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Modelling dynamic value streams in support of process design and evaluation

Introduction

Notions about value stream mapping have an origin which has been attributed to the Toyota production system and its related Lean Manufacturing principles (Womack et al. 1990). Value stream mapping can help identify wasteful activities related to process segments, by analysing those activities or actions needed to produce products specified by customers. It follows that value stream mapping can provide an important 'tool' for reasoning about the design or re-design of processes. Lean thinkers, for over two decades, have claimed that through value stream mapping, most mass production systems can be transformed to lean production systems (Hines and Nick 1997;[START_REF] Womack | Lean-Thinking -Banish Waste and Create Wealth in Your Corporation[END_REF]. Further claims include the delivery of products in time; at a lower cost, of high quality and on continuous basis (Lee 2005). In principle value stream analysis can help specify processes with: integrated single piece flow; defect prevention; production pull; continuous waste reduction;

flexible team based work and active involvement and close integration with suppliers (Bicheno 2000). In practice, value stream maps are known to help identify (and therefore help eliminate or at least reduce) the wasteful activities that customers would not wish to pay for, hence making it a useful tool for process improvement.

It follows that value stream mapping has proven effective in many manufacturing organizations. However a critical consideration in this paper is to better understand whether value stream mapping can be an effective process redesign and improvement tool for manufacturing systems that need to realise multi-product flows.

Unlike single flow manufacturing systems, many MEs are characterised by complex systems of processes with associated underpinning technical and resource systems which need to be properly coordinated to allow a variety of products to be realised through them over a varying period of time. Appropriate management of related changes is a key determinant for the MEs sustainability in a dynamic global market;

because it may gain competitive advantage through achieving economies of scope as well as economies of scale (Vernadat 1996). Unfortunately, best industry practice current approaches to value stream mapping do not encode time dependencies related to product flows, controls, process instants and time dependent causal effects. This implies that an analysis of alternative flows of product (volume and mixes) through a shared process cannot accurately be modelled by current generation value stream maps to mimic real time instances in a ME. Hence current forms of value stream map cannot adequately enable organization strategies to be designed for future changes due to the complex and dynamic inputs inherent in MEs.

Another key challenge in real world manufacturing enterprises is that, systems are interconnected such that flows can be hard to 'see' when products have a multitude of options, with variations in lead times and cycle times, and processed through repetitive and multiple processes or cycles [START_REF] Duggan | Creating mixed model value streams[END_REF]. Further process complexity arises where there are significant product mixes, shared resources with unsteady changes in information or material flow as well as control. In such With the introduction of Computer-Integrated Manufacturing and the use of modern Information Technologies (IT), in principle manufacturing enterprises are able to achieve increased levels of flexibility in terms of organization, operations, product design and manufacturing. Also in principle, flexibility can be increased by adopting quick responsive modelling techniques to identify the values and cost which are being shared across a given process. This can obviously not be achieved by static mapping techniques.

An alternative to the mapping approach is to view all types of processes as multi perspective flows associated with ordered sets of activities. Such a technique can in part be provided by enterprise engineering and its associated modelling formalisms [START_REF] Ferreira | Using a Decision Suppport System for CIM System Life Cycle Support[END_REF][START_REF] Mertins | Integrated enterprise modelling for business process reengineering[END_REF]Bernus and Nemes 1996a). Inherently EM techniques separate models of problems from models of solutions and thus can provide significant benefit when designing and changing ME processes, systems and work organizing structures. In effect, proper decomposition of enterprise requirements ensures that complex problems can be characterised and modelled in a modular form, so that analysis and understanding becomes easier. To predict the effect of changes impacting on enterprise models, it can be highly beneficial to link these models to simulation models with capabilities to replicate existing and predict future manufacturing enterprise behaviours (Carrie 1988;Askin 1993;[START_REF] Mendonca | Real time shop floor control: modular system and integration tools[END_REF][START_REF] Mertins | Neutral template libraries for efficient distributed simulation within a manufacturing system engineering platform[END_REF].

A number of public domain Enterprise modelling (EM) architectures, methodologies and techniques have been conceived to facilitate key aspects of process oriented organisational design and change. Currently there are many independently developed techniques for designing and implementing phases of an organization.

One of the most important results derived from the ESPRIT projects has been the

Computer Integrated Manufacturing Open System Architecture, its supporting modelling tools and validation in industrial environments [START_REF] Amice | CIMOSA: Open System Architecture for CIM[END_REF]CEN/ISO 19440). Other key researchers have demonstrated how the application of CIMOSA methodologies and framework can help capture salient process oriented elements in organizations (Lutherer et al. 1994;[START_REF] Kosanke | Process oriented presentation of modelling methodologies[END_REF][START_REF] Zelm | The CIMOSA business modelling process[END_REF] Deleted: (Lutherer, Ghroud et al. 1994;[START_REF] Zelm | The CIMOSA Modelling process[END_REF][START_REF] Kosanke | Process oriented presentation of modelling methodologies[END_REF]Chatha, Weston et al. 2003). This includes Purdue Enterprise Reference Architecture which was published by

F

Williams (Williams 1992), to provide a generic enterprise model reflecting the full life cycle of enterprises. It is claimed that PERA uniquely provides a formal way to identify optimum levels of automation and addresses continuous processes and discrete parts manufacturing [START_REF] Williams | PERA and GERAM -Enterprise Reference architecture for Enterprise Integration[END_REF]. Some known enterprise modelling tools are Architecture for Integrated Information Systems (Scheer 1992;[START_REF] Scheer | ARIS Toolset: a software product is born[END_REF]); Generic Enterprise Reference Architecture and methodology [START_REF] Bernus | A framework to define a generic enterprise reference architecture[END_REF] and GRAI-GIM, a framework and modelling tool developed by the University of Bordeaux [START_REF] Doumeingts | GRAI-A method for designing CIM systems[END_REF].

Generally, enterprise modelling techniques provide graphical modelling constructs to explicitly describe multi-perspective models of complex organisations that can be reused in support of decision making by relevant change actors. With such a purpose in mind, this paper sets out to explain how the use of state of the art Computer Integrated Manufacturing Open System Architecture, CIMOSA, has enabled decomposition of various process segments of a make-to-order furniture manufacturing SME, in order to generate multi-perspective models of value streams.

Use of this modelling approach was further enriched by the complementary use of causal loop dynamic modelling technique which enabled manufacturing process dynamics to be analysed. To facilitate process design and ME change specifications, the created static value stream models were subsequently transformed into dynamic simulation models that can be used to analyse and predict impacts of manufacturing process dynamics on value generation, when alternative process inputs were applied.

BACKGROUND

Process design in MEs and related change problems

Through the lifetime of MEs, small and large scale 'process design and change' are necessary to maintain competitive and timely organisational responses that satisfy customer and stakeholder needs and environmental constraints. This requires understandings about and manipulation of complex causal and temporal dependencies between changes made to 'strategic intentions'; 'business models';

'product (and service) portfolios'; process configurations'; departmental boundaries and people reporting structures'; manufacturing policies'; 'work-organising methods'; and human and technical resource systems'. Because of these dependencies it is required that in the life time of a ME, proper scientific tools be deployed to assist decision making. Literature in the domain of system dynamics and control engineering have shown that the structural and dynamic complexities involved in current markets can be found in the structure and processes of enterprises [START_REF] Forrester | Industrial Dynamics[END_REF]Richardson 1999;Sterman 2000;[START_REF] Burns | Simplified translation of CLDs into SFDs[END_REF]). As a result of these dynamics, tools which are capable of modelling systems which mimic real life instances of change are essential for the sustainability of every ME in a fast changing market.

Several different forms of visual mapping tool have been deployed, which are intended to help meet the above requirements (Hines and Nick 1997). But, it was observed that these techniques were designed to solve specific problems arising from different complexities in manufacturing systems. They were also observed to be 'static'. Consequently choice of mapping tool becomes a decisive issue for the user.

Efforts to classify processes in MEs have been reported by previous researchers (Chatha 2004,). Two early classifications were provided by Salvandy and Pandya (Salvendy 1992;Pandya et al. 1997). It is observed that through the life time of any ME, specific process changes may be required to be made to processes belonging to any of these process classes. The nature of the product types required, mixes of products, volumes and rate of supply will all impact on the required design of these processes. Also often changes made to any of the process threads will trigger correspondent causal and temporal effects in other process threads. This means that at each point in time, decisions have to be made based on some dynamic inputs which affect ME operations. Those dynamic changes cannot be captured adequately by static mapping tools. Hence with increased business fluidity, there has arisen a general need for tools capable of modelling and predicting outcomes from dynamic inputs to manufacturing enterprises.

Decisions made during process design will determine values and cost generated along process threads. In turn this partly determines the profitability of business entities. Hence these are considered to be important decision variables. Companies that make the best decisions with regards to value creation and cost reduction normally win larger market shares. It is however not easy to make such decisions, because:
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Steps Activity

Step 1 Conduct literature review on:

• manufacturing strategies

• lean Manufacturing

• enterprise integration and modelling techniques

• simulation modelling tools and application

Step 2 Capture enterprise models of collaborating companies using

CIMOSA

Step 3 Derive 'static' value streams models of collaborating companies

Step 4 Derive and test dynamic models by building upon step 3

Step 5 General and specific recommendations with respect to area of research Table 1: Research approach adopted

Description of the first case study problem domain studied

The first case study company studied is a 'make-to-order' furniture company located in East Midlands of the United Kingdom. It operates with about fifty regular employees and uses basic furniture manufacturing equipment like sanders, grinders, polishes, benches, saws, planers, et cetera et cetera.

The company manufactures about three hundred different furniture products, ranging from different varieties of tables, cabinets, beds and wardrobes. The prime raw material is pine wood primarily supplied from the Scandinavian countries. A large majority of its products are sold through UK furniture stockists (i.e. distributors) who receive furniture from the case study company and other furniture making companies, for distribution to local stores.

The multi-product production system of this company consists of order processing; assembly; machining; painting; packaging and delivery units (see figure 1). Order processing is based on aggregating orders received from many stockists over specific timeframes. Orders received are grouped and transformed into 'runs'. These runs are based on the capacity of the fleet of transport vehicles owned by the company and logistical criteria related to the geographical location of customer stockists. These runs are converted unto a 'so called' picking list which specifies the furniture items that need to be manufactured and dispatched to the assembly section.

On receipt of a picking list the assembly shop supervisor issues a mini-order to the machine shop on parts which need to be machined. The machine shop however usually makes predictions about assembly shop demands (based on experience) and therefore produces stockpiles of parts in racks located within the assembly shop.

These stockpile can supply much of any current assembly shop demand but in general additional machining will be required when predictions are not accurate. weeks when there was an unexpected increase in customer demand. This was partially due to the company's inability to increase their ' effective' manufacturing capacity to match the customer demands.

Review of previous research work on the case study company showed that a lot of modelling work had already been done on the company. However critical investigation shows that the work was concentrated on process modelling , resource modelling, implementation and optimization of operations, testing and validating of existing and new modelling concepts. Hence the new dimension which is considered in this publication is the application of existing modelling techniques in the conceptualisation and application of models of dynamic value streams. This was required to help: 1)identify and analyse the value and non-value creation activities in the company; 2) identify and analyse impacts of queues/inventory levels and delays in the processes; 3) analyse effects of changes in values generated; 4) take into consideration 1) to 3) to recommend modelling formalisms capable of achieving better process efficiencies. 

System decomposition by the CIMOSA Modelling Technique

Unlike current mapping schemes where mapping begins by associating customer orders with business operations and the supplier capabilities (Lee 2005), the Computer Integrated Manufacturing Open System Architecture, CIMOSA approach to enterprise modelling represents MEs as a network of dependent processes [START_REF] Zelm | The CIMOSA business modelling process[END_REF]. Here processes are decomposed using well defined decomposition mechanisms, so as to create multi-perspective graphical models of various process segments of concern. Thereby process segments are modelled in the context of a specific business whilst being relatively easy to analyse and interpret. Another reason for adopting the CIMOSA modelling approach is that it naturally separates models of problems from models of solutions. In addition, these models gave an enhanced understanding of the company's business operations in visual form (although static and non-computer executable) demonstrating the flow of needed material, information and resource, and depicting interrelationships between these factors of production in the company.

A basic assumption made when applying the CIMOSA modelling technique is that it is appropriate to segment organisations into enterprise domains. Each enterprise domain has responsibility for one or more domain processes which communicate with other domain processes (belonging to the same and/or other domains) through events and results. Domain processes are further decomposed into business processes, which themselves comprise more elemental business processes and enterprise activities [START_REF] Kosanke | Process oriented presentation of modelling methodologies[END_REF][START_REF] Berio | New developments in enterprise modelling using CIMOSA[END_REF]. Enterprise activities are considered to be atomic building blocks of domain and business processes, because they correspond to the lowest level of modelling abstraction considered by the enterprise modeller in the current modelling project.

Four types of CIMOSA diagramming templates, namely, 'context', 'interaction', 'structure' and 'activity' diagrams were used to coherently represent the various flows in the assembly shop of the company (Monfared 2000). Typically many instances of these template types are used in conjunction with a consistent numbering convention to provide a multi-perspective, graphical description of networks of processes used by any given target company. This was also the case for the company studied. and components assembly take place in the assemblage of the under frame. When this is completed, the top sub assembly is assembled to the under frame subassembly and transferred to the spraying shop. In a similar fashion, bench work activities such as drilling, turning and sanding take place on the leg sub-assembly before it is transferred to the spraying shop. After the spraying of these sub assemblies, the legs are finally assembled to the top sub-assembly to achieve a complete Table. along the process thread. The cost of components associated with each of the activities were also estimated by considering the 'cost of buying' rather than making the components concerned. The ratio of cost to value was then used to achieve an assessment of the process efficiency for the process segment under consideration.

Figure 6 shows a simplified value stream model of the assembly section of the case study company. It has been named a 'static value stream model' because it is limited in encoding time dependent instances and analysing variability over a given period.

Because it uses the CIMOSA as the backbone model, the enterprise could be decomposed to its minute level of abstraction such that all functional operations are captured.

The upper part of the model shows a schematic diagram of all the interrelated enterprise domains. It serves as a guide to identify which area of the business needs to be decomposed. In a simplified form, it shows that the suppliers domains (DM1,2,3) need to interact with the technical operations (produce and deliver, DM7). Also the technical operations interact with customers or stockist (DM4) who also interact with the business management domain (DM6).

This model shows only BP71-2 which has been decomposed to its elemental EAs. All other domain and business processes have not been decomposed. This is to make the model fairly simple for analysis. Further decomposition of the processes can be done based on the objective of the modelling exercise.

Generally it was observed that the use of this modelling approach provided extra support to the existing mapping scheme. The additional capability arose because:

• It provided a holistic picture of the various operational activities that existed in the case study company.

• It enhanced the realization of future models based on the desire for process improvement

• The breaking down of the otherwise complex system of the case study company's business made it easy to understand how process segments were interrelated and hence the net effect of decisions made on one process thread. It formed a good basis to identify and demonstrate the likely consequences of changes in any of the enterprise input parameters Notwithstanding, it was also observed that these models did not have sufficient semantics suitable for representing process changes and instances where process mixes and volumes are or could in the future be affected. Also alternative manufacturing, logistic and business policies could not be tested. It did not also provide specific process segments that need to be controlled or manipulated to achieve required mixes of products or process variation in attempt to meet varying customer or stakeholder requirements.

Figure 6 Current state map of assembly section

In view of the limitations identified, it was decided that since the end goal of this research is to be able to quantify business benefits through the achievement of values derived from alternative policies, it was necessary to transform this static model into computer executable models that do encode appropriate system dynamics and that can be tested using a proprietary simulation software.

Dynamic value stream model

Up to this point, a static model representing the flow of historical production data through a selected process segment of the case study company had been created and used to inform decision making about process efficiency, etc. Despite its static nature this provided a rich coherent source of information for visualising interrelated processes necessary to assemble tables. However, in the real case ME it was necessary to realise economies of scope by assembling various types of table in dynamic (constantly changing) quantities and mixes necessary to satisfy customer orders. This was observed to give rise to dynamic instances of interactions between product elements, process elements and their underpinning resource elements, and it becomes difficult to visualise and specify needed changes to ME processes using such a static model (Rahimifard and Weston 2006). Because of the need to share resources, coupled with varying customer needs and dynamic environmental conditions, significant complexity was introduced with respect to planning and controlling production.

Previous work by the authors have indicated that some types of changes that normally have influence over common operational processes of MEs can be expressed as shown in figure 7. These changes may be classified as

• Process-oriented changes -(such as process instances, process logic, flow controls and the required roles and relationships)

• Product-oriented changes -(such as product properties, product mix, product volumes, material availability)

• People (and related mechanical resource)-oriented changes -(such as resource availabilities, resource competencies and capacities, resource controls and resource organisation)

In general selected process variables (or elements) belonging to each class can be used as control levers that affect other process variables (or elements) so as to make required process improvements. However the extent to which that is true in the real case will be dependant upon natural phenomenon and constraints that link the variables. Hence in practice only some control variables can be chosen and only constrained ranges of adjustment to them can be made.

Figure 7 Types of changes on MEs

To analyse the effect of some of these variables on the static value stream model, system dynamics modelling in the form of dynamic causal loops was deployed to model salient processes (BP's) of the assembly process (see figure 8). The system dynamics modelling technique adopts causal loop modelling and stock and flow diagrams to analyse complex business problems (Randers 1980). These modelling frameworks are supported by strong non-linear complex mathematical theories and control engineering principles [START_REF] Forrester | Industrial Dynamics[END_REF][START_REF] Burns | Simplified translation of CLDs into SFDs[END_REF]. The modelling technique relies on the fact that 'current reactions are based on past actions' [START_REF] Forrester | Industrial Dynamics[END_REF] indicating that 'there are causal relationships between actions and reactions'.

Sterman (Sterman 2000) noted that 'most unexpected challenges are as a result of past actions'.

Causal loop modelling have long been used in standard system dynamics practice for purposes connected to simulation modelling. Basically, it contains variables, and arrows which show the causal relationships between the variables. Increasingly they are now being used to depict the basic causal mechanisms hypothesized to underlie reference mode of behaviour over time, that is for articulation of a dynamic hypothesis of the systems as endogenous consequences of the feed back structure (Richardson 1999). They have been know to be excellent for:

1. depicting relationships between cause and possible effects (Homer and Oliva 2001) 2. creating dynamic models of businesses for alternative policy verification (Wolstenholme 1999;Homer and Oliva 2001) 3. capturing mental models of individuals and teams during start of projects and also during project dissemination (Sterman 2000) 4 Causal loop modelling starts with a variable followed by an arrow which shows the causal links with its effect. Each causal link is denoted by a positive or negative polarity to represent how the variables change in respect to the other. A loop is called positive, regenerating or reinforcing if it has no negative polarized links or if the sum of the negative links is even. Otherwise it is a negative or balancing loop.

Thinking about the influence loops described in figure 8 coupled with understandings gained by observing active assembly operations, it can be realised from studying balancing loop 1 (B1) that increase in number of CNC operations increases number of set-up operations which also increase the total set up delays. Set up delays lead to high lead times. The high lead time tends to increase the queue time as well. This is a reflection of the current state of the company since other products are also fed to the CNC router which tend to block the free utilisation of the CNC router for dedicated assembly process jobs. Hence significant long queues resulted in the excessive lead times associated with CNC operations.

A study of balancing loop 2 (B2) shows the effect of increase in number of operations. Over here resources have to be allocated to meet the increase in operations. In general these resources include human and technical resource elements and also material handling elements used during travel processes.

Resource cost therefore increases causing a reduction in the process efficiency over a short period. Also as a result of the frequent movements low process efficiency was realised from waste due to transportations derived from the number of movements and also the distance of movements. From balancing loop 3 (B3), it is evident that process cost will increase as a result of increase in travel times, increase in cost associated with quality inspection and set up. Other factors known to affect process cost are direct labour and overhead costs, Also observed is that process cost will reduce as waste due to defects is reduced. This is depicted by balancing loop 4 (B4).

It can therefore be understood that the transfer of partial assemblies for further operations in the machine shop has a retrogressive effect on process lead time and cost, as predicted by the loops. Another influence loop shown in figure 9 relates to the assembly of under frames to the table top. From these loops it can be derived that there is a need to increase the flow of stock to the spray shop through efficient business operations, since this reduces the idle time of sprayers and spraying equipment. The use of jigs and fixtures facilitate the assembly rate by reducing the lead time, thereby increasing the efficiency of the assembly process. There are also potential instances of untimely supply of sub assemblies to the assembly shop due to the occurrence of long queues at the machine shop CNC router.

Figure 9 Influence loop 2 for decision making

It is important to note that although the causal loop models gave indicative responses to changes, they were not parametric. Hence on their own they could not quantify the effect of changes on the enterprise.

Dynamic simulation model of the assembly section of case study company

In view of the limitation on the dynamic causal loop modelling technique and the underlining vision of quantifying business benefits that could arise from making manageable ME changes to process structures, product and material flows, resource assignments and the like, simulation models which replicate process behaviours of the assembly shop of the case study company were created. This was done so that the assumptions, parameters and data incorporated into these models could be verified. When this is verified, the models can be used to predict better ways of optimising process designs and performance.

In practice fair conclusions can be drawn about a system after studying the system's response to actions over a sufficient long period (Carrie 1988;[START_REF] Mertins | Neutral template libraries for efficient distributed simulation within a manufacturing system engineering platform[END_REF].

Simulation modelling techniques feature well in imitating systems behaviour over a In theory simulation modelling enhances enterprise modelling by helping solve the problems of:

• System dimensioning,

• Parameter optimisation,

• Design of control policies,

• System operation checking,

• Performance evaluation,

• Comparison of several design alternatives to select the most suitable one (Vernadat 2002).

This was the fundamental assumption upon which the simulation modelling presented in this paper was built. Also, it was assumed that the static value stream affected the total processing time of the complete process, The total lead time and value generated by the modelled processes was found to mirror those historically observed in the real case enterprise and thus the model was noted to be a true reflection of the real life case study.

Three sets of experiments were conducted using the model after it had been validated. These were specially designed experiments to analyse the impact of manageable ME changes. These experiments also helped identify ways of achieving reduced lead times and improved value streams in attempt to demonstrate the generic change effects depicted by the causal loop models, already described. These experimental sets related respectively to (i) product changes due to varying customer requirements, (ii) people resource changes and (iii) related mechanical resource change.

A number of parametric changes were made to the way in which human resources were assigned to units of work; with a view to monitor and analyse effect these changes had on the process and thereby determine potential benefits that alternative work assignments might bring to the case study company. The first situation experimented was to change the work roles and the nature of work done. Extra work loads were added, because it was observed that the resources, especially at the bench sections were grossly underutilised. It was also decided to maximize the work in the system. The results proved worthwhile. The average resource utilization rose from 34% to 72%, whilst the output showed a gradual increase. It follows that by systematically increasing the work load, a corresponding output can be expected.

An important aspect which was experimented was increasing the number of product variances at the process entry point. The model demonstrated a degree of 'malfunctioning' as there was complications in resource sharing (both human and technical). Therefore in the simulation models already created, rules related to prioritization were established such that the model was able to identify the different products in the system. This tends to suggest that in real world multi-product flow systems where products arrive at undetermined intervals, further complications are to be expected, if the ME is not designed to cope with product variances. This related idea establishes the need for 'reconfigurable, recomposable and reprogrammable' ME models which have the capability to cope with changes in multiple product flows. Deleted: (Weston, Rahimifard et al. 2007). Coherently, when the rate of flow of product components was altered, it was observed that significant improvements were realised, predicting the fact that alternative arrangements of the flow of products inputs can affect the ultimate fulfilment of the product or customer order, avoiding excessive delays and inventory accumulation. Table 2 shows significant process improvements that can be obtained by reducing the rate of processing of one of the components in the assembly shop. 

87.94%

Table 2 Results for queue size at bench finish area only

A key parameter which was identified as being critical to improving the value generated by the whole process was by reducing the rate of entry of table tops.

When this was experimented, the queue at the CNC operation was drastically reduced without affecting the output quantities.

In summary results from the influence of the planned ME changes in view of ensuring better process efficiency ensured that in the revised value stream model human resources were fully utilised, work benches were not idle, inventory cost was reduced by 60%, and overall process improvement amounted to 70.4%

Observations and discussions

Throughout this study, it was observed that there was the need for adequate data collection to enable successful implementation of the techniques recommended in the paper. The CIMOSA templates and modelling constructs aided the value stream mapping technique by providing an effective and reusable way of decomposing complete networks of enterprise functionalities into process segments at some level of abstraction. In addition it gave a solid foundation upon which the simulation models were generated. It hence served as the backbone model for the creation of simulation models.

Although the benefits of the static value stream model can not be doubted, it was observed that it could not be used to mimic or predict relative ME behaviours, especially related to change. It was also realised during the modelling exercise that, it took relatively longer time to 1) capture information from the case study company; 2) populate the modelling templates; 3) validate and finalise the modelling templates; before a comprehensive acceptable enterprise model could be derived and used for generating static value stream models. From experience in this modelling exercise, it is worth noting that in MEs where enterprise models have been developed already, the compounded problem of working with an inaccurate model is real. However in instances where CIMOSA models have not yet been constructed, it is appropriate to narrow down the modelling requirements such that only the area of interest would be focussed on. Essentially this modelling approach has the capability of being used as a check over results derived from existing value stream mapping technique.

Results of the research proved that it was possible to analyse the dynamic impacts of enterprises with respect to value streams derived along process segments. Also system dynamics could fairly be experimented, although with well controlled and expected change variables.

Collectively, the populated models provided an integrated view forming the basis of knowledge sharing about the ME and its environment which can inform decision making about process improvement, resource allocation, manufacturing synchronisation policies, re-organization of the entire supply chain, evaluation of manufacturing lead time, total system output and total work-in-place, change and so forth.

The causal loop modelling technique gave indications as to potential change parameters of the assembly section of the case company. The results obtained Modelling value streams by the approach described in this paper ensured that the conventional value stream mapping technique, derived from lean thinking, was enhanced with the enterprise modelling technique, CIMOSA. This was further enriched with concepts of system dynamics which helped in analysing the possible impact of change on the existing variables of the case company. With the successful transformation of aspects of the static models to dynamic simulation models, it was possible to analyse the impact of alternative management policies or decisions on values generated along selected process segments of the company. These benefits could not be obtained from the static value stream maps.

Hence it is deduced that for most MEs deploying multi-product flows in dynamic markets, it is more appropriate for their systems to be modelled comprehensively through the application of the enterprise modelling approach. Otherwise the tendency of overlooking salient aspects of process segments during mapping can be high. In addition to the static modelling approach, it is beneficial to transform the static models to dynamic models to enable dynamic assessments to be conducted on the models before implementation. This can support companies to make economic analysis of policies and solutions before their implementation..

Conclusion

Some of the challenges facing MEs include the scientific testing of ideas or decisions and also the ability to analyse the impact of possible change parameters on MEs.

These decisions invariably affect process designs which in turn impact significantly on outputs, timeliness, and competitiveness of companies. An approach for evaluating decisions and changes that affect the generation of values in MEs has been described in this paper. The relative strengths of this modelling technique have also been discussed, taking particular notice of the suitability of transforming static value stream models into dynamic models capable of replicating real enterprise behaviours. The challenge of creating a valid enterprise model is real and measures must be taken so that models which serve as backbones of dynamic models are accurate, else the tendency of working and making inaccurate recommendations can not be avoided. The enterprise modelling approach in support of value stream mapping ensured that systems were decomposed in a way that semantic rich and coherent understandings about relatively enduring aspects of the enterprise could be derived. Despite the limitation of this approach (as explained in previous sections) it provided a strong foundation for the development of dynamic models of the value streams of the case study company. Separate literature have attempted to describe how static models can be usefully transformed to dynamic simulation models [START_REF] Scheer | ARIS Toolset: a software product is born[END_REF][START_REF] Chatha | Combined Enterprise and Simulation modelling in support of process engineering[END_REF]Rahimifard and Weston 2006). It is envisaged that the accurate deployment of ideas described in this paper will definably improve knowledge about process design and their evaluation in MEs. The authors in relation to their ongoing research work in the area of value and cost dynamics, aim to derive a comprehensive alternative generic value stream and cost modelling methodology which will support MEs engaged in multi-product flow processes and operating in dynamic market environments. When these useful dynamic models are generated, they will aid decision making with regards to alternative variables which affect values, cost and process efficiencies. 

  becomes fairly difficult to identify product families and map their operational processes.

  . Many other enterprise modelling architectures are currently in use.
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  . demonstrating the transformation from static modelling to dynamic modelling by the authors and their colleagues at the Enterprise Modelling group of the MSI Research Institute, Loughborough University, UK (

Figure

  Figure 8: Influence loop 1

  period of time. Research work by the authors and their colleagues in the Manufacturing System Integration (MSI) Research Institute of Loughborough University have identified that visual and graphical simulation modelling methods often deployed in modelling aspects of manufacturing processes utilize either discrete event or continuous simulation tools. In this paper one of the discrete event simulation tools, namely 'Simul8' (Shalliker et al. 2005) was used to (1) replicate and behaviours generated by the assembly shop and (2) identify and quantitatively model value streams generated along the process threads (3) deploy knowledge gained from (1) and (2) to inform decision making about what are potentially manageable ME changes in respect to the case study companies value streams.

  model already created could conveniently be transformed into equivalent simulation models. Much of the data required for the development of such a simulation model had already been encoded by the static value stream model. Importantly the static model described the sequence of processing activities necessary to derive the output. Associated information, material and control flows were also encoded in outline. Additional information which was captured in order to successfully create the simulation model included: actual processing times, resource and task allocation, product or process routings, machine sharing mechanisms, setup times and history of machine failures. Figure 10 shows a snapshot of the simulation model of the assembly shop operation created by using Simul 8 software.
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  Deleted: which product to attend.

  They qualitatively predicted possible outcomes of change actors in the company.
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  Table consist of three subassemblies. They are the table top, under frame and legs sub-assemblies. As shown in the activity diagram in figure 5, piano hinges are fitted to the top assembly and sent to the machine shop for shaping by the CNC Router. When this exercise is completed, the top is sanded by the Table Sander before spraying takes place at the spray shop. Miscellaneous bench work activities such as drilling, turning
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