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Abstract—When proposing new design patterns or design
guidelines for IEC 61499 Applications, their performance and
quality has to be compared to alternative solutions. Software
measures are a way of achieving that. Although first attempts
towards software measures for IEC 61499 were made, the standard still lacks a solid set of measures to evaluate applications.
Taking a first step in that direction, we propose a set of measures
for an IEC 61499 Basic Function Block.
Index Terms—IEC 61499, distributed control system, software
measure, software metric
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I. I NTRODUCTION
In recent years, the share of software in modern industrial
systems is increasing significantly [1], [2]. Not only the share
of software is increasing, but also its complexity [1], [3].
Hence, the need for design guidelines arises. But how do we
evaluate the quality of such design guidelines?
Software measurement has become an essential part of software engineering. Measurement in general means assigning a
value to an attribute of an entity to compare entities. Therefore,
software measurement aims to quantify certain attributes of a
software product. In the last decades, many software measures
and metrics1 were developed. There exists a number of generic
measures that claim to be applicable to any programming
language and various measures for a certain programming
language. Unfortunately, in the domain of component–based
design, software measures are scarce [5].
In [6], the authors made a first step towards defining software metrics for IEC 61131 [7]. The authors adapted various
existing metrics and evaluated the results. The metrics were
validated and their usefulness was graded by practitioners.
Software metrics specific to IEC 61499 [8], on the other hand,
have yet to be investigated. In [9], an initial attempt towards
software metrics in IEC 61499 was made. The authors also
applied existing metrics, including Halstead’s metrics [10] and
McCabe’s cyclomatic complexity [11], on Function Blocks
1 Measures refer to concrete attributes, e.g., Lines of Code, whereas metrics
refer to abstract attributes, e.g., quality [4].

(FBs). The metrics of all FBs of an application are averaged
to obtain the metrics of that application. Unfortunately, this
approach leads to some shortcomings that we discovered in a
previous work [12].
There we compared three different design patterns for
distributed control applications. Based on an example system, three different control applications were developed in
4diac IDE [13]. Thereafter, the system was modified by
expanding the process in two different ways. The control
applications were adapted accordingly. Finally, the applications and their extensions were compared, using the software
metrics for IEC 61499 proposed in [9]. As anticipated, the
result was in favor of a distributed design. What we did not
expect was, that the metrics for one adaptation decreased
compared to the original system. The reason for this effect
was that the metrics of all FBs in the application are averaged
to generate the application metric. That points towards the
need of adjustments to IEC 61499 metrics.
To overcome the identified limitations, this paper investigates software measurement in general and how to apply it to
IEC 61499 Basic Function Blocks (BFBs) for getting better
feedback about the FB’s design.
In Section II, we will look into existing metrics and software
measurement in general. Based on the findings of that Section,
we will then propose our first step towards profound IEC
61499 measures in Section III. In Section IV, we will preevaluate our measures and how they perform compared to
other measures. Finally, the paper is concluded in Section V.
II. BACKGROUND
Measuring attributes of interest plays a key role in most
engineering disciplines. In software engineering, however,
measurements often lack a solid theoretical basis [14]. Even
well–established software metrics, such as Halstead’s suite
[10] or McCabe’s cyclomatic complexity [11], have been
criticized [15]–[18]. On the other hand, newly developed
software measures and metrics are either not validated at
all or validated by showing a correlation with existing ones.
This holds not only the pitfall of correlating against a non
validated measure or metric, but also of finding a spurious
correlation [15], [19]. To avoid these issues, a closer look into
the discipline of measurement and how to extend it to the
domain of software engineering is needed.

Several authors already tackled this issue [15], [20], [21].
The authors of [20] proposed that a measurement is valid, if
the following points are valid:
• The Attribute we are interested in is valid, if it is
exhibited by the entity we are measuring.
• The measurement Unit is valid, if it is an appropriate
means to measure the attribute.
• The measurement Instrument is valid, if it’s underlying
model is valid and if it is properly calibrated.
• The measurement Protocol is valid, if it lets us measure
an attribute consistently and repeatably.
Another way to validate software measures was proposed in
[22] and in a similar way in [23]. The authors propose to
first define a set of properties, that a measure needs to fulfill.
A measure that does not fulfill one property is not a valid
measure that fulfills all but one property, but rather is no valid
measure at all [23].
The authors in [23] propose that a size measure of a
system S with modules mi ⊆ S needs to fulfill the following
properties:
• Nonnegativity
The size of a system can not be negative:
Size(S) ≥ 0
•

Null Value
The size of an empty system is zero
Size(S = 0) = 0

•

(2)

A. IEC 61499 BFBs
An IEC 61499 BFB consists of an interface and an Execution Control Chart (ECC), see Fig. 1a and Fig. 1c respectively.
The interface shows all event and data connections leading to
and from the BFB. Inside, the BFBs functionality is modeled
by an ECC. The ECC is a state diagram that is responsible
for controlling the execution of actions. It consists of states
(blue) that are connected by transitions. Each transition may
also have a condition, e.g., a certain input event arriving. When
entering a new state, it’s algorithms (green) are executed and
output events (red) are fired, also called actions. Afterwards,
the current state stays active until an outgoing transition
condition is fulfilled and the next state is entered. Additionally,
an ECC may have internal variables. Fig. 1b and Fig. 1d
summarize the attributes of a BFB interface and ECC.

Module Additivity
The size of a system is equal to the sum of the size of
its disjoint modules.
(m1 ∩ m2 = S and m1 ∪ m2 = 0)
⇒ Size(S) = Size(m1 ) + Size(m2 )

•

(1)

the density of an object, has to be calculated from other direct
attributes [15]. This implies that a clear understanding of the
relationship between attributes is needed to calculate derived
attributes. Especially in software engineering, we lack this
clear understanding, two software engineers might even argue
about the definition of an attribute itself, e.g., complexity. This
makes the attempt of finding a metric of a complex derived
attribute doomed to fail. Therefore, we will focus on direct
attributes, that will be validated according to the properties
summarized in Section II. Before we introduce our proposed
measures, we will shortly explain IEC 61499 BFBs, the atomic
units of IEC 61499 Control Applications.

Interface
Input Events
Output Events
Input Data
Output Data
Adapters

(3)

Size monotonicity
Adding modules does not decrease size.

(a) Interface of a BFB.

(m1 ∪ m2 = S and m1 ∪ m2 6= 0)
⇒ Size(S) ≤ Size(m1 ) + Size(m2 ) and

States
Transitions
Algorithms
Actions
Internal variables

(4)

Size(S) ≥ max(Size(m1 ), Size(m2 ))
The properties proposed in [22] are more restrictive. One
property, for example, requires the measure to not be too
coarse, meaning it is undesirable for a measure to lead
to the same results for too many different systems. As it
would exceed the scope of this paper, we will not discuss
all properties in detail, please refer to the original work for
reference.
III. P ROPOSED S OFTWARE M EASUREMENT FOR
IEC 61499 BFB S
Utilizing this theoretical background, we will propose a set
of measures that measure the direct attributes of a BFB. In
general, the attributes of an entity can be divided in direct and
derived attributes. A direct attribute can be measured directly,
e.g., the height of an object, whereas a derived attribute, e.g.,

(b) Attributes of a BFB Interface.
ECC

(c) ECC of a BFB.

(d) Attributes of a BFB ECC.

Fig. 1: IEC 61499 BFB.
B. Newly proposed measures
Instead of combining these attributes, attempting to come
up with a revolutionary metric that may or may not fulfill
the properties of Section II, each of them will be part of a
measure set. Our measure set will therefore consist of size
measures of each attribute (e.g., the total count of all states).
Additionally to the BFBs attributes listed in the previous
section, we include the ECC’s independent paths. McCabe’s
Cyclomatic complexity has been criticized as a complexity

measure, but it is a valid measure for independent paths of
a graph. As the ECC is already a graph, it seems obvious to
include that attribute. To measure the size of the algorithms
we use Lines of Code (LoC). A line of code will be counted,
if it is not a blank line or a comment.
Instead of choosing a table to represent this measure set,
we propose to plot the measures in a spider chart. We call
these new measures Spider Chart BFB Measures. The Spider
Chart BFB Measures for the FB from Fig. 1 are shown in
Fig. 2. The proposed Spider Chart BFB Measures provide the
following advantages:
• They are easy to compute.
• They are easy to validate (cf. Section II), ensuring a sound
base for future work.
• Spider charts facilitate comprehensibility compared to
tables.
• Calculation and visualization of Spider Chart BFB Measures can easily be implemented in any IEC 61499
development environment.

Fig. 2: Spider Chart BFB Measures of the example BFB shown
in Fig. 1.
C. Validation of Proposed Metric
To validate the Spider Chart BFB Measures, we will check
whether the properties introduced in Section II are fulfilled.
We will start with the properties proposed by [20].
• All Attributes included in the Spider Chart BFB Measures can be directly associated with a BFB.
• The Units of all attributes are a count based on a
reference element.
• The Instrument to measure the attributes will be a
program that performs the counting of each attribute.
• The measurement Protocol, e.g., counting all states of a
BFB, has to be implemented correctly in the program.
Therefore, the measurement of all attributes is valid according
to [20]. Next, we will check the properties suggested by [23].
• Nonnegativity: This property is fulfilled by all submeasures of the Spider Chart BFB Measures.
• Null Value: This property is fulfilled by all sub-measures
of the Spider Chart BFB Measures.
• Module Additivity: Interface elements, states, transitions, internal variables and independent paths of the ECC

•

are unique, therefore, e.g., adding one additional state will
always increase the state count by one. An algorithm on
the other hand, can be called by several states. Calling
an existing algorithm a second time will not increase
algorithm LoC. Adding a new algorithm will increase
algorithm LoC by the lines of code of that algorithm.
Therefore, algorithm LoC fulfills this property.
Size Monotonicity: The same line of argumentation that
was used for Module Additivity can be used here and
therefore, all sub-measures fulfill Size Monotonicity.

The Spider Chart BFB Measures fulfill all size properties,
as introduced in [23]. The successful validation of the Spider
Chart BFB Measures provides a solid basis to build upon.
In the next section the Spider Chart BFB Measures will be
applied to two example BFBs to get a first impression of their
practicability. Additionally, they will be compared to previous
IEC 61499 measures.
IV. P RE - EVALUATION
As an example, two different implementations of the same
functionality are compared. The example functionality is, that
depending on whether the Boolean input G is set to true or
f alse, the data input DI is multiplied by a different constant.
The result is stored in the data output DO1. After setting the
output, an output event EO1 is fired.
When designing a BFB, there are several solutions that
lead to the same functionality. The first version, M yF B1,
implements most of the functionality as states and appropriate
transition conditions, as shown in Fig. 3b. In contrast to
that, the second version, M yF B2, implements most of the
functionality inside of an algorithm, as shown in Fig. 3c. Both
BFBs have the same interface, which is shown in Fig. 3a.
Experts confirm that the way this functionality is implemented
strongly depends on the personal preferences of the automation
engineer. Furthermore, two FBs with the same functionality

(a) Interface of
M yF B1
and
M yF B2. Events
are marked in red,
Boolean inputs in
grey and integer
in and outputs in
blue.

(b) ECC of M yF B1.

(c) ECC of M yF B2.

Fig. 3: Implementation of M yF B1 and M yF B2.

are compared. This suggests that the results for both FBs
should be within a similar range.
Fig. 4 shows that the spider chart of M yF B1 has high
values in States and Transitions. Compared to that, M yF B2
shows a high value in Algorithm LoC. The measures indicate
that two FBs of similar scope are compared.

by comparison to previous measures. As the Spider Chart
BFB Measures were validated successfully they provide a solid
basis to build upon.
In future work, we will investigate critical thresholds that
aim at indicating when a single BFB implements too much
functionality and should therefore be split. This approach is
already state of the art in development environments of many
programming languages.
Most importantly, we will focus on how to extend the
proposed measures to Composite FBs and to IEC 61499
Applications. This should not only provide a way for scientists
to evaluate their potential new design guidelines, but also
support automation engineers in designing applications.
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Fig. 4: Spider Chart BFB Measures of M yF B1, shown in
blue, and M yF B2, shown in green.
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