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a b s t r a c t 

Context: The increasing adoption of process-aware information systems together with the high variability 

in business processes has resulted in collections of process families. These families correspond to a busi- 

ness process model and its variants, which can comprise hundreds or thousands of different ways of re- 

alizing this process. Managing process variability in this context can be very challenging, labor-intensive, 

and error-prone, and new approaches for managing process families are necessary. 

Objective: We aim to facilitate variability management in process families, ensure process family correct- 

ness, and reduce the effort needed for such purposes. 

Method: We have derived a set of change patterns for process families from variability-specific language 

constructs identified in the literature. For validation, we have conducted a case study with a safety stan- 

dard in which we have measured the number of operations needed to model and evolve the variability 

of the standard with and without the patterns. 

Results: We present 10 change patterns for managing variability in process families and show how they 

can be implemented. The patterns support the modeling and evolution of process families and ensure 

process family correctness by automatically introducing and deleting modeling elements. The case study 

results show that the application of the defined change patterns can reduce the number of operations 

when modeling a process family by 34% and when evolving it by 40%. 

Conclusions: The application of the change patterns can help in effectively modeling and evolving large 

and highly-variable process families. Their application can also considerably reduce variability manage- 

ment effort. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

Process-aware information systems (PAISs) manage, execute, and 

analyze the business processes of an enterprise (e.g., sales business 

processes) based on explicitly specified process models [17,52] . The 

increasing adoption of PAISs during the last decade has resulted in 

large process model repositories [13,51] , which usually comprise 

collections of related process model variants ( process variants for 

short) [37] . Process variants pursue the same or a similar business 

objective (e.g., product sale) and can have activities (and their or- 

dering constraints) in common. Nevertheless, process variants dif- 

fer in their application context , such as the regulations to comply 

with in different countries, and some activities may be relevant 
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only for certain contexts [10,13,37] . All the context factors causing 

process variability are typically known at design time [15,37] . 

A collection of related process variants can be referred to as 

process family [37] . In practice, such a family may comprise hun- 

dreds or thousands of process variants. Hallerbach et al. describe a 

process family from automotive that comprises over 900 process 

variants [23] and Li reports on over 90 variants for medical ex- 

aminations [28] . Finally, check-in procedures at airports are similar 

irrespective of the airport or airline, but variations exist depending 

on the type of check-in (e.g., online or at the counter) or passenger 

(e.g., unaccompanied minors) [10] . Example 1 describes the check- 

in process, discussing its different sources of variability. We will 

use this process as a running example throughout the paper. 

Example 1 (Check-in process) . Numerous variations exist for this 

process depending on different factors. For example, variability 

is caused by the type of passenger (e.g., unaccompanied minors 

and handicapped people might require extra assistance and special 

seats). Another source of variability includes the flight destination 
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Fig. 1. Variants of the check-in process (1). 

(e.g., accommodation information is required when traveling to the 

USA). Finally, depending on the type of luggage (e.g., bulk or over- 

weight luggage), the process may differ because an extra fee has 

to be paid. 

Figs. 1 and 2 show six simplified variants of the check-in pro- 

cess represented in BPMN ( Business Process Modeling Notation ) [12] . 

The variants have been modeled in collaboration with domain ex- 

perts. While these process variants share commonalities (colored 

in grey), they also show differences. Variants 1 and 2 (cf. Fig. 1 ) 

presume that the check-in is done online by the passenger, who is 

identified and assigned in a seat. Variant 1 describes the case of a 

passenger flying from Europe to the USA, which requires accom- 

modation information as well as filling in the electronic form for 

travel authorization (i.e., ESTA form). An electronic boarding card 

is printed and the passenger drops off the luggage at the business 

class counter. The payment of an extra fee at the ticket office is 

required in Variant 2 due to luggage overweight. For Variant 3 , the 

check-in is done at the self-servicing machine and the luggage is 

dropped off at the fast bag-drop counter. Check-in for these three 

process variants becomes available 23 h before departure. 

In contrast, Variants 4–6 (cf. Fig. 2 ) represent the check-in pro- 

cess accomplished at the counter at the airport. Variant 4 describes 

the check-in for an unaccompanied minor (UM). A special seat is 

assigned, an extra form is filled in, and a copy of the boarding 

card is required for the relative accompanying the minor to the 

gate. Variant 5 refers to a handicapped passenger requiring extra 

assistance to accompanying him, whereas Variant 6 corresponds 

to the check-in process of a passenger carrying bulk luggage. In 

these three process variants, check-in may only be performed at 

maximum 3 h before departure, once the counters are opened. The 

boarding card is printed in paper format. 

1.1. Problem statement 

Modeling and evolving process families and ensuring their cor- 

rectness can be very challenging mainly due to their size and het- 

erogeneous application context (e.g., type of passenger, flight des- 

tination, and type of luggage) [37] . This has resulted in the devel- 

opment of approaches that support process variability along the 

process lifecycle, such as C-EPC (Configurable Event-driven Process 

Chain ) [20] . These approaches enable the analysis, design, configu- 

ration, enactment, diagnosis, and evolution of process families, and 

specify process variants by means of configurable process models 

that represent a complete process family [10] . By treating variabil- 

ity as a first class citizen, configurable process models contribute 

to avoiding model redundancies, fostering model reusability, and 

reducing modeling effort s [37] . Fig. 3 shows a configurable process 

model for the check-in process family, created with C-EPC (intro- 

duced in Section 2.2 ). 

When using process variability approaches, PAIS engineers need 

assistance because they have to manually model and manage all 

the elements and dependencies of a configurable process model 

individually [23] . In the model of Fig. 3 , a PAIS engineer needs 

to represent that the activity Print duplicated boarding card for 

the relative for the relative is allowed only if a seat for UM has 

been assigned before. Modeling such constraints manually with the 

primitives currently offered by the existing process variability ap- 

proaches can be tedious and error-prone, especially when a pro- 

cess family comprises a high number of variants and with many 

dependencies. There is a lack of approaches to deal with this vari- 

ability in an explicit manner, especially at a level of abstraction 

higher than the one provided by the existing process variability 

approaches [10] . 

The use of modeling patterns (reusable solutions to a com- 

monly occurring problem [50] ) is a promising way to address these 

issues. For example, adaptation patterns have been proposed for 

creating and managing (individual) process models [50] . These pat- 

terns allow creating and modifying process models and ensure cor- 

rectness by construction . They also provide systematic means for re- 

alizing change operations and aim to reduce modeling effort s [14] . 

However, these patterns do not deal with process variability in an 

explicit manner [7] and hence are not accurate for process family 

management [9] . 
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