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Abstract. This work investigates measures to quantify structural complexity to be applied to complex business process models. In particular, we
mainly focus on applying information-theoretic measures to characterize the
underlying process graph structurally. Moreover, we examine the relatedness
between these measures by using a set containing business processes representing networks.1
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1

Introduction

Business processes can be understood as coordinated tasks and activities either
instantiated by human beings or an equipment which lead to fulfilling a specific organizational goal. Hence, the task of analyzing business processes is an
important issue for companies and, therefore, has been a central research area
since years [12]. A challenging area in this research field is the investigation of
quantitative methods to establish certain metrics, e.g., to estimate the probability of errors [14]. One important example for such quantitative measures to
analyze business process models relates to determining their complexity. Generally, the problem of measuring the complexity can not be uniquely defined,
because complexity largely lies in the eye of the beholder.
1
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In this paper, we want to put the emphasis on measures which are suitable
to quantify the structural complexity of business process models [12]. So far,
some studies have been performed to examine the just mentioned problem,
e.g., [2, 1, 7, 10, 12, 17]. For example, it turned out that unnecessarily high
complexity can lead to an increasing probability of errors in such models and,
thus, raises additional problems when maintaining these models [14]. Furthermore, this kind of unnecessary complexity can also have a negative effect
on the comprehensibility of the models [2, 1, 7, 14]. Interestingly, Mendling
[14] investigated about 2000 processes and concluded that the more errors he
found, the more complex was the corresponding area of the model [14].
As mentioned, structural complexity measures to analyze business processes have already been proposed in [12]. The contribution of this paper
is to apply information-theoretic measures to quantify the structural complexity of business processes. In addition, we compare the results with some
other existing (non-information-theoretic) measures. By saying complexity,
we here always refer to the problem of measuring the structural complexity
of the underlying process graph. We think that applying a statistical framework to these process models, e.g., information-theoretic complexity measures
can have a substantial impact when dealing with erroneous graphs [6]. This
issue is almost unexplored so far and, therefore, the paper can be seen as a
first attempt to analyze process graphs statistically (i.e., by using informationtheoretic methods).

2

Complexity Measures

First, we briefly introduce some mathematical preliminaries [3, 9, 8] to formulate our approach. For this, we first start with the definition of finite,

undirected and connected graphs. We call G = (V, E), |V | < ∞, E ⊆ V2 a
finite, undirected and connected graph. whereas GU C denotes the set of such
graphs. Moreover, we also repeat the definitions of some metrical properties of
graphs [16]. d(u, v) denotes the shortest distance between u ∈ V and v ∈ V .
For G ∈ GU C , σ(v) = maxu∈V d(u, v) is called the eccentricity of v ∈ V and
ρ(G) = maxv∈V σ(v) the diameter of G, respectively.
In the following, we state the definitions of some complexity measures we
want to apply for performing our study. A well known complexity measure
that has been intensely used as a branching index is the Wiener index [19]. It
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is defined by
n

n

n

1 XX
1X
W (G) =
dij (vi , vj ) =
d(vi ),
2 i=1 j=1
2 j=1
where
d(vi ) =

|V |
X

d(vi , vj ).

(1)

(2)

j=1

Starting from a graph G = (V, E), the Randić connectivity index [15] is
defined by
X
1
R(G) =
[δ(vi )δ(vj )]− 2 ,
(3)
(vi ,vj )∈E

where δ(vi ) is called the degree of the vertex vi ∈ V . δ(vi ) equals the number
e ∈ E which are incident with vi .
The cyclomatic number was introduced by McCabe [13] and is defined as
C(G) = |E| − |V | + p

(4)

where p is the number of components. A utilized process graph possesses
a unique entry node and usually several exit nodes. Here, the number of
components is given by the number of exit nodes. As a result, the cyclomatic
number was used for the determination of complexity in the program code of
software [13].
Now, we define the entropy of the underlying topology of a process graph
where we here utilize the graph entropy measure due to Dehmer [4, 5]. We
want to point out that this measure has been used in several contexts, e.g.,
to characterize chemical structures [5] and to examine the uniqueness of such
measures when being applied to large chemical databases [18].
Now, we start by defining the set
Sj (vi , G) := {v ∈ V | d(vi , v) = j, j ≥ 1}.

(5)

Sj (vi , G) denotes the j-sphere of vi regarding G ∈ GU C . To define a probability
distribution, we use the entities
f V (vi )
.
pV (vi ) := P|V |
V
j=1 f (vj )
3

(6)
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By now using the definition of the j-spheres, see Equation (5), we further
derive the information functional
f V (vi ) := c1 |S1 (vi , G)| + c2 |S2 (vi , G)| + · · · + cρ(G) |Sρ(G) (vi , G)|,
ck > 0, 1 ≤ k ≤ ρ(G). (7)
We end up with a family of entropy measures
If V (G) := −

|V |
X
i=1

V

f (vi )
log
P|V | V
j=1 f (vj )

V

!

f (vi )
,
P|V | V
j=1 f (vj )

(8)

to quantify the structural complexity of process graphs. To infer a concrete
information measure, we choose c1 := ρ(G), c2 := ρ(G) − 1, . . . , cρ(G) := 1.
In order to evaluate how unique the measures are, we determine their degeneracy, see, e.g., [11]. The uniqueness could be used to measure if the index
would change when performing graph operations that result in only small differences in the networks under consideration. To determine the degeneracy,
we calculate the sensitivity measure
S(I) =

|N | − |Ni |
,
|N |

(9)

of a topological Index I with respect to a set of graphs denoted by N . Generally, |N | stands for the cardinality of N and |Ni | stands for the number of
Graphs Gi ∈ N which can not be distinguished (by using I), respectively. By
definition, it holds S(I) = 1 iff it does not exist any pair of non-isomorphic
graphs G ∈ N whose graphs possess the same value of I.

3

Scenario

In this work, we chose the Eco Calculator service prototype from the Theseus
project as evaluation scenario. This service calculates the ecological impact
of production, transportation, recycling, etc. of a product and automatically
issues compliance certificates accordingly. A service engineer may discover
one or multiple such services on the Internet and send construction details of,
e.g., a car seat to this service. The behavior of the Eco Calculator service is
described by a formal business process. The process description language has
a graphical notation and well-defined semantics, based on a process calculus.
4
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Because the process involves knowledge of various disciplines, we assume that
the provider of the Eco Calculator service is willing to outsource certain parts
of the process.
Hence, the Eco Calculator is decomposed into three different service types:
the Eco Calculator service itself, a chemical database service, and a chemical
laboratory service. All services are described by formal business processes. The
whole process model is now formed by a service composition that integrates
all three different types of services. For each service type, we have modeled
five different variants, which all differ a bit in their behavior. This resembles
the practical situation, where different service providers will provide services
showing an equivalent behavior on an abstract level, but differ in small details.
For example, every Eco Calculator service can receive construction details and
issue certificates, but there may be differences in administrative processes, such
as delivery or payment.

4

Evaluation

By combining the three different service types with five different services for
each type, we created 125 process models. Note that the generated process
models do not differ much based on their underlying network structure. As
future work, our hypothesis is that a change of behavior will have an impact
on the structure of the process model and, therefore, also affects the complexity of this model. That is the reason why we particularly need such measures
which are sensitive to small changes within the network structure. Besides examining the correlations between the used information-theoretic measures, we
also investigate the discrimination power of the selected complexity measures
by using Equation (9).
Figures 1-4 show the obtained results. On the x-axis we plotted the values
of the reference entropy measure and the y-axis represents the value range of
the comparison entropy measure. All values were normalized. Figure 1 depicts
the correlation between the Wiener Index and the entropy due to Dehmer.
From Figures 1-3, we clearly see that underlying topological measures are
highly uncorrelated. Hence, we can conclude that these measures detect structural complexity very differently. In contrast, when we visualize the correlation
between Wiener- and Randić index, we observe that there is a linear correlation
with increasing values of both indices (Figure 4).
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Figure 1: Correlation between
Dehmer Entropy and Wiener Index.
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Figure 2: Correlation between
Dehmer Entropy and Randić Index.
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Figure 3: Correlation between
Dehmer Entropy and Cyclomatic
Number.

Figure 4: Correlation between
Wiener Index and Randić Index.
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In Figure 3, the measurement values appear to be aligned along several
discrete vertical lines. This indicates that the cyclomatic number does not
have a high discrimination power to characterize the graphs uniquely. Table 1
summarizes the results when evaluating the degeneracy of the used measures.
All calculations were performed four times, where the number of decimal places
was increased in each step.
The best result was obtained with the Dehmer Entropy, which allows to
uniquely distinguish between all graphs starting with five decimal places. The
Cyclomatic Number gives the worst result and virtually does not allow to
distinguish between graphs. The Randić index performs not much better and
shows only a very little discrimination power. Interestingly, the Wiener Index
performs quite well when applied to our process graphs. In contrast to this
result, it has only little discrimination power when it is applied to chemical
graphs [11].
Table 1: Comparison of Complexity Measures
Dehmer Entropy
Digits Ni S(I)
2
113 0.096
3
56 0.552
4
8
0.936
5
0
1.000

5

Wiener Index
Ni S(I)
106 0.152
31 0.752
6
0.952
6
0.952

Randić Index
Ni S(I)
110 0.1200
86 0.312
80 0.360
80 0.360

Cyclomatic #
Ni S(I)
123 0.016
123 0.016
123 0.016
123 0.016

Summary and Conclusion

In this paper, we applied structural complexity measures to graphs representing business processes and compared the results. As data set, we used 125
processes graphs which were quite similar to each other. Hence, we searched
for a measure that is able to discriminate graphs uniquely when allowing only
a low number of decimal places. As a result, we found that the entropy measure developed by Dehmer possesses a high discrimination power. Moreover, it
turned out that the Wiener Index, Randić Index, and the Cyclomatic Number
are not appropriate for our used data set.
In our future work, we will study the relationships between the degeneracy
of such a topological measure and the behavior of the underlying processes. In
7
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addition, we plan large scale calculations to apply such complexity measures to
large sets of process graphs. Another important aspect we want to investigate
is to measure the complexity of subgraphs meaningfully. Then, the resulting method could be used to detect subgraphs within large process networks
representing relevant sub-processes. Again, the hypothesis that needs to be
analyzed more deeply is whether similar complexities correspond to processes
which behave similarly.
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