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Abstract

In our reengineering project, we regard architecture
modeling and reengineering techniques of telecommu-
nication systems. Our work concerns analysis and re-
structuring of such systems, including the re-design
and re-implementation. As telecommunication sys-
tems are often planned and modeled using state ma-
chines, it seems reasonable to analyze the systems also
on the more abstract representation level of state ma-
chines. This paper presents a reengineering approach,
in which we extract the state machines from PLEX
source code, verify their consistency with the original
specification documents, and use the information for
further reengineering steps.

1 Introduction

In the E-CARES1 research project, we study con-
cepts, languages, methods, and tools for understand-
ing and restructuring of complex legacy systems from
the telecommunications domain. The project is a
cooperation between Ericsson Eurolab Deutschland
GmbH (EED) and Department of Computer Science
3, RWTH Aachen University. The current system
under study is Ericsson’s AXE10, a mobile-service
switching center (MSC) comprising more than ten
million lines of code written in PLEX (Programming
Language for EXchanges) [2]. This language was de-
veloped in about 1970 at Ericsson and is still in wide
use within the company. PLEX systems are embedded
real-time systems using the signaling paradigm, thus
they pose additional requirements regarding fault tol-
erance, reliability, availability, and response time.

According to the model introduced by Byrne [1],
a reengineering process comprises three phases: re-
verse engineering, modification, and forward engineer-
ing. All of them are supported by our reengineering
tool environment (for details see [3]). In the reverse
engineering phase, we use different sources of infor-
mation. The most important and reliable one is the
source code of the PLEX system. For representation
of the legacy systems, we follow a graph-based ap-
proach, i.e. all underlying structures are graphs and
editing operations are specified by graph transforma-

1The acronym E-CARES stands for Ericsson
Communication ARchitecture for Embedded Systems.
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Figure 1: Reengineering Model by Byrne [1]

tion rules. We parse the source code and instantiate
a graph describing the system structure, comprising
its communication, control flow, and data flow. This
structure graph consists of a main system node, sub-
system nodes, block nodes, and the nodes for differ-
ent program parts of each block (e.g. subroutines, sig-
nal entry points, data structures). The nodes are con-
nected to each other by various kinds of edges (e.g.
contains, goto, calls, from source, to target). On this
graph, the user can perform various types of analyses
by using different visualization and query techniques.

The tool supports also the modification phase by
offering some complex algorithms for suggesting how
to improve the legacy software. The user can inter-
actively adapt the suggested transformations taking
the semantics of the software into account or edit
the graph manually. All modifications of the structure
graph can later be propagated from the design level to
the implementation level by using a TXL-based tool
to generate the new source code.

2 Extraction and Modification
of State Machines

When developing telecommunication systems, engi-
neers often think in terms of state machines and pro-
tocols. Indeed, many parts of the AXE10 system were
originally specified with state machines. We argue
that reengineering can only be successful if this rep-
resentation level is also considered. Up to now, all
modification approaches in our project concerned the
structure graph, corresponding to the design level of
the model in figure 1. The extension presented in this
paper focuses on the specification level, where parts



ENTER C7ABORTREQEXEC WITH MECAPP;
CASE MECAPP:STATE IS 

WHEN ABORTPENDING DO GOTO ABORTPENDING340;
...
ABORTPENDING340) 
...
  MECAPP:STATE = WAITRELEASE; 
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Figure 2: Extraction of State Machines

of the PLEX system are additionally represented as
state machines. According to the model, we lift the
abstraction level from design to specification level.

Generally, there is no explicit support for the im-
plementation of state machines in PLEX. They are
simulated by global enumeration variables whose pos-
sible values represent the possible states of the PLEX
program during execution. Following the graph-based
approach, our reengineering tool instantiates the state
machines as independent graphs, allowing to apply
different analyses and graph transformations. These
state machine graphs are derived from the structure
graph when certain patterns appear. Usually, these
patterns comprise an assignment to the state variable,
which indicates a transition in the state machine.

The example in figure 2 shows parts of the PLEX
source code, the corresponding subgraph of the struc-
ture graph, and the extracted part of the state ma-
chine graph. The source code starts with an EN-
TER statement waiting for an incoming signal named
C7ABORTREQEXEC. In the next line, a CASE
statement on the STATE value of the received record
MECAPP decides whether to jump to the statement
sequence labeled ABORTPENDING340. Given the
current block state ABORTPENDING, the new as-
signment of the STATE variable indicates the new
state WAITRELEASE. The structure graph created
for this code comprises all the information required
for the state machine extraction. It is one of the ma-
jor patterns used in our extraction algorithm. The ex-
traction of the state machine starts at the signal entry
points and looks for paths to statement sequences that
change the state variable. For each assignment to the
state variable there is a new transition created that is
labeled with the signal name. The name of the source
state is stored in the GOTO edge and the name of the
target state is contained in the analyzed MODIFIES
edge. The resulting state machine graph is shown in
the upper part of the figure.

Before continuing developing concepts and tool ex-
tensions for state machine analysis, we wanted to

guarantee the utility of the extracted information. We
extracted the state machines of several PLEX blocks
and by using a simple parser compared them automat-
ically with the specification files we got from Ericsson.
Our final results showed that the extracted state ma-
chines contained all states and all relevant transitions
described in the specification documents (e.g. for one
of the major system blocks comprising 17 states and
53 transitions). All occasionally emerging problems
during the analysis originated in outdated versions of
our PLEX files.

After the extraction, the additional information
visible in the state machine graphs can be taken into
account when re-designing the structure graph. Cur-
rently, our most important area of application for
state machine analysis is merging and splitting of
PLEX blocks. Merging of small blocks into one big-
ger block can reduce the number of exchanged sig-
nals and thus improve the system performance. After
the merging, the new block usually implements several
state machines which could also be merged in order
to reduce the state space. Splitting a block into sev-
eral independent blocks is usually done when the block
reaches a size which makes maintenance too painful. If
a block implements several state machines, the split-
ting of the structure graph should result in two blocks
each containing one of the original state machines. If
the block contains only one state machine, a preced-
ing splitting of this state machine and the adaption
of the structure graph (e.g. by providing a new state
variable and dividing the state space) are required be-
fore splitting the structure graph.

3 Outlook

The introduced extraction algorithm has been suc-
cessfully implemented. Also some basic re-design al-
gorithms for the structure graph considering the state
machines have been developed. Future work concerns
the study of simple operations directly for the state
machine graphs and the corresponding changes to be
propagated to the structure graph. The goal is to
prove generally that automatic source code generation
after restructuring of state machine graphs is possible.
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[2] Marburger, André: Reverse Engineering of
Complex Legacy Telecommunication Systems.
Shaker Verlag, Aachen, Germany, 2004. ISBN 3-
8322-4154-X.

[3] Mosler, Christof: E-CARES Project: Reengi-
neering of Telecommunication Systems. In
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