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Summary 
This paper proposes a difference analysis methodology using 
distance measures between process definitions and suggests a 
collaborative process design method that can be used by many 
process designers in order to develop a new process together. The 
properties of process definition are classified into four categories 
and distance measures are developed for each category: 
relationship, structure, participant, and condition. The proposed 
collaborative design method is a type of group dynamics that 
supports the attainment of a final goal among many different or 
conflicting opinions by using devised distance measures. The 
proposed method can provide a more exact and cost efficient 
process design, especially when there are an increasing number 
of people who are concerned with this process, and when there 
are an increasing number of accumulated history logs that can be 
referenced in a new process design. 
Key words: 
Workflow, collaborative process design, process distance, group 
dynamics. 

1. Introduction 

A business process model has several characteristics. First, 
the process model is composed of its activities, each of 
which has precedence relationships with each others. 
Second, a process forms a hierarchical structure where an 
activity in a process may also be another process. Third, a 
process can have activities that are performed in parallel. 
Fourth, a process has objects (participants, variables, agent, 
etc) that take part in business activities. Finally, each 
activity in a process has incoming and outgoing conditions 
[2] [3] [7] [10]. This paper proposes the development of a 
new design method, by which multiple users can design a 
process collaboratively. We can achieve three goals using 
this method. First, it provides a design method of process 
models that combines social psychology and group 
dynamics. Thus, the build-time and run-time of a process 
model can be associated with one another. This may 
achieve the added advantage that we can analyze 
specialized enterprise processes at a low cost and from 
various viewpoints. Second, by analyzing attributes of 
process models, we can present a process quantitatively 

and determine the difference between models. This 
facilitates, not only a comparison of existing process 
models with each other, but also the flexibility to adapt to 
changes in processes. Finally, it provides priority to 
collaborating steps. Thus, the proposed design method 
becomes fast and easy. Therefore, the expense of both the 
analysis and design phases can be reduced. Recently, 
although interest in Business Process Management 
Systems (BPMS) has grown, the design methodology of 
business processes has not been sufficiently considered. 
Our approach to collaborative process design provides the 
advantage of fostering cooperation between multiple 
users’ in defining processes. We can achieve a more 
accurate design of process by decreasing the risk of error, 
reducing design cost, and considering a variety of opinions. 

2. Related Work 

In this study, to implement designing processes, Group 
Dynamics (GD) was used, and to execute the processes, 
Workflow Management Systems (WfMS) were used. The 
design method was used to maximize the advantages and 
to minimize the shortcomings of the two methods by 
analyzing the relative strengths and weaknesses of them. 
GD is a method of resolving a problem by acquiring 
advice from a number of experts, and the Delphi method 
provides an accurate representation of the method [9]. 
While GD means a process of group decision-making [6], 
WfMS carries out control and administration when actual 
business processes are executed. GD can contribute to 
correct design. It is possible to collect expert opinions and 
to reduce time and costs, which cannot be achieved when a 
single user analyzes and designs [4] [8] [11]. GD also 
prevents incorrect modeling of processes. Although GD 
can be one of the methods used for decision-making, it 
does not propose methods of executing, controlling, and 
managing processes based on the decisions made. 
Therefore, if GD at build-time and WfMS at run-time are 
combined, a synergy effect is expected for the entire 
business process life cycle. 
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A business process usually contains a lot of information. 
Properly using the information enables us to examine 
closely differences among process models. These 
differences act as barometers that enable efficient 
cooperation in a design. In this sense, a collaborative 
design process means a process of interaction based on 
comparison. The design process is composed of four steps: 
information input, process comparison, process clustering, 
and mutual agreement. 
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Fig. 1. A collaborative design process 

Usually, a process model contains information about work 
to be performed, participants in charge, order of execution, 
and resulting operations of each task. In this paper, we 
describe the topological and semantic information of a 
process model using a process structure and related 
attributes. The attributes must be developed to represent a 
feature of a process, which is used to measure the degree 
of difference among processes. 

Table 1: Attributes of processes 
Class I Class II Description 

Relationship Precedence relations among 
activities, and start/end of a task. 

Topological 
Information 

Structure 

Structure formed by execution of 
activities, which involves split and 
split types such as ‘AND’, ‘OR’, and 
‘XOR’. 

Participant 

Users participating in activities of a 
process. A participant is defined as a 
person, a organization, or an 
application. Semantic 

Information 

Condition 
Split conditions and conditions 
related to beginning and terminating 
of an activity. 

3. Measuring Workflow Distance 

3.1 Dependency Distance Measure 

A process is composed of a number of unit tasks. If the 
process model has m tasks, there can exist m(m-1) 
dependencies among the tasks. To describe the task 
dependencies, a process network matrix G is presented. 
The elements of the matrix have binary values. If there is a 
dependency from task a to task b, the value of its element 
(a, b) is 1, and otherwise 0. 
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Fig. 2. An example of process network matrix 

Banks and Carley [2] present a symmetric distance metric 
that counts inconsistent elements and measures the 
quantitative difference between two network matrices [12]. 
The distance d(g1, g2) between two networks g1 and g2 is 
calculated with network matrices G1 and G2, as follows. 
Tr[A] is the trace of a square matrix A. 
 

d(g1, g2) = Tr [(G1 - G2) T (G1 - G2)]   (1) 
 
Since the distance metric d(g1, g2) counts the number of 
asymmetric arcs, it can reflect the difference of some 
characteristics between two processes, such as task 
precedence, task commonality, flow structure, etc. Task 
precedence means how the activities are linked and 
sequenced. This denotes the disparity of sequence between 
two tasks and can be extended to represent the sequence 
disparities between all tasks. In Fig. 3, the distance d(g0, 
g1) of two processes g0 and g1 shows the difference of task 
precedence. Task commonality means how many activities 
are shared between two process models. This counts the 
different activities or new activities of two processes, as 
illustrated by processes g0 and g2 in the figure. In additions, 
flow structure means difference between serial and parallel 
flows. Two processes g0 and g2 show the difference 
measurement of flow structures, serial and parallel flows. 
More detailed structures of parallel flows are considered as 
the block distance in the next section.  
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G0  G1  G2  G3 

 a b c d  a b c d  a b c d e  a b c d 
a 0 1 0 0 a 0 0 1 0 a 0 1 0 0 0 a 0 1 1 0 
b 0 0 1 0 b 0 0 0 1 b 0 0 1 0 0 b 0 0 0 1 
c 0 0 0 1 c 0 1 0 0 c 0 0 0 0 1 c 0 0 0 1 
d 0 0 0 0 
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(b) process network matrices 

Fig. 3. Examples of dependency distance measurements 

In the tables of Fig. 3, the left matrix G0 is the network 
matrix of a base process and the other matrices are those 
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of comparative processes. If the elements of value 1 are 
located in the same position, the two processes have the 
same arc (dependency). Conversely, if the location of 
value 1 is not consistent in two comparing matrices, the 
number of those values is the distance of dependency 
distance. So in the example, the distance of task 
precedence between g0 and g1 is 6, the distance of task 
precedence between g0 and g1 is 2, and the distance of task 
precedence between g0 and g3 is 3. 

3.2 Block Distance Measure 

Block distance deals with the process structures that are 
not easy to reflect by the dependency distance measure. 
The process structure can be composed of serial flows and 
split flows, and the split flows are classified into AND and 
OR splits according to the simultaneous execution or not. 
Furthermore, the OR splits can be also divided into two 
types: XOR split (Exclusive OR) and SOR split 
(Synchronized OR) [5]. These four types of blocks (serial, 
AND, XOR, and SOR) are the basic structure of a process 
model and are used as the basis for distance measurements. 
This structure information can be presented as a block 
concept, and the block detection algorithm can be applied 
to find a block from a process network [1].  
 
To describe the distance of two blocks, a block probability 
matrix is presented. The block probability matrix Pm is an 
m×m square matrix, if the union of the branches in two 
blocks has m elements. If the block is AND split, all the 
elements of the matrix are 1. And if it is XOR split, its 
diagonals are 1 and the others are 0. Finally, in the case of 
SOR split, its diagonals are 1, the columns of the always 
executed branches are 1, and the other elements are 0.  
 
It is assumed that there is a block structure that is 
composed of three tasks (E, F, B1), where E and F are unit 
tasks and B1 is another sub-block. Fig. 4 shows the 
matrices of three types of blocks. If the block (E, F, B1) is 
AND split, only one case exists, i.e. three branches are 
always executed as shown on the right matrix of Fig. 4. 
Next, if the block is XOR split, three cases are possible 
like the rows of the middle matrix, i.e. only one of the 
three branches will be executed. Finally, if the block is 
SOR split that a unit task E should be always executed, 
three cases are also possible on the right matrix. 
 

AND block  XOR block  SOR block 
E F B1  E F B1  E F B1 
1 1 1  1 0 0  1 0 0 
1 1 1  0 1 0  1 1 0 
1 1 1  0 0 1  1 0 1 

Fig. 4. Block probability matrices of an AND, XOR, and SOR blocks 

As illustrated on Fig. 4, the block probability matrix can 
express all cases of an AND, XOR or SOR blocks. As a 

result, the block probability matrices P1 and P2 are used to 
measure the block distance d(g1, g2) as follows.  

 
d(g1, g2) = Tr [(P1 - P2) T (P1 - P2)]  (2) 
 

According to this metric, the block distance between AND 
and XOR blocks in Fig. 4 is 6, the distance between AND 
and SOR blocks is 4, and the distance between XOR and 
SOR blocks is 2. 

3.3 Participant Distance Measure 

In the workflow process definitions, a participant is one 
who is assigned to each unit task and actually performs the 
task. In process models, the participant can be assigned to 
a type of individual participant or organization, and 
applications or agents, as well as human worker, are also 
treated as participants. In this research, the participant 
information is represented as a hierarchical organizational 
model and the model is used to measure the distance 
between two participants of a unit task in a process.  
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Fig. 5. Participant distance measurements 

Fig. 5 shows the distance between two participants by 
counting the arcs in the shortest path between two nodes. 
After the lowest common ancestor of two nodes is found, 
the distance of the two is the sum of the distance from the 
first node to the ancestor and the distance from the 
ancestor to the last node. 

3.4 Condition Distance Measure 

To measure condition distance for a unit task of a process, 
a condition comparison matrix is described. The matrix is 
a kind of qualitative summary on whether or not the same 
conditions exist. If the number of conditions fails to match 
the two tasks, dummy conditions are inserted in order to 
make a regular square matrix. Thus, if the union of the 
conditions in two tasks has m elements, the condition 
comparison matrix Cm is an m ×m square matrix. If 
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conditions A and B for a unit task are the same, the value 
of its element (a, b) is 1, and otherwise 0. 
 
Multiple conditions for one unit task may be grouped by 
AND or OR operation. While all the conditions should be 
satisfied in AND operation, one or more conditions should 
be satisfied in OR operation. Consequently, the multiple 
condition distance can be measured with the following 
formula. 
 

 
(3) 

 

4. Workflow Collaborative Design 

This section explains the methodology of workflow 
collaborative design. First of all, it is assumed that five 
different workflow models are collected from five process 
design experts. The models are used to the four types of 
workflow distance measurements, outlined in Section 3, in 
order to achieve one goal process. First, the dependency 
distances among five input processes are summarized to a 
dependency distance matrix as shown in Fig. 6, where A, 
B, C, D, and E are input process models. 

 
 A B C D E 

A 0 9 3 6 11 
B 9 0 7 5 10 
C 3 7 0 9 2 
D 6 5 9 0 8 

D = 

E 11 10 2 8 0 

Fig. 6. Dependency distance matrix of five input processes 

Next, the minimal distance method is applied to the 
dependency distance matrix. In the matrix, pairs of two 
input processes with the minimal value are found and 
merged step by step. Because the minimal value of the 
example matrix is 2 between processes E and C, the two 
processes are initially grouped to one cluster (CE). Then, 
processes C and A with value 3 are grouped to a cluster 
(ACE) because the process C is already in cluster (CE). In 
the same way, the next cluster is (BD) with value 5. 
Finally, all processes are clustered into one by grouping 
(ACE) and (BD).   
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Fig. 7. Diagram of process clustering 

The diagram of Fig. 7 shows a means of grouping input 
models into the target number of clusters. If the number of 
clusters is assumed to be two, the result is clusters (ACE) 
and (BD). In each cluster, its representative model is the 
process with the median value because it is not biased 
against the other processes in the cluster. If the cluster has 
two process models, the representative of the cluster is the 
model that is closer to the nearest cluster of another cluster. 
The reason for this placement is that the closer model is 
easy to modify and adapt to the ideal process model. For 
example, the representative process model of cluster 
(ACE) is C, and that of cluster (BD) is B. This means that 
the process models C and B are selected to discuss process 
design. Fig. 8 illustrates the process dependency model 
generated from the discussion. 

 

T1 T2

T3

T4

T11

T8 T10

T7

T6

T5

T9

 

Fig. 8. The generated process dependency model 

The next stage compares the block structure of input 
process models. The generated process dependency model 
of Fig. 8 has two parallel blocks according to the block 
detection algorithm [1]. The blocks are B2 and B4, and 
both are even-numbered blocks in the block tree. The 
opinions on the block structure are gathered from the 
design experts. 
 
The result of block structure comparisons is summarized 
in Fig. 9. Input structures are the opinions of five experts 
on each block. The value in parentheses is the number of 
nodes (i.e. tasks or sub-blocks) in the block. The next step 
involves generating the block probability matrices and 
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applying the minimal distance method to determine the 
structure of each block. Fig. 9 shows the distances 
between five models and three comparative models for 
two blocks. The result of the block structure comparisons 
is that block B2 is recommended to SOR structure and 
block B4 is done to AND structure. 

  
 Input structure Comparative model 

B2(3) 
Comparative model 

B4(2) Models 
B2(3) B4(2) B2(3) 

AND 
B2(3) 
XOR 

B2(3) 
SOR 

B4(2) 
AND 

B4(2) 
XOR 

B4(2) 
SOR 

A AND AND 0 6 2 0 2 1 
B AND AND 0 6 2 0 2 1 
C SOR AND 2 2 0 0 2 1 
D SOR AND 2 2 0 0 2 1 
E XOR XOR 6 0 2 2 0 1 

Fig. 9. Results of block structure comparisons. 

In the stage of participant design, participant information 
is also received from the process design experts. An expert 
can provide a specific participant or an organization as 
input participants for each task. If five models with 
participants of the tasks T1 to T11 are given, there are 11 
matrices for each task that are 5×5 square matrices. The 
elements of each matrix are the distances between all pairs 
of participants, which are measured in the hierarchical 
organization model. The next step is to apply the minimal 
distance method and determine the participants of the 
process model. The procedure is the same way to the 
dependency process model generation. 
 
In the final stage, condition information for each task is 
also received from the design experts. An example of the 
condition matrix is shown in Fig. 10. 

 
Condition of process 

A Condition 
(equal or not) 

A1 A2 A3 D1 

B1 1 0 1 1 

B2 1 1 0 1 

B3 1 1 1 1 

Condition 
of process 

B 

B4 1 1 1 1 

Fig. 10. An example of condition matrix 

If two process models have the same condition, the value 
between the two is 0. Otherwise, the value is 1. Fig. 9 
indicates that the conditions of A2 and B1, and those of 
A3 and B2 are equal. Thus the remaining conditions, such 
as A1 and D1 of process model A, and B3 and B4 of 
process model B are not equal, and therefore the condition 
distance value between models A and B is 2. In the next 
step, the procedure of condition information decision is 

also the same way to the dependency process model 
generation. 

5. Conclusions 

In this paper, a methodology of workflow collaborative 
design is proposed. This research has three important 
contributions. The first is to provide a process design 
methodology of combining workflow management and 
group dynamics in socio-psychology. This methodology 
reveals that collaboration in practical process design 
environment can be adapted to generate a workflow 
process model. The second is to measure and compare 
process models quantitatively by analyzing various 
components of process design. As a result, a process 
model can be compared to existing process models or to 
new models to keep up with the trend of rapid business 
process change. Finally, a collaborative design 
methodology will reduce the cost of process design and 
analysis by providing a systematical and rapid approach in 
process design deliberation among domain experts. In the 
future research, more detailed distance measures to handle 
various conditions and an integration methodology to 
combine the measures proposed in this paper are needed. 
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