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Since the 1990s, the environment of production enterprises is notably affected by strong dynamics of global markets, which can be noticed by shorter product life cycles, fluctuations in the order income and an increasing demand for customized products [START_REF] De Toni | Manufacturing Flexibility: A Literature Review[END_REF]Tonchia 1998, Westkämper 2006).

Within saturated markets, the buyers demand shorter delivery times, better quality and technical functions, but they also expect low prices. Resulting from these changed basic conditions a multiplicity of new strategies such as Lean Production, Agile Manufacturing or Mass Customization became popular in the last few years [START_REF] Hossam | How Small and Medium Enterprises Effectively Participate in the Mass Customization Game[END_REF]. All concepts strive for increasing the cost efficiency of the production process as well as the ability to handle with fast changing customer [START_REF] Piller | Does Mass Customization Pay? An Economic Approach to Evaluate Customer Integration[END_REF]. Thereby, the core element that differentiates Mass Customization from other strategies is the integration of the customer into the value process by defining or generating individual solutions [START_REF] Piller | Mass Customization: Reflection on the State of the Concept[END_REF]).

The strategy of Mass Customization (MC) was coined by [START_REF] Davis | Future Perfect[END_REF] and combines the contrasting elements of the two basic business strategies Cost Leadership and Differentiation as defined by [START_REF] Porter | Competitive Strategy: Techniques for Analysing Industries and Competitor[END_REF]. Mass Customization is therefore a hybrid strategy [START_REF] Graessler | Impacts of Information Management on Customized Vehicles and After-sales Services[END_REF], i.e. the strategy to individualize products to special customers' demands is pursued as well as the strategy to create the products with principles of Mass Production at reasonable costs (figure 1) [START_REF] Duray | Approaches to Mass Customization: Configurations and Empirical Validation[END_REF][START_REF] Tu | The Impact of Time-based Manufacturing Practices on Mass Customization and Value to Customer[END_REF][START_REF] Frutos | Decision Support System for Product Configuration in Mass Customization Environments[END_REF]).
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Mass Customization Figure 1. Strategies of competition [START_REF] Graessler | Impacts of Information Management on Customized Vehicles and After-sales Services[END_REF] According to [START_REF] Pine | Mass Customization: The New Frontier in Business Competition[END_REF] the orientation towards consumer needs is the most difficult and most important challenge for a company to survive. This was also identified by a comprehensive study, published by the Fraunhofer Institute for Systems and Innovation Research (ISI). It states that only innovative products and a flexible and efficient production of customized products at high quality can guarantee a long-term competitiveness [START_REF] Schirrmeister | Investigation on the Future of Production in Germany: Secondary Analysis of Forecast Studies for the European Comparison[END_REF]. This requires a modularization of the product structure as well as a new business process for the order processing of customized products. A fast and cost-effective fulfilment of the customers' orders calls for a highly efficient order processing.

Objective

According to [START_REF] Knoblach | Contribution to a Computer-aided appropriate Offer Calculation of Sheet Metal Components with the help of Knowledge-based Methods[END_REF] the realization of an efficient and fast order processing can gain a competitive advantage in costs and delivery times. The order processing comprises all required activities for the completion of a customer inquiry as well as the completion of possibly resulting orders [START_REF] Baer | Production Planning and Order Processing in a Manufacturing Company (Produktionsplanung und Auftragsbearbeitung im Industriebetrieb)[END_REF]. Hence, it includes the generation of offers as well as the processing of obligatory customer orders (figure 2). The characteristics of this workflow with its specific processes and involved departments extremely depend on the enterprise and its individual situation. A uniform standard order processing for the entire segment of the individual products can, due to the width and variety of the product ranges and the enterprise structures, either define a superficial framework or it 3 can be too complex for individual enterprises. Therefore, each business process model needs to be adapted to the enterprise's specific boundary conditions [START_REF] Krause | Process Optimisation in the Offer Preparation (Prozessoptimierung in der Angebotserstellung)[END_REF]. A detailed description of the order processing for customer individual production is presented by [START_REF] Zaeh | Integrated Workflow for Customized Order Processing[END_REF]. [START_REF] Baer | Production Planning and Order Processing in a Manufacturing Company (Produktionsplanung und Auftragsbearbeitung im Industriebetrieb)[END_REF] In the context of the MUSKIM (method and system support for customer integrated assembling) project, promoted by the German Federal Ministry of Education and Research (BMBF), the described problem is addressed. The aim of MUSKIM is the development of simple, efficient and integrated methods and planning tools for the improvement and acceleration of the order processing including the assembly for individualized products. To realize a fast, lean and economic order processing, these methods must be adaptable to the specific requirements of enterprises with low effort and have to be applicable to small and medium-sized enterprises as well. Furthermore, the customer integrated order fulfilment for individualized products must be established as a regular business process in the enterprises.

In this paper, the main focus lies upon the optimized generation of the offer for individualized products. Therefore, a new business process model for an optimized offer specification for customized products is presented. The ultimate aim of any offer specification is to persuade the potential customer with convincing proposal documents to buy a product. Consequently, this leads to economical success if the order is received [START_REF] Eversheim | Organisation in the Production Engineering: Volume 3 Process Planning[END_REF]. Furthermore, this process is especially important because relevant characteristics are determined: the technical description, i.e. the functionality of the product, the price, the date of delivery, and the conditions of delivery and payment. These factors strongly influence the customer's decision whether to accept the offer or not. The offer specification of individualized products will always include an additional design work. Therefore, the effort for creating such an offer will clearly exceed that one for standard products.

The products addressed in this research project can be characterized by several criteria (figure 3). The production strategy for example is always make-to-order or assemble-to-order. Since a make-tostock strategy does not apply, this type is not addressed in the Mass Customization context and in this paper. Furthermore, the individualized products dealt with in this project are based on existing variants and require an engineering effort up to approximated 50 percent related to the whole product. Typical production and assembly principles are the series assembly and the series manufacturing, respectively. The paper is structured as follows: In section three, the offer specification process and the related risks are explained in order to point out the problems in the offer specification process. Afterwards, a framework for the offer specification for customized products is shown in section four. An exemplary implementation is presented in section five. Finally, the paper ends with the conclusions and the acknowledgement.
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Offer Specification Process for Customized Products

Description of the Offer Specification Process

The typical offer specification process consists of seven sub-processes leading to the offer document (figure 4). First, the customer negotiates his specific requirements with the sales division. This acquisition of the customer's wish is very difficult because the customer has his own subjective view on the product functions. The sales person has to transform these customer requirements into commercial characteristics of the products. Afterwards the sales and distribution department checks the product requirements for completeness, feasibility and the chance of getting the order. Often it is necessary to ask for more details to complete the product configuration. After the evaluation, the inquiry is forwarded to the construction department to specify the product. The construction department develops a rough concept based on the given requirements. In the best case, parts of the customized product can be configured within the existing product variants but otherwise they have to be newly designed. Within the next steps the date of delivery has to be determined and the product price must be calculated taking into account the manufacturing costs and the prices for the purchased parts, following by the creation of the legal clarification. Based on this information the sales and distribution department documents the results of the offer specification process, generates an offer and sends it to the customer. The demands on the offer are very high, because the customer requests a detailed offer, which is calculated accurately and delivered shortly after the inquiry. Therefore, highly qualified and interdisciplinary working offer specialists are essential to meet these requirements. Also the effort to create the offer for the customized product has to be matched carefully with the expected benefit.

Problems in the Offer Specification Process

The presented offer specification process described in literature is insufficient for the offer generation of individualized products. Weak-point analyses conducted with four industrial partners in the project MUSKIM verify this thesis. The interviewed enterprises succeed in fulfilling the requirements of the offer specification with the implemented processes, but the necessary manual expenditure is very high. The following deficits are identified in detail:

The interface between the customer and the supplier lacks a satisfying degree of standardization.

Throughout the offer specification time-consuming inquiries occur due to imprecise or missing specifications from the customer on the one hand and from the sales person on the other hand.

Another problem concerns the utilization of customized parts of products which are generated for a specific offer. Due to the missing data management already accomplished constructive changes have to be designed again for similar variants.

Furthermore, this segment of the order processing is not sufficiently supported by existing software systems which results in a long throughput-time and a high effort for the personnel. A product configurator gathering the customer's wish is state of the art in the serial business, but due to the heterogeneity of the customer's requirements the existing functionalities of configuration systems need to be extended when applied to individualized products.

Moreover, most steps of the described sequence of the offer specification process can be supported by software systems. An overview of the information systems used today is provided by [START_REF] Mertens | Integrated Information Processing 1: Operative Systems in the Industry (Integrierte Informationsverarbeitung 1: Operative Systeme in der Industrie[END_REF].

Customer driven changes in a product component or a sub-assembly of a complex product can result in unexpected changes in other areas of the product or the production process. These are often not completely recognizable by an initial estimation. A detailed examination of further effects of product adjustments requires a substantial expenditure for the presently used system. The described offer specification process is influenced by several kinds of risks in terms of time and money. Finally, these risks are not addressed in the offer specification process.

Considering the described problems, an economic fulfilment of the order covering all the costs cannot be ensured every time.

Framework for the Offer Specification for Customized

Products

In the following section, a framework for the offer specification for customized products is presented. This framework consists of several phases, which represent a reference model for the offer specification being one part of the order processing. In order to overcome the described deficits, the framework defines an integrated offer specification process for individualized products as well as for batch products with a high number of variants. Using this framework two requirements must be fulfilled. First, the related product is based on a batch product with a high number of variants. Second, this product is modelled by a parameterized product model, i.e. the variants are predefined with variables, e.g. the height. The methodical approach for the customized offer specification, developed within the project MUSKIM, is shown in figure 5 

Acquisition of the Customer's Wish

In the first step of the offer specification the customer's requirements must be determined. For this purpose knowledge-based configuration systems have been developed and implemented by industry and research within the last few years [START_REF] Globerson | Discrepancies between Customer Expectations and Product Configuration[END_REF][START_REF] Forza | Managing for Variety in the Order Acquisition and Fulfilment Process: The Contribution of Product Configuration Systems[END_REF][START_REF] Mccarthy | Special Issue Editorial: The What, Why and How of Mass Customization[END_REF].

According to [START_REF] Zeng | Study on Product Configuration based on Product Model[END_REF] these systems represent one of the core technologies for realizing the production of individualized products. However, the already commercial available configuration systems only allow selecting between existing and predefined product functionalities and/or characteristics. Therefore, the customer has only a limited number of options and is forced to choose a specification which corresponds mostly to his needs. With the knowledge-based configuration system introduced in this paper, the customer gets the possibility to define new product functionalities and/or new characteristics based on a parameterized and integrated product and process model. The product model covers -apart from a description of the functional product structure in the design view -also a sales view, which contains a listing of customer relevant product functions and characteristics. These elements are illustrated in the configuration mask, the interface to the customer. The process model represents the production view on the product and covers all required operations as well as all available and existing resources on the shop floor. As long as the customer choose between the options offered by the system, the product variants can be generated on basis of the deposited and during the product developing process created maximum product and process structure by pre-defined rules and constraints. The rules define the value assignments between the product, the processes and the resources in consideration of the functions and characteristics selected by the customer. The If the customer would like to increase the degree of individualization beyond the variant combinations deposited in the system, he has the possibility to define both new characteristics of existing product functionalities and/or completely new product functionalities. For certain characteristics, e.g. geometrical parameters, he is able to enter individual values additionally to the pre-defined fixed values. If the customer would like to add product functionalities or characteristics, which are not yet deposited in the system, an automated generation of the product and process model is not possible. That means a so-called over-constrained model exists and a human must intervene manually after the evaluation of the inquiry to complete the product and process model. It is to be noted that after both the completion of the automatic configuration as well as the manual configuration an under-constrained model can be existent, because the final assignment of the operations and resources will be done during the delivery date determination.

Afterwards, dependent on the complexity of the product specification selected by the customer an evaluation of the customer inquiry regarding economic, technological, performance and financial risk has to be carried out. To get the necessary master data like contact details of a new customer the configuration systems has to be connected with a CRM-system (Customer Relationship Management).

Evaluation of the Inquiry

The described offer specification process is influenced by several kinds of risks in terms of time and money. Generally, business risks can be classified into five categories [START_REF] Triantis | Corporate Risk Management: Real Options and Financial Hedging[END_REF]: technological, economic, financial, performance, and legal/regulatory risk. Technological risk arises most commonly in the R&D. But also major breakdowns of production systems, accidents or force majeure risks can be assigned to this category. The second group, denoted as economic risk, includes fluctuations in the production costs as well as in the output price or market demand. The uncertainty of Technological, economic, financial, and performance risks are relevant for the offer specification process. The major risk in the offer specification process can be assigned to the economic risks and results from the consequence of loosing the order. This is a more common problem, which exists within all customer relationships. The second risk is characterized by the necessity to add additional functions to the customized products. Since the engineering effort is a priori unknown, supplementary technological risk is added to the offer specification process. Furthermore, this kind of risk is influenced by the level of concretion. That means the risk increases if the customer's specification of the product is imprecise and unclear. The financial risk results from the reliability of the customer as well as from the competitive environment and the expected profit. Finally, performance risk results from the need to cooperate with external engineering partners and from the internal capacity load. If the necessary competence for a successful order fulfilment yielding from an individual customer need is not available in-house, an external engineering or sourcing service is required. But also the available capacity of the production system affects the performance risk. Due to the individualization of the products the release of a make-to-order or assemble-to-order production only occurs on a concrete order. Considering the probability of loosing the order, the production planning and control becomes a very dynamic and uncertain process. These analyzed risks predominate in the offer specification of individualized products.

To define a sophisticated evaluation, the different risk criteria must be structured hierarchically (figure 7). This offers two advantages. On the one hand, the structure may be extended easily and/or adapted to the enterprise specific requirements. On the other hand, the criteria can be evaluated with different adequate methods, one of them being the Analytic Hierarchical Process (AHP). This method is a variant of the utility analysis but mathematically more precise. Thus, it offers the possibility to assess the importance of several criteria in a systematic and comprehensible way. Furthermore, the socalled inconsistency factor allows measuring the logic and the subjectivity in the evaluation, i.e. to what extent contradictory evaluations are made [START_REF] Saaty | Multicriteria Decision Making[END_REF]. The lower the inconsistency factor is, the more conclusively is the evaluation. Due to the different and heterogeneous evaluation criteriaquantitative monetary, quantitative non-monetary and qualitative criteria -different evaluation methods and functions are indispensable to evaluate the technological, economic, financial, and performance risk. 
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Evaluation of the inquiry

Important sub-criteria which influence the evaluation of the economic risk are for example the payment behaviour, the number of delivered offers and the number of finished orders. This information can be extracted from the CRM-system. If no information about the customer exists, an average over all customers is used. These key data are considered in an evaluation function which calculates the economic risk of not getting the order. The calculation of the financial and performance risk can be done analogously using different criteria.

For the determination of the technological risk, that means the risk which results from unknown functions of the customized product, a comparison of the specified product with similar or resembling 11 parts in the product database is required. In this context the term "similar" means that parts have partially the same specifications or whose values of the specifications only have a small deviation from those given by the customer. It is assumed that the risk increases if the engineering effort grows, i.e. the more dissimilar the parts found in the database are. In order to determine the degree of similarity the parts of the product which could not be specified must be separated. The related product specifications are used to search similar and existing parts in the product database of the PDM-or ERP-system (Product Data Management; Enterprise Resource Management). The search algorithm is based in principle on the class list of characteristics (Deutsches Institut für Normung 1992), evaluates the degree of similarity and calculates an absolute value indicating the fulfilment of the customer's specifications.

The algorithm uses a parameter-based similarity, i.e. all objects are represented with position vectors in an n-dimensional parameter space. Herein, the similarity is calculated with a distance function. Afterwards, the distances are scaled in the interval [0,1], i.e. each distance is normalized to a value between 0 and 1 (cp. formula) to make the different ranges comparable. The formula for calculating the distance d for a parameter i with the values j and k is [START_REF] Bock | Automatically Classification (Automatische Klassifikation)[END_REF]: Finally, each parameter set is sorted by the total distance, i.e. the parameter sets are sorted by their similarity. The described algorithm is shown in the following example: Each manufactured product variant is deposited with his characteristics in the product database of the PDM-or ERP-system. For example, the component "control cabinet" is characterized by material data as well as by functional characteristics. These features represent the customer's view and are used for the search algorithm.

k j k j jk i i i i i d + - = , d i
The similarity search is realized through a special table in the database where all parts and components are included. In the industrial environment this table exists because each part and each component have their own part number. Therefore, the structure of the product is not important to find similar parts. The similarity search algorithm starts comparing the current product specifications entered in the configuration system with the characteristics of each product variant stored in the database. 12 Nonnumeric values must be converted manually in a numeric description. For each characteristic with an entered customer's wish the distance is calculated between the individual parameter value and the corresponding value from the database. This calculation is repeated for each characteristic. New characteristics, which do not exist in the database, are skipped and evaluated with the maximum value 1. This implicates that the risk increases due to unknown additional functions. Afterwards, the single distances belonging to one product variant in the database are added to the total distance of this variant. The product variant with the minimum total distance matches soonest the customer's wish.

Purchased parts and parts produced in-house are differentiated.

The results of the evaluation may be used in different ways. On the one hand, based on a total evaluation of the risk, the enterprise can decide if an offer is sent or if it rejects the customer's inquiry.

In the latter case, the total evaluation exhibits a risk which is too high. On the other hand, special evaluation results are forwarded to later phases of the offer specification process. For example a high technological risk affects the pricing for the product adding a premium. How the results of the risk evaluation are finally interpreted by the enterprise and which thresholds the enterprise defines depends on the pursued strategy.

Product Specification

If the customer's wish exceeds the existing product functions or if the predefined characteristics cannot fulfil the requirements, the product specification cannot be configured automatically. Thus, a sales person must intervene manually, because these elements of the product have to be newly designed in the construction department. To reduce the manual effort, the customer requirements which cannot be configured in the product configurator are specified and presented to the designer. In almost all cases the product specification results from an adaptation of existing parts, because the individualized product is based on a product variant and the engineering effort is limited (compare figure 3). Therefore, considerable engineering is mostly not necessary and the constructing engineer can take similar parts from the search introduced in section 4.2. Afterward the process planer has to define the necessary working operations for the production. At the end of the product specification process the bill of material (BOM), the working plan (without machine assignment) and the CADmodel for the customized product are available.

Delivery Date Determination

One of the most important issues for companies is the ability to promise accurate delivery dates to their customers [START_REF] Higgins | Manufacturing Planning and Control: Beyond MRP II[END_REF]. Thus, the offer scheduling represents an important subtask of the offer generation process. However, according to a study carried out by [START_REF] Salvador | Configuring Products to Address the Customization -Responsivness Squeeze: A Survey of Management Issues and Opportunities[END_REF], 57 percent of the asked sales persons have difficulties in specifying the date of delivery for individualized products fast and exactly. In practice, a common approach is the estimation of the date of delivery without consideration of other unconfirmed offers or the actual available capacity situation [START_REF] Kleinaltenkamp | Offer Processing -Interface between Customers and Suppliers (Angebotsbearbeitung -Schnittstelle zwischen Kunden und Lieferanten)[END_REF]. [START_REF] Forza | Managing for Variety in the Order Acquisition and Fulfilment Process: The Contribution of Product Configuration Systems[END_REF] present in their paper a configuration system that calculates the date of delivery based on the average sourcing and manufacturing lead times associated to the commercial specifications. But the level of customization considered in their work is limited to specific predefined product functionalities and characteristics. The implementation of a "real" individualization as discussed is not considered.

The delivery date determination is a finite-capacity scheduling problem. Between the several methodologies available for solving complex problems, heuristic algorithms play a significant role.

There are many types of heuristics such as beam search, tabu search, simulated annealing, genetic algorithm, and ant colony optimisation (ACO) [START_REF] Hopp | Factory Physics[END_REF]. Especially the ACO algorithm is often successfully applied to hard computational problems [START_REF] Rajendran | Ant-colony algorithms for permutation flowshop scheduling to minimize makespan/total flowtime of jobs[END_REF][START_REF] Ying | An Ant Colony System for Permutation Flow-Shop[END_REF][START_REF] Zhang | Implementation of an Ant Colony Optimization technique for job shop scheduling problem[END_REF]. Therefore, in the context of this paper an implementation of the ACO algorithm will be used for sequence planning and machine assignment (figure 8). information which orders can be manufactured on which machines. This information derives from the process model. The second information is the pheromone matrix, which stores the probability to select a certain machine for each order. This information is updated after every cycle depending on the performance of the created solution. The third information is dynamic and depends on the previous scheduled orders. It sums all scheduled processing times for each machine and assigns the machine with the lowest workload so far with the highest probability. Thus the workload is better balanced on the capable machines and the utilization on all machines is on the same level. This information is deleted after a machine assignment is completed. Therefore it is just a short-term knowledge for the algorithm, but not reused in the following cycles. After these two steps, sequence construction and This method must be implemented in a simulation tool, which is connected with both the configuration system and the operational planning system to consolidate the production program already planned with the possible order resulting from the customized offers. In the context of the evaluation of the customer inquiry, it was determined to what extent the customer's request deviates from an existing product variant. Depending on this value, a security premium is added on the calculated date. This date can be communicated to the customer as the first possible date of delivery. If the customer confirms the order, the information already existing is transferred to the operational planning system. Now, the exact load can be calculated and the production program can be specified in detail.
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Price Calculation

The price calculation is realized analogously to the described methods of the product specification.

The parameterized product model is combined with special functions defining the relations between the specifications of the customer and the resulting costs. For example the cost of material of a blank sheet is calculated with the volume of the sheet metal. The manufacturing cost arises partly from fixed costs, e.g. for setting-up the machine, and partly from proportional costs depending on the cutting length. The costs of each single parts of the individualized product and the costs for the manufacturing process are totalised for a specific inquiry. The functions are suitable for the calculation of the whole product and are based on the knowledge of the production planner (compare figure 6), i.e. he defines the process specific parameters and the relations in the cost functions. Since these functions are based on experience the real costs can only be estimated roughly. More realistic results considering also economical and technological risk can be gained using stochastic instead of deterministic models. In this approach, the parameters influencing the production costs and/or the price are modelled with a probability distribution and are calculated with the Monte Carlo method. Using this method, random samplings are computed for each parameter at the same time according to a defined probability distribution. After numerous repetitions, the empirical probability distributions converge towards the defined theoretical probability distributions. Since for each random sampling the production costs are calculated, these costs are also described by a probability distribution which corresponds to the economical and/or technological risk of the product. Consequently, the price of the product becomes a random variable. The uncertainty in fluctuating factors of production, i.e. the technological risk, needs to be also considered.

Documentation and Legal Clarification

The creation of the offer documents is the last step of the offer specification process. The information represented in the offer comprises customer details, technical and commercial information about the product as well as legal conditions about the delivery terms (figure 9). Thus, information from the customer's inquiry on the one side and information from the different steps of the offer specification process on the other side have to be consolidated fast and with low effort. Several methods for the sub-processes of the offer specification have been identified and presented in this paper. Due to the dependency on the enterprise's specific situation, they have to be implemented as adaptable process modules in form of self-contained software systems. In order to ensure a constant workflow management during the entire order processing, the individual modules must be integrated into super ordinate business process libraries for the offer specification, order specification and production. An integration interface coordinates both the sequence of operations within and also the communication between the individual libraries (figure 10). In the research of the MUSKIM project, the business process library for the offer generation is exemplary implemented for an offer specification process for customized control cabinets. Five independent software modules are prototypically developed and assigned to the different subprocesses of the offer generation. Furthermore, for a successful execution of the offer generation, the different software modules as well as the available operational software systems are connected through an integrated administration system. This software system represents the core element of the offer generation process for customized products. All data produced in the offer specification process are stored within a central data base, which is connected with this system. The following figure 11 shows the structure of the business process library for the offer generation. finished the product configuration is stored in the database and the evaluation of the inquiry can be carried out. This method as well as the other concepts introduced in the context of this paper are already implemented in a standalone software system and will be integrated in the next step into the framework for the business process library for the offer specification. The efficiency of the complete solution will be tested by an industrial partner of the research project MUSKIM.

Conclusion

The accurate fulfilment of the customer's requirements is a decisive advantage, but also the most difficult challenge in the economic competition. In the context of the research project MUSKIM the described problem is addressed. With the help of new methods and planning tools an efficient, fast and economical order processing for customer individual products was realized as new business process. 
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 6 Figure 6. Configuration system for the acquisition of the customer's wish

  . the rate of interest, the currency rate or security holdings represent the financial risk. Furthermore, performance risk occurs if the suppliers delay the delivery of important components or in general if contracting counterparties fail to fulfil their contractual obligation. The last category, legal/regulatory risk, is subject to changing taxes, regulations or subsidies.
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 8 Figure 8: Flowchart for the ACO with machine assignmentIn the first step of this method the ACO algorithm uses the pheromone information to build a sequence for all orders. The sequence has no constraints and there is no heuristic information used for generating this sequence. Depending on it, a second ACO algorithm assigns each order to capable machines. For the machine assignment the algorithm uses three types of information: machine capability, pheromone values and workload of machines. The machine capability contains the

  machine assignment, the orders are simulated and the results of the simulation run are stored. After the first cycle the generated sequence is kept and only a new machine assignment is created and simulated again. After the maximum number of machine assignments per sequence is reached, a new sequence is generated. Thus, each cycle consists of a number of sequences and for each sequence a number of different machine assignments. The results of all created solutions are evaluated at the end of each cycle. Only the best solution updates the pheromone matrix for the sequence and the machine assignment. After updating the pheromone value, a new cycle starts. Due to the fact, that the pheromone values are updated by the best solutions in the previous cycles, the ACO algorithm can generate optimized sequences and machine assignments and improve continuously the quality of the solution.

Figure 9 .

 9 Figure 9. Elements of the offerFor this purpose an automatic generation of the offer documents has been established. With the help of an integrated documentation system the individual and already created technical and commercial product specification like drawings, bill of materials or price calculations can be transferred and combined into one document. Furthermore, standardized text modules, e.g. for the -in most cases generally accepted -legal clarification, are deposited in the system. They can be added to the offer document as well as user defined text passages.
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 12 Figure 12. Configuration mask of the offer processing system All requirements and specifications of the modular product in terms of objects, attributes and rules are stored within the configurator. The left part of the window shows an overview of the actually selected product configuration in a tree structure. Based on the source element, the main assembly's and the single parts are shown. The main element of this view is the product configuration mask in the middle. Besides predefined functions and characteristics of the product a customer can choose, extra fields for the additional customized requirements are embedded. After the configuration has been
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(eXtensible Markup Language) on the other hand it offers all technical preconditions to build up a consistent and intra-corporate software platform. Thus, the linking of the individual software modules can be realized in two ways. Either they are implemented as an independent program that is only called from the integration system, or the application is based on the already described development system. In both cases the software systems are directly data linked with the integration module.

Depending on the installed modules, different functionalities are listed in a menu bar. Figure 12 presents for example a screenshot of the frame of the administration system and the integrated configuration application.
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The order processing is subdivided into the offer specification, the order specification and the production, whereby in this paper the offer specification as the first and most important subtask was specified in detail. With the help of the presented approach a solution was developed, which supports the entire offer specification process from the acquisition of the customer's requirements to the generation of the offer documents. In the ideal case, the implemented process of the offer specification is accomplished completely automated. If an automatic offer generation is not possible due to the level of individualization, a sales person can intervene at any time in the configuration process to supplement the necessary information in the product and process models. Due to the integrated database a reduction of the offer processing time and a cost reduction can be already realized by a partially automated processing. The presented approach enables an individualizing of the product going beyond the present state of the art because the customer can configure his product based on his real needs. 
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