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A Data Modeling Technique to aid configuration of ERP packages 
Abstract

Configuration of ERP systems is complex in nature. It involves mapping the business processes to the corresponding software process. Configuration phase uses information captured during RE phase to select tables, their parameters and interrelationships in the ERP database. But RE modeling techniques are generally process modeling techniques that emphasize on the functions, processes, their interactions and required data. While configuration involves defining a business process in terms of data, their interrelationship and interaction to accomplish a task. Thus there is a gap between the information required and information available for configuration. To close this gap between RE and configuration, a data modeling technique along with a process modeling technique is required to completely  capture configuration specific requirements. In this paper, a new data modeling technique called DAMC is proposed, which when used along with a process modeling technique will capture information required for configuration. 
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I. Introduction
ERP systems are software packages that integrate business processes of an organization through data/information flow (Markus 2000). An ERP solution is a semi-finished software product that requires configuration. Configuration is a process whereby individual components of a system are assembled and adjusted to construct a working solution (Brown 2005). A major component of an ERP system is a relational database system that is configured according to the organization needs by selecting appropriate tables, attributes and relationships between the tables and attributes. 
Configuration uses models and documents produced in the Requirements Engineering (RE) phase to select database tables, their attributes and their interaction. The assumption is that the information required during the configuration phase will be captured during RE phase. There are four aspects of a business that translate into requirements namely; data/information, processes, business rules and external requirements. The objective of the model created in RE phase is to capture all four business aspects. Study (Negi 2008) shows that  RE techniques are process modeling techniques that lay emphasis on functions, processes their interaction and the required data. But during configuration, the emphasis shifts to data components, their transformation and interactions that accomplish a function or task. The RE techniques like Object Process Methodology (Soffer 2001) and Event-driven Process Chain (EPC) (Scheer 1999) model fail to depict the data interaction and transformation to accomplish a function (Negi 2008). Thus, there is a considerable gap between the information available and the information required for the configuration phase. This gap can be minimized by considering  configuration specific requirements in RE phase. 
Also the models created during RE do not include decisions to be taken to select various relational tables, attributes or to select among various alternatives or to make decisions during configuration (Rosemann 2001). This lack of information results in extensive configuration efforts which may eventually lead to significant implementation cost and failure. Incorrect implementation results in termination of ERP projects. For instance, Dell abandoned its ERP project after committing two years and spending US$200 million (Abdinnour-Helm 2003). Failed ERP projects even lead to bankruptcy (Markus 2000). 
In this paper, configuration specific requirements are defined in section 2. We analyze C-EPC in section 3, to check whether they capture configuration specific requirements as defined in section 2. The results reveal that C-EPC captures process specific configuration requirements not considering data specific configuration requirements. Therefore there is a need for a data modeling technique to capture data specific requirements. Data modeling techniques namely Extended- Entity Relationship (EER) and Class diagram are analyzed for their suitability. These techniques fail to capture data specific configuration requirements. Thus a data model called Data Activity Model for Configuration (DAMC) is proposed in section 4. Section 5 validates the DAMC model followed by conclusions in section 6. 
2. Information needed for configuration

Configuration of ERP systems requires extensive knowledge of the function and structure of the system and a detailed understanding of the requirements of an  organization. It involves comprehensive selection of relevant parameters from appropriate tables and activating relationships between tables from the backend database (Rosemann 2001). Enabling/disabling of the parameters/attributes in the tables maps the corresponding business processes to the ERP system.(Luo 2004). The number of tables and attributes to choose from may run into thousands. In order to facilitate configuration, ERP vendors provide reference models in the form of business process, function, object, data and system organization models. However, these reference models do not take special requirements of configuration into account. The following information about the data and processes are significant for configuration (Rosemann 2001; Recker 2006): 
1. Information regarding processes, functions, control flow and data is required for configuration. Process should be defined in terms of its functionality. 
2. While configuring the ERP system, many decisions about alternative functions, tables and parameters have to be made. Configuration reference model should be able to capture these decisions and distinguish between mandatory and optional decisions. 
3. Configuration decisions may have interrelationships. Pre-requisites for a configuration decisions should be clearly highlighted. There could be a logical sequence in which configuration decisions have to be made. A decision may include processes and data objects. 
4. ERP specific configuration details may also be required. For instance, SAP configuration is done through its IMG (implementation guide). Such information may provide valuable information to the configuration team. 
5. Reference data models are important for configuration. ER diagrams or its variants are used for data models. A distinction between optional entities and required entities is needed. An entity is connected to another entity through a relationship. A relationship may be optional. Distinction between mandatory and optional relationship is required. 

In addition, we consider the following information important for configuration purpose.
6. Distinction between persistent (master) and transactional data is important. Transactional data is usually created when a transaction is executed as a result of successful configuration (Wieczorek 2008). Master data is configured very early during the process. 

7. Business Rules: A business rule is defined as a statement that expresses (certain part of) a business policy. It defines or constrains the operations of an enterprise in a declarative manner (not describing/prescribing every detail of their implementation). Business processes have integrity rules and activity rules (Herbst 1994). Integrity rules define integrity constraints on databases. An integrity constraint is an assertion that must be satisfied in all evolving states and are incorporated into ERP database. Hence, they are not required to be considered while configuration. Activity rules prescribe actions or operation sequences that have to be performed and incorporated in a process and/or information constraint that is required for an activity (Chadha 1992).  Activity rules can either be structural or operational in nature. Structural rules are defined by the type of relationship and cardinality constraints. Cardinality expresses maximum number of entities that can be associated with another through a relationship. Operational rules define pre-condition and post-condition for an activity. A precondition is a constraint that specifies what must be true before an activity is performed. Post condition is a constraint that is true after an activity is accomplished (Eriksson 2000). Structural and pre-condition activity rules need to be considered for configuration. 
3. An Example
C-EPC is an extension of EPC modeling technique, to capture process specific configuration requirements (Recker 2006). C-EPC model captures the tasks or functions, events and data elements. Rounded rectangle represents a task, event is represented using hexagon, rectangle represents a data element. 
Configuration addresses functionality (functions, tasks, transitions) and control flow through functions and connectors. Configurable functions specify a decision whether to perform a function in every process instance, whether to dispose this function permanently or to defer the decision till run time. This is done by making a function a configurable node and setting its status to ON, OFF or OPT (conditionally skipped). A configurable OR-connector can be mapped to regular OR, XOR or AND connector or it can be disposed of, resulting in normal process sequence. A configurable AND-connector can be mapped to a regular AND-connector with a decision about how many of n available processes are to be executed in synchronization. A configurable XOR-connector can be mapped to a regular XOR-connector or may be disposed of, resulting in a single process sequence. 
Figure 1 is a C-EPC corresponding to part of sales and order process. If an organization decides to relate customer demand to sales order then create sales order function is included. Thus this function is a configurable function. Once the sales order is created availability of stock is checked. If stock does not exist, material is procured by creating purchase order.  Procurement can be for goods or for services. It depends upon the type of organization resulting in XOR configurable connector. For an organization where sales order is created and goods are procured, C-EPC of 1 results in an EPC model of figure 2. The procurement starts by creating a purchase order, when a demand for service or goods exist and when sufficient funding for procurement exist. 
Analyzing C-EPC for configuration specific requirements, it is observed that C-EPC has mechanism to show decision alternatives in terms of mandatory and optional process and connectors. It captures configuration specific details for a process but nothing is mentioned about the configuration requirements of data elements. For instance, create sales order activity of figure 2, requires customer, material and purchase order data but there is no  means to distinguish between required and optional data elements, persistent or transactional data. Mandatory and optional relationship between data elements can not be captured through C-EPC. Business rules cannot be shown making it unsuitable to model data requirements for configuration purpose.
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Figure 1: C-EPC for a part of sales order process 
Thus there is a need for a data modeling technique to be used along with a EPC model (EPC results as a variation of C-EPC) to capture data specific configuration details. Two data modeling techniques namely EER and Class diagram are analyzed to check their suitability for configuration.
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Figure 2: Variation of C-EPC 
We take example of Create sales order activity to show suitability of data models. Create sales order activity progresses as follows: first the outstanding credit of the customer is checked. If the credit is within limit, then an order is created, material is associated with the order and if any tax for the material is applicable, it is calculated and associated with the order. Discount for a customer if available is calculated. The entities involved are sales order, credit, customer, tax, discount, material. 

Create sales order activity is modeled using EER notations ((Elmasri 2000) as shown in figure 3. Entity material is supertype entity. It has two subtype entities namely standard material and customized material. It indicates that material can either be standard or customized but not both. EER diagram has no means to distinguish between persistent and transactional data and between mandatory and optional relationship. It has mechanism to depict structural constraints in form of cardinality. Business rules that expresses constraint on a relationship can be represented but pre-condition business rule cannot be depicted using this method. For instance, sales order can only be created if a customer has valid credit limit. This rule is shown through arrow with R and connected to the relationships has and create between entities customer-credit and customer-sales order. But the pre-condition rule that states that sales order can only be created if either the quotation is available or purchase order is available cannot be represented using this technique. Hence, EER model does not fulfill configuration specific requirements.
                    
[image: image3]
Figure 3: EER diagram for Create Sales Order
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Figure 4: Class diagram for Create Sales Order

Figure 4 depicts class diagram (Booch 1999) for create sales order activity. A solid black triangle specifies unidirectional relationship between two classes and the way in which the name of the relationship is read. For instance, class customer and credit are associated through a unidirectional relationship has with a small solid black triangle pointing towards the class credit indicating that a customer-has-credit. A ternary relationship between customer, material and sales order is depicted with a large open diamond.    
Class diagram does not fulfill configuration specific requirements like distinguishing between persistent and transactional data, between mandatory and optional relationship. They represent structural rules through multiplicity in form of range or as a specific value but precondition business rules cannot be given through class diagram. 
EER and Class diagram both do not fulfill configuration specific requirements. Therefore in the next section, a data modeling technique that captures configuration specific information is proposed.            
4.  Proposed Methodology
A data modeling technique called Data Activity Model for Configuration (DAMC) is proposed in this section. 
4.1 DAMC: An Explanation
DAMC has notations to represent entity, its attributes and relationship between entities.  An entity represents data that can either be master data or transactional data. Master data entity is represented by a rectangle whereas double lined rectangle denotes transactional data entity. An entity has attributes. An attribute is represented using ellipse. 

Entities are connected through a relationship that represents an activity. Every relationship has a unique name. A relationship can either be mandatory or optional in nature. Mandatory relationship is shown by a solid line whereas a dotted line indicates an optional relationship. The entities participating in an optional relationship may themselves be optional. In other words, one may omit entities participating in an optional relationship. A mandatory (required) entity is represented with an r and an optional entity is depicted with an o written in the corner of the entity.

The structural rules are depicted as cardinality constraints. One-to-one, one-to-many and many-to-many cardinality constraint is represented as in ER diagram. Pre-condition rules check availability of external or transactional data and output of an activity. They are represented as conditions/constraints associated with an activity within curly brackets just below the activity name. 
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Figure 5: Data Activity Model for Configuration

Figure 5 shows components of DAMC. A and B are two entities participating in activity T1 and has pre-condition C1 to be true. These entities represent master data.  Entity M stores transactional data as a result of activity T1. T2 is an optional activity and has pre-condition C2 associated with it. For an optional activity T2, entity B is required entity whereas entity C is optional. Activity T3 reads entity A under pre-condition C3. A1 and A2 are the attributes for entity A. A may have more attributes but only the relevant ones are shown in data model.
C-EPC depict a process in terms of its functions, control flow and data elements. It depicts alternative functions and logical sequencing using configurable options and control flow. Configuration specific data requirements namely 1. distinguishing between optional and required entities, 2. distinguishing between persistent and transactional data, 3. depicting optional and mandatory relationship and 4. depicting business rules are  met  by DAMC.

4.2 Example
DAMC corresponding to create sales order activity in EPC of figure 2 is shown in figure 6. There are two types of Sales Order created: one time sales order and recurrent sales order. A sales order is created for a particular customer involving some material. Both the entities, customer and material have persistent data whereas sales order entity has transactional data.  Sales order is created if a quotation is available or if a purchase order is available. These are the pre- conditions for create sales order activity to commence. Credit of the customer may be verified under any of the following conditions. For one time sales order, credit of the customer is verified whereas for recurrent sales orders, this is an optional activity. Discount may be associated with a customer depending upon discount strategy or customer type. For this optional relationship, entity customer is required whereas the entity discount is optional. Tax may be associated with material depending upon its type and/or taxation strategy. Compute discount and Compute tax relationship between entities discount-pricing and tax-pricing is optional and depends upon discount status and tax status respectively. The pricing procedure determines pricing of the material that uses entity pricing and material. Pricing uses entity discount and entity tax.

5. Validation of DAMC

We have used Method Evaluation Model (MEM) (Moody 2003) as shown in figure 7 to validate DAMC. This model is an adaptation of Technology Acceptance Model (TAM) (Davis 1989). TAM is designed for acceptance of information systems where as Method Evaluation Model is for acceptance of modeling methodology. The model evaluates a modeling technique on three parameters: perceived usefulness, perceived ease of use and intention to use. These parameters are explained next.

· Perceived Ease of Use (PEOU): It is defined as the degree to which a person believes that using a particular method would be free of effort. 

· Perceived Usefulness (PU): The degree to which a person believes that a particular method will be effective in achieving its intended objectives. 

· Intention to Use (ItU): It is the extent to which a person intends to use a particular method.
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Figure 7: Research Model

PU and PEOU are exogenous variables that have a positive impact on ItU. PEOU also impacts PU. Considering multiple theoretical and empirical modeling method evaluation approaches ( Siau 1998), we decided to use survey method for evaluating our modeling technique.  Survey is a good evaluation method for gathering perception information. The questionnaire is adapted from Davis (Davis 1989) to examine acceptance of the modeling methods. The aim of the questionnaire is to measure the three constructs namely PEOU, PU and ItU to find the acceptance of DAMC modeling methodology. There are six questions to measure construct PEOU, seven questions to measure construct PU and two questions measure construct ItU. These items are based on measurement instrument proposed by Moody (2003) and are based on the original TAM constructs. Items of this questionnaire are formulated using a 5 point Likert scale, that varies from strongly disagree to strongly agree. Items were arranged in random order and also half of the items were negated to reduce the monotonous responses to question items measuring the same construct. The following hypothesis are tested:

H1: DAMC is perceived as easy to use for configuration. 
H2: DAMC is perceived as useful for configuration 

H3: There is intention to use DAMC for configuration

To gather response to the questionnaire from industry personnel, multiple field visits were made. A document consisting of an explanation of DAMC notations and modeling methodology was given to the participants. An in person explanation was also provided to participants in most cases followed by a question and answer session. The respondents were then provided the questionnaire. Respondents are mainly ERP consultants and program managers working for various ERP vendors like SAP, Oracle, Navision etc. Response of 60 participants having ERP implementation experience in the range of 7-15 years was obtained. Data analysis was done using statistical package SPSS 15.0. An exploratory factor analysis using principal components factor analysis with varimax rotation was done to find the convergent validity of each predefined multi-item construct. Iterative approach was adopted to perform factor analysis. Items that did not meet the cutoff value or were loaded in more than one factor were dropped from analysis. The loading of 0.50 or greater is regarded as significant (Hair 1998). For the construct PU, two items did not meet the criteria and were dropped from analysis. 

Cronbach α test is used to find overall reliability as shown in table 1. We obtained the value of 0.9 and higher for all the three constructs. While there is no definitive standard for reliability, alphas of 0.7 or above are considered to be acceptable in literature (Nunally 1978).

	Constructs
	Number of items
	Cronbach α

	Perceived ease of use
	6
	0.905

	Perceived usefulness
	5
	0.901

	Intention to use
	2
	0.972


Table 1: Cronbach’s alpha

To verify H1, H2 and H3, we checked if the scores that the respondents assigned to the constructs of MAM were significantly better than the middle score on the Likert scale for an item (Condori-Fernandez 2006). Scores of each subject were averaged over the different items that are relevant for a construct. One-tailed sample t-test was done to check the difference between the mean PEOU, PU, ITU and the value 3 (middle score). The statistical test was applied with a significance level of 5% (alpha=0.05). This was done after performing the Kolmogorov-Smirnov test to check data distribution. The data was normally distributed for each construct. The results of the t-test as shown in table 2 strongly support rejection of null hypothesis. It means that, we empirically found that DAMC is perceived as easy to use and useful and that there is intention to use it in future. 

	Statistic
	PEOU
	PU
	ItU

	Mean difference
	1.05
	1.08
	1.15

	95% conf. Interval for the diff
	0.935 (lower)
	0.964 (lower)
	0.989 (lower)

	
	1.17 (upper)
	1.21 (upper)
	1.33  (upper)

	T- value
	17.897
	17.772
	13.716

	1-tailed p-value
	0.000
	0.000
	0.000


Table 2: One Sample t-test
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Figure 6: DAMC for Create Sales Order activity
6. Conclusions
Configuration of ERP packages is a complex task. Many ERP implementations fail due to insufficient and incorrect configuration. One of the reasons for this failure is that configuration specific details are not captured while gathering requirements. A data modeling technique DAMC along with a process modeling method will facilitate configuration. The model has been validated by ERP professionals and the responses obtained are encouraging. Some of the respondents have expressed their desire to use this modeling technique for ERP implementation purpose. This will help us to find the actual usage of DAMC.  
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Configurable function may be included in the model (ON), excluded from the model (OFF) or conditionally skipped (OPT)
































Intention to use (ItU)





r








 


Customer








r








 


Pricing








m





o








 


Tax








o








 


Discount








r








 


Material








type





type





identifier





1





1





1





1





{Pricing Procedure}





Associate Price





1





{Tax Status}





{Discount Status}





Compute Tax





Compute discount





Sales Order





1





1





1





1





1





1





1





1





{Sales Order type}





{Material type}





{material type and/or  discount strategy}





{customer type and/or discount strategy}





{Quotation available or Purchase Order available}





Verify Credit Status





 Tax Status





Associate  Discount status 





 Associate Discount status  





   Create Sales 


1      Order   


                                                       


    





Perceived Usefulness (PU)





Perceived Ease of Use (PEOU)





r








 B








o








 C








A2





A1





{C3}








T3





{C2}








T2








{C1}








T1








M





A








1





1





1





1





1





has





Tax





has





Discount





Customized





Standard





Type





Customer





Perform  purchase 





Purchase  approved 





Create Purchase Order 





Sales Order





Goods arrived 





SO created





Stock available 





Check Stock availability  





Customer Demand exist  





X





Stock not available 





Create Sales order  (SO)





Material





Price





Customized Material





Standard Material





d





Material





R





Credit





has





associate with





Discount





Tax





Creates





Customer





Sales Order





has





Configurable function





Services to be recorded 





Perform  purchase 





Purchase  approved 





Create Purchase Order 





X





Goods arrived 





SO created





Stock available 





Check Stock availability  





Customer Demand exist  





X





Stock not available 





Create Sales order  (SO)





Configurable connector





*








Sales Order





has





Credit





Material





Customer








