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Abstract

Requirements Engineering (RE) and Configuration are important stages in ERP implementation process. RE involves collecting, documenting and modeling the processes, data and structure of an organization for configuration. There exist a gap as the documents and models focus on the control perspective, whereas Configuration requires the data perspective. Also, there are some configuration specific requirements that need to be captured while modeling in RE phase. Here, the gap is analyzed for existing ERP Requirements specification techniques to show that they don’t capture data aspect and its interaction and do not completely meet the configuration specific requirements. 
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1. Introduction

The ERP implementation life cycle consist of Project Preparation, Requirements Engineering (RE)/Specification, Realization, Final Preparation and Go Live and Support Phase. Project Preparations is the initial planning and preparation for defining the project, implementation strategy, assigning resources etc. RE involves identifying different stakeholders and their needs that are documented and modeled for subsequent communication, analysis and implementation (Mohan, 2007). Realization involves configuration of the system using models and documents decided in the Requirements specification phase. Final preparation mainly includes testing the system and end-user training. Go Live and Support phase is when the system comes into use. 

RE is one of the crucial and expensive stages (Davenport, 2002; Holland, 1999) in ERP implementation (Botta-Genoulaz, 2005). It involves aligning the business process with the ERP system. RE process constitutes of three main activities namely: Requirements elicitation, Enterprise modeling and Requirements negotiation (Daneva, 2004). Requirements elicitation includes finding, communicating and validation of facts and rules about the business. Enterprise modeling analyzes and represents the business processes and data. Business Process and data modeling are key to acquiring, communicating and validating enterprise business requirements (Daneva, 2003; Scheer, 2000). There are four aspects of a business that translate into requirements namely; data/information, processes, business rules and external requirements. Various process modeling techniques have been developed to model a business specifically for ERP systems. The objective of modeling is to capture all four business aspects in requirements modeling phase. Validating process and data architectures, resolving process and data issues and prioritizing requirements is done in Requirements negotiation.

The output of RE phase is models and documents that are used during realization phase for configuration purpose. These models are mainly process models focusing on the control aspect paying little or no attention to the data flow and its interaction (informational perspective). But configuration is all about selecting the appropriate tables and their parameters according to the organizational needs. Configuration looks at a process from data point of view. Thus there is a deficiency in the output of the RE phase and the input requirements of the configuration process. This deficiency can be minimized by focusing on data flow and its interaction along with control flow for a process. The data flow and its interaction can either be captured within the process model or a data modeling technique can be used along with the process modeling technique to show it. 

In this paper, we study the existing RE methods used by ERP vendors and in literature, to analyze whether they model data flow and its interaction or they make use of a separate data model. We also discuss certain configuration specific requirements and analyze the RE methods on basis of these requirements. 

2. RE techniques for ERP 
In this section we discuss various RE techniques prevalent in industry and discussed in literature.

2.1 Interviews 
The interviews can either be structured or unstructured to gather requirements. Unstructured interviews generate narratives by which information is conveyed during the Requirements Engineering Phase (Alvarez, 2002; Hedman, 2004). These narratives when critically analyzed provide a pragmatic view of organization and its functioning. 

Structured interviews are widely used methods for capturing requirements for small and medium enterprises implementing ERP software. A standard set of questions are employed to understand the structure and processes of an organization. A sample set of questions to understand the organization structures are as follows:

1. Type of Industry

2. The products and services provided (has a bearing on implementation complexity and cost).

3. Number of employees (license cost)

4. Mission statement (ERP methodology must match with mission)

5. Organization structure ( ERP maps organizational structure)

6. Relationship among businesses (ERP needs this information)

7. Accounting profile (ERP sets up this information)

Similarly to understand the organization process, a sample set of questions for Material requirement planning (MRP) is as follows:

1. How is a purchase order created?

2. Is purchasing decentralized?

3. Does MRP take sales order into account?

4. What is the nature of your requirements: seasonal, highly variable etc?

5. Is forecast algorithm automated or human intervention is allowed?

6. Does MRP take input from demand forecast, on hand stock, order policy, safety stock policy etc?

7. Do you have multiple distribution centers?

Such a set of questions will partially capture the MRP process of an organization.

2.2 Object Process Modeling (OPM)
Object Process Methodology (OPM) (Dori, 2002) creates Object-process diagrams (OPDs) which is a technique to capture requirements and align the business process to the ERP software (Soffer, 2001, 2003, 2005). It captures structural and dynamic aspects of a system and inherits capabilities from both the object and process oriented paradigm. Basic building blocks of OPM are entities that represent processes and objects. Process is represented as oval and an object as a rectangle. Relationships between entities are represented as links that are either structural or procedural. Entities (things and states) and links are elements of OPM, which can be high level or abstract and be detailed in another OPM to create a top-down representation of requirements. A thing is a generalization of object that can be transformed by the process. New objects can be created, existing objects can be consumed and the state of the object can be changed through transformation. Procedural link describe how process transforms and enables objects .They connect the process and object and describe system behavior. The static relationship between the objects is given using structural links. This relationship is in terms of Aggregation, Exhibition, Generalization and Classification. For instance, Aggregation specifies the attributes of an object specifies the attributes of an object. Similarly Generalization gives type information. Two entities may also have a conditional link between them. An entity provides input to another entity only if some condition is true, then the link is a conditional link. If a process requires an entity to execute then the process and entity will be linked with an instrumentation link. An entity or object may trigger a process when its value or state changes. In such a case the object and the process will be connected with an event link. The effect link depicts the changes for a particular object. 

An OPM example is given to handle Sales and Order process in figure 1. The OPM is divided into three processes namely: Create Sales Order, Ship Goods and Billing. Here we will explore the Create Sales Order process. It requires customer order, material and customer data to execute the process. These data elements are represented as objects and hence are shown as instrument link between the object and process. Sales order is modified as a result of this process and is shown as effect link between Sales Order and Create Sales Order process. Credit of the customer has to be verified before Create Sales Order is accomplished and this is shown as the condition link in the figure. Figure 2 gives the view of the object material by giving type information (standard or customized) and attributes of material. Figure 1 gives the top level Sales and Order process using OPM. Each of this sub process can be further described in detail using OPM again. 
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Figure 1: Top level OPM model for Sales Order Process
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Figure 2: Description of object Material

2.3 Goal Modeling


[image: image3]
Figure 3: Map for Sales and Order process

Goal oriented approach employs notion of map to represent a goal/strategy (Rolland, 2000). It expresses intentions through a process model. Map is defined as a labeled directed graph with intentions as nodes and strategies as edges between intentions. An intention is a goal and refers to a task. Each map has two special intentions, Start and Stop. Strategy is used to achieve an intention. Map can be refined to express task at any level of complexity and its recursion allows customizing at different levels of abstraction.   

Figure 3 shows a map for sales and order process. In its most abstract form Sales and Order process has two intentions: Create Sales Order and Dispatch Goods. The ways in which the sales order is created becomes the strategy to achieve it. For example: The Sales order can be created by quotation processing or purchase order available strategy. Dispatch Goods is second key intention. Quality of materials is checked along with deciding the mechanism of material movement. Once this is done the material is physically moved and then the balance sheets are updated. This is given as Material Movement strategy, Quality check, Inventory management and Valuation strategies in the map of figure 4. These strategies are again a bundle of strategies. For example the quotation processing strategy has quotation verification and credit check strategy to create sales order.  

2.4 SAP modeling technique

The output of requirements specification phase in SAP is the Business Blueprint, which is the detailed documentation of the function view, data view (Structured ER or extended ER diagram) and control view represented by the process model EPC (Scheer, 1999).
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Figure 4: EPC diagram for Sales and Order Process

It is assisted by a Question & Answer database that elicits the different views of the stakeholders of the process. The EPC process model captures the tasks or functions (what should be done), events (when to do something), organization (who does the task) and communication (what information is required to do a task) aspects of the business process. Functions or activities are the basic building blocks of an EPC diagram and are triggered when an event occurs. An event occurs when a function completes. Hence the Control flow of a business process is captured as a sequence of alternating events and functions. The function notation is represented as rounded rectangle and events as hexagons. There are also objects from real world such as information, material or resource objects that a function may use as input or may produce as an output and are represented as rectangle. They represent the information flow between the function where input objects are read and the output objects are changed/created. The organizational unit that performs the activity is represented as oval. 

Figure 4 shows an example EPC diagram for Sales and Order Process. An event quotation received triggers the function create sales order that creates the event sales order created. This event triggers the function check stock that may result into one of the two mutually exclusive events: stock available or stock not available. Notification will be sent to the customer or sales will be made depending on the event occurred. For Create Sales Order activity in figure 4 Customer and Material data elements are required to accomplish this activity and the Sales Department is involved in performing this activity.
3. Analysis of RE techniques 

Models and the documentation that are output of RE phase are used for configuration purpose. The configuration of the ERP system in realization phase is basically selecting the appropriate attributes and activating the relationships between tables in the database of the ERP system. Enabling/disabling of the parameters in the tables is done according to the processes that are to be implemented (Linvald, 2002) (Luo, 2004). Thus configuration requires viewing the process functions from the data perspective.  Hence the requirements captured in the models and documents during the requirements specification phase should also contain the description of the process in terms of their data and interrelationship. 

For configuration following aspects of data and process are considered significant and need to be modeled while capturing requirements also.

1.
Entity type: An entity is an object about which data is stored. Relationships exist between data elements / entities (Chen, 1976). Entities that are used to define relationship are regular entities and those which are result of a relationship are modified entities. While configuring regular entities and their relationships are considered 

2.
Relationship type: The data objects are related to each other and these relationships depict the configuration decisions to be made. These decisions can either be mandatory or optional (Recker, 2006). 

3.
Business processes have rules namely Activity rules and Integrity rules (Herbst, 1994). Activity rules prescribe actions or operation sequences to be performed. They incorporate any process and/or information constraint that is required for an activity (Chadha, 1992). Consistency rules define integrity constraints on databases. For configuration Activity rules are considered as they are constraints that are required for relationships to exist and are prerequisites for a configuration decision (Recker, 2006). Business rules can also be expressed through cardinality. Cardinality expresses the maximum number of entities that can be associated with another through a relationship (Song, 1994). Thus it expresses the constraint on the number of occurrences of an entity

In analyzing the various RE techniques discussed in section 2 to ascertain whether they capture the data and its interaction for a process. Also if data so captured is modeled for configuration purpose and whether these techniques meet configuration specific requirements. 

Narratives are good source of information as they convey meanings, interpretations and knowledge of a system (Hedman, 2004). But analysis of such description is not an easy task. The interpretation of the narratives can be different for different stakeholders. Thus, if used it can only be as a method for requirements elicitation. A better approach is to carry out the structured interviews using a predefined set of questions. This is a good method for requirement elicitation, but using this document directly for configuration is not a good method as some important aspects may miss out. Thus a modeling technique should be used to convert the data captured through structured interviews to a model. This model can then be used as a further reference.  

OPM is a very convincing technique to capture requirements from process perspective. Regarding the data perspective they do represent the data objects needed to accomplish a process and depict their attributes using structural links but it does not show relationship between objects. Thus OPM is basically a process modeling technique similar to EPC with added features to represent the object. As this technique represents data objects, we analyze this technique from the view point of configuration requirements. The absence of a means to ascertain whether an entity is regular one or modified and no qualification of whether the relationship is mandatory or optional, makes this technique inadequate for configuration of ERP from a data modeling perspective.

The concept of map used to model the ERP process is process centric. The strategies are the way in which a particular task is accomplished. This model does not give any mechanism to represent the data elements required for a particular task and so we don’t evaluate it further to find whether they meet configuration specific requirements. 

EPC, is a modeling technique used by SAP. Along with the control flow it models data elements and the organizational elements needed to accomplish a process. It does not show the interrelationship between data elements, this interrelationship can be shown using a data model along with the EPC diagram. SAP uses EER to create a data model. We will consider Create Sales Order activity shown in figure 4 as an example to verify whether EER diagram meets configuration specific requirements. The create sales order activity has the following sequence, before a sales order is created the credit limit of the customer is checked which is mandatory step. If the credit is within limit, then the material can be associated with the order. If there is any discount for the material, it is calculated and associated with the order; this is an optional step. Depending upon the material type it can be taxed or exempted. This is an optional relationship. After all this, the sales order is created for the customer and material. The data elements are written using italics in the above description. Now we model the data associated with this activity using EER diagram as shown in figure 5.

ER and EER diagrams depict the relationship between the entities. Some entities are required to complete an activity whereas other entities are a result of those activities. If they are seen from data perspective, the entity which is required to complete an activity is called persistent (master) data whereas the one which is the result of an activity is called transactional data.
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Figure 5: ER diagram for Create Sales order

For instance, sales order is transactional data whereas customer, credit, material and discount are persistent data. Modeling for configuration involves setting up the master data along with their validation/rules. Thus the distinction between persistent and transactional data is necessary for the same. EER has no construct to show distinction between persistent (master) and transactional data. Some relations are mandatory whereas others may be optional. For instance, customer has credit is a mandatory relationship whereas customer has discount is optional because always a customer may not get discount. EER diagram do not explicitly show this distinction. It only represents a small number of business rules as static constraints. The rules can be presented only as the minimum and maximum cardinality or as multivalued qualification for an attribute (McFadden, 1999). Activity rules cannot be represented using these diagrams (Herbst, 1994). Thus EER diagram does not fulfill configuration specific requirements. 

Thus, we require a data modeling technique that is used along with the process modeling technique from RE to realization phase of ERP life cycle. This will help in reducing the time and effort required to implement ERP package. 

4. Conclusion and Future Work 
In this paper, we show that there is a gap in the way the modeling is done in RE phase and its use in the Realization phase for configuration. This gap leads to incorrect configuration, huge implementation time and cost and enormous effort. It leads to a conclusion that it is advisable to use same modeling language for requirements gathering and configuration. Our future work involves developing a modeling technique that focuses on data flow and its interaction for requirements specification and realization of an ERP package. Also this modeling technique will meet the configuration specific requirements. Once this model is developed we will validate it with ERP industry to find its usefulness and expressiveness.
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