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Abstract 

In the last 50 years, a considerable amount of research work has been completed in 
the mathematical system theory and theory of control. Implementation of the 
results from this research into practice has drastically decreased the production 
costs. Most production processes are highly automated, and the use of robots in 
industry is growing. As far as office, or business processes are concerned, the 
situation is quite different. Though the office workers and sales personnel have 
obtained much help from the modern computers, the office and sales processes are 
far behind the production processes on the level of automation. The computers are 
used in the office mainly to help in performing various activities, e.g., to write a 
letter, to print an invoice, to complete a transaction, etc. The control of the 
business processes in the office remains, to a large extent, manual. There is a lot to 
gain if the control over business processes could be automated, at least partially. 

The material presented in this thesis is aimed to support the following hypothesis: 
“The ideas worked out in the Mathematical system theory for modeling and 
controlling physical processes can be successfully used for modeling and 
controlling business processes.” One of the main ideas of mathematical system 
theory is to consider a process as a set of valid trajectories in a state space, and this 
idea is the keystone for the thesis. The thesis starts with reformulating the state-
oriented approach for the domain of business processes to show what kind of sate 
space can be used in this domain. First, the approach is introduced informally by 
means of an example. Next, a possible formalization adjusted to the properties of 
business processes is discussed. Then, experimental evidences that the method 
suggested in the thesis can be used in practice are presented. The suggested 
method is also compared with other methods of business process modeling to find 
out the areas where it has advantages over the other methods. In the conclusion, 
the results are summarized, and plans for the future are drawn. 

Most of the material included in the thesis has been published and presented at 
international conferences. The contribution of this thesis consists in organizing the 
material in support of the main hypothesis. 
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Preface             

My colleague Ronny Sjöborg once wrote: 

An entrepreneur who has built a large company very often looks back to 
the days of hard work when the company was formed. He was lonely but 
happy with full control of every step while he processed the order, 
delivered the product, installed it, and got the final payment from the 
customer. He was managing the whole process, which, unfortunately also 
meant that he had to pay attention to routine work like invoicing, 
bookkeeping, etc., for which he had neither the skill nor the interest.  

As the company developed, he could start employing people to handle 
routine work. The bigger the company got the more time he had to devote 
to managing and administrating the company. The disadvantage of growth 
for this entrepreneur became more and more clear. He lost control of the 
process and had to rely upon each department and each person within his 
company assuming full responsibility for their part of the process.  

Organizing the enlarged company around different functions has proven 
to be the only reasonable way to become cost-effective, but at the same 
time, it means less control of the total process. This is a very common 
experience, and in cases where control is especially important, the project 
management is introduced. This, however, often results in losing the cost 
efficiency achieved by functional organization. 

Is it possible to preserve full control of the process when a company 
grows and becomes functionally organized? 

The material presented in this thesis is aimed to prove the existence of a solution 
for the problem formulated above. The area of our research is interdisciplinary and 
includes:  

• Organizational Science – management of routine work, 
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• Mathematics – mathematical system theory and logical semantics, and 
• Computer Science – building business process control systems. 

We believe that a solution to the problem defined above can be found in the ideas 
worked out in the mathematical system theory and theory of control, which means 
that the methods that work well for modeling and controlling physical processes 
can be successfully used for modeling and controlling business processes.  

Due to the substantial difference in the nature of physical and business processes, 
the ideas of mathematical system theory cannot be applied directly, but need 
adjustments. Chapter 1 of the thesis is devoted to reformulating the state-oriented 
approach for the domain of business processes.  

The situation is further aggravated by the fact that the mathematical apparatus of 
differential equations that is used for physical processes is not (or better say, does 
not seem at the moment to be) suitable for business processes. Chapter 2 and 
Appendixes A – C are devoted to formulating an alternative mathematical 
apparatus that suits better for description of the properties of business processes. 

The approach suggested in Chapter 1 has undergone a number of experimental 
tests in practice. Chapter 3 (and Appendix D) describes our experience of using 
the approach for business process modeling, and Chapter 4 (and Appendices E, F) 
describes our experience in building business process control systems. Chapter 5 
overviews the most important features of business processes that should be taken 
into account when choosing methods of modeling and control. The aim of this 
chapter is to show the areas where the state-oriented approach has advantages over 
other methods of business process modeling. 

The thesis does not cover all the details of the proposed approach to solving the 
problem formulated by Ronny Sjöborg (we are constantly working on these 
details). Our methodology is to go all the way from initial ideas to the introduction 
of solutions in business practice, and then back to revising the ideas based on our 
practical experience. The thesis is based on several already completed iterations. 

The results presented in the thesis summarize the author’s theoretical and 
experimental work in the field of business process modeling during the period 
between 1989 and 2001. The main part of the work was completed at IbisSoft AB, 
a small Swedish consulting company that specializes in the borderland between 
business and software development. The rest was done during my stay at 
Stockholm University/KTH, in 1999/2000 (Department of Mathematics) and in 
2002 (Department of Computer and System Sciences). The environment in which 
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the research was conducted gave the possibility to observe the object of modeling, 
i.e., business processes, in its natural form, and to test the results in practice. The 
results have been reported, partly, in 10 publications: 

1. Bider I. Developing Tool Support for Process Oriented Management. Data 
Base Management. 26-01-30, Auerbach, 1997, p.18. (Also included in 
Tinnirello P.C., Ed. Handbook of Systems Development 1999 Edition, CRC 
Press, 1998.) 

2. Bider I. Object Driver: A Method for Analysis, Design, and Implementation 
of Interactive Applications. Data Base Management. 32-10-25, Auerbach, 
1997, p. 15 (Also included in Tinnirello P.C., Ed. Handbook of Systems 
Development 1999 Edition, CRC Press, 1998.) 

3. Bider I. and Khomyakov M. One Practical Object-Oriented Model of 
Business Processes. In Klimov H., Rumpe B., Simmonds I., eds., OOPSLA’97  
Workshop on Object-oriented Behavioral Semantics. Institute Für Informatic. 
Technische Universität München, 1997, TUM-19737, pp. 25- 31 

4. Bider, I. and Khomyakov, M.  Object-Oriented Model for Representing 
Software Production Processes. ECOOP’97 Workshop Reader, Springer, 
1998. LNCS 1357, pp. 319-322. 

5. Bider, I. and Khomyakov, M. Business Process Modeling – Motivation, 
Requirements, Implementation. ECOOP’98 Workshop Reader, Springer, 
1998. LNCS 1543, pp. 217-218. 

6. Bider, I., Khomyakov, M. and Pushchinsky, E. Logic of Change: Semantics 
of Object Systems with Active Relations. Automated Software Engineering. 
Vol.7:1, 2000, pp. 9-37. 

7. Bider, I., and Khomyakov, M. Is it Possible to Make Workflow Management 
Systems Flexible? Dynamical Systems Approach to Business Processes. 
Proceedings CRIWG2000, IEEE Computer Society Press, 2000, pp. 138-141. 

8. Khomyakov M., and Bider, I. Achieving Workflow Flexibility through 
Taming the Chaos. OOIS 2000 - 6th international conference on object 
oriented information systems. Springer, 2000, pp.85-92.  Reprinted in the 
Journal of Conceptual Modeling, August 2001: 
http://www.inconcept.com/JCM/August2001/bider.html. 
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9. Bider, I., Khomyakov, M. If You Wish to Change the World, Start with 
Yourself: An Alternative Metaphor for Objects Interaction. The Journal of 
Conceptual Modeling: www.inconcept.com/JCM, February 2001. Also in: 
Piattini, M., Filipe, J., and Braz. J., eds. Proceedings of ICEIS 2002 - the 
Fourth Conference on Enterprise Information Systems, Vol. 2, pp. 732-742, 
ICEIS Press, 2002. 

10. Andersson, T., Andersson-Ceder, A., and Bider, I. State Flow as a Way of 
Analyzing Business Processes – Case Studies. Logistics Information 
Management, MSB University Press, Vol.15 (1), pp. 34-45, 2002. 

The most representative of these papers [1,2,6,7,8,9,10] are included in the thesis, 
in the main text or as appendices. 

The experimental part of the study consisted of building models for ten business 
processes on commission for four organizations. Each model is described as a 
separate report (in Swedish). Three software systems have been built based on the 
suggested approach to business process modeling, one for the internal use at 
IbisSoft, and two for external customers. 

Note: Papers [1,2,7,8,9,10] were written by the author of this thesis. They are 
based on the results from the projects where other co-authors participated. Paper 
[6] was written in cooperation with Maxim Khomyakov whose contribution was 
approximately 25%. All previously unpublished material included in the thesis 
belongs to the author. 

The idea of presenting business processes based on the state-oriented view belongs 
to the author; it came out from the first stage of the DealDriver project in 1989. 
All business modeling and system development projects referred to in the thesis 
were lead by the author, who also participated in all stages of the analysis and 
system development. 
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Introduction 

We live in the era of globalization of economy, which means that companies and 
organizations are forced to compete not only locally, but in wider communities, 
e.g., on the EU or world level. This situation came up partly because of new 
regulations that allow free movement of capital, goods, and labor, partly due to 
new technologies, Internet in particularly. The global economy affects not only the 
competition when selling goods and services, but also the competition for skilled 
labor, and investment capital. The new situation affects not only private sector, but 
public sector as well, e.g., local communities compete for investors.  

To survive and grow in the global economy, companies and organizations need to 
undertake measures aimed at increasing their efficiency. One way to increase 
efficiency is via lowering operational costs. The operational costs may be roughly 
divided into two categories: production costs, and administrative costs. The latter 
include sales, marketing, personnel, etc. The ratio between these two types of costs 
is approximately fifty-fifty. 

In the last 50 years, a considerable amount of research work has been done in the 
mathematical system theory and theory of control. Introduction of the results from 
this research in practice has drastically decreased the production costs. Most 
production processes are highly automated, and the use of robots in industry is 
growing. Usually, there are not much reserves left to lower the production costs.  

Concerning the administrative costs, the situation is quite different. Though the 
office workers and sales personnel have obtained much help from the modern 
computers, the office and sales processes are far behind the production processes 
on the level of automation. The computers are used in the office mainly to help in 
performing various activities, e.g., to write a letter, to print an invoice, to complete 
a transaction, etc. The control of the office processes remains, to a large extent, 
manual. There is a lot to gain if the control over administrative processes could be 
automated, at least partially. Raising automation of administrative processes to the 
level of the production processes will drastically decrease administrative costs, 
thus making a company or organization better equipped for competition in the 
global economy. 



2 

In order to automate an administrative process, otherwise called a business 
process, we need to: 

1. First, analyze and reengineer this business process. Reengineering is a 
mandatory step because in the current practice, business processes are so 
unstructured that they are not worth automation, or it is not possible to 
automate them at all. In many cases, a process should be engineered rather 
than reengineered. 

2. Introduce a control system that ensures that the process is driven according to 
the reengineered definition. 

The first step requires:  

(a) A conceptual model (meta-model) for representing business process. 

(b) Methods for extracting information from participants of a business process – 
to fill the model with content.  

The second step requires:  

(c) Conceptualization of the idea of control of business processes. 

(d) Formal methods for representing knowledge on business processes. 

(e) Application development tools for building software systems that support and 
control business processes. 

Currently, business process modeling, reengineering and control are being studied 
in the frame of two research fields: BPR – Business Process Reengineering, and 
WFMS – Workflow Management Systems. A lot of valuable research and 
practical work has been done in both fields in the last 15 years. However, the focus 
in this research is mostly concentrated on ordering the flow of activities, i.e. the 
workflow. As a result: 

1. A business process is represented as sequence of activities with branches, 
loops, etc., i.e. in a form of a graph. 

2. The main questions asked when extracting information from the process’s 
participants are: “What do you do next?”, “What happens next?”, “Who 
continues the work you started?”. 
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3. Process control is focused at not allowing deviations from the predefined 
activities flow. 

The focus on activities ordering has its roots in modeling production processes 
where each process is aimed at producing more or less the same physical product 
in a (relatively) large quantity. The deviation from the standard pattern in such a 
process often results in discarding an erroneous product. The theories, practical 
methods, and software tools based on the workflow view work quite well for the 
production-like processes. However, application of these methods and tools to the 
less structured processes (that does not have a standard pattern of behavior, or 
often deviate from the standard pattern) gives rise to the famous problem of 
workflow flexibility. So far, this problem has not been solved in a general way. 

We feel that loosely-structured business processes require another approach for 
their automation. We believe that the solution of the flexibility problem lies in 
focusing on achieving the goals of business processes rather than on activities 
ordering. Goal-oriented approaches are less common in research and practice, 
nevertheless, they gain more and more attention, see, for example, 
(Kueng&Kowalek, 1997). One of such approaches and its practical application is 
presented in the current work. According to this approach: 

1. A business process is represented as a trajectory in a state-space, where the 
goal is represented as a set of final states. 

2. The main questions asked when extracting information from the process’s 
participants are: “What is the end goal?”, “In what way does a particular 
activity contribute to the goal?”, “When should/must not/can you perform a 
particular activity?”. 

3. Process control is focused on choosing a set of activities that can move the 
process from the current state in the direction to the nearest final state (the 
goal). 

When formulating our approach we start with the hypothesis: 

“The ideas worked out in the Mathematical system theory for modeling 
and controlling physical processes can be successfully used for modeling 
and controlling business processes.” 

The objective of this work is to present theoretical and practical evidences that 
support this hypothesis. We start with formulating our approach informally by 
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means of an example, and, at the same time, show in what way this approach 
differs from the traditional (workflow) method of modeling business processes. 
Next, we present a possible formalization adjusted to the properties of business 
processes. Then we present experimental evidence that the method suggested can 
be used in practice. After that, based on our practical experience, we discuss the 
areas where the suggested method has advantages over other methods of business 
process modeling. 

The thesis consists of six chapters, and six appendices, and it is structured in the 
following way. 

In Chapter 1, we introduce the basics of the state-oriented approach to business 
process modeling. This is done while discussing the problem of flexibility of 
workflow management systems. This chapter represents the final and substantially 
extended version of paper (Bider&Khomyakov, 2000) that I prepared for the 
CRIWG 2000 Workshop. An intermediate revision (Khomyakov&Bider, 2000) 
was presented by Maxim Khomyakov at OOIS 2000. 

Chapter 2 discusses one possible way of formalizing the state-oriented approach to 
business process modeling. The material of this chapter is based on the paper 
(Bider&Khomyakov, 2001), the final version of which I presented at ICEIS 2002. 
The formalization is based on three main concepts: object, law and connector. The 
details of logical semantics that defines a “dynamical world” by means of these 
three concepts are presented in paper (Bider et al., 2000) included as Appendix A. 
In this paper, I formalized the conceptual ideas worked out in the frame of the 
CHAOS project in 1984–86. The group of researches that worked on this project, 
beside myself, included Maxim Khomyakov, and Eugene Pushchinsky. Appendix 
B presents the full version of the procedural semantics that was only drafted in 
(Bider et al., 2000). Appendix C contains an essential extension of the logical 
semantics from (Bider et al., 2000) that allows a law to be represented as an 
object. The material of Appendices B, and C has not been published previously. 

Chapter 3 presents experimental evidence that the state-oriented approach can be 
used for modeling real business processes. The basis for this chapter consists of 
ten reports produced for external customers, each of which contains the results of 
analysis of one business process. This work has been done by a team of business 
analysts under my supervision. The chapter shortly overviews some of the 
business processes analyzed, discusses the method of conducting business analysis 
we used, and summarizes the results. More detailed description of our experience 
can be found in (Andersson et al., 2002) included as Appendix D. In this paper, I 
described and summarized the results of two analysis projects.  
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We would like to point out that the environment for observations in business 
process modeling differs substantially from the environment for observations in 
many natural science fields, e.g. physics, chemistry, biology, astronomy. When 
constructing a model in these fields, we, quite often, can gather numeric 
information by measurement, create a model, and then test the results derived from 
the model, again through measurements. Such ideal environment does not exist for 
business process modeling, at least, not for the current state of the business 
practice. The only practical way to obtain information about business processes is 
by interviewing human participants of these processes; and the only practical way 
to verify the correctness of the model is by getting confirmation, from the same 
people, that the results derived from the model do not contradict their 
understanding of business problems and their experience. 

The environment in which a business process modeler works is similar to the 
environment in which a field linguist works when studying a natural language that 
exists only in the spoken form. He/She gets oral information from the native 
speakers, and confirms his/her theories via getting confirmation from the native 
speakers. 

The success of a modeling project in the environment like the one described above 
depends not only on the approach to modeling, but also on the business modeler, 
his experience, and communication skills. Thus, it is very difficult to establish the 
practical suitability of a modeling method independently from the modeler, at 
least, not at the first stages of the experimental work. As I was the main driving 
force behind the projects described in Chapter 3, their success only proves that 
“there exists at least one group of modelers that can use the state-oriented 
approach in practice”. We consider that this verification, albeit limited, is 
sufficient to establish the right for an approach to exist.  

Recently, the suitability of the state-oriented approach to business process 
modeling was independently proved by our colleagues from Magnificent Seven 
(Moscow, Russia). They had successfully built a model of a logistics process, and 
as a result, obtained a commission to build a computer system to support this 
process. 

Chapter 4 presents experimental evidence of another kind. In this chapter, we 
prove that it is possible to build a business process control system based on the 
state-oriented view on business processes. This chapter summarizes our 
experience in developing business applications. It presents general requirements to 
business applications aimed at supporting business processes, and shows a way of 
how these requirements can be satisfied. Our early experience in this field was 
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reported in papers (Bider, 1997a,b) that are included as Appendices E and F. The 
more recent experience is briefly described in the main text of the chapter. 

To explain the value of the experimental evidence described in Chapter 4, we 
would like to refer to two styles of conducting experimental work in a natural 
science field, e.g. physics, chemistry, biology, astronomy. In the first style, 
observations or/and experiments starts with building some specialized equipment, 
for example, a gauge for precise measurements, which can be quite expensive. 
Only after that, the observations/experiments themselves are completed. In the 
second style of experimental work, a researcher use whatever is at hands in his/her 
laboratory, just to test his/her hypothesis, leaving the task of building specialized 
equipment to the better times, and/or to other professionals.  

The experimental work described in Chapter 4 belongs to the second style of 
experimental practice. The results presented in this chapter were obtained in “low 
budget” software development projects. In these projects, we did not have 
resources to build our systems from scratch using low-level programming. A 
pragmatic approach has been adopted for completing each project with resources 
available. We heavily relied on using third party tools and used hard coding where 
we had no time to solve a problem in a general way. We do not claim that our 
systems are the best possible, or they are built in the only possible way. The 
material presented in this chapter should be considered just as evidence that it is 
possible to build a control system based on the approach proposed. 

Chapter 5 finds a place for the state-oriented approach inside the general 
classification of approaches to business process modeling. In this chapter, we 
introduce a simplified classification of approaches to business process modeling, 
and list the parameters that should be considered when choosing the most 
appropriate one. In the last section of Chapter 5, we discuss circumstances in 
which the state-oriented model can give better results than other approaches. 

Chapter 6 summarizes the result of the work presented in the thesis. It discusses 
how strong the theoretical and experimental evidences in the defense of the main 
hypothesis are, and what should be done to obtain more evidence. It also draws a 
plan for future research and practical work.  
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Chapter 1. State-Oriented Approach as a Way of 
Achieving Workflow Flexibility 

1.1 Introduction 

The field of workflow management received a lot of attention in the past decade. 
A number of research papers were published during this period, and several 
standards for workflow specifications were suggested, see, for example, 
(Workflow, 1995, 1999a,1999b). In practice, various commercial workflow 
management systems (WFMS) appeared on the market. It seems, however, that the 
current WFMS still have a number of drawbacks that hinder their widespread use, 
see, for example, (Trammel, 1996). One of the main problems with current WMFS 
is their lack of flexibility, i.e. means of handling business processes that deviate 
from the standard pattern.  

To illustrate the flexibility problem, consider an example from (Kim&Pike, 1998) 
that discusses the issues of using WFMS for supporting a hiring (recruiting) 
process. In this example, the process of hiring is designed in the way that 
applicants background checking and medical screening is done after the actual 
hiring. The question is what happens if “for some applicants, a hiring manager 
would perform at first the background checking and medical before the decision”. 
The paper’s answer runs as “based on the current workflow management systems, 
the hiring process has to be redesigned.”  

Obviously, redesigning the process is not a proper way to handle numerous 
deviations. By making an “experiment of thought”, we can easily create a long list 
of deviations for the hiring process. For example, what happens if directly after the 
interview with the department manager, he/she (the manager) is replaced? Would 
the new manager accept the opinion of the previous one, or would he/she prefer to 
form his/her own opinion?  

The above case should not be considered as an example of an erroneous definition 
of the business process. The problem is much deeper than that. When a modeling 
technique is focused on defining the order of activities, it is only natural that the 
process description would reflect the standard way of doing things. To consider all 
possible ways the business process can develop is not practical. Moreover, the 
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number of ways may be too great to consider each of them separately. In a 
business process like in the example above, almost any thinkable sequence of 
activities can occur. 

The current WFMS deal with deviations by means of exceptions handling (for a 
detailed classification of exceptions see (Casati, 1998, Elder&Liebhart, 1995)). 
This concept comes from the field of programming where it was introduced to 
handle real errors. Using the same approach to handle deviations does not seem 
appropriate. For the hiring process above, deviations are “normal”; they differ 
from the main pattern only statistically. 

The problem of flexibility is widely discussed in the research literature. Several 
approaches for combining the predefined flow of activities with ad hoc planning 
were proposed to solve this problem, see for example, (Aalst, 1999, 
Blumenthal&Natt, 1995, Bogia&Kaplan, 1995). The most commonly used way of 
introducing flexibility is by moving from the rigid predefined control flow to 
allowing deviations. This, for example, can be done via introducing alternative 
patterns of behavior, by permitting the process to deviate on particular paths, etc.  

In this chapter, we introduce flexibility starting from the opposite end. We begin 
with complete chaos, and then introduce some means to order it. To be able to do 
this, we use a nontraditional view on business processes. Traditionally, a business 
process is viewed as a flow of activities, i.e. a “work flow.” We view it as a 
trajectory in the space of all possible states, i.e. a “state flow”. 

The rest of the chapter is structured in the following way. In Section 1.2, we start 
by presenting a view on the business process as a flow of work (activities), that is 
widely accepted in the workflow literature In Section 1.3, we consider an 
alternative view on the business process; namely, we regard it as a trajectory in the 
space of all possible states. In Section 1.4, we introduce a way of imposing 
restrictions on the set of all possible trajectories. This is done via the notion of a 
valid state, were the state includes activities currently planned for the given 
process. In Sections 1.5, we discuss an approach of solving the flexibility problem 
by implementing policies of three types: obligations, prohibitions, and 
recommendations. Section 1.6 explains how we propose to deal with unsolicited 
events.  In Section 1.7, we summarize the discussion by listing most important 
concepts of the proposed approach. Finally, Section 1.8 clarifies the relationships 
between the proposed model and other approaches, and outlines the directions for 
future research. The approach is discussed on the conceptual level; formalization 
is discussed in Chapter 2. 
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It is worthwhile to mention that our approach is instance and state centric. Instance 
centric means that we pay more attention to individual processes (process 
instances in terminology of (Workflow, 1995, 1999a), or business cases in 
terminology of (Kueng&Kawalek, 1997)) than to process types. In this aspect, our 
view is similar to a workcase centric approach discussed in (Wainer&Barthelmess, 
1996). State centric means that we pay more attention to the validity of process 
states than to controlling the flow of activities. 

1.2 Workflow view 

A WFMS is a software system that supports business processes (Workflow, 
1999a). The most general definition of business process, see for example 
(Hammer&Champy, 1994), defines it as a set of partially ordered activities aimed 
at reaching a well-defined goal. Some examples of goals are as follows: 

• reaching an agreement in business negotiations, 

• discharging the patient from the hospital in a (relatively) healthy state, 

• closing a sale. 

The literal interpretation of this definition leads us to regard the process as a 
predefined flow of activities. When all needed activities have been completed, the 
goal is reached. For this view, the progress of the individual process (process 
instance) may be checked against a net of activities that shows a (partial) order in 
which various activities should be executed. Very often, some version of the Petri 
nets is used to define the order and synchronization of activities, see for example 
(Deiters&Gruhn, 1998). Such a net is used as the main means of the process 
definition. In addition to the net, which defines the flow of activities, the 
information flow can be defined, either explicitly or implicitly via the parameter 
passing between various activities. 

The workflow view is quite suitable for manufacturing processes such as the PC 
assembly from (Ceri et al., 1998). In such type of processes, the technological 
discipline is mandatory, and deviations are rare. When a deviation does happen, it 
really constitutes an exception that should be handled manually, i.e. outside the 
standard process flow. For some processes, the cost of manual correction is too 
high to continue the process, and the defective product is discarded. 

For office business processes, where deviations are the norm rather than the 
exception (see an example in the previous section), a net representation is not very 
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suitable. Some deviations might require redefining the net on the fly, for example, 
by adding new edges. Other deviations might require “rewinding” the process 
back to the point in the net that has already been passed. (The definitions of the 
rewind operation see, for example, (Wainer et al., 1996)) Neither the first, nor the 
second solution is easy to represent in a way that is understandable for an average 
office worker. A different view on the business process might give a better 
solution for solving this problem. 

1.3 State flow view 

The general definition of the business process from the BPR literature given in 
Section 1.2 is based on the notion of goal. To have a goal presumes that at any 
moment of a process’s lifetime, we can tell whether the process’s goal is achieved 
or not. If it is not achieved, it is desirable to know how far we are from the goal. 
This leads us to the concept of process’s state. The state can be final, i.e. the goal 
has been reached, or intermediate, i.e. the goal has not been reached yet. As an 
example, various states of a “house building” process are illustrated on Figure 1.1. 

To be able to examine the process’s state, we need to have some way of 
representing it on a piece of paper, in the computer, etc. This leads us to the notion 
of state representation. For example, for the house building process from Figure 
1.1, a state may be represented as a snapshot of the house under construction and 
everything around it. Where it does not cause confusion, it is possible to refer to 
state representation as to state. This is especially applicable to the processes that 
do not deal with manufacturing physical objects, e.g., a sale process aimed at 
closing a sale. For this kind of processes, the state is always an abstract construct 
that is difficult to distinguish from the state representation. 

Note: In our approach, the terms state, and state representation refer to the state of 
the process, not to the state of the workflow engine or system. These two states 
might be isomorphic but this is not mandatory. 

The notion of state allows us to consider a business process as a dynamical system 
that moves in the space of all possible states until it reaches the final state (the 
goal). The notion of state and trajectory in the state-space are basic in the 
mathematical system theory (Kalman et al., 1969) that is aimed at modeling 
physical processes. In the theory of physical processes, the movement in the state 
space is defined by differential equations for continuous systems, state-transition 
diagrams for discrete systems, or a combination of both in hybrid systems (Schaft, 
2000). 
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Fig. 1.1. States in a house building process. 

For a business process, movement forward (towards the goal) is done via 
execution of activities, e.g. build a wall. However, activities are not the only 
possible source of movement. An unpredictable external event can move the 
process backward in the state space, e.g., the wall has been destroyed by an 
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earthquake. The behavior of a business process resembles the behavior of a hybrid 
dynamical system for which a gradual movement in one direction can be 
interpolated with jumps that can move the system in the opposite directions 
(Schaft, 2000). 

The presence of the external influence makes it impossible to define the process’s 
goal just as a point in the space of all possible states. The goal should rather be 
defined as a set of final states with a criterion of which final states are reachable, 
and which ones can be considered as nearest to the given intermediate state. If the 
unpredicted external event moves the process backwards or sidewards, the initially 
projected final state might become unreachable, but another one can become 
reachable instead. (Compare, for example, the first and the last slides in Figure 
1.1.) 

1.4 Imposing restrictions 

The concept of state has been introduced in the mathematical system theory 
(Kalman et al., 1969) in order to reduce the needs of considering the history of 
inputs when calculating the outputs. The input changes the state, and the output is 
fully determined by the new state. 

The same principle can be applied to business processes. The current state of a 
process normally contains enough information to determine what activities need to 
be executed to move the process forward. Consider, for example, the state of order 
processing in a retail store on Figure 1.2. The set of final states for this process can 
be defined as follows:  

• for each ordered item Ordered = Delivered 

• To pay = Total + Freight + Tax 

• Invoiced = To pay 

• Paid = Invoiced 
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Fig. 1.2. State representation of order processing. 

The set of activities that should be executed depends on how the current state 
differs from the projected final one. Examples: 

• If for some item Ordered > Delivered, shipment should be performed. 

• If To pay > Invoiced, an invoice should be sent. 

• If, on the other hand, Invoiced > To pay, a credit note should be issued. 

• If Invoiced > Paid, steps should be undertaken to get money from the 
customer. 

• If, on the other hand, Invoiced < Paid, money should be returned to the 
customer. 

Execution of an activity changes the state of the process, moving it nearer to the 
final state. For example, when shipping is completed, Ordered may become equal 
to Delivered, at least for some items. Obviously, the activities required for 
reaching the goal can’t be executed in an arbitrary order. Some way of imposing 
restrictions is required. 

In business practice, activities are planned first and executed later. Planning is 
needed for many reasons, e.g.: 



14 

• to reserve resources that are required for execution of the activity,  

• to ensure the flow of work between various departments of the organization, 

• to pay attention of the individual workers to what they are supposed to do. 

Planning can be used as a tool of execution control. Let us create for a particular 
process’s state a list of activities that should and are allowed to be executed in this 
state. Obviously, this list cannot include two activities such that the presence 
or/and execution of one of them is based on the outcome of the other. The list 
constitutes an operative plan of the current process. The operative plan 
corresponds to the notion of worklist from (Workflow, 1995, 1999a), but it 
concerns the whole process, not a chosen participant, i.e. activities planned for all 
participants of the current process are included in the list. 

As soon as an activity from the process’s plan has been completed, new activities 
can be planned based on the new state of the process. Thus, the restriction on the 
order of execution can be defined through the rules of dynamic planning. To 
formulate these rules, we introduce the notion of a generalized state as a pair 
<process_state, operative_plan>. This will make the operative plan an integral 
part of the generalized state of the process. With regards to the generalized state, 
we can define the notion of a valid state in addition to the notion of final state. To 
be valid, the generalized state should include all planned activities required and 
allowed for moving the process to the next stipulated state. See, for example, plan 
on Figure 1.3 that complements the process state from Figure 1.2 and makes it 
valid. Where it does not cause confusion, we will omit the adjective generalized 
before state. 

Naturally, all final states with the empty plan belong to the set of valid states. All 
intermediate states with the empty plan do not belong to the set of valid states, as 
well as any final state with a nonempty plan. Treating the plan as a part of the 
generalized state has the following advantage: changing the plan becomes a 
normal operation of changing the process’s state during the completion of an 
activity. Thus, any regular activity, which removes itself from the current state as 
its last step, no longer differs (at least conceptually) from the “planning” activity 
that just changes the plan. 
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Based on the notion of valid state, the order of activities can be defined in the form 
of rules that given an invalid state correct it in a way that it becomes valid. The 
state is corrected by changing the plan, i.e. via adding and/or removing activities. 
The correction can be done by one general rule that observes the whole 
generalized state, or with the help of many local rules, each of which watches a 
limited part of the state structure. The last option allows introducing the notion of 
sub-process, but in a declarative way. 

Fig. 1.3. Operative plan that complements the state from fig. 2.2 and 
makes it valid. 

The following comments can be added to the discussion above: 

• In the theory of dynamical systems, a process is defined as a set of differential 
equations (or sometimes inequalities) that identify all possible trajectories of 
the processes in the state space. As derivatives are included in the equations, 
the speed and direction of movement depends on the position in the state 
space. Conceptually, planned activities for business processes play the same 
role as derivatives for physical processes. Defining all valid generalized states 
for the given business process type corresponds to finding out a set of 
differential equations to describe a physical process. 

• The requirement of not including two interdependent activities in the plan is 
not mandatory and can be dropped. Let us assign some time conditions to each 
activity, for example, not before, and deadline. After this, we can include the 
interdependent activities in the plan provided their time conditions do not 
contradict the dependency. In the worst case, the second activity will be 
removed if it is no longer required or allowed in the state emerged after the 
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execution of the first one. Still, for many business environments, like a retail 
shop above, planning too far does not make any practical sense. Even for 
complex projects, like software production, detailed long term planning does 
not work very well. Actually, a traditional project plan plays the role of and 
can be expressed as the rules of our dynamic planning for this particular 
process. Of course, the long-term plan serves many other purposes, e.g., as a 
tool for resource reservation.  

• The information included in the current state of the process might not be 
sufficient for computing the process’s plan. The historic knowledge is required 
sometimes. For example, if the goods sent to a customer have not reached the 
destination, it is important to establish when they were sent and in what 
quantities. 

• In practice, activities can be executed without planning. This case can be 
conceptually viewed as performed in two steps. First, the activity is added to 
operative plan and then executed. If the rules of planning do not allow adding 
this activity, it should not be allowed to execute it directly. 

1.5 Acquiring controlled flexibility 

Depending on what kind of rules have been introduced for controlling the 
processes, we can get a complete range from a very strict control to almost total 
chaos. The latter occurs when all activities are planned manually, the rules 
requiring not more than “something is planned” when the process is not in a final 
state. If the plan is empty, the general activity plan something is added.  

To get some order while allowing a certain degree of deviation, we need to 
structure the rules of planning in some way. We choose to structure the rules 
according to the idea of policies, as defined, for example, in the ODP reference 
model (ISO/IEC, 1995), or in (Lipu&Sloman, 1997). Policies are usually divided 
into three groups: obligations, prohibitions, and permissions. However, when 
applying the concept of policies to the idea of dynamic planning, we group the 
policies in a slightly different way. We also divide them in three categories. The 
first two sound as usual: 

1. Obligations. Based on the current state and, possibly, the process’s history 
some activities must be present in the process’s plan. In case of absence, they 
are added. For example, suppose all the goods have been delivered, but not all 
money has been invoiced. Then the invoice activity should be in the plan. 
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2. Prohibitions. Based on the current state and, possibly, the process’s history 
some activities cannot be present in the process’s plan. In case of presence, 
they are removed. 

In respect to process control, the concept of permission does not make much sense. 
Everything that is not dictated by obligations and is not prevented by prohibitions 
is permitted. However, another type of policies might be useful here:  

3. Recommendations. Based on the current state and, possibly, the process’s 
history some activities are normally present in the process’s plan. In case of 
absence, they are suggested (strongly or weekly) for inclusion. 

Classification of rules into three groups above implies the two-step scheme of 
planning after executing an activity. First, the state is corrected automatically 
using all rules, the recommended activities being marked in a special way. Then, 
the responsible person may change the resulting plan, but without breaking any 
obligations or prohibitions. Of course, this person should have access rights that 
allow him to change the plan. Here, we have a typical example of permissions. 

The groups of rules described above give a hint on how gradual tuning of a 
process support system can be done. We can start with no rules, totally relying on 
manual planning. On the next stage, when the nature of the process is better 
understood, recommendations are added. As the last step, some recommendations 
are promoted to obligations and some prohibitions are added. It is very important 
to have a strategy of gradual tuning, since it is practically impossible to acquire all 
information on business processes before the system has been installed. 

Observe that rules of planning can be modified when some of the processes that 
were started earlier are still running. It is up to the new rules to fix the plans of the 
earlier started processes so that they follow the new pattern of behavior. The 
incompatibility problem may arise if the new rules are based on another definition 
of the process’s state than the one used before. In this case, new rules cannot be 
applied to the already running processes without solving the conversion problems, 
which might be a tricky task. 

1.6 Dealing with unsolicited events 

As was pointed in Section 1.3, the trajectory of a business process in the state 
space is affected not only by activities aimed at reaching the goal, but also by 
unpredictable external events. As soon as such event is detected, the state 
representation of the process should be corrected.  
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Consider an example of order processing being in the state defined by Figure 1.2 
and Figure 1.3. Suppose customer Travelshop rings and informs the store that the 
situation in his market place has changed, and he won’t be able to sell all 20 
computer bags. He then asks permission to reduce his order from 20 to 10 bags. 
Granted the permission has been obtained, the number of bags ordered should be 
changed from 20 to 10. As all 20 bags have already been delivered, activities 
aimed at getting the excessive bags back should be completed. These activities can 
be added to the plan by standard rules of dynamic planning based on the process 
state emerged after correction. 

The need to correct the state can arise not only due to an external event, but also 
due to human errors in executing and registering activities. The conditions of 
business process control are very similar to those of navigating the ship in the sea 
without modern systems of position recognition. The ship’s position on the map in 
this case is approximated via calculations based on the current course, speed of the 
ship, tides, wind, etc. Correction in the position is made from time to time when 
the meteorological conditions allow it. 

Consider one more experiment of thought. Let 9 black suitcases where sent to 
Travelshop instead of 9 green ones as is indicated in Figure 1.2, which can be 
attributed to a human error. The mismatch can be discovered when Travelshop 
makes a complaint, or when a responsible worker from the store checks whether 
all deliveries reached their destination. As soon as a mismatch has been detected, 
the state representation should be corrected. The first item in Figure 1.2 gets the 
Delivered quantity set to zero. A new item is added to the products list to handle 
black suitcases. For this item, the Ordered quantity is set to 0, and the Delivered 
quantity is set to nine. The corrected state will require adding new activities to the 
plan, like delivering the right goods, and getting back the wrong ones.  

Let us continue the experiment, and suppose that the customer is willing to accept 
the black suitcases instead of the green ones but at a lower price. Then the state 
representation should be corrected as shown in Figure 1.4. In this case, the plan in 
Figure 1.3 will remain consistent with the state of the affairs. 
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Fig. 1.4. Corrected state of the order processing. 

1.7 Conceptual model 

The discussions in the sections above can be summarized in a conceptual model of 
business processes with the basic notions described as below. 

A business process type is defined as a subset of all possible trajectories in some 
state space. Each trajectory in a subset constitutes a business process instance. 
Thus, an instance is represented by a function from time into the set of all possible 
states. A state of the process is defined by a “construct” that reflects the relevant 
part of the “business world” at some moment of time. The internal structure of the 
state construct depends on the business process in question. An example, of such 
structure is represented on Figures 1.2, 1.4. The state structure includes: 

• attributes (variables), like To pay, Paid, Ordered, etc., and 

• references to various human and non-human participants of the process, like 
customer, product, etc. (more on participants see Chapter 5). 

The state may have a variable structure, e.g., it may include repeating groups, see 
the list of ordered products in Figure 1.2. 

Each business process has an objective or goal. The goal can be defined as a set of 
conditions that have to be fulfilled before a process instance can be considered as 
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finished (end of the trajectory). A state that satisfies these conditions is called a 
final state of the process. An example of such conditions is presented in Section 
1.4. 

Each process instance is driven forward towards the goal through activities that are 
executed either automatically or with a human assistance. An activity can be 
viewed as an action aimed at changing the process state in a special way. 
Execution of each activity results in a change in the process state, and thus a jump 
in the trajectory of the process instance. 

A change in the process’s state can happen not only as a result of completing an 
activity, but also in many other, often non-anticipated, ways. For example, a wall 
in the building process from Figure 1.1 can be destroyed by an act of sabotage, or 
an earthquake.  

For many practical tasks, it is enough to present any change in the process state as 
happening at once. Thus, we can consider a function that represents a business 
process instance as having no segments with continuous changes. A moment of 
time when the process’s state changes is called an event in the process’s lifetime. 
Each completed activity results in an event, but as it has been pointed out above, 
events can happen unpredictably as well. The sequence of all events of the given 
process can be numbered in the ascending order to compose an internal time axis 
of the process. A sequence of the process’s states taken after each event up to a 
certain moment of time forms the history of the process evolution (up to the 
chosen moment of time).  

To link the internal time axis to the real or external time, event registration can be 
performed each time an activity is executed, or results of an unsolicited event are 
introduced to correct the state. A registered event is a record that links the change 
in the state of a process to the reality outside the process. For example, it can 
record the date-time when the event happened and/or was registered, name the 
responsible for the event, register comments on the event at the moment of 
registration (or even later), etc. A list of all events that were registered within the 
frame of a given process up to a certain moment of time constitutes the chronicle 
of the process, i.e. its written history. For example, the chronicle of the order 
processing up to the state illustrated on Figure 1.2 can look like a list presented on 
Figure 1.5. 
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Fig. 1.5. Chronicle that corresponds the state on fig. 1.2. 

Activities can be planned first and executed later. A planned activity records such 
information as type of action (goods shipment, compiling a program, sending a 
letter), planned date and time, deadline, name of a person responsible for an 
action, etc. All activities planned, but not executed for a given process at a 
particular point of time constitute the process’s operative plan. The plan should 
only list activities the execution of which will diminish the distance between the 
current state of the process instance and the nearest final state. The meaning of the 
term distance depends on the business process in question. Here, we use this term 
informally. An example of an operative plan that corresponds to the state on 
Figure 1.2 is presented on Figure 1.3. 

A pair <process_state, operative_plan> is called a generalized state. A 
generalized state includes: 

• passive part – attributes and references included in the state, and  

• active part or engine – the operative plan that is responsible for moving the 
process forward.  

Using the notion of generalized state, a process type (a subset of trajectories in the 
state space) can be defined as a subset of generalized states. The states included in 
this subset are called valid. Each trajectory in the state space that “goes” through 
the valid states constitutes a (valid) business process instance. The term “goes” 
means that: 
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• there exists an operative plan that complements a given state in such a way 
that the resulting generalized state is valid, 

• the next change in the process state is “normally” caused by an execution of an 
activity from the complementing operative plan. 

Note that the “abnormal” changes in the process state are due to unsolicited 
events, and there should be some constraints on what can happen during these 
changes. 

Defining the process through the set of valid states presumes that the information 
included in the process’s state is enough for deciding on what actions are needed 
to reach the process’s goal from the current state. However, in some cases, the 
history of the process’s evolution in time is important when deciding on actions to 
undertake for moving to the next state. The possibility to rely on historic 
information is included in the formal model discussed in the next chapter, and in 
more details in Appendix A. 

A definition of a business process in the form of a set of valid states can be 
converted into an operational procedure called rules of dynamic planning, or rules 
of planning for short. Rules of planning specify what activities could/should be 
added to an invalid generalized state to make it valid. Using these rules, the 
process instance is driven forward in the following manner. First, an activity from 
the operative plan is executed and the state of the process is changed. Then, an 
operative plan is corrected to make the generalized state valid.  

For example, executing the invoicing activity from the operative plan on Figure 
1.3 can change the state of order processing shown on Figure 1.2 to the one shown 
on Figure 1.6. Applying the rules of dynamic planning will result in an operative 
plan shown on Figure 1.7. In addition, a new event is registered and added to the 
chronicle, see Figure 1.8. 



                

 
State-Oriented Business Process Modeling: Principles, Theory and Practice 

23

Fig. 1.6. The process’s state after execution of the “invoicing” activity 

Fig. 1.7. A new operative plan for the state on Figure 1.6 
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Fig. 1.8. Chronicle after executing the “invoicing activity 

1.8 Concluding remarks 

It is well known that having several different views on the same phenomenon may 
help in solving various problems that concern the phenomenon. The classical 
example is quantum mechanics that uses both the corpuscular and wave theories, 
and each of them has its own area of application. Another example is the theory of 
group representations in mathematics. It can help to find the solutions of 
differential equations that are difficult to discover with conventional means. We 
believe that the state-oriented view on the business process is better suited for 
solving the flexibility problems than other approaches.  

When formulating our approach, we use many notions and concepts that are 
present in many other research works on workflow, and the workflow standards 
(Workflow, 1995, 1999a,b). Many features of our model can be found in other 
papers, in some commercial or experimental WFMS, or “in the air”. Generally 
speaking, the essence of our approach is not the features themselves, but rather the 
way we are trying to obtain them from one consistent view on business process. 
This view considers only one flow in the process, the flow of states. The flow of 
activities is derived from the process’s plan that is an integral part of the process’s 
state. Each activity finds information needed for its execution directly in the 
relevant parts of the state, thus no explicit information flow is defined. Our view 
presents also an attempt of a declarative description of the business process 
dynamics. 
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Conceptually, our approach to describing processes is similar to the idea of hybrid 
automata (see, for example, (Schaft, 2000)). In the theory of hybrid automata, the 
state of the system consists of two different constituents: a set of values assigned 
to the state variables, and a location to which one or more activities are assigned. 
Each activity is specified as a set of differential equations showing how the state 
variables are being changed in time. The main difference of this presentation from 
ours (on the conceptual level, of course) is as follows. In the theory of hybrid 
automata, the number of locations is finite. In our approach, we add activities 
directly to the state, and thus we do not have any explicit notion of location. 
Potentially, the number of “locations” in our approach would be infinite if we 
introduced this notion in our model. 

Current discussion was focused on the issues related to flexible execution control 
in business processes. Other issues related to business process modeling and 
control, e.g., resource distribution and management, are discussed in the following 
chapters. 
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Chapter 2. Formalization 

2.1 Introduction 

Our conceptual model of business processes was informally introduced in Chapter 
2. As will be shown in Chapters 3, and 4, this definition is quite enough for some 
practical tasks, e.g., building models of real business processes, and even 
designing process support systems. However, industrial application of the 
proposed approach, most probably, would be impossible without a rigorous formal 
model. Such a model should “substitute” the differential equations that are used 
for modeling physical processes. 

Differential equations used for defining behavior of physical processes describe 
not only relationship between the state variables and their derivates, but include 
also so-called external variables. The external variables are used to take into 
account the influence of the environment in which the process run. When 
designing a formalism for describing behavior of business processes, we need to 
find some means to reflect the ways a business process can interact with its 
environment.  

The most important point of communication between a business process and its 
environment is human beings who actively participate in the process. When 
looking for a suitable formalism, we formulated our task as finding a mathematical 
apparatus that can be used for describing computer system that works in a 
“symbiosis” with human beings. We call such systems “human-assisted” to 
distinguish them from the traditional, “human-assisting” systems. The difference 
between the two kinds can be explained as follows: 

A human-assisting system helps a human being only to perform certain 
activities, e.g. to write a letter, to print an invoice, to complete a transaction, 
etc. The relations between these activities and the aim of the whole process are 
beyond the understanding of the system, but are a prerogative of the human 
participant. Actually, the system does not know if two consequently completed 
activities belong to the same process or not. 
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In a human-assisted system, the roles are reversed, the system has a complete 
picture of the process, and it is involved in all activities. Only when the system 
cannot perform some activity on its own, it will ask the human participant for 
assistance. 

We regard human-assisted systems as a new-generation of computer systems that 
is coming to the forefront. The difference between the new and the old generations 
is essential, and it can be traced in all aspects of system development, including 
user-interface, as shown in Figure 2.1 (more on this topic see in Chapter 4). A 
human-assisting system can be compared to a powerful tool set where the user 
should know exactly what tool to use and how to find it when it is needed. A 
human-assisted system functions like an assembly line conveyor bringing the user 
a task that he/she is to complete and a tool to complete the task with, i.e. a word 
processor. 

The difference between the generations affects also what kind of modeling 
techniques and languages are suitable for developing such systems. For the 
traditional “human-assisting system”, the following is true: 

1. The system is manifestly separated from the user. 

2. There is only one user. Multiple users can be considered as mere repetition of 
the same user, with the exception of different users having different access 
rights. In a multi-user system, the users are not aware of each other, so the 
only complication for the system development here is to solve conflicts when 
users access the common database. 

3. The system is purely reactive, the execution always starts on the user’s 
command. 

These properties are reflected in the basic notions of the current modeling 
techniques and languages, like open system (the system knows nothing beyond its 
boundaries), use case (somebody is using the system), message (a signal 
requesting some action), etc. The essence of such modeling is to model the 
software system rather than the whole business context where the system is only a 
part. The technical focus of modeling is reflected in how the decomposition of the 
system in smaller units  (e.g., objects, components, etc.) is done and how their 
behavior is described. For example: 

• The decomposition is driven by technical reasons, like geographical 
distribution of the system, users and information, reusability, etc. 
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• The resulting units do not need to reflect the entities of the business reality, 
and even if they do, their behavior does not need to correspond to the behavior 
of the entities of the real world. For example, it is not uncommon that the 
employee object in the model has a method of calculating his/her own wages, 
which does not correspond to what the employee does in the business world. 

Fig. 2.1. Two generations of computer systems 

The technical purposes of modeling determine also who should/could do the 
modeling work. Obviously, the modelers should be the technical people who 
understand the software systems architecture. 

The properties of the “human-assisted” systems are different: 

1. There is no clear separation between the user and the system. Even after the 
system has been installed, some functions meant for the computer may be 
handed back to the user; and vice versa, some functions meant for the human 
being may be handed to the computer. 

2. Multiple users is an essential property. The system should know to which user 
to turn when requesting assistance of a certain kind (workflow problem). 
Furthermore, the users might be aware of presence/absence of each other when 
they are engaged in collaborative work (groupware problem). Here, we have a 
situation of a “distributed user” rather than a situation of “distributed users” 
(in geographical sense). Term distributed user stresses that even when there is 
only one user, he/she is distributed between various tasks (e.g., playing a game 
with him/herself.)  This view makes the system independent of the number of 
users currently working with it, as long as there is somebody from whom it is 
possible to get assistance. 
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3. The system is both reactive and proactive. Not only the user can request an 
action from the system, but also the system can request and anticipate an 
action from the user. 

The properties listed above create a different set of requirements on modeling 
techniques and languages than the one that can be derived from the properties of 
the traditional business applications. First of all, the user becomes an integral part 
of the model. As the distribution of business tasks between the user and the system 
can change during the system’s lifetime, the behavior of the user should be 
described in the same way as the behavior of other components of the model. 
Otherwise, redistribution of tasks will require rebuilding the model. Additionally, 
as the system can request actions from the user, his/her representation can not 
differ much from representation of other components of the system. 

Making the user part of the model moves us from the open system concept to the 
close system concept (for the difference see (Kurki-Suonio&Mikkonen, 1999, 
Wegner, 1997)), and thus from modeling software systems to modeling business 
reality. Modeling the reality presumes that in the model, we reflect the entities that 
exist in the business world and their behavior. This is not the same as describing 
the behavior of the units of technical decomposition. As business reality becomes 
the main subject of modeling, involvement of business people in the modeling 
process increases. This is impossible to do without “liberating modeling from 
programming level abstractions”, the topic extensively covered in (Kurki-
Suonio&Mikkonen, 1997). 

The greatest difference between the old and the new generations of business 
applications consists in that the systems of the new generation are much more 
interactive than the systems of the old one. This puts the issue of modeling 
interactions in the center of discussion on which modeling techniques fit best the 
modern business application development. 

2.2 Modeling interaction 

The importance of interaction for software engineering is well understood in the 
computer science theory, see for example (Wegner, 1997). The most popular 
method of modeling the interactive behavior comes from the field of object-
oriented programming. In the “classical” object-oriented approach, the interactive 
behavior is described via methods encapsulated in objects and invoked by 
messages (see, for example, (Korson&McGregor, 1990). This approach realizes 
the “signal-response” type of interaction. It proved to be useful for programming, 
specification and design of technical applications, and for specification of 
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traditional (reactive) business applications. However, this method is not adequate 
for specification of human-assisted applications. It is not meant for modeling 
business reality, and it does not consider the user to be an integral part of the 
model, i.e. on the same footing as other components. 

The limitations of the classical object-oriented approach are well known in the 
computer science theory, see, for example, (Kurki-Suonio&Mikkonen, 1999). So-
called generalized object models, which allow several objects to participate in the 
same action, were proposed in order to overcome part of those limitations, see, for 
example, (Kilov&Ross, 1994). The notion of generalized object model has even 
been introduced in various object-oriented standards, see, for example, (Reference 
model, 1993). However, as justly reflected in (Kurki-Suonio&Mikkonen, 1999), 
those ideas have not found the proper place in the software engineering practice.  

The word “interaction” means that the state and/or behavior of one of the 
interacting entities (objects, components, etc.) affects the state and/or behavior of 
other entities that participate in the interaction. The traditional object-oriented 
approach exploits explicit communication as a means of interaction (via objects 
sending messages to each other or themselves). This is not the only way of 
achieving interactive behavior. An alternative approach can be derived from the 
well-known saying “If you wish to change the world, start with yourself.” This 
statement presumes that by changing its own state or behavior, the entity may 
cause changes in other entities. Naturally, this is impossible if this entity is totally 
isolated from others; the saying presumes that: 

• each entity has many relationships with other entities, 

• these relationships can propagate changes in one entity to the others without 
explicit communication (be it command-style, or negotiation-style 
communication). 

Let us consider an example from Figure 2.2 were two balls are connected by a 
spring. Suppose the centers of these balls are fixed and cannot be moved. Assume 
that the balls are made from some elastic material, and each ball can change its 
shape and degree of elasticity. Presume that at some moment of time the first ball 
changed its shape as shown in Figure 2.3, and became hard, while the second ball 
remained to be elastic. Then the spring will force the second ball to change its 
shape, as shown in Figure 2.4. 
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Fig. 2.2. Two balls connected by a spring. 

Fig. 2.3. The first ball changed its shape and hardened. 

Fig. 2.4. The spring adjusts the shape of the second ball. 

The above example can be modeled as two objects connected via a computational 
device which we call a connector, see Figure 2.5. The connector contains the text 
of a physical law that governs the spring functionality. The connector watches the 
objects it hangs upon, i.e., their shapes and degrees of elasticity. As soon as it 
discovers some changes in one or both of the objects, it adjusts their shapes 
according to the spring law.  
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Fig. 2.5. A model of the spring-balls assembly.  

The connector in Figure 2.5 represents a way of modeling active relationships that 
exist in the real world. In the real world, the spring and the balls are not floating in 
an empty space, but are part of some larger entity. The larger entity can also be 
modeled as an object in whose body the spring connector with its operands 
(objects the connectors hangs on) is included, as shown in Figure 2.6. The third 
object, O3, in its turn, can have active relationships with other objects. The actions 
of these relationships can result, for example, in the spring-balls assembly being 
removed from the body of O3. 

Fig. 2.6. The connector with its operand is part of the object O3. 

The connector that guards some law over its operands operates on the principle of 
localism. Namely, it knows nothing about the objects beyond its operands, and 
thus, neither can change them nor use them in its work. Thus, the spring connector 
in Figure 2.6 cannot remove itself from the body of object O3. This means that 
Figure 2.6 does not cover the situation when the spring can break down as a 
reaction on the balls becoming too large or too small. To cover this situation, 
object O3 should become an operand of the spring connector as shown in Figure 
2.7. The model in Figure 2.7 allows the spring connector to remove itself from the 
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body of object O3. If at this moment objects O1 and O2 have no other connection 
to object O3, or its other sub-objects, they disappear from O3 altogether. 

Fig. 2.7. The model that covers the case when the spring can break down. 

We believe that the idea of active relationships and its realization through the 
concepts of law, object, and connector constitute a promising approach to 
modeling interactive behavior of human-assisted business applications. The 
natural question arises: where is the user, is it a connector, or an object? The 
answer is that he/she is both.  

The formal basics of the objects-connectors model hinted above are discussed in 
Appendixes A, B, and C. This chapter is devoted to an “almost” informal 
discussion of how to use this model to describe interactive behavior.  

The rest of the chapter has the following structure. In Section 2.3, we shortly 
overview the basic notions from Appendix A, and in Section 2.4, we illustrate 
these notions with examples. In Section 2.5, and 2.6 we discuss the place of the 
user in the model. In Section 2.7, we compare our approach with other well-known 
metaphors of computer science. In Section 2.8, we discuss the problems of 
applying the suggested formalism to modeling business processes. 

2.3 Basic notions 

In this section, we give a short overview of the basic notions of the objects-
connectors model. Those notions generalize the example discussed in the previous 
section, and they are explained informally with the help of another example in the 
next section. 

The objects-connectors model describes the world as consisting of: 
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• a set of typed atoms A, 

• a set of objects O, 

• a code of laws Λ, and 

• a set of connectors CON, each connector hanging on a group of objects that 
must obey a certain law. 

Atoms represent the usual notion of elementary data types, like integers, floats, 
strings, etc. We assume that each atom from A is assigned a type τ. By Aτ, we will 

denote the set of all atoms of the type τ.  

Atoms are the only elements of the model that can be described independently of 
other notions. All other notions are interconnected. The objects are used to 
represent complexly structured entities. At each moment of time, an object can be 
characterized by its state. The state is not more than a set of connectors from CON 
included in the body of the given object.  

Let P(CON) be the power set of CON (a set of all subsets of connectors), and ⊥ a 
special symbol that represents the embryo state of the object. A function 

st: O –> P (CON) ∪ {⊥}, 

that assigns each object o ∈ O its state is called a state function. A function w that 
maps the time axis T into the set of all possible state functions ST: 

w: T –> ST 

is called a world. The world determines the state w(t)(o) of any object o at any 
point of time t. For simplicity, we consider the discrete time axis with starting 
point, i.e. it consists of all nonnegative integers called time ticks. 

A law λ is defined as a 5-tuple <name, arity, type, condition, action>. The name 
assigns a name to the law. The arity is a positive integer n > 0 which defines the 
number of objects this particular law concerns. The law can be unary, binary, etc. 
The type of the form τ1 x τ2 x ... x τk,  k ≥ 0, where τi is an atomic type, defines 
how many atoms and of which types can be taken into consideration by the law.  
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Let λ = <name, n, type, condition, action> be a law. Consider a world w at a 
moment of time t. Let: 

v = <v1, ..., vk> be a k-tuple of atoms of type type, and  

z = <x1, ..., xn> be an n-tuple of objects from O.  

Then the condition is a predicate that given v, z, w, and t determines whether the 
law with parameters v holds for objects from z in world w at time t. The action 
provides the next state of objects from z for the points of time for which the law is 
violated. In other words, the action assigns a punishment for breaking the law. The 
simplest type of laws is a trivial law for which the condition is always true, and the 
action is always empty. 

Finally, a connector is a triple c=<λ,v, z>, where: 

λ is an n-ary law of type τ1 x τ2 x ... x τk, 

 v = <v1, ..., vk> is a k-tuple of atoms such that vi ∈ Aτi, i = 1 ,..., k, and  

z = <x1, ..., xn> is an n-tuple of objects.  

If the law is trivial, the connector just represents a passive relationship between its 
operands, eventually assigning some properties to the relationship with the help of 
its k atoms (if any). This case corresponds to the usual notion of relationship from 
the ER model (Chen, 1976). If the law is nontrivial, the connector forces the 
objects’ structure and behavior to be in sync with each other and, possibly, with 
the properties of the relationship (if there are any atoms). This is the case of active 
relationship.  

If a connector’s law holds on its operands, we say that the connector is satisfied, 
otherwise we say that it is unsatisfied. 

The dynamics of the objects-connectors model can be defined by a machine in 
which a connector is regarded as a processing unit that monitors its operands. A 
connector 

• awakes when one of its operands has been changed,  

• checks whether the law still holds by reading the condition,  
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• restores it by applying the action when the law has been broken, 

• falls asleep. 

The machine has also a central unit that resolves conflicts when several connectors 
demand access to the same objects.  

The logical semantics of the object-connectors model is in details defined in 
Appendix A. The procedural semantic, i.e. a formal machine that can generate a 
history of the world based on an interpretation of laws is defined in Appendix B. 

2.4 Analysis of an example 

In this section, we illustrate the basic notions from the previous section by means 
of an example, and discuss some important features of the model while referring to 
this example.  

We start with a simple promotion queue shown in Figure 2.8. The queue consists 
of a number of cells, e.g., in a hospital. The cells are ordered according to the 
complexity of their equipment. Each cell may have one inmate. Each inmate has a 
priority assigned to it. A new inmate can be placed in any empty cell. The queue 
should function in such a way that the inmates with higher priorities are placed in 
the better-equipped cells. 

Fig. 2.8. A promotion queue 

Two laws are used for this model, priority, and promote. The priority law is 
trivial, it is meant just to assign a priority (atomic value) to the only operand of a 
connector, the atomic value is considered to be an integer. The promote law is 
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nontrivial, it has two operands and no atoms. It holds when a connector priority in 
its first operand assigns a lower priority to the inmate than a similar connector in 
its second operand. Thus, in Figure 2.8, the promote connector placed in cell1 is 
satisfied. If the connector is not satisfied, it swaps inmates between its first and 
second operands. If the second cell is empty, it just moves the inmate from cell1 to 
cell2. Note that if the first cell is empty, the law is always satisfied. 

The above example represents a kind of distributed sort, and it is very similar to 
the distributed sort algorithm from (Aaltonen, 1998) expressed in Disco modeling 
language (Disco). In the model from Figure 2.8, the evaluation of inmates is done 
by an external agent, and cannot be changed from inside the queue.  

Let us make a more complicated example. Suppose each cell has a special 
measuring-device to which an inmate is connected. This device evaluates the state 
of the inmate and sets its priority. The modified example is shown in Figure 2.9. 
Instead of the trivial law priority, a new nontrivial law gauge is used. The gauge 
connector is satisfied if the overall state of the inmate is reflected by the atomic 
value assigned to this connector. If the state of the inmate is not reflected by the 
atom, the atomic value should be changed. The legal way of changing an atom in 
the model is by substituting the whole connector. Thus, when the gauge connector 
is not satisfied, it replaces itself with the same gauge connector but with another 
atomic value assigned to it. This situation corresponds to the pointer changing its 
position on the dial of a real physical gauge. 

An example in Figure 2.9 illustrates how the decomposition is done in the objects-
connectors model. The gauge connector is responsible for moving the pointer of 
the dial. He does it by watching the state of his first operand and evaluating it. The 
promote connector knows nothing about the internal states of the inmates included 
in its operands. It watches only the gauges’ dials, which is enough for this 
connector to decide on and complete the action. In other words, the promote law 
analyzes its operands only at depth 1. It “sees” what connectors exist in its 
operands, including the atomic values assigned to these connectors. Actually, the 
idea of reduced visibility is the reason why the dial of the gauge is modeled by an 
atom and not by an object. 

A law in our model can take into account not only the current state of its operands, 
but their histories too. The promote law does not need any historical information, 
its condition and action are based on the current readings of the gauges. The gauge 
itself, however, may take into account historic information. For example, if we 
evaluate the state of the patient in the hospital, his absolute high temperature may 
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not be enough to assign him a high priority; we need to know whether the 
temperature was rising, falling, or it remained the same for some time. 

Fig. 2.9. A promotion queue with own measuring-devices  

The objects-connectors model is state-oriented, i.e. the state is its basic notion. The 
example in Figure 2.9 shows that state-orientation does not necessarily mean the 
absence of encapsulation.  The idea of encapsulation is widely accepted, as it is 
not always possible or reasonable to know the state of an object in order to interact 
with it, the knowledge of the object’s behavior should be enough. This idea is one 
of the grounds of the classical object-oriented programming. However, methods of 
the classical object-oriented programming are not the only approach to defining 
behavior. Actually, to understand the behavior of an object without looking inside 
it, one needs to watch some wider area in which this object operates. In our 
example, the promote connector makes its decisions based on watching the 
interaction between the inmate and the measuring-device inside the cell. 

2.5 Where is the user? 

The model described in the previous sections looks quite deterministic. The 
determinism would be justified if when modeling the reality, we could have the 
exact knowledge of all laws that act in it. This is not true in practice where we 
always model only a part of the reality. There are two sources of non-determinism 
when modeling business reality:  

• Firstly, the behavior of some elements of business reality cannot be fully 
understood or controlled because they are external for the given business, for 
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example, customers or suppliers (see the discussion of this topic in (Wegner, 
1997)).  

• Secondly, even the part of business reality that could be understood and 
controlled might be too complex to be described deterministically from the 
very beginning. Full understanding, if any, of this part of reality could be 
reached long after the business application has been designed and introduced 
in the operational practice. Thus, a strategy of stepwise refinement of the 
model is required (for more on this topic see (Kurki-Suonio&Mikkonen, 
1999)). 

To express the idea of insufficient knowledge of reality, we exploit a notion of 
non-deterministic law. We differentiate two types of non-determinism: firing non-
determinism, and action non-determinism. For a law with firing non-determinism, 
an action can be defined even for the cases where the law holds. A connector that 
imposes such a law may be awoken even when none of its (visible inside the 
model) operands has been changed. A law with action non-determinism can 
specify two different actions for the same behavior of its operands. A connector 
entrusted with such a law appears to be taking different courses of action in the 
same situation. Of course, a law can have non-determinism of both types, firing, 
and action. 

Connectors with non-deterministic laws, which we call boundary connectors, are 
our means of modeling interaction with the external world, e.g., people, or 
electronic devices. As part of the law is known, the external world cannot function 
arbitrarily. The known part of the non-deterministic laws constitutes a harness (in 
terminology of (Wegner, 1997)) on the external world behavior.    

Now, the user’s role becomes clear, he/she is to help the connectors with non-
deterministic laws. Such connector may be thought of as having a terminal where 
a human being can help the connector to do its job. Let us assume that a 
connector’s law has action non-determinism. Then it is up to the connector in case 
when its operands have been changed, to request the human assistance via the 
terminal by beeping, blinking, etc. After providing assistance, the human being 
may return to his other occupations, drinking coffee (see Figure 2.1), for example, 
until the connector calls him again. Action non-determinism may vary from 
allowing any possible structural changes in the connector’s operands to a selection 
from a list of predefined choices (menu). 

Now, let a connector’s law have firing non-determinism. Such connector can be 
represented as a big button that the user presses from time to time based on 
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observations that lie beyond the boundaries of the computer system. Then it is up 
to the connector to do the rest of the job.  

All other situations of non-determinism may be considered as a combination of the 
two cases above. 

Returning to the example from Section 2.4, suppose the gauge from the promotion 
queue in Figure 2.9 cannot always automatically evaluate the state of the inmate, 
and requires human assistance from a nurse, or a doctor from time to time. To 
cover this case, the gauge law should be made non-deterministic. It might be 
enough to have the action non-determinism in this case. The gouge connector can 
ring the bell requesting the doctor to attend the patient and reevaluate his/her state 
when needed. 

Another situation that can require human assistance in the promotion queue in 
Figure 2.9 is when the promote connector cannot complete the task of switching 
inmates between the cells. Again, we can solve the problem by making the law of 
this connector non-deterministic. An alarm would ring requesting the workers to 
move the inmates around according to the instructions.  

Representing the user as a boundary connector insures flexibility in distribution of 
business tasks between the system and the user. In the initial introduction of the 
system, some connectors may be defined as boundary, thus requiring user 
participation. After acquiring more knowledge on business laws, they may be 
substituted by totally deterministic connectors. Vice versa, some laws that seemed 
to be totally deterministic may prove to need human assistance after all. Switching 
between deterministic and non-deterministic laws will require adding/removing a 
user dialog script, which is a minor problem comparing to changing the model (as 
normally is required in the traditional approaches). 

2.6 How to distribute the user? 

As was explained in the previous section, the role of the user is to assist boundary 
connectors. This idea would be enough for modeling purposes if there were only 
one user in the system. He/she would be the only person to serve all connectors 
that require human assistance. In the normal business reality, there are many users 
and they can be distributed between various business tasks in many different ways.  

Let us return to the example when the gauge connector in Figure. 2.9 cannot 
automatically evaluate the state of an inmate, and requires human assistance. The 
distribution of human resources between different cells may vary from each cell 
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having its own nurse (doctor) to the only person who serves all cells. The actual 
scheme, certainly, depends on the level of the gauge’s intelligence. The more 
intelligent is the gauge, the less human resources it requires. 

The distribution of users between various boundary connectors is not a simple task 
because the number of connectors and available users change in time. To cope 
with this task, we need to augment the objects-connectors model described in the 
previous sections. First of all, we need to be able to distinguish one user from 
another. The natural way of doing this is by representing each user as an object. 
Actually, the users are always part of business reality as they, normally, are 
employees of the company or organization whose business is to be modeled. Thus, 
each employee should be represented in the model as he/she has many business 
processes connected to it. For example, his/her salary should be calculated 
monthly, his/her professional level should be maintained via various training 
programs, etc. 

Secondly, we need a way of assigning an object that represents the user to the 
connector he/she is to assist to. This can be done by introducing in the model a set 
of assignment operators Q. Different assignment operators serve to name various 
type of assistance the user can provide when helping a connector to do its job, e.g., 
head master, an assistant, etc. To each assignment operator q from Q, we attach a 
type in the form τ1 x τ2 x ... x τk, k ≥ 0, where τi is an atomic type. The type 
defines the number and types of atoms that can be used to describe each 
assignment. The atoms can be used, for example, to define an interval of time 
when a particular user is to assist a particular connector. This time may be 
absolute, or repetitive, e.g. each day from 9 a.m. to 12 a.m. 

Let  

q be an assignment operator of type τ1 x τ2 x ... x τk, k ≥ 0,  

v = <v1, ..., vk> be a k-tuple of atoms, such that vi ∈ Aτi, i = 1 ,..., k, and  

o be an object from O.  

Then the expression qv(o) is called a resource allocation. By assigning each 
connector that exists in the world w at time t a set of resource allocations, we 
complete our model with the means to express resource assignments. The assigned 
set can be empty, which is always the case with fully deterministic connectors. 
However, it might be empty for boundary connectors too, which expresses the fact 
that human resources have not been allocated to this connector yet. 
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Now, we need to understand who will be assigning resources. This, naturally, is a 
connector, as it is the only element of our model that can perform actions. A new 
connector appears in our world only when some other connector introduces it in 
the course of its action. If a new connector has a non-deterministic law, human 
resources should be assigned to it. This may be done by a connector that 
introduced the given one into the world. However, it might be done by some other 
connector that serves as a “resource manager”. The latter watches the object where 
new boundary connectors are being introduced, and as soon as it “sees” a 
connector without proper resource allocations, it performs resource assignment. 

The two situations mentioned above have analogues in the management practice. 
The first case corresponds to a project manager that both defines a task, and 
assigns an available resource to it. The second case corresponds to the matrix 
management, where the project manager just defines a task, and a separate 
resource manager finds appropriate resources to complete it. Note that both the 
connector that creates a given boundary connector, and the one that assigns 
resources (if it is separated from the first one) can be boundary connectors 
themselves operated by a human project (resource) manager. 

Finally, we need to understand how the assignments are done, which is the most 
difficult task. The simplest case of assigning resources is the assignment to 
“myself”, which means that the creator of a new boundary connector assigns to it 
the same resource as it has itself. This case can be illustrated by an example where 
a user while editing some complex business object, decides to edit another 
business object that is visible inside the first one, see Figure 2.10. A new window 
is created to allow him to edit the new business object. This window is created on 
the same user terminal as the initial one, thus the task of editing this new object is 
automatically handed to the same user as the one who edited the initial object, see 
Figure 2.11. 
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Fig. 2.10. While editing the company object, the user decides that the 
person object that is visible inside the company object should be edied. 

When a task should be scheduled to somebody else, e.g., the person window 
should appear on somebody else’s terminal, the assignment job becomes more 
complicated. To deal with this task we need to extend the model discussed in the 
previous sections. 

So far, we declared a law to be independent of objects it is meant to govern (see 
more on that in Appendix A). The text of the law is external to the model, and the 
law condition and action do not depend on particular objects, only the object 
structure and behavior matter. However, when assigning resources, we need to 
refer to particular objects. To cover the new challenge, additional modification of 
our model is required. At least some laws should become a part of the model. A 
natural way to do this is by representing a law as an object. 
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Fig. 2.11. The pesrson’s object window appears on the same terminal thus 
handing over the editing work to the same user. 

An example of a law expressed by an object is presented on Figure 2.12. The law 
is “coded” by means of three other laws LawText, LawArity, and LawResource, all 
of which are trivial. 

The unary connector LawText attaches the text of the law to the law object. The 
text of the law is expressed with the help of an atom of some special type. This is a 
program written in a law programming language (more on the program language 
issues see in appendix A). 

The unary connector LawArity defines the arity of the law represented by the law 
object. The arity is defined with the help of an integer atom.  

The LawResource connectors attach various resources to the given law, and assign 
resource names with the help of string atoms. The text of the law does not refer to 
the actual objects. It refers only to the resource names. The LawResource 
connectors perform binding of the resource names to the actual resources that exist 
in the model.  
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To make the law object work, we need to expand the definition of connector given 
in Section 2.3. Now, we allow connectors to be defined as pairs c=<o,z>, where o 
is an object from O, and z = <x1, ..., xn> is an n-tuple of objects. We refer to this 

type of connectors as to compound connectors to distinguish them from the old-
style connectors, which we call basic connectors. A formal logical semantics of 
the model with compound laws is given in Appendix C. 

Fig. 2.12. A law represented as an object 

As the law of a compound connector is an object, it can be changed by actions of 
other connectors. A change in the law object will force all connectors that impose 
this law to wake up, and check whether the changed law still holds for their 
operands. Similar actions should be undertaken in respect to resource allocations 
made for the connector. A “resource manager” in which scope the connector is 
placed should check if the resource allocations still correspond to what is defined 
in the law object. Assume, for example, that the resource binding of the law in fig. 
2.12 has been changed so that some user3 now functions as an Assistant resource 
instead of user2. Then for all existing connectors that impose this law, resource 
allocations should be adjusted. This task is entrusted to appropriate “resource 
managers”. 

It is quite normal that there are several users that can do a particular type of job. 
When choosing the most appropriate one, the resource manager (i.e. a connector 
that serves as such) should take into consideration other assignments of these 
users. This means that we need to reformulate the principle of localism mentioned 
in Section 1.2. For resource assignment, the resource manager needs to see all 
resource allocations made for the resources that are mentioned in its law object. 
The task of strict formal definition of this type of localism is not finished yet. 
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In conclusion, it is worthwhile to mention that direct binding of users to a law as in 
Figure 2.12 was used only for demonstration purposes. While this method could 
be quite adequate for small organizations, it might be too cumbersome for large 
organization. Actual binding can be done indirectly by referring in law objects 
only to user roles, and separately assigning the roles to the users when defining the 
laws that govern “resource mangers”. 

2.7 Related works 

The idea of a device that guards some condition and performs some action when 
the condition is true is not new in the computer science theory and practice. It is 
expressed by such well-known metaphors as demons in AI and triggers in 
databases, and it is used in a number of modeling languages, see, for example, 
(Disco). Our notion of connector realizes this idea in a slightly different fashion: 

• Normally, the condition is defined by a universal predicate, which means that 
the guard needs to observe the whole, or a large part of the database to find 
any place where the condition is true. Our connector works locally, it guards 
only its own operands. 

• The connector is the only way of expressing relationships, be it passive or 
active relationships. Thus, we use the same notion for describing both static 
data structures, and actions. The uniformity allows treating actions in the same 
way as static links, i.e. we can add and delete actions in the same way as we 
add and delete static relationships during a database transaction. 

• Connectors are the only way to define actions. When a decomposition is 
required, the connector that guards the main law introduces connectors that 
guard some ”local” laws between (part of) the main connector’s operands. 
Then it is up to these local connectors to ensure that the local laws are 
satisfied. In case a local law is equal to the main one, we will get the recursive 
decomposition. This idea was “borrowed” from the programming language 
Refal (Turchin, 1989).  

• We use the connector as the only way to model interaction with the external 
world. 

There are a number of other areas where our model has common features with 
other approaches. For example, the idea of representing the text of a program as 
data has its roots in the LISP programming language. Resource allocation is one of 
the major themes of workflow literature, see, for example, (Workflow, 1995). 
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Besides, the resource scheduling is a research field on its own, see, for example, 
(Podorozhny et al., 1999). Concerning these fields, our research is not focused on 
finding new approaches to solving the problems that exist in them, but rather on 
how to incorporate the latest results achieved in these fields into our objects-
connectors model in the most natural way. 

Above, we listed only the ideas, and works that had influence on our research. 
There is a growing bulk of literature on modeling software systems to which we 
have not referred. To this field belong the works done in the theory of agents, 
architectural styles, UML, to name some of the main directions (some references 
to this works are presented in Appendix A). Again, as in Section 1.8, we would 
like to point out that many features of our model can be found in these research 
works, or “in the air”. The novelty of our modeling approach is not the features 
themselves, but rather the way we are obtaining them from a small amount of 
simple and clear-cut notions: object, connector, law. 

As follows from Section 2.1, 2.2, we have doubts on applicability of current 
software modeling techniques to the task of modeling business reality. This 
opinion is based not only on the works to which we refer, but also on our long 
practice in business analysis and software development. In the major part of the 
projects, we could ourselves choose theories, methods and techniques in 
accordance to practical tasks we were supposed to solve. However, we also 
participated in projects where methods and tools were predefined by the customer. 
Such methods and tools included, among others, UML, and Rational Rose 
products. Our experience from these projects is in total agreement with the 
arguments conveyed in (Kurki-Suonio&Mikkonen, 1997, 1999, Wegner, 1997). 

As an example of unsuccessful use of a CASE tool for business modeling, I can 
refer to a project at IT Department of the Norwegian Ministry of Labor in 1997-
1998 in which I participated as a technical consultant. In this project, an attempt 
was made to let the office workers to do the specification job with the help of the 
Rational Rose CASE tool. The group was support by an expert from the Rational 
Rose Norwegian reseller. The group never produced any valid specification for the 
system. The CASE tool required introduction of technical control objects at 
relatively early stages of specification work. This, in my opinion, made it difficult 
for non-technical professionals to continue the work on the conceptual level. 

2.8 Modeling business processes 

Modeling business processes by means of the CHAOS notation can be done 
according to the following scheme. 
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• A static structure to represents the state of a process can be defined with the 
help of connectors with trivial laws. Atoms can be used to express the values 
of attributes. Objects can be used to define process instances themselves, and 
their various participants, e.g., people, documents, etc. 

• History is an intrinsic feature of the CHAOS model (see appendix A), and it is 
supported automatically. Registered events should be added to the model as a 
special type of objects, being born each time an event happens in the world we 
model. 

• Activities can be modeled by special type of connectors, the ones that remove 
themselves from the process object as soon as they totally complete the job 
they are entrusted to do (see Figure 2.7 for an example of a connector that can 
remove itself). If an activity requires help from a human being, the law that 
defines it should be made non-deterministic. If an activity can be completed 
automatically, the law that defines it should be made deterministic. 

• Rules of planning can be represented by means of a special connector that 
“hangs” on the process instance and adds activities to it (or removes them). As 
rules of planning should allow manual corrections, the planning connector 
should be a boundary one, i.e. its law should be non-deterministic. 

• In a more sophisticated model, rules of planning can be represented not as one 
but as several connectors, each one watching only its own part of the process’s 
state and managing activities that are required by this part.  

The task of full representation of all elements of the state-oriented business 
process model in the terms of object-connectors is not finished yet. This is a part 
of our ongoing research. 
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Chapter 3. Experience in business process 
modeling 

3.1 Introduction – challenges to meet 

To prove that a new approach to business process modeling is valid, we need to 
test it in practice by creating models of real business processes. Building a model 
of a real business process is a challenging task because: 

• Business processes are not always clearly visible as they may go through the 
whole, often functionally structured organization. 

• Written information about business processes is often non-existing or not 
reliable. The only practical way to obtain reliable information for creating a 
model of a real business process is by interviewing the people engaged in the 
process. 

The complex nature of the business process modeling work is well known, and a 
number of methodologies have been introduced to solve the task of extracting the 
knowledge from the experts, see, for example, (Sharp&McDermott, 2001, 
Huckvale&Ould, 1995). However, each of this methodologies is connected to a 
specific view on business processes, e.g., workflow view, agent-related view, etc. 
(more on different views can be found in Chapter 5). The state-oriented approach 
is not commonly used in the business process modeling practice. As far as we 
now, it is used only in IDEF3 notation (Mayer et al., 1995), and even there, only as 
a complementary view to the traditional workflow view. So far, our approach is 
unique in business process modeling practice, thus we need to invent our own 
methodology for extracting information from domain experts. 

The modeling work consists of a number of iterations that in a simplified form can 
be presented as a sequence of the following steps: 

1. Get unstructured information from domain experts. 

2. Process information abstracting from the uninteresting details, and make a 
sketch of the model. 
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3. Present the sketch to the domain experts, discuss it, acquire new information, 
and go to the step 2 for refining the model. 

Abstracting from details of the current way of handling the process is the most 
essential part of the modeling job. The material presented back to the domain 
experts should not be just a paraphrase of what they told during the interviews. It 
should contain new for them information. Without abstraction from details, it 
would be impossible to suggest alternative, more practical ways of handling the 
process. As a result, there won’t be any way to verify the correctness of the model. 

When the state-oriented approach is used, abstraction from details means 
concentrating, first of all, on what should be achieved during the process, before 
going into details of in what way it is done now, or how it could be done in a more 
efficient way. Translating into the terms of the conceptual model from Section 1.8, 
this means that the task of building the model is concentrated on designing a 
structure to represent the state of the process. 

Step 3 above means that the model should be presented to domain experts, and 
discussed with them. In many business domains, the experts are not technicians, 
but can be professionals of any kind: doctors, nurses, teachers, lawyers, clerks, etc. 
For these professional, presentation of the model in some formal language, or 
complex diagrammatic notation would be inappropriate. We need some means to 
present a process model to the experts in an understandable for them form. We 
solved this task by presenting them a model in form of pictures, like Figures 1.2 – 
1.8. 

A business process is a dynamic phenomenon. It is not enough to discuss the state 
structure; we need to discuss the possible trajectories in state-space. To visualize 
trajectories and present them to the experts, we use a concept of State Flow (SF). 
A state flow is an ordered sequence of triples, each of which visualizes the process 
at a particular time, and includes: 

• process’s state (see Figures 1.2 and 1.6), 

• operative plan (see Figures 1.3 and  1.7), 

• chronicle of the process from the beginning up to the given point of time (see 
Figures 1.5 and 1.8). 

Moving through the sequence forward, e.g., from Figures 1.2, 1.3 and 1.5 to 
Figures 1.6, 1.7, and 1.8 gives an impression of a live process where activities 
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executed result in state changes, new activities being planned, and the chronicle 
filled with new events. To facilitate building state flows for various processes we 
created a simple software tool ProVis (Process Visualizer). This tool was actively 
used in the analysis projects described in the following sections. 

The rest of the chapter is structured in the following way. In Section 3.2, we 
describe the business processes for which the models were built. Section 3.3 
describes how a typical analysis project is completed. Section 3.4 describes 
deliverables from a typical project. Section 3.5 shortly summarizes the results of 
our analysis practices. More detailed description of two analysis projects is 
presented in Appendix D. 

3.2 Factual material 

3.2.1 Short overview 

Our state-oriented approach has been tested by building models for10 business 
processes on commission for four organizations: 

• Municipality of Motala, 

• Tenants Association in West Sweden, 

• Swedish Church of Gothenburg, 

• Municipality of Jonköping.  

A list of business process we modeled included the following: 

1. Administration of decision-making. 

2. Inquiries, investigations, inspections. 

3. Lobbying (influencing decisions of others). 

4. Processing feedback from the external world. 

5. Recruiting new members for an association. 

6. Rent negotiations. 

7. Providing legal assistance. 
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8. Funeral arrangement. 

9. Project administration. 

10. Delivering products/services.  

The first four processes are informally described in the following subsections. 
These processes are presented in an “abstract” form, which does not reveal the 
particular details of process handling at a particular customer. For more detailed 
descriptions of process 1 (Administration of decision making), and process 5 
(Recruiting members for an association) see Appendix D. 

3.2.2 Decision making 

Consider a situation with a decision-making body, e.g., a company board, or 
political organ, constantly making decisions prepared by some service 
department/organization, like secretariat, or administrative office. In such an 
organizational structure the decision-making process can be described in a uniform 
way independently of what kind of decisions are made by a particular decision-
making body. 

A decision-making process starts when a resolution is to be adopted by the 
decision-making body. A decision-making process usually originates by some 
document. This document can arrive from an external world, e.g., a motion from a 
political party, information on a new regulation passed by a parliament, etc. 
Alternatively, it can be produced internally, e.g., a record from the previous 
meeting. This document may be considered as an “order” for a decision-making.  

Before the decision-making body can pass a resolution, all relevant basic 
information should be gathered, and assessed. Assessment results in a proposal for 
a resolution prepared by the service organization. The basis for decision-making 
may be considered as a collection of ground documents, e.g., documents 
containing external or internal opinions on the matter, calculations, laws and other 
regulations that should be taken into consideration, etc. At the start of the decision-
making process, some of these ground documents exist, e.g., laws and regulations, 
others, e.g., internal or external opinions, are compiled during the process.  

Based on the above, the decision-making process can be roughly represented as a 
sequence of the following steps:  

• defining which ground documents are needed for a particular decision-making,  
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• acquiring each ground document,  

• assessing (reviewing) ground documents,  

• preparing a proposal,  

• passing the resolution. 

These steps can be completed in parallel. For example, a ground document can be 
assessed as soon as it arrives, and some parts of the proposal can be drafted before 
all ground documents have been gathered.  

In practice, the decision-making process can be much more complicated than just 
going through the steps above once. For example, the decision-making body may 
decide that more ground information is needed, and return the proposal back to the 
service organization. 

The procedures of acquiring ground documents depend on the type of ground 
document in question. If it is an existing regulation, it should be found in an 
appropriate store (a bookshelf, a database, etc.). If it is an internal opinion on the 
matter, the task of writing an appropriate ground document is assigned to some 
member of staff of the service organization, e.g. a lawyer. If it is an external 
opinion from some interested party, it should be requested from this party. 

3.2.3 Inquiries, Investigations, Inspections 

For many types of decision-making, a special inquiry, investigation, or inspection 
should be conducted in order to get sufficient material for the decision. Inquiries 
can concern various issues, e.g.:  

• Cause of an accident. 

• Consequences of the previous decision. 

• Probability of a given family providing a proper home for an adopted child. 

Each type of inquiries may require a specialized set of measurements, calculations, 
interviews, and so on. However, there is a general pattern that can be applied to 
various types of inquiries. 

A result of an inquiry is often a report with a fixed structure. It can be considered 
as a number of topics and/or questions that should be covered and/or answered. 
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For many types of inquiries, it is extremely important that all topics are covered 
(all questions are answered). Missing topics may, for example, result in losing a 
case in a court. Equally important is to see to that all the materials for the report 
are carefully gathered and analyzed.  

Basically, there are three types of actions for getting information needed for 
writing a report: 

• Performing measurements. 

• Requesting and receiving ground documents, like a company’s annual report, 
or a private person’s health certificate. 

• Interviewing persons relevant to the inquiry in question. 

Measurements and ground documents may not give direct answers to the questions 
to be covered in the report, but they should be preprocessed. Two types of 
processing could be differentiated: 

• calculation, 

• review. 

Calculations are based on certain formulas, or methods, which depend on the 
inquiry in question. The basis for calculations are values obtained through 
measurements, and/or found in the ground documents. Review is an intellectual 
process of going through the ground documents obtained and finding answers to 
the questions relevant to the given type of inquiries. 

Any inquiry process may be divided in a number of general stages: 

• Strategic planning – deciding what questions/topics should be 
answered/covered, what basic measurements should be taken, which ground 
documents should be obtained, what types of calculations should be done, how 
many interviews and with whom should be conducted. 

• Obtaining information – making measurements, requesting and gathering 
ground documents, conducting interviews. 

• Processing information and writing a report – making calculations, reviewing 
ground documents, going through the results of interviews, and at the same 
time refining various topics of the report. 
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These stages are not completed sequentially, but in parallel. For example, the 
ground documents could be reviewed as soon as they come, and the relevant parts 
of the report can be drafted before all required information has been gathered. The 
same is true with measurements and interviews. As soon as there is enough 
material to cover some topics in the report based on the results of these activities, 
the appropriate parts of the report can and should be written.  

The completion of the stages above may be also done in a loop-wise manner. After 
having done some measurements, obtaining some ground materials, and 
conducting some interviews, a decision can be made to complete more 
complicated measurements, obtain more ground documents and conduct more 
interviews (with the same persons as before or with the different ones). 

3.2.4 Lobbying – influencing decisions of others 

Lobbying is an effective method of guarding rights and interests of a group in a 
democratic society. A lobbying process may be initiated in two ways, actively, and 
passively: 

• Active initiation means that the interest group decides on its own to persuade, 
or press an authority to make a decision that lies in the interests of its 
members.  

• Passively means that information has been received about a new decision 
planned, under discussion, or already taken. The decision might affect the 
interests of the group’s members positively, or negatively, thus the interest 
group will oppose to or support the initiative. 

Independently of active or passive initiation, a decision that the interest group 
wants to influence should be analyzed from several perspectives. After that, the 
main course of action, e.g., to promote the decision, to oppose it, or to find a 
compromise, could be decided on. Then, a proper strategy and tactics could be 
designed to pursue the chosen course. 

It is impossible to choose a proper course of action without completing the 
consequence analysis. The proposed or taken decision should be analyzed from the 
point of how it would affect the members of the interest group. A number of 
parameters should be chosen for this end. These parameters depend on the nature 
of the group. They may be: standard of living, wages, taxation, etc. For each 
parameter, an evaluation should be made of how this parameter will be affected by 
the decision; whether its value would go up or down, and, if possible, how much. 
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The evaluation should be supported by past experience, theoretical doctrines, etc. 
This kind of information can be very useful when trying to influence the decision 
in the chosen direction, or create public opinion. 

In order to understand what channels to use when pursuing the course chosen, the 
decision should be analyzed from the following perspectives: 

• Level of decision: international, national, municipality, company, alongside 
with what organ made, or is planning to make the decision. 

• The area to which the decision in question is related: economy, democratic 
rights, etc. 

• The status of decision-making: planned, under discussion, made, implemented, 
etc. 

When the course of actions has been chosen, e.g., to oppose the decision, support 
from the group’s members should be secured. An opinion poll might help for this 
end. 

After the course of action has been chosen, a strategy and tactics could be 
designed. The strategy prescribes what channels to use when influencing the 
decision-maker(s), and in what order. The tactics is about how to use each 
channel.  

Roughly, all channels to the decision-maker(s) can be divided into two groups: 
direct channels and indirect channels. As a direct channel, we consider a person, or 
a group connected to the organization that is participating in the decision-making, 
e.g., a member of the parliament, a high-level employee of the local authority, etc. 
By communicating with such a person in a chosen way (tactics), the group may 
affect the decision directly. Examples of tactics for direct channels are:  

• inform about consequences (pretty neutral),  

• ensure support,  

• threaten, or 

• look for a compromise. 

Indirect channels should lead to organizations that are not involved in the 
decision-making, but have some influence on the decision-maker(s). The most 
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important indirect channels are the ones that lead to mass media, e.g., daily press, 
weekly magazines, TV, and radio programs, etc. Examples of tactics for mass 
media channels are:  

• inform wide public about the decision, 

• initiate a debate, 

• build up public opinion, and 

• provoke the decision maker(s) to answer difficult questions. 

Other indirect channels may lead to local, national, or international authorities that 
have some power to stop or promote the decision. Examples of tactics for such 
channels are: 

• inform about the decision and its consequences,  

• get support, and 

• pursue to take actions. 

Following the chosen for a given channel tactics means completing one or more 
acts of communication with the person(s) who represent this channel. 
Communication may be oral, e.g., meeting, press conference, phone conversation, 
etc., or written, e.g., fax, mail, email, etc. The basis for communication is 
information gathered during the analysis phase. After all communication activities 
via the channel have been completed, the result achieved should be understood: 
whether the tactical goal has been reached or not. By constant evaluation of the 
results, the overall strategy may be revised, new channels may be tried, or the 
tactics for already chosen channels may be changed. 

During the communication through the channels, a lot of messages would be sent 
and received. It is important to keep track of such messages, and have operational 
procedures in place for reviewing them. This can help when writing the answers, 
revising the strategy, etc. If the bookkeeping works properly, the documents can 
also be reused, i.e., a document prepared for communication via one channel may 
be resent via other channels. 

The objectives of he lobbying process may be defined as follows: 

• The decision is classified according to the type of decision-making organ. 
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• Consequences are calculated according to the set of parameters that represents 
the interests of the group. Consequence analysis is supported by arguments 
based on past experience, doctrines, etc. 

• The chosen course of actions is based on the results of consequence analysis. 

• The support of majority of the group members has been acquired. 

• The channels for influence were chosen according to the type of the decision-
making organ. 

• The tactics for each channel corresponds to the channel’s nature. 

The messages sent through each channel correspond to the tactics chosen for the 
channel, the nature of the channel, arguments gathered during the consequence 
analysis, and information received back through this channel (or maybe other 
channels). 

3.2.5 Processing Feedback 

We live in the fast changing business world. To be able to survive and grow in 
such a world, an organization, or a company should constantly adapt itself to the 
changes in its environment. To do that, good understanding of how well the 
organization is functioning is required. There are various methods of getting this 
kind of information, like analysis of economical parameters, questioning the 
customers, etc. One of the most effective ways for an organization to get reliable 
information about itself is, however, by gathering and processing the feedback 
from its customers.  

The customer feedback consists of signals transferred in written or oral form (e.g., 
via phone) during communication between the customers and members of staff. 
Roughly, the feedback signals could be divided into two categories: complaints 
and acclamations. Normally, the companies and organizations pay attention only 
to complaints, i.e., negative signals. Processing the positive signals (acclamations) 
is, however, at least as important as processing the complaints. 

A feedback signal may concern a physical product or some business process, e.g., 
sale, delivery, service, reparation, etc. As far as physical products are concerned, 
many organizations have quite good routines for analyzing the problems and 
finding solutions acceptable for their customers. For example, in software 
industry, each negative signal that concerns a product is analyzed from two 
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perspectives: how to solve the immediate problem, and how to introduce a more 
general solution in the next release of the product.  

As far as business processes are concerned, very few organizations have 
operational procedures for catching, and processing feedback signals that concern 
processes. Complaints are normally dealt with, but only to solve the immediate 
problem, not to improve the processes in general. 

Processing signals that concern business processes is not a trivial task. The 
customer never directly complains about a process or praises it. The signal will 
concern something else, for example, improper behavior of a member of staff, an 
event that has not happened in time, e.g., goods have not been delivered. A 
complaint can even concern a product, but detail investigation may show that the 
problem originated from the sales process. For example, the sales personnel have 
not analyzed the needs of the customer properly, and a “wrong” product has been 
sold to the customer (i.e. a product that does not satisfy the customer’s needs). 

The above deliberation shows that processing the feedback that concerns business 
processes requires recording all signals that various members of the staff are 
getting from the customers, independently of how they are coming in, to whom, 
and what is the immediate subject of the signal, e.g., a product, person, event, etc. 
This requires introduction of the common rules of signal registration in the whole 
organization. 

The next step after the signal has been registered is analysis: 

• The first task is to find out what process the given signal concerns, e.g. sales, 
delivery, production, reparation service, etc. This task requires good 
understanding of which processes take place in the given company, or 
organization.  

• Next step is to point out on which stage of the process something good or bad 
has happened. This task requires understanding of what steps (activities) are 
included in the process. 

• The next task is to understand whether the process that the given signal 
concerns is unique, or it has been driven according to the standard rules 
(polices). This task presumes that there are some rules, written or existing as a 
tradition, according to which all processes of the given type are driven. 
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• If the process is unique, it is worthwhile to find out why it has not been driven 
according to the rules, e.g., personal is not aware of the rules existence, 
somebody decided to take an initiative, something unpredictable has 
happened, etc. 

After analysis has been completed, the feedback signal can be used to improve the 
overall functioning of the organization. In case of a negative signal (complaint), 
some immediate actions should be undertaken to solve the problems with the 
current instance of the business process; the more important job is, however, to use 
the signal to improve the operational procedures in general. Depending on the type 
of the signal, and the results of the analyses, various measures can be undertaken, 
for example: 

• Suppose the signal is negative, the process is unique (does not follow the rules 
and polices), and the personnel do not know the rules. A new training session 
could help to avoid the problems in the future. 

• Suppose the signal is positive, the process is unique, and a member of staff has 
taken an original approach in driving the process. Changing the operational 
rules so that they include the new approach, and teaching the rest of the staff 
the new rules may improve the overall performance of the organization. 

• Suppose the signal is negative and the process is not unique. The process rules 
should be revised in order to avoid the problem in the future. 

3.3 How we work  

A typical business process analysis project starts with building a project group. 
The group usually consists of two business analysts (BA), and from 3 to 7 field 
experts. Field experts should represent all kinds of human participants of the given 
business process; just having managers is not enough as the managers may not 
know all details of the process. There are no prerequisites that the business 
analysts should be experts in the given business domain, they should be just 
experts in business analysis. There are no prerequisites that the experts in the field 
should know anything about modeling or business processes. They may not be 
aware that they participate in any business process at all. 

Sometimes BA’s can acquire some knowledge on the business domain in question 
through receiving internal documents from the customer. However, such 
documents are considered as not reliable. Besides, they are often written in a 
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professional jargon, which leave outsiders no possibility to get insights into the 
business process before meeting the experts in the field. 

The role of the experts in the field is to provide information, and verify the 
suggested business model. The role of BA’s is to initiate discussions, ask right 
questions and provide the drafts of the model for discussions. 

A typical analysis is done in four steps, each of which includes a meeting held 
with the group of experts to discuss the progress. 

1. During the first meeting, BA’s describe their ideas of what business processes 
in general are and how they can be managed. The presentation is illustrated by 
examples from other business domains. Then, the experts and the analysts 
discuss the business process under investigation. The goal of the meeting is to 
provide BA’s with as much relevant information as possible. 

2. The BA’s draft state-plan-event pictures. An example of the process flow is 
created. This example of the process flow is discussed during the second 
meeting, and it is corrected after the meeting. Normally, a breakthrough is 
achieved during this meeting. The experts in the field recognize their business 
in the presented model and start to understand what business processes are. 

3. A conceptual model for the customer’s business domain is built. Beside the 
description of the processes, it includes so-called static concepts, like 
organization, individual, staff, contact, document, resource, etc. The model 
consists of a list of terms, each term supplied with a definition/explanation. 
The conceptual model is discussed at the third meeting, and it is modified after 
the meeting.  

4. During the fourth meeting, the activities needed to drive the business process 
forward are discussed in more details. The results of the discussion are 
presented in a document containing a table in which basic properties of each 
activity are defined. These properties include: how the activity changes the 
state of the process, who can plan/execute it, what other activities should/can 
be planned after completion of the given one. 

The conceptual model, the state flow examples, and the description of activities 
formed a basis for writing recommendations on tools for effective management of 
the business processes analyzed. 
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3.4 What is delivered 

The standard deliverables of our process analysis project consist of the following: 

1. Conceptual model – a document. 

2. Activities description – a document. 

3. Recommendations – a document. 

4. Process visualization with ProVis – software + demo files. 

The document  “Conceptual model” consists of the following sections: 

1. Introduction – explains what the conceptual model is and why it is needed. 

2. Informal overview of the process that has been analyzed (see explanations 
below). 

3. Static concepts – defines objects with a life span greater than one process, e.g., 
people, organizations, artifacts. Only objects that participate in the process 
under analysis are included. 

4. Dynamic concepts – defines such concepts as process's state, history, event, 
activity, etc. 

The informal overview of “Conceptual model” describes the business process 
informally. The following issues are clarified in the informal overview: 

• In what circumstances the process is brought into being. 

• What the objective (goal) of the process is.  

• How the process is initiated, e.g., phone conversation, letter received, etc. 

• When the process can be considered as finished (conditions). 

• Main stages (phases) of the process. 

• Human participants, i.e., people and organizations, external as well as internal. 

• What physical or intellectual products are produced in the process, if any. 
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Examples of informal overviews see in Appendix D. 

The document “Activities description” consists of the following sections: 

1. Introduction – explains our way of describing activities. 

2. Format – explains notation used when describing activities. 

3. Activities specific for the process – contains a list of specific activities and 
their descriptions. 

4. General activities – contains a list of general activities and their descriptions. 
This section is optional. 

5. Appendix with state-transition diagrams – explains the connection between 
various activities via diagrams (for an example, see Appendix D). This section 
is optional. 

An example of activity descriptions is presented in Table 3.1. The table describes 
activity Define grounds from the decision-making process shortly overviewed in 
Section 3.2 and described in details in Appendix D. 
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Title Initiate 

Description Define/redefine what documents should be included in the 
Grounds 

Parameters None 

Instructions Any hints on what should be included/deleted 

Internal action Modify the Grounds table, i.e. add/delete/modify rows. If a row 
is deleted, all activities connected to this row (i.e. request 
review) are deleted from the plan. Set Status to Ongoing (if 
responsible is set). 

External action None 

Condition The process should be initiated, i.e. should have a reference 
number and status Initiated, see Initiate, Decide on  permission.   

Time condition According to internal rules 

Resource Administrative office  

Resource 
manager 

Administrative chef 

Next activities 
to plan 

• Prepare opinion, for new ground documents that concern 
internal opinions 

• Request review, for new ground documents that concern 
external reviews 

Table 3.1. An example of activity description. 



                

 
State-Oriented Business Process Modeling: Principles, Theory and Practice 

67

The document “Recommendations” is a central document of the “Deliverables”. It 
consists of the following sections: 

1. Introduction. 

2. Informal overview of the process – a slightly shorter version from the 
Conceptual model. 

3. Problems of the today's way of running and managing the process. 

4. Organizational recommendations – recommendations on changes to be 
introduce in the operational procedures that are used to run the process. 

5. IT support – recommendation that concern a computer system to support the 
process. 

6. Where to go from now – plan of actions for the immediate future. 

3.5 Conclusion 

We believe that our practical modeling experience overviewed in the previous 
sections can be considered as a sufficient evidence of practical suitability of the 
state-oriented approach to business process modeling: 

• The state-oriented approach helped us to abstract from the details of current 
handling of business processes that we analyzed, and build models of real 
business processes. The informal overviews from Section 3.2 do not represent 
the material we have got prior to the analysis; they are one of the results of the 
analysis. Presenting the essence of a complicated process in a concise form is 
one of the characteristics that points to the practical suitability of an approach 
to modeling.  

• With the help of this approach, we could build models for a variety of business 
processes. Some of this processes, for example, lobbying, and processing 
feedback were quite difficult to model. In these processes, there was no 
predefined sequence of activities that could be established or analyzed. We 
call such process loosely-structured. We doubt very much that such processes 
could be analyzed and model by means of traditional approaches to business 
process modeling (more on that see in the Chapter 5). 
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• The time for creating a model of a business process when following our 
approach is relatively short. From our practice, the approximate effective time 
that BA’s needed to analyze one process was between 70 and 150 man-hours. 
This fact indicates that our method of modeling is quite efficient. 

• Our way of representing a process as a state flow proved to be efficient in 
communicating a model to non-technical professionals. They were able to 
understand, discuss, and accept the model. 

• Each of our analysis projects has been finished with recommendations that 
were derived from the modeling work. The recommendations concern both 
changing the organizational practice, and introducing a computerized support 
for effective handling of the processes. Both types of recommendations were 
accepted by the customers. Three of them are in the process of the 
development and introduction of the new type of computer support. 

Up until autumn 2001, the suitability of the state-oriented method for business 
process modeling has been tested only by the BA group of IbisSoft AB, which was 
lead by the inventor of the method. Though the group included five other members 
(besides the leader), some parts of the results summarized above, for example 
efficiency, could be attributed to the experience of the leader. However, the results 
themselves have enough value to suggest that the method is useful for discovering 
internal structure of loosely-structured business processes.  

The next stage in obtaining more evidence to support the method is to test whether 
other BA groups can use it with the same results as our group. This stage consists 
of knowledge, and experience transfer. The first test of such transfer was 
completed in autumn 2001. Our colleagues from Magnificent Seven (Moscow, 
Russia) used the state-oriented approach to build a model of a logistics process. 
The group had experience in building support systems based on the state-oriented 
approach (see Chapter 4). However, they have never built any business process 
model prior to the development of the system in the past (with the help of our or 
any other method).  

The knowledge and experience transfer has been completed as follows: 

• Several months before the project, an introductory meeting was held with the 
group where I explained our methodology of business process analysis, and 
demonstrated it on examples. 
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• Before the project start, all available in English documentation have been sent 
to the group, which included research articles, internal instructions, and one 
report that existed in English. 

• During the project, several phone conferences have been held with the group 
to discuss the progress. 

The analysis was completed in a relatively short time, and as a result, Magnificent 
Seven obtained a commission to build a computer system to support the process 
they had analyzed. Their results are presented in a separate report (82 p.) in 
Russian. 

The case described above give us confidence that the methodology of state-
oriented business process analysis can be transferred to other BA groups. To 
facilitate such transfer, a considerable work should be done in documenting 
methodology, writing training material (for tutorials and training classes), etc. This 
work is included in our future plans (see Chapter 6). 
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Chapter 4. Experience in Development of 
Process Control Systems 

4.1 Introduction 

Effective management of business processes is very difficult, if possible, to 
introduce without an appropriate computer system that supports the processes. 
This is well a well-known fact, and it was confirmed by our modeling experience 
described in Chapter 3. Most of the recommendations we normally give to our 
customers are impossible to implement without introduction of a proper kind of 
computer support 

Different names are used to refer to a support system, for example: 

• information system, i.e. a system that provides information, or 

• workflow management system, i.e. a system that managers workflow. 

We use term process control system to stress that the aim of the support system is 
to help in navigating each business process instance to its goal. This can be done 
by combining automatic and manual planning based on the position of the 
business process instance in the state space. 

The current chapter describes our experience in building process control systems 
for various domains. Our early experience in this field has been reported in details 
in papers (Bider, 1997a,b) that are included as appendices E and F. In the main 
text of this chapter, we highlight the most important results of our early 
experience, and add more examples from our recent practice. 

The rest of this chapter is structured as follows. In Section 4.2, we introduce the 
general requirements on process control systems. In Section 4.3, we introduce the 
main principles that we followed when building process control systems. In 
Section 4.4, we summarize our early experience of building process control 
systems. In Section 4.5, we describe two new process control systems that we built 
recently. Section 4.6 presents conclusions based on our business application 
development practice. 
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4.2 Process Control System – General Requirements 

Today, most companies and organizations do not use the process-oriented 
approach in organization of their business activities. A functional, or project 
organization (or a mixture of the two) prevails. Therefore, introduction of a 
process control system requires changing the way the company or organization 
conducts its business. To formulate the general requirements on the process 
control system, we need to understand the essence of the process-oriented 
organization of a business. 

There is a sea of literature devoted to process-orientation, see, for example, 
(Elzinga, 1999, Grover&Kettinger, 1995). However, in this literature, the process-
orientation is based on the view on business processes that differs from that of 
ours. In (Bider, 1997a) included in Appendix E, we present the ideas of process-
orientation based on the state-oriented view on business processes. The goal of the 
paper was not to reinvent the process-oriented approach, but to consistently 
deduce it from the state-oriented view on business processes. (The paper is written 
for practitioners and has very few references to the research literature.) 

Appendix E describes the process-oriented management as  project management 
without project managers. The essence of the process-oriented organization of a 
business is explained in terms of dynamic and distributed planning. Dynamic 
planning involves planning of only the necessary activities at each stage of the 
process evolution. As soon as one or several of these activities are completed, new 
activities are planned with regards to the emerging state of the process. Distributed 
planning implies that the worker who has completed a planned activity 
himself/herself plans the subsequent activities. Moreover, he/she can assign these 
new activities not only to himself/herself, but to other people as well. The needs 
for central planning are reduced to dealing with unpredictable complications only. 

Introduction of dynamic and distributed planning is impossible without a process 
control system. According to appendix E, such system should possess the 
following general properties: 

1. The system should store in one place all information that concerns ongoing 
and finished processes. This information should include the process’s current 
(or the last for the finished processes) state, the process history (e.g., previous 
states) and the process chronicle (written history). Information on the ongoing 
processes is used to drive them forward. Information on finished processes can 
be used for statistical and other types of analysis, for learning by example, etc. 
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2. All planned activities assigned to a given member of staff should appear 
immediately in his/her personal calendar, so everybody knows exactly what 
activities he/she has to complete and when. This will remove redundant 
communication aimed only to inform people what they are supposed to do. 

3. The system should help to execute activities. Some steps of the activity 
execution should be done entirely by the system, e.g., saving the history. Other 
steps could be done in cooperation with the end-user, such as choosing the 
next activities to plan. Providing some help in executing each activity is 
essential for motivating people to use the system. Without motivation the staff 
may leave some of the activities they completed unregistered, which would 
make the information on which the supporting system rely unreliable. 

4. The process control system should be integrated with the tools needed for 
executing activities, such as word-processor, email, Internet browser, etc. This 
will allow competing many types of activities without having to leave the 
system. 

5. The system should provide easy and flexible access to all information stored. 
For example, from an external organization name, it should be easy to find all 
the ongoing processes in which this organization participates. This will make 
it easier to sort the incoming mail (or other type of communication) that is not 
clearly marked with a process reference number. Access should be provided to 
current information, as well as to the historic one. 

6. The system should offer a user-friendly interface. This implies among other 
things the possibility of unhampered browsing through the information related 
to various processes, and the execution of activities while browsing. The latter 
applies to both planned activities, and the activities that are executed on the 
fly, i.e., without preliminary planning. The user-interface should also allow 
executing several planned activities at one go.  

The user interface should be consistent which implies that the standard 
techniques are used for browsing through all stored information, for planning, 
for starting the execution of activities, etc. These techniques should be 
uniform for all types of processes and activities. This is important for 
minimizing the initial learning efforts. It will also make it easier to introduce 
changes in process definitions, and support for new types of processes. 

7. The control that the system exercises over the processes should be flexible 
with respect to individual processes, and to the organizational structure. The 
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flexibility of the first kind allows to provide the high degree of automation 
when a process follows the standard pattern, without impending the possibility 
of manual control when the process deviates from the standard. The flexibility 
of the second kind makes it easier to introduce structural changes, e.g., when 
the company expands its operations.  

To achieve flexibility in respect to the organizational structure, it is important 
to separate what should be done from whom should do the task. The way of 
achieving flexibility in respect to individual processes depends on the view on 
the process dynamics chosen for system implementation (more on views see in 
Chapter 5). As was shown in Chapter 1, for the state-oriented view that we 
use, this flexibility can be obtained via special structure of rules of planning. 
These rules should distinguish between obligations, prohibitions and 
recommendations.  

4.3 Functionality and architecture of process control 
systems 

Any business application, or in fact, any software system can be evaluated from 
two major aspects: functionality, and quality. Functionality determines the 
usefulness of the system to the end-user. There are many definitions of quality of 
software systems, but we believe that for a business application, the most 
important aspect of quality is the system’s tolerance to changes in business 
environment and computer technology (see more on the quality topic in 
(Bider&Khomyakov, 1997)).  

As was pointed out in Section 2.1, process control systems represent an example 
of a new generation of business applications, which we call human-assisted as 
opposed to the traditional, human-assisting applications. The difference between 
the old and new generations in functionality is essential and can be traced in all 
other aspects of system development as summarized in Table 4.1. 

As far as quality is concerned, we need to consider the fact that we live in the 
world that undergoes constant changes. The changes concern both business reality 
and technology. As the changes happen during the system lifetime, the system 
should possess a degree of “reality tolerance”, i.e. adaptability to both kinds of 
changes. To reach proper adaptability, the control system should be built upon: 

1. A sound conceptual model for representing business processes that allows one 
to redefine processes when the business reality changes without major changes 
in the model (i.e. without introducing a lot of new concepts). 
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2. Properly layered software structure, so that in case of advances in technology, 
only one layer needs to be changed at a time. 

3. Conceptual model being logically as much as possible separated from the 
software structure, so that changes in the software structure and business 
model could be made independently of each other. 

Nr Aspect Old Generation (Human-
Assisting Systems 

New Generation 
(Human-Assisted 
Systems) 

1 Modeling Data Modeling Process Modeling (see 
Chapter 3) 

2 Data Base Static and passive Dynamic (history-minded) 
and active 

3 User Interface Functional (multilevel 
menus) 

Navigational (free 
navigation in 
interconnected space of 
business objects) 

4 Organizational 
aspect 

Follows existing 
management schemes 

Suggests new management 
schemes (see Appendix E) 

Table 4.1. The difference between two generations of business applications. 

Our approach to system development is purely pragmatic. We are not trying to 
invent a new method of system development. Our objective is to achieve good 
enough level of functionality and quality in the above described sense.  

In our development practice, we use one of the oldest and proven methods of 
development: evolutionary prototyping. Normally, we do not have resources (in 
terms of time, manpower, or money) to develop a system in a low-level language 
like C++, Java etc. Instead, we try to find high-level application development tools 
that could provide us with some standard solutions for user-interface, data storage, 
etc. 

Each control system we develop is structured in three conceptual layers: 
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1. A historical object-oriented database to store all information related to the 
processes, see line 2 in Table 4.1. Software that implements this layer is of 
general nature, and it is independent of a particular process control system. 
This layer is built upon some third party database management system. 

2. A user-interface navigation system that allows the end-user to freely browse 
throw the information that concern processes’ current state, past, and future 
(planned activities), see line 3 in Table 4.1. Again, software that implements 
this layer is of general nature, and it is independent of a particular process 
control system. This layer is built upon some third party user-interface 
management system.  

3. Application-dependent routines for executing activities and dynamic planning. 
This layer is implemented in a general purpose programming language. 

A moderate level of adaptability of the process control system to changes in 
business reality is achieved by the fact that only the third layer is domain and 
business dependent. It consists of a set of relatively small routines that are called 
by the general layers. Changes in business reality requires only reprogramming 
these routines. 

A moderate level of adaptability to changes in technology is achieved by building 
general layers upon third party development tools. When the technology changes 
these layers are rebuilt based on other third party tools, the ones that provide 
solutions based on the new technology. 

4.4 Sales support 

Our first experience in building process control systems goes back to 1989-1990, 
when we built a system to support sales and marketing activities of a trading 
company. The system was called DealDriver to highlight that it helped the 
workers to “drive” their deals from the beginning (e.g., getting an order) to the end 
(e.g., receiving payment). This system is being used internally at IbisSoft AB since 
then. The pictures used to explain our state-oriented approach to modeling 
business processes in Chapter 1 (Figures 1.2 – 1.8) represent screen dumps from 
DealDriver. 

The system was developed for the character-based environment and run under 
DOS on any LAN available on the market. The historical database layer was 
implemented upon the Btrieve record manager (now part of Pervasive Sql from 
Pervasive, Inc.). This layer was programmed in C, and it got the name Hi-base. 
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The user-interface navigation layer was built upon JAM (JYACC Application 
manager) from JYACC, Inc. (now Prolifics, Inc.) The layer was also programmed 
in C, and it got the name Navi. The application-dependent routines were written in 
C.  

Hi-base and Navi formed application development tools that could be used for 
building other process control applications. The biggest application, “SoftMotors” 
was built by our colleagues from Magnificent Seven (Moscow). SoftMotors 
supports management of all operations at a car dealership. It is used by 20 car 
dealerships, the biggest of which has more than 20 users. This application won the 
“Object Applications of the Year Awards 1997” in the group “Best object-based 
application developed using nonobject-oriented tools” (Object World  Show in 
London, April 1997). 

In more details, the experience from the DealDriver project is described in 
Appendices E, F. 

4.5 Support for recruiting and investigations 

Recently, we developed two new process control systems. The first one, called 
ReKo, is aimed to support recruiting of new members and personal communication 
with already existing member of some interest group. This system has been built 
on commission for Tenants Association of West Sweden. It is based on the 
business process model described in Appendix D (see fig. 4). 

The second system, called Utredaren, is aimed to support inquiries, investigations, 
and inspections. This system has been built on commission for the Municipality of 
Jönköping. Informal description of the business processes it is aimed to support is 
given in Section 3.2. Currently the system supports only one type of inquiries, the 
inquiry that helps to decide on suitability of a given family to provide a home for 
an adoptive child. The main view of the state picture for this system is presented in 
fig. 4.1. 

By the time we started the development of first ReKo, and then Utredaren, the 
technological base (Hibase and Navi) that was developed for the DealDriver 
project became old-fashioned. For these two systems, we have developed a new 
technological base. 
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Fig 4.1. State of the inquiry process. 
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The historical database layer has been implemented upon SQL database 
management systems: ReKo uses SQL Server from Microsoft, and Utredaren uses 
Oracle. Several programming tools were used for building this layer. Objects and 
history are supported by a set of stored procedures and triggers implemented in the 
native for the given DBMS dialect of SQL. As far as object structure is concerned, 
we use the same way to define the database scheme as in the DealDriver project 
(see appendix F). This scheme is then translated into SQL tables and triggers 
definitions by a program written in Perl.  

The user-interface navigation layer has been built upon Panther from Prolifics, Inc 
(which is the successor of JAM used for DealDriver). The user-interface layer is 
implemented partly in C, partly in JPL, the proprietary language included in 
Panther. Currently, this layer works in the graphical environment under MS 
Windows. Creating a Web browser version is planned for the future. 

A special feature of Panther called Transaction Manager (TM) has been used for 
run-time mapping from objects into relational tables and vice versa. The tuning of 
TM to our historical object structure has been done by programming in C.  

The application-dependent layer has been written as stored procedures in the 
chosen SQL dialect, and as a set of JPL routines (the proprietary language of 
Panther). 

Currently, both ReKo and Utredaren are being introduced in the business practice 
of organizations that ordered them. The details of these two projects will be 
published later. Here we would like to mention that our pragmatic approach to 
system development permitted us to change the technological base in a relatively 
short period of time and with limited resources (in terms of money and 
manpower). 

4.6 Concluding remarks 

The most common way of going from theory to practice in software engineering 
is:  Formal Notation —> Case Tool —> Code Generator. This approach requires 
considerable resources in terms of manpower and money that we never had. In our 
practice, we use a pragmatic approach outlined in Section 4.3 in which we utilize 
our theoretical framework only as methodological guidelines to verify our 
practical decisions. This is possible due to the idea of gradual tuning introduced in 
Section 1.5: we can start with purely manual planning adding automatic rules (and 
even hard-coding them) after the system is already in use. 
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We believe that for new ideas that are supposed to give practical results when 
introduced in practice, our pragmatic approach is the right one. Before making 
considerable investments in developing case tools, code generators, etc. based on 
some theoretical hypothesis, it is important to test home-made prototypes in real 
business practice. We believe that our limited experience in building business 
control systems is sufficient to confirm that the state-oriented approach outlined in 
Chapter 1 is justified for system development practice. It is possible both: 

(a) to build a system based on the state-oriented view on business processes, and 

(b) to use it in business practice. 

Now, we can proceed with the traditional approach:  

• devise a language for writing business laws,  

• create a formal notation, and  

• develop computerized tools to support the system development process. 
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Chapter 5. Applicability of the State-Oriented 
Approach 

5.1 Introduction 

In the previous chapters, we described the state-oriented approach to business 
process modeling more or less independently from other approaches to modeling 
business processes. In this chapter, we intend to consider a larger group of 
approaches to business process modeling (the state-oriented approach including) in 
order to find out in which circumstances the state-oriented approach is more 
suitable than other approaches. 

We start with repeating the general notions normally used when discussing 
business processes (Section 5.2). In Section 5.3, we introduce a simplified 
classification of the approaches to business process modeling. In this 
classification, we have chosen to stress one particular aspect that we consider to be 
the most important one. This is the way of how the dynamics of the business 
process is represented. In Sections 5.4 – 5.12 we discuss various factors that are 
important to consider when choosing an approach to business process modeling. In 
Section 5.13, we deliberate on the topic when to use the state-oriented approach. 

5.2 Main notions 

There are many different definition of what the business process is. For example, 
review (Hutton, 2000) lists the following definitions: 

• A sequence of activities performed on one or more inputs to deliver an output 
to a customer. 

• A set of (partially) ordered steps intended to reach some goal. 

• A number of roles collaborating and interacting to achieve a goal. 

• An organized collection of business behaviors that satisfies a defined business 
purpose and performs according to specified targets. 
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• A collection of business activities that create value for a customer. 

• A systematic set of activities which take a ‘business event’ to a successful 
outcome. 

• A way of linking people together. 

We follow the most general definition of business processes, see, for example, 
(Hammer&Champy, 1994, Kueng&Kawalek, 1997), that defines a business 
process as a set of partially ordered activities aimed at reaching a well-defined 
goal. Some examples of goals are as follows (for more examples see Chapter 3 and 
Appendix D): 

• Reaching an agreement in business negotiations. 

• Discharging a patient from the hospital in a (relatively) healthy state.  

• Closing a sale. 

This definition can be applied to main industrial processes that produce some 
“value” to the customers, as well as to support processes. Support processes are 
the processes that ensure that the main processes have the right resources to work 
problem-free, e.g., hiring and firing personnel. 

When discussing business processes, it is important to differentiate the process 
type from the process instance. The notion of process type is used to talk about the 
process in general, like:  

• Sales process (in general),  

• Processing insurance claims 

• Decision-making 

The notion of process instance, sometimes called business case (Kueng&Kawalek, 
1997), is used to pinpoint a particular process, like: 

• Processing a sales lead that concerns a particular customer. 

• Processing insurance claim #1345678. 

• Passing an elderly care plan for 2002. 
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Two types of goals can be differentiated when discussing business processes: 
strategic and operational goals. Strategic goals, like customer satisfaction, growth, 
profit, etc. are associated with the process type. They explain why the process 
exists/should exist in the organization, and why it should be driven in a certain 
way. Analysis of the strategic goals results in the rules/procedures that dictate how 
the instances of the process should be run. All such rules for a given process type 
constitute a process definition. 

Operational goals concern process instances, and they show when a process 
instance can be considered as finished. Examples of operational goals that 
correspond to the process types above are as follows: 

• Understand the customer’s needs and make an offer (sales process). 

• Insure that all basic documents that concern a particular insurance claim are 
collected and money are paid (processing insurance claims). 

• Pass a decision on an elderly care plan based on the needs, available resources, 
and current legislation (decision-making) 

Each process engages a number of participants, which can be roughly classified 
into artifacts, human beings (people), and organizations. The notion of artifact is 
used to represent any physical or abstract object like document, product, computer 
program, etc. The notion of human being represents a person participating in the 
process. Very often, human beings participate in a business process not as 
individuals representing themselves but on behalf of some company, political 
party, department, team, etc. Any of these unions can be represented by the 
concept of organization. 

In relation to a particular process, the participants can be roughly divided into two 
categories: passive participants, and active participants. Passive participants are 
the participants that are subjected to transformation (or change) during the 
execution of activities, for example, a document being written, a car being 
assembled, a patient being treated in the hospital, an organization being 
reorganized. 

Active participants, or agents, are the participants that perform actions aimed at 
changing passive participants. The active participants can be considered on the 
level of individual people participating in the activity, or on the level of 
organizations that they represent. Artifacts can also play the role of active 
participants, e.g., industrial equipment, robots, computers, etc. Both human and 
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nonhuman active participants are often called resources, as they should be 
distributed among various activities and process instances. 

5.3 Classification 

Reflecting the development of a process instance in time, i.e. business process 
dynamics, is considered to be one of the most important issues of business process 
modeling. There are many different approaches to representing process dynamics. 
However, in a simplified manner, we can classify all approaches into 4 categories 
according to their main view on  business process dynamics: 

1. Input/output flow. The focus is on passive participants that are being 
consumed, produced, or changed by the activities. This flow can be 
represented as a diagram (graph), where activities serve as nodes. The arrows 
connect the activities in accordance to results of one activity are being used in 
one or another way by the next activity. Such a diagram does not reflect the 
order of activities directly, it reflects the causal order, i.e. the results of one 
activity are used by another activity. The causality establishes a partial order 
between activities indirectly, i.e. the results should be produced before they 
could be used. The most common approach to represent this kind of flow is 
IDEF0 (FIPS, 1993). 

2. Workflow. The focus is on the order of activities in time. This flow can be 
represented as a diagram (graph) where arrows represent activities. Nodes 
show the results of one or more activities that end in a particular node. Typical 
notations for representing this kind of flow are IDEF3 process flow diagrams 
(Mayer et al., 1995), Activity Diagrams of UML (Eriksson&Penker, 2000), 
and Petri Nets (Aalst, 1999, Deiters&Gruhn, 1998). The Petri nets approach 
tries to combine the workflow with input-output flow, though the workflow is 
still a dominating view. 

3. Agent-related view. The focus is on the order in which agents get and perform 
their part of work. The typical notation to represent this kind of flow is Role-
Activity Diagrams – RAD (Ould, 1995), and collaboration diagrams of UML 
(Rumbaugh et al., 1999).  

4. State flow. Each activity produces changes in the part of the real world that 
embraces the given process instance. Some changes may concern the state of 
passive participants, e.g., their form, shape, or physical location. Other 
changes may concern the state of active participants, e.g. the state of the mind 
of a human agent trying to find a solution for a complex problem. The focus of 
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the state flow view is on changes produced in the part of the world that 
embraces the given process instance. Normally, the state flow view is not used 
as a main view when modeling business process. An exception is the approach 
discussed in the previous chapters. When the state flow is used as a 
complementary view, as in IDEF3  (Mayer et al., 1995), the flow is described 
in form of state-transition diagrams. 

The choice of the most appropriate view on the process dynamics depends on the 
nature of the processes being modeled, and a practical task that is going to be 
solved based on the model. The factors that can influence the choice of the view 
are discussed in the following sections. 

5.4 Degree of physicalness and mobility of passive 
participants 

In order to choose the right focus on the process dynamics, it is important to 
consider what kind of passive participants the process have. The passive 
participants can belong to one of the following two categories:  

• Physical – parts of the car, a patient in the hospital, etc. 

• Virtual – a decision being made, a company being reorganized (juridical, but 
not physical person), etc. Normally, a virtual object has some kind of physical 
representation. A decision being made is fixed in some document, first a 
proposal, then a law, regulation, order, etc. A company is represented by a 
number of documents that fixes its business, structure, etc. It may also have 
some physical office. 

The degree of physicalness/virtualness determines the mobility of the passive 
participants. Heavy physical participants are not very mobile and need some 
efforts to be moved from one place to another. A virtual objects that are 
represented as documents are highly mobile, and with the current information 
technology they may be moved without any efforts. 

If a process deals with immobile physical objects that should be passed around 
between different activities, then the input/output flow may be of great value as it 
can pinpoint all logistical problems of the process. If the process deals mostly with 
the virtual objects, current technology may ensure that as soon as the object has 
been produced/changed it can be seen and used by whoever needs it. In this case, 
the input/output flow is of less interest, and  workflow or state flow are to be 
preferred. 
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5.5 Level of specialization and degree of mobility of 
active participants 

Active participants are people and equipment that are required for completing 
activities. They can be classified according to two dimensions: level of 
specialization, and degree of mobility.  

As far as specialization is concerned, the level can be from a totally specialized 
agent to a totally universal agent. Totally specialized agent can be used only in one 
activity, e.g., a person who was trained to do only one thing, or some specialized 
equipment. Totally universal agent can be used in any activity. A typical example 
of a universal human agent is an owner of a one-man company. A computer 
represents a universal agent of non-human kind. 

If a process in question has a lot of highly specialized agents, than the agent-
related workflow, which shows the flow of activities through the agents, might be 
of interest. It may help in optimizing the usage of specialized agents. If most of the 
agents are universal, then the normal workflow might be better suited for 
describing the process. 

The degree of mobility describes how easy, far and fast the agents can travel. 
Here, we can have totally immobile agents, like heavy equipment, and totally 
mobile agents like software that can be executed on any remote site. The 
mobility/immobility factor of agents should be compared with 
mobility/immobility factor of passive participants. For example, if all passive 
participants are mobile, than the mobility of the agents is not important. Consider 
another example where some agents are highly specialized and immobile, and 
passive participant that the agents consume, produce, or change are physical but 
relatively mobile. Then both agent-related workflow-view and input/output view 
are of interest when analyzing such a process. 

5.6 Degree of precision of operational goals 

The main parameter to classify the operational goals is the level of precision. The 
operational goal may be very precise, like manufacture a new car of model Volvo 
V-70 with such and such equipment, or less precise, like accept a plan for elderly 
care for year 2002. Less precise goals are specified in a functional manner. 
Examples: 
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• Accept a plan for elderly care for year 2002 with a total budget of 1 000 000 
euro, and main directions as described in law no 789 passed by the parliament 
on 5 January 2002. 

• Create a software system that supports the decision-making process in the 
municipality of NN. The maximum budget is 100 000 euro, the deadline is 31 
December 2002. 

The functional specification does not precisely define the result that the process is 
supposed to produce. It only states constraints that should be observed when 
delivering the result. 

Even when an operational goal is defined functionally, there often exists a 
projected specification of what the result of the process should look like. This may 
take a form of proposals for the decision, or system specifications. The projected 
result may change in time, and sometimes, the result may differ very much from 
the first projection (compare first and last slides on Figure 1.1). The degree of 
precision for functionally specified operational goals points to how much and how 
often the end-result can deviate from the initial projection. 

When describing processes with functionally specified goals, a special 
consideration should be given to definition of operational goals in form of 
constraints. Very few methods of process representation give a clue of how to do it 
in a structural way. The state-oriented method described in this thesis presents a 
possibility for defining operational goals in form of constraints on the final states. 

The degree of precision of operational goals has correlation with the nature of 
activities, and process flow, see Sections 5.8, and 5.9. The more precise is the 
operational goal, the more exact the activities of reaching it could be defined. The 
same is true for the process flow. 

5.7 Autonomy and characteristics of the process’s 
environment 

Each process interacts with its environment that is beyond the total control from 
within the process. If the level of interaction is low, we speak of highly 
autonomous internal processes, for example, training personnel, pure 
manufacturing, etc. The flow of activities in this kind of processes normally 
follows the internal logic of the process, and it does not depend much on external 
events. The workflow approach to the description of the process dynamics will suit 
this kind of processes very well. 
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Processes that include external actors, like customers, supplies, etc., have less 
degree of autonomy. The order of activities for these processes depends not only 
on the internal logic of the process but also on the external, not always predictable 
events. For non-autonomous processes, it is important to understand if the 
environment in which they operate has a friendly collaborative nature, or a less 
friendly competitive nature. 

In the collaborative environment, it is normal that external actors do their part of 
job as expected. For example, if during the purchasing process the vendor is asked 
to send a product description, we expect that he/she would do it with pleasure. A 
process that operates in a collaborative environment can behave like an 
autonomous process, i.e., the order of activities performed follows the internal 
logic of the process. 

Typical examples of processes that operate in a competitive environment are sales 
in the presence of competitors, lobbying, negotiations, etc. The activities to be 
completed in this kind of processes may, to a large extent, depend on how the 
environment is being changed by the actors whose actions are outside the control 
from within the process. The processes of this type are sometimes called event-
driven. The workflow view is not very helpful in this case. A state flow approach 
suits better the task of modeling the event-driven business processes.  

5.8 Nature of activities 

Some activities may be described in the exact manner, i.e. as a sequence of simple 
operations. For example, activity attach a wheel to the car being assembled can be 
presented in simple operations, like tighten a nut. Most of the manufacturing 
activities are of this kind.  

Other activities may be described only from the perspective of what results they 
should produce. For example, a description of the activity review a document can 
state that the result should be in form of comments, but it is impossible to dictate 
exactly how and on what basis the comments should be produced. Many of 
intellectual activities have non-exact nature. 

Activities that can be described in the exact manner have an advantage that the 
time and other resources consumed by an activity can be easily determined. These 
parameters belong to the activity description. For activities that cannot be defined 
in the exact manner, such parameters may only be estimated on the case-to-case 
basis. The estimation belongs not to the activity definition, but to the process 
instance for which the estimation is being made. 
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For processes with exactly defined activities, it is possible to make simulations of 
the type “what happens if we cut the time consumed by a particular activity by 
30%”. For this kind of simulations, the workflow view on the process dynamics 
may be very useful. 

For processes with many non-exactly defined activities, this kind of simulation is 
practically impossible. Thus, the advantages of time and resource related 
simulations are not of much importance for this kind of processes. 

5.9 Orderliness of process flow 

When choosing an appropriate view on the process dynamics, it is important to 
understand if the activities in the process flow follow each other in some exact 
predefined order, or only partial order can be established. The degree of 
orderliness correlates very much with other factors described in the previous 
sections, such as the precision of operational goals, degree of autonomy, 
friendliness of environment, nature of activities, etc. 

For example, a highly autonomous process with a precise operational goal and 
exactly defined activities will have a high degree of orderliness. Such kind of 
processes can be properly represented by workflow diagrams. Suppose that in 
another example we have a non-autonomous process (like “sales”) operating in a 
competitive environment with a functionally defined goal (like “sell something to 
X”) and with non-exactly defined activities (like “analyze customer needs”). The 
degree of orderliness for such a process will be quite low, and it would be very 
difficult to present its dynamics with workflow diagrams. A state flow approach is 
more suitable for modeling such kind of processes. 

5.10 Level of process maturity in the organization 

The level of process maturity (McCormack&Johnson, 2001) characterizes the 
amount of knowledge an organization have about its own business processes. The 
following questions can help to determine the level of maturity: 

• Are the processes identified? 

• Have strategic and operational goals been established for each process? 

• Are the employees aware of in which processes they participate? 
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If the organization has a high level of process maturity, the process modeling can 
be done on the process-by-process basis. For each process, a group of experts who 
participate in the process can be assigned to investigate the details of workflow, 
state flow, etc. 

If the level of process maturity is low, i.e. processes have not been identified yet, 
the first job is to find them in a functionally structured organization. One way to 
do this job might be by going through the organization on the department-by-
department basis (and may be even on person-by-person basis). In this case, an 
input/output approach can be quite useful: 

• First, identify what activities are performed in a particular department, 
wherefrom the input objects come, and where to the results are delivered. 

• Sew together activities through their input/outputs. 

• Find processes in the resulting cobweb. 

For organizations that strictly define responsibilities for each position, the agent-
related view may suit the task of identifying business processes. The identification 
process may start from listing activities for each position/role. Then points of 
cooperation/communication can be established, and one or several processes can 
be identified in the resulting net. 

5.11 Professional background of human participants 

There are two ways to ensure that a process model corresponds to what is going on 
in the real world. One is to observe the part of the world related to the process in 
question in real-time. The other one is to discuss the process with the people 
engaged in it, read operational manuals, etc. The first method is quite expensive 
(in terms of time), and it is possible to use it only with the processes that produce 
physical results (e.g., manufacturing). For most of the processes that include 
intellectual tasks, like design, decision-making, etc., only the second method can 
be applied. 

When the second method is applied, only the people engaged in the process can 
give a confirmation that a process model corresponds to what happens in reality. 
Therefore, the process description should be understood by the majority of people 
who are engaged in the process. Confirmation from the management only is not 
enough, as the management may not know all details of the process. As far as 
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operational manuals are concerned, they may be out of date, and thus they cannot 
be considered as a reliable source of confirmation. 

The way of presenting a process should be chosen in accordance to what kind of 
people are engaged in the process, their background and current assignments. If 
the process team consists mainly of the people with technical background, e.g., 
engineers, system developers, etc., it is possible to use highly formalized 
notations, complicated diagrams, etc. These people use formal definitions in their 
normal everyday work; thus, for them, there won’t be any problems to understand 
a formal description of business processes and find out what is incorrect. 

If on the other hand, the people engaged in the process in question include 
specialists of non-technical professions, like office workers, doctors, nurses, 
lawyers, etc., the use of formal notations should be limited. Simple diagrams will 
help to understand the matter, but complicated many-pages diagrams are not 
suitable for this kind of professionals. They won’t be able to detect errors.  

The input/output flow, workflow, and agent related view, all use diagrammatic 
notation for presenting the model. To the best of our knowledge, there are no non-
diagrammatic approaches related to these views. When working with non-
technicians on modeling a complex business process, the diagrammatic 
presentation can create additional obstacle in communication between business 
analysts and experts in the business domain. 

When using the state-oriented approach, the focus of discussions is placed on the 
state structure. The state structure can be expressed not only as a formal structure, 
but also as a two-dimensional picture of the kind we used in our practice. As far as 
our own practice is concerned, the state pictures are quite understandable for not-
technical professionals. If a diagrammatic presentation may create an obstacle in 
communication with non-technicians, choosing the state flow view may help in 
eliminating this obstacle. 

5.12 Intended use of business process model 

The choice of modeling methods depends also on objectives an organization has 
with the process modeling project. Below, we present a list of usual objectives (the 
list is not complete): 

1. To increase the level of process maturity, for example, to make the staff goal 
and process- conscious, to improve cooperation between colleagues, to 
educate new employers, etc. 
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2. Create a basis for process analysis and reengineering. 

3. Create a basis for building computer support systems. 

5.12.1 Increasing process maturity 

If increasing the process maturity is on the list of objectives, then we need to 
choose modeling methods that could help in communicating the process 
knowledge to all participants of the process. Here, it is particularly important to 
consider the background of the participants: technical/non-technical, and choose 
less formal methods for non-technicians.   

5.12.2 Analysis and reengineering 

If analysis and reengineering is on the list of objectives, then first, we need to 
understand what kind of analysis should/could be completed for a given process. 
Two types of analysis can be applied to a business process: 

• quantitative, or performance analysis, 

• qualitative, or structural analysis. 

The quantitative analysis means evaluation of the process based on numerical 
values of important parameters, like rate of success, calendar time required for 
reaching the goal, costs in time and money, number of activities performed, 
customer satisfaction, etc. A typical example of this kind of analysis is ABC 
(Activity-Based Costing).  

The quantitative analysis requires statistically reliable information on the process 
activities. Often, this information exists only for the processes with exactly defined 
activities. For such activities it is possible to establish how much time, material, 
manpower, etc. is needed for their completion. Based on this information, it is 
possible to calculate the costs of the process instant, or the needs for some 
specialized agents, human or not human. For the first task, a workflow view on the 
process may be useful. For the second task, an agent-related view may be of great 
use. 

For the processes that have a great deal of non-exactly defined activities, it is 
difficult to make the quantitative analysis based only on the process model. The 
model itself won’t provide the statistically reliable information, see deliberation on 
the topic in Section 5.8. This kind of information is difficult to obtain without first 
introducing some kind of computer support for identified processes. 
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Qualitative or structural analysis means evaluation of the process based on 
matching the activities included in it against the goal of the process, i.e. whether 
they contribute to the goal and in what way. The qualitative analysis can be 
performed based on a model of the business process. This type of analysis requires 
detailed representation of the process goal. For relatively complicated goals, the 
state flow view on the process dynamics may be the only option.  

Process reengineering means suggesting a better way of handling the processes, 
for example, streamlining the process by eliminating activities that do not 
contribute to the goal. Results from both quantitative, and qualitative analysis can 
be used for reengineering. The results from the qualitative analysis can be used to 
detect the activities that do not lead to the goal (“do not add value”, in other 
terminologies). Such activities can be eliminated. Another example is rearranging 
the order of activities execution in such a way that the activities directed at 
independent sub-goals are executed in parallel. This type of reengineering can be 
done based on the workflow view for the processes with high degree of 
orderliness, or based on the state flow view for the processes with low degree of 
orderliness (see Section 5.9). 

5.12.3 Building computer support 

If building computer support is on the list of objectives, the following should be 
understood: 

1. If a new system is to be created, or the existing systems are to be integrated? 

2. If the system will support only execution of activities, or it will help in 
running the process. The latter includes: help in keeping track of what has 
been done, planning new activities, reminding what has to be done, etc. (see 
Chapter 4 for details). 

3. If a new system will impose a strict order in activities execution, division of 
responsibilities, etc., or it will allow to choose the course of action dependent 
on how the process is developing in time.  

If an integration project is at hand, then the input/output flow may help to 
understand how to connect various systems used in the organization. If the system 
should impose strict rules, the workflow view, or even agent-related view could be 
very helpful in building such a system. If the system should allow a high-level 
degree of flexibility, then the state flow approach can be the most appropriate. The 
result of deliberation above is summarized in the Table 5.1. 
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System mission Process view 

Integrate existing systems Input/output flow 

Facilitate coordination / communication Agent-related view 

Introduce strict order in production-like processes Workflow 

Navigate each process to its goal State flow 

Table 5.1. How to choose a view on process dynamics. 

5.13 Concluding Remarks 

Based on the discussions in the previous sections, we can conclude that there is no 
universal approach that would be equally suitable for all types of business 
processes, all types of objectives, and all levels of process maturity. An 
organization might need to choose several different methods to apply at different 
stages of the process modeling work, and for different objectives.  

As far as the state flow view on business processes is concerned, based on the 
material from this chapter and our experience of business process modeling, 
analysis and support, we can make the following conclusions: 

• The state flow view does not fit the task of identifying business processes in 
functionally structured organizations. When faced with this task, we used an 
input/output or agent-related view on the process dynamics (Section 5.10). 

• It fits best the task of modeling processes with functionally defined goals, 
many non-exactly defined activities, and low degree of orderliness (loosely-
structured business processes). 

• It is quite suitable for modeling the processes that operate in a competitive 
environment (Section 5.7 and 5.12.1). 

• It is well adjusted for communicating the process knowledge to non-technical 
human participants (Section 5.11). 

• It is appropriate for performing qualitative (structural) analysis (Section 
5.12.2). 



                

 
State-Oriented Business Process Modeling: Principles, Theory and Practice 

95

• It is appropriate for building a process control system that will allow choosing 
the course of action dependent on how the process is developing in time 
(Section 5.12.3 and Table 5.1). 
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Chapter 6. Summary of Results and Future 
Plans 

6.1 Summary of results 

We started with the hypothesis that “the ideas worked out in the Mathematical 
system theory for modeling and controlling physical processes can be successfully 
used for modeling and controlling business processes.” The main idea that we 
borrowed from the mathematical system theory is representation of a process as a 
set of trajectories in some state-space, and defining these trajectories by means of 
equations/inequalities. 

First, we showed conceptually what kind of state-spaces can be used when 
defining trajectories of business processes, and suggested the way of defining sets 
of trajectories via activities, and specially designed rules of planning. The latter 
are supposed to substitute the differential equations used in physical process 
modeling. 

We suggested also an approach to the formal definition of business process 
dynamics by means of a model based on three basic concepts: object, law, and 
connector. This model, when fully developed, can serve as a means for formal 
definition of business processes, which can help in engineering control systems 
aimed to support these processes. 

Based on the suggested state-oriented approach, we created a practical 
methodology for modeling and analysis of business processes. This methodology 
helps to extract the knowledge from the human participants of a business process 
and represent a model in a way understandable for non-technical professionals. 
The methodology has been tested in a number of customer-related projects and 
proved to be both useful for uncovering the structure of business processes, and 
efficient (in terms of time needed to create a model). 

Most of the modeling projects were completed by the group that included the 
inventor of the methodology. However, we already completed the first 
methodology transfer to another group. This group has already finished their first 
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modeling project, and, as a result, has got a commission to build a computer 
system to support this process. 

We made some tests whether the state-oriented approach can serve as a basis for 
engineering business process control systems. For this end, we created a pragmatic 
methodology of building business applications upon third party development tools. 
Several systems have been built based on this methodology; some of them have 
already been used in practice for some time, others are in the stage of introduction 
in business practice. 

We made a deductive analysis of our modeling experience and the existing 
literature in order to find out in which circumstances our approach suit practical 
tasks better than other approaches to business process modeling. We found that the 
state-oriented approach is better adjusted for modeling so-called loosely-structured 
business processes, i.e. the processes for which it is difficult (if ever possible) to 
establish a predefined sequence of events. It does not mean that the state-oriented 
approach cannot be used for other types of business processes; just there are no 
practical or theoretical evidences that it might be better for other types of 
processes than other approaches. 

When using the state-oriented approach in practice, we have not found any types 
of business processes where this approach cannot be applied, except in situations 
where the business processes had not been identified. In such cases, we used other 
views on business process dynamics (input/output flow, or agent-related view). 
However, as soon as the processes had been identified, we immediately switched 
to the state-oriented view. 

We consider the material of this thesis as presenting enough evidence that the 
state-oriented approach can be useful in practice of business process modeling, 
analysis and support. This statement does not suggest more than the right for our 
approach to exist until some evidence is found that shows that it does not cover 
some essential properties of business processes, and, what is more important, it 
cannot be adjusted to cover these properties. Considering the great success of 
application of the mathematical system theory to controlling physical processes, 
we believe that chances of finding such evidences are not great. If such evidence is 
found, we think that it will lead to creating a new approach to business process 
modeling, not going back to already known ones. 

As far as an ultimate proof of validness and efficiency is concerned, we do not 
believe that it is possible to obtain one in this particular application field. 
Normally, such a proof requires experimental comparison of several approaches to 
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see which one gives better results, in terms of accuracy, efficiency, etc. Such 
comparison requires applying each approach in exactly the same conditions, which 
is impossible to achieve for business process modeling. Something will always be 
different: the business processes themselves, the groups of domain experts, or the 
level of experience of the business analysts. 

Summarizing the above, we think that for the time being, it is worthwhile to 
continue research and practical work on improving the state-oriented method of 
business process modeling. Both the theory and practical methodology require 
improvements that are discussed in the next section. 

6.2 Open questions and plans for the future 

6.2.1 Formalization 

The approach to formalization suggested in Chapter 2, and Appendices A – C is of 
a very general nature. To be useful in practice, it needs to be specialized in one or 
several directions. Particularly, we need to invent one or more formal language(s) 
for defining laws. Such language should provide a “natural” way of expressing the 
laws of an application domain to which we want to apply the general theory; in our 
case, this domain is business taken in the general sense. As was discussed in 
Appendix A, there are two ways of designing a formal law language, as low-level 
language, or as a high-level language. Both directions are of interest for 
exploitation.  

A law in our formalization does nothing more than: 

• test the contents of its operands (objects), and  

• possibly, changes the contents of the operands. 

The contents of an object is defined as a set of connectors, thus, a law language 
should deal mostly with set operations. A low-level law language can be directly 
based on the low-level set operations like union, intersection, etc. The high-level 
language can use more sophisticated pattern matching and transformation 
techniques. 

As was pointed in Section 2.6, an application of our formal theory to the business 
domain requires means for expressing the distribution of resources over boundary 
connectors. The task of formal definition of such means has not been completed 
yet, and it will require reformulating some basic principles of our model, e.g., 
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localism. In Chapter 2, we only listed the changes that can be done to the model; 
to introduce them in a natural way constitutes quite a challenging task. 

As far as application of the general theory to business processes is concerned, 
there is much work to be done in order to complete this task in a formal way. In 
Section 1.8, we presented a sketch of how the general theory can be specialized for 
the domain of business processes. This sketch can be considered only as a plan for 
action, the job is still to be done. 

6.2.2 Modeling strategic goals 

Our approach to business process modeling is based on the notion of goal and 
movement towards the goal. When describing this approach, we used only one 
type of business process goals – operational goals (see Section 5.2). Strategic 
goals, like customer satisfaction, profit, etc., were left behind the scope of the 
discussion. However, the strategic goals are very important for business, and they 
should find their place in a model of business processes. 

A real strategic goal cannot be redefined on the operational level. For example, a 
nurse, or a doctor in the hospital cannot think about “customer satisfaction” every 
minute when they do their everyday work; they just need to follow the established 
policies, i.e., the rules of the business processes in which they participate.  

Strategic and operational goals lie in different dimensions when they are 
considered in respect to the same process type. Still there is a possibility to treat 
these two kinds of goals in a uniform way if we consider the fact that: 

It is difficult, if ever possible, to create optimal operational procedures and 
policies that ensure fulfillment of strategic goals once and for all.  

Thus, there should exist another process aimed at stepwise creating a process 
definition that can ensure fulfillment of the strategic goals of the targeted business 
process. This other process is a managerial process, and it belongs to the domain 
of business process management. 

The managerial process can be roughly defined as a following sequence of 
activities, see (Kueng, 1998): 

1. Define strategic goals for the targeted process and the way of measurement of 
their achievement. For example, for a sales process, customer satisfaction can 
be established as a percentage of customers placing a new order within a year 
from the previous one. 



                

 
State-Oriented Business Process Modeling: Principles, Theory and Practice 

101

2. Define new operational procedures and polices. 

3. Ensure that the operational procedures are followed on practice. 

4. Run a number of process instances based on the new procedures and polices. 

5. Gather statistical information on “performance” of the new process definition 
(how well the strategic goals are satisfied). Preferably, this information 
should be gathered automatically when the process instances are running. 

6. Compare performance measurements to the goals established at step 1. 
Change operational procedures, possibly, correct the goals. Go to step 4. 

Thus, strategic goals of a targeted business process can be viewed as operational 
goals of some managerial process. Building a model of a managerial process is an 
interesting and challenging task that we plan for the future. 

6.2.3 Business process patterns 

Most of the research and practice connected to business processes has one aim, to 
make business processes more cost-effective, which means reducing costs, time, 
increasing quality, etc. One of the proven approaches in this field is reengineering 
of the processes by using best practices, which can also include adoption of 
software systems used in these best practices. 

Borrowing a best practice from another organization cannot be done literally. We 
always need to abstract from the details in order to introduce the best practice in a 
new environment. What is more important, before trying to take over somebody 
else’s best practice, we need to be sure that we are borrowing from the process that 
has the same nature that the one we want to substitute with the best practice. 

Business process modeling should help in finding similarities and differences 
between different business processes. In general, modeling always means 
abstracting from details; how many details and which ones depends on the purpose 
of modeling. If we want to build a software system that will support a particular 
business process at a particular company or organization, we need to include many 
details in our model. If our purpose is to understand the nature of business 
processes in general, we need to abstract from many details. As the result, we will 
get a meta-model of business processes that consists of general notions, like 
activity, goal, time, resource, etc. 
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When considering the task of finding similarities and differences between different 
business processes, the level of abstraction should be somewhat in between the 
two cases above. A “halfway” abstractions are often used in many practical fields 
under the name of patterns. Patterns are already used in business processes 
management practice, see, for example, (Aalst et. al., 2000, Malone et. al., 1999). 
We believe that for loosely-structured business processes, the state oriented view 
on business processes gives a better foundation for defining patterns than other 
methods. Patterns for these processes should consider similarities of goals and 
possible movements to the goals, rather than the order of activities execution. 

Investigation of possibility to define patterns based on the state-oriented view on 
business processes is an interesting task that has practical importance. Building a 
library of patterns would help in analysis and reengineering projects. This task is 
planned for the nearest future. Actually, the work on it has already been started.  

6.2.4 Practical methodology for business process modeling 

The methodology of business process modeling described in Chapter 3 was 
created based on our practice in business analysis (BA). This methodology works 
quite well in our BA group, and it has even been transferred to another BA group. 
However, training a new member of a BA group requires knowledge and 
experience transfer for which we currently do not have any structured approach. 
The transfer is done through learning by example. A new member of the group 
works first as an assistant in one or two business analysis projects. Only after that, 
a real understanding of methodology comes. No amount of reading previous 
reports helps much.  

To confirm validity of a practical methodology, it should be tested by groups other 
than the one that created the methodology. To facilitate methodology transfer, a 
considerable amount of work should be done in documenting methodology, 
writing training material (for tutorials and classes), acquiring experience in giving 
tutorials and classes. This work is included in our immediate plans. The first 
tutorial on “Business Process Modeling as a Method of Requirements 
Engineering” has been given at ICEIS 2002. 

6.2.5 Software system engineering 

In Chapter 4, we described a pragmatic approach to the development of business 
process control systems. This approach heavily relies on the third party application 
development tools to which our own, homemade, extensions have been added. The 
pragmatic approach is quite enough for testing new ideas in practice. However, it 
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leaves too many details to ad-hoc programming, and thus it is not very efficient in 
software production. The development of each new system requires time, money, 
and trained technical personal. This results in high development costs, which 
creates an obstacle to spreading our methods and technology among the end-user 
organizations, and other business application developers. 

The only way to overcome this obstacle is by creating high-level development 
tools that support construction of business process control systems. To build such 
tools we need a formal language for business process definition and an interpreter 
for this language. These two topics are among the main themes for our research 
that concerns Software Engineering. These topics are highly correlated to the 
research plans outlined in Section 6.2.1 on formalization. 
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