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Abstract. This paper reports on a Datawarehouse application. The French national health department has to face numerous problems: financial, medical, social, accounting, public health and political. Thus, an efficient tool is needed for managing the decision support information system. In this context we have proposed the ERASME / SNIIR-AM Datawarehouse project. To the best of our knowledge, it has been considered as the largest Datawarehouse in the world. The main challenge we had to solve were due to huge volumes. We have chosen to solve it by an ad hoc methodology mainly based on datamart design. 

KEYWORDS: Database, datawarehouse, decision-taking, datamart, datamining, KDD, Health Service, health.

1. INTRODUCTION

The French National Health Service is responsible for a considerable amount of information and has to face many problems eg: availability and quality of data, heterogeneous sources, frequent updates for a large amount of information, different ways of computing the same information according to different points of view, etc. Moreover the political context and rules mean that Health Service needs the latest tools to analyze data and send information to it’s partners. Lastly, economic context means that the institution must improve it’s spending to achieve a minimum of break-even. Taking into account these elements, the ERASME datawarehouse project was designed. To the best of our knowledge, it has been considered as the “largest datawarehouse in the world”.

The purpose of this paper is to report on this experience. Section 2 presents the context and the objectives of the project. Section 3 exposes different problems with health information: functional, and design. Section 4 presents costs and technical data of a prototype. Section 5 presents the general architecture. Section 6 is devoted to the design methodology, and finally, section 7 presents some results of the prototype.
2. The Context and the objectives

The general regime covers all salaried workers, about 80% of the population and represents:

· 100 000 health service employees,

· 47 million "clients",

· 1 billion invoices per year,

· 100 billion dollars in annual turnover.

The ERASME / SNIIRAM project covers all French social security regimes. In other words the entire population (58 millions) is concerned.

The system has many objectives at local, regional and national level: to carry-out operations and analyses under the scope of cost and internal control, perform researches and analyzes to improve spending awareness as well as the application of sanitary studies, to publish official information, adapted to each category of recipient… in other words, the main objective is to manage efficiently the health system by its different partners (government, health service, ...).

3. THE PROBLEMS

Problems are numerous but can be summed up in one sentence: how can the Health Service be improved? This question covers several aspects:

· Accounts: How can we be sure that Health Service spending is efficiently monitored?

· Political: How can we legislate? What costs would be incurred by introducing new measures? How can we supply opposable and shareable data to partners?

· Financial: how can we improve healthcare at less cost?

· Public health: do we have good healthcare? 

To understand more clearly what’s at stake, a 1% error represents 1 billion dollars.

3.1 EXAMPLE OF PROBLEMS

The problems treated by the Health Service are particularly complex. Let’s consider the example of pathology and medicine and try to reply to a simple question: how can we treat ‘X’ (e.g.: the flu) in France in 2003? First is the problem of coding: is the illness identified? Is it possible to reach the diagnosis using a different code? Are the acts coded in such a way that they can be analyzed? Does the corresponding governmental body authorize a statistical treatment?

Even if we could manage to answer these questions, we would then be confronted to a second problem: Health Service is mainly interested in what is covered and what is reimbursed (purely financial) rather than what is really spend for health. Many players (chemists, social security agents, practitioners, health insurance contributors) do not believe it is useful to record information where reimbursements are not involved. A Sickness Note covering less than three days is not reimbursed (obligatory waiting period). The Social Security is not always notified if an individual comes to an arrangement with his company.

Turning now to the question of what the chemist provides: there is often a big difference between what is written on the prescription and what the chemist actually gives the patient as he is authorized to substitute one medicine with another if it is cheaper (generic drug). This means that for two different prescriptions the chemist can hand out exactly the same medicine. If these two obstacles are removed, how can we compare two prescriptions? About 15,000 medicines exist in France: many of which appear in different forms, have many variants, the packaging is different or they are not administered in the same way. Classification systems exist (ATC, EPHMRA, etc.) but the drugs are generally filled by either their chemical or anatomic principal active ingredient, and for example none of these helps to directly identify the antibiotic! 

It should also be added that no one way exists to identify an individual. In France, only workers are knowed, and other people are covered by them. If we take the example of a young woman who is either at her parent's charge or a student: she is entitled to healthcare cover as her parents child or in her own right as a student. She gets married and may become her husband’s responsibility therefore changing her number and also her social security regime if she was a student. She later finds work and finally obtains her own number in her own right. However, if she is made redundant she can reverts back to being at her husband’s charge. Some precarious situations mean many changes.

Doctors are identified by one number made up of the department and a number attributed to them by the Medical Practice Council: a doctor who changes department changes his number! 

 How can we analyze the request of someone who submits his claim for reimbursement for the chemist one year later when the laboratory tests were reimbursed very early on (direct payment for example)? 

Finally, how can we address the problem of errors (mostly typing), which lead to extra/duplicate reimbursements: the accountant would like to manage the cash flow; the analyst would like to manage the cost. 

How can we evaluate the quality of treatment? The economic factor is certainly important but is it sufficient? Other criteria like secondary effects, the length of the illness (with or without work stoppage), the risk of it happening again, the degree of suffering … all these are equally important factors difficult to quantify.

3.2 TECHNICAL AND DESIGN PROBLEMS

If we had to design datawarehouse from the requirements, each user should have tell he needs data and information about practitioners, spends, reimbursements, … but a traditional analysis would have generate too large volumes and only one big datawarehouse. If we wish to exploit the data directly from the datawarehouse (which contains all the detailed information), any request would ask for dozens hours of process. Every month, about 400 heavy requests have to run, to which you have to add studies and punctual analyses. The time for answer would not be compatible with needs and the processing of one month would need more than a month of delay. It was thus necessary to find a solution which allows to cover the requirements by by-passing problem of volume. Information about eighteen to twenty-four months represents about 100 terabytes. When the project was initiated by the Health Minister in 1997 no information system could store such a volume. So an original design methodology has been used to create datamarts with acceptable volume of data. 

4 – TECHNICAL INFORMATION : Prototype and costs
When the architecture was defined no computer system had the capacity to store the information therefore a prototype was deemed necessary in order to be able to validate the technical choices based on the following configuration: a SUN E 10 000 computer with 18 processors at 336 Mhz, with 12 gigabytes of RAM and 2,5 terabytes of disk space (386 disks of 9 Go - RAID 5 technology). For the software, Oracle 8i and UNIX as the operating system was installed. The prototype acted as a benchmark (3 months) to choose the tools for extraction, loading, requesting information, datamining and reporting.

The global cost of the project is 43 million dollars (human cost not included) for an estimated workload of about 200 man years. The total estimated return on investment 5 years after the beginning is about 750 million dollars.

5 –GENERAL ARCHITECTURE OF THE APPLICATION
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The database is centralized with only one interface supplying the information considered as relevant for the datawarehouse. Basic information is gathered from the computer centers, local insurance companies and other parts of the health service. Datas are received every day and controls are carried out at a higher level and done before payment wherever possible. They are included in the national datawarehouse and datamarts and duplicated at regional level. Each datawarehouse contains elementary information and is not generally for use, the only exception being to send data to the datamarts which themselves contain official and detailed information. Regional datawarehouse has the same structure as national but with less data (only the geographical region).

Fig. 1. Details of one Datawarehouse

6 – DESIGN METHODOLOGY 

When the project began (in 1997), there was no design methodology specialized in datawarehouse design which had penetrated the industrial sector in France, but it has been and still is subject of various research projects ([Inmon 96], [Kimball 1997], [Kimball 1998], [Cabibbo and Torlone 1998], [Golfarelli and Rizzi 1998], [Golfarelli 1999], [Moody and Kortnk 2000] [Giovinazzo 2000], [Akoka et al. 2001]). An interesting state of the art can be found in [Laender 2002]).

The ERASME datawarehouse was built according to a methodology very close to X-META [Carneiro 2002] which proposes an implementation by successive iterations, according to principles of Boehm’s spiral (management of the risk) associated with RAD techniques, in particular: prototyping, architecture, metadata, tools, pilot project, then datamarts and datawarehouse. This method is interesting in the field of the project control, but lack of methodology for an optimization of the datamart's contains in order to increase performances.

CONCLUSION

The realization of this warehouse represents an important technological and political challenge. Putting it into practice is progressive using datamart and the first results must provide the elements essential in replying to multiple problems and lead us to the end result: how to treat illness at minimal cost. 

Nevertheless, there are still several technical problems to solve: how can we effectively compare two prescriptions and, in particular, which guidelines should be established when considering two similar prescriptions ? Should the datamarts just be views of the datawarehouse or physical structure ? How is it possible to efficiently update the (huge) flow of patient / insured information, the reimbursements … How can we carry out long-term studies on sample databases (government body constraints) which will enable us to determine the patients’ treatment, how do you define the sampling procedures which will provide sufficient information to meet the needs which may be expressed in 1, 5, 10, 20 years ?  How also can we identify healthcare outbreaks; qualify them, arrange them in order, give them a signification in terms of treatment processes (preventative, curative, follow-up) ? How can we make the information readable by outside users (non Health Service personnel) and transform the database from general information (accounting rectification, illegible nomenclatures) to statistics ? Finally, how can we optimize the matching up of individual, anonymous, external information?
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