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ABSTRACT

This paper describes the Nottingham framework for production management and its associated Petri-net based software. The framework has been designed to represent dynamic, hierarchical production and inventory planning and control systems. Theory, simulation and practice are included within the same framework. Software has been developed and used to test the framework and to represent particular production problems e.g. the performance of push-pull systems. Examples are given.

THE FRAMEWORK FOR PRODUCTION MANAGEMENT

The framework aims to represent the structural commonality of production control systems and also to represent theory, practice and simulation. To do this the framework needs to be able to represent dynamic systems and have the following characteristics: a planning  hierarchy, a hierarchy of simulations, a reporting or management information system hierarchy and a set of feedback loops. The planning hierarchy disaggregates high level plans into more detailed plans. For example, MRP converts a master production schedule into the requirements for parts and materials needed to make the products while also taking account of performance against previous plans. The simulation hierarchy provides, as part of the planning process, information on the likely performance of the plans. The management information system hierarchy processes and aggregates transaction data to produce performance reports which are fed back for use by the planning functions so that plans may be modified or other remedial action taken if required. 

Each of these characteristics is an information transformation or information flow. Arrows are used to indicate the information flows and boxes are used to represent the transformation of specific inputs into specific outputs. The structure of the framework is then consistent with the tools used for systems analysis and design such as structured analysis, control theory models and input-output models. The framework may be represented by figure 1

THE POTENTIAL ADVANTAGES OF A FRAMEWORK

The availability of a framework model potentially provides: a better understanding of the relationships between the variables in production control systems, an indication of possible omissions or deficiencies in a particular system, the provision of an evolutionary path from one system to another and the basis for a taxonomy of production control. These potential advantages are now discussed. First it can be observed that improved understanding can be obtained by using the structure as the basis of developing either theoretical or simulation models. The effects of changing values of the variables may then be derived and evaluated. Secondly, if software can be created to represent the generalised framework, then that software could be used to represent a specific system structure. This could then be used, in conjunction with appropriate data, to create a simulation model to predict the system performance in response to given inputs. If the performance of a specific system is poor and there are structural omissions in the specific system compared with the generalised structure e.g. a feedback loop not present, then one could consider the effect of ‘correcting’ the structure. Thirdly, if software can represent the generalised framework, then changing the parameters defining the system structure could create an evolutionary path from one system to another. Additionally, the software may be used in simulation mode to assess the system performance during the transition from one system to another. Finally, the parameters are in effect the basis of a taxonomy. Important parameters include the number of levels in the hierarchy, the degree of parallelism in the system and the relation between the time based variables such as lead times, planning horizons, planning period and rescheduling frequency.

REPRESENTING THE FRAMEWORK BY PETRI-NETS

Petri-nets are a graphical way of representing systems. A basic Petri- net uses two kinds of node: O representing places and I representing transitions. These nodes are connected to form a graph. When all of the input places to a transition are marked then the transition is said to be enabled and can fire. When a transition fires a marker will be removed from each input place and a marker will be added to each output place. The net can by this means represent the dynamic changes which occur in a system as it runs. The markers can be given names, in which case the Petri-net is called a coloured Petri-net, and the transitions can take specified times to occur in which case the Petri-net is called a timed Petri-net. Ideally any method of system representation should provide data, activity and evolutionary views of the system and  formally Petri-nets integrate these three views.  Suitably adapted, the generality of Petri-nets enables them to represent the planning, simulation and feedback hierarchies and the system operation that form the framework.  However for most systems an alysts, Petri-nets are an unfamiliar way of representing the activities of a system.  It would therefore be advantageous to use a method that can represent an activity view easily and then translate it. Structured analysis is a well known and understood formalism for representing systems which  provides an activity view and has been included as an input. Data defining the evolutionary view is provided to the system representation after it has been converted into the Petri-net format. 

THE UNISON SOFTWARE AND ITS USE

In order to test the framework, software based on Petri-nets called UNISON was developed. The software represents hierarchical relations by allowing a transition to call greater detail. This detail could be a description of the activity, a sub-net defining how the transition operates or a program which defines how the system runs. If programs are called, the representation of the proposed or operational system may be used as a simulation, to be the operational system or to control the operational system. UNISON thus allows a proposed system to be simulated and then linked with a practical implementation.  The transitions of a UNISON Petri-net model may call other software although care would be needed with data control and hierarchy control. Conceptually any or all of the company’s software e.g. MRP could be called from transitions.  In that case a Petri-net model becomes a platform for running the company’s systems.

The availability of software that could simulate the operation of a modelled system spurred our interest in measuring performance of production control systems. In particular we were interested in the relation between system structure and system performance. Among the problems investigated was inventory planning set in the context of enterprise integration described in Bonney et. al. (1996) included in which was the conversion of a master production schedule into a shop schedule. Surprisingly, it is not clear how to ensure that a detailed shop schedule is consistent with the master schedule even though managers and software programs attempt to do just this. There appears to have been little insightful analysis of this area. Appreciating this was a direct consequence of taking a structural view of different control systems. It is also difficult to ensure that equivalent and comparable bases are chosen when comparing the performance of different production control systems. For example, how should one compare a kanban based pull and a repetitive batch push system? 

Systems represented using the framework and its associated UNISON software include the modelling of FMS, the use of the software as a tool for enterprise integration described in Bonney et. al. (1992), and a comparison of the performance of push and pull manufacturing systems described in Bonney et. al. (In press).  Further work is planned to investigate the effect of different input-output transformations and the effect of structural features such as the number of levels in the hierarchy on manufacturing system performance.
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Figure 1 The framework
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Odds and ends

The availability of great computing power provides many opportunities to cross the theory-practice divide and one way to do this is by means of simulation. Simulation is used to mean any model or representation of a process which allows the consequences of an action to be investigated. A simple simulation model can be constructed to directly correspond to a theoretical model and realistic more complex simulations can be constructed to realistically represent most practical situations. Sometimes the theoretical representation may be a limiting case of a more complex representation and so may be used as part of the verification procedures. 

Simulation is very application specific and to be more useful the approach needs generalising. This is what has been attempted in the creation of a framework for production control. The framework is essentially a simplified general representation of the structural commonality which exists between different production control systems. 

This software needed to be dynamic and hierarchical, and, if possible, the notation should be consistent with the ideas of structured analysis. It was decided to that could represent the framework and could be used to produce a dynamic simulation of particular production control problems

It has been shown that in some circumstances the framework is useful for describing and representing most if not all production control systems, that it can represent theory, simulation and practice and that the theoretical representations can include the use of transforms such as the Popplewell, Matoug roc/mrp analysis based on z-transforms.  

, i.e. the statement that given products should be delivered at specified times

such as orders placed, orders received, items processed or scrapped,

The initial development of the framework was described in Bonney and Head (198?). and progress on the development appeared in Bonney and Head (1993).

, then ‘all’ that is necessary to create an evolutionary path from one system to another is to change the parameters defining the system structure.

Introduction

There is a gap between the theory and practice of production planning and control. Companies seldom use theoretical models as the basis of their operational production planning or to enhance their understanding of real systems. The reasons for this situation include:

· until recently the available theoretical models have not represented the main production control systems used by industry and those which do exist are often over simplified

· few production controllers have the appropriate level of theoretical training to understand and use the models.

Enterprise integration and manufacturing resource planning are on the agenda of many companies. This increased interest in integration has meant that the inherent complexity of manufacturing planning and control systems has become more obvious and this has motivated a search for structures and frameworks. This paper is the description of one such framework. 

Summary and conclusions

A framework has been described which can represent theory, simulation and practice and most if not all production control systems.

M C Bonney and M A Head (198?) Development of a framework for production management.  Grey Paper ?????

allowing a theoretical model, a simulation model or reality may be used within the same structural framework. 
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