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ABSTRACT 

Workflows are an integral part of an organization, and managing them has long been 

recognized as important. With recent advances in information systems, there has been a 

great deal of commercial and research interest in developing workflow management 

systems (WFMS) to help businesses manage their workflows. In the database literature, 

much of this work has concentrated on developing advanced transaction models that can 

essentially handle long-lived transactions. Many WFMS tools have been developed in 

industry, each usvially supporting different abstractions. The current process of 

constructing a WFMS application consists of obtaining user requirements informally, and 

writing the WFMS code using a WFMS tool. Since WFMS tools are evolving, and an 

accepted set of abstractions that should be supported by a WFMS tool does not exist, this 

process is unstructured and sensitive to the WFMS tool used. 

This dissertation aims at providing structure to the process of developing a workflow 

application. Borrowing from the established process of developing a database 

application, we follow a "top-down" approach: use a formally defined conceptual model 

to capture user requirements, and then map the conceptual model to the implementation 

model. We first developed and formally defined a conceptual workflow model (SEAM). 

Since the completeness of a conceptual model in a new domain (such as workflow 

requirements) is important, we have also developed and tested a methodology to test the 
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completeness of conceptual workflow models. The next step is to show how SEAM can 

be mapped to an implementation model. We have selected the current abstractions of 

computationally complete data manipulation languages, triggers, stored procedures and 

support for embedded data manipulation languages as the target implementation model. 

SEAM is mapped to this model, and a prototype is implemented as an example. 

Thus, this dissertation provides sufGcient information to construct an automated WFMS, 

built on currently available abstractions. In addition, the dissertation also provides a 

methodology that can be used to empirically measure the completeness of conceptual 

workflow models. 
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CHAPTER 1 

INTRODUCTION 

Every organization performs its activities in the form of workflows. Thus, workflows are 

an integral part of every organization's fimctioning, and managing them has been an 

important objective in both academic research and industry. In the workflow and business 

process modeling literature, sometimes conflicting definitions of workflows and business 

processes occur. We borrow our definition of a workflow from Georgakopoulos, et. al. 

(1995) who define a workflow as a collection of tasks organized to accomplish some 

business process. This definition conforms to a widely accepted understanding of a 

workflow in the literatxire (Kappel, et. al., 1995; Joosteru 1995; Action Technologies, 

1993). Hence in this work, the notion of a "business process" is synonymous with that of 

a "workflow". 

Traditionally, workflows have been managed tising a combination of small heterogeneous 

systems and manual tools. However, recent advances in information system capabilities 

have led to widespread interest in the development of Workflow Management Systems 

(WFMS). A WFMS is a single system built to comprehensively manage all the 

workflows within an organizational unit In this dissertation, we explore how such a 

system can be built, using a conceptual model-driven methodology similar to that 

cxirrently used to construct database systems: use a conceptual model to capture 



requirements, and then map this model to an implementation level model. We next 

describe why a single conceptual workflow model is essential, in order to do this. 

1.1 The Need For A Single Conceptual Workflow Model (CWM) 

Three issues motivate the need for a single conceptual workflow model that can model a 

large variety of business workflows. The first two issues stem from the cxirrent practice of 

using process models to conceptually model business workflows. The third issue stems 

from the large number of implementations of workflow management tools that have been 

built in industry. We next describe these three issues in detail. 

Process models have traditionally been used to model software processes (Curtis, et. al. 

1992). Recently, attention has turned to modeling business processes (or workflows), 

with an aim to either reengineer the business processes or to provide automated workflow 

management. Most work in this area {e.g. Shoval, 1991) has entailed extending existing 

process models, which were used earlier primarily for software processes. 

While a large number of process models exist, adapting any of these to model business 

processes poses two problems. The first is that different models model different facets of 

a system (Curtis, et. al., 1992). Thus, Booch (1994) advocates the use of class diagrams, 

object diagrams, state transition diagrams and physical diagrams to model different 

aspects of a system. Barker and Longman (1992) also advocate different models 



(dependency charts, functional hierarchy charts, data flow diagrams (DFDs), etc.) for 

modeling different aspects of a system. Martin (1985) recommends decomposition 

diagrams, dependency diagrams, entity-relationship diagrams, state transition diagrams, 

and DFDs to model different aspects of business processes. While many of these models 

sufficed for software processes, none of these models appear sufficient by themselves to 

model a business process comprehensively. Many commercial tools based on one or more 

of these models exist for modeling and managing business processes. However, many of 

these tools either use different models to model different aspects of business processes or 

alternately, arbitrarily extend these models in their software, without any attempt at 

formality. Many of these models were formulated initially in the late 1970's and early 

1980's, and researchers have recently tried to add formal extensions to these models (e.g. 

Kung, 1991; Tao and Kung, 1991; Ward, 1986). However, once again, none of these 

extensions result in a model that comprehensively captures all aspects of a business 

process. One of the requirements of a model is that it should be easy to use. The fact that 

a model can only model some perspectives of a business process leads to a situation 

where many (often complicated) instances of different models have to be integrated to 

form a complete conceptual view of the business processes. This has resulted in low ease 

of use for users, and low acceptance of models by industry (Bajaj and Ram, 1996a). 

The second issue is that business processes require some new concepts that were not 

needed for modeling software processes. E.g., physical objects, humans, location, time. 



etc. need to be modeled in business processes (Georgakopoulos, et. al. 1995; Joosten, 

1995). Many existing business process models attempt to capture a subset of these new 

concepts, but to the best of our knowledge, none capture all the concepts that we shall 

identify. Also, based on our survey of literature, none attempt to solve the first issue 

identified above, i.e. that of multiple diagrams to get a complete picture. 

The third issue can be summarized as the issue of "bottom-up design" of existing 

workflow management systems. From our survey of existing literature, it appears that a 

lot of work has been done towards implementing workflow management systems, where 

transactions are often used to implement business. However, the conceptual model of the 

business process is often assumed, or treated cursorily. Thus, most of the literature 

describes dependencies in database transaction models; dependencies which are used to 

implement an often undefined higher level conceptual model of the business process. In 

this work, we attempt to solve this problem by isolating dependencies in our specification 

that are used for a conceptual model of the business process, and abstracting away from 

the dependencies that are necessary between transactions that implement the process. 

The need for a higher level process definition model has been accepted in current 

workflow management research. The Workflow Management Coalition (WFMC) 

consists of academic and industry researchers attempting to establish standards for next-

generation workflow management systems. A process definition model is part of the 
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(Workflow Management Coalition Glossary, 1996), which is a state-of-the-art document 

describing current WFMC standards. 

1.2 Using CWMS To Drive Workflow Application Development 

Several issues have been identified in workflow research, and specialized 

implementations have been proposed, and in some cases prototyped, to resolve these 

issues. The issues can be broadly divided into implementation issues and business process 

modeling issues. Implementation issues include newer transaction models, inter-

workflow communication architectures, and managing workflows in heterogeneous and 

distributed (HAD) environments. Specialized implementations offer the advantages of 

better performance and efficiency, and in some cases, facilities that are simply not offered 

by existing systems. 

In business process modeling, several models (E.g. Dinkhofif, et.al., 1994; Casati, et.al., 

1995; Scheer, 1992; Zukunft and Rump, 1996) have been proposed. Some models are 

informally defined (e.g. Yu, 1996; Rohloff, 1996; Winograd and Flores, 1987). Other 

modeling environments (e.g. Dinkhoff, et.al., 1994; Scheer, 1992) use several formally 

defined models to model different aspects of the business process, such as the data 

aspects, the activity aspects and the organizational aspects. These models help in the 

analysis phase, as well as in docimienting user requirements. However, the potential of 

conceptual models to automate the construction of a workflow system, and help manage 



the workflows has not been realized. In order to do this, a single, formally defined 

conceptual model is needed, that can be mapped using a set of rules to the 

implementation level (Jablonski, 1995). Using several formally defined conceptual 

models will not work, since, to the best of our knowledge, no formal algorithms exist to 

amalgamate these models to form a single formal view of the reality. A single, formal 

conceptual workflow model will facilitate the construction of a workflow design tool, and 

also make it possible to manage workflows by making changes via the conceptual level. 

In the well-established area of database application construction, such a methodology 

already exists. In the methodology, a single, formally defined conceptual data model (e.g. 

the Entity relationship Model (ERM) (Chen, 1976)) is used to capture the end-user's 

reality. The mapping from the conceptual to the implementation model (e.g. the relational 

data model (Codd, 1970)) is well defined, and can be automated. We call such a 

methodology a "well-defined" methodology. Such a methodology is necessary in order to 

be able to construct and manage database applications from the conceptual level itself. 

Several prototypes of automated design tools using this well-defined methodology (e.g. 

Siau, 1992; Kozacyzinski, 1987), have been constructed. We would like to be able to do 

the same for workflow applications as well. 
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U Evaluating The Completeness Of CWMs 

Conceptual models are important, because they are the bridge between end-user 

requirements and the software itself. Most systems development methodologies stem 

from one (or more) of these models. E.g. As described above, a well-known methodology 

to create database applications (Korth and Silberschatz, 1991) stems from the ERM. 

where ERM schema are mapped to commercial database management system 

abstractions. Another well-known methodology (Batini, et. al., 1992) involves using the 

DFD model and the ERM to create applications. 

Many desirable attributes for conceptual models have been explicitly proposed in 

previous research. Thus, Kramer and Luqi (1991) list adequacy, ease of use, hierarchical 

decomposability and amenability to formal analysis and reasoning as desirable 

characteristics for conceptual process models. Batra, et. al. (1990), Batra and Davis 

(1992) propose that correctness of representation, ease of use and the ability to represent 

complex situations are desirable characteristics of conceptual data models. Many 

researchers have examined how easy it is to model a business case (end-user 

requirements) using a given conceptual model, and how easy it is to read a model (an 

instance of a conceptual model) and understand its contents. Batra, et. al. (1990), Batra 

and Srinivasan (1992), Srinivasan (1992), Palvia, et. al. (1992), and Kim and March 

(1995) all present excellent summaries of past studies in the evaluation of conceptual data 
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models along different criteria. Most of these attributes are applicable in the emerging 

area of CWMs. 

One attribute of conceptual models whose desirability has been implicitly accepted 

widely, but which has received very little explicit attention, is completeness. Along 

similar lines, an important motivation for developing new conceptual models has been 

that they offer a more complete view of the users requirements. Thus, amongst conceptual 

data models (CDM), the ERM popularized a three-phase design approach: translating 

verbal, unstructured user requirements to a conceptual model, translating the conceptual 

model to a logical design and translating the logical design to a physical design 

(Kozacynzki and Lilien, 1987). This implies that the ERM has greater descriptive power 

than "logical models" like the relational model when capturing user requirements. This 

implication is widely accepted in the conceptual data modeling literature (e.g., Teorey, et. 

ai, 1986). Following a similar philosophy, the semantic data model (SDM) was proposed 

because "it was designed to capture more of the meaning of an application environment 

than is possible with contemporary data models" (Hammer and McLeod, 1981). 

Extensions to conceptual data models have also been motivated by the need to more 

completely model user requirements. E.g., The concepts of aggregation and 

generalization (Smith and Smith, 1977) extended the ERM to capture concepts not 

previously captured by conceptual data models. 
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The same need for completeness is also implicit in work that lists requirements for 

conceptual process models (CPM) (e.g., Kramer and Luqi, 1991, Curtis, et. aL, 1992) and 

for CWMs (e.g., Bajaj and Ram 1996b). Laamanen (1994) asserts that a key benefit of 

IDEFO is that it facilitates the modeling of complex concepts. Riddle (1996) implicitly 

assumes that conceptual process models must represent as much of the real world as is 

necessary. Joosten (1995) suggests that his Trigger Modeling Technique represents all 

possible event sequences in a business process and allows analysts to model a business 

process quickly and effectively. 

Many extensions to CPMs also aim at modeling some hitherto uiunodeled aspect of 

reality, i.e., aim at greater completeness. E.g., Ward (1986) proposes extending DFDs by 

introducing sequencing / control flow and the time dimensions into the fi-amework. 

Opdahl and Sindre (1994) incorporate the explicit modeling of predicate conditions in 

DFDs, in order to make them more complete. 

Given the widely accepted need that a conceptual model should be complete, there is a 

significant paucity in literature on explicit definitions of a completeness construct and 

also methodologies to evaluate the completeness of conceptual models. Since business 

process modeling is an emerging area of research with many new concepts (Bajaj and 

Ram, 1996a), CWMs are much more recent than conceptual data or process models (e.g., 

Joosten, 1995, Scheer, 1992). We anticipate that many more CWMs will be proposed in 
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the future. The motivation to evaluate the completeness of CWMs then becomes stronger 

than in the more established areas of data and process modeling, where conceptual 

models are more stable and widely accepted by practitioners (e.g., the ERM and DFD 

models). 

1.4 Research Questions Addressed In This Work 

The previous discussion motivates the need for a single conceptual workflow model that 

can comprehensively model all aspects of a business process to provide a complete 

picture, and that can comprehensively capture the additional concepts required by 

business processes. 

Hence, the first research question addressed by this dissertation is: "What are the 

elements that a CWM should support?'* 

We develop a content specification for CWMs. Each dimension of this framework 

represents a need that should be fulfilled in order to model a business process. This 

content specification makes two contributions. First, it serves as a framework to analyze 

and compare existing models, based on their content and which perspectives of a business 

process they model. Second, it is a useful guideline for developing a conceptual business 

process model. We demonstrate the use of the specification as a tool for analyzing 

existing process and business process models. 



Apart from building and using the specification as an analysis tool, we also need a single 

CWM that solves the issues identified above. Hence, the second research question 

addressed by this dissertation is; "How can we capture workflows conceptually in one 

single model?" 

We propose a CWM called the State-Entity-Activity-Model (SEAM) that represents a 

business workflow by supporting the concepts identified in the content specification. 

Next, we explore how SEAM can be used to drive a workflow application development 

methodology. The third research question addressed by this dissertation is: "How can we 

develop a well-defined methodology that can be used to automate the construction 

and management of workflows from the conceptual level?" 

To achieve this, we define SEAM rigorously in terms of relational theory. We also 

present a concise set of rules that map from SEAM to existing DBMS platforms, such as 

Sybase (McGovem and Date, 1993) and Oracle (Owens, 1996). While SEAM can 

similarly be mapped to other specialized workflow implementations, we have several 

reasons for selecting commercially available implementations as the target in this work. 

First, specialized implementations require substantial financial investment, which is 

beyond the purview of most organizations (Thong, et.al., 1994). Second, most 

organizations have personnel who are familiar with the environments of these 



commercial systems (Silberschatz, et.al., 1996; demons and Kleindorfer, 1992), and 

hence have a greater incentive to utilize these systems to the fullest, instead of moving to 

more specialized environments. Third, these commercial systems have evolved from 

supporting only the relational data model, to supporting other abstractions that facilitate 

application development: triggers, a computationally complete (possibly embedded) 

Structured Query Language (SQL) and the ability to process several instructions as a 

single Atomic, Consistent, Isolated and Durable (ACID) transaction. These new 

abstractions make commercial systems better able to support workflows. 

The fourth research question addressed by this dissertation is: "How can one 

empirically measure and evaluate the completeness of CWMs?" 

In this work, we first explicitly define completeness. Next, we propose a theoretically 

sound, case-study based methodology that can be used to measure and compare the 

completeness of CWMs (as defined by us). We also demonstrate an implementation of 

this methodology, by doing a case-study and comparing 2 CWMs. 

1.5 Research Methodology 

This dissertation adopts a multi-methodological approach towards answering the research 

question described above. The work is divided into four phases, shown in figure 1.1. We 

first formulate a framework for analyzing CWMs via the content specification. Next, we 



use formal relational modeling to define a CWM (SEAM) based on this specification. We 

define a rigorous set of rules that can map any SEAM schema to a schema that can be 

supported by a commercially available Database Management System (DBMS). We also 

demonstrate how this mapping would work in practice by implementing a prototype 

application on Sybase 10 (McGovem and Date, 1993). Finally, in order to develop a 

methodology to measure the completeness of CWMS, we advocate and use a rigorous, 

case-study based approach, that enforces a level of bias-checking normally used in quasi-

experiments. 

The next chapter presents a simimary of research related to the specific research questions 

addressed here. Chapter 3 projwses a content specification for CWMs, and uses it to 

study existing CPMs and CWMs. In Chapter 4, we formally define a single CWM 

(SEAM) and demonstrate its usage. In Chapter 5, we define completeness of CWMs, and 

develop a case-study based methodology to empirically measure completeness. In 

Chapter 6, we show how SEAM can be mapped to abstractions that are supported by 

commercially available DBMSs. Chapter 7 simmiarizes the contributions of this 

dissertation and presents directions for future research. 



Outline of Research Approach 

• Comprehensive content specification for a conceptual 
workflow model 

• Define a CWM based on the specification 

• Propose a well-defined methodology to use SEAM to 
develop workflow applications. Implement a prototype. 

• Propose and implement a methodology to validate the 
completeness of CWMs. 

Figure 1.1 Four phases in the dissertatioii 
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CHAPTER 2 

LITERATURE REVIEW 

Conceptual models of systems are important because they serve as a bridge between end-

user requirements and the design of the system application. They also serve as excellent 

tools for formally documenting the system. In some cases, the system execution is 

controlled via the conceptual model. CDMs have been developed to model user 

requirements for database system applications. CPMs originally developed from the 

Systems Analysis and Design Area, and have been used when developing general 

purpose applications. In many cases, CDMs and CPMs are used to model the data and 

process aspects of the same application. 

The aim of a WFMS is to allow the specification and execution of workflows. Most 

WFMSs use a CWM to first document the workflow. In several cases, a CWM consists of 

separate data and process models. In this chapter, we first survey requirements that have 

been stipulated for CPMs and CWMs. We then survey a representation of existing CDMs 

and CPMs, that are conmionly used in CWMs. Next, we comprehensively examine 

CWMs that have been proposed in the academic literature. The need to amalgamate the 

data and process aspects of end-user requirements into one conceptual model has been 

recognized in the literature. We next survey previous attempts to amalgamate these 

aspects into one model. The modeling of time in CDMs has also been a major research 

area. We examine CDMs that include the modeling of the temporal aspects of an 



application. The evaluation of conceptual models from a usability standpoint is another 

major area of research. We survey previous works that either theoretically or empirically 

evaluate conceptual models. Finally, we examine previous works that theoretically and 

empirically evaluate the completeness of conceptual models. 

2.1 Requirements For Conceptual Models For Processes And Workflows 

A lot of the research stipulating requirements for CPMs is also applicable to CWMs 

(since CPMs are often significant components of CWMs). In addition, there has been 

some work that has concentrated on isolating the additional concepts that CWMs require. 

2.1.1 CPM Requirements 

Opdahl and Sindre (1994) describe the concepts of transportation (through space), 

transformation (of state) and storage (transportation through time) as basic aspects of 

processes. In addition, they distingxiish between simple input/output relationships 

between processes, and the actual flow of data and matter between processes. They 

suggest that DFDs (DeMarco, 1978; Gane and Sarson, 1982) are more suited than object 

orientation to model dynamic processes, and propose modifications in the existing DFD 

language, in order to make them more suited to represent real-world processes. 

Falkenberg, et. al. (1991) formally define DFDs and activity graphs as systems with 

components and axioms. They then demonstrate how mappings between the two models 



can be depicted formally, as an attempt to show how comparison between process 

structure models can be formalized. 

Rubin and Goldberg (1992) discuss the importance of time ordering in dynamic 

modeling. Object states, events, and the sequence in which these events occur are all 

stated to be important. Sequencing is classified as concurrent, repetitive, selective or 

optional. They construct the lifecycle of objects as a series of states, with events causing 

changes to these states. They also specify other desirable attributes of a process model: it 

should be analyzable for syntactic correctness, consistency, completeness. In addition, it 

should support more advanced analyses of concepts such as reachability, deadlocks, race 

conditions and behavioral ambiguities. 

They describe four commonly represented perspectives that a process model should 

represent: functional (what activities are being performed, what is being produced, what 

is being consumed, etc.), behavioral (when activities are performed, as well as how 

(feedback loops, iteration, entry criteria, exit criteria, etc.)), organizational (where and by 

whom in the organization are activities performed, where artifacts are stored, and the 

physical communication mechanisms by which they are performed), and finally, 

informational (which informational entities are produced, manipulated or consumed by a 

process). 
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Curtis, et. al. (1992) describe process modeling to include the modeling of phenomena 

that are enacted by humans as well. They enumerate five basic uses of process models: to 

facilitate human understanding, to automate process descriptions, to set a standard for 

actual process execution in the organization, to provide a framework for analyzing 

processes, and to automate actual processes. Other information that people need from 

process models is "what is going to be done, who is going to do it, when and where will it 

be done, how and why will it be done, and who is dependent on its being done." (Curtis, 

et. al., 1992) 

Kramer and Luqi (1991) list adequacy, readability, ease of use, hierarchical 

decomposability and amenability to formal analysis and reasoning as typical 

requirements for process models. They use these criteria to justify a Petri Net Process 

(PNP) model as a formal specification language for software processes. 

Minkowitz (1993) demonstrates why a formal process model is useful to rationalize the 

systems requirements of workflow applications. He identifies space, time and state as 

being important concepts in a process model of an order fulfillment process, and 

demonstrates how the application can be formally specified, 

McDermid (1990) defines states as a set of properties that a system has at a relevant 

moment in time, and describes several dependencies that can exist between states. 
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Examples of these dependencies include: state A can occur only after state B, state A can 

occur only if both B and C have occurred, state A can occur only if ^ or have occurred. 

He proposes state dependency diagrams (SDD) as a means of depicting these 

dependencies. 

Table 2.1 summarizes the important requirements that have been stipulated for CPMs. 

Past work in stipulating requirements for CPMs has been done with an aim to either 

justify an extension to a model, to formally specify an existing model, or to capture end-

user requirements better. Thus, Opdahl and Sindre (1994), Kramer and Luqi (1991) and 

Minkowitz (1993) describe formal specifications for either new models, or extensions to 

previously existing models. Falkenberg, et. al. (1991) formalize the definition of the well-

known data flow diagram model, with a view towards comparing it with other models. 

Rubin and Goldberg (1992) and Curtis et. al. (1992) propose requirements that should be 

met by CPMs, in order to better model end-user requirements. McDermid (1990) 

proposes abstractions that need to be supported to model the temporal aspects of end-user 

requirements. 
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Reference Important Requirements Identified 
Opdahl and Sindre(1994) -Transportation through space, 

transformation of state and storage through 
time 

Rubin and Goldberg(1992) -Object States, Events and the Sequence of 
events (either simple sequence, repetitive, 
selective or optional) 
-Functional, behavioral, organizational and 
informational aspects should be depicted. 

Curtis, et. al. (1992) -Facilitate human understanding, automate 
process descriptions, set a standard for 
process execution and to automate actual 
processes 

Minkowitz (1993) -Space, time and state 
McDermid (1990) -Set of states, and temporal dependencies 

between these states 

Table 2.1 Suminary of CPM requirements 

2.1.2 CWM Requirements 

Past work in stipulating CWM requirements has identified different aspects of 

workflows. Several models (e.g. Attie, et. al., 1993; Kappel, et. al., 1995) describe 

requirements for models that can be easily mapped to the implementation level. Others 

(e.g. Georgakapoulos, et. al., 1995; Joosten, 1994; 1995; Riddle, 1996) describe 

abstractions that need to be supported in order to capture end-user requirements, 

independent of how these abstractions will be actually implemented. We next describe 

this past work in more detail. 
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Georgakapoulos, et. al. (1995) state that workflow models must describe processes, 

subprocesses, dependencies between these, and required roles that can fulfill these tasks. 

They also list a requirement of capturing process objectives (such as customer 

satisfaction) in the workflow model. 

Attie, et. al. (1993) specify certain dependencies that can exist between various tasks, and 

propose a finite automata model to enforce these dependencies. Some of the dependencies 

they list are: existence dependencies (if task A occurs, then B must also occur), 

conditional existence dependency (if A and B occur, then C must occur), temporal 

dependencies (if A and B both occur, then A must precede B). Reuter and Schwenkreis 

(1995) discuss the need to include sequential steps, loops and parallel branches when 

modeling activities, and demonstrate how these are handled in the ConTracts system. 

Kappel, et. al. (1995) specify the need for agents (who perform activities), roles for 

agents, the ordering of activities, and the need for condition evaluation, when modeling a 

workflow. Davis, et. al. (1995) specify the need to distinguish between software and 

human activities, to depict the routing of activities, and to have activities triggered by 

events. Bernstein, et. al. (1995) support the notion of decomposition of activities into 

subactivities. They advocate applying inheritance to this decomposition (just as in the 

object oriented approach). 



Joosten (1994; 1995) specifies the need to model activities, actors (who perform 

activities), and events (instantaneous changes of state that trigger activities). He also 

highlights the importance of the temporal order of activities when modeling workflows. 

Riddle (1996) describes a fundamental set of concepts that a process model should 

capture. These concepts include: a step as a basic unit of work, decomposition of these 

steps, a work product created as an end-product of a step, a role which is a set of 

permissions or obligations used to perform steps, a condition concept used to model the 

state of the system, a performer which could be a tool or a human that performs the steps, 

and a set of methods that represent acceptable ways to perform a process step. 

A summary of the requirements proposed for CWMs is shown in Table 2.2. Based on 

these requirements, several different CWMs have been proposed. Some of them use well 

known data and process models to separately model the data and process aspects of the 

workflow. We first survey commonly used data models, used exclusively to conceptually 

model the data aspects of user requirements. We next survey commonly used process 

models, that have been used to model the process aspects of user requirements. Next, we 

survey previous attempts at combining process and data models. The object oriented 

model (OOM) (Booch, 1994; Kroenke and Dolan, 1988) has been used as the basis for 

several CWMs and is also surveyed. Finally, we survey previous approaches to 

incorporating time in data models. 
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System / Reference Important Requirements Identified 
Georgakapoulos, et. al. (1995) -Processes, subprocesses, dependencies 

between subprocesses, roles linked to 
subprocesses and process goals. 

Attie, et. al. (1993) -Subtask dependencies: existence, 
conditional existence, temporal 

ConTracts (Reuter and Schwenkreis 
(1995)) 

-Activities, sequential steps, conditional 
loops and parallel branches 

Kappel, et. al. (1995) -Agents, roles, ordering of activities and 
conditional evaluation 

Davis, et. al. (1995) -Differentiate between software and human 
activities, depict the routing of activities, 
have activities triggered by events. 

Bernstein et. al. (1995) Decomposition of activities into sub 
activities and inheritance 

Joosten (1994; 1995) -Actors, activities and events. 
Riddle (1996) -A step is the unit of work, it can be 

decomposed, a work product is created by a 
step, a role is needed to perform a step, a 
condition is needed to model state, and a 
set of methods represent acceptable step 
execution plans. 

Table 2.2 Summary of CWM requirements 

2.2 Conceptual Data Models (CDM) 

Several CDMs have been proposed in the literature. The semantics of CDMs are closer to 

the semantics of user requirements than the semantics of implementation data models, 

and hence CDMs are considered more suitable for capturing these requirements (Hull and 

King, 1987). The broad concepts supported by CDMs are discussed next. After that, in 



order to demonstrate how these concepts are implemented, four well known CDMs are 

described. 

2.2.1 Broad Concepts Supported By CDMs 

The broad concepts supported by CDMs are classification, aggregation and 

generalization. Classification is the means of identifying a set of attributes which can 

describe a set of objects. Aggregation (Smith and Smith, 1977) is the means by which 

relationships between lower level object types can be considered a higher level object 

type. Generalization (Smith and Smith, 1977) is the means by which differences among 

similar object types are ignored to form a higher level type that emphasizes only the 

similarities between these types. The first CDMs that were proposed supported 

classification. More recent CDMs also support aggregation and generalization. Thus, the 

Entity Relationship Model and the RM/T (Tasmanian) models support classification. The 

newer models like the Semantic Data Model and the Unifying Semantic Model support 

classification, aggregation, generalization as well as newer concepts. These four models 

are described below in some detail. 

2.2.2 The Entity Relationship Model (ERM) 

The ERM (Chen, 1976) is an early semantic data model that is commonly used to model 

data at the conceptual level. The primary modeling constructs in the ERM are the entity 

set and the relationship set. Both sets are further described by attributes. Each entity in em 



entity set is uniquely identified by the values of some set of its attributes. The ERM also 

provides support for constraints such as the cardinality of a relationship (how many 

instances of an entity set can participate in a relationship with one instance of an entity 

set), and weak entities (entity sets whose elements' existence and unique identification 

depends upon the existence of the elements of another entity set). The only abstraction 

directly supported in the original ERM is aggregation (Peckham and Vlaryanski 1988). 

Several extensions have been proposed such as generalization (Teorey, et. al., 1986) and 

composite and groupings (Ram and Storey, 1993). Chen (1985) describes a variety of 

extensions to the ERM, as well as applications of the ERM. The collective set of 

extension proposed to the ERM is generally referred to as the Extended Entity 

Relationship Model (EERM) 

2.23 The Semantic Data Model (SDM) 

SDM (Hammer and Mcleod, 1981) incorporates a wide range of modeling constructs into 

a single abstraction, the class. The intent is to permit the analyst to express the meaning 

of the database clearly with mechanisms that map directly into the semantics of the 

application. Aggregation, classification, generalization, association and derivation are all 

used to attain these objectives. 

An SDM database is a collection of entities (instances) organized into classes, or types. 

The designer defines classes and specifies member and class attributes, interclass 



connections and derivations. The focus is on the definition of the class itself, and not its 

relationship with other classes (unlike the ERM). 

2.2.4 RM/T (Tasmanian Model) 

The RM/T model (Codd, 1979) is an extension of the relational model (Codd, 1970). It 

evolved because of the emphasis on normalization of relations, that led to fragmentation 

of relational schema, and hence to reduced semantic expressiveness of these schema. 

RM/T represents a means of enhancing the semantic expressiveness of the relational 

model while maintaining its fundamental character (Peckham and Maryanski, 1988). The 

RM/T models entity tj^s and relationship types, and the existence constraints between 

them. Entity types are defined by E-relations, of which there exist one per type, and P-

relations, that define the attributes of the type. Relationships are represented using 

associative entity types for many-many relationships, and designative entity types for 

many-one relationships. In addition, RM/T also supports several integrity rules, a 

complete list of which can be found in (Codd, 1979). 

2.2.5 The Unifying Semantic Model (USM) 

The USM (Ram and Barkmeyer, 1991) is a semantic model that synthesizes and extends 

the constructs found in the ERM and other CDMs. An entity class in USM is an abstract 

representation of a set of real-world entities. Each entity class has attributes associated 



with it, and these attributes are associated with a set of possible values. In addition, an 

attribute can be multi-valued or single valued, and mandatory or optional. 

The USM defines several types of relationships. Each relationship has a cardinality. An 

interaction (or association) relationship in the USM relates members of an entity class to 

members of other entity classes. A generalization/specialization relationship is one where 

one entity class is a supertj^pe of another class. In the USM, subclasses can be 

enumerated or based on predicate values. A composite relationship defines a new entity 

class where each member is an entity class. A grouping or aggregate relationship (Ram 

and Storey, 1993) defines an entity class whose members are physically or logically made 

up of members of or sets of members fi*om some other entity classes. Table 2.3 

summarizes the important characteristics of each of these CDMs. 

System / Research Paper Important Characteristics 
ERM (Chen, 1976) -Entity sets, relationship sets, attributes of 

entity and relationship sets, cardinality of 
relationships. 

SDM (Hammer and Mcleod, 1981) -Class, attributes of classes, aggregation, 
classification, generalization, association 
and derivation of classes 

RMTT (Codd, 1979) -Entity types modeled as E-relations, 
attributes modeled as P-relations, 
relationships modeled as associative and 
designative entity types. 

USM (Ram, 1991) -Entity classes, relationship classes, 
attributes, classification, aggregation, 
generalization, interaction, composites and 
groupings. | 

Table 2.3 Summary of features of CDMs 
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2.3 Conceptual Process Models (CPM) 

Several CPMs have been proposed in the literature. The broad concepts captured in 

nearly all process models are: depiction of a process, the decomposition of the process 

into primitive processes, the depiction of the data stores used and a depiction of the 

process boundaries and the external entities that interact with this environment. 

In our examination of CPMs, we shall view a process model as a system of concepts. A 

system of concepts can be considered to consist of objects, that reside in that system, a set 

of axioms that define immutable laws goveming these objects, and a set of derived laws 

(derived from these axioms). We next describe several commonly used process models in 

varying levels of detail, but always within this framework. Thus, we first specify the 

objects that exist within each model, then the axioms and finally, derived concepts, if 

any. 

We shall examine six CPMs: Data Flow Diagrams (DFD), Petri nets. Activity Graphs, 

The Integrated Definition Model (IDEFO), The Functional Model, and State Transition 

Diagrams. We contend that these techniques form a representative sample of process 

models, and demonstrate nearly all the different perspectives that are used when 

conceptually modeling processes. 
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23.1 DFDs 

Objects: 

a) Activators (processes, external entities and data-stores) 

b) Data flows (flows) 

Flows represent infbrmation flowing from one process to another. 

Axioms: 

a) Each dataflow must have one source and one destination. 

b) DFDs may have cycles but no point cycles. 

c) DFDs cannot have isolated activators, which have no flows connected. 

d) Data stores and external entities have to be mutually distinct (as do processes). 

e) Each dataflow must have a process at least one end of it 

f) Any activator connected with only one flow, has to be an external entity 

g) Processes can be hierarchically decomposed, but it has to be a strict tree hierarchy (i.e. 

partial order + only one parent) 

h) Dataflows that exist at different levels must follow the hierarchy, i.e. a dataflow at a 

lower level can occur between two activators iff it occurs at a higher level between 

ancestors of the activators. 

If flows were allowed to be decomposed, another axiom would be: 

g) A flow at a lower level can exist between 2 activators, iff it or its ancestor exists 

between the same activators or ancestors of the activators. 
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Decompositioti would thus occur along the dimensions of both the objects in the model. 

DFDs capture three important aspects of processes; transfijrmation (processes) 

transportation (flows) and storage (data stores). In addition, processes can be 

decomposed into sub processes to any level. However decomposition of flows and data 

stores is not well supported. In addition, DFDs do not support the notion of time ordering 

of processes and flows. Neither do they support the notion of declarative business rules. 

A novel concept used in DFDs is that of an external entity, which is an entity that either 

inputs to, or receives output from the system. Opdahl and Sindre (1994) point out that the 

flow concept in DFDs is overloaded. They propose 2 different constructs: one that depicts 

transportation of matter or data, and the other that depicts no transportation but a simple 

input/output relationship. In addition, they also propose the notion of ports, which depict 

the spatial location of matter. 

2.3.2 Petri nets 

Petri nets (Peterson, 1981) have two objects: places and links. Petri nets provide a 

powerful paradigm for dynamic modeling. The links in petri nets model zero-time 

transitions, which connect places, which are used to model states. In high level petri nets, 

types of conditions are modeled, and several objects satisfying a condition can be present 

or absent at that place. Heuser, et. al. (1993) use a variant of petri nets called compact 

condition/event modeling (CEM) nets to model processes. They define 4 types of links: 



links that alter the entry place, links that alter the exit place, links that restore an entry 

place, and links that restore an exit place. A place is defined as a time varying set of 

individuals drawn firom the domain of the place. A change is defined as the disappearance 

of individuals at one place and appearance at another place. A link represents a (constant) 

set of changes, for all individuals at a place, which satisfy a predicate condition defined 

by the link formula. Petri net modeling suffers from many of the same disadvantages that 

DFDs suffer from (Opdahl and Sindre, 1994) (e.g. no ordering of events and no 

specification of business rules). 

2.3.3 Activity Graphs 

The objects in activity graphs (Falkenberg, et. al, 1991) are activities (corresponding to 

activators in DFDs) and states (corresponding to flows in DFDs) 

Several rules are applicable to activity graphs. A state cannot be isolated, it has to be 

connected to an activity. Both activities and states can be decomposed. They both need to 

follow a strict tree hierarchy. There is no constraint that each state needs to come only to, 

or lead only from a process. Point cycles are allowed, wherein an activity creates and 

consumes the same state {i.e. updates the state). 



23.4 IDEFO 

Even though a rigorous mathematical definition for IDEFO (Laamanen, 1994) does not 

exist, it is widely used in industry to model processes and business processes. The objects 

in IDEFO are: boxes (depict the system's fimctions) and arrows (depict data or objects 

related to these functions: inputs, outputs, controls or mechanisms). Arrows to the left of 

a box are inputs, those to the right of a box are outputs, those to the bottom represent a 

mechanism, while those on the top are controls. Control anows specify the conditions 

that need to be true for the function to produce correct outputs. The following axioms 

hold in an IDEFO schema: 

a) Input, output and control arrows can only have one direction (input and control arrows 

go into the box, while output arrows come out of the box. 

b) There can be multiple arrows of any one tj^je for a function. 

c) Mechanism arrows that come into the box identify the means by which a function 

performs inputs to outputs. Outward arrows (call arrows) signify that the decomposition 

at the present level of abstraction is complete, but that further details can be found in 

lower levels. 

d) All child diagrams must have at least 3 and at most 6 sub functions. 

e) Boxes (functions) can be decomposed, following a strict tree hierarchy. 

f) Arrows are viewed as conduits containing other arrows. At any point, the appropriate 

detail can be shown, by decomposing or grouping or both. 
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g) Once an arrow belongs to a flmction, it can only belong to the function, a child or an 

ancestor. 

h) Arrows can belong to multiple functions (e.g. input to one function can also be input to 

another function). 

i) Arrows can play multiple roles, e.g. output from a function can be input to another 

flmction. 

23.5 Functional Modeling 

Functional Modeling (Barker and Longman, 1992) involves identifying what a business 

does (functions), what triggers these activities (events), attributes of which entities are 

acted upon by these flmctions. 

The following objects occur in flmctional modeling; 

a) A function is an activity done by the business. 

b) Events are split into 4 categories: 

External events: Something happening outside the scope of the business, that triggers 

functions within the business, e.g. weather change. 

Change event: A change in the existence of an entity, value of attributes of an entity, or a 

change in the relationship between entities. 

Time event: When an activity reaches a significant moment in time, e.g. a project reaches 

its deadline date. 
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System event: When something happens within the control of the system or business, e.g. 

a flmction is completed. 

Events point to functions triggered by the events. 

c) An elementary business Junction is an atomic primitive. 

d) Function dependencies are represented by a dependency diagram; Dependencies are 

used to show the sequencing of functions. Repetition of functions is allowed. 

In every functional model, the following rules apply. The decomposition of flmctions is 

permitted as long as a strict tree hierarchy is followed. The function hierarchy identifies 

all the functions, without explicitly specifying time dependencies {e.g. sequencing, etc.). 

2.3.6 State Transition Diagrams 

The following are objects in a state transition diagram (Booch, 1994). A state is a 

recognizable condition of the system. States are either start states, end states or 

intermediate. Transitions represent significant events 

The following axioms apply to a state transition diagram. A transition moves the system 

from one state to another (possibly non distinct), atomically. A transition can lead from 

only one state to only one state. Transitions are zero-time events. A state can have 

multiple transitions coming out of it, each one going to one and only one state. 



Table 2.4 summarizes the important concepts covered by the different CPMs we have 

examined. These CPMs differ along the degree of formality involved in their definitions. 

Recent formulations of the DFD model and Petri nets are the most formally defined (and 

hence most amenable to formal analyses) while the other four models are less formally 

defined. The CPMs also differ in the number of abstractions supported by each, with the 

IDEFO model and Functional Models supporting the maximum number of abstractions, 

and the other four models supporting fewer abstractions. 

2.4. Conceptual Workflow Models 

Several CWMs have been proposed that fulfill some of the requirements listed in section 

2.1.2. Some of these models use different models to model the process and data aspects, 

while some use a combined model. We next survey a comprehensive representation of 

existing research methods to conceptually model workflows. In addition, there are several 

commercial tools available to model workflows. Georgakopoulos, et. al. (1995) present 

an excellent survey of these tools. 

Attie, et. al. (1993) propose a finite automata model to model workflows. They specify 

certain dependencies that can exist between various tasks and that can be enforced using a 

finite automata model. Some of the dependencies they list are; existence dependencies (if 

task A occurs, then B must also occur), conditional existence dependency (if A and B 
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occur, then C must occur) and temporal dependencies (if A and B both occur, then A must 

precede B). 

System / Reference Important Characteristics Identified 
DFD (Demarco, 1978; Gane and Sarson, 
1982) 

-Activators (processes, external entities and 
data stores) and data flows. Reality is 
modeled as data flowing betweem 
activators. 

Petri nets (Peterson, 1981) -Places and links are used to represent 
reality. Very useful in depicting resource 
constraints and timing issues. 

Activity Graphs (Falkenberg, et. al. 1991) -Activities correspond to activators in the 
DFD model, and state correspond to flows 
in the DFD model. Both states and 
activities can be decomposed. 

IDEFO (Laamanen, 1994) -Boxes are used to represent a system's 
flmctions. Arrows are used to represent 
inputs, outputs, mechanisms and controls. 
Decomposition of boxes is supported. 

Functional Modeling (Barker and 
Longman, 1992) 

-Functions are triggered by events. External 
events occur outside the system, change 
events alter the value of attributes of 
entities, time events occur when a moment 
in time is reached, and system events occur 
when something within the control of the 
system occurs. 

State Transition Diagrams (Booch, 1994) -Reality is modeled as a set of states, 
reached at by transitions. Transitions are 
zero-time events. 

Table 2.4 Summary of features of CPMs 

In the ConTracts Project, Reuter and Schwenkreis (1995) use a data model called 

Context. The main characteristic of the model is that only predefined steps can be 



allowed to changes the data elements, thus maidng the model fairly restrictive (i.e 

external updates are not allowed). They identify the need to include sequential steps, 

loops and parallel branches when modeling activities. 

Kappel, et. al. (1995) model workflows as activities performed by agents who can take on 

roles and who use data to perform the activities. They also specify the ordering of 

activities by using activity nets. Their model supports the sequencing, branching and 

joining of activities. In particular, X-OR, IN-OR and AND branching and Joining is 

supported. Finally, they support the notion of conditions in order to determine subsequent 

activities in a process. 

Davis, et. al. (1995) describe the OpenPM model. In OpenPM, a workflow is a directed 

graph with edges (arcs) and nodes. Nodes may represent business activities, business 

processes (and subprocesses), routing decisions about the paths over which execution 

shall flow and timers, triggered by internal or external events. Work nodes are an abstract 

definition of a business activity, together with some abstract resource request, optional 

timeout or deadline information and some business process information. At each 

evaluation, the resource request is bound to a business object for execution. Work nodes 

have at most one inward and one outward forward arc, and are separated firom the 

decisions about what tasks should be performed next in the workflow. To define process 

flows more complex than a simple sequence, route nodes are used. When an inward arc is 



traversed, a route node decides (based upon the status passed along its inward arcs, the 

timing of each inward arc's firing, and the data associated with the running process 

instance) which outward arc to fire. A rule language is used to program the route node 

decisions. Looping is supported by invalidation arcs that, when traversed, cause all the 

nodes in their scope to be "invalidated" so they can be reused. 

Bernstein, et. al. (1995) present a process handbook, which can help collect and structure 

data on process re-engineering. A key element of the handbook is a standard 

representation of processes. The handbook supports the notion of decomposition of 

activities into subactivities. They advocate applying inheritance to this decomposition of 

activities Qust as the O-O approach applies inheritance to objects). They also propose 

modeling dependencies between activities such as the sharing of resources and pre-

activity conditions. 

Joosten (1994; 1995) models a workflow as a collection of activities. Each activity 

consists of one or more events, which basically represent instantaneous changes of state. 

Activities last for a finite time, though time is not formally modeled. Activities can 

trigger other activities. Finally, actors perform activities. 

Winograd and Flores (1987) describe an approach to business process modeling that takes 

into account social issues such as customer satisfaction, etc. In this communications 
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based approach, each process is modeled as a sequence of four activities between a 

customer and a performer: request for action from customer or offer to do action from 

performer, negotiation between customer and performer as to a satisfactory outcome, the 

actual performance of the action, and the acceptance of the action by the customer. In 

contrast to this, most business process models in literature, adopt an activity-based 

approach (Georgakapoulos, et. al. 1995) , where they model the work itself, as opposed to 

the commitment between performers and customers. 

Breitbart, et. al. (1996) identify a new kind of activity dependency called a critical 

dependency. A critical activity will cause the whole workflow to abort if it cannot be 

completed. We shall assume that at the conceptual level, all activities are critical, i.e. the 

workflow cannot proceed until the next activity is completed. 

Ngu, et. al.(1996) identify the importance of time, and use temporal operators next, 

always, sometimes and until in the implementation of their workflow system. They model 

a workflow using transactions (to model the content of the workflow) and tasks{lo model 

the execution of the workflow). They do not have a graphical interface. A workflow is 

broken up into transactions at the conceptual level. Each transaction has participatory 

agents. The possible messages that agents can send to each other are then defined. Finally 

constraints are listed using the temporal operators. The concept of task is used to model 

failures and exception handling, and for modeling the execution strategies of transactions. 
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Hartel and Jungclaus (1995) propose using the TROLL language (Jungclaus, et. al. 1995) 

to conceptually model workflows. TROLL incorporates aspects of semantic data 

modeling, concurrent process specification and temporal logic. It is also object-oriented, 

with objects and relationships being its main elements. Using TROLL, they create a 

generic conceptual schema of a workflow as consisting of agents, information stores, 

attributes which describe the state of the process, and activities which change the 

attributes of the state. Activity decomposition is not supported. They specify that activity 

execution can be serial, alternative or parallel. 

Forst and Kuhn (1995) argue that a general purpose programming language such as C can 

be used to conceptually model workflows. The advantage to this is that existing software 

components can be reused. They identify constraints that must be supported by a CWM, 

such as a process starting at a particular time, availability of resources, branching and 

repetition, and nesting of activities. 

The Architecture of Integrated Information Systems (ARIS) model developed by Scheer 

(1994a) describes four broad perspectives of a business process; the functional view, the 

data view, the control view and the organizational view. The fimctional view consists of 

activities which are decomposed hierarchically. Temporal sequence between the activities 

is modeled using graphical constructs for sequencing, selection and iteration. The entity-
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relationship model (ERM) is used to model the data view of the business process. 

Entities, attributes, relationships, cardinalities of relationships, generalization / 

specialization, aggregation and existential dependencies in the form of strong / weak 

entities are all used to capture the structural aspects of the business process. The 

organizational view describes the structure of the organization. The control view deals 

with the links between functions, organizations and data. 

The Camot Project (Singh and Huhns, 1994) uses a simple ERM to capture the data 

aspects, while the workflow is depicted as a partially ordered set of nodes, where each 

node is a task, and the set is ordered by dependencies between the tasks. 

Zukunft and Rump (1996) describe the Event-Process-Chain* (EPC*) model, where a 

workflow is depicted as a graph, whose nodes depict events, junctions, splits. Joins, 

process paths, input / output containers, and organizational units. The edges represent 

the control flow, data flow and the connections between organizational units and 

functions. 

Wieczerzycki (1996) models a workflow as consisting of activities, joined with 

dependency arrows. Artifacts that are passed between activities are printed on the arrows. 

Schmidt (1996) extends Generalized Activity Nets (GAN) (Elmaghraby, 1964, and 

Elmaghraby, et.al., 1995) to model the data, functional and organizational aspects of 
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workflows as well. In his Generalized Process Nets (GPN) model, a workflow is modeled 

in 6 layers. The first layer models the workflow as a CAN. The second layer models the 

functional specification, the third layer models the communicational aspects, the fourth 

layer models the data aspects, the fifth layer models the physical resources and products, 

and the sixth layer models the organizational point of view. This allows answers on 

scheduling, and resovirce allocation developed for GANs to be applied to business 

processes. 

Karagiannis, et. al. (1996) show activities as an atomic unit of a workflow. Activities are 

combined into sub processes, and the control flow between them is also depicted. Actors, 

groups and resources are also shown. The PersonResponsibleFor relation is defined 

between actors and activities. The IsRequired relation is defined between resources and 

activities. A workflow is shown as a graph called the Business Graph. 

The PRISMA-Tool (Grabowski, et. al., 1996) shows the data, functional, organizational 

and resource aspects of a workflow, using different models. Data Flow Diagrams or Petri 

Nets are used to model the processes. Data is modeled using either the ERM or the Object 

Oriented Analysis (OCA) technique defined by Coad (1991). The function aspects are 

shown using either the Structured Analysis Design Method (SADT) (Marca, 1988), or 

simple Function Trees. The organization aspects are modeled using organization charts. 



Gruhn (1995) describe the LEU approach to conceptual workflow modeling. In LEU, the 

EERM is used to conceptually model the data aspects of the workflow. High-level 

Petrinets called FUNSOFT nets (Gruhn, 1992) are used to model activities. These nets 

can model activities, the order in which they are to be carried out (sequentially, 

concurrently or alternatively), and document stores whose state is changed by activities. 

The organization is modeled using organizational models. In these, the relationship 

between organizational entities, roles and persons is described in tabular form. In 

addition, LEU also integrates these 3 models using a typing link between document stores 

(in the process model) and data objects (in the data model), and by using a responsible 

link between organizational objects (in the organizational model) and data objects. 

Table 2.5 summarizes the CWMs that we have examined. We find that CWMs differ in 

the degree of formality involved in their definitions. Thus, the models proposed by Attie, 

et. al. (1993), Kappel, et. al. (1995), Davis, et. al. (1995) and Ngu, et. al. (1996) are the 

most formal. The remaining models are defined informally. The models also differ in the 

extent to which they attempt to model different perspectives of a workflow. Thus, the 

model by Hartel and Jungclaus (1995), the ARIS model, the EPC* model and the model 

by Wieczerzycki (1996) model more aspects of a workflow than the other models. To the 

best of our knowledge, there is no formally defined CWM that attempts to model all the 

aspects of a workflow. 
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System / Reference Important Characteristics Identified 
Attie, et. al. (1993) -Finite automata model. Dependencies that 

can exist between various tasks include 
existence dependencies, conditional 
existence dependencies and temporal 
dependencies. 

ConTracts (Reuter and Schwenkreis, 1995) -Context data models is used. Only 
predefined activities can change the data 
model. Sequential steps, loops and parallel 
branches are used to show the control flow 
of activities. 

Kappel, et. al. (1995) -Workflows modeled as activities 
performed by agents who can take on roles, 
and use data. Activity nets are used to 
specify activity ordering. X-OR, IN-OR 
and AND branching is supported. 

OpenPM (Davis, et. al. 1995) -A workflow is a directed graph with 
edges. Looping is supported using 
invalidation arcs. 

Bernstein, et. al. (1995) -Supports the decomposition of activities 
into subactivities 

Winograd and Flores(1987) -Communications based approach. A 
workflow is modeled as a sequence of four 
activities; a request from customer to 
performer, negotiation as to satisfactory 
outcome, performance and acceptance of 
performance. 

Ngu, et,. al. (1996) -Emphasize the importance of time. 
Temporal operators are used. Transactions 
model the content of a workflow, and tasks 
model the execution. Agents participating 
in a transaction can send each other 
messages 

Hartel et. al. (1995) -TROLL is used as a language. A workflow 
consists of; agents, information stores, 
attributes and activities. Activity execution 
can be serial, alternative or parallel. 

ARIS (Scheer, 1994) -A business process is modeled using a 
functional view, a data view, a control view 
and an organizational view. 

Camot Project (Singh and Huhns, 1994) -ERM captures data, while the workflow is 
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depicted as a set of partially ordered nodes. 
EPC* Model (Zukunft and Rump) -A workflow is a graph. The nodes are 

events, functions, splits, joins, etc. The 
edges represent the control flow, the data 
flow and the connections between the 
organizational units and functions. 

GPN (Schmidt, 1996) -A workflow is modeled in 6 layers. The 
bottom layer models the activities, the next 
models the functional specification, the 
third the communicational aspects, the 
fourth the data aspects, the fifth the 
physical resources and the sixth the 
organizational aspects. 

Kargiarmis, et. al. (1996) -Activities are atomic, and can be 
combined to form sub processes. Actors, 
groups and resources are shown. Relations 
are defined to model responsibility for an 
activity and resource requirements. 

PRISMA (Grabowski, et. al., 1996) -DFDS or Petri nets are used to model 
processes. The ERM or OOA technique is 
used to model data. The functional aspects 
are modeled using SADT or function trees. 
Organizational charts are used to model the 
organization. 

LEU (Gruhn, 1995) -EERM is used to model data. High level 
Petri nets are used to model activities. 
Organizational models are used to capture 
information about the organization. 

Table 2.5 Summary of features of CWMs 

2.5 Previous Approaches To Combining Process And Data Models 

The need to model the data and process aspects of an application has been long 

recognized as important in the literature. For example, Batini, et. al. (1992) identify the 

combination of the procedural and declarative aspects of data as an important question in 



database research. Previous attempts at achieving this can be divided into three 

categories. The first category uses an object oriented formalism that captures both data 

and behavior (e.g. Mylopoulos, et. ai., 1980; Kappel and Schrefi, 1991). The second 

category extends a popular CDM (such as the ERM) either by defining a new abstraction, 

(e.g. Sakai, 1983) or by combining a CDM with process diagrams (e.g. Markowitz, 1990; 

Heuser, et. al., 1993). The third category of efforts attempts to derive a data model from a 

process model (or vice versa). An example of this is the work by Adam and 

Gangopadhyay (1993). We next describe these efforts in some detail. 

The TAXIS model (Mylopoulos, et. al. 1980) is a language for the design of interactive 

database systems that places emphasis on classification and generalization hierarchies. 

The model combines ideas from programming language and database theory, to support 

data encapsulation (the operations or transactions on data objects or classes are included 

in their definitions), semantic data modeling and the embedding of classes and 

transactions in higher level languages such as Pascal. The result is a highly structured 

model that provides integrative modeling constructs for the static and dynamic portions 

of database applications (Peckham and Maryanski, 1988). The IS-A generalization 

hierarchy is the fimdamental organizing abstraction in TAXIS. Multiple inheritance is 

supported, and inheritance conflicts are resolved using an exception handling mechanism. 

Exceptions can also be modeled at the conceptual level. 



Sakai (1983) incorporated behavior into conceptual database design. The instantiation of 

entities was introduced. For a particular entity instance in an entity set, its instantiation 

was the subset of all entity instances of another entity set such that the former was related 

to the latter. The behavior of entities was defined as a set of transactions and states that 

result from the transactions. It was analyzed using the notion of instantiation and Petri 

nets. 

Markowitz (1990) extended the ERM to represent processes. His methodology was based 

on using ERM existence dependencies for representing the functional constraints implied 

by the process interactions. Processes were represented using a simple form of 

generalization. The (time-based) partial ordering of processes was enforced using 

existence dependencies. 

Kappel and Schrefi (1991) proposed object/behavior diagrams to depict the structure and 

the behavior of objects. The structure of objects was modeled in object diagrams, which 

depicted attributes, relationships and key attributes. Relationships were semantically 

divided into: general relationships, that modeled a directed relationship between 2 

independent objects, has-component relationships that supported the definition of 

component object hierarchies, has-constituent relationships that supported the principle 

of abstraction, where a relationship between 2 objects was perceived as a single higher 
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level aggregate object and role-of relationship, where the roles of an object could be 

represented. 

The behavior of objects was modeled using behavior diagrams, which were divided into 3 

diagrams. The life cycle diagram specified the behavior of an object undergoing all 

possible updates by a set of states and a set of activities. The activity specification 

diagram showed the formal parameters that would be required for different activities that 

could be performed on objects. The activity realization diagram described the actual 

implementation of each activity. 

Adam and Gangopadhyay (1993) proposed a structured methodology for linking data and 

flmctional models. Their methodology demonstrated how an IDEFO model could yield a 

CDM schemeu The methodology develops a case frame (process view) for every 

primitive process in an IDEFO schema. Next, the case firames of primitive processes are 

integrated into case frames for the next higher level process, and so on. Finally, a globally 

integrated case frame is reached. This is then mapped to a CDM schema. 

(Heuser, et. al. 1993) show how ERM schema and high-level Petri nets can be 

synthesized into graphic models. They refer to previous work that showed how Petri nets 

could be used to model static properties (in addition to dynamic properties) and to work 

that showed how the semantics of the ERM could be captured in a high-level Petri Net. 
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Based on this past work, they presented a mapping of an ERM schema to a high-level 

Petri Net. 

Table 2.6 simmiarizes previous attempts at combining the data and process models. The 

object-oriented (0-0) paradigm has become very popular. It is widely regarded as 

combining the data and behavioral aspects of applications. Since the 0-0 paradigm has 

been widely used in CWMs, we briefly examine the important aspects of this paradigm. 

System / Reference Important Features of the Attempts 
TAXIS (Mylopoulos, et. al. 1980) -Entity classes as well as the operations are 

defined at the conceptual level itself. A 
generalization hierarchy of classes, with 
inheritance is supported. 

Sakai (1983) -Instantiation of entities, along with petri 
nets were used to analyze the behavior of 
entities. The behavior was defined as a set 
of transactions and states that result from 
the transactions. 

Markowitz (1990) -ERM existence dependencies were used to 
model functional constraints. Processes 
were represented as generalized entities. 

(Kappel and Schrefi (1991) -Object/Behavior diagrams modeled the 
structure and behavior of objects. 

Adam and Gangopadhyay (1993) -Used a case frame based methodology to 
derive IDEFIX schema from IDEFO 
schema. 

Heuser, et. al. (1993) -Combined ERM and petri net schema, by 
modeling ERM schema as a high level petri 
net. 

Table 2.6 Previous attempts at combining process and data models 



2.5.1 The Object Oriented (O-O) Paradigm 

The 0-0 paradigm has been used to combine the data and behavior of an application in 

one model. An excellent discussion of basic object oriented concepts is presented in 

(Booch, 1994). In GO analysis and design (OGAD), a class is a collection of things with 

common attributes and/or behavior, an instance is a realization of a class and an object 

refers to either an instance or a class. A method is an operation that can be performed on 

every instance of a class. In addition, the O-G paradigm also supports the generalization 

of classes (kind-of relationship) with inheritance of attributes and methods, and the 

aggregation of classes (part-of relationship). In the O-O paradigm, data is modeled using 

attributes, methods and generalization and aggregation, while behavior is modeled using 

methods. An important advantage of OGAD is that there is no paradigm shift when 

moving from analysis to design. The same model is used to conceptually model the user's 

requirements as is used to design and implement the system (Booch, 1994). Monarch! and 

Puhr (1992) present an excellent comparison and analysis of different tools based on the 

0-0 paradigm. 

2.6 Incorporating Time Into CDMs 

There have been several approaches to incorporating time into CDMs. The base model 

used has most often been either the ERM or the extended ERM (EERM) (Teorey, et. al., 

1986). (Gregersen and Jensen, 1997) contains an excellent survey of research aimed at 

incorporating time into conceptual data models, and comparison criteria for evaluating 



the research. Two general, orthogonal aspects of time have been considered: valid time 

and transaction time (Jensen and Snodgrass, 1996). Valid time of a fact is when the fact 

is true in the real world. Transaction time of a fact is the time when the fact is known as 

being true in the database. We next survey a representative group of previously proposed 

conceptual data models that support time. The models surveyed are the Relationships, 

Attributes, Keys and Entities (RAKE) model, the Temporal ERM (TERM), the Temporal 

Extended Entity Relationship (TEER) model, and the Entity-Relationship-Time (ERT) 

model. Most of the models add new concepts to the ERm in order to acconmiodate time. 

The Temporal Extended Entity Relationship Model does not add new constructs, but 

instead adds a temporal semantic to existing constructs. The advantage of this is that 

previously proposed schemas ( in the non-temporal model) can continue to be supported, 

thus minimizing the change in existing applications. 

2.6.1 The RAKE Model 

The RAKE Model (Ferg, 1985) replaces some of the ERM constmcts with new ones and 

adds some constructs of its own. RAKE's conception of reality is a series of states with 

BEGINstamp and ENDstamps respectively. States are punctuated by instantaneous events 

that transform states. The valid time of states is thus modeled using two time stamps. The 

valid time of events is modeled using just one timestamp. Temporal relationship tj^s in 

RAKE are represented as weak entity types owned by a time-period entity type. The key 

of the relationship type then becomes the key of all the participating entity types as well 



as the ENDstamp, which is the key of the time-period entity type. RAKE also allows the 

modeling of time-varying attributes. 

2.6.2 The TERM Model 

The basic components of TERM (Klopprogge, 1981) are those of the ERM. Entities 

model the objects of interest, while values model the properties of the objects. The values 

are associated with the entities via attributes. In addition, two or more entities can enter 

into a relationship, where each entity plays a role. TERM introduces the notion of a 

history, which is a function from some time domain to some value domain. Histories are 

then used to model time varying attributes and relationships. Thus, the time varying value 

of an attribute is modeled as a history, rather than a simple value. Domains in TERM are 

called structures. In TERM, the designer can define their own time structures. However, 

TERM has a built-in time structure based on Gregorian dates. These dates have a variety 

of predicates such as "before date" and "isjnjeap", as well as operators such as 

"nextjJay" and "least recent". If an attribute has no history, it is a constant attribute, 

otherwise it is a variable attribute. Like attributes of entity tj^s, roles of relationship 

types are also represented by values or histories. 

2.6 J The TEER Model 

Unlike other models, the TEER model (Elmasri and Wuu, 1990) does not add any new 

constructs to the EERM. Instead, it gives new meaning to existing constructs to make 



them temporal. Each instance e of an entity type E is associated with a temporal element 

that represents the lifespan of e. The lifespan can be a continuous time interval or a union 

of a number of disjoint time intervals. Each entity e has a system-defined SURROGATE 

attribute whose value is unique for each entity in the database. The temporal element of 

this SURROGATE attribute represents the lifespan of e. Attributes and relationships are 

also temporal, and have life spans. 

2.6.4 The ERT Model 

Time in the ERT model (Theodoulidis, et. al. 1991) is modeled via a distinguished entity 

class called a time period class. A time period starts and ends in a tick, and has a duration 

expressed in nimiber of ticks, where a tick ids the smallest unit of time permissible. Each 

entity class and relationship class is time stamped with a time period class. When 

associated with an entity class, the time period class models the lifespans of the entities in 

the class, also called the existence period. When associated with a relationship class, the 

time period class models the duration in which the relationship is valid. This duration is 

called the validity period. 

System generated surrogates are used in the ERT model to uniquely identify entities. The 

reincarnation of entities is permitted, i.e. an entity can disappear and appear, while 

keeping its same surrogate identity. Non-timestamped entities and relationships are 

assumed to exist from the system start-up time till the current time. 
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Table 2.7 siimmarizes the features of the models we have examined 

System / Reference Important Features 
RAKE (Ferg, 1985) -Series of states with beginning and ending 

time stamps. Instantaneous events 
transform states. Time varying attributes 
are also supported. 

TERM (Klopprogge, 1981) -Histories are used to model time varying 
attributes and relationships. 

TEER (Elmasri.and Wuu, 1990) -Entity instants are associated with 
temporal elements that represent their 
lifespan. Attributes and relationships are 
also temporal. 

ERT (Theodoulidis, et. al. 1991) -A time period class has a start and a 
duration. A tick is the smallest unit of time. 
Each entity class and relationship class is 
time stamped with a time period class. This 
captures the lifespans of entity classes and 
validity durations of relationship classes. 

Table 2.7 Past work At incorporating time in CDMs 

2.7 The Evaluation Of Conceptual Models 

Previous work in evaluating conceptual models (data, process or workflow) can be 

divided broadly into theoretical work and empirical work. 



2.7.1 Theoretical Evaluation Of Conceptual Models 

Several researchers have proposed theoretical firameworks that can be used to evaluate 

conceptual models. Thus, Amberg (1996) proposes a pattern oriented approach to 

evaluating modeling methods. He defines a set of patterns for each model to be evaluated, 

that are gleaned from different models' descriptions. These are then used to create a series 

of templates (one for each principle), that are used to evaluate the models. Although each 

pattern is specific to a model, its template has the same basic format as the other 

templates. 

Kaasboll (1996) states that models should be evaluated along 3 dimensions: ease of 

learning, ease of use (usability) and effectiveness (usefulness) of the modeling process. 

He goes on to describe a "crucial case" {i.e. one used as an illustration by the other 

model) to be used to compare 2 or more models. He also mentions using object models of 

"real-world" systems that could be used as situations that require modeling. 

Rossi (1996) uses the Object, Property, Relationship, Role (OPRR) model as a meta-

model, i.e. to represent other models. Using this, he shows how other models can be 

captured using this meta-model, by drawing a meta-model schema for each target model. 

These schema then form the basis for comparing the target models. He uses measures 

such as a count of objects, relationships, and properties per model. He also presents 

certain other measures that can be used to measure the complexity of different techniques. 



Schipper and Joosten, (1996) define validity to be the degree to which the intentions of a 

model are supported by arguments based on observable measures of the intentions. They 

describe 5 steps to determine validity: state intentions clearly, construct measures for 

each intention, select and validate instruments to measure the intentions, obtain 

observations and finally interpret the results. 

2.7.2 Empirical Evaluation Of Conceptual Models 

Munro and Davis (1977) compared top-down (using data flow analysis) versus bottom-

up, flowcharting in an experimental setting. They actually used real-life requirements of 

colleges when determining which approach was better. The value of the information 

produced to the decision maker (user) was measured on a previously developed semantic 

differential scale. 4 colleges were used for the study. 

Olle, et, al. (1986) describe a case (organizing an IFIP conference) which is used by 

several authors (in the conference) to illustrate their information models. This case is 

fairly complex, and is the only example where end-users (the conference organizers) 

actually specify their own requirements in the form of a case. However, there are no 

attempts at describing how the case description was arrived at (i.e. methodology of data 

collection and validation). The case seems arbitrarily specified. However, the fact that the 



case appears to be much more complex than any cases used in experiments lends support 

to a motivation to use cases developed by end-users describing real-life situations. 

Mantha, (1987) compared data flow and data structured techniques, and used the relative 

completeness of data specifications that were produced by each approach. Completeness 

was defined to be the degree to which the model contained the elements needed to 

represent the elements of interest in the problem domain. A case was developed and a 

standard (i.e. a list of all the elements of interest in the case) was developed. An 

experimental setting was used to measure the 2 approaches. In this experiment, 

professional system analysts were used. The design was between subjects, single 

stimulus, post test measure. 

Batra, et. al. (1990) compared the modeling correctness of representations using the 

relational as well as the EER models. Users had to read a case and model it using one of 

the models. Novice users were used. Modeling correctness, the main dependent construct 

was defined as the degree to which a data model represents the same semantics as a 

natural language description of the situation. Perceived ease of use was also measured 

using measures similar to Davis (1989). A grading scheme was used to judge the 

correctness of each facet, but there was no overall score. The case used was borrowed 

from literature. 
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Task and human were the control variables, and the model was the experimental variable. 

The design was between subjects. Database experience was treated as a covariate, instead 

of being assumed to be similar for all. Introductory MIS students were used. The 

correctness of each solution was graded independently by 3 graders. 

Batra and Davis (1992) used protocol analysis to examine how novices and experts used 

conceptual models to model a real-life case. They classified the different phases that 

experts and novices went through into 3 broad phases: 

Enterprise Phase: Develop a reasonable understanding of the problem domain. 

Recognition Phase: Focus on understanding specific aspects of the user's requirements. 

Representation Phase: Actually represent aspects of the problem in the model. 

They used 5 experts (industry people) and 4 novices (undergrad and grad students) who 

were presented with a case, which appeared to be moderately complex. 

The protocol data was divided into the 3 phases, using transition points, and the amount 

of time each subject spent in each phase was analyzed, as well as how they iterated 

between phases. 

Batra and Srinivasan (1992) define usability of a model as the ability of a user to 

represent a problem in a computing environment and to efifectively work with that 

representation. They describe previously used criteria to represent usability: ease-of use, 

simplicity in learning, improved reliability, reduced errors, user-satisfaction. They also 
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distinguish between types of users: naive, casual and expert, and quote literature that 

defines each of these classes. According to them, users can differ along several 

dimensions: cognitive style, visual ability, programming experience, work experience, 

etc. A data model must support the following representational tasks: 

Elicitation: How does a particular model alter the analyst's task of obtaining user 

requirements, as well as description of current system. 

Conceptual Representation'. How easy is the model to use for different classes of users? 

Validation: Does the model correctly and completely represent the end-user requirements 

as well as description of current system? 

They also describe the operationalization of various constructs: 

User Performance: Correctness of a representation; 

Ease of Use: Time taken to complete a task; 

Correctness: Identify the most likely errors, and determine a penalty for each of these 

errors. 

Perceived Ease of Use: No instrument constructed in the data modeling area (though 

many in IS area). 

Complex Situations: They mention that there are no established measures for representing 

exactly what a complex situation is. 

They also mention that the degree of expertise of subjects in the method should be 

controlled in experiments, and that models should be compared using a repeated 



measures design, with incremental training and testing, as opposed to one-shot training 

and testing. 

Pal via, et. al. (1992) compare data structure diagrams, E-R models and the OO model 

along many dimensions. Many of their dimensions seem to be for implementation level 

models (e.g. data structures, data independence, data integrity, data duplication, etc.) The 

following characteristics appear to be relevant to conceptual models; level of detail, 

communication ability to users, communication ability to analysts, early discovery of 

problem, ease of use, ease of learning, overall assessment of model. They used user 

perceptions of these characteristics in a survey, with likert scale questions. They also used 

an experimental study to determine comprehension as well as productivity (time spent 

doing a task as input and the comprehension as the output). Comprehension was 

determined by showing readers a diagram and asking relevant questions, and then grading 

the questions. They gave equal weightage to each error, without any explanation. The 

students used were undergrad MIS majors (novice users) and the design was between 

subjects post test. 

Shoval and Frumermaim (1994) tested user comprehension of 2 schemas; an OO and an 

EER schema. Comprehension was measured by the number of correct answers to 

questions that addressed different constructs of the models, as well as overall 

comprehension. The operationalization was a set of true-false questions. As in most of the 
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Other studies, the users were students. An experiment was conducted and the number of 

correct answers were used to represent the level of comprehension. They used larger and 

more complex schemas than Palvia, et. al. (1992), used different questions to measure 

comprehension of different aspects of each model, and used more computer literate 

subjects. The design was between subjects, post test. The subjects were students who had 

taken several computer classes (sophisticated users). 

Hardgrave and Dalai (1995) compared the EERM and OMT (Object Modeling 

Technique) along 3 criteria: model understanding, time to understand and perceived ease 

of use. They created simple and complex schemas and gave them to 2 groups of subjects. 

The constructs were operationalized as follows: 

Model Understanding: Understanding of individual facets of each model (e.g. 

relationships, entities, etc.) as well as an "overall understanding of each model". 

Multiple choice questions were constmcted for this. 

Time: (the time taken to understand each model) Operationalized as the time taken to 

answer the objective questions. 

Perceived Ease of use: Likert scale questions, adopted from (Davis, 1989). 

Task Complexity'. Simple tasks had entities, descriptors and binary relationships, while 

complex tasks had unary and temary relationships as well as categories. This was not a 

dependent construct but a control constmct. 
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A between-subJects-post-test-only design was used on 56 undergrad MIS students. 

Subjects were randomly assigned to one of 4 groups. The level of expertise of each group 

was similar. 

Vessey and Conger (1994) used process tracing (as opposed to input/output) to see which 

of process, data or object methodologies (as opposed to models) were better suited for 

naive users (students). They used the time spent referencing documents, as well as the 

number of "breakdowns" that occurred for each methodology. They also looked at 

breakdowns over time (in this case a few hours and on the third application) to see if a 

particular methodology was easier to use after a certain period of time. They created a 

framework of breakdowns that could occur in both declarative and procedural knowledge 

of the method, as well as the application (domain knowledge). This framework cleissified 

breakdowns as being due to: lack of knowledge, incomplete knowledge and incorrect 

knowledge. 

Kim and March (1995) compared the EER and NIAM (Verheijen and Vanbekkum, 1982) 

models for modeling ability {i.e. to what extent can analysts model real-life situations?) 

as well as validation (Le. to what extent can users). User modeling performance 

consisted of 2 measures; 

Comprehension: The number of correct answers dealing with modeling constructs. 
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Discrepancy Checking: Number and types of model errors identified: entity errors, 

relationship errors, attribute errors, etc. 

Analyst modeling performance was measured by the number of correct syntactic and 

semantic constructs in the conceptual model developed by the analysts. In addition, the 

work also measured the perceived usefulness of the models, though the measures used are 

not stated clearly. Training, time and task complexity were controlled for. 

Chaves and Carvalho (1996) compare the ERM, NIAM and OOA along the legibility and 

expressiveness dimensions. Legibility is a measure of how easily a model is understood 

by its users. Expressiveness is the extent to which the model can represent reality. (These 

seem similar to the comprehension and modeling ability constructs in (Kim and March 

1995)). 

The complexity of each model (as measured by the number of elements and the number 

of different types of each element) was used to measure expressiveness. The legibility 

was measured by giving a previously constructed model to 3 groups (specialists, fair and 

no previous knowledge groups). The groups then had to answer a questionnaire by 

looking at the model. The number of correct answers measured the legibility of the 

model. 
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Moynihan (1996) used a case that was presented to executives. The executives were 

shown a natural language description of a case and then both an object-oriented and a 

ftmctional decomposition of the case. They were then asked to evaluate the case. The 

evaluation was measured in 2 ways: 

Missing Seeds: Some facts were deliberately planted in the description but missing from 

each model. The number of "missing seeds" that the managers detected measured to 

what degree they understood the model. 

Critique of Content: The subjects stated that some content (other than the seeds) was 

missing from the analysis: either the overall strategic implications of the model, or certain 

actual omissions that should have been modeled (other than the seeds). 

Managers also judged the models on ease of understanding, as well as the extent to which 

it helped them detect the inconsistencies in the analysis (presumably perceived 

usefulness). The design was within-subjects. 

Shoval (1996) compares the EER and OO models. He examines the comprehension of 

schemas, correctness of schemas when modeling a situation, time to complete designer's 

tasks and designer's preferences for either method. 

User Comprehension'. Users were given schemas and a set of questions on the schema. 

The number of correct answers measured comprehension. 

Correctness of Schema: Based on a narrative description, analysts had to model a 

situation, and a grading scheme similar to (Batra and Srinivasan, 1992) was used. 
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Measures for time and designers' preferences are not described. 

Table 2.8 summarizes past empirical work in evaluating conceptual models. 

Reference Important Features 
Munro (1977) -Compared data flow analysis with 

flowcharting, using a previously developed 
scale to measure the value of the 
information produced 

Mantha(1987) -Compared the completeness of data 
specifications produced by using data flow 
v/s data structured techniques 

Batra, et. al. (1990) -Measured the modeling correcmess of 
representations using either the EERM and 
the relational models. Perceived ease of use 
was also measured. 

Batra and Davis (1992) -Used protocol analysis to examine the 
differences between the thought processes 
of novices and experts, when creating 
model schema. 

Batra and Srinivasan(1992) -Surveyed the status of previous empirical 
work in evaluating conceptual data models, 
and highlighted future research questions in 
the area. 

Palvia(1992) -Compared data structure diagrams, ERM 
and OOM along several dimensions. USed 
a combination of a survey and a quais 
experiment. 

Shoval (1994) -Tested the user comprehension of OOM 
and EER model schemas, using a quasi 
experiment. 

Hardgrave and Dalal(1995) Compared the EER model and OOM for 
model understanding, time to understand 
and perceived ease of use. A quasi 
experiment was used. 

Vessey (1994) Used a process tracing technique to see 
whether process, data or object 
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methodologies were better suited for naive 
users. 

Kim and March (1995) Compared the EER model and NIAM to 
see the extent to which analysts can create 
correct schemas, and users can interpret 
these schemas. 

Chaves and Carvalho(1996) -Compared the ERM, NIAM and OOM for 
legibility and expressiveness. They used a 
combination of theoretical and empirical 
analysis. 

Moynihan (1996) -Used executives to evaluate an object 
oriented description of a case, v/s a 
functionally decomposed description of the 
case. 

Shoval (1996) -Examined the EER model and OOM 
schemas for comprehension by end-users 
and correctness by analysts. 

Table 2.8 Past work that empirically evaluates conceptual models 

2.8 Previous Work In Evaluating The Completeness Of Conceptual Models 

As mentioned in section 2.7, many desirable attributes for conceptual models (data 

models, process models or workflow models) have been explicitly proposed in previous 

research. Kramer and Luqi (1991) list adequacy, ease of use, hierarchical 

decomposability and amenability to formal analysis and reasoning as desirable 

characteristics for conceptual process models. Batra, et. al. (1990), Batra and Davis 

(1992) propose that correctness of representation, ease of use and the ability to represent 

complex situations are desirable characteristics of conceptual data models. Palvia, et. al. 

(1992) list 17 characteristic dimensions on which they evaluate the object-oriented model 

(O-O model) (Kroenke and Dolan, 1988; BCroenke, 1992), the data structure diagram 



(Bachman, 1969) and the ERM. These dimensions include flexibility of design produced, 

ease of use, ease of learning, level of detail and communication ability to users. Many 

researchers have examined how easy it is to model a business case using a given 

conceptual model (e.g. (Bock and Ryan, 1993; Kim and March, 1995; Batra, et al., 1990; 

Shoval and Even-Chaime, 1987)), and how easy it is to read a model (an instance of a 

conceptual model) and understand its contents (e.g. (Shoval, 1996, Palvia, et. aL, 1992; 

Kim and March, 1995; Hardgrave and Dalai, 1995)). (Shoval and Frumermann, 1994) 

propose that user comprehension of conceptual model schemes is a desirable attribute and 

compare it for the OO model and the extended ERM (EERM). (Hardgrave and Dalai, 

1995) compare the OO models and the EERM for model schema understanding, the time 

taken to understand the schemas and perceived ease of use. (Sheng and Higa, 1995) 

compare the Structured Object Model (SOM) and the EERM for design accuracy, design 

speed and learning speed. (Batra, et. al., 1990; Batra and Srinivasan, 1992; Srinivasan, 

1992; Palvia, et. al., 1992; Kim and March, 1995) all present excellent summaries of past 

studies in the evaluation of conceptual data models along different criteria. 

One attribute of conceptual models that this work focuses on is completeness. Previous 

work on evaluating the completeness of conceptual models can be broadly divided into 

two categories: theoretical and empirical. There are two approaches when evaluating 

completeness theoretically. First, a taxonomy or specification is built for the class of 

models under consideration. The models are then evaluated with regard to the 



specification. Using this approach, Amberg (1996) specifies a guiding set of principles 

that can be used to evaluate conceptual models, and analyzes the LOVEM-E/IBM model. 

Wand and Weber (1995) use an ontology of systems proposed by (Bunge, 1979) and 

propose how information systems can be analyzed using this ontology. A second method 

of theoretical evaluation involves mapping the conceptual models in the target set 

(consisting of conceptual models that need to be evzduated for completeness) to a generic 

model, which is different from a specification or ontology. E.g. (Hofstede, et. al., 1996) 

propose a formal framework, based on category theory (Barr and Wells, 1990) that can be 

used to analyze conceptual data models. Along similar lines, Olive and Sancho (1996) 

propose a formal execution model founded on deductive logic, that can be used to 

analyze the behavior of conceptual models that combine data and processes. 

A theoretical approach to evaluating completeness offers the advantages of being easily 

applied in terms of time and effort, and of yielding absolute cmswers (i.e. answers 

independent of a particular empirical situation) about the completeness of conceptual 

models in the target set. However, it has two disadvantages. First, there is no guarantee 

that the theoreticzil framework being used is not biased in favor of one or more models in 

the target set. Thus, a conceptual model in the target set, that is based on the content 

specification being used, will certainly conform more completely to the specification (and 

hence be more complete as measured by that specification) than other models in the target 

set not based on the specification. Rather than use an artificial fiamework (such as the 



content specification), it may be better to use real-life user requirements as the guideline 

for determining the completeness of the models in the target set. Second, it may not be 

possible to create a satisfactory theoretical framework that can measure the degree of 

equivalence of models that model reality in orthogonal ways. E.g. it would be very 

difficult to build a theoretical framework that can effectively establish whether the 

components in, say, the DFD model are equivalent to the components in, say, the ERM. 

Hence, it is difficult to build a theory that can determine whether the ERM can model 

every aspect of reality modeled by the DFD model (or vice-versa). An empirical 

approach to measure the completeness of conceptual models provides two advantages: 

there is no need to map the models in the target set to a unifying framework, and there is 

no need to assimie that a particular ontology or content specification is representative of 

the real world. 

We next examine previous empirical work in evaluating the completeness of conceptual 

models. Our survey reveals that completeness has usually been subsumed in some other 

explicitly defined and measured construct. Thus, the definition of correctness of a model 

(the degree to which the model represents a natural language description of the situation) 

(Batra and Davis, 1992) appeared to include aspects of completeness. Batra, et. al. (1990) 

compared the relational (Codd, 1970) and the EERM (Teorey, et. al. 1986) data models. 

Novice users had to read a case and model it using one of the models. Correctness, the 

main dependent construct, was defined as the degree to which a data model represents the 



same semantics as a natural language description of the situation. A grading scheme was 

used to judge the correctness of each facet, but there was no overall score. The case used 

was borrowed from literature. Introductory MIS students were used and the correctness of 

each solution was graded independently by 3 graders. 

Palvia, et. al. (1992) compared data structure diagrams, the ERM and the OO model 

along 17 constructs. The level of detail construct referred to the amount of detail that 

could be incorporated into the conceptual data model. The flexibility of design construct 

referred to the ability of the conceptual model to model different environments. Both 

these constructs capture some aspects of completeness. Each construct was measured 

using one question that asked the subject to mark his / her perception about the model on 

a 5 point Likert scale. The survey sample consisted of 36 graduate students. 

Braudes and Sibert (1991) proposed a conceptual model that could be automatically 

checked to see that all objects in the model were properly defined, and that all objects 

have a purpose (e.g.. an attribute describes at least one entity). However, no checking was 

done to see if any additional objects should be contained in a schema. Thus, the design 

automatically checked for syntactic completeness {e.g., an attribute must always be 

associated with at least one entity) but not semantic completeness {e.g., some aspects of 

the real-life situation are not being captured). A significant part of Kim and March 

1995)'s description of the process of validating a conceptual model required that users 



point out discrepancies between a model and their own (incomplete) view of reality. The 

discrepancy construct was measured based on the number of errors and types of errors 

identified {e.g. errors in entities, relationships or attributes). Again, no attempt was made 

to measure whether a model captured more aspects of reality than another. In another 

study, Hardgrave and Dalai (1995) assert that previous work on evaluating the object-

oriented paradigm has focused on model correctness-, the database modeler's ability to 

create models from a written description. 

While many works implicitly include completeness as part of a dependent construct, there 

is very little research that explicitly develops completeness as a separate construct, and 

that tries to measure iL Chaves and Carvalho (I996)'s expressiveness construct appears to 

be very similar to completeness. A significant part of this construct includes the extent to 

which a conceptual model can represent reality. The complexity of each model (as 

measured by the number of elements and the number of different types of each element) 

was used to measiure expressiveness. Moynihan (1996) also measured a construct that 

appears to be very similar to completeness. Business executives were shown a natural 

language description of an artificial situation and then both an object-oriented model and 

a functional model of the case. They were then asked to evaltiate the models. The 

dependent construct was critique of content, and it was measured as follows; the subjects 

stated that some content was missing from the analysis; either the overall strategic 

implications of the model, or certain actual omissions that should have been modeled. 
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To the best of our knowledge, (Mantha, 1987) represents the only study that explicitly 

defined and measured completeness. They evaluated data flow and structured data 

techniques Tsichritzis and Lochovosky, (1982) for the relative completeness of data 

specifications that were produced by each approach. Completeness was defined to be the 

degree to which the model contained the elements needed to represent the elements of 

interest in the problem domain. A case was developed artificially and a standard (i.e., a 

list of all the elements of interest in the case) was developed. This was important because 

"what is "of interest" will determine the extent to which a specification is complete" 

(Mantha, 1987). Twenty systems analysts participated in the study. Their specifications 

were compared to the standard, and graded. The difference in scores was used to compare 

the completeness of the 2 models. 

Tables 2.9 and 2.10 summarize past theoretical and empirical work in evaluating the 

completeness of conceptual models. 

2.9 Conclusion 

In this chapter, we have surveyed literature in the areas of requirements for conceptual 

models, actual conceptual models, attempts to combine the data and process elements of 

conceptual models, attempts to incorporate time into CDMs, and past work on evaluating 

conceptual models, especially in the area of completeness. This dissertation uses ideas 
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from all these areas. In the next chapter, we describe a comprehensive content 

specification for GWMs. 

Reference Important Features 
Wand and Weber (1995) -Use an ontology as a benchmark to 

evaluate information system models 
Amberg(1996) -Specify a guiding set of principles to 

evaluate conceptual models 
Hofstede et. al. (1996) -Propose a framework based on category 

theory to analyze CDMs. 
Olive and Sanchez (1996) -Propose a formal execution model to 

analyze the behavior of CDMs and CPMs. 

Table 2.9 Past theoretical work that evaluates the completeness of conceptual 

models 

References Paper Important Features 
Mantha (1987) -Defined and measured the completeness of 

specifications produced using data structure 
v/s data flow techniques 

Batra, et. al. (1990) -Compared the relational model and EER 
model for correctness 

Palvia et. al. (1992) -Compared the ERM, OOM and data 
structure diagrams for level of detail. 

Chaves and Carvalho (1996) -Measured the expressiveness of EER 
model, NIAM and 00 model schemas 

Table 2.10 Past empirical work that evaluates the completeness of conceptual 

models 
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CHAPTERS 

A COMPREHENSIVE CONTENT SPECfflCATION FOR 
CONCEPTUAL WORKFLOW MODELS 

3.1. Introduction 

Process models have traditionally been used to model software processes (Curtis, et. al. 

1992). Recently, attention has turned to modeling business processes (or workflows), 

with an aim to either reengineer business processes or to provide automated workflow 

management (Attie, et. al. 1993; Georgakopoulos, et. al. 1994, 1995; Joosten, 1994, 1995; 

Ellis 1996). Most work in this area (e.g. Shoval, 1991) has entailed extending existing 

process models, which were used earlier primarily for software processes. 

While a large number of process models (over a hundred) exist (Olle, et. al, 1986), 

adapting any of these to model business processes poses two problems. The first is that 

different models model different facets of a system (Curtis, et. al. 1992). Thus, Booch 

(1994) advocates the use of class diagrams, object diagrams, state transition diagrams and 

physical diagrams to model different aspects of a system. Barker and Longman (1992) 

also advocate different models (dependency charts, fimctional hierarchy charts, data flow 

diagrams (DFDs), etc.) for modeling different aspects of a system. Martin (1985) 

recommend decomposition diagrams, dependency diagrams, entity-relationship diagrams, 

state transition diagrams, and OFDs to model different aspects of business processes. The 

second is that business workflows contain concepts not found in software processes (e.g.. 



physical objects, roles, etc.). Traditional process models caimot represent these new 

concepts, and hence traditional process models, while sufficient for traditional software 

processes, model business workflows inadequately. Many commercial tools based on one 

or more of these models exist for modeling and managing business processes 

(Georgakopoulos, et. al. (1995) provide an extensive listing of these). However, many of 

these tools either also use different models to model different aspects of business 

processes (E.g., (Booch, 1994)), or alternately, arbitrarily extend these models in their 

software, without any attempt at formality. Many of these models were formulated 

initially in the late 1970's and early I980's, and researchers have recently tried to add 

formal extensions to these models (Kung, 1991; Tao and Kung, 1991; Ward, 1986). 

However, once again, none of these extensions result in a model that comprehensively 

captures all aspects of a business process. One of the requirements of a model is that it 

should be easy to use (Curtis, et. al. 1992; Kramer and Luqi, 1991). The fact that a model 

can only model some perspectives of a business process leads to a situation where many 

(often complicated) instances of different models have to be integrated to form a 

complete conceptual view of the business processes. This has resulted in low ease of use 

for users, and low acceptance of models by industry (Bajaj and Ram, 1996a). 

These two problems can be easily solved if a comprehensive conceptual business process 

model exists, that models all perspectives of a business process, and that allows 

representation of these new concepts (Bajaj and Ram, 1996b). As a first step towards 
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building such a CWM, we propose a content specification that would need to be satisfied 

by such a model. Each dimension of our framework represents a need that should be 

fulfilled in order to model a business process. This content specification makes two 

contributions. First, it serves as a framework to analyze and compare existing models, 

based on their content and which perspectives of a business process they model. Second, 

it is a useful guideline for developing a conceptual business process model. We 

demonstrate the use of the specification as a tool for analyzing existing process and 

business process models. We analyze the DFD model, the DDEFO model and the ARIS 

model (see chapter 2 for a description of each) using the specification. 

The rest of this chapter is organized as follows. In section 3.2, we use the requirements 

identified from literature in chapter 2, to justify a content specification for a 

comprehensive workflow model. In section 3.3, we demonstrate the use of this 

specification as a framework for detailed analysis and comparison of two well known 

process models (DFDs and IDEFO) and a well known business process model (the ARIS 

Toolkit). 

3.2. A Content Specification For CWMs 

We divide our specification into broad dimensions such as system, state, space, time, 

etc. These dimensions are chosen based on previous requirements (described in 
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subsections 2.2 & 2.3). Within each dimension are listed the actual sub-dimensions 

pertinent to that dimension. 

3.2.1. System 

•The model must define what an entity is in the system, and how it is recognized. E.g., 

an entity could be defined as a logical object that is different from other objects. 

• The model must be able to clearly distinguish between entities in the system, and those 

outside the system. E.g., DFDs use external entities to model entities outside the system. 

• Entities must be able to take on one of many different roles. The set of possible roles 

could be predefined in the model. Examples of roles are; agent, resource, responsible 

agent, customer, performer, etc. A role would be the part the entity plays in a workflow. 

• Entities must be distinguishable into artifacts (non-human physical objects/ 

information entities (non-human, non-physical objects), or humans. 

3.2.2 State 

• The model must define what it means by state type. E.g., the "attributes" of a collection 

of entities may make up a state jype, and values of attributes of all these entities might 

constitute a state instance. 

The definitions should be verifiable, and unambiguous (i.e., the analyst should be able to 

tell what state type the system is in, and what state_instance it is in). 
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3.23. Space 

• The model should be able to capture the spatial location of entity instances in the 

system. 

• It should support a measure of spatial distance, and be able to model spatial 

constraints based on this measure. E.g., it should be able to model the fact that a milling 

machine can never be more than 50 meters from a lathe. 

3.2.4. Time 

• The model should be able to capture the temporal location of state instances in the 

system. Thus, a state instance will occur at a particular time, which will be its location 

on the temporal dimension. 

• It should support a measure of temporal distance, and be able to model temporal 

constraints based on this measure. E.g, An instance of state jype SI must not lag behind 

an instance of state type S2 by more than 6 hours. 

3.2.5. Transformation / Transportation / Storage 

• The model should support the notion of three activity types: an activity-type that 

transforms the value of a state type, an activity type that transports entity types 

through space and an activity type that transports state types through time (storage). 

This is based on the idea proposed by Opdahl and Sindre (1994), where processes, flows 

and stores respectively support the 3 aspects of transformation, transportation and 



91 

Storage. Transportation is the movement of entity types through space, transformation is 

the transformation of the properties of entity types and state types and storage is the 

transportation of state types through time. E.g., Activity type AI transforms state type S. 

An instance A1 of A may then transform instance SI of S to instance S2 of S. 

3.2.6. Sequencing And Control Flow 

Much of the workflow literature describes sequencing and control flow dependencies at 

the transaction level, which is lower than the conceptual level. Some conceptual process 

models surveyed in chapter 2 identify requirements at the conceptual level. We list 

requirements for sequencing and control flow that should be supported at the conceptual 

level (independent of how it is implemented at lower levels). 

• The model should support sequencing of a set of activity types. 

• It should support the atomic execution of a set of activity types. Thus, either all the 

activity types in an atomic set will occur, or none will occur. 

• It should support concurrent execution of a set of activity types. 

• It should support either / or execution between two or more sets of activity types, based 

on a predicate (similar to the "switch" statement in programming languages). 

• It should support while and repeat-until flow on a set of activity types, also based on a 

predicate. 

Note that the above specifications subsume the concept of triggers (execution of an 

activity based on a predicate). 



3.2.7. Decomposition 

We first briefly summarize a theory of "good decomposition" developed by Wand and 

Weber (1991). Their theory identifies static and dynamic components of a system. A 

proper static component is one with no internal transitions, and hence one whose state 

variables are only changed by external stimuli. A dynamic component is well-behaved if 

and only if there is a deterministic stable state from each possible state of the dynamic 

component A proper dynamic component is one which is well behaved, and in which 

certain state variables are altered by the environment and certain other state variables are 

altered only by internal events. There is no shared state between the environment and the 

proper dynamic component, i.e. there is no state variable in a proper dynamic component 

that can be altered by both the environment and internal events. Thus, an external 

stimulus can never be cancelled out by an internal event. A state preserving 

decomposition is one in which, informally, no state information is lost. According to this 

theory, a good decomposition is one which is state preserving, where each component is 

proper and where there are no redundant state variables for any component. 

Based on our survey of existing research, all existing models explicitly support 

decomposition only along a descriptive dimension. Temporal and spatial decompositions 

are usually subsumed in the descriptive decomposition and hence can only be informally 
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modeled. In our view, temporal and spatial decomposition of states and activities occur 

often enough (and also usually require difTerent Q^s of system support at the 

implementation level) that they should be explicitly supported at the conceptual level. 

This is reflected in the decomposition requirements in our specification. We now describe 

the requirements for decomposition in a conceptual workflow model. 

• Entities: 

The decomposition of entities must be supported. E.g. a document must be decomposable 

into its sections, which are themselves entities. The rules for this decomposition must be 

clearly stated, and the decomposition should be a "good" decomposition as defined 

earlier. E.g. The decomposition of a relational schema in relational database design (to 

yield normal forms) is a "good" decomposition, with clearly stated rules. 

• States: 

Many existing process models support either no decomposition of state (e.g. DFDs), or 

the decomposition of state only along one dimension (e.g. activity graphs in (Falkenberg, 

et. al., 1991)). That is because these models do not formally support spatial location and 

temporal location as elements of state. Since "state" in the real world consists of spatial 

location, temporal location as well as other descriptive state variables, we propose that 

the decomposition of state should be supported along three different dimensions: a 

descriptive, a spatial as well as a temporal dimension. Supporting these 3 dimensions 



explicitly in the conceptual model also allows for easier mapping to the implementation 

level. E.g. a spatial decomposition of state will only involve a constraint on the spatial 

descriptors of the composite as well as the component state types, and so on. The three 

dimensions of state decomposition that should be supported are described next. 

The model must support the decomposition of state jypes. The rules for this must be 

structured so a "good" decomposition occurs along each dimension. 

Descriptive substates: If an overall state type is used to describe a part of the system, it 

should be possible to decompose this overall state type along descriptive substate types. 

E.g., An automobile assembly line can have an overall statetype, say, 

"state_of_assembly_line" and this overall state type may be further described by the 

descriptive substate types: "cars output rate", "defects_output_rate" and 

"worker morale". Thus, state types are decomposed in this dimension on a purely 

descriptive basis. 

Spatial substates: The model should support the decomposition of state Jypes along the 

space dimension. E.g., it should be able to represent the state type of the whole office, as 

well as the substate type of different cubicles spatially located in the office. State types 

are decomposed in this dimension on a purely spatial basis. 

Temporal substates: The model should support the decomposition of state types along 

the time dimension. E.g., it should be able to represent the state type of the assembly line 

across a week (maybe by using an average measure for the week), and this state type can 



be decomposed into substatejypes that represent the state of the assembly line for a day. 

These substatejypes can be fiirther decomposed into substatejypes that represent the 

state of the assembly line for an hour, etc. State jypes are decomposed in this dimension 

on a purely temporal basis. Note that this is different from transporting a state type 

across time, as described in section 3.5. In the latter case, no decomposition of state types 

takes place. 

• Activities: 

Many models support the decomposition of activity Jypes along the descriptive 

dimension (e.g. DFDs support the decomposition of processes along one dimension). In 

models like activity graphs (Falkenberg, et. al., 1991) which support both activity and 

state decomposition, the decomposition of activities and states corresponds. Thus, if a 

state decomposes into its components, then the activity that transforms the "parent state" 

also decomposes automatically into activities that will transform the "child" states. The 

first decomposition of activity jypes must then correspond to that of state Jypes, as 

described earlier. In addition to the 3 dimensions corresponding to state decomposition, 

we identify two more "common case" occurrences of activity type decomposition, related 

to space and time, that occur often enough in real-life so that they should be formdly 

supported in a conceptued model. Thus activity type decomposition must be supported 

along 3 broad dimensions, one of which relates to state decomposition, and the other 2 to 

space and time. These dimensions are described next. 
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The model must support the decomposition of activity types. The rules for this must be 

structured so a "good" decomposition occurs along each dimension. 

—Decomposition of activity types that transform stateJypesi 

Subactivity types acting on descriptive substate types-. This would be a decomposition of 

activity types on a descriptive dimension. E.g., An overall actrvity type might transform 

the state type "state o^assembly line" and its descriptive subactivity types will 

transform the descriptive substate types "cars_output_rate", "defects_output_rate" and 

"worker morale". 

Subactivity types acting on spatial substate types: This is a decomposition of 

activity types on a spatial dimension. Thus, if an activity Jype A transformed a state type 

S, the spatial subactivity types of A would transform the spatial substate types of S. 

Subactivity types acting on temporal substate types: This is a decomposition of 

activity types on a temporal dimension. Thus, if an activityjype A transformed a 

state Jype S, its temporal subactivity types would transform the temporal substate types 

of 5. 

Note that the decomposition of activity types that transform state types corresponds to 

the decomposition of statejypes described earlier. In addition to activityJypes that 

transform statetypes, we have two more activity Jypes, whose decomposition is 

described below. 
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—Decomposition of activity jypes that transport entities through space: 

If an activity type A transports a set of entities through space distance L, then its 

subactivity types may transport a subset of these entities through L. 

Another type of decomposition in this dimension would be subactivity types of A that 

transport the entire entity set through distances L, ... such that L, + L, 

L™=L. 

—Decomposition of activity types that transport state types through time: 

If an activity type A transports a state type S through a time distance T, then its 

subactivity types transport S through time distances T,...T„ such that T, + T,... + T„ = T. 

Note that A can also be decomposed into subactivity types that act on substate types of S, 

but this has already been described earlier. 

• The model should have atomic constructs that signify the end of a decomposition. E.g., 

primitive activity types might signify the end of activity types decomposition for a 

system. 

3.2.8. Constraints And Axioms 

The list of constraints that we propose is based on requirements gleaned from literature as 

well as our own experience with business workflows. It is not exhaustive, nor is support 

for all the constraints necessary. We attempt to list only those constraints that will be 
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required in a variety of situations. However, the list is based on our subjective judgment, 

and not on any objective research. 

The model should support the following constraints: 

• availability of resources; 

• real-time constraints for activity types and state types (e.g., a state instance can exist 

only for a certain time period); 

• spatial constraints, as described earlier; 

• temporal constraints, as defined earlier; and 

• state type constraints. E.g., The state type: "working state" for a researcher can never 

have a "vacation" state instance. 

• The model must explicitly use axioms that make any instance of the model 

unambiguous, and that show if the instance of the model is correct. 

• The model must be specified in a language with well defined rules, that allow the 

derivation of new rules from axioms. E.g., the model may be specified using a language 

based on predicate logic. 

3.2.9. Advanced Analyses 

The list of advanced analyses that we propose is based on requirements gleaned from 

literature and our own experience with business workflows. It is not exhaustive, nor are 

all the analyses necessary. We attempt to list only those analyses that will be required in a 
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variety of situations. However, the list is based on our subjective judgment, and not on 

any objective research. 

The model should support analyses that show: 

• if a state type is reachable; 

• whether deadlock is possible; 

• whether or not a particular model specification is optimal, based on pre-defined criteria 

(e.g., does the model specification consume the minimum resources to achieve the final 

state?); 

• whether a process will ever go into an infinite loop; and 

• whether a certain sequence of activity types will ever cause a race condition. 

The dimensions and sub-dimensions for the content specification are summarized in 

figure 3.1. 

3.3. Using The Content Specification To Analyze Existing Process And Business 

Process Models 

We now show how our content specification can be used to analyze and compare existing 

process and business process models. DFDs are considered intuitively appealing and are 

popular (Opdahl and Sindre, 1994). We first analyze this model. There are also a lot of 

commercial models available based on the IDEFO model (Laamanen, 1994). We examine 

both these process models. The intention is not to criticize either of these models, but to 

demonstrate the usage of our specification as a firamework for analysis and comparison. 
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We also analyze a subset of the Architecture of Integrated Information Systems (ARIS) 

model, proposed by (Scheer, 1992, 1994a, 1994b) for business process modeling. The 

ARIS model is a good representation of a fairly comprehensive business process model 

and has also been commercially successful (Scheer, 1994a). The intention is not to 

criticize any of these models, but to demonstrate the usage of our specification as a 

framework for analysis and comparison. 
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3 J.l. Data Flow Diagrams 

In their basic form, DFDs (DeMarco, 1978; Gane and Sarson, 1982) consist of activators 

(processes, external entities and data-stores) and dataflows. A short, and by no means 

complete list of axioms that are used to ensure consistency in the DFD model is shown in 

table 3.1. 

•  Each dataflow must have one source and one destination.  
•  DFDs may have cycles but no point  cycles.  
•  DFDs cannot have isolated activators,  which have no flows 

connected.  
•  Data stores and external  enti t ies have to be mutually dist inct  (as 

do processes).  
•  Each dataflow m ust  have a process at  at  least  one end of i t  
•  Any activator connected with only one flow has to be an 

external  enti ty 
•  Processes can be hierarchically decomposed,  but i t  has to be a 

str ict  t ree hierarchy (i .e .  part ial  order + only one parent)  
•  If  a  dataflow exists  at  different levels,  i t  must  follow the 

hierarchy,  i .e .  the dataflow at  a lower level  can occur between 
two activators iff  i t  occurs at  a  higher level  between ancestors of 
the activators.  

Table 3.1 Some axioms in the DFD model 

Let us see how our framework can be applied to this model: 

System: We see that DFDs support the notion of entities outside the system (external 

entities) and inside the system (dataflows). There is no concept of roles. They do not 
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distinguish between entities (all internal entities are considered to be information 

entities). 

State: The state is represented by dataflows. Thus, a dataflow plays the part of both, an 

internal entity and the state type of the entity. E.g., a dataflow called 

"unsigned_purchase_order" may go to a process called "purchaser", who may sign it and 

a dataflow called "signed_purchase_order" (the same entity in a new state) will emanate 

from the "purchaser'. 

Space and Time: None of the sub-dimensions of the space or time dimensions are 

explicitly supported by DFDs. However, they could be informally mentioned in the 

descriptions of the dataflows. E.g., "unsigned_order_in_purchase_dept." captures the 

spatial location of the purchase order. 

Transformation/transportation/storage: In DFDs, processes transform flows. They could 

also potentially be used to transport flows through space. E.g., A process called 

"move inforaiation" may transport a flow called "customer_data" across a computer 

network. Data-stores are used to transport flows through time. Note that it is not possible 

for a flow to be simultaneously transported through time and be transformed or 

transported through space (since data-stores are not processes). It is, however, possible 

for a flow to be transported through space, and transformed at the same time (since both 

these fimctionalities are served by processes). 
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Sequencing / Control Flow. DFDs only support the notion of sequencing. The sub-

dimensions of atomic execution, repetition, either/or, while/repeat and concurrent 

execution are not supported. 

Decomposition: Traditionally DFDs allow only the decomposition of processes. Since 

dataflows model entities and states, the decomposition of these is not explicitly 

supported. However, the decomposition of activity types (processes) is very well 

supported. The only activity jype whose decomposition is not well supported is one that 

transports state types through time (since these are modeled using data-stores). Thus, 

processes can be decomposed in ways that support all the decomposition requirements of 

activity types described in section 3.7, except for the decomposition of activity types that 

transport state types through time. E.g., an ovenill process may transform a dataflow 

"insurance claim". Its decompositions may transform the dataflows: 

"accident_description" and "repair cost estimate". Thus, in a sense, the fact that the 

decomposition of most activity types is explicitly supported and strictly hierarchical, 

implies that the decomposition of state types is implicitly supported and is also strictly 

hierarchical. Finally, DFDs do support the notion of primitive processes, that signify the 

end of a decomposition. 

Constraints and Axioms: DFDS do not explicitly support constraints modeling resource 

scarcity, real-time constraints, spatial constraints, temporal constraints or state type 

constraints. The axioms in DFDs do make instances of DFDs unambiguous. However, 
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traditionally DFDs were not formulated in a language that allowed derivation of new 

rules &om axioms. 

Advanced Analyses- DETDs do support reachability (by modeling a DFD instance as a 

directed graph, where every dataflow is a node, and every process an arc, it is possible to 

determine reachability of a dataflow). They do not support analyses for deadlock, 

optimality, infinite loops or race conditions. 

We now examine some extensions and enhancements to the DFD model, and see how 

they fit in our framework. Falkenberg, et al. (1991) proposed a formal specification of 

DFDs in a language based on predicate logic. This clearly meets the previously 

unfulfilled requirement that a model must be specified in a language that is formal and 

allows derivation of rules from axioms. Kung, (1991) proposed a formal decomposition 

for processes in DFDs, again using predicate logic as the base language. Tao and Kung 

(1991) also proposed a formal specification for DFDs, based on set theory. Ward (1986) 

proposed extensions to DFDs that met requirements in the sequencing / control flow and 

the time dimensions of our framework. Our examination of DFDs has shown that the 

dataflow concept (as well as the process concept, to a lesser degree) is overloaded. 

Opdahl and Sindre (1994) describe extensions to DFDs that reduce the overloading of the 

dataflow concept somewhat, in that dataflows and predicate conditions are modeled 

separately. 
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3 J.2 The IDEFO Model 

The IDEFO model (Laamanen, 1994) consists of boxes, that represent the system's 

functions and arrows that represent one of: inputs, outputs, controls or mechanisms, to 

support the function. A short, and incomplete, list of axioms that are used to ensure 

consistency in the IDEFO model is shown in table 3.2. 

• Input, output and control arrows can only have cxiedrecticin (input and control arrows go inK> the 
box, \MiiIe output arrows cone out of the ixDc 

• There can be multiple arrows ofat^ one type fer a fiirction. 

• Mechanism arrows that come into the box identify the means 1^ which a function perferms inputs to 
outputs. Outward anows (call arrows) signify that the decomposition at the present level of 
abstraction is complete, but that fiirther details can be fiiund in lower levels. 

All child cfie@Bms must have at least 3 and at most 6 sub fuvtions. 

• Boxes (functions) can be deconposed, followb^ a strict tree hierarchy. 

• Anows are viewed as conduits containir^ other arrows. At ar^ point, the appropriate detail can be 
shown, tydeconpGsingorgroi|}ingorboth 

• Onceananrowbeloi^toafiiiction, itcanonlybelongtothefiinction,aduldoranancestor. 

• Anows can beloi^ to niiltiplefunctk]ns(e:g. input to one finction can also be input to another 
flnction). 

• Arrows can pl^muhiple roles, eg. output fiom a fimction can be input to another finction. 

Table 3.2 Some axioms in the IDEFO mode! 

Let us see how our framework can be applied to this model: 
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System: Entities in IDEFO are modeled using arrows. They can take on one of 4 roles: 

inputs, outputs, controls and mechanisms. Entities external to the system are not modeled. 

Entities may be artifacts, information entities or human artifacts, as long as they play one 

of the 4 roles. 

State: The state is represented by arrows. Thus, arrows represent both the entity and the 

state type of the entity in IDEFO. E.g., "imresolved_operational_issues" may be an input 

to a box, and the output may be "resoIved_operational_issues", which represents a new 

state instance of the implicit state type "operational_issues_status". 

Space and Time: The sub-dimensions in the space and time dimensions are not explicitly 

modeled in IDEFO. However, as in DFDs, it is possible to capture some aspects of space 

and time in IDEFO. E.g., the input to a box may be "document_at_location_X", the box 

may be: "move_document_to_Y", and the output may be "document_at_location_Y". 

Transformation / transportation / storage: In EDEFO, boxes can be used to transform 

input arrows. They can also be used to transport input arrows through space (if the input 

arrows represent entities), or through time (if the input arrows represent states of entities). 

Sequencing and control flow: IDEFO models sequencing of functions. However, atomic 

execution, repetition, concurrent, either / or and while / repeat execution are not 

supported. 
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Decomposition: In IDEFO, decompositioa is primarily done along the box (fimction) 

dimension. This means that activity type decomposition is the primary decomposition. In 

addition, decomposition and aggregation of arrows (in the form of "forking") is 

supported, although "it is still unclear as to the proper implementation of a fork arrow" 

[Laamanen (1994)]. Thus, the decomposition of entities and states is not well supported 

(since arrows represent these). We do not mention examples here, but it should be clear 

that, since boxes can represent all the activity types in our framework, and since their 

decomposition is well supported, activity type decomposition is supported along all the 

sub-dimensions in that dimension, in our framework. Also, as we saw for DFDs, it is 

possible to model statejype decomposition implicitly, by decomposing activity_types-

The IDEFO model does model the end of decomposition (boxes that do not have 

downward arrows emanating from them are not fiirther decomposed). 

Constraints and axioms: IDEFO does not explicitly support constraints modeling resource 

scarcity, real-time constraints, spatial constraints, temporal constraints or state type 

constraints. The axioms in IDEFO make an instance of IDEFO unambiguous. However, 

like DFDs, IDEFO is not formulated in a language that allow derivation of rules from 

axioms. 



108 

Advanced Analyses'. IDEFO does support reachability (by modeling an IDEFO instance as 

a directed graph, where every input and output is a node, and every box an arc it is 

possible to determine reachability of an input or output). It does not support analyses for 

deadlock, optimality, infinite loops or race conditions. 

3.3.3. The ARIS Model 

The ARIS model was proposed by Scheer (1992) and can be used to model an enterprise. 

It models four broad perspectives of an enterprise: a functional view, a data view, an 

organizational view and a control view. These have been briefly described in section 2.3. 

Since ARIS is a large and complex model with many different views of the enterprise, we 

select a small section of the model to analyze for demonstration purposes. The section 

comprises a large part of the data and function views in ARIS. The data view in ARIS is 

modeled using an extended ERM (EERM) and the functional view is modeled using a 

hierarchy of processes. The order of processes is captured using process branches and 

loops. A short and incomplete list of axioms that govern the data and the functional views 

are given in table 2. 

Let us see how our framework can be applied to this model: 

System: We see that the ARIS model supports the notion of entities in the system and 

relationships between them. It does not distinguish between entities inside the system and 

outside. There is no concept of roles. All entities in ARIS are considered to be 

information entities. 
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• Entities, attributes and relationships are supported 

• Cardinalities of relationships is supported 

• The generalization / specialization of entities is allowed 

• The aggregation of relationships to form higher order relationships is allowed 

• Existential dependencies between entities (the weak - entity concept) is supported 

• An entity type called "Time" with attribute "date* is defined and entities have a 

relationship with this. 

•Processes are hierarchically decomposed along a tree, and primitives are defined 

arbitrarily. 

• Processes can be sequenced, branched, and looped to form process sequences. 

• Events cause and are caused by processes. One and / or more events can cause one 

and / or more processes, which could in turn lead to one and /or more events, and so on. 

Table 33 A limited version of the ARIS model 

State: State is not explicitly modeled, but a state instance can be considered to be 

represented by the values of entities' attributes. 

Space and Time: None of the sub-dimensions of the space or time dimensions are 

explicitly supported in ARIS. An entity type TIME is defined (often with the attribute 

date). But this entityJype is treated no differently from other entityJypes. Space and 

time could be informally mentioned in the descriptions of the entities. E.g.. 

"unsigned_order_in_purchase_dept." as an entity captures the spatial location of the 

purchase order. 
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Transformation/transportation/storage: In ARIS, processes transform entities. They 

could also potentially be used to transport entities through space. E.g., A process called 

"move_unsigned_purchase_order" may delete an instance of 

"unsigned_order_in_purchase_dept" and create an instance of the entityjype 

"unsigned_order_in_manager's_office". Processes could conceivably also transport states 

through time. E.g. A process can destroy one instance of entitytype 

"unsigned_order_at_start_o^ear" and create an instance of entitytype 

"unsigned_order_in_middle o^ear". Note that all this support is informal and 

determined by the modeler. There is no implicit support for space or time in the model. 

Sequencing / Control Flow. ARIS supports the sub-dimensions of sequencing, repetition, 

either / or, concurrent and while / repeat. The sub-dimension of atomic execution of a set 

of processes is not supported. 

Decomposition: ARIS supports the strictly hierarchical decomposition of processes but 

not of entities (and hence not of states). Translated to our framework, the decomposition 

of activityJypes is supported but not of entity types or state types. E.g., an overall 

process may transform an entity type "insurance claim". Its decompositions may 

transform the entity types: "accident information" and "repair_cost_estimate". Thus, in a 

sense, the fact that the decomposition of activityJypes is supported and strictly 

hierarchical, implies that the decomposition of entity Jypes and state Jypes is informally 

supported and is also strictly hierarchical. Finally, ARIS does support the notion of 

primitive processes, that signify the end of a decomposition. 
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Constraints and Axioms: ARIS does not explicitly support constraints modeling resource 

scarcity, real-time constraints, spatial constraints, temporal constraints or stateJype 

constraints. The axioms in ARIS do make instances of ARIS unambiguous. However, to 

the best of our knowledge, ARIS has not been formulated in a langu^e that allows 

derivation of new rules from axioms. 

Advanced Analyses: ARIS does support reachability of state (by modeling a process flow 

diagram instance as a directed graph, where every entity is a node, and every process an 

arc, it is possible to determine reachability of an entity and hence a state). ARIS does not 

support analyses for deadlock, optimality, infinite loops or race conditions. 

33.4. Differentiating Between The 3 Models 

System: DFDs support external entities. IDEFO supports roles and different types of 

entities. ARIS supports information entities and relationships with no support for external 

entities or roles. 

State: We find that dataflows in DFDs, arrows in IDEFO and entities and relationships 

(both with attributes) in ARIS are overloaded to model both entities and states. 

Space and Time: This is not formeilly supported in any model. 

Transformation /transportation /storage: In DFDs, processes are used to transform and 

transport, while data-stores are used for storage. In IDEFO, boxes are used for all 3 

aspects. In ARIS, processes are used for all three aspects. 



Sequencing / Control Flow. DFDs and IDEFO provide sequencing of processes. ARIS 

provides much more support along this dimension. 

Decomposition: All 3 models support activity type decomposition. None of the models 

supports the formal decomposition of entities or states. 

Constraints and axioms: All 3 models have axioms that signify correctness, and 

unambiguity of an instance of the model. 

Advanced Analyses: All 3 models allow analyses for reachability of state, but none of the 

other analyses are supported. 

The comparison between the 3 models is summarized in table 3.4. 

Dimension DFD IDEFO ARIS 
System External Information 

Entities, Dataflows 
Roles and different 
types of entities. 
Arrows 

Information entities 
and relationships 

State Dataflows Arrows Entities and 
relationships 

Space and Time None None None 
Transformation/ 
Transportation/St 
orage 

Processes, data 
stores 

Boxes Processes 

Sequencing/Cont 
rol Flow 

Sequencing Sequencing Sequencing and 
Control Flow 

Decomposition Activities 
decomposed 

Activities 
decomposed 

Activities 
decomposed 

Constraints and 
Axioms 

Have axioms Have axioms Have axioms 

Advanced 
Analyses 

Reachability of state Reachability of state Reachability of state 

Table 3.4 Comparison between the DFD, IDEFO and ARIS models 
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CHAPTER 4 

SEAM: A STATE-ENTITY-ACTIVITY-MODEL TO 
CONCEPTUALLY MODEL WORKFLOWS 

4.1. Introduction 

The need for a higher level process definition model has been accepted in current 

workflow management research. The Workflow Management Coalition (WFMC) 

consists of academic and industry researchers attempting to establish standards for next-

generation workflow management systems. A process definition model is part of the 

WorkFlow Management Coalition Glossary (1996), which is a state-of-the-art document 

describing current WFMC standards. 

In Chapter 3, we proposed a content specification for CWMs and demonstrated how it 

can be used to analyze and compare existing conceptual models in detail. The 

specification also reveals what is lacking in existing models when used to model business 

workflows. In this chapter, we present SEAM: a single conceptual workflow model, that 

can comprehensively model all aspects of a business process to provide a complete 

picture, and that can capture the additional concepts required by business processes (Bajaj 

and Ram, 1997). The rest of this chapter is organized as follows. In section 4.2, we 

present a formal definition of the components and semantics of SEAM. Finally, in section 

4.3, we illustrate the usage of SEAM by developing an example schema. 
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4.2 A Formal Definition Of SEAM 

We first describe the design philosophy behind SEAM in section 4.2.1, and then formally 

define the components and semantics of SEAM using relational theory in sections 4.2.2 -

4.2.5. SEAM is then specified as a context firee grammar in section 4.2.6. A graphical 

notation to depict SEAM is defined in section 4.2.7. 

4.2.1. Underlying Design Philosophy Of SEAM 

SEAM is a formally defined conceptual model, that can be used to capture workflow 

descriptions firom end-users. It borrows firom both data and process models, in order to 

model data and processes. SEAM's data modeling philosophy is similar to the Entity-

Relationship Model (ERM), with a few important differences. Since the ERM is used to 

represent static data, the relationship concept is used to represent both static relationships 

(e.g. entity class mother and entity class child form motherhood), as well as dynamic 

relationships (e.g. entity class researcher edits entity class journal). In order to explicitly 

model both static data as well as activities, in SEAM the relationship concept is split into 

a state concept and an activity concept. Also, the only descriptors in the ERM are 

attributes: entities and relationships are both described by attributes. In order to explicitly 

model time, additional descriptors are defined in SEAM for states, entities and activities. 

Like the ERM, SEAM supports cardinalities,except that it is between states and entities. 
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SEAM also supports the sub / superclass and aggregation abstractions as applied to 

entities and states (Smith and Smith, 1977; Teorey, et.al., 1986). 

Activities are used to model processes in SEAM. The control flow and sequencing of 

activities can be depicted. Similar to well known process models such the DFD model 

(DeMarco, 1978; Gane and Sarson, 1982) and the IDEFO) model (Laamanen, 1994), 

SEAM can be decomposed into successively more detailed levels. The lowest level is the 

primitive level. SEAM supports explicit decomposition of both states and activities. 

Having described the design philosophy behind SEAM, we next present its formal 

definition. 

4.2.2. The Formal Definition Of SEAM 

Fig. 4.1 displays the symbols that will be used when defining SEAM. 

4.2.2.1. Entity_types and Entity_type Descriptors in SEAM 

Entity type: An entity type is a set of entity instances, each of which is described by the 

same set of mappings (entity descriptors). With each entity Jype is associated a predicate 

that tests to see if an entity instance belongs to it. 

E  =  { e i  V / = 1 ... n} 
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Entity Attribute: An entity_attribute maps from an entity type into a value set or a 

cartesian product of value sets. 

Eat: E / Vf or V u X V12 X... X V in 

E: an entity type 
e: an entity instance 
S: a statfejype 
s: a state_instance 
A: an activity_type 
a: an activity_instance 
W: a workflow type 
w: a workflow instance 
E: the set of all entity_types in a SEAM scheme 
S: the set of all state_types in a SEAM scheme 
A: the set of all activitytypes in a SEAM scheme 
C: the set of all possible predicates on all the descriptors in a SEAM scheme 
a,A-: sets of activity_tjrpes participating in control-flow relations 

: the set of all a;A~ 
R^: set of positive real ntmibers 

Figure 4.1. Symbols Used in tiie SEAM Specification 

E Type: An e type describes whether the entity type is a himian, a physical artifact or an 

information entity. It is defined as a functional mapping from an entity Jype to the value 

seiV ty = {human, artifact, information} 

et: EI —• V ly 
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Entity time stamp: The time_stamp of an entity instance fixes its location in time 

(relative to the start of the workflow). It is defined as a flmctional mapping of an 

entity type to the value set consisting of positive real numbers. 

ets: £ / -> Vti where P// = {x | xe } 

Primary key: Each entity type has at least one minimal subset of entity attributes, say, P, 

such that the mapping firom this subset to the cartesian product of the corresponding value 

sets is a one-one mapping. The primary key for the entity_type is given by: 

P u ets (£ /) 

4.2.2.2. Statejtypes And Statejtype Descriptors In SEAM 

State_types in SEAM are very similar to relationship sets in the ERM. The main 

extensions that state_types bring to the relationship set concept are that state types come 

with a timestamp and semantics to maintain temporal consistency. Also, unlike 

relationship sets (which must be at least binary) state types can have just one entiy type 

belong to a state_type. 

State type-. A state Jype is a mathematical relation between n entity types. It is defined as 

an n-tuple of these entity types, with the constraint of temporal consistency: the 

time_stamps of all the entity instances that belong to a state instance, as well as the 

time_stamp of the state instance should fall within a particular length of time. 
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S i  =  { [ e i ,  e 2 ,  | e/ e El, e2 e £[, e2 e E2, 6 £„ A Vy = I ... n, sts(sj) -

ets(ej) <= +/- smi(sj)} 

We say that £/,..., En belong_to state type Si. Each tuple of the statejype relation is a 

stateJnstance. 

State attributes: A state_attribute maps from a statejype into a value set or a cartesian 

product of value sets. 

Sat: S i -> Vi or Vjj XVi2 X ... X Vi„ 

State time stamp: The state_time_stamp fixes the location of a state Jnstance in time 

(relative to the start of a workflow). It is defined as a functional mapping of a state type 

to a value set consisting of positive real numbers. 

sts: S i Vti where Vfj = {x | xe } 

Max interval: The max_interval for a statejype is the length of the temporal interval 

within which the entity_time_stamps of all entity instances, as well as the 

state time stamp of the corresponding state instance have to fall, so that the 

state instance represents a temporally consistent view of reality. It is a functional 

mapping from a statejype to the value set Vti 

sts: S i -> Vfi where Vfi = {x j xe R*"} 
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4.2.23. Activity_types And Activityjfype Descriptors In SEAM 

Activity type: An activityJype is a transformation that maps from a statejype to the 

state type itself. It is represented as an ordered binary relation on the state type, where 

the binary relation represents the possible initial and final state instance pairs that can 

occur, for an activity instance of the activity type. 

Ai = {sj„ sk & Si \ Sj is transformed to sk following a predefined logic ofAf: [sj„ s^, ]} 

Each element am e Aj is a tuple in this ordered, binary relation. If a^am) = 

"automatable", then a^ has to be a functional relation. We say thatyi/ acts_on 5/. 

A Type: The a_type of an activity type describes whether the activity type is fully 

automatable, non-automatable or mixed. A mixed activity type is one whose 

suhjjctivityjypes are either automatable, non-automatable or mixed. A type is a 

flmctional mapping from an activity jype to the set set V at ~ {automatable, non-

automatable, mixed}. 

at: Ai-^ Vat 

4.2.2.4. fVork/Iotvjtypes In SEAM 

In SEAM, a worl^owtype is defined as every activity jype that occurs at the highest 

level of a SEAM scheme. The activity instances of the activity jype are the 

workflow instances. We say that all the component activityjypes of a worl^ow type 

participatein the worfflowtype. 
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4.2.2.5. Cardinalities 

Similar to the ERM, the cardinality of a state type is a set of mappings from one 

entity type that belongs to the state Jype, to all other entity types that belong to the 

state type. Thus, a l:n mapping means that a single entity instance of the first 

entity type can belong_to many state instances, and a different entity instance of the 

second entity type belongs_to each of these state Jnstances. 

4.2 J. Decomposition And Precedence In SEAM 

4.2.3.1. Statejype Decomposition 

A state type can be decomposed into two or more state types that describe it in more 

detail. State type decomposition is defined as a relation between 2 state types, where the 

first is a component of the second. 

sdc CS1XS2 

V / e  s a y  d a a t  S 2  s u p e r s t a t e  S i  i f f  S i  s d c  S 2  v S i  = S 2  

4.2.3.2. Actmty_type Decomposition 

An activityjype can be decomposed into two or more activityjypes that describe it in 

more detail. Activityjype decomposition is defined as a relation between 2 activity jypes 

where the first is a component of the second. 

adc ^AiXA2 
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Ai adcA2 'iS'^Si ,82 such thatacts onS/a.42 2Cts_on52 a5/Ji/cS2 

W e  s a y  t h a t  A 2  s u p e r a c t i v i t y  A  i  i S A i  a d o  A 2 v A j  = A 2  

4.2.3.3. Entity_type Abstractions 

SEAM supports the well-known entityjype abstractions of generalization and 

aggregation. Generalization occurs when similar entity types are abstracted to form a 

higher-order, generic entity type. Aggregation occurs when two or more entity types and 

the state type that they belongjto are abstracted to form a higher level entity type. These 

abstractions have been defined and extensively discussed in the literature (E.g. Smith and 

Smith; 1977, Teorey, et.al., 1986; Ram and Storey, 1993) and hence are not defined here. 

4.2 J.4. Decompositioii Primitives 

A state type 5/ is a primitive state type if it does not have any component state types in 

the SEAM scheme. Thus, 5/ is a primitive stateJype iff only one entity _type £/ 

b e l o n g s  t o  5 /  v  - i 3  s t a t e  t y p e  S f  s u c h  t h a t  5 /  s u p e r s t a t e  S j .  

An activity Jype A [ i s  a. primitive if it does not have any component activity types in the 

SEAM scheme. Thus, is a primitive iff-.3 Ai such that A j superactivity Ai. 

Each primitive activity type is further described by a pseudo-code of operations on the 

descriptors of the state jype that it acts_on, and the entity types that belong_to that 

statetype. 
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This is exactly analogous to the practice of using mini-specs in process models like the 

DFD, and is used to complete the description of the primitive activity types. Note that 

this pseudo-code is not part of the SEAM specification, but is an add-on that can help in 

application construction. 

4.2.3.5. Precedence 

Precedence is defined as a relation between two activity types. 

precedes c A X A 

Ai precedes Aj iff V a/ 6 Ai a. aj e Aj A a/ participates_in A ai acts on si /\aj 

participates_in wk a aj acts on s^ => sts(qi{si)) < sts(5,;j), where a/(s/) represents the 

state instance after a; has acted on j/. 

4.2.4. Sequencing And Control Flow Of Activityjtypes 

We define sequencing and control flow in terms of relational theory. In SEAM, all 

conditions are assumed to be predicates on descriptors of state Jypes, entity types ot 

activity types. We denote a, P,... etc. to be sets of actrvity types that participate in the 

control flow relations that are defined below. The set of all a, p,... etc. is denoted as O, 

and represents the set of all possible sets of activity Jypes, participating in all possible 

control-flow relations. We denote the set of all possible predicates as C. 

if fcondition] then fa1 else fPI: 
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This is defined as the if-then-else relation. 

if-then-else c C X 0 X O 

if condition then a else |J (V a participates_in wjt A |3 participates in w/^ 

(condition => a will be executed A condition => p will be executed)) 

repeat fal until fconditionl: 

This is defined as the repeat-until relation. 

repeat-until c O X C 

repeat a until condition => (V VFYFC; a participates in A a is executed once and then 

continually until condition=true) 

while fconditionl do [a]: 

This is defined as the while-do relation. 

while-do c C X 0 

while condition do a. ^ wf^ a participates_in A a is executed continually until 

condition = false) 

4.2.5. Axioms And The Construction Of SEAM Schema 

4.2.5.1. Axioms 

In order to make every SEAM scheme unambiguous and logically consistent, we define 

the following axioms: 
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1. Entity Generalization Axiom: 

V £/, Ej, Sk Ej sub classjjfEi A £/ belongs to Sk Ej belongs Jo S^. 

2. State Decomposition Axioms: 

(a) V Si, Sj. Ai, Si superstate Sj A Ai acts_on Si =>Ai acts_on Sj. 

(b) Sj sdc S2 => (V£^ £/ belongsjo Sj {Ej belongs Jo S2))-

3. Activity fype Decomposition Axiom: 

V Ai, Aj, Ak, Am, Ai ^Mperactivity Aj A Ak superzcUvity Am A Ai precedes Ak => Aj 

precedes Am-

4.2.5.2. The Construction Of SEAM Schema 

Each SEAM schema consists of different levels. Each level consists of a static scheme 

and a dynamic scheme. The static scheme depicts the state jypes, entity types and 

activity types, along with their descriptors. The dynamic scheme depicts the control flow 

of the activity types depicted in the static scheme, along with predicates. 

A static scheme is defined as a 5-tuple S// = [O, acts on, belongs to, sub class_pf, 

where 

O c E u A < ^ S i s a  n o n - e m p t y ,  f i n i t e  s e t  o f  c o m p o n e n t s  c o n s i s t i n g  o f  p a i r w i s e  d i s j o i n t  

sets: E, the set of entity types, S, the set of state Jypes and A, the set of activity types; 

acts on c A X E; 

belongs to c E X S; 
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sub class of c E X E; 

aggregate of c E X E. 

A dynamic SEAM scheme is defined as a 5-tupIe Dyi = [A precedes, if-then-else, repeat-

until, while-do\. 

Stj is Iower_than Stf iff 

V Aj in Stj, 3 ̂  / in Sti, such that A / superactivity Aj a 

V Sj in Stj, 3Si in Sif/ such that Sj superstate Sj. 

Dyj is Iower_than Dyi iff 

V in Dyj, 3 in Dyi, such that Af 5Mperactivity Aj 

4.2.6. Defining SEAM Schema As A Context Free Language 

We define the set of ail possible SEAM schema as a context free langu^e (Floyd and 

Beigel, 1994), defined by a context free grammar G. 

G = [S,T,V4*] where S is the start symbol; 

T is a set of terminals; 

V is a set of non-terminals; 

P is a set of production rules. 
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Extended Backus-Naur Fonn notation is used to define the grammar. For the sake of 

clarity, nonterminals are shown in italics while terminals are in boldface and, in some 

cases, put in quotes for clarity. Note that the production rule (and terminals) to derive the 

nonterminal condition are not shown, since it is fairly straightforward to include these in 

G. 

S = model 

T = {entity_attribate, entity_tiine_stamp, e-type, sab_class_or, aggregate_of, state_attribute, 

state_tinie_stainp, niax_interval, a type, beiongsjto, acts_on, precedes, if, then, else, repeat, until, 

while, do, lower_than, %'} 

V = {entity_type, primaryjcey, activity_type, state Jype, condition, static_scheme, efynamic_scheme, 

model) 

P = {  

model : static_scheme %' dynamicjscheme 

I static_scheme \ ' dynamicjscheme lower_than model 

static scheme : activityjype (state Jype | entity jype | activity Jype 

acts_on state Jype 1 entity jype belongs_to state jype 

I entity Jype sub_classjof entity jype \ entity jype 

aggregatej3f e«/0/_(ypc 1 {static diagram}' 

dynamic_scheme : activityjype | dynamicjcheme precedes 

dynamicjscheme \ if condition then dynamic_scheme 

[else dynamic scheme] | repeat <fynamic_scheme until 

condition | while condition do dynamic_scheme 

entity jype {entityjattribute}^entityjtimejstamp e_type 

primayjcey 

primary_key {entity_attribute}'' 
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statejype {state_attributePstate_tiine_stainp 

maxjnterval 

activity_type a_type 

} 

4.2.7 A Graphical Notation For SEAM 

SEAM is a formally defined conceptual workflow model that can be used to capture 

users' descriptions of their business realities. SEAM schema are created using graphical 

symbols (that correspond to the components of SEAM). These graphical symbols are 

shown in figures 4.2 and 4.3. We next present a simple example to illustrate how SEAM 

can be used to capture user requirements. 

Entity 

State 

Activity 

belongs to 
witii cardinality 

acts on 

Descriptor sub class of N/'  Subclass 

Component_of 
(State_type and 
Activity_type 
decomposition) 

aggregate_of aggregate 

Fig. 4.2. Coastructs in SEAM 
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<Pred> 

<Pred> <Pred> 

Seqnenciog 

Predicate EvalHation 

Either / Or Execution 

While Execution 

Repeat Execution 

Concurrent Execution 

Fig. 4.3. Sequencing and control flow constructs in SEAM 

4.3 An Example SEAM Schema 

We shall create a SEAM schema for the following situation. In a software development 

process, the design specification document (DSD) is created before coding begins. 

Members of the following departments participate in this creation; implementation (IMP), 

customer services (CS), technical publications (PUB), development (DEV), marketing 

(MKTG) and quality control (QC). The QC department consists of a director, several 

managers, senior analysts and testers. The DEV department consists of a lead developer 

and programmers. The MKTG department includes (among other employees) product 

managers, one of who participates in the DSD construction process. IMP consists of 
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several managers and employees. While the DSD is being developed, DEV may 

sometimes demonstrate prototypes of the final system. Prior to developing the DSD, the 

product platming document (PPD) has already been created. In the final phases of DSD 

construction, QC starts developing an initial test plan document, that sets forth testing 

plans and criteria for the new system. At this time, QC also identifies any special 

requirements they may have for testing the new system. The construction of the DSD 

proceeds in the form of meetings between all of the parties. At a certain point, the 

preliminary DSD code is approved, and the coding and unit testing (CUT) starts. At this 

point, all code is written and the units are individually tested. After all the code has been 

written, the flmctional integrated testing of the code (FIT) starts. The DSD may be 

modified during the CUT phase, and appendices may be added to it in the FIT phase. 

A simplified SEAM scheme for this situation is shown in figures 4.4 - 4.8. The purpose is 

to illustrate SEAM usage: a SEAM scheme for a real-life system to support this process 

would be considerably more complex. Descriptors and cardinalities are not shown for 

reasons of legibility. Figure 4.4 is the top level static scheme, and shows the 

workflow type DSP activity. Note how the departments are modeled using the 

generalization concept, just as in the Extended ERM . There is no dynamic scheme at the 

top level, since there is only one activityjype (the workflowJype). At the second level, 

the DSP_state stateJype is decomposed into 3 state types: design_group, develop_DSD 

and initial_test_plan_state. The decomposition relation between the DSP state and these 
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3 state types is not shown for reasons of legibility. The worl^ow iype has been 

decomposed into 5 activityjypes. The level 2 dynamic scheme shows the control flow of 

these activityjypes. In level 3, the develop_DSD activityJype is decomposed into 4 

activityjypes. The control flow of these 4 activityjypes is shown in the level 3 dynamic 

scheme. Note that the dynamic schemes at levels 2 and 3 will need to be superimposed to 

get the complete picture, since only new decompositions are shown at each lower level. 

The primitive state types in this example are: design_group, initial_test_plan_state and 

develop DSD. The primitive activity types are: develop__plan, list special requirements, 

meetactivity, provide_feedback_on_DSD, approve_DSD, draft_preliminary_DSD, 

approve DSD, modify_DSD-CUT_phase and add_appendices_DSD_FIT_phase. It is 

relatively straightforward to conceptualize further decomposition beyond these 3 levels. 

We also do not show the pseudo-code for any of the primitive activity types, since that is 

not part of the SEAM specification. However, this would almost certainly be required for 

a real-life application. 
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i p m  I 

Figure 4.8. Level 3 Dynamic Scheme for DSD Construction 
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CEIAPTER5 

AN EMPIRICAL METHODOLOGY TO EVALUATE THE 
COMPLETENESS OF CWMS 

5.1. Introduction 

Over a hundred conceptual models (Olle, et. al., 1986) have been proposed to model 

information systems. Recently, there has been a growing interest in modeling business 

processes, with a view towards either managing them or reengineering them (Scholz-

Reiter and Stickel, 1996). For the purposes of this chapter, we informally classify 

conceptual models into conceptual information models (CIM) and conceptual worl^ow 

models (CWM). CIMs are used to depict information while CWMs are used to depict 

business processes or workflows. CIMs can be further sub-divided into conceptual data 

models (which depict static information) and conceptual process models (that depict the 

flow of information). 

Conceptual models (both CIMs and CWMs) are important, because they are the bridge 

between end-user requirements and the software itself. Most systems development 

methodologies stem from one (or more) of these models. E.g., A well-known 

methodology to create database applications (Korth and Silberschatz, 1991) stems from 

the ERM, where ERM schema are mapped to commercial database management system 

abstractions. Another well-known methodology (Batini, et. al., 1992) involves using the 
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DFD model and the ERM to create applications. Recently, several researchers (e.g., 

Scheer 1992, Zukunft and Rump 1996) have proposed methodologies to construct 

workflow applications, all of which have been driven by CWMS. Many software tools 

that have been developed to support systems development (e.g., QED Information 

Sciences 1989) use a conceptual model as a front-end. 

The completeness of a conceptual model is an important criterion for managers of 

systems development teams, because it determines the extent to which it represents end-

user requirements, which in turn determines the extent to which the final software system 

will meet end-user needs. The primary objective of this chapter is to define the 

completeness of CWMs and create an empirical methodology to evaluate it. We 

concentrate on CWMs because they represent an emerging area of research and attempt to 

model new domains of end-user requirements; however the completeness of CIMs can be 

defined and evaluated in a similar manner. 

5.2. The Need For Evaluating The Completeness Of Conceptual Models 

Many desirable attributes for CIMs have been explicitly proposed in previous research. 

Kramer and Luqi (1991) list adequacy, ease of use, hierarchical decomposability and 

amenability to formal analysis and reasoning as desirable characteristics for conceptual 

process models. Batra, et. al. (1990), Batra and Davis (1992) propose that correctness of 

representation, ease of use and the ability to represent complex situations are desirable 



characteristics of conceptual data models. Palvia, et. al. (1992) list 17 charactenstic 

dimensions on which they evaluate the object-oriented model (O-O model) (Kroenke and 

Dolan, 1988; Kroenke, 1992), the data structure diagram (Bachman, 1969) and the ERM. 

These dimensions include flexibility of design produced, ease of use, ease of learning, 

level of detail and communication ability to users. Many researchers have examined how 

easy it is to model a business case (end-user requirements) using a given conceptual 

model (e.g.. Bock and Ryan, 1993; Kim and March, 1995; Batra, et. al., 1990; Shoval and 

Even-Chaime, 1987), and how easy it is to read a model (an instance of a concepmal 

model) and understand its contents (e.g., Shoval, 1996; Palvia, et. al., 1992; BCim and 

March, 1995; Hardgrave and Dalai, 1995). Shoval and Frumermarm (1994) propose that 

user comprehension of conceptual model schemes is a desirable attribute and compare it 

for the OO model and the extended ERM (EERM). Hardgrave and Dalai (1995) compare 

the OO models and the EERM for model schema understanding, the time taken to 

understand the schemas and perceived ease of use. Sheng and Higa (1995) compare the 

Structured Object Model (SOM) and the EERM for design accuracy design speed and 

learning speed. Batra, et. al. (1990), Batra and Srinivasan (1992), Srinivasan (1992), 

Palvia, et. al. (1992) and Kim and March (1995) all present excellent summaries of past 

studies in the evaluation of conceptual data models along different criteria. Most of these 

attributes are applicable in the emerging area of CWMs. 



One attribute of conceptual models whose desirability has been implicitly accepted 

widely, but which has received very little explicit attention, is completeness, Batra and 

Davis (1992) state "Fundamental to performance ... is the notion of mapping elements of 

the problem to constructs in the domain. The quality of solutions generated ... is a 

function of... the ability of the modeling environment to facilitate such a process." Batra 

and Srinivasan (1992) assert, "... it is possible that user requirements are not fiilly 

understood and represented. The user may, therefore, be asked to validate the 

representation ... Li (1991) states, "...both semantic database models and object 

oriented database models probably have common sought after features and capabilities 

desired by people from different applications and written with different purposes." Shoval 

and Frumermarm, (1994) state, "... a semantic model provides constructs that allow 

designers to grasp more of the semantics of reality than that which was formerly obtained 

by classical data models (e.g., the relational model)." In their study, "...users judge if the 

conceptual schema is correct, consistent and complete, and only then validate it." Palvia, 

et. al. (1992) state "...what is needed from the user's point of view is a data model which 

is powerful in its semantic expressiveness ... and is compatible with the user's view of the 

world. Conceptual data models attempt to meet these characteristics by including more 

semantic information ..." Kim and March (1995) assert "Determining correct, consistent 

and complete information requirements is a challenging task." Olive and Sancho (1996) 

define the validation of conceptual models to be the process of checking whether a model 

correctly and adequately describes a piece of reality or the user's requirements. 
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Along similar lines, an important motivation for developing new conceptual models has 

been that they offer a more complete view of the users requirements. Thus, amongst 

conceptual data models, the ERM popularized a three-phase design approach: translating 

verbal, unstructured user requirements to a conceptual model, translating the concepmal 

model to a logical design and translating the logical design to a physical design 

(Kosacynzki and Lilie, 1987). This implies that the ERM has greater descriptive power 

than "logical models" like the relational model when capturing user requirements. This 

implication is widely accepted in the conceptual data modeling literature (e.g., Teorey, et. 

al., 1986). Following a similar philosophy, the semantic data model (SDM) was proposed 

because "it was designed to capture more of the meaning of an application environment 

than is possible with contemporary data models" (Hammer and McLeod, 1981). 

Extensions to conceptual data models have also been motivated by the need to more 

completely model user requirements. E.g., The concepts of aggregation and 

generalization (Smith and Smith, 1977) extended the ERM to capture concepts not 

previously captured by conceptual data models. 

The same need for completeness is also implicit in work that lists requirements for 

conceptual process models (e.g., Kramer and Luqi, 1991, Curtis, et. al., 1992) and CWMs 

(e.g., Bajaj and Ram, 1996b). Laamanen (1994) asserts that a key benefit of IDEFO is that 

it facilitates the modeling of complex concepts. Riddle (1996) implicitly asstmies that 
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conceptual process models must represent as much of the real world as is necessary. Bajaj 

and Ram (1996b) specify that a CWM should conform to a fairly detailed content 

specification that includes the representation of space, time and also of humans, physical 

artifacts and information entities. Joosten (1995) suggests that his Trigger Modeling 

Technique represents all possible event sequences in a business process and allows 

analysts to model a business process quickly and effectively. 

Many extensions to conceptual process models also aim at modeling some hitherto 

unmodeled aspect of reality, i.e., aim at greater completeness. E.g., Ward (1986) proposes 

extending DFDs by introducing sequencing / control flow and the time dimensions into 

the framework. Opdahl and Sindre (1994) incorporate the explicit modeling of predicate 

conditions in DFDs, in order to make them more complete. 

Given the widely accepted need that a conceptual model should be complete, there is a 

significant paucity in literature on explicit definitions of a completeness construct and 

also methodologies to evaluate the completeness of conceptual models. Since business 

process modeling is an emerging area of research with many new concepts (Bajaj and 

Ram 1996b), CWMs are much more recent than conceptual data or process models (e.g., 

Ram and Bajaj, 1996; Joosten 1995, Scheer 1992). We anticipate that many more CWMs 

will be proposed in the future. The motivation to evaluate the completeness of CWMs 

then becomes stronger than in the more established areas of data and process modeling. 
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where conceptual models are more stable and widely accepted by practitioners (e.g., the 

ERM and DFD models). 

The primary contributions of this chapter are that it proposes first, a formal definition of 

completeness and second, a methodology to empirically evaluate the completeness of 

CWMs. The measures and methodology can be easily modified to measure the 

completeness of CDMs and CPMs as well, though that is not described in this work. 

The rest of this chapter is organized as follows. In section 5.3, we define completeness 

and develop measures for completeness. In section 5.4, we develop a methodology that 

can be used to empirically evaluate the completeness of CWMs. Finally, in section 5.5, 

we illustrate how to use the methodology by evaluating the completeness of two CWMs. 

5.3. Developing Completeness 

Extending the ideas of the completeness of conceptual models found in previous 

empirical work (described in Chapter 2), we next propose a formal definition of the 

completeness of CWMs. It is straightforward to similarly define the completeness of 

CIMs. 
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53.1. A Definition Of Completeness 

We represent the target set of conceptual models as: 

M = {mi, /  = 1 . . .  n} where m/ is a  conceptual business process model.  M is the set of 

models which will be compared in the empirical study for completeness. 

We represent the end-user requirements (or business situation or the universe of 

discourse) as: 

U ={/*/,  i  = I .  . .  m} where r/  is  a  textual string describing some aspect of the end-user 

domain. 

U is one specific set of requirements, i.e., one specific business situation. 

We define the aspect of the end-user requirements that can be modeled by /w/ as: 

mi (U) c U, the subset of U that can be modeled using mi. 

We assert that 

V ti e U, V mje M, // e mj(U) if and only if at least two researchers independently agree 

that mj can model ti. 

E.g., The following set of statements is a U. "Researchers write academic papers. 

Researchers review academic papers. Journal editors appoint reviewers. A researcher 

cannot both write and review the same paper." Consider the ERM to be the only 
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conceptual model of interest, i.e., M = {ERM}. The ERM can model all the text strings in 

the U, except the last one ("A researcher cannot both write and review the same paper."). 

Thus all the strings in U, except the last one, belong to ERM(U). 

We define two different aspects of completeness: strict completeness (independent of the 

end-user perceptions) and perceptual completeness (dependent on end-user perceptions). 

We can also evaluate either one model for completeness or alternately, compare several 

(>1) models (in the target set) for completeness. 

We define the strict completeness of CWMs as follows: 

A CWM mi is strictly complete if and only if it can model all elements of U or, put 

another way: 

mi is strictly complete o /w/(lJ) = U 

A CWM mi is strictly more complete than model mj if and only if /w/ can model every 

element of U that mj can and can also model some elements of U that mj cannot, or put 

another way 

mi strictly more complete than mj o (/WI(U) A (U - mj(\J) ̂  <|))) 

Note that in general, neither mi nor mj may be strictly more complete than the other, 

because each may model elements of U that are not covered by the other. This leads us to 

define perceptual completeness. Unlike strict completeness, perceptual completeness 
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measures the extent to which a model captures elements that are perceived to be of 

greater importance to end-users. Even if a model is not strictly complete, it may be 

perceptually complete. 

We define perceptual completeness of CWMs as follows: 

A model mf is perceptually complete if and only if it models all the elements of U that are 

perceived to be important by end-users familiar with U, or, put another way, 

mi is perceptually complete <=> mj(U) is perceived to be complete by end-users. 

A model m/ is perceptually more complete than model mj if and only if the elements of U 

that mi can model but mj cannot, are perceived by end-users to be more important than 

the elements of U that mj can model but m/ cannot. Put another way, 

mi is perceptually more complete than mj <=> 

(/ni(U) - ffy(U) ^ <|>) A (mj(U) - my(U)) is perceived to be more important than (my(U) -

'"/(U)) A (U - mj({J) *• <(>). 

Note that our definition of perceptual completeness conforms closely to the definition 

proposed by Mantha (1987), and stated in section 2.1. 

The above definitions apply to each set of user requirements or business situation 

(possessing its own U) separately. Thus it is entirely possible for a model to be strictly 
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and / or perceptually more complete than a model mj based on one business situation, and 

for mj to be more complete when another U is considered, in another situation. The 

notions of completeness defined in this section and the questions that can be answered, 

regarding both strict and perceptual completeness as well as for one model or a set of 

models, are illustrated in figure 5.1. In figure 5.1 (b), when we consider a set of models, 

we show just 2 models (jni and mj ) for simplicity; the extension to m models is 

straightforward. Answering these questions can give significant information to managers 

who are faced with choosing between software development methodologies and tools 

based on one or the other conceptual model. 

Possible Questions Regarding Strict Completeness Given Answer on Strict Completeness. 
Possible Question Regarding 
Perceptual Completeness 

None 
(a) 
Is m, strictly 
complete for a 
given U7 

u 

IL 

m, is strictly complete 

m, is not strictly complete Is Iff, perceptually complete? 

(b) 
Are Iff, and nty 

strictly complete 
for a given U7 

IL 

ntJU) 
ntj and ift, are strictly 

m,(U) complete 

ifij is strictly complete and 
strictly more complete ttianm, 

m,(U) 
ffij is not strictly complete but 
strictly more complete thanniy 

auL 
) m, is not strictly complete and 

None 

Is Iff, perceptually more complete 
than Iff, ? 

Is Iff, perceptually more complete 
than iff^ ? 

Isifti perceptually more complete 
not strictly more complete thanifiy than or is the reverse true? 

^igure 5.1. Questions about the completeness of CWMs in a target set 
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From our defmitions of completeness, the following statements follow: 

I. mi is strictly complete mi is perceptually complete. 

2- mi strictly more complete than mj => mi perceptually more complete than mj v w/ as 

perceptually complete as mj. 

Note that if a model is perceptually complete, it may or may not be strictly complete. 

Also, if a model is perceptually more complete than another, it may or may not be strictly 

more complete than the other. Based on our definitions of the completeness construct, we 

next develop a methodology to evaluate the completeness of CWMs. 

5.4. An Empirical Methodology To Evaluate The Completeness Of CWMs 

We first briefly describe previous methodologies that have been used to measure 

completeness, or constructs similar to completeness. Second, we justify why a case-study 

based approach using real-life business processes is an appropriate methodology to 

empirically measure completeness. Finally, we propose the steps to be taken to 

implement this methodology. 

5.4.1. Previous Methodologies Used To Empirically Measure Completeness 

The majority of previous work that evaluates conceptual models has used quasi-

experiments (Cook and Campbell, 1979) with artificial cases. Thus, Brosey and 

Schneidermann (1978) compared the relational and hierarchical data models for 
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correctness, using an artificial business case, given to undergraduate subjects. Batra, et. 

al. (1990), Batra and Davis (1992) compared the relational data model and ERM for 

correctness. They used MIS graduate students, who were presented with a natural 

language description of a business case. The subjects had to model the case, and were 

graded by 3 independent graders, based on a grading scheme that classified errors into 

minor, medium and incorrect errors. 

Kim and March (1995) improved on previous studies by using a realistic business case. 

28 graduate business students were given a textual description of the case, as well as 

semantically incorrect conceptual schema for each case. The number and types of errors 

identified by the subjects served as a measure for how well the conceptual models (EER 

and NIAM) were validated by end-users. Moynihan (1996) used a textual description of 

an artificial case, with business executives as subjects. The subjects were shown the 

description and the model schema, and then asked to judge if some content was missing 

firom the schema. Mantha (1987) used a quasi-experimental methodology to measure the 

completeness of data structure models versus data flow models. 20 professional systems 

analysts were given a textual description of a fairly realistic business case. The schema 

that they submitted were compared to a standard ERM schema. The subjects were also 

asked to verbalize their thoughts as they created the schema. The differences between the 

schema and the standard were used to see which of the two models were more complete. 
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The main advantages of a quasi-experimental methodology include high internal validity 

(Stone 1978) precise definition and manipulation of independent variables over a range 

(Fromkin and Streufert 1976) and some control for nuisance variables (McGrath 1979). 

However, this methodology also suffers from certain limitations, which are highlighted 

next. 

5.4.2. A Case-Study Based Methodology To Measure Completeness 

As described in section 3.1, the majority of past empirical work that measures constructs 

related to completeness uses a quasi-experimental methodology. Many of the cases used 

in past work are artificial, and the degree to which these cases adequately reflect reality 

has been relatively ignored in past studies. From our definition of completeness in section 

2.2, it follows that the choice of business processes that are used to compare the 

completeness of CWMs (i.e., the choice of U) is important, in that they have to be from 

real-life. This need for using real-life requirements has also been emphasized in past 

research. Shoval and Frumermann (1994) indicate that larger and more complex schemas 

are needed in order to evaluate models that capture static data as well as dynamic 

behavior. Palvia, et. al. (1992) state that the external validity of research evaluating 

conceptual models can be extended by conducting the study in a field setting. Kim and 

March (1995) asked their subjects to rate the "true-to-life" quality of the business case 

used in their study, and list the real-life nature of their case as a strength of their study. 
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Another requirement that falls out of our defmition of completeness is that end-users, 

who are asked for their perceptions regarding the completeness of a model, need to be 

intimately familiar with U. This is because a low level of familiariQi' will lead to invalid 

measures of perceptual completeness. 

Taken together, both of these requirements signify a case study methodology as being 

appropriate for evaluating the strict and perceptual completeness of CWMs. There has 

been some criticism of the case study research method in the past (Yin, 1994; Gilgim, 

1994; Stoecker, 1991). However, as Yin (1994) points out, much of this criticism appears 

to be directed towards the way case studies are implemented, and less towards the 

methodology itself. Indeed, researchers with a strong nomothetic bias (e.g.. Cook and 

Campbell, 1979) have endorsed case studies as a legitimate and necessary methodology. 

Bonoma (1985) states that a case study approach is appropriate for "sticky, practice-based 

problems, where the experiences of the actors are important and the context of the action 

is critical." Benbasat, et. al. (1987) point out that the case study approach is suitable for 

capturing the knowledge of practitioners. Yin (1994) states that case studies, experiments, 

simulations, histories, etc. are all different research strategies, leading to equivalent 

generalizations or external validity. A case study distinguishes itself from these other 

strategies by examining contemporary phenomena in a real-life context, especially when 

the boundaries between phenomenon and context are not clearly evident. He also 

classifies case studies into exploratory (used for theory building), explanatory (used for 
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theory testing) and descriptive (used to collect a set of facts). A descriptive case study 

method is appropriate in our methodology, since the goal of the case study is not to build 

or confirm a theory, but to capture real-life business processes. The unit of analysis 

appropriate for the case study, as well as the format of the data required is described next. 

A single case study will yield answers about the completeness of a set of models for a 

single U. Using the notion of analytic generalization (discussed at length in Yin, 1994), 

we can generalize the results of a single case study to other real-life contexts (other Us). 

Thus, analytic generalization from a single case study will allow general assertions about 

the relative completeness of a set of conceptual models. 

5.4.2.1 Unit Of Analysis 

The requirements for the unit of analysis are that all business processes of the unit should 

be considered (since we are measuring completeness), and that all the people in the unit 

should be familiar with the business processes (since we are measuring their perceptions). 

Thus, a unit of analysis m our framework is any cohesive group of people in a real-life 

business setting, engaged in a set of business processes such that all the people in the 

group are at least reasonably familiar with all the processes in the set. Furthermore, there 

should not be any significant business process, that any member of the group engz^es in, 

that is not present in the set. This is essential, since we are interested in measuring the 

degree to which the model supports all the business processes of the group. 
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5.4.2.2. Format Of Data Collected During The Case Study 

Miles and Huberman (1984) present an excellent overview of presentation formats for 

qualitative data, including pattern coding, contact summary sheets, role ordered matrices, 

time ordered matrices and conceptually clustered matrices. We considered all of these as 

possible formats for data collection during the case study phase in our methodology. 

However, there is wide-spread agreement that a natural language textual description of 

user requirements is an appropriate input to a conceptual model. Most studies that have 

required subjects to create conceptual model schemas (e.g., Hardgrave and Dalai, 1995; 

Shoval and Frumennann, 1994; Shoval, 1996; Monyihan, 1996; Bock and Ryan, 1993; 

Batra, et. al., 1990) have supplied textual descriptions as input to the subjects. In the 

study by Kim and March (1995), the discrepancy construct (described here in section 2.1) 

was measured by asking subjects to compare a natural language description with the 

conceptual model. Batra, et. al. (1990, pp. 127, pp. 400) state that a conceptual model 

translates information requirements expressed in a natural language, into a formal 

representation. Woodfield, et. al. (1990) suggest that the organization of natural 

languages be used to guide the development of conceptual models. Finally, Grosz and 

Rolland (1991) have claimed that system analysts use a natural language description as a 

first draft, and constrain and refine this draft in the process of arriving at a conceptual 

schema. 
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Since the gocil of the case study is to provide an input to the conceptual models in the 

target set, this literature indicates that the data collected in the case study should be a 

natural language description that completely and unambiguously describes the business 

processes of the unit of analysis. Also, a natural language description is the most flexible 

format of requirement specification we know of. Any attempt to structure this description 

a certain way imposes restrictions that, in a sense, impose a conceptual model of their 

own. This could bias the input either for or against a conceptual model. E.g., A 

description that lists entities and actions that entities perform on each other will favor a 

conceptual model based on the ERM, as opposed to a conceptual model based on, say, the 

DFD model. 

Hence, the end-result of the data collection phase of the case study should be a natural 

language description (NLD) of the actual business processes that the subjects in the unit 

of analysis practice. We next describe how to control for threats that could potentially 

affect: (a) the case-study data collection process, and (b) the subsequent data analysis 

process. 

5.43. Controlling Threats In The Data Collection And Analysis Process 

One of the outcomes of the case study process is to provide an unambiguous, non-

redundant NLD of all the significant business processes of a real-life group within an 

organization. Extensive work has been done on identifying potential threats to nomothetic 
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studies (e.g.. Cook and Campbell, 1979). Many of these threats are also applicable to 

idiographic studies. Thus, Yin (1994) identifies threats to construct validity, external 

validity, internal validity and reliability as being applicable to case studies as well. Lee 

(1989) identifies four problems commonly associated with case studies: making 

controlled observations for different "treatments", making controlled (qualitative) 

deductions, allowing for replicability of the study and finally, the problem of 

generalizability. The problem of controlled observations is a subset of threats to internal 

validity. The problem of replicability is similar to threats to reliability and the problem of 

generalizability is similar to threats to external validity. Since (Yin 1994)'s interpretation 

of (Cook and Campbell I979)'s firamework of threats to internal, external, construct 

validities and reliability is fairly comprehensive, we use this firamework to identify threats 

to the methodology proposed in this work. 

A threat to construct validity in our methodology translates to a threat that a business 

process is either being inadequately represented or incorrectly represented in the NLD 

representing the business process. There is vwdespread agreement (e.g., Benbasat, et. al., 

1987; Yin, 1994; Gilgun, 1994) that multiple sources of evidence control threats to 

construct validity. The rationale for this is based on the ideas of replication and 

convergence proposed by Cook and Campbell (1979) and Cronbach and Meehi (1955). 
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A threat to reliability translates to a threat that the methodology will not be repeatable by 

other researchers. Yin (1994) suggests that threats to reliability can be controlled by using 

a case study protocol, i.e., a document that lists all the activities followed by the 

researcher conducting the case study. This allows other researchers to conduct similar 

case-studies in other settings, and to compare results across case studies. 

Intemal validity is not applicable in descriptive case studies (Yin 1994). However, it is 

applicable in our methodology because the output of the case study serves as input to the 

remainder of the methodology. In our framework, a threat to intemal validity translates to 

the question: is there any spuriousness in the input NLD that biases the results in favor of 

one CWM over the other? Controls for intemal validity have been extensively described 

in Yin (1994), Lee (1989). We do not describe them here, since many of these controls 

are inapplicable for a descriptive case study. Threats to internal validity can be controlled 

by ensuring that the NLDs (which will serve as an input to the subsequent analysis phase) 

are non-spurious, complete and not biased in favor of any particular model. 

Finally, a threat to external validity translates to a threat that the results obtained by 

applying the methodology in one case may not be extendible to a larger domain outside 

of the case. Extemal validity is controlled in two ways in our methodology. First, any 

analysis of the data obtained from the case study must be performed by multiple 

researchers. This controls bias due to a single researcher. Second, Yin (1994) and Gilgim 
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(1994) argue that the results obtained from a single case study are similar to the results 

obtained from a single simulation, a single experiment or a single history. The 

generalizability is demonstrated through showing the linkages between findings and 

previous knowledge. Analytic generalization (as opposed to probabilistic generalization 

based on sample size) is applicable in these situations. Thus, the results obtained by 

applying our methodology in a particular case lend themselves to analytic generalization, 

equivalent to performing one experiment to test a theory. Based on this discussion, we 

next describe the methodology of conducting the descriptive case study. 

5.4.4. A Methodology To Obtain A NLD Of A Unit's Business Processes 

Data for case studies can be collected in several ways. Yin (1994) provides a fairly 

comprehensive list that includes documents, archival records, interviews and direct 

observations; and a discussion of each source's strengths and weaknesses. Since different 

sources are appropriate for different settings, our methodology does not stipulate a 

particular source, or even that triangulation of data collection, by using multiple data 

sources, is essential. Instead, we propose controlling for construct validity in the 

following way. The members of the unit of analysis have to reach a consensus amongst 

them that a particular NLD both completely and unambiguously describes a particular 

business process. In the area of requirements engineering, it has been proposed that a 

system specification on which all end-users have achieved consensus is desirable (Boehm 

1984). Pohl (1994) identifies 3 dimensions of the requirements engineering process: the 
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specification, the representation and the agreement dimensions. The agreement dimension 

involves obtaining consensns amongst end-users on a final view of the requirements. 

We use consensus amongst end-users that comprise the unit of analysis as a means of 

controlling for construct validity (both incompleteness and incorrectness of the NLD). 

We developed measures for consensus, which are shown in Appendix 1. As part of the 

methodology, we arbitrarily stipulate that the mean score (across the two measures and 

across the unit of analysis) should be at least a 5.0 (on a Likert scale of 1-7) in order to 

achieve consensus. 

We have not developed explicit measures for removing ambiguity, but require as part of 

the methodology that the researcher should be explicitly aware of different possible 

interpretations amongst end-users for a natural language wording, and should guard 

against it by periodically clarifying the meanings of natural language segments in the 

NLD. 

Threats to reliability are controlled in the following way. Our methodology serves the 

purpose of a case study protocol. It is a checklist of steps that the researcher needs to 

follow when conducting any study. To ensure reliability, the researcher needs to 

document in detail the steps taken when following our methodology. This will allow the 

same target set of CWMs to be reliably compared in different case-study settings. 
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We check for internal validity by requiring that researchers make a deliberate, 

documented effort not to bias the natural description with words that would favor one 

conceptual model over another. 

Note that the aim is not to try and model all the processes of the organization; this would 

be clearly impractical. Rather, the emphasis is on identifying a group within the 

organization, such that it is feasible for the researcher to capture all of the significant 

processes of the group. Furthermore, all the group members should be reasonably familiar 

with all the processes, since their perceptions will be used to validate the perceptual 

completeness of the CWMs. There is a danger that researchers will identify units of 

analysis that are too large, which could lead to NLDs that are either incomplete, 

ambiguous or spurious (Suri and Diehl, 1987; Dean, 1995). In order to check for this, our 

methodology stipulates that the unit of analysis consist of between 3 and 6 people 

(assuming one researcher for each unit of analysis). This number was arrived at based on 

our experience with pilot tests conducted with a group of graduate MIS students as end-

users. 

Finally, threats to external validity are controlled by requiring that at least two 

researchers use the NLD to conduct further analyses, which are described next. 
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5.4.5. Analyzing The NLOs From The Case Study 

The NLD for each business process obtained from the case study is equivalent to U in our 

definition of completeness. Each NLD from the case study represents a business process. 

At least two researchers independently model each NLD using each of the CWMs in the 

set of CWMs under consideration. Next, the researchers compare their independent 

models and reach a consensus on one representation for each CWM, for each NLD. 

Next, for each NLD, the researchers independently determine for each CWM the concepts 

that are present in the NLD but not in the CWM representation (or, one U - /n/(U) V /w/, 

V U). After this, they compare their lists and arrive at one list, by consensus. Note that, at 

this stage if concepts missing from model /w/ form a strict subset of concepts missing 

from model mj, then m/ is strictly more complete than mj. It may also be possible for 

neither models to be strictly more complete than the other. 

In the interests of keeping the methodology simple and easy to apply, we do not develop 

explicit measures to measure consensus amongst the researchers. Instead, an iterative 

consenstis amongst the researchers on the final models for each business process is 

arrived at merely by having each one sign on the final model. The list of elements present 

in the NLD but not in a model (U - OTi(U)) is arrived at in a similar manner. 
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Next, the perceptions of the end-users (in the unit of analysis) are measured regarding the 

completeness of the CWMs. End-user perceptions about a particular model being 

complete are measured by the perceptions questionnaire shown in Appendix 2. 

The relative perceptual completeness of each model is measured by the algorithm shown 

in figure 5.2. A brief explanation of the algorithm follows. The score for each CWM is 

calculated for each business process. This is then added across business processes, to 

create a composite score for each CWM for the study. Finally, the scores are sorted in 

ascending order. A low score translates to a perception by end-users that the concepts 

present in the NLD but not in the model were not important. Hence, the model with the 

lowest score is perceived to be the most complete by end-users. 

For each CWM mj in the set of CWMs 
For each business process, Bj 

Set scoreij = 0 /• scoreij is score of CWM mj for Business Process 5/ */ 
For each element identified by the researchers as being in the NLD of the 

business process but not in the model 
Set scoreij = scoreij + score of ntj from perceptions 
questionnaire for that element 

Set Scorej = ^ score y /* Scorej is the score of CWM ntj for all business processes */ 
/ 

sort_ascend (the set of scores Scorej) 

Figure 5.2 An algorithm to measure the perceptual completeness of a set of 
conceptual models 

We next describe how we validated the measures included in Appendix 1 and Appendix 

2. Note that these measures were validated as part of our methodology and are embedded 
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in our methodology. Hence they can be used by other researchers / practitioners who 

apply our methodology without further validation. 

5.4.6. Psychometric Validation Of Measures 

In order to statistically validate the measures in appendices I and 2, we created an 

artificial case, which dealt with how to organize an industry trade conference. 37 MIS 

undergraduate students were asked to read the case overnight. The measures in 

appendices I and 2 were then administered in the form of a questionnaire. Of the 37 

responses, 2 were dropped for incompleteness, leaving a sample size of 35 respondents. 

In order to measure the validity of these measvires that are part of our methodology, we 

use the fi-amework proposed here by Straub (1989). Content validity of each measure 

means the questions measure each aspect of a construct and do not leave any aspects out. 

Usually this is checked by having a panel of experts review the measures (Cronbach, 

1951). In our case, the constructs (strict and perceived completeness) are clearly defined 

before developing the framework. An inspection of the measures shows that they fall out 

of the definitions of the constructs, and hence content validity is preserved. 

Construct validity of each measure means that the measures truly measure the aspect of 

the construct under consideration (Cook and Campbell, 1979; Campbell and Fiske, 1959). 
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Convergent validity of the measures for a construct reflects the extent to which the 

measures converge when measuring a construct. Discriminant validity reflects the degree 

to which the measures make the construct differ firom other constructs. One technique 

often used to measure construct, convergent and discriminant validities is confirmatory 

principal components factor analysis (CFA) (Long, 1983). CFA restricts the number of 

factors a-priori to the number of constructs. CFA with varimax rotation and restriction to 

two factors was performed on the four measures. Table 5.1 shows the factor loadings for 

each factor. For high convergent, discriminant and construct validities, all the measitfes 

for a particular construct should load heavily on one factor, and less on other factors. As 

table 5.1 shows, the measures in appendix 1 load heavily on factor I, while those in 

appendix 2 load heavily on factor 2. According to Hair, et. al. (1992), factor loadings 

greater than 0.5 are very significant. They also suggest a sample size at least 5 times the 

number of factors, which would translate to a sample size of 10 or more in our case. Our 

sample size was 35, and the loadings are > 0.9 in each case, signifying excellent 

convergent, discriminant and construct validities. 

Reliability is a measure of the extent to which the same respondent will answer the same 

question the same way each time (Cronbach, 1951). The Cronbach alpha is a popular 

technique used to assess the reliability of instruments. Table 5.2 shows the Cronbach 

alpha for the two instruments. A measure > 0.7 is considered sufficient (Nunnally 1978). 
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As table 5.2 indicates, the Cronbach alpha for the 2 measures was > 0.80, signifying good 

reliability. 

Our methodology is simimarized in figure 5.3. Note that, while it was necessary to 

validate the measures when developing the methodology, it is not necessary to do so for 

each application of the methodology. The methodology can be used to answer all the 

questions regarding completeness that are shown in figure 5.1. We next illustrate an 

application of the methodology to a set consisting of 2 CWMs: SEAM and the IDEFO 

model. 

Measures 
Varimax 

Loading on 
Factor 1 

Varimax 
Loading 

on Factor 
2 

Measure 1 in appendix 1 (is the description complete?) 0.949 -0.034 
Measure 2 in appendix 1 (does the description omit 
important elements?) 

0.95 0.071 

Measure 1 in appendix 2 (is the element important?) -0.04 0.94 
Measure 2 in appendix 2 (if the element were omitted, how 
complete would the workflow management system' be?) 

0.08 0.948 

Sample size = 35 
Table 5.1. Confirmatory factor analysis (varimax) loadings on the measures 

1 Measures Cronbach 
Alpha 

Measture 1 in appendix 1 (is the description complete?) 0.80 
1 Measure 2 in appendix 1 (does the description omit 0.803 

' In this work, the phrases "business process management system" and workflow management system" are 
synonomous. 



important elements?) 
Measure 1 in appendix 2 (Is the element important?) 0.801 
Measure 2 in appendix 2 (If the element were omitted, 
how complete would the Workflow memagement system 
be?) 

0.801 

Sample size = 35 
Table 5.2. Cronbach alphas for the measures 
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Table 5.3. A summary of the methodology to evaluate completeness 

5.5. Applying The Methodology To SEAM And IDEFO 

In order to get a better understanding of potential difficulties that could arise when 

implementing our methodology, we first conducted a pilot study on a group of MIS 
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doctoral students. This study clarified several operational issues, which helped us 

implement the actual case study more successfiilly. We first describe the pilot study, and 

lessons learned from it. Next, we describe the actual implementation of our methodology. 

Note that our aim is not to reach a definitive answer regarding either of the models we 

used; instead, we only wish to present a demonstration of an actual usage of the 

methodology, in a real-life setting. 

5.5.1. Lessons Learnt From The Pilot Study 

As is usual in case studies (Yin 1994), the efficacy of applying our approach is heavily 

dependent on the researchers constantly guarding for potential biases that may arise. We 

conducted a pilot study to help identify some of these biases before conducting the actual 

case study that illustrates an application of our methodology. 

The unit of analysis for the pilot study was a group of four Management Information 

Systems (MIS) doctoral students. One process was chosen: the process undergone by 

doctoral students in the first two years of the Ph.D. program. Elements of this process 

include the application procedures to the Ph.D. program, enrolling in courses, passing 

comprehensive examinations, getting forms signed by faculty, etc. All the group 

members were very familiar with the process. A group meeting for 4 hours was 

conducted as part of the pilot study. The pilot study revealed the following caveats 

applicable to the implementation of the methodology: 



167 

1. We thought the data collectioa process would be facilitated if we asked the members of 

the unit to create a framework that defined the process. However, the pilot study unit 

showed a tendency to spend the first hour listing detailed steps in the process, in no 

apparent order. These steps were then used by the unit to actually create a sequence of 

broad phases, with each phase describing a section of the process. In addition, the unit 

also identified several steps that did not fit into any one phase, but were nevertheless 

necessary for the overall process. Hence, one lesson learned was to avoid insisting on a 

framework at any point in the data collection process, but to let the unit determine its 

occurrence. 

2. The pilot study helped us determine a reasonable unit size, as well as a reasonable 

length of session for group discussion. The rationale for selecting unit size was to stay 

below a size that would yield unreasonably complex and large business processes, and 

above a size that would yield processes that were too simplistic and negated the purpose 

of the case study. It appeared that a unit size of between 3 and 6 people would be 

reasonable to achieve this. We also established that each discussion amongst the unit 

should range from a half hour to 2 hours. A length of time beyond that seemed to be 

counterproductive, in that the members became bored and fatigued. 
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3. The pilot study also showed that it would be unwise to only collect data through group 

discussions, since some members did not participate enough in the discussion. These 

members indicated that they would have preferred a chance to take some time off and 

write a phase of the process themselves. 

4. There was a tendency amongst the unit members to tedk about what should happen, as 

opposed to what was happening. Since the aim of the case study in our methodology is to 

obtain an NLD of the actual processes, as opposed to prescribing what should be, we 

explicitly mentioned this several times in order to control for it 

5. In the pilot study, the choice of display device seemed to be important in terms of 

saving time and reducing boredom. A blackboard was used for the study. It quickly 

became full, and time had to be spent copsdng its contents to paper. One suggestion was 

to use flip charts and paste them around the room. But several members said that this 

would be too complex, especially if a large process was being discussed in a small room 

The best choice seemed to be an overhead computer display, where the NLD could be 

edited as the discussion progressed. 

6. Finally, the pilot study revealed a potential threat to internal validity: Since end-users 

were describing processes with which they were very familiar, the NLD could easily 

evolve into being intelligible to the end-users and no one else. Thus, the researcher 
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would need to guard against the use of local acronyms or slang in the NLD, so that it 

would be intelligible to non users as well. 

5.5 J. An Application Of The Methodology 

Using lessons learnt from our pilot study, we planned the actual case study. We created a 

short list of corporations and University departments locally that were potential case 

study subjects. A cohesive group of four end-users was identified in the quality control 

(QC) department of HospiSoft^ a healthcare information systems provider, based in 

Southwestern U.S.A. The four members of the unit were all largely familiar with each 

other's activities. At the first interview, it appeared that a NLD of the group's business 

processes could be collected by a single field researcher in a 3-5 week span. This group 

was selected as the unit of analysis for the case study because it satisfied the requirements 

described in section 3.2.1, and because of their willingness to co-operate. 

Two CWMs were selected to be evaluated for completeness: an extended version of 

SEAM (supporting spatial and temporal decomposition as specified in Chapter 3) (Ram 

and Bajaj, 1996) and IDEFO. Although IDEFO is strictly a CIM, it is often used to model 

business processes (Lamaanen, 1994). SEAM is strictly more complete (and hence 

perceptually more complete) than EDEFO, because any IDEFO model can be represented 

- A pseudonym is used to protect the identity of the real organization. 
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by a subset of concepts supported bySEAM^ The goal of the study is to answer the 

second question shown in figure 1(b), as applied to the two CWMs. This question 

measures the degree to which aspects of the strictly complete model, not supported by the 

less complete model, are perceptually important for the particular domain. This 

information can be useful if a software development man^^er has to choose between a 

systems development tool that used SEAM and one that used IDEFO, and there was a cost 

differential. 

5.5.2.1. The Data Collectioii Process 

The pilot study helped immensely in preparing for the data collection process, which 

constitutes a large portion of the case study in our methodology. An initial group meeting 

was held for about 2 hours. An overhead display word processor was used to try and 

obtain a rough NLD. We observed that the subjects followed a similar behavior to the 

pilot study, in that they first went in to a lot of detail and then automatically decided to 

abstract their description into different phases. At the end of the meeting, there was 

reasonable agreement on what the broad business processes were. We identified 8 

business processes as being relevant and consuming over 90% of resources. Before the 

next group meeting, the researcher embellished the initial NLD into a fairly coherent list 

' In order to model an IDEFO model in CWM, create a state in CWM for each process in IDEFO. Next, create an 
activity that acts on each state created in CWM. Finally, create four entities: the input, output, mechanism and control 
entities for each state created. In case controls in IDEFO are modeled as constraints, these can be modeled as well in 
CWVl. Each lower level of IDEFO corresponds to a descriptively decomposed lower level in CWM. 
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of high level activities that constituted each business process. This list was then reviewed 

and corrected at a second group meeting that was held a week later. 

At this stage the data collection technique was changed to individual interviews and 

document collection. Group meetings did not appear to be conducive towards collecting 

descriptions of activities at more detailed levels. The next two weeks were spent 

interviewing each member of the group for several hours, and collecting and perusing 

some documents. This allowed us to construct a fairly detailed description of each 

business process and combine it into a business process manual. This business process 

manual (approximately 35 double spaced pages in length) was then given to each 

member, who returned with individual feedback. A group meeting was then held. One 

member of the unit had dropped out at this stage because of medical reasons. In the 

meeting, an hour was spent discussing the manual, and the questionnaire in Appendix 1 

was administered to test for consensus that the NLD in the manual was complete and 

unambiguous. Table 5.4 shows the results. Based on these results, we decided that the 

NLD was adequate for further analysis. 

5.5.2.2. Analysis Of The NLD 

The next phase of our methodology requires that the NLDs be modeled using each of the 

conceptual models in the target set. We arrived at a consensus on a SEAM model and an 

IDEFO model for the business processes in the manual. This process took three weeks and 
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highlighted the necessity of identiiying a unit of analysis whose business processes are of 

a manageable size. 

Completeness Measure Mean Score j 

Measure I in appendix 1 (is the description 

complete?) 

6.67 

Measure 2 in appendix 1 (does the description omit 

important elements?) 

7 

Measure 3 in appendix I (list of elements to make 

the description complete?) 

Blank (no suggestions) 

J responses per measure (one from each member of the unit). Measures on 7 point 
Likert Scale 

Table 5.4. Results indicating the completeness of the NLD 

We identified a list of elements that were supported by SEAM but not IDEFO. When 

implementing the methodology, it was clearly impossible to isolate every single element 

in the NLD that was supported by SEAM but not by IDEFO. We had to abstract to a 

higher level and identify concepts that modeled many of these elements. E.g., There were 

many instances in the NLD that required the concurrent execution of activities. We 

identified the concurrent execution of activities as one concept and gave an example of 



this concept to the end-users in the question that checked for perceptual completeness. 

The list of questions is shown in Appendix 3. 

Note that there is a potential for bias here. The choice of example that accompanies each 

concept in the question can strongly influence the perception as to whether that concept is 

important to the end-user or not. Based on our (by now) fairly intimate knowledge of the 

group's activities, we selected examples that, in our opinion, would be of moderate 

importance to the group. While not ideal, this seems to be the best way to deal with 

communicating a complex concept to end-users, without unduly biasing them. 

The results of the questionnaire are shown in table 5.5. The analysis in this phase of the 

methodology provides two answers. First, it provides an ordering of all the models in the 

target set, in ascending order of importance (see figure 1 for the algorithm that calculates 

this). Second, it also provides an ordering of the concepts in a model, in increasing order 

of perceived importance. 

In our target set, there are only two models (SEAM and IDEFO), and SEAM is strictly 

more complete than IDEFO. As discussed in section 5.5.2, since SEAM is strictly more 

complete than IDEFO, it is also perceptually more complete. In the more general case, 

where no model in a target set is strictly more complete than the other (the final question 

in figure 5.1(b)), this phase of the analysis will provide a composite score for each model 
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Measure Number 

1 a (is concurrency important?) 

Mean Score for 
Measure & 

Overall Construct 
6.33 

1 b (if concurrency were omitted, how complete would 
the support be?) 

6.33 

1. Overall Perceived Importance of Concurrency 633 
2 a (is conditional execution important?) 6.33 
2 b (if conditional execution were omitted, how complete 
would the support be?) 

6.33 

2. Overall Perceived Importance of Conditional 
Execution 

633 

3 a (is conditional repetition of activities important?) 
3 b (if conditional repetition of activities were omitted, 
how complete would the support be?) 
3. Overall Perceived Importance of Conditional 
Repetition 

6.5 

4 a (are spatial constraints important?) 
4 b (if spatial constraints were omitted, how complete 
would the support be?) 

3.67 

4. Overall Perceived Importance of Spatial 
Constraints 

3.835 

5 a (are temporal constraints important?) 6.33 
5 b (if temporal constraints were omitted, how complete 
would the support be?) 
5. Overall Perceived Importance of Temporal 
Constraints 

6.165 

6 a (are temporal views important?) 6.33 
6 b (if temporal views were omitted, how complete 
would the support be?) 

5.67 

6. OveraU Perceived Importance of Temporal Views 
3 responses per measure (one from each member of the unit), asures on 7 point Likert 
Scale 

Table 5.5. Perceived importance of concepts 

(obtained by adding the scores for each concept not supported by the model). In our case, 

the composite score for SEAM is 0, while the score for IDEFO is 35.16. This is because 
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we are only interested in elements in the user domain that are supported by SEAM but 

not by IDEFO. 

Table 5.5 ranks the perceived importance of the concepts that are present in the end-user 

domain for this particular implementation of the methodology, and are supported by 

SEAM but not by IDEFO. The results in table 5.4 indicate that not all abstract concepts 

identified by the researchers are perceived to be equally important. Concepts 1, 2 and 3 

(concurrence, conditional execution and conditional looping respectively) are 

approximately equal in importance. Concepts 5 and 6 (temporal constraints and temporal 

decomposition respectively) are also approximately equally important but less important 

than 1,2 and 3. Concept 4 (spatial constraints) is the least important. Note that further 

statistical analysis of this data cannot be performed since our methodology stipulates a 

small (and manageable) size for the unit of analysis. 
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CHAPTER 6 

USING SEAM TO DEVELOP A WELL-DEFINED WORKFLOW 
DEVELOPMENT METHODOLOGY 

6.1. Introduction 

Several issues have been identified in workflow research, and specialized 

implementations have been proposed, and in some cases prototyped, to resolve these 

issues. The issues can be broadly divided into implementation issues and business process 

modeling issues. Business Process Modeling issues have been extensively surveyed in 

chapter 2, and the major thrust of this dissertation is in that area. Implementation issues 

include newer transaction models, inter-workflow communication architectures, and 

managing workflows in heterogeneous and distributed (HAD) environments. E.g. Reuter 

and Schwenkreis (1995) propose a data model and non-isolated transaction model as part 

of their WFMS. Kappel, etal. (1995) use an active, object-oriented DBMS to build their 

WFMS. Mohan, etal. (1995) use FlowMark (IBM, 1994), a specialized workflow system 

product, in order to construct a WFMS. Chan and Harty (1995) describe a specialized 

messaging bus architecture to manage workflows, and allow for better communication. 

Singh and Huhns (1994) argue why serializability is too strict a criterion for workflow 

transactions, and describe a distributed agent architecture that can be used to develop 

workflow applications. Chrysantis and Ramamritham (1994) offer a synthesis of different 

transaction models. Barbara, et.al. (1996) show how workflows can be managed in 
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distributed environments. Specialized implementations offer the advantages of better 

performance and efGciency, and in some cases, facilities that are simply not offered by 

existing systems. 

In business process modeling, as discussed in Chapter 2, several models (E.g., Scheer, 

1992; Zukunft and Rump, 1996) have been proposed. Some models are informally 

defined (e.g. Yu, 1996; Rohloff, 1996; Winograd and Flores, 1987). Other modeling 

environments (e.g. Dinkhoff, et.al, 1994; Scheer, 1992) use several formally defined 

models to model different aspects of the business process, such as the data aspects, the 

activity aspects and the organizational aspects. These models help in the analysis phase, 

as well as in documenting user requirements. However, the potential of conceptual 

models to automate the construction of a workflow system, and help manage the 

workflows has not been realized. In order to do this, a single, formally defined conceptual 

model (such as SEAM) is needed, that can be mapped using a set of rules to the 

implementation level (Jablonski, 1995). Using several formally defined conceptual 

models will not work, since, to the best of our knowledge, no formal algorithms exist to 

amalgamate these models to form a single formal view of the reality. A single, formal 

conceptual workflow model will facilitate the construction of a workflow design tool, and 

also make it possible to manage workflows by making changes via the conceptual level. 

In the well-established area of database application construction, such a methodology 

already exists. This methodology is briefly summarized in fig. 6.1(a). In the 



178 

methodology, a single, formally defined conceptual data model (e.g. the ERM) is used to 

capture the end-user's reality. The mapping from the conceptual to the implementation 

model (e.g. the relational data model) is well defined, and can be automated. We call such 

a methodology a "well-defined" methodology. Such a methodology is necessary in order 

to be able to construct and manage database applications from the conceptual level itself. 

Several prototypes of automated design tools using this well-defined methodology (e.g. 

Siau, 1992; Kozacyzinski, 1987), have been constructed. In fig. 6.1(b), we informally 

depict the contribution of this chapter: a well-defined methodology that can be used to 

automate the construction and management of workflows from the conceptual level. To 

achieve this, we use SEAM, since it is a single conceptual workflow model, that is 

rigorously defined in terms of relational theory. We present a concise set of rules that 

map from SEAM to existing DBMS platforms, such as Sybase (McGovem and Date, 

1993) and Oracle (Owens, 1996). While SEAM can similarly be mapped to other 

specialized workflow implementations, we have several reasons for selecting 

commercially available implementations as the target in this work. First, specialized 

implementations require substantial financial investment, which is beyond the purview of 

most organizations (Thong, et.al., 1994). Second, most organizations have personnel who 

are familiar with the environments of these commercial systems (Silberschatz, et.al., 

1996; demons and Kleindorfer, 1992), and hence have a greater incentive to utilize these 

systems to the fiiUest, instead of moving to more specialized environments. Third, these 

commercial systems have evolved from supporting only the relational data model, to 



supporting other abstractions that facilitate application development: triggers, a 

computationally complete (possibly embedded) Structured Query Language (SQL) and 

the ability to process several instructions as a single Atomic, Consistent, Isolated and 

Durable (ACID) transaction. These new abstractions make commercial systems better 

able to support workflows. 

ER-Map End-User DBMS 
Application 

Conceptual 
Model (E-R) 

Implementation 
Model of DBMS 
(Relational Model) 

(a) An existing well-defined methodology to create and support database applications 
using the relational model 

End-User WFMS 
Application 

SEAM 
(inplaTieiitation abstractions 

_ supported by curroit DBMSs 
'(Relational Vfodel.Triggeis. 
Etnbedded. Cofuputationally 
Complete SQL 
ACID Traisaaion Model 

(b) A possible well defined methodolo^ to create workflow applications 
using implementation abstractions supported by current DBMSs 

Figure 6.1. The analogy between an established, well-defined database methodolog]^ 
and the proposed well-defined workflow methodology 

Based on the reasons described above, we next propose a mapping from SEAM to a 

generic implementation model. 
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6.2. Mapping SEAM Schema To Widely Supported Abstractions 

Our goal in this section is to present a generally applicable, concise set of rules, that can 

be used by developers to write applications, using a SEAM scheme as input. Coupled 

with the formal definition of SEAM in Chapter 4, this set of rules should be sufficient to 

allow the construction of an automated design tool that accepts a SEAM scheme as input 

and generates helpful code to facilitate application development. In the following 

discussion, we shall refer to relations in the relational data model as "tables", and to the 

well known foreign key concept as "referencing". In order to apply these rules, wfjiame 

should be substituted for the actual name of the workflowjype in SEAM. 

6.2.1. Rules To Map SEAM Schema 

I. Metadata Associated with Each Workflow type: 

(a) Each worlflowtype has a table, wf name_wf info, with the following attributes: 

(wf_description, wf id, w^time_began). The primary key for this table is w^id. 

(b) A table called wf name activities info is used to record information about all the 

possible primitive activityJypes that participate_in the workflow type. The table has the 

following attributes: 

(activity_description, activity_id). The primary key is activity_id. 

(c) A table called wf name state maxjnts is used to record the max intervals of all the 

state types. It has the following attributes: 
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(state_max_int_id, state_name, max_int). The primary key is the state_max_int_id. 

(d) A table called yvfjiame_progress is used to coordinate the workflow. It has the 

following attributes: 

(activityid, w^id, activity_time_began, activity_time_ended, completed_status, 

executing_status). The primary key of the table is (wf id, activity id). The wf_id 

references the wf_name_wf_info table, while the activity id references the 

w^name_activities_info table. 

2. Mapping SEAM Entity types: 

Each entity type is represented as a table, whose attributes are the same as the 

entity type's descriptors. The primary key of the table is the primary key of the 

entity type (which includes the entity_time_stamp). Since current systems do not support 

temporal data, time_stamps have to be explicitly modeled as attributes in the table, and 

each table represents values across time for different entityJnstances. 

3. Mapping SEAM Subclass Entity types and Aggregate Entity types-. 

The mapping from subclass entity types and aggregate entity types to the relational data 

model has been extensively covered in the literature, and is identical to the mapping of 

SEAM subclass and aggregate entityJypes. For reasons of space, we do not discuss the 

mapping here, but refer the reader to (Korth and Siiberschatz, 1991; Smith and Smith, 

1977). 
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4. Mapping SEAM State types: 

Each state jype (primitive or not) is represented by a table. The attributes of the table 

include: (state attributes, state_time_stamp, (primary keys - entity time stamp) of all 

entity types that belong_to the state type). 

In addition, the table has attributes; (state_max_int_id, wf_id7, activity id/, ... 

activityjdn, wf_id2, activity_id/, ..., activity_idp, ... wf idm, activity id/, ... 

activity id^). Thus attributes exist for each worl^ow type that acts_on the state type, 

and within that, for each activity type that acts_on the state type and that also 

participatesin the workflow Jype. 

The primary key for the table =(Primary keys -entity_time_stamp) of all entity types that 

constitute the state type u state_time_stamp. 

The reason is that, like entity instances in the entity type tables, state instances are also 

represented across time. 

The state_max_int_id references the wf jiame state jnax ints table, the wf id references 

the relevant wfjiame_wf_info table, and the activity_idir reference the relevant 

wf name activities info table. 



5. Generic Triggers to Enforce SEAM Reality 

We identify only the essential triggers that are needed to implement the SEAM 

conception of reality. In addition, of course, there may be several application-specific 

triggers, which are not discussed here. 

Tri^prcfaxk insert state terqxaal ccnastaxy 
idsntify entity_inst3noes in t±ie entity_t:ype tables that fall 

within +/- inax_int of the state_tiine_startp of the inserted rcw 
if ncne found then rollbadc transactiCTi 

(a) Logical Stmctue of insot trigger associated with each stateJ>petaUe 

TriggerchBdc delete qtrty tetqxial ccnsistency 
for each state_t:ype table t» which attitjM:ype belongs 

idsitify all state_inst3noes whose tiinB_st2nps are within +/-
statejqpe's iiBx_int of the state_instanoe's tinae_stanp 

if any are found thai 
scan the aitity_type's table to see if another attity_irstance 

can be found whose tine_staip satisfies the state_instance's 
tenparal oonsistgKy requiranent 

if none found thai delete the state_instance 

(b) Logical Sducdie of delete trigger associated with each ertity_^ table 

Trigger insert activitEs initiate wakflow 
Insert all possible primitive activityJCipes in the wf_prc3gress table 

Values for tiine_begun, tiine_ended as NOLL 
Values for csnpletedjstatus = NO 

(c) Logical Sductus of insert triggar associated vvithtew^nane_wnnfo taUe 

Figpre 42. LogHal stnKlure (€geneik triggns in tbe iiBppiiig 

(a) Triggers to guarantee temporal consistency of data 
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Foreign keys are insiifScient by themselves to guarantee temporal consistency, since they 

do not check to see if the referenced value falls within a particular range of the 

referencing value. Hence, we need triggers to ensure temporal consistency. 

(i) Each statejype table has an insert trigger associated with it, to ensure that 

entity instances exist whose time_stamps lie within the max_interval of the 

state_time_stamp value. The logical structure of this trigger is shown in figure 6.2(a). 

(ii) Each entityjype table has a delete trigger associated with it. The trigger ensures that 

if an entity instance is deleted, then the tables of all the state types to which the 

entity type belongs are checked. If any state instances are found that depend on this 

entity instance, and for which no other entity instance can be found, then those 

state instances must be deleted as well. The logical structure for this trigger is shown in 

figure 6.2(b). 

(b) Workflow Initiation Trigger: 

This is associated with insertions into the \yfjtame_\yf_info table. When a row is inserted 

into this table, it means that wf_name has been instantiated. This trigger then inserts all 

activity types that participate_in the workflowjype in the wf name _progress table, and 

marks them as incomplete. The logical structure of thiis trigger is shown in figure 6.2 (c). 

6. Mapping SEAM Primitive Activity types 
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Each primitive activity type in the SEAM scheme is written as an embedded SQL 

module of the form: 

activity_name() { 

get_input:{) ; /*ask the user for possible input that may be required*/ 

start_transaction{) ; 

/* 

identify relevant row in the st:a.te_type table based on 

state_time_stamp and transform only the entity_instances 

that lie within +/- mcuc_int of the state_time_stamp value. 

After relevcuit entity_instances are modified, insert a new 

row in the stace_type table that has the same wf_id and 

activity_id as the original row 

*/ 

update_wf _progress () ; /* updates the relevant record in the 

wf_name__progress table, that the 

activity has been completed*/ 

commit_transaction() ; 

} 

This structure implies that each primitive activity type is one transaction. It also supports 

the SEAM conception of reality: an activity instance acts on a state instance and all the 

entity instances that belong_to that state instance. The common w^id and activity id in 

the state type table are sufficient to generate the state instance that was input to the 

activity instance, as well as the state instance after the activity instance has transformed 

it. 

7. Mapping SEAM Non-Primitive Activity types-
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Non-primitive activity types in SEAM are not relevant at the implementation level. 

Similar to other tools like the DFD, non-primitive activity types in SEAM serve as a 

software design aid for decomposing activity types, until primitive activity types that can 

be coded are reached. E.g. The develop_DSD activityjype in figure 4.5 will not be 

supported at the implementation level. However, it was useful in arriving at the four 

primitive activity types shown in fig. 4.6. 

8. Managing the Instantiation of SEAM Workflow types: 

Each workflowjype is managed by a server program (yvf name server) whose structure 

is as follows: 

main{) { 

while(1) { 

decide_next_activity() ; /*scans the wf_name_progress table, 

and picks out an activityjcype that 

needs to be executed*/ 

execute_activity_handler () / /*a wrapper function that accepts 

the handle of the next activity to 

be executed, forks a process to 

execute it & immediately returns 

SUCCESS or FAILURE*/ 

} 

} 

wfjiame server runs continually. The decide_next_activity fimction scans the 

wf name_progress table, sees which activityJype has been most recently executed, and 

understands which activity type needs to be executed next (it may have to scan other 
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tables to evaluate predicates as well). This information is passed to the 

execute_activity_handler, which will simply fork a process to execute that activity type''s 

module and return. Note that the code for decide_next_activity will need to understand 

the control flow of the activity types, as well as be able to evaluate conditions. 
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Figure 6L3L Partial Rdatiofial Schema for the 

Fig. 6.3. illustrates these rules by showing the implementation schema for the 

initial_test_plan statetype. The stateJype table references the QC-emps, 
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InitialJTest_plan and DSD tables. It also references the dsd_statejnaxjnts table. There 

is one wor/^owjype that can act_on the statejype, and within that, two activityJypes. 

Thus, the table also references the dsdjjrogress table (for w^id and activity_id pairs). 

The state type table has an insert trigger (of the form in fig. 6.2(a) ) associated with it. 

The QC-emps, Initial_Testj)lan and DSD tables have delete triggers (of the form shown 

in fig. 6.2(b)) associated with them. The dsd_wfJnfo table has an insert trigger of the 

form in fig. 6.2 (c) associated with it. Sample data are shown in the tables. One instance 

of the DSD workflow has been initiated. Only 4 primitive activity types are shown in the 

schema. Note how temporal consistency has been maintained, and how the input and 

output state instances to the provide Jeedback activity instance (which is the only one 

that has finished) can be obtained fi*om the state type table. Figure 6.4 shows the foreign 

key dependencies between the relations in the schema. The arrows point outward from 

the dependent relation. 
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DSD 
Initiai_test_plan QC_Emps 

initial_test_plan_state DSD_progress 

DSD state max ints DSD activities info DSD wf info 

Figure 6.4. Foreign key dependencies between relations 

6.2.2. Woridlow Execution, Recovery And Concurrency Issues 

For each workflow_type, wf name server runs continually. A worl^ow instance starts 

when a row is inserted into the wfjtamejnfo table. This triggers the workflow initiation 

trigger (in fig. 6.2(c)), which inserts relevant rows in the wf name_progress table. 

wf name server scans this table continually, and decides on the next primitive 

activityjype to be executed. When an activityJype is found, it forks a process for the 

activity and returns. Note that each activity Jype is written as one transaction. This 

utilizes the ACID transaction abstraction to ensure recovery from a crash. If the system 
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crashes when a workflow is in progress, the currently executing activities are ail rolled 

back (automatically by the DBMS), since they are written as transactions. Since the 

wf namej)rogress tables have not been updated (they are the last table an 

activity instance updates), they remain marked NOT COMPLETE. When the system is 

restarted, only the wf_name server needs to be restarted for each workflowjype. The 

rolled back activity types are then automatically handled by the servers. 

In order to facilitate recovery, information on all wf name server programs may be 

stored in a wf server registry (metametadata). On recovering from a crash, a recovery 

program could scan this table and start all the servers running again. 

The architecture of the WFMS is shown in figure 6.5. Using the transaction abstraction 

provides the same degree of concurrency to activity types that the DBMS provides to 

transactions. The key is to decompose activityjypes so that finally, each primitive 

activity jype is of "reasonable" duration (i.e. not too long) and can be implemented as a 

transaction with a reasonable degree of concurrency in the system. SEAM clearly helps in 

this process, by facilitating decomposition. 

6.3. A Prototype Of A SEAM Application 

We next describe a prototype application that we constructed for a SEAM schema. The 

prototype was developed on Sybase 10 (McGovem and Date, 1993), a client-server 

database management system developed by SYBASE. 
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Figure 6.5. Architecture of the proposed WFMS 

Sybase 10 largely supports the relational model, triggers, embedded SQL code, extended 

SQL, as well as stored procedures. The aim of implementing the prototype was not to 

implement a real-life application, but rather a proof-of-concept demonstration, to show 

how a real application can be developed. The top level static SEAM schema used is 

shown in figure 6.6. There is one entityjype: employees, and one statejtype: the DSP 

state. Two activityjtypes transform the DSP state and employees. The first activity_type 

is called Activity 7, and this increases the salary of an employee by 10%. It takes between 

2 and 4 minutes to execute, depending on system load, and requires input firom the user. 

The second activity_type is called Activity 8, and gets the ID of the employee whose 
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salary was increased, and prints out a message to the user. It also takes between 2 and 4 

minutes to execute, depending on system load. The workflow consists of these two 

activities executing sequentially. In the prototj^, the employee id represents shared 

information between the 2 activities in the workflow type. Information is shared by 

passing along the workflowid of the workflowinstance to each activityinstance. Based 

on this, it can obtain all the tuples that were accessed by previous activities. 

ddress 

Em ployees 

DSP state 

Activity 7 Activity 8 

Figure 6.6. SEAM schema for the prototype construction 

The relational schema implemented for the prototype is shown in figure 6.7. 
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EMPLOYEES (emp id, time stamp, salary, address) 

DSP_STATE (emp id, time stamp, state_max_int_id, actl_id, act2_id, dsp_wf_id) 

DSP_WF_rNFO(wf_desc, wf id, wf_time_begun) 

DSP ACTIVTITES INFO(act id, act_desc) 

DSP STATE MAX INTS(state max int id, state_name, datel. date2) 

DSP PROGRESS(act id, wf id. time began, time_ended, completed, executing) 

Figure 6.7. Relational schema for the prototype 

The schema and the constraints on the schema (in terms of primary and foreign keys) are 

shown in appendix 4. Appendix 5 shows the triggers (and stored procedures) that were 

used to impose SEAM's axioms on the prototype schema. Appendix 6 shows the code for 

the two activities and the code for the dsp_server (the workflow server). The build 

envirorunent for the activities and dsp_server is also shown. The code was written in C 

with embedded SQL calls. For reasons of space, the code generated by the Sybase 10 

SQL preprocessor is not shown. 

The execution of the prototype is shown in figure 6.8. 
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Trigger Insats 2 tuples mdsp_ 
progiess 

Activities tiansfonn data. 
Infbnnaa'on between activities is 
shared using dsp_wfjd. 

dspserver scans dspjirogicss 
and forks any activities that are no 
completed and not executing 

Figure 6.8. Execution pattern of the prototype 

The prototype was tested as follows. Triggers were tested by inserting good and bad data 

(data that violated SEAM axioms) into the tables. The SQL batch files for this are shown 

in appendix 7. The actual workflow (consisting of a sequential execution of the 2 

activities) was executed several times. The initiation of each workflow instance occurred, 

as described in section 6.2.1, by inserting a row into the dsp_wf_info table. Several 

workflow_instances were created, and the resulting tables were examined. In all cases, 

the workflows worked as anticipated. 
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While the prototype used a simple example, it is valuable because it covers most of the 

concepts we anticipate would be required for writing a large application, based on a 

SEAM schema, on a commercial platform. 
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CHAPTER? 

CONCLUSIONS AND FUTURE RESEARCH 

In this dissertation, we make several contributions to the conceptual workflow modeling 

literature. Specifically: 

1) We propose a comprehensive content specification for CWMs. Each dimension of this 

framework represents a need that should be fulfilled, in order to model a business 

process. This specification makes two contributions. First, it serves as a firework to 

analyze and compare existing models, based on their content and which perspectives of a 

business process they model. Second, it is a useful guideline for developing a 

comprehensive CWM, that can model all the relevant aspects of a workflow. 

2) Using the specification as a guideline, we define a CWM (SEAM) in terms of 

relational theory. We also depict SEAM as a grammar. We believe that this contributes to 

both theory and practice. Since SEAM is a rigorously defined conceptual workflow 

model, it represents a first step towards a conceptual model driven workflow 

environment; i.e. an environment where the design and management of workflows is 

controlled from the conceptual level. Although SEAM can be mapped to any 

implementation, we have mapped it here to a widely used and understood 

implementation. The information contained in this work should be sufficient to allow 
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application developers to utilize SEAM to construct applications, as well as to allow the 

construction of an automated design tool (consisting of a SEAM compiler that 

understands the mapping rules), similar to Computer Aided Software Engineering 

(CASE) tools used to construct database applications. The mapping has also identified 

abstractions that need to be supported by widely used implementations, in order to model 

the SEAM conception of reality. E.g. Optimization of triggers used to enforce temporal 

consistency of entities and state. 

Using a single conceptual model as a CWM offers two advantages. First, all the 

requirements are captured in a single model, which makes mapping of user requirements 

to an implementation model easier, and allows structure in constructing applications. In 

order to explain the second advantage, we briefly examine how current Computer Aided 

Software Engineering (CASE) tools support user requirements. The Designer/2000 

toolset (Billings, et.al., 1997) from Oracle Corp. has a process modeller (for modeling 

and anlyzing flow diagrams and responsibilities), an entity relationship diagrammer for 

modeling ERM diagrams, a fimction hierarchy diagrammer (used to show the hierarchy 

of functions performed by the organization), a dataflow diagrammer (to show how 

information flows in the organization) and several generators that generate forms, reports 

and packages in other scripts. A reconmiended method of using the toolset is to construct 

the process flow diagrams, function hierarchy diagrams, dataflow diagrams and then 

entity relationship diagrams. The consistency between these diagrams is the responsibility 
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of the analyst, and the toolset provides a matrix diagrammer that provides limited support 

for cross referencing between flmctions and entities, functions and attributes and 

functions and business units. Thus, the linkages between these different models are 

implicit in the toolset. 

Similarly, the Excelerator CASE tool (Fisher, 1991) supports eight different diagrams; 

dataflow diagrams, structure charts, data model disgrams, ERM diagrams, state transition 

diagrams, structure diagrams, presentation charts and work breakdown structures. Again, 

the problem of maintaining links between these different diagrams to form a consistent 

picture is implicitly left to the analyst (though the data dictionary provides limited 

support). The same notion of implicit linkages is found in most of the popular CASE 

tools such as Power tools and ProMod. (Fisher, 1991). 

This problem arises because CASE tools user different models to model different aspects 

of user requirements, and because no formal methods exist to amalgamate these 

requirements into a coherent picture (i.e. with explicitly defined linkages). A single 

conceptual model does away with this problem, since all the linkages are explicitly 

defined. Thus, in SEAM, activities and the states and entities on which they act are 

explicitly shown. 
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3) The completeness of conceptual models, though accepted as being important, has 

largely remained implicit. We attribute this to the fact that, until recently, computing 

supported fairly well established domains of himian activity. E.g., Database systems 

provide a static picture of an enterprise, and this support is well established. Conceptual 

models to represent these domains (e.g.. conceptual data models) are also well 

established, and in a sense have actually defined the domains that are supported. Thus, 

usage of the ERM defines the domain of a business that can be supported as that part of 

the business that can be modeled using relationships, entities and attributes. The 

completeness of conceptual models has not been questioned in these established areas; 

indeed, as we just observed, the conceptual models have actually defined the domains. 

As computing evolves to touch new domains of human activity, conceptual models to 

model these activities are boimd to evolve and be adopted in research and industry, in 

order to facilitate system development for these new domains. An example of this is the 

recent interest to provide computing support to business processes or workflows. Many 

new conceptual models are being proposed to model business processes, and it is very 

likely that workflow software development tools will soon emerge based on one or more 

of these conceptual models. Since there is no single dominant conceptual model in a new 

domain of human activity (e.g., there is no single dominant conceptual workflow model, 

to the best of our knowledge), it is likely that new conceptual models will not define their 

domains, but only seek to model them. Completeness of these models then becomes an 
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important criterion for evaluating them, both for researchers and practitioners, who may 

invest heavily in systems based on one of these models. We propose an explicit definition 

of completeness, and a methodology based on real-life end-user domains to evaluate the 

completeness of CWMs. With minor modifications, the methodology can be used to 

measure the completeness of a set of conceptual models modeling any domain of human 

activity. 

We have explicitly defined the completeness of CWMs, and proposed a theoretically 

sound empirical methodology to evaluate it. We have also shown that completeness can 

be an important criterion for managers faced with the task of selecting, and investing in, a 

conceptual model for their systems development process. The methodology proposed 

here is designed for replication studies, which can provide valuable information to 

managers on the completeness of a set of CWMs, and make their selection task easier.ln 

this work, we illustrate how the methodology can be used, by seeing if SEAM is 

perceptually more complete than IDEFO, a model used widely to model business 

processes. 

7.1. Directions for future research 

SEAM can be extended in several ways. First, we would like to incorporate temporal and 

spatial decomposition (identified in the content specification) into SEAM. Doing this 

would entail examining previous attempts at incorporating time and space into conceptual 
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and execution models, and either selecting a particular paradigm and directly 

incorporating it in SEAM, or proposing a new one. 

Second, we would like to construct a system that uses SEAM as a front end to managing 

workflows. In order to do this, we propose to use the mapping provided in this work, and 

write a compiler that generates code for a specific execution system. We shall also 

propose an execution language for manipulating and querying the workflow, similar to 

query and manipulation languages proposed for the ERM. We would also like to use 

SEAM as the front end to simulation engines and other optimization tools. In order to do 

this, we need to formulate a mapping from SEAM schemas to a simulation schemas, or to 

other schemas used by optimization tools. 

Third, as inter/intranets become ubiquitous, we would like to explore how SEAM can be 

mapped to workflow implementations running on these infrastructures. We would like to 

explore if an inter/intranet infirastructure offers certain differences over other client/server 

architectures, and how these differences can be used to manage workflows. 

Our work on empirically evaluating completeness can also be extended in several ways. 

First, a direct extension of this work could propose a more efRcient field based 

methodology. The application of our methodology took approximately two months of 

fieldwork. It may be possible to modify the methodology so as to reduce the fieldwork 
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involved, and to still retain the advantc^es of a case study. Second, it may be possible to 

propose meta-model frameworks that can automatically measure completeness from a 

theoretical standpoint. A theoretical approach will be unambiguous and consume less 

resources to implement than a case study based methodology. However, to the best of our 

knowledge, much work needs to be done before a satisfactory theoretical framework is 

possible. Finally, while this work provides some measure of the magnitude of perceived 

importance of each model in a target set (by comparing the composite scores for each 

model), the data collected is ordinal, since the scales used are ordinal (Fowler, 1993). 

Measures that constitute interval or ratio data (Fowler, 1993) need to be created in order 

to measure absolute magnitudes of completeness. 
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APPENDKl 

For each business process description; 

1. This business process description is: 

extremely quite slightly neither slightly quite extremely 

incomplete incomplete incomplete complete complete complete complete 

nor incomplete 

2. This business process description leaves out elements that are important. 
extremely quite slightly neither slightly quite extremely 

agree agree agree disagree disagree disagree disagree 

nor agree 

3. The following is a list of elements that I think are important but have been omitted from the 

natural language description; 
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APPENDIX 2 

Questionnaire 2; 

The <natural language description> that we came up with describes all the business processes 

performed by <unit name>. Assume for the rest of this questionnaire that you are in charge of 

overseeing all the business processes in the <natural language description>. To help you in your 

work, you have been charged with selecting a Workflow Management System (WFMS) that will 

help you keep track of all the business processes described in the <natural language description>, 

and maybe even automatically execute some parts of of the business processes. Since the WFMS 

is a program, it will be able to provide limited support. As an example, consider a simple 

database system. If your WFMS were based on a system such as Access, it would only be able to 

keep track of data. It would not be able to keep track of many facts that are implicitly accepted by 

you, such as <examples from description>. On the other hand, there may be another WFMS that 

may recognize these facts, and keep track of them automatically for you. 

Each question below describes one such element, and then asks you to rate how important it will 

be to you that your WFMS support this element. 

I. This element deals with <give description and example of element>. One WFMS may 

understand and support <element nam^, while another may not. 

I a. I would rate <element name> as being 
extremely quite slightly neither slightly quite extremely 

unimportant unimportant unimportant important important important important 

nor unimportant 

1. b. If the following concept: <element name> were left out, then the support provided by the 

WFMS would be 

extremely quite slightly neither slightly quite extremely 

complete complete complete incomplete incomplete incomplete incomplete 

nor complete 
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APPENDIX 3 

The Business Process Manual that we came up with describes all the business processes 

performed by SunQuest Quality Control (along with the participation of other departments). 

Assume for the rest of this questionnaire that you are in charge of overseeing all the business 

processes in the manual. To help you in your work, you have been charged with selecting a 

Workflow Management System (WFMS) that will help you keep track of all the business 

processesdescribed in the manual, and maybe even automatically execute some parts of of the 

business processes(e.g-., code movement from one area to another, or, the checking of 

documentation in the PMR phase). Since the WFMS is a program, it will be able to provide 

limited support. As an example, consider a simple database system. If your WFMS were based on 

a system such as Access, it would only be able to keep track of data. It would not be able to keep 

track of many facts that are implicitly accepted by you, such as: a development machine has to 

belong in the development department, or, the PMR activity comes after the Functional / 

Integrated testing activity, etc. On the other hand, there may be another WFMS that may 

recognize these facts, and keep track of them automatically for you. 

Each question below describes one such element, and then asks you to rate how important it will 

be to you that your WFMS support this element. 

1. This element deals with the WFMS understanding and supporting the concurrent execution of 

activities that make up a workflow. For example, in an enhancement workflow, the design 

specification phase and the coding/unit testing phase can occur concurrently (at the same time). 

One WFMS may understand and support the concurrent execution of activites, while another may 

not. 

1 a. I would rate the concurrency element as being 

extremely quite slightly neither slightly quite extremely 

unimportant unimportant unimportant important important impoitant important 

nor unimportant 
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1. b. If the following concept: concurrent execution of activities were left out, then the support 

provided by the WFMS would be 

extremely quite slightly neither slightly quite extremely 

complete complete complete incomplete incomplete incomplete incomplete 

nor complete 

2. This element deals with the WFMS understanding and supporting the conditional execution of 

an activity within a workflow. E.g., a product can become ready for alpha testing only if the 

number of bugs left is below an acceptable limit. One WFMS may understand and support the 

conditional execution of activites, while another may not. 

2. a. I would rate the conditional execution element as being 

extremely quite slightly neither slightly quite extremely 

unimportant unimportant unimpottant important important important important 

nor unimportant 

2. b. If the following concept: conditional execution of activities were left out, then the support 

provided by the WFMS would be 

exm:mely quite slightly neither slightly quite extremely 

complete complete complete incomplete incomplete incomplete incomplete 

nor complete 

3. This element deals with the WFMS understanding and supporting the continual repetition of 

performing an activity, until a condition is fulfilled. a product has to be functionally tested 

and recoded repeatedly, until the number of bugs drops below an acceptable limit. One WFMS 

may understand and support the repeated execution of activites until a condition is met, while 

another may not. 

3. a. I would rate the repeated execution ofactivities based on a condition element as being 

extremely quite slightly neither slightly quite extremely 

unimportant unimportant unimportant important important important important 

nor unimpottant 
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3. b. If the following concept; repeated execution of activities based on a condition were left out, 

then the support provided by the WFMS would be 

extremely quite slightly neither slightly quite extremely 

complete complete complete incomplete incomplete incomplete incomplete 

nor complete 

4. This element deals with the WFMS undertanding and supporting the spatial constraints 

inherent in a workflow. E.g., a client machine has to exist in the client's department and cannot 

be moved out. One WFMS may understand and support spatial constraints, while another may 

not. 

4. a. I would rate the spatial constraints element as being 

extremely quite slightly neither slightly quite extremely 

unimportant unimportant unimportant important important important important 

nor unimportant 

4. b. If the following concept: spatial constraints were left out, then the support provided by the 

WFMS would be 

extremely quite slightly neither slightly quite extremely 

complete complete complete incomplete incomplete incomplete incomplete 

nor complete 

5. This element deals with the WFMS understanding and supporting the temporal constraints 

inherent in a workflow. E.g., a level I bug pointed out by a client has to be fixed within a week. 

One WFMS may understand and support temporal constraints, while another may not. 

5. a. I would rate the temporal constraints element as being 

extremely quite slightly neither slightly quite extremely 

unimpottant unimportant unimpoitant important imponant important important 

nor unimportant 
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5. b. If the following concept: temporal constraints were left out, then the support provided by 

the WFMS would be 

extremely quite slightly neither slightly quite extremely 

complete complete complete incomplete incomplete incomplete incomplete 

nor complete 

6. This element deals with the WFMS understanding and supporting different temporal views of a 

workflow. E.g., a higher level temporal view of the functional/integrated testing activity would 

simply indicate to the manager the number of bugs tested. A lower level view will actually give 

information about each sub activity that was performed, such as: the handoff sub-activity, the 

internal QC kickoff meeting, etc. One WFMS may understand and support differing temporal 

views, while another may not. 

6. a. I would rate the temporal views element as being 

extremely quite slightly neither slightly quite extremely 

unimportant unimportant unimportant important important important important 

nor unimportant 

6. b. If the following concept: temporal vie\vs were left out, then the support provided by the 

WFMS would be 

extremely quite slightly neither slightly quite extremely 

complete complete complete incomplete incomplete incomplete incomplete 

nor complete 
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SQL code for generating the schema with static constraints 

use pubs2 
go 

create table dsp_wf_info 
(wf_desc char(200) not null, 
wf_id integer not null, 
wf^time_begun datetime not null, 
constraint dsp_wf_info_pk primary key (wf_id)) 

go 

create table dsp_activities_info 
(act_id integer not null, 
act_desc char(200) not null, 
constraint dsp_activities_info_pk primary key (act_id)) 

go 

create table dsp_state_max_ints 
(state_max_int_id integer not null, 
state_name char(50) not null, 
date I datetime not null, 
date2 datetime not null, 
constraint dsp_state_max_ints_pk primary key (state_max_int_id)) 

go 

create table dsp_progress 
(act_id integer not null, 
wf_id integer not null, 
time_began datetime, 
time_ended datetime, 
completed integer, 1*0 means not doneV 
executing integer, /*0 means not executing*/ 
constraint dsp_progress_pk primary key (act_id, w^id), 
constraint dsp_progress_fkl foreign key (act_id) references dsp_activities_info, 
constraint dsp_progress_fk2 foreign key (wf_id) references dsp_wf_info) 

go 

create table employees 
(emp_id integer not null, 
salary money not null, 
address char(60) default 'Unknown' not null, 
time_stamp datetime not null, 
constraint employees_pk primary key (time_stamp, emp_id)) 
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go 

create table dsp_state 
(emp_id integer not null, 
time_stamp datetime not null, 
state_max_int_id integer not null, 
actl_id integer, 
act2_id integer, 
dsp_wf_id integer, 
constraint dsp_state_plc primary key (emp_id,time_stamp), 
constraint dsp_state_fkl foreign key (actl_id) references dsp_activities_info, 
constraint dsp_state_fkla foreign key (act2_id) references dsp_activities_info, 
constraint dsp_state_fk2 foreign key (dsp_w^id) references dsp_wf_info, 
constraint dsp_state_fk3 foreign key (state_max_int_id) references dsp_state_max_ints) 

/» 

constraint dsp_state_emp_fk foreign key (emp_id) references employees (emp_id)) 
In the case of employees, the emp_id has to exist, but there also has to be temporal consistency, and a 

triger is used for that 
*1 

go 
go 
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SQL code for the triggers and stored procediires used in the prototype. 

/• 

NOTE: -1 is the null value foractiviQes and workflows, 01/01/1901 00:00 is the null value for times 
*! 

use pubs2 
go 

create procedure emp_test 
@max_int integer, 
@state_ts datetime, 
@mostrecent_ts datetime =NULL output, 
@emp_id_par integer =NULL 

as 
if @emp_id_par=NULL 
begin 
print"Need to Specify emp_id as well" 
return 1 

end 
select @most_recent_ts= (select max(time_stamp) 

from employees 
where employees.emp_id=@emp_id_par 

and employees.time_stamp <=(dateadd(hh,@max_int,@state_ts)) and 
empIoyees.time_stamp>=(dateadd(hh,-@max_int,@state_ts))) 

/» 

DEBUG PART FOLLOWS 
•/ 
/• 

print "employees is:" 
select • fi^om employees 
print"employee info in correct ts is:" 
select • from employees where employees.time_stamp <=(dateadd(hh,@max_int,@state_ts)) and 
empioyees.time_stamp>=(dateadd(hh,-@max_int,@state_ts)) 

print"Employee selected was: " 
select max(time_stamp) 

from employees 
where employees.emp_id=@emp_id_par 

and empIoyees.time_stamp <=(dateadd(hh,@max_int,@state_ts)) and 
empIoyees.time_stamp>=(dateadd(hh,-@max_int,@stateJts)) 
•/ 

go 

create trigger forinsertdsp_state 
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on dsp_state 
for insert 
as 
declare @ts datetimeyUsed to capture most recent ts from entity table*/ 
@Iocal_ts datetime, /*to capture timstamp from inserted*/ 
@local_emp_id integer, /*to capture emp_id from inserted*/ 
I* 

@Iocal_ppd_id integer, @Iocal_dsp_id integer, @IocaI_tp id integer, @locaI_prototype_id integer, 
V 
@Iocal_max_int integer 
select @IocaIjts= (select time_stamp from inserted) 
select @local_emp_id = (select emp_id from inserted) 
select @local_max_int = (select datediflf(hh,dsp_state_max_ints.datel,dsp_state_max_ints.date2) 

from inserted,dsp_state_max_ints 
where inserted^te_max_int_id = dsp_state_max_ints.state_max_int_id) 

/•NEED THESE TO INCLUDE OTHER TABLES IN STATE ALSO: 
select @local_ppd_id = (select ppd_id from inserted) 
select @locaI_dsp_id = (select dsp_id from inserted) 
select @local_tp_id = (select tp_id from inserted) 
select @local_prototype_id= (select prototype_id from inserted) 
*1 

execute emp_test @max_int= @local_max_int,@state_ts = @Iocal_ts, @most_recent_ts = @ts output, 
@emp_idj>ar=@locaI_emp_id 
if@ts=NULL 
begin 
prinfErron Need employee within timestamp of state" 
rollback trigger 

end 
else 
prim"Employee OK" 

/• 

if not exists(select • 
from employees, inserted 
where employees.emp_id=inserted.emp_id) 

or not exists(select * 
from ppd, inserted 
where ppd.ppd_id = inserted.ppd_id) 

or not exists(select * 
from dsp, inserted 
where dsp.dsp_id=inserted.dsp_id) 

or not exists(select * 
from initial_test_pian, inserted 
where initial_test_plan.tp_id = inserted.tp_id) 

or not exists(select * 
from prototype_code, inserted 
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where prototype_code.prototype_id=inserted.prototype_id) 
begin 

rollback transaction 
print "Incorrect insertion into dspjstate table" 
end 

else 
print"Insertion into dsp_state table successful!" 
•/ 

go 

create trigger fordelete_emp 
on employees for delete 
as 
declare 
@local_state_time_stampl datetime, 
@local_max_intl integer, 
@local_emp_id integer, 
@Iocal_emp_time_stamp datetime 

/•Next declare one cursor for each state*/ 
declare dsp_rows cursor 
for select dsp_state.time_stamp, datediffnih,dsp_state_max_ints.datel,dsp_state_max_ints.date2) 

from dsp_state,deleted,dsp_state_max_ints 
where deleted.emp_id=dsp_state.emp_id 
and dsp_state_max_ints.state_max_int_id = dsp_state.state_max_int_id 
and dsp_state.time_stamp 

<=(dateadd(hh,datediff(hh,dsp_state_max_ints.date 1 ,dsp_state_max_ints.date2),deleted.time_stamp)) and 
dsp_state.time_stamp>=(dateadd(hh,-
datediff(hh,dsp_state_max_ints.datel,dsp_state_max_ints.date2),deleted.time_stamp)) 

open dsp_rows 
fetch dsp_rows 

into @local_state_time_stampl, @local_max_intI 
if(@@sqlstatus=2) 
begin 

print"No DSP states are dependent." 
close dsp_rows 
deallocate cursor dsp rows 
return 

end 
while(@@sqlstatus=0) 
begin 
declare temp_emps cursor 
for select employees.emp_id, employees.time_stamp 
from employees,deleted 
where deleted.emp_id=empIoyees.emp_id 
and employees.time_stamp <= (dateadd(hh,@locaI_max_intI,@Iocal_state_time_stampl)) and 

employees.time_stamp>=(dateadd(hh,-@locaI_max_int 1 ,@locaI_state_time_stamp 1)) 
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open temp_emps 
fetch temp_enips into @locaI_emp_id, @Iocal_enipjtime_stamp 
if(@@sqlstatus!=0) 
begin 

print "Deleting DSP State" 
close dsp_rows 
deallocate civsor dsp_rows 
delete dsp_state 

where dsp_state.emp_id=@local_emp_id 
and dsp_state.tiine_stamp=@local_state_tirae_stampl 

/* 

Now declare the dsp_rows cursor again: it was closed because Sybase does not allow a ciu^or to be open, 
and to actually delete from the base table some row that is part of the cursor's result set 
*1 

declare dsp_rows cursor 
for select dsp_state.time_stamp, datediff(hh,dsp_state_max_ints.datel,dsp_state_max_ints.date2) 

from dsp_state,deleted,dsp_state_max_ints 
where deleted.emp_id=dsp_state.emp_id 
and dsp_state_max_ints.state_max_int_id = dsp_state.state_max_int_id 
and dsp_state.time_stamp 

<=(dateadd(hh,datediff(hh,dsp_state_max_ints.date 1 ,dsp_state_max_ints.date2),deleted.time_stamp)) and 
dsp_state.time_stamp>=(dateadd(hh,-
datediff(hh,dsp_state_max_ints.datel,dsp_state_max_ints.date2),deleted.time_stamp)) 

open dsp_rows 

end/* if @@sqlstatus 1= 0'/ 
close temp_emps 
deallocate cursor temp_emps 

fetch dsp_rows 
into @locaI_state_time_stampl, @local_max_intI 

end /*while @@sqlstatus=0*/ 

/•If error occured, rollback trigger*/ 
if(@@sqlstatus= I) 
begin 
print"Error in Trigger fordeletejemp" 
rollback trigger 

end 
close dsp_rows 
deallocate cursor dsp_rows 
go 

create procedure test_wf_constraints 
@t_begin_par datetime, 
@wfJd_par integer. 
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@t_end_par datetime, 
@comp_par bit, 
@act_id_par integer 
as 
declare @l_wf_time_begun datetime 
select @l_wf_time_begun = (select w^time_begun 

from dsp_Mff^info 
where @wf_id_par = dsp_wf_info.wf_id) 

if @t_begin_par < @I_w^time_begun 
begin 

print" Activity has to begin after workflow" 
rollback transaction 

end 
if @act_id_par=7 
begin 

if('hello' != (select address 
from employees, dsp_state 
where dsp_state.actl_id = 7 
and dsp_state.emp_id = employees.emp_id 
and dsp_state.dsp_wf_id = @wf_id_par)) 

begin 
print"Error Employees has to reside in Hello for activity 7" 
rollback transaction 

end 
end 

go 

create trigger forinsert_wf_dsp_progress 
on dspjrogress 
for update 
/•This trigger tests any predicates that need to be tested.. E.g, is the activity executing within a particular 
time from the start of the w-f, etc. Actually: the wrapper procedure does that. List of predicates: 
-Activity-'s time_begun>wf s time_begun. 
predicate sbased on time_stamp and other attributes. 
*! 

as 
declare @l_act_id integer, 

@l_wf_id integer, 
@l_time_began datetime, 
@l_time_ended datetime, 
@l_completed bit 7*0 means not done*/ 
select @l_act_id = (select act_id from inserted) 
select @l_wf_id = (select wf_id from inserted) 
select @l_time_began = (select time_began from inserted) 
select @I_time_ended = (select time_ended from inserted) 
select @l_completed = (select completed from inserted) 

/•Execute wrapper*/ 

execute test_w^constraints @t_begin_par=@l_time_began, @w^id_par=@l_wf_id, 
@t_endj3ar=@l_time_ended, @comp_par=@l_completed, @act_id_par=@l_act_id 

/• 
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depending on activity id, test_wf_constraints will call a particular procedure, so it's a wrapper procedure. If 
the workflow has 10 activiues, all 10 will be catered to. 
*1 

go 

create trigger initiate_dsp_workflow 
on dsp_wf_info 
for insert 
as 
declare @l_wf_id integer, 

@l_act_id integer/*this will be gotten as a cursor from the activity_info_table*/ 

select @l_wf_id = (select w^id from inserted) 
/•Next: declare a cursor for activity_ids V 
declare dsp_acts cursor 

for select act_id 
from dsp_activities__info 

open dsp_acts 
fetch dsp_acts 

into @I_act_id 
if (@@sqlstatus = 2) 
begin 

print "No activities for this workflow" 
close dsp_acts 
return 

end 
while(@@sqlstatus=0) 
begin 

if((@l_act_id >0) and (@l_w^id >0)) 
begin 

insert 
into dsp_progress (act_id, wMd, time_began, time_ended, compIeted,executing) 
values (@l_act_id, @l_w^id, getdateQ, getdateQ, 0,0) 

end 
fetch dsp_acts 

into @l_act_id 
end 
/•if error occurred in triger, rollback trigger*/ 
if(@@sqlstatus=l) 
begin 

print "Error in trigger" 
rollback trigger 

end 
close dsp_acts 
deallocate cursor dsp_acts 

go 
go 
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C code with embedded SQL calls for the activities and the server. 

Code for Activity 7 

#include <stdio.h> 
^include <stdlib.h> 
^include "macros.h" 

/•declare the SQLCA*/ 
EXEC SQL [NCLLTDE SQLCA; 

/•Function prototypesV 
void error_handIerO; 
void waming_handlerO; 
void pr_error(char •); 

main(int argc,char •argvQ){ 

EXEC SQL BEGIN DECLARE SECTION; 
ini w,eid, sal; 
char addr[60]; 
char usemaine[30]; 
char password[30]; 

EXEC SQL END DECLARE SECTION; 

int i; 

EXEC SQL WHENEVER SQLERROR CALL error_handlerO; 
EXEC SQL WHENEVER SQL WARNING CALL waming_handlerO; 
EXEC SQL WHENEVER NOT FOUND CONTINUE; 
strcpy(usemame,USER); 
strcpy(password,PASSWORD); 
EXEC SQL CONNECT :usemame IDENTIFIED BY rpassword; 
EXEC SQL use pubs2; 

if(argc>2) pr_etTor("act7"); 
w= atoi{argv[l]); 

#if DEBUG 
fprintf(stderr,"IN ACT7. Wid is %d",w); 
#endif 
fprintf(stdout,"\nActivity 7 has begun\n"); 
fprintf(stdout,"\nActivity 7 input stage has begun\n"); 



fprintf(stdout,"\nPlease input employee number\n"); 
scanf("%d",&eid); 

#if DEBUG 
printf("\nEID:%d\n",eid); 
#endif 

for(i=0;i<2000000000;i++);/»noop a few times^/ 

EXEC SQL UPDATE dsp_progress 
SET dsp_progress.completed =1 
WHERE wf id = nv and act_id = 7; 

EXEC SQL declare emps cursor for 
select salary, address 
fi'om employees 
having employees.emp_id= :eid; 

EXEC SQL OPEN emps; 
EXEC SQL FETCH emps into :sal, raddr; 
sal=l.l*sal; 
EXEC SQL insert employees values(:eid,:sal,:addr.getdateO); 
EXEC SQL insert dsp_state values(:eid, getdateQ, 1,7, 

EXEC SQL DISCONNECT ALL; 
} 

void error_handlerO 
{ 

exec sql begin declare section; 

int num_msgs; 

int condcnt; 

exec sql include sqica; 

exec sql end declare section; 

exec sql get diagnostics :num_msgs — 
number; 

for (condcnt=l; condcnt <= num_msgs; 
condcnt-H") 

{ 



exec sql get diagnostics exception 

xondcnt 

:sqlca = sqIca_info; 

printf("sqlcode is ;%d\n\ message text:%s\n", sqIca^Icode,\ 
sqlca.sqieiTm.sqIerrmc); 

} 

} 

void warning handlerQ 
{ 

if(sqlca.sqlwam[ I ]=='W) 
{ 

fprintf(stderr,"\n** Data TruncatedVn"); 
} 
if(sqlca.sqlwam[31='W*) 
{ 

fprintftstderr,"\n** Insufficient host variables to store results\n"); 
} 
return; 

} 

void pr_error(char *c){ 

fprintf(stderr,"Error in Function: %s\n", c); 
exit(l); 

} 

Code for activity 8 

#include <stdio.h> 
#include <stdlibJi> 
#include "macros-h" 

/•declare the SQLCA*/ 
EXEC SQL INCLUDE SQLCA; 

/•Function prototypes*/ 
void error_handlerO; 



void warning handlerQ; 
void pr_error(char •); 

main(int argc,char *argv(]){ 
EXEC SQL BEGIN DECLARE SECTION; 
int eid,w; 
char usemame[30]; 
char password[30]; 

EXEC SQL END DECLARE SECTION; 

int i; 

EXEC SQL WHENEVER SQLERRORCALL error_handlerO; 
EXEC SQL WHENEVER SQL WARNING CALL waming;_handler0; 
EXEC SQL WHENEVER NOT FOUND CONTINUE; 
strcpy(usemame,USER); 
strcpy(password4'ASSWORD); 
EXEC SQL CONNECT rusemame IDENTIFIED BY rpassword; 
EXEC SQL use pubs2; 

if(argc>2) pr_error("act8"); 
w= atoi(argv[I]); 
fprintf(stdout, "Activity 8 has begiinVn"); 
fprintf(stdout,"Activity 8 input stage has begunVn"); 
for(i=0;i<2000000000;i-H-)y«noop a few times*/ 
EXEC SQL DECLARE dsp cursor for 
select emp_id from dsp_state where dsp_state.dsp_w^id= :w; 
EXEC SQL open dsp; 
EXEC SQL FETCH dsp into :eid; 
EXEC SQL UPDATE dsp_progress 

set completed = I 
where wf_id= :w and act_id= 8; 

/•INSERT ROW INTO DSP STATE ALSO*/ 
EXEC SQL insert dspjstate values(:eid, getdateQ, W - 1,8,:w); 
fprintf(stdout, "\n The salary of employee %d was increased by Twenty PercentVn", eid); 

EXEC SQL DISCONNECT ALL; 
} 

void error_handlerO 
{ 

exec sql begin declare section; 

int num_msgs; 

int condcnt; 

exec sql include sqlca; 

exec sql end declare section; 



exec sql get diagnostics ;num_msgs = 
number; 

for {condcnt=l; condcnt <= num_msgs; 
condcnt-H") 

{ 

exec sql get diagnostics exception 

xondcnt 

rsqica = sqlca_info; 

printf("sqIcode is ;%d\n\ message text:%s\n", sqica.sqIcodeA 
sqlca.sqlernn.sqlerrmc); 

void waming handlerQ 
{ 
if(sqlca.sqlwam[ I ]='W) 
{ 
fprintf(stderr,"\n** Data Truncated\n"); 

} 

if(sqlca.sqlwam[3]—W) 
{ 
fprintf(stderr,"\n** Insufficient host variables to store results\n"); 

} 
return; 

} 

void pr_error(char 'cX 

fprintftstderr/'Error in Function; %s\n", c); 
exit(l); 
} 

Code for the Workflow Server 

^include <stdio.h> 
#include <stdlib.h> 
#include <math.h> 
^include <string.h> 



#mclude <sys/types.h> 
#include <eiTno.h> 
^include <unistd.h> 
#include <sys/file.h> 
#mclude <sys/staLh> 
#include <fcntl.h> 
#include <sys/ioctlJi> 
#include <tennios.h> 
#include <signal.h> 
#include <sys/waiLh> 

^include "macros.h" 

#define REMOVE_SYSTEM_CODE 0 

/•declare the SQLCA*/ 
EXEC SQL INCLUDE SQLCA; 

/•Forward declarations*/ 
void pr_error(char ^c); 
int decide_next_activity(int ^a, int •w); 
int execute_activity_handler(int *a, int •w); 
void error_handlerO; 
void waming^handlerO; 

mainO{ 

EXEC SQL BEGIN DECLARE SECTION; 
int act_id,wf_id; 
char usemame[30]; 
char password[30]; 
EXEC SQL END DECLARE SECTION; 

#if DEBUG 
int done=0; 

#endif 
EXEC SQL WHENEVER SQLERROR CALL error_handlerO; 
EXEC SQL WHENEVER SQLWARNING CALL waming;_handlerO; 
EXEC SQL WHENEVER NOT FOUND CONTINUE; 
strcpy(usemaine,USER); 
strcpy(password,PASSWORD); 
EXEC SQL CONNECT rusemame IDENTIFIED BY rpassword; 
EXEC SQL use pubs2; 

EXEC SQL SET CHAINED OFF; 
while(I){ 

#if DEBUG 
fprintf(stderr,"\n In main dspjserver Ioop\n"); 

#endif 
while(decide_next_activity(&act_id,&wf_id) = 0){ 
^•no-op: busy-wait^/ 



} 
#if DEBUG 
printf("\nWFretumed by next_act= %d, actid =%d\n'',w^id,act_id); 
#endif 

EXEC SQL UPDATE dsp_progress 
SET executing = I 
where w^id= nv^id and act_id= :act_id; 
if(execute_activity_handler(&act_id, &wf_id) = FAILURE) { 

EXEC SQL UPDATE dsp_progress 
SET executing = 0 
where wf_id= :w^id and act_id= :act_id; 

pr_error("execute_activity_handIer"); 
} 

{ 

#if DEBUG 
done-H-; 

#endif 
} 

} 

void pr_error(char •c){ 

fprintfl[stderr,"Error in Function: %s\n", c); 
exit(l); 

} 

int decide_next_activity(int *a, int •w){ 
/» 

returns 0 if unsuccessfiil 
•/ 

EXEC SQL BEGIN DECLARE SECTION; 
int act,work; 
EXEC SQL END DECLARE SECTION; 

#if DEBUG 
fprintf(stderr,"\n In decide_next_activity\n"); 

#endif 

EXEC SQL declare x cursor for 
selea d2. actjd, d2.wf_id 
from dsp_progress dl, dspjrogress d2 

where dl.wf_id = d2.wfjd 
and d2.act_id = 8 
and dl .act_id=7 
and d 1 .completed= 1 

and d2.executing=0; 
EXEC SQL open x; 



EXEC SQL fetch x into :act, rwork; 
if(sqlca.sqIcode <0) pr_error(''decide_next_activity"); 
if(sqlca.sqlcode!= 100) { 

EXEC SQL close x; 
•a=act;*w=work; 
return 1; 

} 

EXEC SQL close x; 

/•Now see if act 7 needs to be executed*/ 
EXEC SQL declare y cursor for 

select art_id,wf^id 
from dsp_progress 

where act_id=7 
and completed=0 

and executing=0; 
EXEC SQL open y; 
EXEC SQL fetch y into :act, nvork; 
if(sqIca^qlcode <0) pr_error("decide_next_activity"); 
if(sqlca.sqlcode!=100) { 
EXEC SQL close y; 
•a=act; •w=work; 
return I; 

} 
EXEC SQL close y; 
return no activities found return 0*/ 
} 

int execute_activity_handler(int •a, int •w){ 
/* 
returns either SUCCESS or FAILURE 
*/ 

EXEC SQL BEGIN DECLARE SECTION; 
int act,work; 
EXEC SQL END DECLARE SECTION; 

char *args[I28]; 
pid_t pid; 

#if DEBUG 
fprintf{stderr,"\n In execute activity_handler\n"); 

#endif 
/* 

act? is the name of the executable of activity 7 
•/ 

if((*a)=7)sprintf(args,"%s%d","act7",(*w)); 
if((^a)=8)sprintf(args,"%s%d","act8",(*w)); 
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#if DEBUG 
printf("\nARGS is: %s\n",args); 
#endif 
act=(*a); work=(*w); 

#if DEBUG 
printf("\nact is: %d, and work is:%d Vn^act, work); 
#endif 

/• 

Now fork the activity as a grandchild 
•/ 

#if REMO VE_SYSTEM_CODE 
if((pid=forkO)<0){ 
fprintf(stderr,"Error in forking first child of server\n"); 
retum(FAiLURE); 

} 
else if {pid=0) {/'first child*/ 

if ((pid=forkO)<0){/*grandchild*/ 
fprintf(stderr,"Error in forking grandchild of server\n"); 
retum(FAILURE); 

} 
else if (pid>0) 
exit(0)y*first child exits*/ 

sleep(2);/*we are the second child and we execute the activity after our parent is dead, so we do not 
become a zombie*/ 

execl(*args,args);/*actually execute the activity*/ 
perror(*args); 
exit(O); 

} 
/* BACK IN ORIGINAL: Grandparent process*/ 

#if DEBUG 
printf("\nAfter Execl: Value of args is: %s\n",args); 
#endif 

if(waitpid(pid,NULL,0)!=pid) {/'wait for first child: the dummy */ 
EXEC SQL update dspjprogress 
set executing = 0 
where wf_id= :work and act_id= :act; 

pr_error("Waitpid error\n"); 
} 

#endif 
system(args); 

retum(SUCCESS); 

} 



void errorhandlerO 
{ 

exec sqi begin declare section; 

int num_msgs; 

int condcnt; 

exec sql include sqica; 

exec sql end declare section; 

exec sql get di^ostics nium_msgs = 
number; 

for (condcnt=l; condcnt <= num_msgs; 
condcnt-H-) 

{ 

exec sql get diagnostics exception 

xondcnt 

rsqlca = sqlca_info; 

printf("sqlcode is :%d\n\ message text:%s\n", sqlca.sqlcode,\ 
sqlca-sqlenrm-sqlerrmc); 

} 

} 

void waming_handlerO 
{ 
if(sqlca.sqlwam[ I ]—W) 
{ 

fprintf(stderr,"\n** Data Truncated\n"); 
} 

if(sqlca.sqlwam[3]—WO 
{ 

fprintf(stderr,"Nn** Insufficient host variables to store results\n"); 
} 

return; 
} 
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APPENDIX? 

SQL code for correct data inserted into the database to test triggers 

use pubs2 
go 
insert employees values (23,90000.00, "hello", "03/24/97 23:00") 
go 
insert employees values (23,90000.00, "hello", "03/28/97 23:00") 
go 
insert employees values (23,90000.00, "Goodbye", "03/30/97 23:00") 
go 
insert employees values (23, 90000.00, "Goodbye", "04/02/97 23:00") 
go 
select • from employees 
go 
insert dsp_activities_info values (-1, "DUMMY ACTIVITY: USED SINCE SYBASE DOES NOT 
ALLOW FKs to be NULL") 
go 
msert dsp_activities_info values (7, "Activity 7") 
go 
insert dsp_activities_info values (8, "Activity 8") 
go 
select * from dsp_activities_info 
go 

insert dsp_state_max_ints values(l, "DSP State", "01/01/95 00:00", "01/07/95 00:00") 
go 
select • from dsp_state_max_ints 
go 
insert dsp_wf_info values ("DUMMY WORKFLOW: USED SINCE SYBASE DOES NOT ALLOW FKs 
TO BE NULL",-1, "01/01/1901 00:00") 
go 
select • from dsp_wf_info 
go 
insert dsp_state values (23, "03/29/97 21:00", 1, -1,-1,-1) 
go 
insert dsp_state values (23, "04/05/97 21:00", 1,-1,-1,-1) 
go 
select • from dsp_state 
go 
go 

SQL code for incorrect data inserted to check for trigger operation 

/• 
RUN THE lNSERT_GOOD DATA FIRST 
*1 



use pubs2 
go 

print "Testing forinsert_dsp_state trigger" 

insert dsp_state values (23, "04/15/97 21:00", 1, -1,-1,-1) 
go 
print:"ShouId not have a row with 04/15/97 in dsp_state" 
go 
select • from dsp_state 
go 

print "Testing the fordelete_emp trigger" 

insert dsp_state values (23, "04/08/97 21:00", 1, -1,-1,-1) 
go 
select • from dsp_state 
go 
select • from employees 
go 
delete employees from employees where employees.time_stamp="04/02/97 23:00" 
go 
select • from employees 
go 
print"A row with timestamp of 04/08/97 should not exist in dsp_state" 
go 
select • from dsp_state 
go 
select • from employees 
go 
delete employees from employees where empIoyees.time_stamp="03/28/97 23:00" 
go 
select * from employees 
go 
print"A row with timestamp of03/29/97 should still exist in dsp_state" 
go 
select • from dsp_state 
go 

print "Testing the initiate_dsp_wori(flow trigger" 

insert dsp_wf_info values("A Workflow", 2,"04/06/97 13:00") 
go 
print"Dsp_progress table must have 2 lines in it: workflowed of 2, and act_ids of 7 and 8" 
go 
select * from dsp_progress 
go 
go 
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