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Abstract. This work reports on structural complexity measures to be
applied to complex business process models. Here, we mainly focus on applying
information-theoretic measures to characterize the underlying process graph
structurally. Moreover, we compare the considered measures by using a set of
certain process graphs.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 [11]. A challenging area in this research field research deals with
investigating quantitative methods to establish certain metrics, see, e.g., [13].
One important example for such quantitative measures to analyze business
process models relates to analyze their complexity. Generally, the problem of
measuring the complexity can not be uniquely defined because complexity is
in the eye of the beholder.
In this paper, we want to put the emphasis on measures which are suitable
to quantify the structural complexity of business process models [11]. So far,
1
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some studies have been performed to examine the just mentioned problem,
e.g., [2, 1, 7, 10, 11, 16]. For example, it turned out that unnecessarily high
complexity can lead to an increasing probability for errors in such models
and, thus, raises additional problems when maintaining these models [13].
Further, this kind of unnecessary complexity can also have a negative effect
on the comprehensibility of the models [2, 1, 7, 13]. Interestingly, Mendling
[13] investigated about 2000 processes and concluded that the more errors he
found, the more complex was the corresponding area of the model [13].
As mentioned, structural complexity measures to analyze business processes have already been proposed in [11]. The contribution of this paper is to
apply information-theoretic measures to quantify the structural complexity of
business processes. Further, 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 information-theoretic 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 [15]. 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 a branching index is the Wiener index [18]. It is
defined by
n
n
n
1X
1 XX
dij (vi , vj ) =
d(vi ),
(1)
W (G) =
2 i=1 j=1
2 j=1
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where
d(vi ) =

|V |
X

d(vi , vj ).

(2)

j=1

Starting from a graph G = (V, E), the Randić connectivity index [14] 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 [12] 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 [12].
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 [17].
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 (v )
f
j
j=1

(6)

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)
3
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Finally, we end up with a family of entropy measures
If V (G) := −

|V |
X
i=1

f V (vi )
P|V |

V
j=1 f (vj )

log

f V (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.

3. Results
In order to evaluate the presented complexity measures we created process
graphs from a set of six different reference processes. The names of the processes, their number of nodes and the diameter of the corresponding process
graphs are shown in Table 1.
Table 1: Overview of the used set of process graphs
Business Process

|V | ρ(G)

Material Procurement
Purchaser – Vendor
Invoicing
Application for permit
Vacation Request
Credit Management

11
13
13
13
13
13

5
5
5
6
7
10

Figures 1–4 show the obtained results. On the x-axis (Figures 1–3) we plotted the values of the entropy measure and the y-axis represents the value range
of the remaining complexity measures. All values were normalized. Figures
1 and 2 indicate that our entropy-based measure is almost linearly correlated
with Wiener Index and Randic Index. In contrast to that, the correlation
between the cyclomatic number and our entropy measure shows a different
behavior.
Figure 4 summarizes the results of our short numerical section. One can
clearly see that the used complexity measures capture structural information
differently. In addition, we observe that the entropy values are always higher
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than the values of the other measures. An overlap is only given at the normalization point. We will investigate this property in more detail in our future
work.
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Figure 1: Correlation between Entropy and Wiener Index.
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Figure 2: Correlation between Entropy and Randic Index.
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Figure 3: Correlation between Entropy and Cyclomatic Number.
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Overview of all measures
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Figure 4: Normalized Entropies vs. Graphs with increasing
order.
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