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Abstract. This work suggests a method for machine-assisted support
for multi-subsidiary organizations in selecting business process alterna-
tives, based on operational similarity. Operational similarity between
processes can be derived from process repositories using a linguistic anal-
ysis of process descriptors. The suggested method aims to assist oper-
ation managers in multi-subsidiary organizations in identifying similar
processes, that can substitute processes that cannot be carried out within
a certain subsidiary. This decision making is based on knowledge that is
encapsulated within existing business process repositories. The method
is demonstrated using a real-life process repository from the paper man-
ufacturing industry.
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1 Introduction

In many cases multi-subsidiary organizations perform similar processes in dif-
ferent geographical locations. For example, an insurance company may operate
in several branches, each delivers a similar product (insurance) by conducting
different processes for achieving a common goal. In some cases, such “parallel”
processes can even be very different. For example, pharmaceuticals companies
may manufacture different medicines in different factories- using a totally differ-
ent process.

Due to various reasons, there are situations in which an organizational sub-
sidiary cannot carry out a process. For example, due to a problem in one of
its machines, a pharmaceuticals factory may not be able to proceed with its
manufacturing process. In these cases the enterprise may need to perform the
process in one of its other subsidiaries. Since each such subsidiary has a different
modus-operandi, it is required to compare between the subsidiaries’ processes
and select the subsidiary that operates in the most similar way to the “blocked”
process.

Research in this field has focused mainly on semantic (textual) similarity
analysis (e.g. [3,4]) or structural similarity (e.g. [15]) between processes. Despite
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the efficiency of these methods, they are not always relevant for the problem in
hand: in some cases minor semantic differences may indicate major operational
differences. For example, two manufacturing processes can be highly similar in
textual terms, except one difference in one of their activities’ tag: instead of “ink
cleaning” in one process - the other process involves “ink injection.” In this case it
is possible that another process that contains more non-common activities, but
involves the activity “ink injection,” may be more similar to the blocked process
n operational terms, and therefore may be more adequate to replace it.

This work aims to take state-of-the-art process similarity comparison methods
a step forward by: (1) proposing a machine assisted mechanism that will take into
account the operational characteristics of process models and suggest a ranked
list of similar processes in operational terms; and (2) applying the suggested
framework on real-life processes.

The suggested method aims to assist operation managers in identifying similar
processes in case the original processes cannot be carried out. The extended
framework is illustrated throughout the paper using an example based on real-
life processes from the manufacturing industry.

The paper is organized as follows: we present related work in Section 2, po-
sitioning our work with respect to previous research. In Section 3 we present
models and a method for evaluating process model similarity as background to
this work. We describe the method for analyzing operational similarity between
process models in Section 4. We conclude in Section 5.

2 Related Work
Research on standardization and analysis of the content layer of business process
models mainly focuses on the analysis of linguistic components - actions and
objects that describe business activities. Most existing languages for business
process modeling and implementation are activity-centric, representing processes
as a set of activities connected by control-flow elements indicating the order
of activity execution [15]. In recent years, an alternative approach has been
proposed, which is based on objects (or artifacts/entities/documents) as a central
component for business process modeling and implementation. This relatively
new approach focuses on the central objects along with their life-cycles. Such
object-centric approaches include artifact-centric modeling [10,1], data-driven
modeling [9] and proclets [11].

Although most works in the above domain are either object or activity cen-
tric, only a few works combine the two approaches in order to exploit an ex-
tended knowledge scope of the business process. The work in [5] presents an
algorithm that generates an information-centric process model from an activity-
centric model. The works in [8,7,6] present the concept of business process de-
scriptor that decomposes process names into objects, actions and qualifiers, and
suggest several taxonomies to express the operational knowledge encapsulated
in business process repositories. In this work we take this model forward by:
(a) testing it on real-life processes from the high-tech domain; (b) showing
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how the suggested taxonomies can assist in common usages of business process
management.

Research on process similarity mainly focuses on three metrics for measuring
the similarity between business process models. The label-based metric tries to
match the nodes in process models by comparing their labels. Based on this
matching, a similarity score is calculated taking into account the overall size of
the models [3,4]. The structure based metric compares between graphs based on
graph-edit distance [2]. This metric takes into account both the node labels and
the topology of the process models. The third metric - the behavioral one - takes
into account the causal relations between activities in a process model. These
causal relations are represented as a causal footprint [14,13].

Despite the efficiency of the above described methods, they are all based
on the semantics of the business process model. Nevertheless, a semantic-based
similarity does not necessarily indicate an operational similarity. Minor semantic
differences may indicate major operational gaps.

In this work we combine the notions of state-of-the-art similarity analysis
methods with the operational analysis model of business process content as pro-
posed in [7] and extended in [16]. We also use the concepts presented in [17] for
segmenting the operations of enterprises based on operational characteristics.
The proposed framework takes state-of-the-art similarity comparison methods
forward by: (a) comparing between process models based on operational (and not
textual) similarity; and (b) testing the proposed method on real-life processes.

3 Background: Models and Methods for Evaluating
Process Model Similarity

3.1 The Descriptor Model

This section describes a formal model of business process decomposition and
analysis as presented in [8] and further developed in [7]. We first introduce the
descriptor model, and then, based on the descriptor model, we introduce four
taxonomies of objects and actions. Finally, we describe the descriptor space
model, which will be used in the next section. To illustrate the taxonomies we
make use of the paper manufacturing repository (see Section 1).

The Activity Decomposition Model. In the Process Descriptor Catalog
model (“PDC”) [8] each activity is composed of one action, one object that the
action acts upon, and possibly one or more action and object qualifiers. Qual-
ifiers provide an additional description to actions and objects. In particular, a
qualifier of an object is roughly related to an object state. State-of the art Nat-
ural Language Processing (NLP) systems. For example, the activity “Manually
clean assembly machine” generates an activity descriptor containing the action
“clean,” the action qualifier “manually,” the object “machine” and the object
qualifier “assembly.”
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The Action and Object Taxonomies. The descriptor model has two basic el-
ements, namely objects and actions, and it serves as a basis for four taxonomies,
namely: the action hierarchy model, the object hierarchy model, the action se-
quence model, and the object lifecycle model (see [7]).

The action and object hierarchy models organize a set of activity descriptors
according to the hierarchical relationships among business actions and objects,
respectively. This hierarchical dimension of actions and objects is determined by
their qualifiers: an addition of a qualifier to an action or an object makes them
more specific, since the qualifier limits their meaning to a specific range. In the
action hierarchy model, for example, the action “Manually clean” is a subclass
(a more specific form) of “Clean,” since the qualifier “Manually” limits the action
of “Clean” to reduced action range.

The action sequence model organizes a set of activity descriptors according
to the relationships among business actions and objects in terms of execution
order. In this model, each object holds a graph of ordered actions that are
applied to that object. For example, the object “Assembly machine”is related to
the following action sequence: “Clean” followed by “Reset,” “Start,” and finally
“Monitor.”

The object lifecycle taxonomy model organizes a set of activity descriptors
according to the relationships among business actions and objects in terms of
execution order. In this model, each object holds a graph of ordered objects that
expresses the object’s lifecycle, meaning - the possible ordering of the object’s
states. For example, the object “Assembly machine” is part of the following
object lifecycle: “Uncleaned assembly machine”–> “Cleaned assembly machine”–
>“Working assembly machine”–> “Stopped assembly machine.”

The Quad-Dimensional Descriptor Space. The Quad-Dimensional De-
scriptor Space is described in [7] as follows. Based on the activity decomposition
model, it is possible to visualize the operational range of a business process
model as a descriptor space comprised of related objects and actions. The de-
scriptor space is a quad-dimensional space describing a range of activities that
can be carried out within a process execution flow. The coordinates represent
the object dimension, the action dimension, and their qualifiers. Therefore, each
space coordinate represents an activity as a quadruple AC = 〈O,OQ,A,AQ〉,
where O is an object, OQ is a set of object qualifiers, A is an action, and AQ is
a set of action qualifiers.

For every two coordinates in the descriptor space a distance function is de-
fined, representing a linear combination of changes within each of its dimensions.
This distance is used in this work for calculating the operational similarity be-
tween labels in process models. For more details on how this function is calculated
- see [7].

3.2 Structure based Similarity between Graphs

The work in [2] presents a graph distance measure that is based on the struc-
ture similarity between graphs, and more specifically, on the maximal common
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subgraph of two graphs. In that work each graph comprises labeled nodes and
edges. Labels are matched only when they contain identical texts.

We will use the above graph distance measure to calculate the similarity
between process models, with one main difference: labels on vertices will be
compared based on their operational distance (see Section 3.1).

4 Method for Evaluating Operational Similarity of
Process Models

In this section we present a framework for supporting decisions related to the
selection of alternative processes when the original process is blocked. The frame-
work receives the name of a blocked process as input and outputs a sorted list
of alternative process models - available at the process repository of a multi-
subsidiary organization.

Decompose 
a Process 
Repository

Generate 
Action and 
Object 

Taxonomies

Create a 
Descriptor 
Space

Calculate 
operational 
similarity

Rank 
alternatives

Make a 
Decision

Input a 
blocked 
process 
name

Preparation of the Process Model Repository

Calculation of Operational Similarity

Fig. 1. A framework for evaluating operational similarity of process models

We propose a seven-step framework to support the selection of business pro-
cess alternatives in multi-subsidiary organizations, as illustrated in Fig. 1
(using “Yet Another Workflow Language” (YAWL) [12]). First, we create an
operationally meaningful decomposition of a process repository. We use state-
of-the-art Natural Language Processing (NLP) techniques to automatically de-
compose the content layer (text) of the repositories into its structured linguistic
components (objects and actions and their qualifiers). As part of this decompo-
sition, each business activity is encoded automatically as a descriptor, using the
Process Descriptor Catalog (“PDC”) notation (see Section 3.1).

Second, we analyze the generated decomposition and create four action and
object models, that represent operational aspects of the process repository (Sec-
tion 3.1). As a third step we build a descriptor space using the four action and
object taxonomies (see Section 3.1). The above first three steps are conducted
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automatically on a given process model repository of a multi-subsidiary orga-
nization, and are considered as “preparation” phases - since they are conducted
only once (or after each time the repository changes).

As a fourth step, an operations manager inputs a blocked process name. This
name can be given either as a descriptor or in natural language. If the second
option is being used- the name is automatically decomposed into a descriptor
format. The next three steps aim at producing a list of alternative process models
that can replace the original, blocked process, as follows.

In the fifth step the blocked process model is compared to each process in the
repository-in all subsidiaries, including the subsidiary of the blocked process it-
self (since maybe an alternative process from this repository will be found useful
as well). The comparison between each process model pairs is performed using
the method suggested in [2] with the following modification: labels on vertices
are compared based on their operational distance in the descriptor space. In case
the distance is different than “no distance” (see [7]), it means that there is some
level of similarity between the nodes’ functionality, and therefore the compari-
son algorithm proceeds until it reaches a “no distance” node. As a result, this
step outputs for each process model in the repository: (1) its maximal common
subgraph comparing to the blocked process model, and (2) a set of distances -
calculated for each matched node pairs.

The sixth step is aimed at ranking the process models in the repository ac-
cording to their operational similarity to the blocked process model. In general,
we aim at a maximal size of the common subgraph, with higher similarity scores
of its vertices. The second consideration is more important for our goal: in case
of a trade-off, we prefer fewer matched nodes with higher similarity than the op-
posite - since the first case allows the subsidiary to perform its process partially,
while the second only allows it to perform a larger part of its process - but dif-
ferently. Due to the above considerations, the total grade for each process model
is calculated as follows: (1) eliminate all options where the maximal common
subgraph contains less than x% of the blocked process size (x is a parameter
that should be determined according to the operations manager preferences);
(2) For each of the remaining process models: sort the set of the nodes’ simi-
larity scores - where the highest score is at the top of the list; and (3) Sort the
remaining process models - so that a process model is ranked higher in the list
if its node score list starts with higher scores. As a result, a list of alternative
process models is generated and ranked according to the user’s input, so that
higher ranked suggestions are believed to be closer to the user needs. Finally,
at the seventh step the operations manager receives suggestions and supporting
information (the common subgraph) and makes his decision accordingly.

5 Conclusions

We proposed a framework for machine-assisted support for multi-subsidiary or-
ganizations in selecting process alternatives, based on operational similarity. The
proposed framework provides a starting point that can already be applied in
real-life scenarios, yet several research issues remain open. We mention two such
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extensions here. First, extending the comparison method by referring also to
labels on edges, not only on vertices. Second, adding a case study and exper-
iments to measure the efficiency of the proposed framework that will perform
actual validation in a multi-subsidiary organizational environment.
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