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Summary

This document describes the outcomes of the application of TTCN-3-based technologies which
have been provided within the TT-Medal project to case studies in the automotive, banking
(financial), railway, and telecoms domain.

As a summary assessment it can be stated that TT-Medal technologies have been successfully
applied for the case studies. In more detail, this means that TTCN-3-based technologies have
been used for testing software in these domains and that the testing requirements that have
been stated from these case studies are met by TT-Medal.
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EXECUTIVE SUMMARY

This document describes the outcomes of case studies which have been performed within the TT-
Medal project. In this ITEA project, TTCN-3-based technologies have been developed and applied to
test software in the automotive, banking (financial), railway, and in the telecommunication domain. As
a summary statement it can be stated that TTCN-3 has been successfully applied in these domains
which means that it was beneficial to take TTCN-3 to test the software and that TT-Medal has met all
requirements which have been specified by the case study providers at the beginning of the TT-
Medal project.

This public document is a summary of four domain specific evaluation reports which are internal to
TT-Medal. Within the TT-Medal project it was considered to be useful to distribute the outcomes of
the case studies also to people who are not involved in the project, so this document has been
produced. Since it is a summary, much more detail can be found in the internal reports mentioned
throughout this document. If there’s a request for more information please visit the TT-Medal website

www.tt-medal.org
or contact the TT-Medal project leader:

Dr. Colin Willcock

Address: Itamerenkatu 11-13, FIN-00100 Helsinki
Phone: +491732984166

E-Mail: colin.willcock@nokia.com
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1 INTRODUCTION

The objective of the TT-Medal project (see www.tt-medal.org) was to develop the methodologies,
tools and gain industrial experience to enable European industry to test more effectively and more
efficiently. The project has introduced the latest testing technology, developed by ETSI, into
European industry. This new technology based on the TTCN-3 testing language provides common
methods and tools to enable re-use of testware between different phases of a product's life cycle.

TTCN-3 combines advantages of increased productivity and power together with a sufficient level of
formalism and a component model that gives the possibility to obtain reuse in testing. The TTCN-3
language has also influenced the upcoming UML 2.0, indeed TTCN-3 can be considered the first
implementation of the UML 2.0 testing profile.

The approach of the TT-Medal project was to apply TTCN-3 into a wide range of application
domains. The methodology and tools developed are expected to fit to many domains, not just
telecommunications. The goal was to develop testing methods and tools that cover the whole life
cycle of a product starting from the initial simulations and ending up with regression testing during
the maintenance phase.

The methods should enable reuse of test data both between products and between different phases
of the development process, enable automatic generation of tests as well as automated deployment
of tests. The methods and tools have been evaluated in several real industrial cases in the
automotive, banking (financial), railway, and telecommunication domain.

A summary of the outcomes of these case studies are described in this document. More detailed
information about the outcomes can be found in [10] - [13].

This document is structured as follows: the following Chapter 2 contains a summary of the case
studies. Chapter 3 gives a brief overview about the requirements that have been stated by the case
study providers at the beginning of the TT-Medal project. A summary of the outcomes of the case
study is described in Chapter 4. Chapter 5 contains a summary conclusion statement concerning the
outcomes of the case studies performed.
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2 CASE STUDIES SUMMARY

In TT-Medal, six case studies have been performed in four application domains: the automotive,
banking (financial), railway, and telecommunication domain. They are explained shortly in the
following:

Automotive case study

The systems under test have been in-car telematics systems, i.e. systems consisting of integrated in-
car entertainment and infotainment components such as the Head Unit (central user interface for the
driver), Navigation System, Radio, Audio Amplifier, CD Changer etc. Most of the telematics features
are realised by the simultaneous interplay of these components, e.g. on receiving a telephone call,
the CD Player is paused and the Audio Amplifier allocates audio channels to allow for hands free
speech using microphones and speakers built into the dashboard.

The most cost effective way to continue innovating in all these areas is to allow the devices to be
developed independently by different suppliers and then be connected together using standard
hardware and software interfaces. Challenges for testing arise due to the limited testing interfaces
available at the integration testing phase. The behaviour of the delivered components can only be
observed via their interfaces to the rest of the system. The various components of the system are
connected using several networking standards of which MOST and CAN are currently the most
prominent.

Figure 1 depicts the architecture of the automotive telematics case study. A tester (a special test
component) connected to the telematics ring sends test data in form of messages and observes the
behaviour of the telematics components. For accessing and observing the MOST ring two special
devices, called Optolyzers, are used. Test cases specified in TTCN-3 and executed on this
telematics configuration are simulating user actions on the Head Unit as for example the switching
between several telematics functions or devices (e.g. between the CD-Player and the Radio or
between the Radio and the Navigation Device).

Figure 2 depicts the demonstrator for the automotive case study as shown during the ICSTest
conference in Dusseldorf, Germany, 6" to 8" of April, 2005 (www.icstest.com) and an enhanced
version of the demonstrator as shown at the ITEA Symposium in Helsinki, 14" and 15" October,
2005 (www.itea-office.orq).

For a much more detailed description of the automotive case study and the demonstrator have a
look at [2] and [3].
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Figure 1: Automotive telematics case study configur ation

Dusseldorf vers}on Helsinki version

Figure 2: Automotive case study demonstrator

Financial case study

The goal of the case study in the financial sector is to show if and how TTCN-3 is applicable in this
domain. Applicability in two areas was considered: 1) the users and their efforts to specify TTCN-3
test cases, and 2) the financial applications and the way an automated TTCN-3 test execution
environment can interface with them.
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In this case study we have focused our efforts on testing the graphical user interfaces (GUIs) of
financial applications (see Figure 3). Not only because these are representative of the domain, but
also because GUI-testing is a field not much explored yet by the TTCN-3 community. Furthermore,
we established integration with TestFrame, a proprietary test language and tool, widely used in the
financial testing world.

It is common for testers in the financial domain to take a more end-user-oriented approach. This
translates itself into higher abstract test descriptions. Therefore we have chosen to use the
TestFrame Language (TFL) as the specification language. We provided a mapping from TFL to the
TTCN-3 core notation — this makes TFL a new presentation format. Furthermore, we implemented
an automated translator based on this mapping.

To communicate with GUI applications we have integrated a GUI test module from TestFrame into
the TTCN-3 test execution architecture. We did this by providing it with a TTCN-3 codec and system
adapter interface. We have used this combination of TestFrame and TTCN-3 to specify and execute
test cases for two applications widely used in the financial world: Globus, a banking application used
in 150 banks around the world, and Siebel, a customer relations management application.

Figure 4 depicts the demonstrator for the financial case study as shown at the ITEA Symposium
mentioned before. For more details concerning the financial case study and the corresponding
demonstrator see [4] and [5].

TTPL oo
T Medal
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Figure 3: TFL to TTCN-3 transformation and application in the financial case study
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Figure 4: Financial case study demonstrator

Railway case study

The TTCN-3 railway case study is about testing interlocking subsystems of railway control systems.
A railway control system consists of three layers: the logistic layer, the interlocking layer and the
infrastructure layer (see Figure 5).

TOSIFTIC LAYVER

W

TMTERLOCKTIMNG

oo

THFR ASTRUCTURE

Figure 5: Railway control system layers

The most important part of the logistic layer is the user interface functionality. The infrastructure layer
deals with low level operations. It will execute control commands such as moving points into position,
sending ATB (Automatische Trein Beinvloeding / Automatic Train Protection) information and setting
up signals. Besides that, it is responsible for detecting the presence of trains, detecting if points are
locked in position, detecting if all lamps of signals are functioning, etc. It is the responsibility of the
interlocking to execute commands given by the logistic layer, but only if they are safe. Unsafe
commands must be rejected. It is also the responsibility of the interlocking to respond to unsafe
conditions in the infrastructure, detected by the infrastructure layer.

Starting from general safety requirements defined by CENELEC standards EN
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50126/50128/50129, we have developed a test suite for testing the interlocking of Hoorn-
Kersenboogerd station (a railway station in the Netherlands). The layout of Hoorn-Kersenboogerd
is drawn in Figure 6. The station consists of several sections of track (52D, 62A/B/C, 66A/B/C,
69A/B, 70A/B/C, 73A/B, 74A/B), 8 signals (60, 62, 64, 66, 68, 70, 72, 74), 2 coupled points (69A/B
and 73A/B) and a level crossing. It is a small station, but it contains examples of the most
important devices.

Road
@ s @ .
sC B6E | d6A ) 4 ) - - )
t t t — t t t
7
L2 SN -+: BN 820 oA | &E , M, OB - )
t t t t t t t t t
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Figure 6: Layout of station Hoorn-Kersenboogerd

To get an idea of test suites (which are in fact test scenarios) derived from standards let us give an
example for the Hoorn-Kersenboogerd station. The request to the interlocking is the setting of a
route from signal 70 out onto the track past signal 72. This means that the interlocking should set the
signals and points in such a way that a train waiting in the station at signal 70 can proceed past
signal 72.

For this operation to be safe a number of things must happen:
Coupled points 73A/B must be moved into the right position (wrong direction otherwise).
Coupled points 69A/B must be moved into the right position (possible derailments otherwise).

During the above operations signal 70 must show red. Once the operations are complete signal
70 must change to an appropriate non-red state. (E.g. green if the track past signal 72 is
completely free or yellow if the next signal is red.)

We have implemented a TTCN-3 test system with simulated time for executing this kind of test
suites. In this case study, we have provided a complete approach to testing railway interlockings:
starting from developing test cases, proceeding with implementing the test system and finally
automatically executing tests and interpreting results. This experience shows that TTCN-3 is suitable
to provide standard solutions for testing railway control systems. For more information concerning
the railway case study see [6] and [7].
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Telecommunication case studies

Within the telecom domain, three case studies have been performed. They will be explained in the
following.

Telecom SMLC case study

This case study uses a typical conformance tester for a network element of GSM. GSM s the 2™
generation network for mobile communications, which is deployed in Europe and in a lot of other
countries. An SMLC is a GSM network element needed in location based services. It operates under
control of a BSC and provides positioning data to the BSC. To compute the positioning information it
uses the services of one or several PDEs. The SMLC is taking the role of the client, the PDEs act as
servers. Several TCP connections between the SMLC and the PDEs can be opened simultaneously.

The SUT in this scenario is the SMLC (see Figure 7), the test system takes the roles of one or more
PDEs. Because the test system is acting as a server, it has to accept TCP connections from the
SUT. It has even to accept TCP connection on several ports with different port numbers and also
several connections simultaneously for the same server port.

Two properties of the SMLC have been tested with this test system:

The first property is the correct encoding of messages, i.e. test whether messages are encoded
and decoded correctly by the system under test. For this purposes there are test cases available
both to send correctly encoded as well as incorrectly encoded messages. By sending incorrectly
encoded messages the robustness of the decoder in the system under test can be tested.

The second property is conformance to the standard, i.e. it is checked whether the system under
test implements the correct behaviour. For this purpose a small set of example test cases is
available.

replaced
by tester

Positioning data

Figure 7: SMLC case study configuration

* For an explaination of the abbreviation see chapter 6
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Telecom CORBA case study

The system under test was the operation and maintenance subsystem of a 3G radio access network
element (cf. Figure 8). This subsystem is implemented in an object-oriented way and uses CORBA
as middleware to provide its services and to request services from other network elements. The
system under test is acting simultaneously as server and as client. This means that the system under
test is accessed via several interfaces, at some of these interfaces it is acting as a client, at the other
ones it is acting as a server. The test system acts also as client and as server, but with opposite
roles. This case study has been used to evaluate to which degree the testing of CORBA-based
applications is supported by TTCN-3 in general and by the TTCN-3 tool used within TT-Medal. Three
aspects are important here:

At first, it must be possible to use the IDL definitions — either by importing them directly into the
TTCN-3 code or by converting them automatically to TTCN-3 and using these TTCN-3
definitions. But no manual work should be needed to write TTCN-3 definitions corresponding to
the IDL definitions.

At second, it must be possible to communicate with the SUT using procedure-based
communication with CORBA as middleware. Therefore the SA must contain or must be
connected to an ORB that provides access to this middleware. Ideally, the SA should be generic,
i.e. it should not depend on the IDL definitions.

At third, it must be possible to add implementations of external functions to the test adapter. It
must be possible, that the test system developer can add further external functions to those that
are already needed to control the SA.

TTCN-3
executable
SA/ORB

Figure 8: General architecture for testing CORBA ap  plications

CORBA
application

ORB
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Telecom BIB case study

In this case study, the system under test (SUT) was a Nokia mobile terminal. This mobile terminal is
running two applications. One of these is the actual one to be tested: an implementation of the
Session Initiation Protocol (SIP). Conceptually, the SIP laboratory tester consists of two separate
parts: a TTCN-3 SIP protocol tester (SIP tester) and a Bearer in a Box (BIB, consisting of an Insite
BTS and a BSC Simulator) implementation as depicted in Figure 9. The Insite BTS is a small base
station for indoor usage.

The SIP protocol tester consists of TTCN-3 SIP test cases whose primary purpose are to simulate
SIP entities residing in the network or other terminals, i.e. SIP proxies or user agents. In addition, a
separate test component can be used to interact with a SIP application — the SIP test client — in order
to automate execution of test cases. The tester supports transport of messages to the SUT via
Ethernet and can be used as is in protocol testing. The second part of the SIP laboratory tester is the
BIB. Its task is to intercept SIP data packets from the protocol tester and to replace the Ethernet with
the desired terminal bearer information and radio interface required by the SUT, and vice versa. Both
2.5G and 3G radio interfaces are considered in the case study.

An important aspect of the test execution is to ensure that the transport of SIP messages via the BIB
works, i.e. that no messages are lost in the communication between the protocol tester and the SUT
as well as that the BIB fulfils the minimal performance requirements to execute such a test against a
real terminal. This case study also investigates to which extend TTCN-3 test cases can be reused
between different testing phases by replacing the physical transport bearers.

In Figure 10 the BIB demonstrator as shown at the ITEA Symposium 2004 in Sevilla and at the ITEA
Symposium 2005 in Helsinki is depicted. More detailed information about all the telecom case
studies and the demonstrator can be found in [8] and [9].

Insite BTS

BSC Simulator

Figure 9: Bearer in a Box configuration
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Helsinki version

Figure 10: BIB case study demonstrator
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Please note that this is only an abstract view on the requirements, for the detailed requirements see

3 REQUIREMENTS ON TT-MEDAL [1].

At the beginning of the TT-Medal project, all project partners planning case studies have specified
their requirements on TT-Medal technologies. A compilation and consolidation of these requirements
can be found in [1]. In this document the requirements are grouped into classes of similar
requirements. On an abstract level the requirements could be summarised as follows:

Methodological requirements:

Develop a methodology for effectively and efficiently performing functional tests of software
systems (e.g. the systematic derivation of (functional) test cases from textual standards). The
methodology should allow interfacing with external tools for requirement management (e.g. the
DOORS tool (from Telelogic) or Requisite Pro (from Rational)).

Develop a methodology for effectively and efficiently performing robustness and/or performance
tests of software systems.

Evaluate and develop techniques that are capable to systematically and automatically derive
tests based on graphical specifications (e.g. the UML 2.0 Testing profile).

Develop testing processes that contribute to a rigorous evaluation of the product quality (test
validation) — i.e. that can estimate as accurately as possible how many errors of which type
remain, what type of errors are definitely excluded from the software system, etc.

Detect errors as early as possible. For safety critical systems the severity of the error is to be
recorded (e.g. an error may be hazardous or just a minor).

Systematically re-use tests and test specifications across several stages of the chosen
development model (e.g. the V-model).

Tool-oriented requirements:

Implement a testing interface for software systems (e.g. middleware) that conforms to the TTCN-
3 TRI and TCI standards and that is capable of handling external (protocol) definitions (e.g. IDL).

Automate (functional) testing to reduce the time to find critical errors in the software system.

Automate (functional) testing to demonstrate the correct behaviour of the software system
(regression purpose).

Graphically specify test cases and record the test execution in the form of graphical traces.
These traces should be deterministic to allow reproducibility of the occurred error.

Apply a standard conform and scalable platform for executing tests that can be re-used across all
of the applicable development phases (e.g. integration tests can be re-used for regression tests).

The case studies should demonstrate that the goals listed above have been achieved and that the
TT-Medal methods and tools can be applied to realistically-sized industrial systems development.
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4 RESULTS OBTAINED
In the following, the results obtained with the case studies will be described.
Automotive case study

For the automotive case study, it can be said that TT-Medal technologies have been used
successfully to test in-car telematics systems. In more detail, this means that

1. it was actually possible and (more important) beneficial to apply TTCN-3 to test in-car telematics
systems and

2. TT-Medal technologies have met the requirements from this case study.

The systems domain of software-based automotive telematics seen from the point of view of the
integrator of telematics components is a very good application domain for TTCN-3 because this
technology is well suited to support interoperability testing and thus integration testing. Hence,
TTCN-3 fits very well for this kind of testing.

If we look at other software-based electronic automotive application domains as e.g. engine
management and intelligent braking systems, the value of TTCN-3 for these domains still has to be
assessed. But because this was not the intention of TT-Medal, the statement above is the one which
is valid. The experiences that we've gained with TTCN-3 encourage us to try to apply this technology
also to other automotive application domains.

Financial case study

The overall conclusion for the financial case study executed is that it was successful. We were able
to use TTCN-3 in the financial domain on functional testing through the application’s graphical user
interface (GUI). Moreover, in one case we've been able to replace an automated functional test tool,
already in use by LogicaCMG, by TTCN-3 testing tools. We proved that the solution is transferable
between applications under test. For both financial applications, i.e. Globus and Siebel, a functional
automated test has been created using TTCN-3, LogicaCMG's TestFrame toolbar, TestingTech’'s
nTTman and LogicaCMG's SUT-adapter for GUI applications. We've been successful in using
TTCN-3 to test financial applications through their GUI. The traditional functional testing tools,
however, are very mature and established in GUI testing. TTCN-3 will therefore probably not be
quickly used for GUI testing. Therefore the applicability of TTCN-3 in the financial domain must be
sought in the non-GUI testing areas with low tool support, like integration testing in-the-large.

Railway case study

The general conclusion for the railway case study is that the experiment was successful. The initial
objectives have been achieved and new objectives that were set in the time of the case study were
also achieved. The most important results are summarised in the following.

The most important objective of the whole ProRail (i.e. railway) case study was to see whether
TTCN-3 could be applied to the railway domain. The general conclusion is that the experiment was
successful in the sense that there are positive results in this respect. Via the testing efforts violations
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of general safety requirements have been found and confirmed by ProRail. Although the ProRail
specialists discovered this too by their own verification efforts, the potential of the TTCN-3 test suites
to be applied and reveal errors in this domain is confirmed.

A second conclusion is that we succeeded to construct a testing environment that can be further
utilised for the TTCN-3 testing of interlocking codes. The interlocking code can be automatically
transformed into a special code that can be linked via the adapter written by us with the TTCN-3
testing environment. In this way this work is not restricted only to the Hoorn-Kersenboogerd case
study, but it can be further utilised for testing other interlocking codes.

Telecommunication case studies

Overall, the telecom case studies could be performed as expected, with the exception of the SMLC
case study, where only some parts of the case study could be done. The problems have been tool
related and do not imply that TTCN-3 as a language is unsuitable. It has to be noted also, that it is
expected that the problems of the tools can be corrected.

In the following, more detailed information about the evaluation results for the different telecom case
studies is given.

Telecom SMLC case study

After some minor modifications, both the ASN.1 message definitions and the TTCN-3 test suite could
be handled by the tool. It has been possible to execute test cases without external communication.

Performance Measurements have been taken only for inter-component communication. In this
setting no codecs are needed and also the SA is not needed. Slightly more than 1000
messages/second could be exchanged. This number is less than expected, but is a number
sufficient for conformance test systems.

It has not been possible within the given time to integrate the codecs for the messages and to
connect to the SA. As such the goal of the case study could not be fully achieved. Remember that
this case study focused on tools, but not on TTCN-3 as a language. It is also expected that the tool
could be improved appropriately.

Telecom CORBA case study

It has been possible to import the IDL definitions of the real SUT and to use them without problems
when defining test cases. After some clarifications of the IDL to TTCN-3 language mapping, this can
be done rather smoothly.

It has been possible to execute some test cases against the real SUT. The SUT has actually been
located at a completely different site than the one executing test cases. Already these simple test
cases involved several objects in the SUT and the exchange of IORs. The test cases have been
written using procedure-based communication.

As such the main objectives of using the IDL definitions and accessing the SUT via CORBA have
been obtained.
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Telecom BIB case study

Most of the requirements stated for the case study have been fulfilled. So this case study has been
carried out successfully.

It has been shown that a TTCN-3 SIP protocol tester can be used without modifications in
conjunction with a 2.5G as well as a 3G BIB to control a real terminal, i.e., performance of the BIB is
sufficient for 2.5 G and 3G SIP testing even in a laboratory testing environment and no messages
are lost. The possibility of reusing transport stack emulations or implementations in BIB
implementations has been demonstrated to work. Finally, it has been proven that TTCN-3 test
system solutions for laboratory testing can be small, i.e., a complex telecommunication network stack
can be emulated with a single laptop and a small radio unit.

Finally, it has been successfully demonstrated that TTCN-3 test cases can be generated from UML
models and easily integrated into existing test suites. The generated tests have been validated and
demonstrated against real terminals. It has been observed that UML diagrams give a better
understanding of some aspects of a test case (or a set of test cases), e.g., about test components
and their connection(s). The specification of matching conditions in UML has been however much
more elaborate. This solution seems to be attractive for the specification of extremely long test
scenarios or variants of a test case.
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5 CONCLUSION

In this document, six case studies in four application domains performed within the TT-Medal project
and their outcomes have been described. TTCN-3-based technologies provided by the project have
been used to test software in the automotive, financial, railway, and telecom domain.

As a summary assessment it can be stated that TTCN-3 has been successfully used for these case
studies. In more detail this means that TTCN-3-based technologies have been applied within the
case studies and the requirements that come from these case studies have been met by TT-Medal,
i.e. TT-Medal has provided the technologies required by the case study providers.
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6 ABBREVIATIONS

3G Third Generation mobile communication
ASN.1 Abstract Syntax Notation number 1
BER Basic Encoding Rules

BIB Bearer in a Box

BSC Base Station Controller

BTS Base Transceiver Station

CAN Control Area Network

CORBA Common Object Request Broker Architecture
GSM Global System for Mobile Communications
GUI Graphical User Interface

IDL Interface Definition Language

MOST Media Oriented System Transport

ORB Object Request Broker

PDE Positioning Determination Equipment
SA SUT Adapter

SIP Session Initiating Protocol

SMLC Serving Mobile Location Center

SUT System Under Test

TCI Test Control Interface

TCP Transmission Control Protocol

TFL Test Frame Language

TRI Test Run-time Interface

UML Unified Modeling Language
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