of the management reports.



Vacuuming rules

The prediction of the consumption of customers and the management reports is made on the two years basis. But, the vacuuming rule is not an automatic one, yet.



Dynamic aspects



Temporal constraints to define between external events

The temporal constraints are not expressed in the user requirements report. The activities are strongly constrained by time but, for instance, the factory accepts additional orders of customers after 14:00 PM. Thus, temporal constraints among events are not easy to automate (exception handling).



Events 

The dynamic of the application is only composed of external and temporal events. The list of events are : 

 prediction of the daily consumption to establish the distributor's order (external)

 reception of an additional order from a customer to the factory (external)

 reception of the effective daily production (external)

 reception of the delivery of a distributor by a factory (external)

 truck load or reload (external)

 reporting on a customer visit done by a distributor (external on a Portable)

 end of a daily delivery of a distributor (external on the Central)

 reception of returns to the factory (external)

 report managements generation (temporal or external event)



1.5.3. Additional proposal

The analysis of the application lead us to propose three directions of extension:

The temporal applications might include temporal events such as : 

generation of the management reports,

generation of the prediction of the consumption of customers per distributor in order to establish the distributor order.



The application could aim at defining a DSS to minimize the customer returns. We propose a similar extension to the one proposed for GLAXO application.

The data space corresponds temporal data reporting on the daily activities of customers, distributors and factory. The aggregation space handles the criteria to measure and how to measure it. The criteria follow by the application would be clearly defined : (delivery - returns) per product and customer, per product and distributor, per product.

The data belonging to the aggregation space are temporal data, the criteria are measured through time period reference The variation layer is useful to detect and alert automatically when a critical situation is reached. The proposal is to integrate these two last spaces in the information system and/or in the database in order to specify their dynamic (alerters etc...).



�1.6. Synthesis : similarities and differences

The following table summarizes the analysis of both applications according to evaluation criteria described in section I.3. The temporal query language aspect is detailed in the second table. Differences between the two applications are denoted in bold.





Characteristics�GLAXO application

�DELTA application��temporal dimension�valid time

transaction time�valid time��typology of objects�snapshot objects

rollback objects

bi-temporal objects�snapshot objects

historical objects

��temporal structure (storage)�temporal point

�temporal point, period

��temporal structure

 (reasoning)�period

�period 

temporal point 

��temporal abstract data-types�period, interval, date,

 timestamp, relative time�period, interval, date, 

 timestamp��granularity & calendar 

�calendar : default

granularity : default, several

list of granularities : 

day, minute�calendar : default,

granularity : default, several

list of granularities : 

day, minute��temporal manipulation

�temporal updates :

snapshot objects

rollback objects

bi-temporal objects

temporal constraints : no

temporal business rules : no�temporal updates :

snapshot objects

historical  objects



temporal constraints : no

temporal business rules : yes��vacuuming rules

�yes 

user management �yes

user management��dynamic aspects :

�temporal constraints on events : no

type of events : external, internal�temporal constraints on events : no

type of events : external, temporal��Table 1 : synthesis of the applications analysis





�



Temporal query language�GLAXO

�DELTA��queries on user- defined time dimension :��

��- comparison of dates

�X�X��- comparison of periods & construction of periods,�X�X��- mapping of dates into intervals,

�X

���- calculation of intervals�X

�X��- manipulation of relative time

�X���temporal queries on snapshot objects :����conversion of a snapshot object to historical object,�X

�X��conversion of a snapshot object to rollback object,�X���conversion of a snapshot object to bi-temporal object,�X���temporal queries on historical objects : ����access of the valid time related to an object,

�X�X��construction of the valid time related to a result object,�X���selection of values according to a period,

�X�X��extrapolation or calculation of values according to a period,�X�X��selection of periods satisfying a criterion,

�X�X��selection of an historical object from an historical object,�X�X��temporal grouping,

�X�X��temporal ordering selection,

�X�X��Table 2(a) : temporal query language synthesis

	









	

�GLAXO

�DELTA��aggregate functions,

�X�X��temporal modal operators.

�X���temporal queries on rollback objects :����selection of values according to a period,�X�X��extrapolation or calculation of values according to a period,����selection of periods satisfying a criterion,

��X��selection of a rollback object from a rollback object,����temporal grouping,

�X�X��temporal ordering selection,�X����aggregate functions,

��X��temporal modal operators.

�X���temporal queries on bi-temporal objects :����conversion of a bi-temporal object to an historical object,�X����conversion of a bi-temporal object to a rollback object,�X���<queries applied for both historical and rollback objects at the same time>.����Table 2(b) : temporal query language synthesis



* VEMS : it is a respiratory test.

* DCF : a data clarification form.�2. Requirements Analysis of the DELTA pilot Application

2.1. Introduction

Most businesses today are undergoing a period of rapid change, driven by trends such as BPR and downsizing. The organisation is becoming flatter, with a high degree of empowerment, particularly at the business unit level. Business units have greater control and responsibility and are demanding IT systems that match their needs. In this environment, IT is often seen as a key enabler of change - unfortunately, where it cannot meet the demands, it is also seen as an inhibitor. 

There is a need to define a software development process which is scaleable for all types of systems and enables rapid development to be managed and controlled. Some of the main features we need are:

Business processes should drive the approach to ensure that the business requirements are understood and can be prioritised and validated.

Iterative development should be supported to help elicit requirements and to accommodate changes as the system evolves.

Incremental delivery is used to enable rapid delivery of critical functionality and to help to better estimate the remaining requirements



The user requirements of the DELTA pilot application were captured using a mixed approach of Use Cases, OMT and SSADM. The analysis approach has been selected in coordination with the Univ. Of Sorbonne which is responsible for the development of the OO + T methodology of TOOBIS. In the analysis of the requirements a three views approach was selected, namely, the objects, processes and events.

2.1.1. User presentation: DELTA S.A.

DELTA is the largest producer of fresh-products in Greece. It has a large distribution channel consisting of 600 representatives, 850 refrigerated vehicles, 130 sales supervisor, 40.000 retailers and 55.000 display refrigerators or freezers. DELTA is the largest fresh food and milk products organisation in Greece, with international co-operations in France and Switzerland and exports in countries such as Bulgaria, Soviet Union and Rumania.

DELTA was established in 1952 as a small company producing yoghurt and distributing milk. Throughout its forty years of existence DELTA expanded drastically and according to the 1992 publication records of the Greek Industry, it is in the 10th place, in terms of turnover, and in the 7th place in terms of profit between enterprises operating in Greece. Today, DELTA is the largest food and beverage firm of its sort in Greece, in terms of both sales and profits. DELTA produces all types of milk products, ice-creams and juices. Its two daughter companies are FROZA S.A., which produces frozen vegetables, and EUROFEED S.A., which produces animal feed. Both of these companies entered the market dynamically. In the last few years DELTA expanded dynamically both nation-wide and in the Balkan market.

�2.2. Statement of the DELTA - Pilot Requirements

The DELTA pilot application for TOOBIS concerns the implementation of  a Decision Support System (DSS) to improve the performance of mainly two business process areas: 

�SYMBOL 183 \f "Symbol" \s 10 \h�	Production Planning

�SYMBOL 183 \f "Symbol" \s 10 \h�	Loading of delivery Trucks

The application will deal with the daily Production-Loading-Distribution-Returns cycle of milk products. The  DSS is required to assist in the minimisation of the returns which arrive daily at the factory after the distribution. The main idea is that this requirement may be achieved only by improving the accuracy of the prediction of the daily Production. 



The pilot will primarily concentrate on the Milk Products range of DELTA. The management of this product range is of immense importance to the company. 

Milk products have been selected by DELTA as the test-bed of their in-house DSS, because they demonstrate a limited life-on-the-self behavior (i.e. such products have a 2-3 day expiration period). In contrast, ice-cream products are more resilient to time, therefore, their production/delivery management is left for a later stage of the DSS development. 



The range of milk products consists of ca 13 product types. Milk products are delivered to the shops via the DELTA delivery network. The Delta delivery network comprises of the affiliated distributors of DELTA who have a truck ownership, as well as a smaller number of trucks owned by DELTA. 



The distribution of products can be divided into two main categories:

�SYMBOL 183 \f "Symbol" \s 10 \h�	Products delivered in the Athens area.

�SYMBOL 183 \f "Symbol" \s 10 \h�	Products delivered in the Province.



The total distribution of products to the province is taken over of large distributors/agents. The product flow to province can be considered as stable, mainly on the following reason; the Province distributors have the capacity to store the products they receive. They receive batches of products and they are responsible for their local distribution. The large agents have own networks of distribution and own milk containers. The returns from the large distributors in the province are zero. 



The distribution of the selected products in Athens will focus on small shops possessing a refrigerator with the DELTA 'badge' as well as on Super-Markets who circulate larger quantities of milk products. 

2.2.1. Current System

The distribution of DELTA is carried by the Distributors. The total number of distributors is ca. 170, 140 of them are in the milk product distribution,  the rest are allocated in other product types. Every Distributor is associated with a number of end Customers. 



The following information is relevant to a customer (a subset of the total information being handled by the current application):

Shop Type (Local Shop, Super Market, Super Market Group)

Starting date with DELTA

Date of Final Transaction

First Purchase for the Year

Last Purchase for the Year

Has a DELTA Tent

Date for Tent Installation

Belongs to DELTA Club

Customer Type (old, new, lost to competition)



The total number of the end delivery points (end - Customers throughout Athens is ca. 7000.  



Every morning the distributor collects the track from the loading bay and follows his usual route to delivering the products, performing customer visits. The Distributor delivers to the customer a batch of products. A Customer Delivery consists of a number of products of 'x' type at a specific quantity. Then, he receives by the customer the customer returns involving products which have expired. The invoicing takes place at delivery via the NORAND hand-held computers which are considered standard for every distributor. The customer invoicing is electronic, therefore, all invoice data are downloaded at a later stage to the main system at the DELTA factory. 



Every distributor has to put an order to the factory for the next day's delivery-circle by 11:00 every morning. This order is sent by the telephone network. The order is considered provisional. The factory reserves the right to load a smaller batch of products when the quantities produced are less than demands (this may happen on a number of reasons), or a larger batch, if there exists evidence that the quantities ordered were pessimistic or additional orders have been received for the distributor.  An additional order may be placed by a Customer in occasions that he/she has an additional request (i.e. something forgotten etc. ) to the one submitted to the associated distributor during the visit. 



All this information (the distributor and the additional orders from clients) is entered in the Orders File. The factory may receive additional orders from customers as long as their truck is still on the loading bay (ca. 14:00). Small final adjustments may be made until 16:00 p.m.



On return to the factory the distributor is submitting the returned products. These products are classified in three categories; namely as  Daily, Expired and Super-Market. The reason for the classification and finally the separation of returns is that the daily returns are re-grouped, allocated, loaded, and delivered to the Province and the Islands. The loading for these regions may delay until 14:00 of every day. Currently, there are ad-hoc restriction rules governing the returns a distributor may daily make.

  

On the distributor’s return the data from the hand-helds are downloaded to the factory mainframe. The NORAD workfile maintains invoice information which is the following:

	Distributor - Date - Product Type - Quantity

At that time the sales data are becoming available to the system. These data are:

Products Loaded - Returns, Product Type, Distributor, Customer



The distributor may return to the factory and reload to continue his/her daily turn for a second time after the end of his first sequence of visits.

2.2.2. Desired System

The TOOBIS pilot has to increment the decision making functionality provided by the existing system, as well as to incorporate a number of essential additional general features. 

In the class of the DSS functionality extensions belongs the prediction capability by relating weather as well as event data to the prediction of the daily production. The DELTA DSS will provide a mechanism to identify similarity patterns in demand so that the order sent to the factory for production it becomes more accurate. The initial thinking at DELTA is that the following issues need to be accounted at:

�SYMBOL 183 \f "Symbol" \s 10 \h�	Weather Conditions

�SYMBOL 183 \f "Symbol" \s 10 \h�	Special Days

�SYMBOL 183 \f "Symbol" \s 10 \h�	Matching Days

�SYMBOL 183 \f "Symbol" \s 10 \h�	Specific Days

In the initial approach of modeling the system two special entities have been provided, the first is the weather prediction for a day, the second is event taking place at location for a certain period. The latter will use location data to associate increased consumption (e.g. at ports) during days that everyone is fleeing Athens.

In the class of the additional features belongs the implicit monitoring of a distributor’s performance in the daily routes, and the predictive returned items identification. 

The mechanism to implement the above is the following: Every time the distributor delivers an invoice to the customer, the time of the transaction is logged onto the hand-held computer carried by the distributor. Therefore, the accurate Distributor-Visit time data will be gathered in the application at no extra cost. 



In addition to the current practices, a stock assessment process will be introduced. Each Customer maintains a Stock consisting of a composition of products collected over the previous days. In the desired system it is intended to daily measure the stock at the customer's premises. This process will be implemented as a simple inspection by the distributor at the stock. 

2.2.3. Reporting requirements Incorporating Time

In the following a number of indicating reports for the performance of sales is given:

A) All distributors, per product type. The report is listing for a certain period (i.e. 1/12/95-31/12/95) the total or the incremental (in fifteen-day or monthly intervals) sales performances. The quantities printed are:

Last Year, Target, This Year, Difference (Last Year - This Year), Deviation (Last Year - Target)

B) For Customers and Distributors, Quantities, Values, Quantities over Values, Average Values for Periods and incremental intervals (as above).

C) For a given Distributor Customer Sales involving quantities of products. This report refers to fifteen-day and monthly period totals.

D) History (archived) Sales Reports, involving Sales per Day for Distributor, Customer, Product Type

E) History report for all routes. The customers assigned to Distributors over time.

F)Report for the daily loading. Involves Date, Unit, Route, Distributor, Product Type, Quantities, Value.

G) Aggregate reports of the turnover for fifteen day or monthly intervals. The reports indicate the following customer categories (all, old, new, lost to competition)

�2.3. Use Cases

Use Cases provide a technique for capturing the required business functionality of a system and were first proposed by Jacobson (Jacobson, 1992). 

The use case model within the development of enterprise systems is important for a number of reasons:

it is used, together with its associated interaction diagrams to model required business functionality.

it is used to drive the requirements traceability .

One of the key aspects of use cases is that they are used to describe functionality as viewed from outside the system. Each incremental delivery to the system users is made up of one or more whole use cases and therefore each increment should represent useful functionality to the users.

2.4. Actor Catalog

An actor is a role that someone or something in the environment plays in relation to the system being modeled. The above definition leads to the following important features of actors:

Use case modeling can be performed on systems of any sort, not just on software systems.

The actors are external to the system and therefore the identification of actors helps to scope the system.

An actor  represents a role.  The term role is used to indicate that there is not one actor per user of the system but one actor per class of users of the system. An individual person may interact with the system as different roles over a period of time.

Customer�As customers for the pilot application are considered the small shops possessing a refrigerator with the DELTA 'badge' as well as the Super-Markets who circulate larger quantities of milk products. ��Distributor�The Distributors carry out the distribution of Products studied by the pilot application. The total number of distributors is ca. 170, 140 of them are in the milk product distribution,  the rest are allocated in other product types. Every Distributor is associated with a number of end Customers. The association between a customer and a distributor is temporal. Also, a distributor may be reallocated and / or assigned to new routes.��Loading Personell�The personell of DELTA carrying out the loading operations. ��Service Support�The personell of DELTA that receive the daily orders from distributors and the ‘extra’ daily orders from customers and pass them into the system as loading orders for the trucks��Higher Level Management�The users of the DSS pilot application to be developed. They require information for sales with respect to products, distributors and customers. ��Administration�The personell which maintains all information in the pilot, produces customised reports and is responsible for the distributor and customer management, the ordering for the next day production, and the distributor loading orders���2.5. Use Case Catalog
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Figure 2.1. - DELTA Use Case Diagram





2.5.1. Use Case Descriptions

A use case is a behaviourally related sequence of transactions in a dialogue with the system. The above definition leads to the following important features of use cases:

Use case modelling can be performed on systems of any sort, not just on software systems.

The system provides the functionality in the use case.  The result of the use case approach is therefore that the functionality is modelled as the users of the system experience it not how the providers of that functionality would prefer to see it structured. 

The functionality in the use case has to be deemed valuable by an actor.  In order for the functionality to be deemed valuable it must be both significant and complete.  



Customer Distribution�Used by: Customer, Distributor

Description: The Distributor visits a Customer. The Distributor delivers to the customer a batch of products. A Customer Delivery consists of a number of products of 'x' type at a specific quantity. Then, the distributor receives the Returns involving those products which have expired. 

Intent: The means to deliver the products. The improvement of this use-case will result more efficient customer visits.

Uses: Invoicing

Description: The invoicing takes place at delivery via the NORAND hand-held computers which are considered standard for every distributor. The customer invoicing is electronic, therefore, all invoice data are downloaded at a later stage to the main system at the DELTA factory.

Intent: The Electronic Invoicing has an accurate and immediate picture of the end-customer sales. It additionally logs the Distributor's departure time (approximately). Therefore accurate route information may be daily gathered.

Uses: Stock Measurement

Description: In addition to the current practices, a stock assessment process will be introduced. In the desired system it is intended to daily measure the stock at the customer's premises. This process will be implemented as a simple inspection by the distributor at the stock.The products stocked at the visit day will be introduced in the NORAD handheld, and then will be downloaded at the factory

Intent: The need to be able and tell which returns involve 'damaged' products and which  of the returns involve 'expired' products. This will reduce the number of 'not-proper' returns

��	�

Order Processing�Used by: Customer, ServiceSupport

Description: An additional order may be placed by a Customer in occasions that he/she has an additional request (i.e. something forgotten etc. ) to the one submitted to the associated distributor during the visit.

Intent: Additional Ordering is a service offered to customers so that increased demand is more promptly added to the system and then to be passed as an increased-production request.

Uses: 

Uses: Order Processing

Description: This order is sent by the distributor via telephone network. The order is considered provisional.

Intent: The means to gather the daily required orders.

Pre_Conditions: Every distributor has to put an order to the factory for the next day's delivery-circle by 11:00 every morning.

��In Station Activities�Used by: Administration, Distributor, LoadingPersonell, ServiceSupport

Description: The activities at the bay involve the loading of trucks, the return of the trucks where the returned products are handed back by the distributors, the downloading of information from the handheld computers, the possible reloading of the trucks for a second route during the same day. At the latter case the additional request is given by the truck driver on-site.

Intent: An important part of the day-to-day milk distribution operation.



Uses: Load in Station

Description: The orders from the distributor and the additional orders sent by the customers are summed as the daily requested load for each of the distributors. This information is gathered by the service personell. The products are produced at the factory and gathered at the loading bay. The factory reserves the right to load a smaller batch of products when the quantities produced are less than demands (this may happen on a number of reasons), or a larger batch, if there exists evidence that the quantities ordered were pessimistic or additional orders have been received for the distributor.

Intent: To prepare the distributors and set them ready for their daily visit trip.

Pre_Conditions: The loading of trucks is performed at a certain order. The ordering is a consequence of the routes followed. In addition a knowledge of a 'stable' loading gives a distributor a first-to-be served priviledge.���	

Production�Used by: Administration

Description: Introduce to system Weather and Event Information. Perform the Prediction by isolating and Identifying Similar paterns in the consumption during previous years using historical information. Pass the request to the factory for the next day production.

Intent: Perform Accurate 'as possible' Production Planning��Reporting�Used by: Administration, Higher Level Management

Description: A Number of reports detailed in the general description

Intent: Give management accurate information for the sales performance.

��DSS Administration�Uses: Customer Management

Used by: Administration

Description: Normal Create - Modify - Delete management for Customers.

Some additional information is kept in the system with respect to Membership in Delta, Marketing (tent existence)  etc.

Intent: Maintain Information on Customers

Uses: Distributor Management

Used by: Administration

Description: The Distributors files are maintained in this use-case. 

Normal Create-Modify-Delete Operation. Also it is of importance to assign a distributor a new route (increment the route by a customer, or take over the route of another distributor).

Intent: To Maintain information on Distributors.

Uses:Downloading of Information

Description: On the distributor’s return the data from the hand-helds are downloaded to the factory mainframe. The NORAD workfile maintains invoice information which is the following:

Distributor - Date - Product Type - Quantity

In addition, The customer stock information and the distributor departure time from the visit will be introduced into the DSS

Post_Conditions: After the downloading of data from the handhelds, sales information is becoming available to the system. These data are:

Products Loaded - Returns, Product Type, Distributor, Customer

��



�2.6. Data Flow Model



�

Figure 2.2. - DELTA Data Flow Model

2.6.1. Data Flow Diagram

A Data Flow Diagram (DFD) is the primary diagram for depicting the functional requirements of the system being modeled. It partitions these requirements into processes and stores, interconnected by flows. Data Flow Diagrams are used in OMT in order to capture and understand the requirements of the real world environment. The Use Cases of Jacobson is an alternative and preferred way to present the real world system requirements. Also, Use Cases may lend themselves in incremental development. However, data flows, are the traditional way to describe a system functionality. For the sake of completeness we introduce here the top-level DFD of the DELTA Sales Monitoring system. The notation followed is the one proposed by the OMT methodology.

2.6.2. Actors

The Actors identified in the DFD diagram are the Customer, Distributor and Management. Their descriptions is given in the Use Case analysis.

2.6.3. Data Stores

Distributor File: Maintains information about Distributors.

Distributor Performance: Performance details for Distributors. May be merged with Distributor file.

Customer File: All Customer Data.

Customer Performance: Performance details of Customers. May be merged with Customer file in a revised version of the DFD.

Sales Archive: The database storing infromation about the Sales performance of the Distributors and Customers.

NORAD: A temporary storage which replicates part of the Information Database holding information for a Distributor and the Distributor daily Sales tasks.



Process�Description��

Perform Customer Visit�Performed by: Distributor

Description: In a customer visit the distributor gives the customer the Products, receives the Returns and, issues the Invoice and measures the Stock. All Sales Information along with the departure time is stored at the NORAD��

Receive Order�Performed by: Service - Administration

Description: Service receives the additional orders by the customers and the orders by the distributors. It issues the loading Order Directives submitted to the process loading of trucks. The receive order process sends demand information to the production planning process.��Load Truck�Performed by: In Station Service

Description: The process receives the Order Directives by the Receive order process and stores the accurate loading information to the NORADs��

Re-Load Truck

(merged with Load Truck)�Performed by: In Station Service

Description: The process represents the return of a truck to the station after the first exit and the reloading. The process receives the Additional Order Directives by the Distributor and stores the extra Loading Information to the NORADs���2.6.4. Process Descriptions

Process�Description��

Customer / Distributor Management

�Performed by: Administration

Description: The administration receives the Customer and the Distributor details and updates the Customer  and the Distributor  files.��

Route Planning�Performed by:  Administration

Description: The process combines information from the Customer and the Distributor Files and updates them sending the new Distributor  and Customer details.��

Production Planning�Performed by: Administration

Description: Production Planning combines the Demand  and the Effects Information as well as historical data of sales which give similarity patterns in production and passes the information to Production. ��

Arrange Production �Performed by: Factory

Description: Receives the production order by the production planning process and produces the next day products send to the Loading Station��

Maintain Effects Information

�Performed by: Administration

Description: Information is received into the system regarding Weather Data and Events and is stored in the historical Effects Archive ��

Retrieve Information from Handhelds�Performed by: Administration

Description: The administration receives the information from the handhelds and updates the DSS with new Information in a batch process daily. The information flow refers to Daily Sales Totals, Customer Sales and Distributor Sales which is deposited to the Sales archive, the Customer and the Distributor performance profiles. ��

Produce Management Reports

�Performed by: Administration

Description: Production of the reports to assist management to take decisions. ���2.7. Class Model

An object model is used to capture the structure of a system by defining a set of classes together with a set of relationships between those classes. Objects are essentially instances of classes and often map directly to concepts in the business domain.  This direct mapping allows the object model to be both a powerful communications enabler and be resilient to changes in technology.  The object model can also used as the source from which code is automatically generated.



The object modeling technique described here is based upon that used by Rumbaugh [Rumbaugh et al, 1991].  He describes the technique in great detail and readers are advised to consult the book cited above if more information is required.  The purpose of this section is to present the Local Object Model of the DELTA DSS application. The classes designed will have peer entities in the relational model. Further analysis will be needed for the specification and design of the Interface classes via which the communication with the user will be facilitated.
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Class : 'Batch'

Description: 

Batch is an aggregation of  Product(Duration, Name) . Every Batch has a Date. The association with product is qualified with the Attributes Amount and Quantity. The Class Batch is the generalisation of CustomerOrder, CustomerStock and CustomerReturn. Additional orders are also a subclass of Batch.



Class : 'AdditionalOrder'

Description: 

An AdditionalOrder is placed by a Customer. The association with the Class Customer is qualified with RecordedTime i.e. the time instance when the customer placed the additional order. An additional Order is a subclass of Batch. Therefore, it aggregates a set of products specifying their amount (money) and quantities.

Class : 'Customer Delivery'

Description: 

Customer delivery is the set of Batch received by a Customer.

Class : 'CustomerOrder'

Description: 

A CustomerOrder is not currently an active object in the DELTA application. The orders in their total are submitted daily by the distributor. CustomerOrders should be a subclass of Batch.

Class : 'CustomerReturn'

Description: 

The returns made by a customer. A subclass of Batch.

Class : 'CustomerStock'

Description: 

Customer Stock is measured by a distributor daily. A Customer Stock is a subclass of Batch.

Class : 'Customer'

Description: 

A customer. The information held for a customer is described elswhere. Customers place additional orders. Customers are associated with distributors. Customers accept daily visits by distributors.

Class : 'Distributor'

Description: 

Distributors have a numbers of Customers allocated to them. Distributors perform daily visits to customers (class DistributorVisit). This association between a Customer and a Distributor is qualified with the named class DistributorVisit which holds the information of DepartureTime (from customer) and VisitDate.



Class : 'DistributorVisit'

Description: 

Is an association between a Customer and a Distributor is qualified with the named class DistributorVisit which holds the information of DepartureTime (from customer) and VisitDate.
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Class : 'DailyProductOrder'

Description: 

A distributor places a DailyProductOrder which aggregates a number of products at a Quantity (implemented by an unnamed qualifying association). The DailyProductOrder is made for a date (ForDate) and at a RecordedDateTime.

Class : 'DailyCirculation'

Description: 

The DailyCirculation class aggregates a number of products. Each product has as attributes the total amount of products loaded, and returned, also the amount (money) which was payed for returns (per product).

Class : 'DailyTotals'

Description: 

This relationship aggregates measurements of the daily circulation of products.

Class : 'DeliveryPackage'

Description: 

An additional order is associated with a delivery package (involving quantities of products per product)

Class : 'Product'

Description: 

A product has a duration and a name. Because products (i.e. boxes of milk) are not treated as individuals at the system but as aggregations, date of production is not kept in the system.
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Class : 'DailyProduction'

Description: 

Daily production stores the Daily Sales and the Total Returned quantities of the products. The daily production involes all product types. The qualifying association production statistics holds the information for the daily production refering to the planned-produced and sold quantities.

Class : 'ProductionStatistics'

Description: 

Production statistics holds the information for the daily production refering to the planned-produced and sold quantities.





Class : 'WeatherCondition'

Description: 

Information about the weather, to be used in the future DSS of DELTA.

Class : 'Product'

Description: 

Refered previously
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Class : 'AddressLocation'

Description: 

Every Address Location represents a position in the map. Different granularities may ressult many customers to be situated in an Address Location.

Class : 'Area'

Description: 

An area is an aggregation of address locations. Areas may have different attributes so that they will be grouped according to their common features. For example ‘Port’, etc.

Class : 'Event'

Description: 

An initial class to be further defined in the detailed analysis of the pilot. It refers to events that will affect consumption of milk products in areas. Events ‘happen’ in areas at intervals.

Class : 'Interval'

Description: 

A class to be specified in the time model of TOOBIS.



�2.8. The Relational Data Model

The Storage model of the architecture encaptulates all storage data of the application and is stored in relational form. The DELTA application involves the daily data captured in a relational database. This is common to most current systems where relational technology is used. In these applications the ‘impedance mismatch’ between the local and the corporate object layers with the storage model has to be resolved. 

This section involves the presentation of the logical data model of the DELTA application as well as the Physical data model. The latter will correspond to the daily gathered data in the DSS system which are stored in relational form.

2.8.1. Logical Data Structures

Logical Data Structures (LDSs), also known outside SSADM as entity-relationship diagrams) are diagrams that specify the information requirements of a system. An LDS shows the entities (objects about which the system must maintain information) and the relationships (associations) that link them.
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ENTITY DESCRIPTIONS

Product The Products in the pilot application do not involve the full range of DELTA products but only the products of milk which have a certain life expectency and their circulation is amenable to weather conditions.

Distributor The distributors in the pilot application are distributing every day the milk products to the customers. Every distributor has been assigned a number of customers. Distributors perform daily routes to the customers. During a route, customer deliveries take place. The distributors at the end of their route return to the factory the customer returns. There are c.a. 150 distributors.

Customer As customers in the DSS application are referred to the local distribution points of the products of DELTA. Every customer holds a DELTA branded fridge. The total Customers number rises to 7000

Customer Delivery A distributor delivers to a customer at a certain date a set of products

Customer Return A customer return refers to the quantity of products returned by a customer to a distributor at a date

Customer Stock Customer Stock is referred as the quantity of a product measured on a specific date during a Distributor Visit 

Area An area contains a number of address locations. Distributors operate in Areas (1:M) 

Address Location A customer resides in an Address Location. Events take Place in Address Locations. Address Locations will be codified by their position in the Map
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Figure 2.8. - Events (LDS)



ENTITY DESCRIPTIONS

EventLocation Event Location is an Association between Events, Locations and Time. As an entity has the meaning that an Event takes Place at a Location during a Period. EventLocations have as possible attributes their effect and the category they belong.

Customer As customers in the DSS application are referred to the local distribution points of the products of DELTA. Every customer holds a DELTA branded fridge. The total Customers number rises to 7000

Area An area contains a number of address locations. Distributors operate in Areas (1:M) 

Address Location A customer resides in an Address Location. Events take Place in Address Locations. Address Locations will be codified by their position in the Map
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ENTITY DESCRIPTIONS

Product The Products are delivered to the customers in Delivery Packages

DeliveryPackage A delivery package combines a product type at quantity and it is delivered to a customer by a distributor. 

Additional Orders Are sent to the factory by customers. An additional Order specifies a product type at a quantity. In additional Orders the time that the order is placed to the factory is recorded.

Distributor A distributor is assigned to a number of Customers. Every day the Distributors perform Distributor Visits to Customers.

Customer As customers in the DSS application are referred to the local distribution points of the products of DELTA. Every customer holds a DELTA branded fridge. The total Customers number rises to 7000

Distributor Visit A distributor performs a daily visit to his customers. In a Distributor Visit the departure time is recorded (in the invoice issued by the NORAD).
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ENTITY DESCRIPTIONS

Product The Products are delivered to the customers in Delivery Packages

Customer As customers in the DSS application are referred to the local distribution points of the products of DELTA. Every customer holds a DELTA branded fridge. 

Additional Orders Are sent directly by customers to the factory. An additional Order specifies a product type at a quantity. Additional Orders record the time that the order is placed to the factory.

Distributor A distributor is assigned to a number of Customers. Every day the Distributors perform Distributor Visits to Customers. Distributors every day sell a number of products per type (Daily Circulation). Distributors place DailyProductOrders every day to the factory by 11:00 am. Also Distributors have targets per product.

Daily Circulation The daily circulation of products refers to the aggregate quantities sold by the distributor at a date.

Daily Product OrderEvery day a distributor places a daily product order

Target A distributor has a yearly target per product (i.e.measurable quantities of products per year)
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ENTITY DESCRIPTIONS

Product The Products are delivered to the customers in Delivery Packages

DailyProduction The production of products at the factory. The features held in daily production are the: Planned Production per product, the Actual Production of the Product, the quantities of the product sold and the date of the production.

WeatherCondition A modelling mechanism to import weather conditions in the IS so that decisions are assisted by it.

ProductionMaster  Serves the purpose of linking the information to that of the previous year.

�2.8.2. The Physical Data Model of DELTA

�

Figure 2.12. - The Physical Data Model of DELTA

�2.9. Dynamic Modelling

The two basic concepts within a dynamic model are states and events, which are defined as follows:

An event is an instantaneous occurrence which stimulates the system or an object to perform some response

A state is the name for the period of time in which an object has a particular set of attribute values and links, which significantly governs the objects behavior

For example, within a library system events might include Reservation made or Borrower reserves book.  In addition, the state diagram for the class Book might have states named Available for loan and Reserved.

Within and between states, actions and activities occur:

An action is an operation associated with an event on a state diagram whose duration is insignificant compared to the duration of the states in the state diagram

An activity is an operation associated with a state on a state diagram whose duration is bound by the duration of the associated state

The dynamic behaviour of the DELTA application has been modelled using mainly techniques that come from the OOSE-OMT methodology (Object Interaction Diagrams, and State Transition Diagrams) and the event modelling of SSADM. 

Berisford [Berr94] states that events are as important as objects. Both must be specified within the conceptual model. The entity-event modelling techniques of SSADM have been applying to result the following:

The Event - Entity matrix

The Event Catalogue.

The Entity Life Histories (entity behaviour)

The Effect Correspondence Diagrams

The design process was based on the existing system. The entity behaviour model defines the behaviour of a single type or entity from the moment it becomes of interest to the system to the moment it ceases to be of interest. The entity driven approach has resulted all the events affecting the entities and the patterns of these events. These changes have been captured in the ELH (Entity Life History) diagrams. For the purpose of this report only a few are included. Typically, there are as many ELH diagrams the entities listed in the conceptual model. 

The Effect Correspondence Diagrams (ECD) define the efects of one event type on entities of several types. ECDs dont explicitly show the sequence of interaction between object classes, but the sequencing is implied by the entry point and the correspondences drawn between the ECD nodes.

Operations and Effects

The operations included in the ELHs, and the ECDs show what actually happens to an entity as a result of an event.  The operations show in a detailed way the processing performed within the context of objects. Each effect on an entity is performed by a set of operations. The effects are shown in the Operations List, describing each operation and using a pre-defined syntax. The syntax of operations is:

Store Keys, Store Attribute, Store remaining Attributes etc.  : Storage of various values in an entity.

Tie to <entity> : Creates a relationship occurrence, the direction is from child to master entity.

Cut from <entity> : Deletes a relationship occurrence. Cut is equivalent to deleting a ‘foreign key’ attribute

Gain <entity> : Creates a relationship between a master and a detail entity. 

Lose <entity> : Deletes the relationship occurrence between the entity in the diagram and the named detailed entity occurrence. 

�2.9.1. Event Catalogue



Event�Description��Additional Customer Order�The Order placed by a Customer, after the distributor visit and during a day. A usual exception.��AssignToAreas�Distributors are assigned to areas. In distributor management��Change Membership Info�In Customer Management��Change Of Target�In Distributor Management��Create Product�In Administration, the definition of a new product��Customer Arrival�The Arrival of a Distributor in the Customers’ premises��Customer Assignement�Distributor is assigned a customer. In Customer - Distributor Management��Customer Delivery�The event takes place during a distributor visit��Customer Enrollment�In Customer Management. ��DeleteProduct�In Administration. The rendering of a product as disfunct��Delivery of Products�The event takes place during a distributor visit��Depart From Customer�The distributor visits terminate with a departure from the customer��DepartFromStation�The distributor loads and departs. The event belongs to the in - station activities��Distributor Enroll�In Distributor Management��Distributor Inactivation�In Distributor Management��End of Deliveries�Takes place when a distributor returns to the factory and finishes with his job.��End of Production�Takes place when factory sends all products for loading��EndOfDay���Inactivate Customer�In Customer Management��Issue Invoice�During a distirbutor visit the distributor issues an invoice and departs��MaintainCartographicInfo�In Administration, used to manage areas and address locations��Measure Stock�Measure The Stock at the Customer��NewDay���Place Order�The distributor sends an order to the factory��ProduceReport�The event following a request by management for a report. It may also be recurring��Return of Products�At the return the distributor unloads the products��Return To Station�The distributor returns to the station.��

Figure 2.13. (a) - Event Catalogue



�2.9.2. Entity/Event Matrix

Entity / Event�Add. Ord�Addr.

Loc.�Area�Btch�Cus/mer�Cus/merDeliv.�Cus/

merOrd�Cus/

merRet�Cus/Stck�DailyCirc.��Additional Customer Order�I,G���I,T,G�G�������AssignTo

Areas������������Change Of Target������������Customer Arrival�����G��I,T,M�����Customer Enrollment�����I,T�������Depart From Cust.�����G�������Distributor Enroll������������Distributor Inactivation������������Distributor Mgmt������������Issue Invoice�����I,T�������Maintain

CartInfo��I,T�I,G���������Measure Stock���������I���NewDay������������Place Order������������Return of Products�����G���I,T����Return To Station����������I��Figure 2.13.(b) - Entity/Event Matrix

�Entity/Event Matrix



Entity / Event�DailyProduction�DailyProd.Ord.�Deliv.

Packge�Distr.�Distr.Visit�EvntLoc.�Prod�Prod/ctionMstr�Tar-get�WthrCond��Additional Cust. Order���I,T���������AssignTo

Areas������������Change Of Target������������Customer Arrival������������Customer Enrollment����G��������Depart From Customer����G�I,T�������Distributor Enroll����I��������Distributor Inactivation����D��������Distributor Mgmnt����M�����I,M���Issue Invoice����T���G�����Maintain

Carto-Info������������Measure Stock������������NewDay�I,T�������I,G��I��Place Order��I,T��G���G�����Return of Products�������G�����Return To Station������������Figure 2.13. (c) - Entity/Event Matrix

�2.9.3. Entity Life Histories

In this section the behaviour of a small number of entities is described in terms of the ELHs. Entity Life Histories

Entity Life Histories (ELHs) are Jackson structure diagrams that specify the legal patterns of events which affect a particular entity aspect. ELHs are closely related to Logical Data Models (LDMs) and Effect Correspondence Diagrams (ECDs) which each show the conceptual model of an information system from a different perspective.

Effects are shown as the leaf nodes on an ELH and each effect specifies an interaction between the entity and an event. You define the behavioral rules for the entity by placing the effects in sequence, selection, and iteration structures. You add operations to the effect to specify the details of processing the entity.

An ELH describes a kind of finite state machine in which each effect takes the entity aspect from one state (of, perhaps, several states) to another. SELECT SSADM is able to identify an optimized set of states, and this can be an aid to understanding an ELH and to implementing systems which correctly support the business rules.

A powerful new feature of SSADM is the super-event. Super-events are re-usable events which can take over part of the processing of more specific events. A super-event appears in one ELH as a selection of the effects that it supersedes together with a set of common operations; in other ELHs it appears as a normal effect node in place of its subordinate events.

The benefit of this technique is that a clear mapping and a comprehensive presentation technique between the entities of the system (to become objects) and the events is achieved.



Distributor(ELH00001.DAT)�����Type:ELH�Page Ref:ELH��Date Last Changed: 3-Apr-96 18:10:04�Last Changed By:ZISSIS         ��Figure 2.14. - Distributor (ELH)



The entity Distributor comes into life with an Enrolment event which may be a new Distributor enrollment or the re-enrollment of a distributor that has previously existed in the system. The distributor ‘Life-time’ involves ‘Daily-Task’ events and ‘Management’ events.

The Daily Tasks of a distributor are a sequence of :

Additional Orders, Departure from Station, Customer Visits, Ordering and Returning to the Station. A Customer Visit is a sequence of Customer Delivery events, Measuring the Stock and Customer Departure. The Customer Delivery is a ‘super-event’ meaning that it aggregates the events Customer Arrival, Delivery of products, Return of Products and the Issuing of invoice.

The Distributor Management involves the change of Target for a distributor, the Assignements of Customers / Routes and the change of other attributes of the Distributor.

Finally in the sequence of creation and the repetitive daily events follows the distributor inactivation event, where a distributor becomes inactive for the system. However, there will be occasions that the information stored for a distributor will be needed in future reporting.

Customer(ELH00002.DAT)�����Type:ELH�Page Ref:ELH��Date Last Changed: 4-Apr-96 14:46:53�Last Changed By:ZISSIS         ��Figure 2.15. - Customer (ELH)



The entity Customer comes into life with an Enrolment event which may be a new Customer enrollment or the re-enrollment of a Customer that has previously existed in the system, has gone to competition and has been re-won. The Customer ‘Life’ involves the daily ‘Customer Activities’. Finally in the sequence of creation and the repetitive daily events follows the Customer inactivation event, where a customer becomes inactive for the system. However, there will be occasions that the information stored for a distributor will be needed in future reporting.

The Customer Activities is a sequence of ‘Daily Activities’ and ‘Details Changes’.

The daily activities involve the events taking place during a customer visit. In a Customer visit, a Customer Delivery (a super-event explained in the distributor which is a sequence of the events Customer Arrival, Delivery of products, Return of Products and the Issuing of Invoice) takes place. The Customer Delivery is followed by the Measuring of Stock and the Departure from the Customer. The daily activities involve the Additional Customer Orders placed by Individual Customers to the Company.

The Details changes involves the change of distributor (by being assigned to, or be reallocated to another distributor) and the change of the Customer Details.



Product(ELH00003.DAT)�����Type:ELH�Page Ref:ELH��Date Last Changed: 4-Apr-96 14:49:56�Last Changed By:ZISSIS         ��Figure 2.16. - Product (ELH)



The Entity Product has the product Creation event and the product Operations. The Operations may result by daily events or management events. The Daily events are grouped mainly into two categories, the production and the distribution. The production involves the NewDay event which induces a number of changes in the database involving the quantities produced and consumed per product type. 

The distribution involves the Departure from Station, the Customer Delivery (super-event described previously), the additional customer orders, and the placing of distributor orders.

The management events refer to the setting of targets to the distributors. Target setting refers to the definition of a number of measurements referring to a product type for an individual distributor. In other words a distributor agrees to achieve a set of targets for a number of products.

Target(ELH00007.DAT)�����Type:ELH�Page Ref:ELH��Date Last Changed: 3-Apr-96 15:48:45�Last Changed By:ZISSIS         ��

Figure 2.17. - Target (ELH)



DailyProduction(ELH00014.DAT)�����Type:ELH�Page Ref:ELH��Date Last Changed: 3-Apr-96 18:51:48�Last Changed By:ZISSIS         ��

Figure 2.18 - DailyProduction (ELH)

The diagrams above, (fig. 2.17-2.18) show the entity life histories of the entities Daily Production and Target. 



�2.9.4. Effect Correspondence Diagram

An Effect Correspondence Diagram (ECD) takes a cross-section across all ELHs. The ECD gathers together all the effects of a particular event and structures them to show the paths taken through the data to process the event. SELECT SSADM helps you to build this diagram by finding all the appropriate effects in the dictionary and adding them to the diagram when it is opened.

An ECD consists of multiple Jackson structures that are connected by flows (also known as correspondences) which are shown as arrows. Each Jackson structure (which may be as simple as a single effect) shows effects that relate to a particular role of an entity aspect. The correspondences between the Jackson structures tend to follow relationships between the entities. ECDs, therefore, have an important place in integrating LDM and ELH diagrams; all these diagrams together, with their related detail, make up the Conceptual Model.

An ECD can be used as a specification for program code by implementing the event as a database transaction. The ECD has a notation particularly appropriate for designs that use communicating objects. Alternatively, SELECT SSADM can transform an ECD into an Update Process Model (UPM) which is a structure chart for an event procedure.

Customer Delivery(ECD00004.DAT)�����Type:ECD�Page Ref:ECD��Date Last Changed: 4-Apr-96 13:08:17�Last Changed By:ZISSIS         ��Figure 2.19. - Customer Delivery (ECD)



The Effect Correspondence Diagram of fig. 2.19 shows the effects of the event Customer Delivery. The affected entities for a customer delivery are the following:

	Customer (creates an association with the entities CustomerDelivery and CustomerReturn)

	Product (Creates an association with the entities CustomerDelivery, CustomerReturn and CustomerStock)

	CustomerDelivery (Creates a CustomerDelivery and links it to Customer and Product, also it sets the dates amounts and quantity attributes)

	CustomerStock (Creates a CustomerStock instance and links it to Customer and Product, also, it sets values to the attributes of this entity).

	CustomerReturn (Creates a CustomerReturn instance and links it to Customer and Product, also, it sets values to the attributes of this entity).

2.9.5. Object Interaction Diagram

In order to model the use case functionality in more detail, and to understand how that functionality is provided by the objects on the object model, a more detailed model is required.  An Object Interaction Diagram (OID), which defines the messaging required between objects in order to provide a use cases functionality gives that more detailed model.

Within our approach to the development of enterprise systems the interaction model serves two key objectives:

ensuring we have the right objects to service our business requirements

capturing design information for later use by the coders
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Figure 2.20. - Customer Distribution (Use Case)



The Use Case Customer Distribution involves the following object Classes

Distributor

Customer

Product

CustomerDelivery

CustomerReturn

CustomerStock

The Customer Distribution use case involves the following events:

Customer Arrival

Delivary of Products

Return of Products

Issuing of an Invoice

Measuring the Stock

and Departure from Customer.

For each of the above events the corresponding stimuli between the objects and their generation as time progresses is listed in fig. 2.20.

For example, the MeasureStock event initiates a ‘MeasureStock’ stimulus from the Distributor to the Customer. The Customer propagates this stimulus to the CustomerStock Object. 
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Figure 2.21. - In Station Activities (Use Case)



The Use Case ‘In Station Activities’ involves the following object Classes

Distributor

Product

Daily Circulation

Daily Production

The Instation Activities use case involves the following events:

Depart from Station

EndOfDeliveries

For each of the above events the corresponding stimuli between the objects and their generation as time progresses is listed in fig. 2.21.

For example, the Depart from station event sets the Distributor to the state for a new daily distribution route. The Set Daily Circulation event generates a stimulus from the Distributor to the Object DailyCirculation. The effect ‘Return to Station’ generates a TotalReturns stimulus which is transmited to the DailyProduction Object.



Object Interaction Diagram:
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Figure 2.22. - Order Processing (Use Case)

The Use Case ‘Order Processing’ involves the following object Classes

Distributor

Customer

Product

Additional Order

Delivery Package

Daily Product Order

The Order Processing use case involves the following events:

Additional Order

Place Order

For each of the above events the corresponding stimuli between the objects and their generation as time progresses is listed in fig. 2.22.

For example, The Place Order event generates a number of stimuli (Get product Details, and Create Daily Product Order) to be sent by the distributor to the classes Product and Daily Product Order.

2.9.6. Rumbaugh Dynamic Modelling

This technique focuses on a notation for specifying the dynamic behaviour of object classes. The dynamic model constitutes a set of state diagrams.  Each state diagram specifies, for a particular class, permissible state change behaviour for objects belonging to that class.

The purpose of the dynamic model is to focus attention on how the classes on the object model behave over time.  The object model is static and, therefore, the dynamic model provides an additional view of the required systems functionality that validates the view captured by the object model.

The Perspective approach (TM) to the development of enterprise systems is through the iterative refinement of models in a controlled RAD environment.  One of the principles of such an approach is that unnecessary detail should not be specified.  Many of the classes on an object model have trivial dynamic behaviour and therefore it is extremely unlikely that the dynamic model for a system will include a state diagram for every class on that systems object model. Rumbaugh [Rumbaugh, 1991] uses a dynamic modelling notation that was originally proposed by Harel [Harel, 1987].  

Distributor(STD00001.DAT)�����Type:State Diagram�Page Ref:STD��Date Last Changed:29-Mar-96 16:36:20�Last Changed By:ZISSIS         ��Figure 2.23. - Distributor (State Diagram)

Customer(STD00002.DAT)�����Type:State Diagram�Page Ref:STD��Date Last Changed:29-Mar-96 17:07:32�Last Changed By:ZISSIS         ��Figure 2.24. - Customer (State Diagram)



In Fig. 2.23 and Fig. 2.24 the state transition diagrams are given for the Object Classes Customer and Distributor. 

The Distributor (fig. 2.23) loads the truck and visits all customers. When finishing the round of visits he places an order and returns to the factory to sometimes reload the truck and repeat  the visiting round. When the visits finish the information collected is downloaded to the DELTA system.

The Customer Object during the context of the Delta System accepts a distributor visit and gives an additional order.

2.10. Architecture Design Issues - Delivering a Scaleable Enterprise Architecture

Client-server technology supports the inherent distributed and multi-tier nature of the business. Many applications are today being built to operate on two-tier client-server architectures. However, if technology is to continue to support the evolving business architecture, the trend towards multi-tier distributed client-server computer systems is inevitable. The ability to build applications which can be scaled up from a two-tier architecture to a multi-tier architecture, without fundamental redesign, is therefore vital.

A two-tier architecture is generally what is implemented today as client-server. Based on the above discussion, we need to develop systems which:

Meet the needs of the business in a timely fashion

Are able to change the application as the business grows

Are able to scale the application as the business grows 

To achieve our aims, we need to define an overall enterprise architecture which provides an appropriate framework for systems development throughout the business. We need to consider different aspects of the enterprise architecture namely:

Business architecture  -  What do we need to support?

Technology architecture  -  On what technology will the applications execute?

Application (software) architecture  -  How are the applications going to be structured?

Development team architecture  -  How are we going to be organized to build the applications?

� EMBED CPaint4  ���

The Perspective Architectural Model 

To achieve a scaleable architectural design, we need to model the multi-tier nature of the business. In the development of the client application the SELECT Enterprise (TM) model will be applied as it supports separate object models for each aspect of multi-tier design namely:

Interface Objects

Business Objects

Local Business Objects  (i.e. process-specific)

Corporate Business Objects (i.e. enterprise wide, re-usable objects)

Storage Objects



Using this multi-tier model approach provides a clear view of the business logic, enabling reuse of information and the retention of architectural integrity as the system grows and changes.

�2.11. Summary

The Application of DELTA belongs to the domain of DSS applications. Therefore, the requirements of DSS applications and the various applications architectures proposed for DSS systems are also valid within the context of this pilot application. The specific requirements of the application with respect to time have been abstracted in the consolidated view of both TOOBIS pilot applications, which is presented in the first section of this document. 

The requirements catalogue attempts to present the application domain involving different techniques. The adopted approach for analysis has been based on suggestions by the Univ. Of Sorbonne. A CASE tool by SELECT (TM) has been employed during analysis. The multitude of the techniques and the methodologies used, is due to the character of the project and is due to the attempt to test different alternative presentations and be as open as possible in the selection of the TOOBIS methodology. 

Our approach into modelling the DELTA application has been affected by the system to be developed, which is by nature a system targeted for a mixed environment involving a relational (legacy) system, a DSS to be implemented using an OO database and the front-end tools to be developed in Windows 95 PC-based clients. 

Most of the requirements appearing in DSS applications involving time based queries are also applicable to the proposed application. The required system will be implemented on a OODBMS. The three-tier approach seems to be the most effective and flexible for implementing the DELTA application. 



�3. Requirements of the GLAXO Pilot Application

3.1. INTRODUCTION

This document belongs to the T.2.2 "User Requirements" task, "Technology Foundations" workpackage of TOOBIS project. This is the French contribution to this task, where Matra Cap Systemes and Glaxo-Wellcome analyzed the temporal needs of the latter.

In order to capture and analyze the needs in time management of the end user Glaxo-Wellcome, we followed a process described below.

Firstly, a very global approach of Glaxo-Wellcome group, and more particularly of Glaxo-Wellcome France, allowed us to discover the different sectors of activities of this end user.

Then, we proceeded to a first identification of activities types, and of potential users groups, which could be the target of TOOBIS project.

Finally, a deeper study of needs and applications of the chosen users, leaded us to the extraction of the temporal needs, which is the purpose of this document.

The remainder of this document is organised in three parts, namely a description of the users needs, a specification of these needs and the conclusion of this study.

3.2. DESCRIPTION OF THE "USER REQUIREMENTS"

In this chapter, we adopt a top-down method, in order to find the group of users meeting the criteria of our study.

3.2.3.  Glaxo-Wellcome

3.2.3.1. General Introduction

The Glaxo-Wellcome group, partner of Matra Cap Systemes for the TOOBIS project, is the fusion between two important names of the English pharmaceutical industry: Glaxo, created in 1873 by Nathan Joseph; and Wellcome from the Burroughs Wellcome and Co foundation, created in 1880. From this British common inheritance was born the Glaxo-Wellcome group, today first worldwide pharmaceutical group.

The activity of Glaxo-Wellcome group is mainly interested in the research and the production of new treatments. It can be divided in three parts:

The Fundamental Research is a vital activity of Glaxo-Wellcome group. Five Nobel prizes (1936, 1982 and 3 in 1988), and currently the creation of two news molecules in the France laboratory of the Ullis, prove this interest. This research deals with domains like [anesth�siologie], [virologie] ...

The Pharmaceutical Development puts in concrete form this fundamental research. The drugs discovered by the Fundamental Research, are then produced by the production centres of Glaxo-Wellcome. In France, the production centre of pharmaceutical products, specialized in the inhaled shapes, the dry shapes and the suppositories, is located at Evreux.

The Clinical Research valids, tests, analyzes the results of the new drugs. It manages the local and international Clinical Trials, during which the effects of the new treatments on patients are observed.



Glaxo-Wellcome finances the ARIA, Association for the Research inArtificial Intelligence, specialized in the research and the treatment of asthma.

3.2.3.2. The Clinical Research

The Clinical Research can be split in several services, described here:

The pure Clinical Research, is composed of a large number of doctors, and is claimant, promoter and tracker of the Clinical Trials.

The Pharmacovigilance is dedicated to the recording of all the undesirable events occurring to some patients, due to the taking of treatments, during Clinical Trials or not.

The Data Management manipulates, stores the resultant data from the Clinical Trials.

The Biostatistical Department analasyses the resultant data from the Clinical Trials.



These different parts articulate around the Clinical Trial Management System (CTMS) application, heart of the Clinical Research. This application allows to manage the preparation, the monitoring and the tracking of Clinical Trials.

The following diagram presents the interaction between the different actors of the Clinical Research.
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3.2.4. Identification of users target group

In those following parts, we describe the four important actors of the Clinical Research and the ARIA Department specialized in the treatment of asthma. We present the first needs in term of time management, appeared during some different meetings organized in those unities with responsible persons, users and representative from the data processing direction of Glaxo-Wellcome France.

3.2.4.1 The Pharmacovigilance

The service of Pharmacovigilance is responsible for the recording of the different undesirable intervening effects during Clinical Trials, or about a merchandised product, or due to a publication. Then this datum is treated on a statistical point of view and is diffused to the Agency of Medicine, and to the level of the Clinical Research.

The application of Pharmacovigilance is in task of the management, the exploitation and the administrative tracking (declarations to the authorities) of Pharmacovigilance files. The main functions of the application are the management of the pharmaceutical products, the management of the undesirable serious clinical events, the management of the undesirable spontaneous events files, the management of the undesirable events listed in the publications, the administrative and legal tracking of Pharmacovigilance observations, and the exploitation of the Pharmacovigilance data.

Listed needs, relative to time:

The development of new indicators of performance in time, for example the phone calls number by period.

The development of data processing, enabling the anticipation on some events, as for example the launching of a new product giving the necessity to edit documentation for pharmacists.



3.2.4.2. Clinical Trial Management System (CTMS)

The CTMS application allows the preparation, the monitoring and the tracking of Clinical Trials. The main users are the Project managers, the Agents of Clinical Research (ARC), the Data Management and the Scheduling.

A global view of the application describes the main functions of CTMS, as following:

The scheduling of the Clinical Trial deals with the initialization of the trial tracking, the tracking of the preparation, and the tracking of Clinical Report.

The preparation of the Clinical Trial regroups the description of the trial, the preparation of the trial products and the recruitment of the clinical centres. A protocol describes precisely the Clinical Trial to achieve.

The Clinical Trial monitoring attends to the different phases of the trial and interacts with the different actors.

The tracking of the data management deals with the state and the location of the different information sources that are the observations notebooks and the Data Clarification Forms (DCF).

The Clinical Trial management regroups the tracking of the trial, the tracking of activities, the blackboards, and the validation of the trial.

The dictionaries administration allows a standardization of the vocabulary employed by the different actors.

The mail and the planning permit a best communication between the different responsible actors.

Listed needs, relative to time:

Developments of an historic of the modifications of the database. 

As a matter of fact the database in relation to a Clinical Trial is not operational immediatly. Few consistency controls on the data from the writing or the double data acquisition of observations notebooks are launched. For each incoherence, a Data Clarification Form is emitted. In answer to the different sent forms , the database is modified ,until the database becomes clean. An history of database updates, would enable the responsible person to take into account the few detected errors in order to improve the protocols realization, in a quality and exploitation point of view.

Developments of a keeping track of the Clinical Trials launching dynamics.

This new functionnality will give the possibility to see the margins or the respect between the planned time, for the serie of tasks, and the current state.(scheduling of tasks)

The possibility to be able to compare the estimated number of patients inclusions in a trial and the real number in real time.



3.2.4.3. The Data Management

The Data Management unity is responsible for the storage and the manipulation of the resultant data from Clinical Trials. 

Its work is specific to each trial. However we could capture a generic process in the linking of the different tasks. Firstly, the Data Management achieves a model of the observations notebook and of the individual tracking notebook (CIS), from the protocol of the Clinical Trial. Then it establishes the Data Handling Manual. The setting of the database takes place, with the development of the data capture masks and of the internal consistency controls. The data from the Trial are captured with a double dependent data acquisition of the observations notebooks and of the CIS. The Data Management achieves the internal consistency controls, with broadcasting of Data Clarification Forms (DCF) until the database becomes clean. Finally, the analyzes of the data by the statisticians is possible.

Listed needs, relative to time:

Development of an history of the database modifications in order to keep track of all updates, with its responsible person. As a matter of fact one of current problems is on a level of the double data acquisition of observations notebooks and consists in the anonymous modification and the lost of modified data values. This example of the double data acquisition shows a new temporal need. As this name shows it the taking into account of obervation notebook data is realized in two times, i.e. two independent acquisitions. During the second acquisition, if two different values for a same data are detected by the application, the user is alerted and decides of the values validity. This need to keep all modification may be seen again in the data values modification from consistency controls.

Creation of consistency controls manipulating quantities of time.

Improvement of the existing controls, dealing with the different values taken by a same observation in the time.



3.2.4.4. The Biostatistical Department

When the database is clean, the Bio-Statistical Department is in charge of the analysis of the resulting data from the Clinical Trial.

They evaluate the efficiency of the Trial, with a primary and several secondary criteria which are precisely described in the Trial protocol. They keep up with a precise analysis plan, well - defined in the protocol. All the analysis, and the tests performed are described in this protocol in the form of a specifications book.

Then the results of these analysis steps are examined by the expert from the Medical Department, in order to conclude about the efficiency of the Trial.

Listed needs, relative to time:

Improvement of the statistical analyses, manipulating the different values taken by a same observation in the time 

3.2.4.5. The ARIA

The ARIA (Association for Research in Artificial Intelligence), financed by Glaxo-Wellcome, is specialized in the research and the treatment of asthma.

Today they manage an expert system, dedicated to the report about patients who suffer from asthma. This expert system is helpful for the doctor diagnosis.

Listed needs, relative to time:

At the present time, the expert system engine works with text files, where the different values taken by a same observation in the time are stored. A temporal database would be a good way to replace those text files and to interface with the expert system engine

3.2.4.6. The target group choice
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The diagram in the previous page shows the different data flows of a Clinical Trial, from the investigator observations about a patient to the obtaining of a clean database. For each Clinical Trial, several investigators are in charge of recruiting and tracking several patients who respond to the criteria established by the protocol. This protocol, which is specific to one Clinical Trial , is achieved by the CTMS, and informs about all information, and processes of the trial. From the information and the briefings of this protocol, the unity of Data Management realizes an observations notebook. Then it distributes copies to investigators for each of his patients included in the trial. During the Clinical Trial the investigators complete the observations notebooks, achieving a tracking of each patient. When the observations notebooks are filled, they go back to the Data Management in order to be captured. Consistency controls on the data are achieved, and for each incoherence a Data Clarification Form is emitted in order to clarify the problems. Until there exist some incoherences, the database is not considered as usable. When the database is "clean", it can be exploited in order to achieve some statistics, in particular those ones wanted by the Clinical Research.

So all the manipulations of electronic data are located at the level of the Data Management. More over, we detected in this service, the presence of real needs in term of temporal data manipulations.

The choice of the couple Data Management and Biostatistical unities, to be the users target, seems correspond completely to the incentives of TOOBIS project.

3.2.5. Generic process of the Data Management and Biostatistics

Each Clinical Trial is different. Each trial concerns a particular treatment, and consequently is achieved on some particular patients.

Here is described the generic process following by the service of Data Management, for a given Clinical Trial.

Realization of the observations notebook and individual tracking notebook (CIS) models

The Data Management receives the protocol of the Clinical Trial, prepared by the CTMS and the Clinical Research. A first model of the observation notebook and of the CIS are achieved. After a process of crossed readings and validations by different experts, the definitive versions are duplicated in three exemplars. A notebook is then assigned to each patient selected for the Clinical Trial, each notebook having an identification number.

Realization of the Data Handling Manual (DHM)

The DHM is a kind of specifications notebook. It details the structures of data of the future database, and also the consistency controls to be done on those data, collected from the observations notebooks and the CIS.  (data internal consistency).

Setting of the database

The structures which will allow to collect the data from the observations notebooks and from the CIS of the Clinical Trial are constructed, from the DHM specifications.

Development of the data acquisition masks and of the internal consistency controls

It is necessary to develop the new data acquisition masks which will allow the registration of the data from the observations notebooks and from the CIS of the Clinical Trial. The internal consistency controls regarding the data from the observations notebooks and from the CIS of the Clinical Trial are programmed, following the DHM specifications.

Double dependent data acquisition of the observations notebooks and of the CIS

The notebooks completed by the investigators, and also the CIS informed by the patients themselves, return back to the Data Management, where they are going to be captured under electronic shape. One of the three exemplars of the observations notebook stays at the investigating centre, an other is kept by the ARC.

The second data acquisition is very important, because it decides corrections to bring following to the incoherences detected between the two acquisitions. An audit,so an history of the values modifications has to be done. 

Internal consistency controls, with sending of Data Clarification Form (DCF)

The internal consistency controls emit a DCF for each incoherence. Then those DCF are sending to the responsible persons of the notebooks completing, in order to obtain some solution to the incoherent information.

Clean database

The data are modified in database, due to to the returns of the DCF.

The process of consistency control is restarted until the obtaining of a clean database without any broadcasting of DCF. A track of the modifications has to be kept.

Analyze of the data by the biostatisticians

The Clinical Research, with the CTMS, is claimant of analyzes figures which have for purpose of evaluating the treatment efficiency and the results of the trial. In the protocol of the Clinical Trial, the analyzes to do are described as a main criterion of efficiency, and several secondary criteria. The biostatisticians analyze and valorize the database of the Clinical Trial, when it is clean.



3.2.6. Particular case: Clinical Trial FLP B 01 45

Here we introduce a typical example of Clinical Trial, in order to represent in a concrete way the types of data that manipulate the Data Management.

Precise entitled of the Clinical Trial: Comparison of [propionate] of [fluticasone] gunpowder 1 mg/day and of [budesonide] gunpowder 1 mg/day in the deterioration of the stern asthma of the child - multicentre�, randomized�, double blindness� and parallel groups� survey.

3.2.6.1. The observations notebook

It is composed of several sections, describe here:

Information about the Clinical Trial, the investigation centre, the investigator, the treatment number, and the different theoretical steps of the tracking of the patient.

Different phases of data acquisition, during the visits of the patient, in order to evaluate the treatment:
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Information categories�Visit 1�Visit 2�Visit 3�Visit 4�Visit 5�Add. 1(*)�Add. 2(*)��D�mographic Criteria�X��������Sexual Maturity�X��������Life Conditions�X��������Observation period statement�X��������History of the illness�X��������Associated present pathologies no allergic�X��������Associated present pathologies of allergic origin�X��������Physical Exam�X�X�X�X�X�X�X��Functionnal Respiratory Test�X�X�X�X�X�X�X��Verification of eligibility�X��������Summary of visit��X�X�X�X�X�X��Statement of treatment for one week��X�X�X�X����Statement of treatment for four weeks�����X����Motives of additionnal visit������X�X��(*): Two additional visits, no planed in the diagram of the trial, could take place.

Information about the end of the trial, containing for example, the motive of the patient exit from the trial.

Treatment of the trial, with the dates of beginning and end of the treatment.

Concomitant treatments, listing all the treatments and posology changes, out of the protocol, that had the patient during this trial.

Undesirable events, mean troublesome events, including death, lived by the patient. All the undesirable events occurring during the trial, are precisely keeping.

3.2.6.2. The individual tracking notebook (CIS)

Each patient of the trial complete himself its individual tracking notebook, during the trial period. The CIS allows to evaluate the treatment efficiency.

Information about the observation period of the treatment

Different information about the treatment efficiency tracking:



Information categories�morning�evening��Waking up�X���[Ventoline] Consumption�X�X��Expiratory debit�X�X��Cough��X��Breathing difficulties��X��Breathing whistling��X��

3.2.6.3. Statistical analysis

The biostaticians have got one main criterion and several secondary criteria to value and to valorize the Trial.

The main criterium is the percentage of patients having had an increase, between j0 and j14, of at least 10% of VEMS with regard to the theoretical value. A comparison between the two treatment groups will be done with the trials of Khi-2 or of Fisher.

The secondary criteria value the efficiency and the sufferance.

Efficiency:

Time to obtain an increase of VEMS, from j0, of at least 10% with regard to the theoretical values for the patients who show this increase: a comparison between the two groups of treatment will be done with the Cochran-Mantel-Haenszel test.

Respiratory debit: weekly mean values, daily values, difference between the last week of the observation period and the last week of the treatment period, will be used as a base for an interaction Time*Treatment study.

Functionnal respiratory parameters (VEMS, CVF, DEM25-75, DEM50, DEM25, DEP): observed values and percentages with regard to the theoretical value to each consultation, difference between j0 and j28 for the observed values and the percentages of theoretical values, will be used as a base for the interaction Time*Treatment study.

Symptoms score (cough, [dyspnee], wheezing): weekly mean values, percentage of days without asthma symptom during all the treatment period for each symptom and for the set of symptoms, will be used as a base for an interaction Time*Treatment study.

Nights percentage without waking up due to asthma during all the treatment period: a comparison between the two treatment groups will be done with the Wilcoxon test.

Consumption of salbutamol: weekly mean number of puffs, difference between the last week of the observation period and the last week of the treatment period, will be used as a base for an interaction Time*Treatment study.

Percentage of patients who necessitated a recourse to [cortico•de] by oral way and who left of the trial for this reason: a comparison between the two treatment groups will be done with Khi-2 or Fisher tests.

Percentage of patient whom the asthma will be controled at j28 in regards to very precise criteria; a comprison between the two treatment groups will be done with Khi-2 or Fisher tests.

Time to reach this control, for the patient who reached it, that authorizes a diminution of posology of inhaled cortico•des: comparison between the two treatment groups will be done with Cochran-Mantel-Haenszel tests.



Tolerance:

Introverted undesirable events consequence: the consequence for the most frequent undesirable events will be compared between the two treatment groups with the Fisher test.

Comparison of cortisol, of [DHEA-sulfate serique], of glycemy, of [cortisolurie] rates to j0 and j28: the two treatment groups will be compared with Student or Wilcoxon tests.

3.2.7. Temporal Requests

The data manipulation requests appear under two forms: with the internal consistency controls, and with biostatisticians analysis.

The consistency controls requests can be considered like transactional requests. They are different from one Clinical Trial to the another, but they keep valid for the trial life.

The biostatisticians analyze with a statistical point of view the database of a Clinical Trial. They are directed by the criteria described in the trial protocol, but they are free to use the requests they desire. Therefore they are considered as some decisionnal requests.



Therefore we describe some examples of requests, which can be founds in the Clinical Trial "FLP B  01 45", grouped by manipulation type of temporal data.

Note: The period term is used in order to describe a quantity of anchored time in the space, i.e. with an inferior boundary and a superior boundary. The interval term describes a quantity of time without anchored point. Those definitions correspond to the standard terminology of the temporal databases. For example, "From Monday March 18th 1996 12h to the Thursday March 21st 1996 12h" is a period, while "3 days" is an interval.

Belonging, existence, of one event to a period.

Does there exist, at least, an undesirable event, occurring between visit 1 and visit 2?

Comparisons of dates, translatories of dates by intervals.

Does there exist a concomitant treatment with a beginning date inferior to the visit 1, at least from 28 days?

Comparisons of periods.

Is the period of treatment included between visits 1 and 5?

Calculation of interval.

Is the length of hospitalization inferior or equal to the delay between the first and the fifth visit?

Comparisons of values on a period, or at different dates.

Which is the percentage of patients having an increase of VEMS, between J0 and J14, of 10% with regard to the theoretical value?

Which is the difference between J0 and J28 about the observed values and the theoretical values?

Average of a value on a period, or on an interval.

What are the average values week by week of expiratory debit?

Search for some periods or intervals that satisfy a criterion.

What is the time to obtain an increase of VEMS, with regard to J0, of 10% with regard to the theoretical value?

What is the time to reach the control of the asthma?

Manipulation of relative time.

Is the date of visit 2, superior of 7 days to the date of visit 1, more or less one day?

Manipulation of transaction time

What are the corrected data at the second acquisistion?

What is the first value, which has been stored in the database, of the real period of treatment?

�3.3. SPECIFICATION OF THE "USER REQUIREMENTS"

In this chapter, we specify the needs of the Data Management. The concepts chosen for these specifications are those of O.M.T., in agreement with the different partners of the project.

Firstly a states diagram of the generic process of the Data Management, allows to summarize the general dynamic.

Then, an object model enumerates the standard objects of Data Management, that we could find in any Clinical Trial.

A more detailed model of the Clinical Trial "FLP B 01 45," lists the objects manipulated by the Data Management for this trial.

Finally, the objects detail of the Clinical Trial "FLP B 01 45" are described.



3.3.1. Generic process of the Data Management



�

�3.3.2.  Common objects for each clinical trial



�

�

3.3.3.  Clinical Trial "FLP B 01 45"

*: object stampeded by the valid time.

VT: valid time - object which it is necessary to keep values evolution referenced by valid time.

TT: transaction time - object which it is necessary to keep modifications history referenced by transaction time.
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�3.3.4.  Objects details of the Clinical Trial "FLP B 01 45"

W: temporal data (type DateTime, or Period, or Interval)

�



�





�



3.4.Summary

The end-user, Glaxo-Wellcome, is a pharmaceutical group. The pilot application of TOOBIS will consist of two parts involving:

The Data Management unit, in charge of the manipulation and coherency checking of the resulting data from the Clinical Trials;

The Biostatistical unit, in charge of the analysis of the clean data to be produced in the Data Management.

These two groups of end-users work on data from the Clinical Trials: the Data Management works on raw data, whereas the Biostatisticians work on clean set of data issued from the Data Management.

In the previous chapters, we have described the user requirements about time needs, in a medical context. The requirements we found are the needs of the majority of end users interested into the manipulation of temporal data. For instance, in the pilot application, the evolution of a patient has to be managed in terms of the valid time. In addition, the application has to also deal with all the modifications of the data, for example the coverage of coherency checking will be performed in terms of transaction time operations.

Therefore, they would be a good basis for the general temporal needs of the TOOBIS project.

�4. Conclusions

The TOOBIS project has to test and prove the usefulness of expressing powerful declarative queries and the performing of database operations in applications having temporal requirements. The TOOBIS integrating framework will be the O2 OODBMS which will enable the efficient, effective and flexible implementation of the above objectives.

TOOBIS can be projected into many dimensions and has to satisfy a set of different objectives. The routes of the project, listed in the technical annex, can be analysed into different co-ordinates, each being pushed by a separate driving force :

Marketing - the latest developments in the database and software world that revolutionise the market, serve and also create new needs and trends (OODBMS, DSS, OLAP etc.). This is highly reflected in market oriented 'technical' magazines where all the above monopolise their issues.

Applied Technology - OODBMS, OO-Technology, OO-Methodologies, Temporal Applications etc., involving the identification of the new possibilities and benefits to be reaped by the use of these technologies, the improvements in processes, also the implications in human factors.

Research - where the  work is purely research driven such as the setting up of the analysis frameworks for the temporal applications, the definition of the temporal methodology, the work to provide better querying facilities on top of flexible application frameworks, the implementation of low level structures  and the right Data Model to perform faster and more efficiently (MCS) and all in general to drive future technology this way.

Standards,  ODMG, SQL-3 etc. Where the main project objective is to comply and influence the work of the standards comitees  

The task T2.2. of TOOBIS studying the user requirements of the two applications has the aim to let the consortium create a better understanding of the applications. The work in this task involved a thorough study of the application domains, the definition of the analysis frameworks, the analysis involving the application of a wide selection of techniques, and the of examination of alternative application development procedures to satisfy the application needs. 

During the requirements consolidation step the consortium has figured out of how the time oriented requirements from both applications fit into a higher level analysis framework using

a) an abstraction approach where the common application characteristics were grouped together 

b) a specialisation approach where the individual application requirements were separately categorised.

One of the selected applications, namely the application of DELTA, can be directly classified in the domain of DSS applications, as it is a Decision Support System for Sales monitoring. Lately, there appears to be increased awareness and interest in the areas of On-line Analytical Processing, Multidimensional Databases and Data - Warehousing. To this end a survey (Annex-I) of the current DSS, Data Warehousing and Multidimensional technology has been performed.



The definition of the DELTA application requirements catalogue presents the application domain with the application of different techniques. The adopted approach for analysis has been based on suggestions by the Univ. Of Sorbonne, and has been based in a mixture of OOSE, OMT, and SSADM. The multitude of the techniques and the methodologies used, has been influenced by the exploratory character of the project (actually, the Object Role Modelling Technique for conceptual analysis has been used in addition to the above), and is due to the attempt to test different alternative presentations and be as open as possible to make grounds for the selection of the TOOBIS methodology.

The GLAXO application, focuses on the monitoring of clinical tests for hospital patients and targets to maintaining in a valid state the information stored in the Medical Protocol Tests Database. 

The analysis task of the GLAXO application has described the user requirements with respect to the Time-Oriented needs, in a medical context. The requirements captured, reflect the needs of the majority of end-users interested into the manipulation of data having temporal nature. For instance, in the pilot application, the evolution of a patient has to be managed in terms of valid time. In addition, the application has to support modifications of data such as the and performs coherency checking, which places a requirement of transaction time operations support.

The consolidation of both applications has been performed on top on an analysis framework which identifies the following characteristics:

temporal dimension, typology of objects, temporal structure (storage), temporal structure (reasoning), temporal abstract data-types, granularity & calendar, 

temporal manipulation, vacuuming rules, and dynamic aspects



and support different types of time based queries such as:

temporal queries on snapshot objects, temporal queries on historical objects, temporal queries on rollback objects, and temporal queries on bi-temporal objects



The analysis of both applications has resulted that kernel of the TOODBMS shall support

user defined times

valid time

transaction time
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�ANNEXES

ANNEX- I Decision Support Systems, Multidimensional Databases and Data Warehouses - An overview of the field and its reflexion on the TOOBIS applications



I.1. Introduction

Recently a new emerging area appears in the database market; namely the data warehousing. Data warehousing is part of the relational technology that deals with extracting data from existing information systems. A data warehouse is designed to store large amounts of historical or reference data which is typically used to support the decision-making and information retrieval needs or an enterprise. A data warehouse typically consists of three major components: tools to extract and load operational and external data, the data storage, and the tools to reference and analyse the data.

Data warehousing is complementary to the OLTP technology. The latter refers to most existing systems targeted to support the efficient storage of enterprise data. OLTP systems based on RDBMS technology were not intended to provide powerful functions for data synthesis, analysis and consolidation which are operations falling in the area of multidimensional data analysis. Multidimensional data analysis and Online Analytical Processing (OLAP) are becoming commonplace in Information Technology. OLAP systems are designed to improve the operational efficiency of an enterprise. It is important to understand that OLAP is not a new technology, its roots trace back to the early ‘70s.

Historically, DSS products relied on proprietary data storage and indexing formats. These structures were limited to specific application views (marketing or financial) not easily extended to new uses. The increasing popularity of data warehouses has boosted interest in DSS processing. Tool vendors addressing the OLAP marketplace propose alternatives to the management and exploitation of multidimensional data. Most of the key aspects of the multidimensional database analysis technology emerged more than a decade ago in the DSS market.

I.2.Decision Support and Multidimensional Data Systems

The collection and analysis of multidimensional data is relevant to a variety of business and industrial problems. The applications supported by multidimensional data fall under the category of “business intelligence” encompassing Decision Support Systems (DSS) used by analysts and knowledge workers and Executive Information Systems (EIS) used by senior managers and decision makers.

The information required to support these applications is usually more complex than the information required for operational, transaction - based applications. 

Multidimensional data is useful in identifying the factors which influence business performance. Distributors, products and services can use multidimensional data to analyse distribution patterns to identify problems or spot opportunities for new business. 

Additionally, multidimensional data is used for the identification of action-patterns or trends in collections of detailed data. (data mining). Data mining can uncover sales patterns to support new product development, Or it can be used to identify the common elements in various situations and detect patterns in complex distribution systems. Finally, multidimensional data can be used as the basis for simulations of future events and trends [We95].

Decision Support Systems may be projected in at least four distinct spaces [Par96], namely; Data, Aggregation, Influence and Variation. 

The Data (Relation) Space is typical for OLTP systems. It holds elements that relate to each other. The Data space may be structured in terms of objects, relations etc. In OLTP applications data is typically accessed ‘one at a time’. The one record at a time paradigm is suitable for fast access of data based on a ‘key’ value. However, this approach provides limited support for queries that compute aggregates such as the computation of ‘sales by state’ which would require to perform a table scan and put all pieces together. Even worse, queries to produce results on ‘what influences sales’ require higher computational effort.

The Aggregation Space stores results of aggregate computations on data elements, such as ‘the average age of every person employed’ etc. The Aggregation Space typically considers a number of dimensions (i.e. Product, City, State), a number of measurements (i.e. Sales, or Promotional Expenses) and produces the aggregations of the dimensions in respond with the measurements.  Therefore, in Aggregation summaries of data corresponding to dimensions and coordinates are handled giving rise to the term Multidimensional. Different approaches have been followed in implementing the aggregation functionality such as the sparse array structures, storage of aggregations by the use of templates, ‘star schema’ architectures, and finally bitmap extensions to the indexing mechanisms.

The Influence Space has a logical nature. It deals with the influence of specific groups of items on the others. Data mining is a decision-support process in which patterns of information are searched in data. Discovery is the process of looking in a database to find hidden patterns without a predetermined idea of what these patterns are. In general a discovery system may be viewed as a layer on top of the database query system. A database query language can be used to extract data but it cannot form hypothesis because it does not know what to ask for. A discovery system must provide with three layers, User Interface, Discovery Module, Search Engine. 

The Variation Space deals with the observation of changes along different dimensions of the aggregation space. For example in a marketing application the variation space measures the rise of sales and the rate of that rise. Typical questions in the varying space may not be precomputed and stored as questions in the aggregation space, this may only happen for trivial problems.

Multidimensional databases were designed for OLAP, which involves array based operations. Table I.1. Describes the general application differences among relational OLTP and DSS/Warehouse and multidimensional OLAP.



Characteristics�RDBMS OLTP�RDBMS 

DSS/ Warehouse�Multidimensional - 

OLAP��Typical operation�Update�Report�Analyse��Level of analytical requirements�Low�Medium�High��Screens�Static�User - Defined�User - Defined��Amounts of Data per

Transaction�Small�Small to Large�Large��Data Level�Detail�Detail and Summary�Mostly Summary��Age of Data�Current�Historical 

and Current�Historical, 

Current and Projected��Orientation�Records�Records�Arrays��Table I.1: Characteristics of Application Domains

I.3. Modeling Issues

Multidimensional data are classified to descriptive dimensions across which observations of the objects and events are viewed and measured. The dimensions typically fall into two categories: fact and descriptive. 

Fact dimensions represent a quantifiable or measurable aspect of the observed instance Normally, fact dimensions are represented by detailed individual values such as units, dollars or temperature. There may be alternative measures.

The term Multidimensional refers to objects or events that can be described and thus classified by two or more attributes. Multidimensional analysis involves representing data as user defined dimensions whereas relational analysis represents data as tables. For example an object that has height and width can be described by the values of each of the two dimensions. 

Descriptive dimensions bring structure to the analysis of detailed data. Descriptive dimensions represent the other aspects of the information collected about each instance. These dimensions are usually less granular, having a smaller set of values (e.g. color, shape etc.). The descriptive dimensions are used to order, summarize and group the values of the fact dimensions. 

The selection of descriptive dimensions for a set of observations allows us to group detailed data into manageable classifications. Each descriptive dimension has a finite set of values or elements. 

Dimensions, are almost always related in hierarchies, and a multidimensional database can have multiple hierarchies. A sales analysis database organises data by product, teritory customer and other dimensions. Product hierarchies can range from groupings such as milk products, yogurt, juices. Geographical hierarchies can range from continents or countries to sales offices and individual sales persons.

A specific dimension can be organised hierarchically into subcategories. For example, a product dimension can be classified into manufacturer, brand, line and item. The classification may result to mutual exclusive instances which belong to just one category, or overlapping instances which may belong to more than one categories. For example the box container classification may cut through a series of products including milk and fruit juices. Normally, dimensions are defined before collecting and storing the multidimensional data. However, analysts frequently redefine existing dimensions and perform reclassification of the data. For example, temperature measured in degrees, may be reclassified into a set of categories such as Hot, Warm and Cold based on temperature ranges. The same is true for time granularities. 

I.3.1. Usability Issues

One of the key goals of building a data warehouse is the reduction of the reliance on intermediaries for information access. The analysis and access tools are what the users see and use. They greatly impact the user’s perception, satisfaction, and level of success with the system. Typically, an OLAP system has three distinct groups of users, supported by programmers and database administrators. 

The executive manager who performs no development and will only use a point and click interface. 

The analyst, who is somewhat technically oriented and is trying to analyse the information in a large database. 

The end user who is not a programmer but is familiar with office automation. 

It is argued [Fink95] that for OLAP applications the Multidimensional database (MDD) approach is more cost effective and easy to use. The real power offered by MDD lies in the ease to perform operations to data such as pivoting and drilling-down to information and the direct correspondence of the data structures to their visualisation. In an RDBMS there is no way to mask the complexities involved in assembling two dimensional data into a multidimensional form. When performing operations in the multidimensional domain, there is no need to resort to complex joins, subqueries, and unions because the information is stored into multidimensional data blocks instead of a dissected table structure. Relational joins can produce result sets that are very difficult for users to understand. 
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Figure I.1: Different Views in Multidimensional DSS



Joins are not always difficult to perform [ORA96], but they force users to consider the structure of the data before they can access and analyse it. Joins are implicit in multidimensional data. Users collect, combine and display information according to their needs. Grouping information resembles with slicing the information in a cube. Different users slice through a cube differently (fig. 1). Product managers study one product across many time periods and markets. Financial managers focus on the current and previous time period for all markets and all products. Regional managers examine all time periods and all products across some markets. And strategic planners might focus on a subset of the corporation’s data.

I.3.2. Operations on Multidimensional Data

The retrieval operation of an N-dimensional data object requires the definition of the N-1 object dimensions. The values of the Nth dimension become the facts, or actual data retrieved. For example to retrieve a four dimensional data object of sales data involving Product, Distributor, Sales and Time the user must select the Product, Distributor and Time period.

The storage of multidimensional data can be handled in two levels: namely, instances and objects. The basic data facts are typically stored as individual records or rows. Instance data is usually stored as a set of descriptive values followed by one or more fact values. Selected multidimensional data objects can be stored as a whole. When a data object is stored the names and element values of each dimension must also be stored. 

Data updates may be performed at two levels: namely, instance data or data objects. Since instances represent observations or measurements existing instance data are not normally modified but only to correct erroneous data descriptions. However, data objects may be updated in a number of ways. Objects may be extended by the addition of new elements on its dimensions or by the addition of new dimensions. Data within the object can be changed either by being replaced with new values or having new values added to it. 

The computations required when analysing multidimensional data are often quite complicated. Special application logic is often required to support operations such as the combination of data coming from different object dimensions. Computations of sales and marketing analysis require special logic to be implemented correctly.

I.4.Manipulating Data Objects 

I.4.1. Slicing and Dicing

The order of dimensions within multidimensional data affects the user’s view. By rotating (pivoting) a data set the dimension order is changing.  While the data remains the same the change in orientation allows the user to investigate different interrelationships between data (Which is the biggest - selling item in each end customer? Which customer is selling the largest number of products ? These operations are called “slice and dice” operations. Alternatively, an analyst may wish to collapse many dimensions into one for example, customers and products per distributor would result total distributor sales. Similarly it is possible to require the display of portions of data. For example, only the sales below a certain threshold per product. 

I.4.2. Pivoting

Multidimensional analysis involves the extraction of data for specified dimensions. For example gross sales and profits of all product types for the last two years. Results may be presented as cross tabulations (i.e. rows representing products and columns representing distributors). Users can pivot or rotate cross tabulations by assigning different dimensions to the rows and columns displayed. 

I.4.3. Drilling-Down, Rolling-Up, Drilling-across [Ki96a]

Descriptive dimensions may form hierarchies or subcategories. Therefore, we can create data objects for each level of these hierarchies. As a part of the analysis the Management may require to start at a summary level involving the total sales of a product type and selectively obtain additional detail to trace and explain an observation made at a summary level. This type of exploration is called “drill-down”,  describing the fact that the steps are made from a summary level to finer and finer levels of detail. 

Drilling down is the oldest and most venerable kind of manipulation of data in a data warehouse, meaning simply “give me more detail”. Drill - Down processes incorporate multiple overlapping hierarchies across the descriptive dimensions. Thus the intersection points may be reached in a number of ways. In a dimensional database all dimension attributes may become grouping columns. The great strength of SQL is that drilling down is performed by adding grouping columns to the SELECT list and the GROUP BY clause. 

The inverse operation to drilling-down is the rolling up operation i.e. collapsing detail results into higher level summaries. In SQL terms drilling up is performed by subtracting grouping columns from a query. 

Drilling-across is the process of linking two or more fact tables at the same granularity, or in other words, tables with the same set of grouping columns having the same dimensional constraints (i.e. getting the sales view by shifting from one to another distributor).

I.4.4. User-Defined Views 

It is often useful to be able to create dimensions on the fly. This feature will enable the analyst to look at the data in new ways, for example create a new dimension by adding together data from old dimensions, or create groups of elements in an old dimension and view them as elements of a new dimension. For example, a new product dimension may be created from the combination of fat content, and season and derive a clue whether there is a pattern in milk consumption of fatter milk products when the weather is very cold. 

I.4.5. Handling Time (the DSS view)

While time is not necessarily a part of all multidimensional data, time is common to most analytical applications becoming a common descriptive dimension. 

The time period (day, week, month or year) when an observation is made or when an event occurs becomes a basic characteristic of most measurements. Frequently multidimensional data is collected according to some business calendar, such as stock trading days or retail selling weeks. Time values cannot always be handled in a straightforward, fixed number of periods. Many calendars have exceptions such as days when market is closed or years with 53 retail weeks. Most multidimensional database servers have built-in time hierarchies (weeks roll up to months etc.) plus the ability to define custom accounting cycles.

For time related constructs there is a concept of ‘current time period’ usually referring to the most recent time period for which data is available. Various other time constructs are also useful to the analyst such as year to date, last year, prior full year, prior week, next week and so on. 

Time data may be manipulated (collected and tracked at regular intervals) as time series. A time series is a vector of values (one or more for each time period) following a given calendar (or ‘periodicity’); each point in the vector is tagged with a time period value. Time series manipulation requires logic specific to calendars to perform calculations such as year-to-date averages. To combine time series data, we must use date-matching techniques. We must be able to handle aggregations such as rolling totals and moving averages as well as reference operations such as leads and lags. Time series manipulations require special functionality on the part of data management and analysis tools.

I.4.6. Meta-Data

The names and the definitions of dimensions and their elements is fundamental to multidimensional data. These definitions must be linked to the descriptors used when storing the instance data. User definitions for new dimensions or new elements on an existing dimension must also be captured in meta- data definitions. 

Since multidimensional data is frequently accumulated over long periods of time the maintenance of meta-data is complicated by the fact that meta-data structures may change over time. A simple example is a discontinued product. It may be appropriate to classify products as active or discontinued instead of deleting such items. 

A more complex situation occurs when a descriptive dimension undergoes fundamental restructuring A common example is the reorganisation of a sales organisation. It must be decided whether the historical data have to be restated according to new organisation or must be left to their original form. If data is restated then operations over large volumes of data are required. If data are left as they are the ways that historical data may be combined become limited.

I.5. Design Issues

When using an RDBMS in employing multidimensional analysis, in order to improve performance there are a number of optimisation strategies to be followed. Often, summarised results are stored in order to reduce the time needed to perform time-consuming queries. Denormalisation of the database seeks to minimise the number of joins, sometimes by prejoining parent and child tables into one. 

Alternative data models such as the star schema, represent other ways to organise relational tables for optimum query performance. The name is derived from the visual representation of the logical database design. The ‘star-schema’ is a very simple design that minimises the number of joins required to answer a question. The disadvantage is that it restricts the flexibility and the expandability of an application. 

Fig. 2 shows an example of a star schema. Instance data is stored in the fact table each with instance identifier, values of the descriptive dimensions for that instance, and the values of the facts or measures, for that instance. In addition, the star schema uses the dimension tables (i.e. location, time, product, seller) to define the search criteria for the central fact table. 
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Figure 2.2. A star schema data model



The dimension tables allow aggregation and drill-down of search criteria via joins. A simple logical star schema consists of one fact table and several dimension tables. Complex star schemas have hundreds of fact and dimension tables. The fact table contains the basic business measurements and will typically consist of a very large number of rows. Dimension tables contain business attributes that can be used as SQL search criteria and are usually relatively small. 

Performance becomes an issue when querying this type of structures, since a join is required for each dimension. In order to avoid performance problems when doing calculations a number of techniques are introduced such as the creation of separate fact tables, the partitioning of the table so that queries access only parts of a table, the creation of unique numeric indexes to improve the performance of joins and the separate storage of aggregations.

The treatment of time using the Star Schemata is usually performed by representing time dependent fact values in separate rows of the fact table. This approach may result in tables with large number of rows, also, multiple SQL queries are required to fulfil standard requests for time-depended data. In order to get around such problems, users usually apply denormalisation and precomputation and storage of the commonly used time aggregates. 

The increased risks of data integrity problems are of  less importance in decision support environments where data are refreshed with controlled periodic batch updates and not with rapid OLTP transactions.

There is concern about the “data explosion”, because multidimensional databases often precalculate results and a single transaction summarised for several intersecting dimensions may multiply the required storage.

I.6. Implementation Issues

Data warehousing is one of the main reasons for the rise to the OLAP technology and is likely to be one of the current key technologies. The primary objective of a data warehouse is to provide the users with easy access to business information. Data warehouses are based upon two architectures [We96a]: namely the data, and the application architecture (Fig. I.3). 

The first layer of the Data Architecture consists of the operational systems from which the detailed instance data is collected. Usually this layer is made up of legacy applications that are used as feeders for the data warehouse.

The second layer is the lowest detail level of the data warehouse, often called as “atomic” data layer or “Operational Data Store” (ODS). This layer represents data extracted from the operational systems, possibly recorded or otherwise transformed for accuracy and consistency, and stored in relational format. 



��

����







�

�



�



�

�





Figure I.3. Data warehouse Architecture



 The top layer is the multidimensional summary data view, which allows the data to be displayed and processed according to several descriptive dimensions. 

The Meta-data is required in order to support the operations of the warehouse at every level.

The first level of the Application Architecture deploys the transformation functions used for converting operational data into the atomic data in the data warehouse.

The second level of the Application Architecture supports the traditional data management and query functions. Since the warehouse data is often periodically refreshed the emphasis at this level is put on the selection and join features rather than on updates and inserts.

The third Application layer consists of support for specific business functions, such as statistical tools, financial analysis, sales and marketing, budgeting and forecasting etc.

The topmost Application layer performs functions associated with end-user activities, i.e. selection specification for inquiries, text and graphic displays, data rotation/pivot (“slice and dice”) features, drill-down, and briefings of predefined analyses, graphs, and reports for executives.

The physical implementation of the above architecture may follow a number of different routes: the standard two layer client/server architecture or by adding an intermediate layer between the client and the server employing either data or application logic  the three layer architecture (see fig. I.4) 
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Figure I.4. : Three tier client server architecture.



Multidimensional analysis systems often employ client-server architectures that separate the processing from presentation. One option in supplementing MDD functionality is to use custom software products designed to support multidimensional analysis, such systems may replace a relational database.

Alternaltively, a relational database system may be used to house the instance data and the meta-data. The meta-data repositories store definitions of dimensions and their mappings to relational tables, hierarchy relationships between the dimensions, formulas and calculations. There are two basic approaches using relational back-ends. 

The first approach performs querying and reporting by incorporating cross-tab, pivoting, drill down, and other multidimensional features to front ends. Building roll-up and drill-down into relational databases requires major efforts and is not efficient, because this work must be transferred to the front-ends of the applications. Therefore, large amounts of data must be transferred to the front end tool limited by the network capacities.

The second strategy is to insert a multidimensional analysis server between the RDBMS and the front end query tool. This solution may be appropriate for the TOOBIS applications which will develop and apply an object oriented approach using software to encapsulate the special logic which is required for the analysis of multidimensional data. An OODBMS is expected to support the definitions of all complex data types which will be mapped to legacy or relational data from an existing OLTP application, will store the hierarchy relationships between the dimensions, and encapsulate complicated application dependent computational logic. 

The above described options to implementing a DSS may generally be classified as two-tier and three-tier solutions. Two tier solutions mainly refer to client-server implementations where three tier solutions usually describe the use of intermediate multidimensional engines because they locate the analytical logic on a server between an RDBMS and client tools [Fra95]. there are three different architectures that predominate the multidimensional data management market [We96b]. 

Two-tier: This architecture has a multidimensional database manager and a user interface. The data must be extracted from operational systems (relational or legacy) and periodically be loaded into the multidimensional database. Indexing and storage techniques support fast retrieval of data objects and operations such as the drill-down. The database size increases with the number of views. The approach has as advantage the fast access and processing and the flexibility of customising the views to reflect the application requirements. The disadvantage is the limit in size of the database, the requirement for batch updates, and that there is not any way to reach the atomic (detail) data.

Three-Tier (logic focus): Elementary data is stored to a relational DBMS. The data are accessed via an application server which transforms the requests to SQL queries. Data objects may be stored to the application layer for performance improvement reasons. This approach uses techniques such as parallel queries, prejoins and bitmapped indexes to provide fast access to consolidated data and multidimensional views without precompiling the data. The advantages of this solution are that it is not restricted by the size of the database, and batch refreshes/updates are not required. The limitations are accessing and processing speed, and the variation of response for different views.

Three-Tier (data focus): This approach combines the two already mentioned. The data resides in two layers, a detail layer in relational format and a summary layer in multidimensional format. User interface tools access the multidimensional layer. Queries can reach through the multidimensional layer at the detail layer. The multidimensional layer is stored separately, and must be periodically refreshed to include changes in the relational layer. The advantages of this approach are that it provides fast accessing and processing of data in the multidimensional views and provides both access to summary and detail data. The limitations are the database size and the periodic batch refreshes required to provide the system with fresh information.

 The sheer size of OLAP databases presents a problem at both RDBMSs and MDD servers. The MDD servers attempt to solve this problem by compressing data and using special algorithms for handling sparse data (i.e. the dimensional intersections where data does not exist). 

There are a number of options to managing multidimensional data. Multidimensional database servers are designed to optimise the storage of dimensional data and provide flexible query and computational operations on dimensions with performance that dramatically exceeds what is possible with SQL and today’s relational implementations. Most multidimensional products perform matrix operations on entire arrays to calculate and manipulate dimensional data efficiently. 

I.6.1. Time revisited 

Time Varying Dimensions: Data warehouses are based on OLAP technology contrasted to the OLTP systems. A major difference between a warehouse and an OLTP system is that warehouses have the responsibility to accurately describe the past whereas OLTP systems typically purge the information every 90-180 days [Ki96b]. In a multidimensional system when describing the past it is often that dimensions are slowly changing. Typically changing dimensions are products where the detailed description of a given product is occasionally adjusted. Other common slowly changing dimensions are the district and the region names for a sales force. 

Transaction Time: Data in an information warehouse are different from production data; the first contains large amounts of data stored for long periods of time the latter is highly tuned for transaction performance containing up-to-the-minute data critical for the daily operations. The data in the warehouse may be fed on a regular basis with selected production data [Bisch94]. Specifically, the two-tier and three-tier application oriented implementations of DSS applications are based on batch transactions to refresh the information held at the atomic data level. Therefore, the time dimension involves mainly two instances representing transaction date and the effective date. 
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Introduction

In these annexes, we precisely describe the information from the observations notebook and from the individual tracking notebook, handled by the Data Management for the Clinical Trial "FLP B 01 45".

V.Annexe 1: Trial "FLP B 01 45" observations notebook description



¥	Identification and localization data of the observations notebook.

Table 1 : Notebook identification and localisation����Data�Type�Time��Protocol code�character(n)���Investigation centre�character(n)���Investigator name�character(n)���Treatment number�character(n)���Patient name�character(n)���

¥	Data describing the theoretical diagram of the Clinical Trial.

Table 2 : Trial theoretical diagram����Data�Type�Time��Visit date 2, in relation to visit 1�datetime�X��Visit date 3, in relation to visit 1�datetime�X��Visit date 4, in relation to visit 1�datetime�X��Visit date 5, in relation to visit 1�datetime�X��Selection criteria dates, in relation to visits�datetime(n)�X��Physical exam dates, in relation to visits�datetime(n)�X��Trials breathing dates, in relation to visits�datetime(n)�X��Observation period, in relation to visits�Period�X��Treatment period, in relation to visits�Period�X��CIS writing period, in relation to visits�Period�X��V.1.a. Visit NΌ1

¥	Date localization of the visit 1

Table 3 : Visit 1����Data�Type�Time��Date of the visit 1�datetime�X��

¥	Data describing the selection demographic criteria.

Table 4 : Demographic criteria����Data�Type�Time��Birth date�datetime�X��Sex�character���Race�character���Height�integer���Weight�float���

¥	data describing the patient sexual maturity.

Table 5 : Sexual maturity����Data�Type�Time��Pubic pilosity�integer���Breast�integer���Penis�integer���Testicles�integer���

¥	Data describing the patient currently life conditions.

Table 6 : Patient currently life conditions����Data�Type�Time��Accommodation�integer���Life conditions�integer���School�integer���

¥	Summary data of the observation period.

Table 7 : Period observation statement����Data�Type�Time��Aptitude for randomization�Y/N���Treatment modification�Y/N���

�¥	Data allowing to obtain the patient illness historic.

Table 8 : Illness history����Data�Type�Time��illness length�interval�X��Asthma allergic beginning�character���Seasonal allergy �Y/N���In desensitization�Y/N���Hospitalization number due to asthma�integer���Total duration of hospitalization�interval�X��Number of time where cortico•des had needed�integer���Special function of the currently treatment�character(n)���Currently treatment posology�character(n)���Date of the beginning of this posology�datetime�X��[Th�ophylline] direction�Y/N���[B2-mim�tique] inhaled short direction�Y/N���[B2-mim�tique] inhaled long direction �Y/N���[B2-mim�tique] oral short direction�Y/N���[B2-mim�tique] oral long direction�Y/N���[Atropinique] direction�Y/N���[Cromone] direction�Y/N���[Antihistaminique] direction�Y/N���Other [bronchodilateur] direction�Y/N���

�¥	Data describing the currently associated pathology no-allergic 



Table 9 : No-allergic currently associated pathology����Data�Type�Time��O.R.L.�Y/N���O.R.L Description.�character(n)���Ocular�Y/N���Ocular description�character(n)���Respiratory�Y/N���Respiratory description�character(n)���Cardio-vascular�Y/N���Cardio-vascular description�character(n)���Gastro-intestinal�Y/N���Gastro-intestinal description�character(n)���[H�patobiliaire] and pancr�atic�Y/N���[H�patobiliaire] and pancreatic description�character(n)���Urologic�Y/N���Urological description�character(n)���Genital�Y/N���Genital description�character(n)���Neurologic�Y/N���Neurological description�character(n)���Blood and lymphatic�Y/N���Blood and lymphatic description�character(n)���Endocrine and metabolic�Y/N���Endocrine and metabolic description�character(n)���Locomotor�Y/N���Locomotor description�character(n)���Cutaneous�Y/N���Cutaneous description�character(n)���Psychiatric�Y/N���Psychiatric description�character(n)���Without particular localization�Y/N���Description�character(n)���

¥	Data describing the currently associated pathologies having an allergic origin.



Table 10 : Currently associated pathologies having an allergic origin����Data�Type�Time��Pathology having an allergic origin different from asthma�Y/N���Seasonal [rhinite]�Y/N���[Rhinite perannuelle]�Y/N���Cutaneous allergy�Y/N���Alimentary allergy�Y/N���Other allergies�Y/N���Treatment keeping track for this pathology�Y/N���

�¥	Data from a patient physical exam. 



Table 11 : Physical exam����Data�Type�Time��[Phann�re] and skin�character���[Phann�re] and skin description �character(n)���Lymphatic ganglion �character���Lymphatic ganglion description�character(n)���Eyes�character���Eyes description�character(n)���O.R.L.�character���O.R.L description.�character(n)���Breast�character���Brisk description�character(n)���Respiratory�character���Respiratory description�character(n)���Cardio-vascular�character���Cardio-vascular description�character(n)���Abdomen�character���Abdomen description�character(n)���Urogenital�character���Urogenital description�character(n)���Pelvis�character���Pelvis description�character(n)���Rectal�character���Rectal description�character(n)���Locomotor�character���Locomotor description�character(n)���Neurologic�character���Neurological description�character(n)���Psychic state�character���Psychic state description�character(n)���

�¥	Functional respiratory test results data.



Table 12 : Functional respiratory test����Data�Type�Time��Theoretical value VEMS�float���Observed value VEMS�float���Percentage in relation to theory�float���Observed value CVF�float���Observed value DEM 25-75�float���Observed value DEM 50�float���Observed value DEM 25�float���Observed value DEP�float���Observed reversibility VEMS �float���Reversibility percentage�float���

¥	Data allowing to verify patient eligibility for the trial.



Table 13 : Eligibility verification����Data�Type�Time��Age between 8 and 16�Y/N���Severe asthma�Y/N���Treatment by cortico•de�Y/N���A minimum of two treatments during the year�Y/N���Satisfactory symptoms�Y/N���Percentage VEMS�Y/N���Parents consent�Y/N���Systematic [corticoth�rapie] in the four last year�Y/N���Modified treatment during the four last weeks�Y/N���Concomitant heavy pathology�Y/N���Desensitization�Y/N���Inapt�Y/N���Pregnant�Y/N���Adapted contraception�Y/N���

�V.1.b. Visit NΌ2



¥	Date localization of the visit 2.



Table 14 : Visit 2����Data�Type�Time��Date of the visit 2�datetime�X��

¥	Summary data of the first treatement week



Table 15 : Week treatment statement����Data�Type�Time��Treatment premature stop�Y/N���Treatment following the protocol�Y/N���Stop reason�character(n)���Treatment modification�Y/N���Modification date�datetime�X��Undesirable events�Y/N���

¥	Data from the patient physical exam.



cf. TableΚ 11: Physical exam



¥	Functional respiratory exam results data.



cf. TableΚ 12: Functional respiratory test



¥	Visit summary data.

Table 16 : Visit Summary����Data�Type�Time��Asthma control�Y/N���Respiratory state aggravation�Y/N���

�V.1.c. Visit NΌ3

¥	Date localization of the visit 3.

Table 17 : Visit 3����Data�Type�Time��Date of the visit 3�datetime�X��

¥	Summary data of the second treatment week.

cf. TableΚ 15: Week treatment statement

¥	Data from the patient physical exam.

cf. TableΚ 11: Physical exam



¥	Functional respiratory exam results data.

cf. TableΚ 12: Functional respiratory test



¥	Summary data of the visit

cf. TableΚ 16: Visit Summary

V.1.d. Visit NΌ4

¥	Date localization of the visit 4.

Table 18 : Visit 4����Data�Type�Time��Date of the visit 4�datetime�X��

¥	Summary data of the third treatment week.

cf. TableΚ 15: Week treatment statement



¥	Data from the patient physical exam.

cf. TableΚ 11: Physical exam



¥	Functional respiratory exam results data.

cf. TableΚ 12: Functional respiratory test



¥	Summary data of the visit.

cf. TableΚ 16: Visit Summary

�V.1.e. Visit NΌ5



¥	Date localization of the visit 5.

Table 19 : Visit 5����Data�Type�Time��Date of the visit 5�datetime�X��

¥	Summary data of the fourth treatment week.

cf. TableΚ 15: Week treatment statement



�¥	.Data giving an evaluation of the four treatments weeks period.

Table 20 : Statement of treatment for four weeks����Data�Type�Time��General practitioner consultation�Y/N���General practitioner visits number�integer���Specialist consultation�Y/N���Specialist visits number�integer���Hospitalization�Y/N���Hospitalization duration�interval�X��Hospitalization type�integer���Hospitalization reason�character(n)���Paramedical actions�Y/N���Paramedical actions description�character(n)���Paramedical actions number�integer���Responsible adult stoppage�Y/N���Number of stoppage day�integer���Blood statement�Y/N���Blood statement type�character(n)���Number of blood statements�integer���Radiology�Y/N���Radiology type�character(n)���Radiology number�integer���Exam EFR�Y/N���Exams EFR number�integer���Other exams�Y/N���Exams type�character(n)���Exams number�integer���

¥	Data from the patient physical exam.

cf. TableΚ 11: Physical exam

¥	Functional respiratory exam results data.

cf. TableΚ 12: Functional respiratory test

¥	Summary data of the visit.

cf. TableΚ 16: Visit Summary

V.1.f. Additional visit NΌ1



¥	Date localization of the supplementary visit 1.

Table 21 : Additionnal visit 1����Data�Type�Time��Date of the additionnal visit 1�datetime�X��

¥	Data describing the supplementary visit motives.

Table 22 : Additional visit motives����Data�Type�Time��Asthma no-amelioration�Y/N���Asthma aggravation�Y/N���Undesirable events�Y/N���Other reason�Y/N���Again under treatment.�Y/N���Following of the protocol treatment�Y/N���Stop reasons�character(n)���Treatment modification�Y/N���Treatment modification date�datetime�X��Undesirable effects since the last visit�Y/N���

¥	Data from the patient physical exam.

cf. TableΚ 11: Physical exam

¥	Functional respiratory exam results data.

cf. TableΚ 12: Functional respiratory test

¥	Summary data of the visit.

cf. TableΚ 16: Visit Summary

�V.1.g. Additional visit NΌ2



¥	Date localization of the supplementary visit 2.

Table 23 : Additional visit 2����Data�Type�Time��Date of the additionnal visit 2�datetime�X��

¥	Data describing the supplementary visit reasons.

cf. TableΚ 22: Supplementary visit reasons



¥	Data from the patient physical exam.

cf. TableΚ 11: Physical exam



¥	Functional respiratory exam results data.

cf. TableΚ 12: Functional respiratory test



¥	Summary data of the visit.

cf. TableΚ 16: Visit Summary



V.1.h. Trial end



¥	Trial end or exit data.

Table 24 : Trial end����Data�Type�Time��Prematurate exit�Y/N���Exit date�datetime�X��Exit reasons�character(n)���

¥	Summary trial treatment data

Table 25 : Trial treatment����Data�Type�Time��Real treatment period�period�X��Following protocol�Y/N���No following reason�character(n)���

V.1.i. Concomitant treatments



¥	Data precisely describing the concomitant treatment.

Table 26 : Concomitant treatments����Data�Type�Time��International treatment name�character(n)���Taking dosage�integer���Unity�character(n)���Taking number�integer���Tract administration�character(n)���Date of beginning�datetime�X��started before the trial�Y/N���Date of end�datetime�X��Continued after the trial�Y/N���Indication�character(n)���Undesirable events treatment�Y/N���

V.1.j. Undesirable events



¥	Data precisely describing the undesirable events.

Table 27 : Undesirable events����Data�Type�Time��Diagnostic�character(n)���Symptoms�character(n)���Date of beginning�datetime�X��Frequency�character(n)���Severity�character(n)���Evolution�character���Resolution date�datetime�X��Event duration inferior at 24h�interval�X��Relation with the trial�character(n)���Therapeutic attitude�character(n)���Serious event�Y/N���



V.Annexe 2: Description of individual tracking notebook (CIS) of the clinical trial "FLP B 01 45"



¥	identification and localization of CIS data.



Table 28 : CIS Identification ����Data�Type�Time��Patient name�character(n)���Period type�character(n)���Responsible investigator name�character(n)���

¥	data of the following of the treatment effectiveness the morning between 7h am and 9h am.



Table 29 : Following of the treatment efficiency, the morning����Data�Type�Time��Date�datetime���Asthma wake up�Y/N���[Ventoline] consumption�integer���Expiratory debit�float���

¥	data of the following of the treatment efficiency the evening between 7h pm and 9h pm.



Table 30 : Following of the treatment efficiency, the evening����Data�Type�Time��Date�datetime���[Ventoline] consumption�integer���Cough�integer���Difficulty to breathe�integer���Hissing breathing�integer���Expiratory debit�float���



* VEMS is a respiratory test.

� The trial takes place in several investigation centres.

� Randomized treatment, [placebo] or real treatment.

� Neither the investigator nor the patient know the treatment.

� The treatment is the same, for a patient, during the complete trial period.
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