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Abstract—Modern production plants are complex Cyber-
Physical Production Systems with an ever-increasing share of
software controlling and automating their operation. The cus-
tomization of these systems to the needs of their customers and
their frequent evolution over a typically long life-cycle result
in a plethora of variants to be managed. However, reuse still
is mainly done in an opportunistic way, relying on copy-paste-
modify strategies. More systematic, strategic reuse would help
to reduce costs and time to market, but requires approaches
that can be applied to domain-specific languages for developing
distributed control software. In this paper, we propose an
approach to manage variability in IEC 61499-based systems using
delta-oriented variability modeling. We discuss open challenges
and outline a research agenda for variability management in
IEC 61499.

Index Terms—IEC 61499, Variability Modeling, Model-driven
Development, Software Product Lines, Cyber-Physical Produc-
tion Systems

I. INTRODUCTION

Developing and maintaining modern production plants re-
quires innovative methods for software engineering because
such systems comprise complex automation software. A major
challenge arises from the high variability of such Cyber-
Physical Production Systems (CPPSs) [1]. Each production
plant is designed as a unique system tailored to customer
needs resulting in a plethora of variants over time, with
commonalities and differences. Furthermore, the long life
cycles of the physical components result in frequent adap-
tations of the (deployed) automation software [2]. In industry,
copy-paste-modify is a frequently applied strategy for reusing
software among variants. Systematically managing variants
and versions would reduce software engineering costs and
enable more planned, strategic reuse [3].

In software engineering, the concept of software product
lines (SPL) [4] has been proposed to support systematic, large-
scale reuse and address the need for managing variants [3]. An
SPL is centered on the idea of creating variants of software
by systematically reusing and customizing artifacts based on a
common platform. A product line describes the commonalities
and variability of a system for a particular target market or
customer (type), typically in explicit variability models [5].

Together with specific configuration mechanisms, these mod-
els are the basis to support deriving customized products.

IEC 61499 [6] is a domain-specific language for modeling
distributed control software. It defines a hardware-independent
application model that can be mapped to a system configura-
tion and thus supports adapting the control hardware. The ap-
plication itself is comprised of modular software components:
Function Blocks (FBs) and subapplications. The usage of
adapter to group common interface elements further increase
modularity in the application. Hence, variants are stored in the
library as separate types. Extracting common parts into FBs
allows reuse and maintainability through composition. How-
ever, adapting to changing requirements frequently results in a
number of manual changes. For instance, replacing a type may
involve modifying diverse connections and parameters. This
error-prone manual adaptation requires advanced capabilities
for handling the variability of automated production systems.

We propose an approach for managing variability in
IEC 61499 using delta-oriented variability modeling [7], [8].
This approach allows engineers to systematically transform
an existing IEC 61499 model representing one system variant
into other variants. The transformation process is enabled by
describing a list of modification operations in a separate model
called a delta model. Engineers can select any delta model
that corresponds to the modification operations needed for
transforming the existing model. Changes listed in the selected
delta models will transform the existing model, resulting
in a representation of other system variants that replaces
the traditional approach of copy-paste-modify. Hence, delta-
oriented variability modeling can provide better maintainabil-
ity, adaptability, and reusability of a model [8].

II. BACKGROUND AND RELATED WORK

Developing automated production systems requires close
collaboration between various disciplines such as mechanical,
electrical, and software engineering [9]. Decisions from one
discipline may affect how the other involved disciplines design
or implement the system. For example, realizing a specific
requirement for a system (e.g., additional quality checking,
increased throughput) may require additional hardware and
implementation of the corresponding control code. Hence,
describing variability for production systems must span all978-1-7281-2989-1/21/$31.00 ©2021 IEEE



disciplines of production systems development [10]. Covering
all variability aspects of a CPPS in a single model will not
be feasible because each discipline requires a representation
of distinct concerns [11].

Several existing approaches deal with the variability of pro-
duction systems. This includes UML-based variability model-
ing on an architectural level [12], adopting a variability mech-
anism based on Product-Process-Resource (PPR) models [13],
and relating general software variability to process and topol-
ogy in a multi-variability modeling approach [14]. Only one
approach has so far investigated variability in IEC 61499-based
systems, i.e., using a decision model to support (dynamic)
variability in function block networks [15]. This approach,
however, did not focus on integrating variability from multiple
disciplines.

Delta-oriented variability modeling supports expressing
variability in modeling languages [7], [8]. In delta-oriented
variability modeling, a target model is a result of transforming
a core model based on changes described in one or more
delta models. The core model must represent an existing
implementation of a valid software variant. Each delta model
may contain one or more changes (e.g., add, modify, remove)
represented as delta operations and is targeted at a configurable
aspect of the core model. A delta model also contains an
application condition [8] that defines when it will be applied
to the core model. This application condition is usually related
to a variability model [5] (e.g., a feature model) representing
commonalities and variability of (a set of) software systems.
Specifying the application condition in each delta model
prevents unrelated changes from being applied to the core
model. For example, a delta model for adding Function Blocks
that evaluate the room temperature must not be activated unless
the corresponding heat sensor has been selected. This relation
indicates the possibility of integrating delta models with other
variability models (e.g., from other disciplines) via application
conditions.

First works have applied delta modeling to automation
software development. For instance, MontiArcAutomaton [16]
introduced a modeling language for architecture and behav-
ioral modeling in cyber-physical systems using the extended
version of MontiArc [17] to describe variability in a delta
model. Delta modeling has also been introduced to capture and
express variability in multi-perspective modeling composed
of UML activity, component, and state chart diagrams in
manufacturing systems [18].

Our work is focused on expressing variability in IEC 61499
using delta modeling, which to the best of our knowledge,
has not been done before. We aim to use delta modeling
in IEC 61499 and various other models representing other
CPPS disciplines’ (e.g., mechanics, electrics) variability [10].
In the next section, we will present our idea of adopting delta
modeling for IEC 61499.

III. EXPRESSING CORE & DELTA IN IEC 61499

A delta model describes the delta model name, a configured
aspect in a core model, a list containing a sequence of delta

operations, an application condition (using a when-clause),
and (optionally) references to required delta models (using
an after-clause) [19]. Given a valid configuration, both when-
clause and after-clause will determine the order of applying
delta models to the core model.

We define the configurable aspect in IEC 61499 to deter-
mine the granularity of the delta model and its delta operations.
We currently use the definition of software components in
IEC 61499 by Sünder [20] as a starting point to define a
configurable aspect in a delta model. Sünder describes Basic
Function Blocks (BFB), Service Interface Function Blocks
(SIFB), Composite Function Blocks (CFB), and subapplica-
tions as software components in IEC 61499. We will refine
this definition in future work when dealing with variability
models from other disciplines. We use standard delta opera-
tions provided by Seidl et. al. [21] as a starting point for the
IEC 61499 delta operations, which include (1) Set/Unset
to alter a single value reference, (2) Add/Insert/Remove
to manipulate a set of values in many-valued references,
and (3) Modify to alter the value of an attribute. In future
work, we will investigate whether further delta operations are
required.

Creating a core model can be treated as developing a single
production system using IEC 61499. Since the delta model
represents changes to produce system variants according to a
product line, the core model must also represent a valid system
according to the product line. Since delta operations in the
delta model can alter the core model in several ways (add,
remove, or modify), the engineer can decide the core model’s
design accordingly. Engineers may create a big core model
with all possible variations or a minimum IEC 61499 model
representing one production system variant. In the former case
more remove operations will be specified in deltas, in the latter
case more add operations will be defined.

Creating a delta model differs from manually modifying the
core model. Whenever engineers want to adjust a core model
using a delta model, they must select which aspects (e.g., FBs,
subapplications) will be modified and write it in the delta
model. Engineers must only modify one aspect in one delta
model. Also, the name for the delta model must be unique
to avoid conflict and confusion when maintaining multiple
delta models. Engineers must list every possible modification
targeted to the selected aspects using delta operations. Thus,
changes for the core model can now be maintained in a delta
model instead of manually modifying the core model.

Fig. 1 shows an example of a delta model in IEC 61499.
In this illustration, assume an engineer wants to add an
E_STOPWATCH FB to extend a flow between E_CYCLE
and E_SWITCH FBs. Engineers currently are required to
instantiate the E_STOPWATCH FB manually from the Type
Library. Engineers also have to manually restructure the event
connections, so E_CYCLE, E_STOPWATCH, and E_SWITCH
FBs are connected.

These changes would be automatically conducted by apply-
ing a predefined delta model. The delta model could be defined
using a textual representation as illustrated in Fig. 1b with



(a) Graphical Editor

(b) Textual Editor

Fig. 1. The idea of representing deltas in IEC 61499.

(in this example) add and remove delta operations. The delta
model could, however, also be graphically defined and rep-
resented as illustrated in Fig. 1a. An <ADD> annotation here
describes the addition of the E_STOPWATCH FB and the new
event connections. Removing the event connection between
E_CYCLE and E_SWITCH is represented by a <Remove>
annotation and fading the connection color (e.g., the event
connection is drawn as a Grey line).

In the context of IEC 61499, having a graphical represen-
tation will probably make it easier for users to create delta
models. A graphical representation for the delta model also
complements IEC 61499 better as it can help users visualize
the effect of applying a delta better. On the other hand,
textual representations can be used more easily to exchange
information with other tools. Thus, we argue that a delta model
in IEC 61499 should be represented both, using textual and
graphical representations, so that users can choose.

Delta-oriented variability modeling also assists engineers in
maintaining the models when the product line is evolving due
to changes in requirements. Instead of adjusting core and delta
models, engineers can create new delta models to represent
new requirements. Thus, engineers can now use both versions
of models providing more flexibility when maintaining exist-
ing systems.

IV. DISCUSSION & CHALLENGES

The idea of applying delta modeling in IEC 61499 is
our first step to master variability in CPPS using SPL con-
cepts [22], but it is far from done. Several challenges must
be addressed to use delta-oriented variability modeling for
IEC 61499 in the CPPS context successfully. Currently, we

work on solving the challenge of integrating delta modeling
for IEC 61499 with other variability models, error checking
mechanisms, a semi-automatic process for creating delta mod-
els, guidelines to create highly reusable deltas, and facilitating
delta modeling for IEC 61499 in Eclipse 4diac1.

Delta modeling mainly uses feature models to describe
the application condition in a delta model [8]. Expressing
variability for all disciplines in CPPSs using only feature
models will, however, not be sufficient since we are deal-
ing with heterogeneous models not only covering structural
but also process/behavioral variability in and across multiple
disciplines [11]. Thus, we need to investigate how to describe
application conditions for the delta model in IEC 61499 using
heterogeneous variability models. A potential solution could
be to describe logical constraints based on heterogeneous
variability models [10] and use them as application conditions
for delta modeling in IEC 61499.

Since any small change may produce several delta mod-
els [9], the number of delta models must be kept manageable
and maintainable. We argue that having a maintainable num-
ber of delta models is related to how reusable the delta model
expresses changes between system variants. Having a reusable
delta model will ensure that each delta model represents
changes in several system variants, thus reducing the number
of maintained models. One solution to this challenge is to
make sure we have a highly modular design in the core model.
Changes from a core model with high modularity also produce
highly reusable delta models since the core model is easy to
adjust. As a starting point, we can use existing works regarding
design patterns to guide engineers in creating a highly modular
IEC 61499 model [23], [24].

Error checking in delta-oriented variability modeling is
also crucial as defining delta models manually is complex
and error-prone [9]. We plan to address this task in future
work by creating a visualization mechanism and formal ver-
ification [25] to provide an overview of the transformation
results. A benefit of the visualization is to inform the engineers
whether applying specific delta operations will introduce any
errors and fix them accordingly before proceeding before the
transformation process has been applied.

Simple changes such as adding a sensor may require a large
set of delta models to be defined [9]. Hence, we consider
developing a semi-automatic process for creating delta models
by comparing two or more IEC 61499 models representing
valid system variants. Existing works for comparing models
and capturing their differences [26], [27] can be used as a
starting point. Engineers can group these differences into one
or more delta models accordingly.

Lastly, we would like to provide tool support by integrating
the IEC 61499 core and delta modeling concept in Eclipse
4diac. We can use a formal delta modeling definition [8] as a
foundation to build the core and delta modeling concept for
IEC 61499. To implement the concept of delta-oriented vari-
ability modeling inside Eclipse 4diac, we can use an existing

1https://www.eclipse.org/4diac/



framework that can enable delta modeling for any modeling
language such as DeltaEcore [21] or SiPL framework [26].

V. CONCLUSION AND RESEARCH AGENDA

This paper described our idea of managing variability
in IEC 61499-based systems using delta-oriented variability
modeling. We use existing work on software component
definition [20] and standard delta operations [21] in delta
modeling as a starting point of the delta model implementation
for IEC 61499. We also illustrated our idea of representing the
delta model using both a graphical and textual representations.
To ease the process of capturing the delta model in IEC 61499,
we suggest to work on a semi-automatic approach using model
comparison [26], [27].

As the next step, we will refine our general understanding
of delta operations in IEC 61499 by conducting experiments
with concrete systems. We will also discuss with an industry
partner how we can better support the definition and repre-
sentation of the delta model in IEC 61499. We will create a
prototype for manually creating the core and delta model of
IEC 61499 in Eclipse 4diac and a configuration mechanism
to automatically produce a control software system. We will
then deal with capturing deltas automatically, e.g., relying on
model comparison mechanisms, and work on error checking,
e.g., relying on consistency checking mechanisms. We will
combine our delta-oriented approach with other variability
models describing variability in other disciplines in the CPPS
context.
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