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ABSTRACT 

A domain-specific visual language, Function Block 
Language (FBL), is used in Metso Automation for 
writing automation control programs. The same 
engineering environment is used for both forward 
and reverse engineering activities, providing 
convenient support for the maintenance and 
evolution of FBL programs. Various data and 
program analysis methods are applied to study the 
FBL programs stored in project library archives. 
Metadata stored about the program allows various 
kinds of queries and enables focusing the analysis 
to certain kinds of programs. The application of the 
provided analysis methods further aids the 
maintenance and reuse activities.  

Software and data reverse engineering techniques 
are traditionally used to support program and data 
comprehension, respectively. In this paper we show 
how corresponding techniques can be used to 
analyze visual programs. The visual language 
under study in this paper is FBL. FBL and the 
analysis techniques proposed have been used in 
real-world projects at Metso Automation.
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1. INTRODUCTION 

The largest portions of software life-cycle costs are 
shown to be due to maintenance activities [1,2,3]. 
High maintainability is therefore a key quality 
attribute, especially for systems that are expected to 
be subjects for quick and relatively frequent 

changes and to have relatively long life cycles. 
Various reverse engineering techniques can be used 
to support software comprehension and 
visualization that, in turn, support maintenance. 
Software visualization techniques applied to 
software written in traditional, textual programming 
languages can be problematic to be linked with re-
engineering activities afterwards, especially if 
standard notations, such as UML [4], are not used: 
if the reverse engineering tool uses a different 
notation than the one used in software design, 
mappings between the different notations are 
needed. In this paper, we discuss reverse 
engineering techniques used for maintaining visual 
programs. Since the models and views constructed 
from the existing program are presented with the 
same language used for development, the reverse 
engineering activities can be conveniently mapped 
with re-engineering activities, therefore enabling a 
full round-trip support.  

A visual language manipulates visual information, 
supports visual interaction, or allows programming 
with visual expressions [5]. Further, visual 
programming languages can be defined as 
languages for programming using visual 
expressions [6]. The visual programming language 
under study, called Function Block Language 
(FBL), is a domain-specific language used in 
automation industry since 1988. FBL is used in 
paper machine controls, power plants, and marine 
automation and in other various continuous real-
time control systems. With FBL, engineers can 
design visual programs that connect physical 
electrical measurement signals to program 
parameters. Those parameters are referenced by 
symbols containing other values needed as 
attributes. By connecting these symbols the 
engineer can create algorithms to control and run 
actuators, such as valves, motors, and pumps, in the 
process. A simple example could contain an input 
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symbol to read a water level measurement. That 
input symbol could be connected to a   function 
block symbol representing a subroutine for 
calculating and keeping the level. Then the function 
block symbol is connected to an output symbol that 
will modify a control valve position. 

Along the years, the language itself has been 
modified and further developed. The programs 
written are stored in project library archives. When 
storing the programs, metadata is read from them 
and stored into the database. Metadata is used as 
search conditions, according to which desired 
programs can be downloaded from local project 
libraries. Stored programs and metadata together 
allow detailed analysis of programs themselves, 
relations of different programs, and statistical 
reports of the use of FBL. Due to the analysis 
techniques developed and the syntax of the 
language, high reusability of programs and their 
parts have been achieved. 

In this paper, we first give a brief overview to FBL. 
We then present and discuss methods used for 
maintaining programs written with FBL and 
illustrate them with examples. The benefits of the 
program analysis activities carried out are 
discussed. These benefits include, e.g., high 
reusability and improved program quality. 
Analogies to traditional reverse engineering 
activities applied to programs written with textual 
languages are given. 

2. FUNCTION BLOCK LANGUAGE 
(FBL) 

The visual notation of FBL consists of symbols and 
lines connecting symbols. In FBL, symbols 
represent advanced functions. The core symbols of 
FBL, function blocks, are subroutines running 
specific functions to control a process. As an 
example, measuring the water level in a water tank 
could be implemented as a function block. 

Function blocks may contain parameters. As an 
analogy, the role of a function block in FBL is 
comparable to the role of an object in an object-
oriented language. The parameters, which can be 
internal (private) or public, can, in turn, be 
compared to methods of a class. An internal 
parameter has its own local name that is not visible 
outside the program module. A public parameter 
can be an interface port with a local name or a 
direct access port with a globally unique name. The 
external data point is a reference to data that is 
located somewhere else. In distributed control 
systems, calculation is distributed for multiple 
processors. Therefore, if a parameter value is 
needed from another module, the engineer has to 
add an external data point symbol to the program. 
By using this symbol data is actually transferred (if 
needed) from another processor to local memory. 
From these elements, the engineer can, for instance, 

Figure 1 A low-level visual program shown as a Function Block Diagram. The program is for 
controlling a level in a tank. Measurement is read by AIU8 symbol (on the left). The signal is
connected to pid symbol that calculates control actions to open/close value for a valve. The
valve gets open/close value from AOU4 symbol (on the right).
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build visual programs that control some equipment 
in a factory that is running the process.  These 
processes are continuous and controlled in real-
time. 

In addition to function blocks, FBL programs may 
contain the following elements: port symbols (also 
called Publishers) for other programs to access 
function blocks and their values, external data 
point symbols for subscribing data published by 
ports, external module symbols to represent 
external program modules, and I/O module symbols 
to represent physical input and output connections. 
An example FBL program is depicted in Figure 1. 

FBL is an extensible language that allows 
developers to extend the language by adding new 
graphical symbols to it, even without adding any 
new code in the programming environment. This 
and other features of are discussed in more detail in 
[7,8]. 

Mika Karaila was developing the first version of 
FBL in 1988 (Master of Science work). Since then, 
FBL has been further developed at Metso 
Automation. The reverse engineering mechanisms 
presented in this paper have been developed to 
understand how the language has been used over 16 
years and to give tools for further enhancing the 
language. One of the main advantages of FBL is 

high reusability [8]. This is crucial for reducing the 
costs of engineering work.  As in traditional reverse 
engineering methods, higher lever models are 
constructed from existing programs. These higher-
level models are called function groups, which are 
parts of the language FBL itself. These models can 
be reused and new code can be generated from 
them. In fact, the high reusability and the support 
provided by the programming environment allow 
engineers to program at a high level of abstraction. 
The reverse engineering techniques applied are 
discussed in the sequel. 

3. REVERSE ENGINEERING FBL 
PROGRAMS 

Reverse engineering activities aim at constructing 
representations and models of the subject software 
systems in another form or at a higher level of 
abstraction [9]. The new representations are 
constructed after identifying the system’s 
components and their interrelations.  

Clustering in traditional reverse engineering 
methods can be constructed, for instance, by taking 
advantage of the syntax of the programming 
language used, using software product metrics to 
identify highly cohesive clusters, or using existing 
software architecture models and mapping them 
with the lower level details. In Java, for instance, 

automation
metso

Parameters

Figure 2. Function Groups are extracted from low-level diagrams. A dialog with all parameters is shown on the
left, the original diagram is depicted on the right, and down in the middle is the formed Function Group symbol.
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package hierarchies can be used to structure classes 
and interfaces of the system. These hierarchies can 
be extracted by automated means. However, there 
are no guarantees that the packages contain sets of 
classes that conceptually form subsystems or 
components. Software product metrics used for 
identifying subsystems typically measure inter 
couplings and intra cohesion of the sets of software 
elements. These methods can only give educated 
guesses for clustering. Architectural models used in 
top-down reverse engineering approaches provide a 
good way to form a clustering. However, such high-
level models do rarely exist and the construction of 
mappings with lower level software elements is 
typically difficult. In the approach presented in the 
paper, the syntax of the language is used to 
construct high-level models for the programs. 

3.1. Extracting high-level views from FBL 
programs

Project library archives and a database are used to 
store FBL programs and metadata. This allows 
extraction of various kinds of statistical data of the 
programs. When extracting high-level views from a 
particular FBL program, the program stored in the 
database is modified by filtering out irrelevant 
detailed information. Unlike when reverse 
engineering programs written in traditional 
programming languages, no parsing is needed when 
reverse engineering FBL programs.  

From the analysis point of view, the details inside 
individual FBL elements (e.g., function blocks or 
I/O modules) are seldom interesting. The relevant 
components and relations, e.g. for reuse purposes, 
are function blocks, interfaces, and global 
parameters. Interfaces are used to enable 
connections between the program modules. Those 
connections are built in FBL using external data 
point symbols. To get correct connections visible 
we have to reduce information and show only 
connections between control modules. The other 
connections need not be visualized because they are 
always fixed to be the same as control connections. 

In Figure 1, a low-level FBL program is shown as a 
so-called Function Block Diagram. For generating 
an abstract view to this program, the details of the 
program are filtered out and only the input and 
output symbols are preserved. An abstracted view is 
shown in Figure 2. The abstracted program is called 
Function Group, indicating that one symbol 
contains several functions (Function Blocks and 
IOs). The symbol in Figure 2 has two input points 
on the left: HLIM1 and LLIM1. These inputs are 
limit values to form interlock interfaces H, H1 and 

L. On the right there are five outputs HH, LL, H, L 
and H1. The outputs, in turn, are for interlocking 
and for different limit thresholds. If the 
measurement is over H value then the function 
group generates a high interlocking. If the value is 
even bigger and goes over HH value, then the 
function block generates a higher high limit. 
Correspondingly, the function group will generate 
low and lower low limits as signal value goes below 
a given limit. Parameters are captured inside the 
symbol. A program visualizer creates new symbols 
on the fly for each abstracted component. 

The global parameters are in real-world usage 
already given as parameters in each module. In the 
database they can be accessed as attributes of the 
modules. The database is actually used in practice 
for checking the correctness, legality, or allowed 
usage of certain program parameters.  For instance, 
the database can be used for checking that 
parameters are defined. The connection data from a 
port to an external data point exists in the database 
as well. This data is also checked to ensure that the 
control program can access all the values needed. 
The data is therefore both stored in the database 
and validated in the forward engineering process. 

Figure 3 Function Group parameters. 

The global parameters of the module depicted in 
Figure 2 are shown in the Figure 3. The engineer 
can open this dialog from the Function Group 
symbol. In this way he can modify parameter values 
and connect other symbols to the connection points 
of the symbol. Versatile editing functionality is also 
included in the programming environment. For 
instance, he can change parameter values as well as 
orders and the visibility of connection points. 

When compared to traditional reverse engineering 
techniques, a function group can be considered to 
correspond to a subsystem. Unlike in traditional 
approaches where various heuristics or metrics are 
used to help clustering program elements to 
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subsystems, FBL syntax and information stored in 
the database are used to extract the high-level 
views. This difference is significant: when reverse 
engineering FBL programs, the abstractions are 
always “correct”, not educated guesses: the 
abstractions can be used for forward engineering 
activities as such. The differences between high-
level views can only be due to different information 
filtering actions, not caused by different clusterings. 
This makes reverse engineering of FBL programs 
significantly easier than reverse engineering 
programs written in traditional programming 
languages. On the other hand, this also means that 
the reverse engineering activities can be 
conveniently integrated with forward engineering 
activities, providing full maintenance and round-
trip support.  

After constructing the higher-level function groups, 
they can be connected to each other. In FBL, 
internal communication connections are drawn 
inside modules by lines, while for external 
connections the engineer has to give a name. These 
external connections are stored in the database. To 
visualize external connections, database 
information is used to connect symbols as shown in 
Figure 4.  

To limit the size of the group of function group 
symbols, the engineer can select only a part of 
information stored in the whole database. This 
selection can be based on the metadata stored as 
well. In the domain FBL has been used, a 
reasonable part of a large group of modules is one 
process area. In Figure 4, for instance, 12 symbols 
depicted are from the Refiner process. In the 
Refiners process wood is mechanically cut / bladed 
to fibers. This mixture of paper fibers and water is 
pulp. Paper machines make paper from the pulp. 
The Refiner process is controlled by human 
operators from the display like the one shown in 
Figure 5. 

Figure 4 External connections are represented as lines between the Function Group symbols. The 
Refiner program in this figure runs a refining process and allows it to be run either in parallel or 
serial mode. The following Function Group symbols are used in this program: MT = Motor 
Control, MG = Magnetic Valve, CT = Control and LOG = Logical selection. 

Proceedings of the Ninth European Conference on Software Maintenance and Reengineering (CSMR’05) 

1534-5351/05 $20.00 © 2005 IEEE 



3.2. Re-engineering and reusing function 
groups

Reverse engineering and data analysis techniques 
are used to get an overview of FBL programs. The 
environment can be used to generate high-level 
visual programs automatically.  

A typical problem in this step is the layout. As 
indicated in studies, e.g. by Storey et al. in [10], the 
quality of layouts may have significant impact on 
program understanding. According to our 
experiences, this applies also to visual programs. A 
commonly used solution for placing symbols is to 
use some automatic spatial spacing and auto-
routing methods.  The layouts of FBL programs 
have some fixed properties. The FBL programs are 
always read from left to right: inputs are on the left 
and outputs are on the right. The layout problem 
thus mainly concerns the rest of the FBL program. 
The solution selected for layouting FBL programs 
is semiautomatic: the engineer needs to show a 
place for each symbol. Even though this approach 
requires manual intervention, it also has its 
advantages.  The same tool environment is used for 
viewing and reverse engineering on one hand and 
for programming on the other hand. Namely, the 
processes of forward and reverse engineering are 
not separated. In fact, the engineer is typically 
programming at the same time as analyzing a 

reusable (reverse engineered) solution. To be able 
to reuse the existing program, he has to learn the 
program structure first. After inserting all symbols 
needed, the engineer can activate a function that 
completes drawing with auto-routed connection 
lines. This feature is really powerful, because in a 
normal case the engineer has to write each external 
data point / port connection manually in each FBL 
program. Now he can modify symbols and 
connections and in this way re-design the solution, 
e.g., to be more common. 

According to the experiences on FBL and its 
programming environment at Metso Automation, in 
a combined reverse and forward engineering 
environment for visual programming, the role of the 
layouts becomes quite important. Since the program 
analysis activities are often followed by forward 
engineering activities, the layouts constructed when 
analyzing programs should be “correct” and usable 
from the point of view of forward engineering 
activities. Also, since the engineer needs to 
understand the programs before being able to re-
engineer or reuse them, semi-automated approaches 
for constructing layouts have shown to be quite 
feasible. 

When re-engineering programs, existing program 
instances can be changed by extending or 
modifying them. For instance, new function blocks 
can be added, parameter values of existing 
programs can be changed, or connections between 
function groups can be changed.  The engineer can 
thus create new programs that were first extracted 

Figure 5 An operator display to control refining process is shown. Note that the same names 25P-100, 
25LIC-100, 25M-100 are used in diagrams presented earlier. In this display, the symbols are
representing real physical devices. Values are updated from different locations real-time. 
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from the database using reverse engineering 
techniques: he first creates a group of modules, 
which are then visualized with the aid of reverse 
engineering techniques and finally re-engineered 
and/or reused. 

For increasing the degree of reuse and thus 
decreasing the development times, reusing existing 
function groups instead of modifying individual 
programs is preferred. This assumes that the 
existing function groups are general enough to be 
usable in various programs. In many cases, the 
structure of the program itself is reusable but the 
differences occur in parameter values. For enabling 
reuse in such cases, a concept of a template has 
been introduced to FBL. Templates are ready-made 
programs without instance values. They can be used 
by external module symbols. In other words, 
templates describe individual parts of process 
control software, without project specific 
definitions. Actual application instances are created 
when project specific data is combined with a 
template. For a template, the environment generates 
a program according to given parameter values.  

3.5. Using statistical information to support 
reuse and re-engineering

The project library archives contain all 
implemented application solutions. Application 
instances and templates used are stored as DXF-
files (Data eXchange Format) in a directory 
structure corresponding to the project’s process 
hierarchy. These archives are accessible for project 
engineers by a web interface. These detached 
project libraries are then bound under a single 
content management entity. The centralized content 
management solution stores only the essential 
application metadata to a content management 
server and allows the archived files to remain in 
local project libraries. The stored metadata includes 
also links to actual application solution files.  

Metadata is used as search conditions, according to 
which desired programs can be downloaded from 
local project libraries. Other metadata is available 
for analysis. That metadata contains more detailed 
information from each FBL program: function 
block count, primary function blocks, entity count, 
I/O count and creation and modification time. A 
rough estimate for the project complexity is 
calculated as an average: number of function blocks 
divided by the number of I/O connections. The 
engineer can give conditions like a description and 
a process area to find certain type of solutions. As a 
result, he might get a list of couple of hundreds of 
diagrams. From the list he can then read those and 
other metadata and then look at to more detailed 

data and also to use quick viewing to look at real 
programs. 

According to the experiences on FBL and its 
programming environment at Metso Automation, 
usage of metadata provides very powerful means to 
make queries on programs and to support program 
comprehension and analysis, especially concerning 
the evolution of the programs. We believe that 
support for using metadata would also be useful in 
traditional reverse engineering environments. 
However, such support is seldom provided. 

Even though a lot of metadata is stored on each 
FBL program, its amount is relatively small 
compared to the amount of actual programs. The 
information archived is currently from roughly 200 
projects. There are about 40 Gb of compressed 
diagrams, while the amount of metadata is only ca 
850 Mb.  Typically, the access rate is about 2000 
searches in a month. 

Usage of a database for storing FBL programs 
provides also a good source for evaluating and 
comparing individual FBL programs and their 
parts. Karaila and his engineering group have 
developed such tools at Metso Automation. 
Similarities among several programs that do not 
reuse the same core elements indicate that 
unnecessary rewriting has been carried out and that 
reusable components may be needed. By 
composing such common structures as reusable 
components (templates), the existing programs 
become more maintainable. Also, such reusable 
components are likely to be used also when writing 
new programs.  In fact, the analysis tools can be 
used for developing an optimal set of reusable 
templates: a compact set of highly reused templates. 
If the set of templates is too large, their benefits 
become less obvious and suitable templates are 
more difficult to be found.  

The round-trip support together with the usage of 
database and data reverse engineering techniques 
[11], including gathering of statistical information 
on the existing programs, provide a powerful 
mechanism for constructing high quality programs, 
for achieving high reusability, and for decreasing 
the development times. 

4. SOFTWARE VISUALIZATION 
AND VISUAL PROGRAMMING

Graphical representations are usually considered 
more intuitive and easier to understand than textual 
ones, because the human nervous system is 
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especially tuned to detect and process visual 
stimuli. Therefore, graphical representations are 
relatively easy to comprehend, especially if a lot of 
information is included and it is structured. This is 
also an underlying reason why graphical views are 
often used in reverse engineering tools to illustrate 
certain, typically high-level static or dynamic 
aspects of the subject software [12,13,14,15].  The 
visualization technique used has a major impact on 
software comprehension. Koschke discusses the 
following software visualization concerns in [15]: 
semantics, scalability, evolution, multiple users, 
multiple views, static and dynamic visualization, 
cognitive models, and interoperability. We will 
address some of these concerns next from the point 
of view of analyzing visual programs, focusing on 
FBL.  

When reverse engineering FBL programs, the 
engineer is “forced” to consider the semantics of 
each program element of the extracted programs, 
since he needs to place symbols manually. In the 
domain of control programs in automation industry, 
for which FBL is used, the individual programs are 
small, which makes the selected approach feasible. 
The main difference between the approach 
presented in this paper and traditional software 
visualization techniques is that no notational shift is 
needed when further using the extracted views, e.g. 
for reuse or re-engineering purposes. Since the 
same engineering environment is used for forward 
engineering, maintaining, and re-engineering, the 
interoperability and multi-environment concerns are 
not real problems in this case. The engineering 
framework used is a client-server based architecture 
for the multi-user projecting.  

Scalability in the case of reverse engineering and 
maintaining FBL programs is not a big problem in 
practice, since only a selected part of the database 
content is analyzed at a time. In a normal case, the 
engineer takes program modules from one process 
area at a time. The amount of the modules is 
reasonably small in typical cases, namely, less than 
100 modules. The largest FBL programs contain 
more than 1000 function blocks, which are split 
into 30 pages. A page is one visible area that the 
engineer can see and use. If the amount of symbols 
is so high that they do not fit in one page, the 
engineer can create a new page and place the other 
symbols there. The environment used at Metso 
Automation has proven to be scalable enough for 
the practical needs. It should be noted, though, that 
the scalability could not generally be considered as 
a minor or non-existing problem in the case of 
visual programs. In fact, the amount of information 
that can be captured in graphical notations without 
sacrifying comprehensibility is often rather limited.  

The development time can be really short in the 
case of building FBL programs. The engineer can 
first create individual modules and then build new 
solutions in one day using provided reserve 
engineering and re-engineering features. A typical 
small delivery project can be implemented in few 
weeks and tested in couple of days with the 
customer.  

5. DISCUSSION

In this paper we have discussed reverse engineering 
and maintenance of visual programs written in FBL. 
FBL is domain-specific language for implementing 
control programs for automation industry. The core 
of FBL was implemented in the late 1980´s. The 
software quality and usability has been improved 
based on internal measurements carried out at 
Metso and based on feedback from satisfied 
customers. In the programming environment, there 
has been a steady evolution and a desire to improve 
it. User group feedback has been collected to make 
further improvements, in a similar way to works 
presented in [16,17,18]. 

The same environment that is used for development 
is also used for reverse engineering and maintaining 
FBL programs, thus providing a full round-trip 
support. Written programs and metadata are stored 
in a database, enabling various kinds of analysis 
methods on the evolution of FBL programs and 
their modules. The environment has been used for 
implementing real-world automation control 
programs over several years.  

The implemented environment together with the 
information on existing FBL programs gives 
engineers better understanding on the large existing 
group of FBL modules and their connections. The 
same kind of presentation of control diagrams and 
interlockings is actually presented in German 
energy sector. This association of power and heat 
generating utilities is named VGB (German 
appreviation from Vereinigung der 
Großkraftwerksbetreiber [19]). The documentation 
of the whole factory and its processes (water system 
or power generation) are normally written 
according to association guidance that is quite close 
to our function group. Similar standard is System 
Control Diagram that is specified in Norway [23]. 
The symbols and principles are almost same as in 
programming with Function Groups. 

To a great extent, the future design of controls 
could be carried out using function groups. 
Engineers who design advanced controls are 
seldom interested in details, but would rather like to 
program at higher level of abstraction, namely 
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using function groups. The engineering 
environment indeed allows that. 

The actual experiences of the environment are still 
under study. Function groups are constructed for 
different processes to compare control structures 
and patterns that are used. From these existing 
solutions we will find out most common building 
blocks by statistical analysis using metadata stored 
in a reuse library.  During last five years more 
entities and diagrams have been used in projects 
than before. The complexity of the programs has 
been almost at the same level. The conclusion of 
this five years trend is that the automation level is 
increasing steadily. Therefore, there is more 
implementation work in each project. 

The experiences gained so far indicate that similar 
physical processes with the same kind of machinery 
are easier to understand and reuse as high-level 
models, namely as packages with function groups in 
our case. Similar experiences have been presented 
e.g. by Wilkening et al. in [20]. This also supports 
understanding on how to combine hardware and 
software as complete products [21]. 

The experiences gained have shown that FBL and 
the engineering environment used is a flexible, 
practical, and well suited for the domain it is 
designed for, namely automation industry. We 
further believe that many of the features and 
advantages of the proposed FBL environment can 
be useful in traditional reverse engineering 
environments. In fact, features and benefits of an 
engineering framework corresponding to one 
discussed in this paper have been presented, e.g., by 
Tilley in [22].  

One of the most valuable parts of the proposed 
work is a possibility to reuse and re-engineer 
existing solutions.  Unlike what is often used in 
traditional reverse engineering environments, semi-
automated methods for constructing layouts have 
shown to be quite useful and feasible in the FBL 
environment. The semi-automated layout 
encourages the engineer to gradually learn the 
program, which is in any case required before he is 
able to re-engineer or reuse it. In addition, the 
usage of metadata has shown to be quite useful for 
querying the program database and to support 
program comprehension and analysis, especially 
concerning the evolution of the programs. Similar 
advantages could also be gained in traditional 
reverse engineering and program analysis tool 
support. We believe that traditional reverse 
engineering environments could provide more 
advanced support for using metadata than what is 
currently available.  
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