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Abstract

The objective of this paper is to present the principle of an Interactive Decision Support System (IDSS) applied to the management and the control of food production systems. A preliminary survey based on a systemic approach, enabled us to define the causal links between various industrial performance indicators. This first work permits us to conceptualize this empirical knowledge by an influence diagram and by a generic simulation model based on Forrester’s System Dynamics Theory. The IDSS which we propose, is composed by a continuous simulation model which extracts the data from a spreadsheet (or an EIS Executive Information System) which directly extracts its information from an ERP software (Enterprise Resource Planning). The objective of this IDSS is to estimate the evolution of the performance indicators and its originality comparing to traditional statistical methods based on past chronological series, is to take into account the causal relationships between the indicators.
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1. INTRODUCTION

 During the twenty last years, different transformations in the principles of the production organization in food industries, have been observed. This mutation was vital for a large number of companies and can be explained by the evolution of the markets and by a instability of the environment. Today, the production systems have frequently to react to many disturbances either external or interns to the firm. Faced to these evolutions, the companies have also to adapt they performances measurement systems. Our research is more particularly focused on the firm performance indicators in an ERP/CIM environment where the ERP systems co-operate with industrial accountancy and management control systems. We have observed that presently no synthetic performance indicators have been find out according to these new production systems [JAC 96]. The industrial performance concept is still often limited to a quantitative evaluation of the industrial productivity. By an accountancy point of view, the performance evaluation is thus often reduced to the control of individual performances of each resource of the firm. But we know today that other forms of performance were imposed in response to the evolutions of the technology and the environment of the industrial firms. The performance cannot be only based on the costs, but also on the quality and especially on the delays and production cycles time. According to many authors, this requires a "global" and "multi-criteria" approach, which is reflected as well on the performance control methods as on its evaluation tools [ECO 90] [LOR 91] [KAP 92].

Our paper focused on the various explanatory factors of the performance and on the causal relationships which link the processes and the actions to the obtained results. More concretely, this research aims to answer to two principal questions : how to better apprehend the multiple dimensions of the food industries performances ? How to choose the more efficient performance indicators which are connected to the whole industrial processes ? The literature review that we have done, relates to the new concepts of Activity Based Management (ABM) [BOU 95], [TEN 90], [LOR 95], the integrated industrial management systems (like CIM, ERP) and more generally, to the research working on the problems of the information systems integration and on the decision theory applied to industrial management. Our main critics to these too normative concepts, is their non-adaptation to the specificity of the food industries (cf. [TRE 95], [TRE 90], [NAK 94], [LEC 96]). 

We based our research to approach this field, on Forrester’s system dynamics theory       [FOR 58], [FOR 61], [FOR 94], [RIC 84], [RIC 92]. This work has consisted :

· to observe and to work with three industrial partners on the elements which structure the model of performances evaluation of their industrial production system, 

· to exploit the results of a survey which described the production system behaviors and more particularly the production control systems based on performances indicators

· to develop an interactive decision support system (IDSS) which includes a simulation model formally described in this paper. The data used by this model stem from an Executive Information System (EIS) which directly imports its information from a ERP package. The objectives of our model are to forecast the evolutions of the performance indicators (IPs) and to propose a decision support tool on these IPs.

This paper is organized as following. Firstly, we present the results of a survey in different food industries. From these empirical bases, we formalize a causal diagram showing the interrelationships between the performance indicators. This generic representation allows us to build a continuous simulation model (flows-stocks model, cf. Forrester). Finally, we concretely describe the structure of the decision support system that we propose.

2. THE RESULTS OF THE survey
 An empirical investigation has aimed to improve the understanding of the cybernetic mechanisms which act in food production systems and to identify the most significant performance indicators. A first interview-based inquiry was necessary to make easier the construction of a questionnaire concerning the structure of the production systems, their problematic at different time scales, their inputs-outputs and their behavior faced to uncertainty.

This cybernetic vision highlighted the regulation mechanisms of some industrial organizations faced to different fluctuations of their essential components (cf. their performance indicators). Nineteen firms have been asked. We tried to quantitatively analyze the decisions taken in these various production systems in case of dysfunctions. This study was limited to “simple” mechanisms easy to identify and was based on 1292 answers given by these 19 firms and corresponding to the decisions faced to dysfunctions of the food production systems.

2.1. Typological analysis of the decisions 

Calculating average values from this small sample can implying interpretation errors because the results confidence interval at 95% is equal to about + / - 20%. For this reason, we choose  the multivariate analysis and particularly the factorial analysis of the multiple correspondences.

A part of the questionnaire aimed to describe the structure and the organization of the food production systems. The data analysis showed a vertical axis which could represent the “complexity” dimension according to Simon [SIM 60] (see figure 1, for confidentiality reasons the firms i, j or k were codified in the following way : Dairy Products Manufacturer [PLi], Ready-Cook products Manufacturer [PEj], Poultry Cutting Manufacturer [DVk]).
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Figure 1. A food production systems typology

In this factorial plan, we can see that the producers of elaborated or ready-cook products have some specific characteristics like often a second level of product transformation just after the raw material first transformation. There also are more closed to the final consumer and have between 100 and 400 commercial references to manage.

In the positive area of this plan, we can see the dairy products manufacturers and on the opposite, the poultry cutting industries with less elaborated products.

To summarize, we can identify from this "static" investigation based on a structural analysis of food industries, three groups: 

Group 1: dairy products manufacturers (like yogurts, cheeses,…) 

Group 2: elaborated products manufacturers (like flat cooked, sausages,…) 

Group 3: poultry cutting industries. 

A second investigation tried to built a possible classification of food industries according to their decisions faced to uncertainty events. The statistical data analysis did not show a apparent discrimination between the firms (cf. figure 2). This last observation can validate the hypothesis that there are no significant relationships between decisions and structure/specificities of the food industries. Therefore, we propose to built a formal representation of these systems by modeling the control and regulation mechanisms.

[image: image2.png]Facteur2

pEs |
1
12
o
s
o4 PE3
<o
. B
TR 7o
- s 0% * s oo
e PR pg
U
s 4 s
s B o .

Facteur 1



Figure 2. Relationships between production decisions and food industries structures

2.2. Representation of the cybernetic mechanisms

The previous analysis was not able to dynamically represent the decisions taken in these studied industries. For this reason, we developed a simulation model to improve the understanding of the global dynamics of these systems which are in fact, driven by the performance indicators (IP). Based to the previous survey, we qualitatively identified the most significant IPs. From the different answers given by the managers, we analyzed the existence of some cybernetics control loops, we conceptualized an original knowledge of the industrial organizations causal working. After an aggregation of the variables and a qualitative analysis of the loops, we have chosen the following variables as performance indicators IP :

IP 1: Sales fluctuations 

IP 2: Quality of service or service rate 

IP 3: Internal Reliability rate 

IP 4: External Reliability rate 

IP 5: Information System Efficiency

IP 6: Inventory Level rate

IP 7: Real manufacturing costs

Now, we will describe the causal relationships which formalise the production systems behaviors observed in case of IP variations. 

· Consequences of customer orders fluctuations (IP1) 

In case of very urgent customer orders

· In the case of sales increasing in a sudden and instantaneous way (pulses), the systems are controlled in short term, by a re-scheduling of the orders in process and by overtime or temporary employment.

In case of a sudden and permanent sales increase 

· In the case of sales increasing in a sudden and permanent way (steps), the systems of the three groups, are controlled in the middle term, by temporary employment. Moreover, the group 1 uses frequently overtime, the group 2 personnel hiring and the group 3  personnel temporary employment.

In case of occasional and very significant decreasing of sales

·  In the case of occasional declining of the customer orders which implies a loading decrease, an active regulation (in the short term) is carried out by production anticipation.

In case of sudden decreasing of sales

·  In the case of sudden decreasing of the sales, only the response of the group 1 is significant : the solution is the regulation by production anticipation. 

In case of seasonal variations of the sales. 

·  Seasonal variations in sales often involve the need of flexibility by following the sales profile.

 In case of random variations of the sales.

·  A random variation of the sales can involve flexibility by following the sales pattern. For the group 1, another solution consists in scheduling by priorities.

·  Consequences of the Quality of service variations (IP2)

 In case of non- delivered orders and frequent customers complaints (IP2a). 

The customers complaints for delivery problems, are often treated in the short term by a strict and more frequent production flow control ; for the group 1, by a management of the orders by priorities and for the groups 1 and 3, by a preliminary negotiation between the sales managers and the scheduling managers. 

In case of too longs manufacturing lead times (IP2a). 

The problem of the too long manufacturing delays for the group 2, can be solved by purchasing new manufacturing tools.

In case of non-quality problems and customers complaints (IP2b). 

Customers complaints due to quality problems, can be reduced in short/middle terms, by increasing employees motivation and staff training. In the short term, a statistical quality control is often carried out. The groups 1 and 3 propose to improve the reliability of their production equipments. 

· Consequences of the variations of the internal reliability of production equipments (IP3) 

In case of fluctuating production capacities, productivity decreasing and absenteeism increasing (IP3a).

The diminution of the production capacities can be caused by productivity decrease, an absenteeism increase or frequent stoppages of work. In these cases, an active regulation of the systems can be carried out by a rigorous analytic cost accounting, by automation of the production equipment, by the " re-motivation " and the responsibility of the personnel, by the re-organization of the tasks or by the implementation of flexible schedules in the middle term like by tighter and rigorous controls of the short-term activity.

In case of work stoppages caused by strikes (IP3b).

The problem of the stoppages of work in the case of strike for the group 1, can be regularized by external subcontracting. 

In case of frequent dysfunctions of the production equipments (IP3c), the machines  stoppages and too long set-up times (IP3b). 

Frequent dysfunctions in production due to machines breakdowns, are controlled in the middle term in an active way, by preventive maintenance and personnel training. Moreover for the groups 1 and 3, the long-term action will be done by new machines investment, automation or specialization of the factories by products. Nevertheless, the group 1 has in short-term, tendency to gather several customer of production orders. 

· Consequences of the variations of the external reliability rate (IP4)

In case of deliveries problems with providers

The implementation of an ERP or a JIT system can imply a reduction of the missed items in production. If there are too much missed items, some companies have diversified their providers or have increased their stock levels.

In case of non-respect of the upstream workshops planning 

In this case, groups 1 and 2 often centralize the scheduling system and the group 3 sub-contracts its work.

 Consequences of the variations of the information system reliability (IP5) 

In case of frequent dysfunctions of the orders and information transmissions

In this case, the companies control the production systems in the medium term, by a revision, an improvement and by procedures automation.

·  Consequences of the variations of the inventory levels (IP6) 

In case of a too high level of stock of raw materials (IP6a) and finished products (IP6b).

In theses cases, a physical control will be done by a recurrent inspection of the inventories levels. A real time control of the production flows can also be ensured. In the long term, a "Just In Time" system can be implemented to reduce the stocks. 

· Consequences of the real cost variations of the manufactured products (IP7)
In case of real costs increases

The increase of the real manufacturing costs can be treated in an active way, by a reinforcement of controls of the material expenses, of the production rejections rate, and by analyzing the labor over-costs. Moreover, the group 3 sub-contracts in the middle term, a part of its production. In the same way, it develops automation or improves its cost control system.

3. THE PRINCIPLE OF THE GENERIC MODEL

Of this preliminary analysis of the decision mechanisms, we propose to formalize this first qualitative knowledge by an influence diagram which shows the causal interactions between the characteristic variables of these systems.

The glossary of the variables of the model is presented in table 1. Figure 3 describes the causal diagram of our generic model. 

Tableau 1 : Generic model variables listing 

	Nominal capacity
	Theoretical capacity of the production system.

	Real capacity
	Production capacity to answer to the commercial needs or following internal or external disturbances. 

	Coef. of working hour variation 
	Coefficient indicating the rate of overtime or temporary staff hiring.

	Quality control
	Rate representing the intensity of the quality control of the products.

	Production flow Control
	Rate representing the intensity of the quantitative and qualitative production controls.

	Additional costs
	This variable determines the additional costs caused by dysfunctions and various readjustments.

	Supplying time
	Delivery time of raw materials and components.

	Readjustment time
	Following manpower and capacity readjustments, this time corresponds to the response time of the organization for setting new solutions.

	CLD PF
	Consumption Limit Date of the fresh Finished Products.

	RM Variations
	This variable calculates the difference between the real stock of row materials (or components) and the desired inventory level

	MPS Variations
	This variable calculates the difference between the forecasts based on the MPS and the real sales.

	Work-in-process
	The production work-in-process.

	Shipping FP
	The flow of finished products sending to the customers.

	Training
	Rate measuring the intensity of the staff training.

	Nominal motivation
	Rate of the desired motivation level.

	Real motivation
	Real rate of motivation of the employees.

	MPS
	Master Production Schedule.

	Information flow Quality
	Quality of the orders and information transmission.

	Overtime ratio 
	The maximum rate of overtime possible to realize in short time 

	Temporary staff ratio 
	Maximum rate of temporary staff which can be recruited in short term. 

	Rejections FP
	Rejection rate of finished products caused by various factors of production and by products goings beyond the dates of consumption.

	Rupture RM and components
	Average percentage of the raw material out-of-stock level.



	Stock RM and components
	Level of the raw material inventory

	Objective stock MP and components
	Level of the desired inventory of raw materials and components.



	Stock FP
	Real level of the stock of finished products.

	Lot Size
	The size of the production batches (political choice).

	Rate provision
	The raw materials rates supplying (political choice). 

	Scrap rate
	The average material scrap rate.

	Stoppages rate
	The average machines breakdown rate.

	DP Non-quality rate
	The rates of non-conform Delivered Products.

	Production rate
	The manufacturing rate (political choice).

	Service FP rate
	The Finished Products customer service rate (varying from 0 to1)

	Variation of capacity
	The coefficient of capacity variation.

	Productivity variation
	The coefficient of productivity variation.

	Sales
	This variable corresponds to the volume of the customer orders.


The figure 3 can be interpreted in this following way: 

· the nodes of the graph represent the variables, 

· the arrows indicate the causal relations between these variables,

· the signs of the arrows correspond to the polarity of the causal relations : a sign (+) indicates a influence relation between two variables going in the same direction and the sign (-), in the opposite direction. 

The double-arrows translate the delay effects corresponding to an exponential duration between the cause and effect (cf. Forrester, 1961). The encircled variables are the Performance Indicators and are numbered IPi according to values of the index i described in the paragraph & 2.2.

The diagram in the figure 3 clearly shows the causal interdependence between the different performance indicators, object of this research. This representation is a good qualitative base for behaviors analysis of the production systems after fluctuations of their IP. After this first work, we develop a model represented by a Forrester's diagram of flow-stocks and transcribed in a finite differences equations system to finally obtain a continuous simulation model. This model is not presented in this paper (different experimentations from various scenarios of fluctuations of the sales have be done).
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Figure 3. Influence diagram

4. THE FUTURE DEVELOPMENT OF AN OPERATIONAL IDSS 

The previous influence diagram was built according to the systemic and cybernetics principles. It was essentially based, taking into account the complexity of the food production systems, on preliminary observations which highlighted the regulation and industrial management systems. From this first cognitive representation, we built a generic simulation model which will be the base of a future operational Interactive Decision Support System (IDSS). This support will be simulate, starting from initial values performance indicators, the possible evolution of these same indicators.

More concretely, the production managers regularly controls the flows of production and the level of the indicators like the quality level, the stocks level, the returns rate, etc. These data have to be entered in the IDSS which will simulate the evolution of these indicators from these initial conditions thanks to our system dynamics model. The logistic and production managers can than propose to modify some production policies after analyzing the causal structure of the model. The input data of the IDSS will come from an  Executive Information System (EIS) which directly imports its data from an ERP software (see figure 4).
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Figure 4. Environment of the IDSS

This IDSS which permits to make causal analysis showing the interdependence between the performance indicators, proves its benefit confronting to traditional statistical methods of search for correlation between variables. Indeed, these forecast methods based on the past values can only independently predict the evolution of each indicator. However, in many companies, taking into account the significant number of performance indicators, the frequent question is : starting from the forecasts given by this statistical model, how to analyze the tendencies being able to be contradictory, between various performance indicators ? 

After this work, we aims to develop posterior validations of the generic model by comparing real cases and to implement a prototype of IDSS which will be validated by three companies partners of our research.
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