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Abstract Process flexibility is a vital part for almost any business area.
Change logs are a central asset for documenting adaptations in processes,
since they capture key information about associated change operations.
Comparing multiple change operations offers interesting data for many
analysis questions, e.g., for analyzing previously applied change oper-
ations and for supporting users in future adaptions. In this paper, we
discuss different change perspectives and present metrics for comparing
change operations. Their applicability and feasibility are evaluated based
on a prototypical implementation and based on real world process logs.
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1 Introduction

Being able to adapt processes when the situation requires to do so is vital in al-
most any business domain. Change operations are the key concept when adapting
processes. For analyzing dependencies between change operations, change pro-
cesses [1] and change trees [2] can be used. On top of that, being able to compare
change operations would be beneficial in the following situations [3]:

Planning future adaptations: When planning adaptations in certain situa-
tions, the person responsible for planning the change could analyze the adapta-
tions which have been made before. Imagine a nursing home, where the therapy
plan of each patient is represented as a process instance. Whenever a patient
shows a new symptom, his and only his therapy process has to be changed in
order to deal with the new problem. If two patients have problems with their
digestion, some drugs could be applied for a certain amount of time, their diet
plans could be changed, or some other therapies could be applied. Which type
of therapy is applied usually depends on various individual circumstances, such
as their medical history, pre-existing conditions, allergies etc.

Analyzing past change operations: When evaluating change operations, iden-
tifying similar process change operations can add relevant information to an
analysis. In a hospital, it can be analyzed in which situations similar therapies
have been applied to a patient’s therapy plan. Side effects of change operations
can also be compared: Think of a patient who got ill, and received some kind
of treatment. Additionally, all therapies which include activities which burden
the patient’s immune system have to be removed. By analyzing the similarity of
such side effects, the evaluation of such situations can be improved.



Both situations benefit from assessing the similarity of the involved change
operations based on metrics that measure how much a change operations is
similar to another one in a given context. Though literature proposes several
metrics for process similarity (e.g., [4]) and instance similarity [5], metrics for
change similarity have mainly be neglected so far. This paper approaches this
gap based on the following research questions:

Q1: How can process change similarity metrics be defined in general? Considering
which perspectives? Based on which information?

Q2: In which scenarios can different change similarity metrics be used? What are
their advantages and disadvantages?

Q1 and Q2 are tackled as follows: First, we analyze the attributes of process
change operations and their effects on different process perspectives, i.e., model,
data, time, and resource perspective (— Q1). The limitations of comparing the
similarity of two process change operations solely based on their attributes is
discussed in the sequel (— Q2). An alternative approach is to exploit the effects
of applying change operations to processes. Hence, two change similarity metrics
are provided that exploit the effects on the resource and time perspective of the
underlying processes (— Q1). They can be useful in change scenarios where,
for example, the model perspective is not available to users deciding on the
change due to privacy reasons. The feasibility and applicability of these metrics
is evaluated against metrics that consider the effects of change operations on the
model perspective of processes (— Q2).

The rest of the paper is structured as follows: Section 2 introduces funda-
mentals, perspectives, and change effects (Q1). This is followed by a discussion
about a metric which focuses solely on the attributes of a process change op-
eration (Section 3). In Section 4, we present effect-based metrics for comparing
process change operations (Q2), which are evaluated in Section 5. Section 6
presents related work and Section 7 concludes our paper.

2 Fundamentals

This section introduces basic concepts of process change operation similarity.

2.1 Basic Definitions

The process schema and the process fragment are basic components of process
change operations [6]. A change operation is applied to a process schema. The
fragment defines what is being inserted, removed, or in any other way affected
by the change operation. A process schema / fragment is defined as follows:

Definition 1 (Process Schema, Process Fragment). A process schema S
is defined as S := (N, E,D, DE, Res,Temp) where

— N denotes a set of nodes, i.e. tasks and gateways such as XOR and parallel
splits and joins



E denotes the set of control flow edges, E C N x N

— D is a set of data elements.

DE C (N xD)U(D x N) is a set of data edges connecting nodes with data
elements (write) and data elements with nodes (read).

— Res : N s 28N denotes a function that assigns each activity the required
number of resources, i.e., Res(n) = {(r,z)|r € R,z € N, r assigned to n}
where R is the set of all resources.

Temp : N — N denotes the point in time associated with a node n € N.

The resource assignment Res(n) determines the number of resources that are
required to perform task n, for example, 2 nurses and 1 doctor for a surgery.
Temp(n) assigns a point in time to task n. This expression of temporal require-
ments in processes is simple; more powerful definitions (e.g., [7]) exist. However,
for the purpose of constructing first similarity metric proposal time points are
assumed as being sufficient

In the following definition, process change operations are defined according
to literature [6].

Definition 2 (Process Change Operation). A process change operation A
is defined as a tupel A := (t, f,p,S) where

— ¢ denotes the type of the change (t € {INSERT, DELETE}).

— [ denotes the process fragment f := (N, E, D, DE, Res, Temp) which is used
by the change operation.

— p denotes the position of the change operation.

— S denotes the process schema S := (N,E,D,DE, Res,Temp) the change
operation is applied to.

Further attributes such as rationale or the goal of the process change (cf. [8,
9]) will be considered in future work. Moreover, this work focuses on INSERT
and DELETE as change types. Based on these types other types such as MOVE
can be expressed.

2.2 Types of Process Change Metrics

Basically, comparing process change operations can be based on the attributes
of a change operation A, such as its position, goal, type or schema (cf. Def. 2)
and its effects. The suitability of comparing change operations based on their
attributes is discussed by means of an example in Section 3.

For comparing change effects, at first, we have to define what change effects
actually are. In literature, there are multiple definitions for effects in general,
depending on the context. In Hinge et al. [10], effects relate to process tasks
and are notated in conjunctive normal form (CNF). In Cossentino et al. [11],
effect logs contain the result of a programs state after steps have been executed.
Rinderle et al. [8] uses the term effects related to change operations to describe
the difference between a model S, and an adapted model S’ where S’ results
from applying change A to S.



With respect to literature, the definition by Rinderle et al. [8] seems most
suitable as it is related to change operations. However, the approach focuses
mostly on the model and data perspective of the change, even though a schema
definition such as in Def. 1 comprises additional perspectives such as the resource
and time perspectives of process schemas. In order to provide a more compre-
hensive picture on change effects, a short discussion on change effects in relation
to process perspectives seems useful. Hereby we follow [6].

The model perspective captures the structural and behaviorial perspective of
a process. In [12], the formal semantics of change patterns for the control flow of
a process are defined. These formal semantics describe the effects of six groups
of process adaptation patterns, such as insertion patterns, deletion patterns, or
replace patterns.

The data perspective describes the data, or information flow of a process
model. Related to a process change operation, the data perspective covers the
data flow regarding the unchanged process schema, the process fragment, and
the resulting process schema. [13] describes several data patterns for the groups
Data Visibility, which defines in which parts of a process a data element can be
accessed, Data Interaction, which defines the interaction with data elements in
the process, Data Transfer, which focuses on the actual data flow, and Data-based
Routing, which defines the influence of data elements on a processes execution.
Analyzing the similarity of the effects of two process change operations on the
data flow can yield interesting information, e.g. if some data element which is
critical to the processes execution was affected by the process change or not.

The resource perspective covers the organizational aspects of a process such
as actors, roles, and organizational units. Effects of process change operations on
this perspective can be relevant when planning future changes, specifically which
and how many resources are affected by the change operation (either because
they have to do more work, less work, or something at a different point in time).
In a nursing home, required resources for a long-running therapy can be planned
and analyzed before adaptation. If resources are scarce, different adaptations
can be compared in order to find the most efficient one. In this paper, we will
describe a metric which focuses on comparing the effects of two process change
operations on the resource flow.

The time perspective covers all temporal aspects of the process. It is also rele-
vant for change operations, e.g., when the change operation has been conducted
(cf. logging changes in [1]) or which due dates are defined for tasks in the change
fragment. When comparing the effects of two change operations on a processes
time perspective, one can analyze for how long the fragment in a process change
will affect the affected schema.

Conclusion: In general both, metrics that are based on attributes or change
effects can be used to measure the similarity of change operations. Table 1 sum-
marizes what can specifically be compared using either the attributes or the
effects of a change operation along the different perspectives.



Table 1. Comparing Change Operations based on their Attributes or Effects for Dif-
ferent Perspectives

1 Perspective

Attribute Based Similarity of

Effect Based Similarity of

Model / Data:

control and data flow of the orig-
inal schemas and change frag-
ments

the change of control and data
flow due to process change oper-
ations

Resource: utilizing resources in the original |resource requirement change due
schemas and change fragments to process change operations
Time: temporal constraints of tasks in |temporal shifts in the result-

the original schemas and change
fragments

ing processes due to the process
change operations

3 Comparing the Attributes of Process Change
Operations

This section illustrates that a metric which is solely based on the attributes of a
process change operation only yields satisfactory results, if it is tailored to the
specific situation (Q2).

When comparing two process change operations A; := (¢4, f1,p1,51) and
Ay = (ta, f2,p2,52), one could use the four basic attributes which define them
for comparison, i.e. the operation type, the fragment, the position and the
schema. For each of these values, different metrics already exist: For the process
schema (sim(S7, S2) and fragment (sim(f1, f2)), techniques for the similarity of
process models can be used [4, 14, 15]. The positions of the change operations
(sim(p1, p2)), which are defined by the pre- and postset of the element, can
be compared by adapting the node matching similarity as defined in [4]. For
comparing the change operation type (sim(t1, t2)), which is typically a string
such as INSERT or DELETE, approaches which compare string similarity [16]
or equivalence could be used.

Overall, for A; := (t1, f1,p1,S51) and Ay := (to, fo,p2,52) the following
attribute-based metric can be formulated:

SiMarer (A1, A2) := wexsim(ty, t2) +wyr*sim(f1, f2) +ws*sim(S1, S2) +wp*sim(p1, p2)
(1)
where the sum of the weights w; +wy +ws +wp, = 1.

As the following example shows, the weights which should be used for each of
these values highly depend on the situation, i.e., the schema, fragment, position,
and change operation type.

In Figure 1, three process schemas for a surgery in a hospital are shown: The
first one displays the process for an adult, the second for an elderly person, who
can still care for himself, and the third shows the process for a child, where the
parents still have the right to decide. With a few minor differences, the basic
process works as follows: First, general information about the patient is being
collected, then, he is prepared for surgery, the surgery is being conducted, and
finally, a report is delivered.
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Figure 1. Three examples of process change operations

In certain cases, adaptations to these basic processes are necessary: If a pa-
tient requires additional information before the surgery, an Inform Patient step
is added to the process instance, where another doctor consults the patient. This
is shown in the changed instance of the elderly process.

Sometimes, the surgery did not reach its desired goal, and another surgery
will be necessary. Thus, the patient has to be informed separately after the
surgery. For this, an Inform Patient step is added to the process instance after
the surgery. This is shown in the changed instance of the adult process.

Following, the position of the Inform Patient step highly influences its se-
mantical meaning: If it is added before the surgery, it usually just means that
another doctor has to be consulted; if it is added after the surgery, it might hint
that something went wrong. Thus, when comparing two change operations with
the element Inform Patient, one may regard the weight of the position wpesition
as very high, while the other weights are quite low.

When doing surgeries on children, their parents have to be included in every
step of the process. Each time the patient is informed, his or her parents also
have to be informed. Besides this, the Inform Patient step has the same semantic
meaning if added before or after the surgery as for the other two processes.

When comparing the change operations of the adult and the elderly patient,
the Inform Patient step is added for the adult after the surgery, and for the
elderly person before the surgery. Since the two process schemas do not have
much effect on this particular change operation, but the position does have a



very high effect, one may set the position’s weight as very high, and the other
weights quite low. However, when comparing the process of the elderly patient
with the child’s process, the child also receives the Inform Patient step after the
surgery, thus indicating that another surgery might be required. However, since
in a child’s process the parents also have to be included into every step, the
process schema has a higher influence. Thus, the corresponding weights would
be different in these two cases.

This example supports the observation that the attribute-based metric for
comparing process change operations (cf. Eq. 1) requires to carefully choose the
weights depending on the particular situation changes take place. In other words,
the significance of the results highly depends on the choice of the weights. Hence,
in the next section, metrics are proposed that are based on change effects, i.e.,
metrics that abstract from the change attributes.

4 Effect Based Change Similarity Metrics

In the last section we have shown that a comparison metric which is solely
based on a process change operation’s attributes only yields satisfactory results
if the relevance of each of the attributes is known. As an alternative, in this
section we provide metrics which are based on the effects of a process change
operation. A process change operation may have - depending on the design of
the fragment which is inserted to or deleted from the schema - effects on all
process perspectives presented in Section 2.2.

A common scenario in which process change operations may be compared is
that of some domain expert who uses the resulting data for comparing possible
adaptations, or for analyzing past adaptations, as discussed in the introduction.
Depending on the question at hand, different perspectives on the process frag-
ment may be of interest. In this section we chose to set our focus on the resource
and temporal perspective for two reasons: First, these perspectives can provide
answers to interesting questions for a domain expert. For a practitioner such
as a nurse in a nursing home the resource and temporal perspectives provide
answers to questions such as How much staff will be required or How long will
this therapy take?. Second, metrics which are solely based on the temporal and
resource perspective can be used to compare process change operations without
any knowledge of the schema after the change, or about the other perspectives
of the change operation’s fragment. This can be relevant when the whole process
cannot be accessed (a) due to privacy issues or (b) because the whole information
is not relevant to the question. Think of a nursing home where a nurse has to plan
the resources of the upcoming weeks: She may not have to know which steps the
therapy processes contain exactly - all she needs is data about the required re-
sources. By removing critical information about the patient’s therapy processes
(and reducing the information only to the resource and time perspective) this
data can also be used with less data privacy issues.



4.1 Resource Perspective Metrics

In this section, we present a similarity metric for process change effects from
the resource perspective, which captures all required organizational and other
resources. When planning a process adaptation, it may be interesting to compare
available adaptations based on the resources they require. Thus, one can choose
the adaptation which requires the least resources if two or more adaptations are
similar otherwise.

For this we present the aggregated resource view for process schemas and
process fragments that are used for changes. This view builds the basis for cre-
ating a metric to compare the resource perspective of two change operations. For
each task, a definition of resources which are connected to this task are required.
The effects of a change operation A = (¢, f,p, S) on the resources perspective
of the underlying process schema S can be determined based on the resource
assignments of S and the process fragment f. In order to determine the effects,
the aggregated resource view of a process schema/fragment is defined as follows:

Definition 3 (Aggregated Resource View). Let S = (N, E, D, DE, Res, Temp)
be a process schema. Then the aggregated resource assignment pg for S is defined
as

ps = {(7’7 S)|3(T7 LL') € UnEN Res(n) Ns= ZnEN,(T,I)ERes(n) .’E}

Consider Change Fragment 1 (CF1) and Change Fragment 2 (CF2) to be
inserted or deleted by change operations as depicted in Fig. 2 with CF1 =
(N1,E1,D1,DE1, Res,Temp) and CF2 = (N2, E2, D2, DE2, Res,Temp). The
required resources for each task are depicted in italic as attributes of the task (so
for executing task A resource nurse is required two times, while for executing
task B resource doctor is required once.) This leads to the following sets of tasks
and aggregated resource views:

— N1={A,A,B,C} and N2 = {A, B,C, D}!

For CF1: Res(A) = (nurse,2), Res(B) = (doctor, 1), Res(A) = (nurse, 2),
Res(C) = (nurse,1)

For CF2: Res(A) = (nurse,2), Res(C) = (nurse, 1), Res(B) = (doctor, 1),
Res(D) = (assistant, 1)

— por1 = {(nurse, 5), (doctor, 1)}

— pore = {(nurse, 3), (doctor, 1), (assistant, 1)}

Definition 4 (Similarity Metrics for Resource Assignment). Let p1, po
be two aggregated resource assignments. Then the similarity between p; and ps
1s defined as follows:

2oy Uy —42113(r,y1)€p1,3(ry2)Epa} .
simpypa) = 4 S TmarAremUpy P Up2 # D
0 otherwise

! The sets are seen as bags due to multiple occurrence of activities.
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Figure 2. Example for Aggregated Resource Perspective in Process Fragments

sim(p1, p2) relates the number of resources that are required for p; and ps to
the maximum number of each required resource. For the example shown in Fig. 2
we have p1 := {(nurse, 5), (doctor, 1)} and ps := {(nurse, 3), (doctor, 1), (assistant,1)}.
Thus 4 resources are required for p; and po, i.e., 3 nurses and 1 doctor. The
maximum number for each particular resource are 5 (nurse), 1 (doctor), and 1
assistant, summing up to 7. Overall, sim(p1, p2) = % ~ 0.57 for this example.

Metric sim(p1, p2) can be calculated for the resource assignments of two
fragments f1, f2 that are used by change operations A; = (t1, f1,p1,S1) and
Ay = (12, f2,p2,52). Doing so it becomes possible to measure the effects on
the resource assignments of the underlying process schemas S1 and S2. It has
only be further distinguished whether A; and A, insert or delete the fragments.
For insertion, typically, resource assignments will be added, for deletion, resource
assignments will be removed. Note that intentionally the resource assignments of
the underlying schemata S1 and S2 are not considered as the metric is designed
in an independent manner. The reason behind is to enable similarity calculation
also for different schemas S1 and S2.

Definition 5 (Change Resource Similarity (CRS)). Let Ay = (t1, f1,p1,51),
Ay = (82, f2,p2,852) be two change operations and py (p2) the aggregated re-
source assignment for f1 (f2). The Change Resource Similarity CRS between
changes Ay and As is defined as follows:

. e
CRS(Ay, Ay) = {S’m(pl’p2)’f =t

—sim(p1, p2)otherwise

4.2 Towards a Similarity Metric for the Timed Resource
Perspective

The CRS metric compares the required resources of a process fragment. Some-
times, especially in long-running process settings, the time perspective is also
relevant. Think about a nursing home planning the required resources for the
next weeks: It may be interesting how two change operations affect the resource
view only in a certain time frame. Definition 6 incorporates the time information
into the aggregated resource view:



Definition 6 (Timed Aggregated Resource View). Let S = (N, E, D, DE, Res, Temp)
be a process schema with aggregated resource view ps. The timed aggregated re-
source view Tg is defined as follows:
Ts = {(r, 5, t1,t2)|(r, 5) € ps,
t1 = min{Temp(n)ln € N A3(r,z) € Res(n)},
t2 = max{Temp(n)|n € N A3I(r,x) € Res(n)}}

Informally, the timed aggregated resource view determined for each tuple in
the aggregated resource view the earliest and latest point in time the associated
resource was required. For the change fragments CF'1 and C'F2 depicted in Fig.
2, we obtain

Tor1 = {(nurse, 5, 1, 4), (doctor, 1, 2, 2)} and

Tere = {(nurse, 3, 1, 2), (doctor, 1, 2, 2), (assistant, 1, 4, 4)}.

Similarity between the timed aggregated resource views of two process schemas
or fragments can be defined as follows. For comparing the temporal perspective a
simple comparison between the intervals for each aggregated resource is utilized,
i.e., calculating the differences between upper and lower interval limit divided
by the sum of the interval lengths. This similarity value is combined with the
CRS by weighing both equally. Note that if more complex temporal information
is assigned to the tasks, more sophisticated similarity metrics can be used.

Definition 7 (Similarity Metrics for Timed Resource Assignment). Let
Ty, To be two timed aggregated resource assignments for resource assignments py
and py. Then the similarity between 71 and 7o is defined as follows:

1 . D1 go STM(EL,12) | .
S’im(Tl,TQ) =1 2 * (Slm(pl,pz) + W) ifm UTs 7& 0
0 otherwise

where t1 = (rl,s1,11,ul) € 7,12 = (r2,52,(2,u2) € T2 and

1 ifrl=r2AIl1=12ANul =u2
. 11—-12 ul—u2| .
Slm(tl,tQ) = 1 — M% Zf’l"l = T2
0 otherwise

The metrics combines the similarity between the aggregated resource views
with the more specific assessment of the resource requirements related to time.
Each value can be also considered in a separated manner.

The corner cases for the metrics would be to have a) highly similar or equal
resource assignments that are due at the same time and b) highly similar or
equal resource assignments that are due at totally different times. For case a),
intuitively, the timed aggregated resource metrics yields a value close to or equal
1. For case b) assume

p1 = {(nurse, 3,1,3), (doctor,1,4,5)} and ps = {(nurse, 3,4,5), (doctor,1,6,7)}.
In this case sim(p1, p2) = 1. Then: sim((nurse, 3,1,3), (nurse,3,4,5)) = 1 —

342 _
T =0 and



sim((doctor, 1,4,5), (doctor,1,6,7)) = 1 — % = 0. Hence, sim(7,72) = 0.5.
This means that the high similarity between p; and ps is reduced by half be-
cause the same resources are required, but at totally different times.

For the example in Fig. 2, applying Def. 7 yields:

sim((nurse, 3,1,2), (nurse,5,1,4)) =1 — % = 0.5 and
sim((doctor, 1,2,2), (doctor,1,2,2)) = 1.

. 0.574 2541
Then: sim(rcr1,Tor2) = ——5—=— = 0.54.

This means that the deviations in the time assignments reduce the similarity
of the aggregated resource assignment a bit.

For an example where p; = {(nurse,3,2,4)} and ps = {(nurse,1,2,4)} the
resource assignment similarity would yield sim(p1, p2) = 0.66.

Looking at the time requirements, sim((nurse,3,2,4), (nurse,2,2,4)) = 1
and hence sim(ry,7) = % =0.83.

In this case the similarity increased when incorporating the time as a different
number of the same resource is required at exactly the same time.

For comparing changes along their timed aggregated resource views a first
proposal for a similarity metric is as follows:

Definition 8 (Timed Change Resource Similarity (TCRS)). Let Let Ay =
(t1, f1,p1,S1), As = (12, f2,p2,52) be two change operations and 71 (T2) the
timed aggregated resource assignment for f1 (f2). The Timed Change Resource
Similarity TCRS between changes Ay and As is defined as follows:

TCRS(Ay, Ay) = ST T2)ift1 =12
1,42) = —sim(7y, T2)otherwise

Looking at the different examples and corner cases above, TCRS seems to
make sense. However, the observations from the metrics start to become blurred
if the earliest and latest point in time a resource is required span a longer time
frame. The interpretation can be different. The resources could be required rather
at the beginning and the end of the process or during the entire execution of
the process. Both cases would be treated the same. Hence, a more fine-granule
comparison becomes necessary. This aspect will be addressed in future work.

5 Implementation and Evaluation

In this section we present the implementation and evaluation of the approach.
Change logs are provided by the Apelands [17] data set, a game-based experi-
mentation environment for flexible and individual process settings.

5.1 Implementation

The prototype? developed as a basis for our evaluation provides an interface for
inspecting process models, instances (Figure 3) and the applied change opera-
tions. The metrics discussed in this paper are shown in Figure 4.

2 http://cs.univie.ac.at/project/apes
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Figure 3. Details of a process instance in Figure 4. Comparing two change opera-
the prototype tions in the prototype

5.2 Discussion of Applicability

Using (T)CRS, one can compare process change operations even when there is
no information about the resulting process schemas or about other perspectives
of the process change operations. This can be useful for cases where (a) other
information is not available, e.g. due to data privacy issues or (b) if the other data
is not required to the current analysis. Thus, change operation similarity based
on the temporal and resource perspective alone can be used as an alternative
to structural or behavioral similarity metrics. In the next section, we will show
that the results from (T)CRS actually correlate with structural similarity of the
process schemas after the change operation has been executed.

5.3 Comparing (T)CRS Effect Similarity with Structural Similarity

We evaluate the effect similarity of two change operations as measured by (T)CRS
against node matching similarity (NMS) of the resulting process schemas.

For the evaluation we have used data set 1 from the Apelands project®. This
data set contains 136 change operations for 23 different basic models, of which
107 are based on the same model. Apelands is a game-based experimentation
and evaluation service for flexible process settings. While playing the round-
based game, players adapt process instances, thus generating process change logs.
These change logs contain all perspectives required for the metrics presented in
this paper, i.e. a list of required resources for each activity which can be added
to a process instance, and information about the game round the activity is
supposed to be executed. Listing 5.3 shows a change fragment from the game.
Each contains two activities which have been planned for the next two rounds
(c.f. <round/> tag). In the <resources/> Tag, the required resources are shown.

Listing 1.1. Apelands Change Fragment

<fragment>
<call>
<name>'Fire Elemental’</name> <round>1</round>
<resource name="Alchemy Lab” count="2"/>
</call>
<call>
<name>’Knight’</name> <round>2</round>
<resource name="Barracks” count="2"/>
</call>
</fragment>

3 The data set can be found at http://cs.univie.ac.at/project/apes



We compare the results of (T)CRS for the change operations which are based
on the same model with the similarity of the resulting process model as calculated
by NMS. In this special case, NMS similarity of the resulting process models can
be seen as the effects of the change operations from the control flow perspective.
We compare a randomly chosen change operation from this data set against all
other change operations. As Figure 5 and 6 show, both CRS and TCRS correlate
with NMS. In most cases, the similarity as calculated by (T)CRS is higher than
NMS, since (T)CRS are based on a subset of the attributes of the process models.
Attributes not considered by (T)CRS which are different do not have any effect
on (T)CRS scores, but lower the NMS score. This relationship can also be seen
in the fact that TCRS has a closer correlation to NMS than CRS, since it also
incorporates the time-related attributes, which are not used by CRS.

Conclusion: This evaluation shows that the similarity of change operation
effects as calculated by (T)CRS correlates with the similarity of the resulting
process schemas. Thus, such a metric can be used to compare process change
operations independent of attribute-specific weights.

Threats to validity: Our approach was evaluated with experimental data gen-
erated from a game, not with data from several different settings in which change
operations occur. Also, we did not interview domain experts about the impact
of the results of our metrics. These evaluations would be interesting additions
to our validation which is based on a state of the art approach from process
similarity, and will be addressed as future work.

@ Attribute x @ Attribute
o X CRS o8 X TCRS

similarity

i
similarity

Change Operations (ID) Change Operations (ID)

Figure 5. Comparing CRS with the at- Figure 6. Comparing TCRS with the at-
tribute similarity tribute similarity

6 Related Work

Soundness notions and checks for the application of change operations to pro-
cess models and instances have been subject to several approaches. Structural
soundness with respect to control and data flow has been tackled in [18], whereas
correctness criteria for the behavorial soundness of change operations are pro-
vided and compared in [19]. An overview on how to define and apply change op-
erations on business processes is provided in [6]. Other approaches have focused
on the representation of change information based on change logs [8], change
processes [1], and change trees [2]. Especially, change processes and change trees
alm at presenting information on past change operations to users in order to
support decisions on future changes, although no assessment of the similarity of



change operation is provided. The most related approach is ProCycle [3] where
change operations are augmented with CBR-based techniques such that users
can comment on the reasons for conducting a change. Then the changes can be
compared. The approach at hand is different as it does not rely on additional
comments, but only considers information that is available based on the change
operations themselves.

In contrast to change operation similarity, process equivalence and similarity
have been analyzed frequently in current literature. [20] discusses label equiv-
alence, attribute equivalence, position equivalence and regional equivalence for
processes which execute web services. [21] uses behavioral profiles of processes
to compare their similarity. Comparing these profiles leads to a behavior based
matching of processes. [14] measures the similarity of two processes based on
causal footprints, which consist of a set of look-back and look-ahead links. [4] de-
fines three metrics for measuring the similarity between process models, namely
(a) node matching similarity, (b) structural similarity and (c¢) behavioral sim-
ilarity. [22] defines the difference between two process models by a difference
model that is visualized based on a difference graph. Doing so, differences be-
tween models can be visually inspected. [5] proposes similarity metrics between
process instances, taking into consideration different perspective as well.

7 Conclusion and Future Work

Process change operations are usually applied when the situation requires do-
main experts to do so. Being able to show which change operations have similar
effects on a certain perspective can be interesting for the person in charge of
the adaptation: When adapting therapy processes in a nursing home, using a
resource perspective metric the nurse can see which therapy process fragments
require similar resources. In conjunction with information about available re-
sources for the upcoming weeks, such a clustering can facilitate the planning
of process adaptations. When evaluating the effects of former process adapta-
tions, comparison metrics can be used to create cluster of similar process change
operations, thus improving analysis.

Effect metrics for other perspectives will be part of future work. Also com-
paring data structures based on change logs, e.g. change processes [1] and change
trees [2] can be discussed based on the presented similarity metrics.
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