Second LACCEI International Latin American and Caribbean Conference for Engineering and Technology (LACCEI’2004)

“Challenges and Opportunities for Engineering Education, Research and Development”

2-4 June 2004, Miami, Florida, USA

A Framework for Enterprise Systems Engineering

Oscar A. Saenz 

PhD Candidate Industrial and Systems Engineering, Florida International University, Miami, Fl., USA

Chin-Sheng Chen

Professor, Industrial Engineering Department, Florida International University, Miami, Fl., USA.

 Abstract 

Enterprise Systems Engineering (ESE) is an emerging research field. ESE views an enterprise as a system with a life cycle and a deliverable at the end of an ESE process. It involves modeling, analysis, design, control, improvement, and re-engineering activities. It has a focus on intra-enterprise business processes and inter-enterprise operations. This paper proposes a framework that defines the scope of ESE and provides a classification scheme using a 4x4 matrix. With this scheme, the paper reviews and classifies related research efforts on this subject and points out voids and needs for future research and development. The framework breaks down an enterprise into four enterprise elements of work, resources, information, and decision. Each enterprise element is thoroughly addressed by using a systemic approach of four system facets; they are strategy, requirement, flow, and structure. Each system facet and enterprise element is subject to the engineering phases of plan, analysis, design, and evaluation, to achieve a set of pre-specified operating performance criteria relating to cost, time, quality, and benefit. The framework is intended to integrate enterprise engineering with business and operation strategies by placing a focus on defining the interaction between these two in the enterprise life-cycle process. 
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1 Introduction

Modern enterprises must thrive in a dynamic environment where facing global competitors, demanding customers, and changing requirements, is not under discussion anymore. A changing environment forces the continuous or radical improvement of existing enterprises, or to the formation of new enterprises (virtual, extended, or individual enterprises), which in turn calls for new approaches to design or redesign enterprises. The development of a product or a service is in itself a process, and as any other process it can be managed and improved (Wang, Han et al., 1997). Enterprises can be viewed as products and as such they have to be designed, built, and put into operation (Bernus and Nemes, 1996). Then, the process of developing an enterprise can be managed and improved; this is the purpose of Enterprise Systems Engineering (ESE). Called Enterprise Engineering (EE) in the literature, it has focused on business process reengineering, it is considered still in its infancy and its potential as a model-based decision-making support is yet to be developed (Zelm and Kosanke, 1999). Several definitions of EE have been found in the literature. This paper uses existing definitions to introduce a working definition of ESE.

Enterprise engineering makes use of enterprise modeling, models represent the structure and behavior of a business entity (Berio and Vernadat, 1999). Enterprise architectures, a type of enterprise models, represent the main efforts towards EE. The literature shows initial discussions on enterprise architectures in the 70’s. Enterprise architectures provide a general representation of the relationships among different enterprise views at various abstraction levels in the enterprise’s life cycle. Today, four enterprise reference architectures are internationally recognized: Computer Integrated Manufacturing Open Systems Architecture (CIMOSA), Purdue Enterprise Reference Architecture and Methodology (PERA), Generalized Integrated Methodology (GIM), and Generalized Enterprise Reference Architecture and Methodology (GERAM). CIMOSA focuses on building an information system, while GIM focuses on a decision system without implementation details.  PERA has a focus on life cycle and its authors present a Master Plan, a process for designing an integrated enterprise.  GERAM does not present its own process but rather argues for the need of an international standard for enterprise architecture (Kosanke, 1995; Kosanke, Vernadat et al., 1999; Kosanke and Zelm, 1999; Williams and Li, 1998; Williams, 1999; Chen, Vallespir et al., 1997; Vernadat, 1996, 2001). Enterprise architectures have been criticized due to its complexity, which makes them less applicable to business users (Noran, 2003). Business and operation strategies are considered an important guide for the engineering effort; however, few researchers have approached the coupling of business strategy with enterprise engineering activities. This paper proposes a new framework for ESE, it considers strategy, and attempts to show in a single and simple representation all the engineering work needed to design an enterprise system. 

2 Objectives

This research proposes a framework that defines and scopes ESE, and provides a classification and coding scheme for guiding the engineering of an enterprise system from a product development perspective. The classification scheme will enable a scientific classification for research efforts relevant to this subject, and points out voids and needs for future research and development.

3 Scope of Work

The scope of work included the analysis of existing literature on enterprise engineering and enterprise reference architectures, review of labeling notations, specifically the Kendal’s notation from queuing theory, development of a classification schema, and classification of relevant research on enterprise engineering.

4 Methodology

The methodology included the following: A comparison of the four mentioned enterprise reference architectures; coding of research papers according to the framework developed during this research, and for validation purposes, the classification of research papers according to this framework, exporting of this research papers database form EndNotes to a statistical software (SPSS), and develop a program (syntax in SPSS) to obtain cross tabulations.

5 Results

5.1 A Working Definition of Enterprise Systems Engineering

Enterprise Engineering has been defined in several  ways: 

· The art of designing enterprise systems (manufacturing, service, or process industries, and administrative systems; or the art of understanding, defining, specifying, analyzing, and implementing business processes for the entire life cycle, so that the enterprise can achieve its objectives, be cost-effective, and be more competitive in its market environment. (Vernadat, 1996).

· The discipline applied in carrying out any efforts to establish, modify, or reorganize any enterprise (ISO15704, 1999). The body of knowledge, principles, and disciplines related to the analysis, design, implementation and operation of all elements associated with an enterprise. EE includes modeling, cost analysis, simulation, workflow analysis, bottleneck analysis; Total Quality Management, Just-in-time, change management, and value added analysis (ISEE, 2003).

· EE is an integrated set of change-methods so that the enterprise and its systems can be architected to give maximum benefit to customers and allow the enterprise to continuously learn, evolve, and adapt to fast-changing demands (Martin, 1995). 

· EE defines, structures, designs, and implements enterprise operations as communication networks of business processes, which comprise all their related business knowledge, operational information, resources, and organization relations (Kosanke et al., 1999).

The above and somehow divergent definitions do not help in clarifying the scope of ESE. In order to reach our own view of ESE the following terms needed to be taken into account: Enterprise, system, and engineering. An enterprise is a business entity that can be viewed as a “large set of concurrent processes executed by communicating agents” (Vernadat, 1996), sharing a definite mission, goals, and objectives to offer an output such us a product or service (ISO15704, 1999). 

Enterprises are systems, so they conform to system theory. According system theory, system structure is explained by the interdependencies of the system’s elements, which causes that the properties of the whole are different from the properties of the constituent elements. System behavior refers to the system variables, their functions or relationships; and system hierarchy is explained in terms of that an element of a system is also a system in itself, giving rise to abstraction levels. Lower level of abstraction provide more detailed description of how the system performs and achieve its purpose, and higher levels shows the role of the system in the environment (ISO14258, 1999).

Engineering is the systematic design and building of a process or an article, from concept to an “implementable specification by using science and mathematics” (Jayachandra, 1994). In a similar fashion, an Industrial Engineering Handbook defines engineering as the set of activities oriented to plan, design, implement, and control artifacts, systems, and processes (Salvendy, 1992).
From the above, Enterprise Systems Engineering is defined as the discipline applied in carrying out efforts to analyze, design, and evaluate the coordinated network of business processes of an enterprise for the purpose of creating it or modifying it. This coordinated network is the one that at large determine the alignment of those business process with strategy, how efficiently and effectively the organization transforms its inputs into outputs, deliver value to customers, and are responsible for enterprise capacities and capabilities. This network of business processes is called “organizational capabilities” by Coulter (2002).

5.2 Classification Schema

Enterprise architectures focus on representing different sets of enterprise elements, called views, at different levels of abstractions, during the life cycle of the enterprise. One of the problems of this focus is that the interplay between the final product of an ESE exercise, an integrated enterprise (Lim, Juster et al., 1997) and the engineering work needed to accomplish it, is not clear. A comparison of existing enterprise reference architectures is presented in Table 1. As it can be seen in Table 1, strategy is not part of the reference architectures. However, the existence of a relationship between strategy and the engineering of an enterprise is recognized by the inclusion of strategic aspects in the methodologies associated with those enterprise architectures. 

This research is consistent with the statement that strategic vision drives the engineering of an enterprise and the engineering of specific business process, influenced by the evolution of technology, which is responsible for much of new opportunities for improvement and radical redesign (Martin, 1995).

Table 1: Comparison of Enterprise Reference Architectures

	Abstraction levels
	CIMOSA
	PERA
	GIM
	GERAM

	Abstraction levels
	Generic
Partial

Particular
	Generic
	Conceptual
Structural

Realizational
	= CIMOSA

	Views
	Information

Organization

Resource

Function
	Manufacturing 
Info & control 
Organizational & Human
	Information (data)
Process (decision)

Operational (physical and functional)
	Combines CIMOSA and PERA

	Life cycle
	Requirements
Design

Implementation
	Identification, concept, definition, functional design, detailed design, construction, operation and maintenance, renovation or disposal, and legal dissolution
	Analysis
User oriented design

Technology oriented design
	= PERA


Our classification schema will include all the enterprise elements that give rise to the views in other enterprise architectures, focus on representing the engineering work need to design an enterprise, under the constraints of strategy, and the performance required for the future operational system. See Table 2.

Table 2: ESE Framework - Classification Schema

	Enterprise
	
	Systems
	
	Engineering
	
	Performance

	Element
	
	Facet
	
	Activity
	
	Operational

	Work
	
	Strategy
	
	Plan
	
	Throughput – output

	Resources 
	
	Requirements 
	
	Analysis
	
	Quality

	Decision
	
	Flow
	
	Design
	
	Time

	Information
	
	Structure
	
	Evaluation
	
	Benefit


Main differences between existing enterprise reference architectures and our framework are that the proposed framework: i) Focuses on a generic abstraction level, ii) instead of views it considers the enterprise elements that made up the enterprise, from where views can be derived, iii) specifically considers the enterprise as a system, system facets from the enterprise domain are included, iv) instead the life cycle of an enterprise it considers typical activities throughout the life cycle of any engineering project, and v) since the very beginning of an ESE effort it aims at achieving certain operational performance under the constraints given by the enterprise strategy and system requirements.

Notice that in Table 2, work is the elementary building block of business processes (core or support oriented). Resources may be active-performers, able to perform work (humans, machines, IT applications), active-supporters (tools, facilities), or passive resources, those that accumulate value (inventories, cash), see Figure 1. Decisions are a specialized type of work. Decisions have been treated separately for its importance regarding the future organization on the enterprise. The four system facets are extracted from the enterprise domain: Strategy, setting constraints to the enterprise design, requirements, specifying what the enterprise system must accomplish (functional requirements), flow and structure to set how the system will behave and be organized. Engineering activities and operational performance are self-explanatory. Notice that the performance types in the performance column may be applied to operations and to one-time activities (projects). Evaluation refers to selecting among alternatives using engineering techniques (simulation, engineering economy, operations research, prototyping, testing, and optimizing when possible).
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Figure 1: Resource classification

5.3 Process

The process to engineer an enterprise is guided by the selection of one cell from each of the first three columns in the framework to form one area of study of ESE. Examples of cell combinations are: Work-Strategy-Plan, Resources-Structure-Analysis, Decision-Flow-Design, or Information-Structure-Evaluation. Following in this fashion leads to the design of an enterprise system. Methodologies to perform the specific engineering jobs that our framework is organizing already exist for most of the possible cell combinations, i.e. data flows for information-flow-analysis, IDEF0 for work-structure-analysis, etc. 

For validation purposes, the framework was used to classify the other four enterprise reference architectures. By labeling each column of the framework ((, (, (, () and its respective elements (1,2,3,4), in a similar fashion that the Kendals’ notation, it is possible to classify research (papers) by indicating the kind of engineering work that those research support. More than fifty relevant research papers in the area of enterprise engineering were classified and cross tabulations performed (using EndNotes and SPSS).

6 Conclusions

A new framework for enterprise systems engineering has been developed. Using the framework leads to an enterprise design. The framework was validated by using it to classify existing enterprise architectures and relevant research in this area.

7 Recommendations

The area of ESE is a fertile ground for research. Information technology related tools are needed to support the concurrent design of enterprises, its prototyping and testing by simulation, including not only operational but also economic aspects. The relationship between strategy and ESE is another area where little research has been done and it is needed to provide a business justification to ESE.
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