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ABSTRACT

A method for the automatic implementation of test
cases from their specification is presented. For the
specification MSCs are used. Special care is taken over
the inclusion of message definitions and constraints.
For this purpose a new concept for the reference and
modification of constraints is introduced. The whole
method has been implemented in a set of prototype
tools.
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1 INTRODUCTION

The aim of testing is to detect errors. In the telecom-
munication area tests are also a prerequisite to ensure
the interworking of products from several manufac-
turers. A typical test environment of our application
area 1s shown in Figure 1. We want to test the func-
tions of the layer 3 protocol Q.931 [2] within a Line
Trunk Group (LTG) of an ISDN switching system.
The Q.931 protocol is implemented within the LTG
and there is no direct access to this implementation.
Furthermore, each LTG has only one standardized in-
terface which may be connected to an ISDN end sys-
tem (e.g. a telephone). The interface of an LTG to the
main processor is proprietary.

One possibility to test the Q.931 protocol is to
use the whole ISDN switching system as test environ-
ment.! In this case the test devices access the LTG
via standardized interfaces only. The test devices are
controlled by a test manager which also records the
test results.

The test process of a telecommunication protocol
is a procedure which is divided into five phases (cf.
Figure 2). The objective of the analysis phase is to
identify the test cases necessary to check the relevant
requirements of the system. The identified test cases

'n practice the use of a whole ISDN switching system is
very expensive. As a consequence for testing purposes parts of
the ISDN system are often only simulated.
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Figure 1: An ISDN test environment

are described in the specification phase. During the
implementation phase the test specifications are trans-
formed into executable programs which drive the test
devices and the test manager. In the execution phase
the test implementations are executed and the test
runs are recorded. The test runs are analyzed in the
evaluation phase. Depending on the result of the anal-
ysis the test process may be finished, test runs may
have to be repeated, or additional test cases may have
to be specified.

Figure 2 describes the ideal test process by showing
the entire procedure as a puzzle where all pieces add
up. In practice the situation is not so good. The
phases are not in accordance with each other and a lot
of resources, both manpower and time, are wasted for
adapting the results of one phase to the requirements
of the next one. Figure 3 indicates this situation, by
presenting a puzzle game with pieces which do not
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Figure 2: The ideal phase model of the test process
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Figure 3: The phase model in practice

match.

Our intention is to improve the test process by pro-
viding a smooth transition from the specification to
the implementation phase. Subsequently, we present
a method, which gives adequate tool support for the
specification phase and aims to automate the 1imple-
mentation phase.

2 TEST CASE SPECIFICATION

Figure 4 presents a typical example of a test case spec-
ification for the test environment shown in Figure 1.
The test case specification is given by informal dia-
grams and plain text. The shown notation is close to
a notation which is used within the Siemens-Albis AG.
But, it is not specific to Siemens-Albis. We know from
several other telecommunication companies that they
use very similar test case descriptions.

Throughout the rest of the paper the test case spec-
ification in Figure 4 serves as example. We refer to it
by using the test case identifier EDSAOUX.

Test case identifier: EDSAQUX

Test purpose:

1. After connection establishment
Subscriber A receives at least three
Information messages.

2. The display parameter within the
Information message shall have the
format ’Fr. x.x0’ (0 < x <9).

Test configuration:
Subscriber-A-SWITCH-Subscriber-B

Pre-conditions:
1. The system is in its initial state n(0).
2. Tax parameter ABS is not set.
3. Tax units are set for time rates of
0.3 Rp/s.

Control: Observation of the tax display

General message flow:

Subscr. A | SDN system Subscr. B

Set up

Setup Ack

I nformation Set up

Connect Connect

Connect Ack Connect Ack

I nformation

I nf ormati on

I nformati on

Rel ease Conpl End

Figure 4: The specification of the test case EDSAOUX

For the presented application example we like to
mention that there exist more than 1700 test cases
which only test the Swiss specific adaptations of the
LTG. They are all specified in the same way as shown
in Figure 4 and then implemented by hand. The var-
ious possibilities to make errors empazise the need
for methods which support the specification and au-
tomatic implementation of test cases.

It 1s obvious that an automatic implementation of
test cases cannot be based on informal specifications.
Hence, the test specification has to be formalized, but
the advantages of the informal specifications should
be considered in order to keep the acceptance by the
users.

There are two main reasons for the popularity of in-
formal test case descriptions like the one in Figure 4.
One is of course the fact that all relevant information
of a test case can be written on one page. The second
reason is the use of informal diagrams (in our example
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it is called general message flow) which immediately
give an intuitive understanding of the described be-
havior.

One of the most problematic points of informal test
descriptions is that the the data aspect, i.e. structure
and values of message parameter, often is hidden in
a few informal statements, although data descriptions
may provide a lot of implementation work. In our
example test case specification EDSAOUX the com-
plexity of message parameter types and values is not
visible. The data aspect 1s tackled in the informal Test
purpose and the Pre-conditions statements.

As a consequence of these facts we looked for a
graphical formalism which is almost as easy to use
as the shown diagram, but which is formal enough
to improve the message flow aspect of the test case
implementation (cf. Section 3), and we developed a
mechanism which allows to relate data types and data
values to messages (cf. Section 4).

3 MESSAGE FLOW DESCRIPTION

We identified the Message Sequence Chart (MSC) lan-
guage to be adequate for describing the message flow
of test cases. MSC is a graphical language, it is stan-
dardized by the ITU-T Recommendation Z.120 [4, §],
it has a formal semantics definition [9], and there exist
tools which support the use of the language [5, 12, 13].
A small MSC diagram can be found in the upper
part of Figure 6. The comparison with the General
message flow in Figure 4 shows the close relation be-
tween both diagram types. Details on the specification
of the message flow of test cases can be found in [6].

4 INTEGRATION OF DATA

The MSC language provides no means for describing
the data aspects of a message flow. Since data are very
important for test cases, we developed an own mecha-
nism in order to relate data types and constraints def-
wmnittions, 1.e. data values and restrictions on the value
range of data types, to messages.

In the following we assume that data types are de-
fined by using ASN.1 and constraints are specified by
means of the ASN.1 value notation and TTCN match-
ing mechanisms. ASN.1 and TTCN are standardized
[7, 3] and frequently used in the telecommunication
area.

Data type definitions

The data types of a protocol are constant for all test
cases. They are often provided by the standard docu-
ments, or they have to be specified once at the begin-
ning of the test process.

The relations between data type definitions and the
messages in an MSC are defined implicitly by the mes-
sage name. The message name refers to a type defini-
tion which itself includes, or refers to the type defini-
tions of the message parameters. We explain this by
means of a small example.

The Information messages of EDSAOUX (cf. Fig-
ure 4) refer to the corresponding ASN.1 type definition
Information_type. The test case checks a part of the
Display parameter in the received information mes-
sages. The Display parameter has the ASN.1 type
Display_type.

Constraints definitions

Values and restrictions on the value range of message
parameters are specified by constraints definitions.
We distinguish between two kinds of constraints: de-
fault constraints and test case specific constraints.

For most messages and message parameters the
protocol standard provides default constraints. Anal-
ogously to types, the relations between default con-
straints and messages within an MSC are defined im-
plicitly, i.e. for each message type exists a default con-
straint which assigns values or value range restrictions
to the message parameter.

Test case specific constraints are only valid in the
context of the test case. They are used

1. to define specific parameter values for messages
sent to the implementation under test, and

2. to define test case specific requirements on param-
eter values for messages received from the imple-
mentation under test.

Also the test purpose of EDSAOUX includes a test
case specific constraint. It requires to check the for-
mat of the Display parameter of the Information mes-
sage. The format definition *Fr. z.20° (0 < z <9) is a
constraint on the value range of the Display parame-
ter.

Constraints and MSC

There are two possibilities to introduce test case spe-
cific value constraints in MSCs. They can be explicitly
defined in the MSCs, or they can be defined elsewhere
and the MSCs refer to them.

The first possibility is problematic, because the con-
straints may become too big for the MSC. For exam-
ple, the constraints of the Information of the test case
example in Figure 4 comprise two pages. One would
loose transparency if the message flow and all con-
straints are defined in the same diagram.

The second possibility 1s problematic, because the
principle of locality is violated. A reference mecha-
nism may lead to situations where the relevant parts
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Figure 5: Message structure

of a test case description are defined at different loca-
tions. In EDSAOUX the test case specific constraint
for the Information message would have to be referred
to in the test case specification. The test purpose rele-
vant constraint on the Display parameter itself would
only be referred to in the constraint of the Informa-
tion message. There would be no direct indication of
the test purpose in the test case specification.

As a consequence of this we decided to develop a
comfortable reference mechanism which allows to re-
fer to self written test case specific constraints, and
which provides possibilities to define test case specific
constraints by modifying existing constraints. Addi-
tionally, it allows to define test case specific constraints
directly within an MSC, e.g. if a test case specific con-
straint only comprises one concrete value.

A comfortable reference mechanism

Our reference mechanism is a reference language, in
the following called RL. Within an MSC the state-
ments of RL are related to messages. They can be
found in parentheses close to the corresponding mes-
sage name, or message arrow (cf. Figure 6). This
1s no extension of the MSC language, because the
MSC standard [8] proposes to use expressions in round
brackets to assign parameter information to messages.

Schematically, an RL statement has the following

shape:
(M; P1, P2; P11, P12; P21, P22)

It consists of several parts which are separated by
semicolons. Each part may consist of several sub-
parts which are separated by commas. The structure
of an RL statement reflects the structure of a corre-
sponding message. A message has a hierarchical struc-
ture. A part of an RL statement represents a hierarchy
level. The subparts describe elements within a hierar-
chy level. The message structure of the schematic RL
statement presented above is shown in Figure 5. The
details on RL can be found in [10].

An example may provide an impression of how the
reference mechanism works. The MSC in Figure 6 de-
scribes the most relevant part of the message flow of
EDSAQUX, i.e. the reception of the three Information
messages. The inscription of each Information mes-
sage (; Display:DisplayFDSAOUX) is an RL state-
ment. It specifies that the constraint for this message

msc Testbody

A ISDN B
—— —— ——

Information

(; Display:DisplayEDSAOUX)

Information

(; Display:DisplayEDSAOUX)

Information

(; Display:DisplayEDSAOUX)
| | |

Information message default constraints

Message Parameter Constraints

ProtocolDiscriminator Default

CallReference Default

MessageType Default

SendingComplete Default

Display Default A g tepiecemen)
KeypadFacility Default

CalledPartyNumber Default

A4

Constraints: DisplayEDSAOUX
Element Constraints
did |
d_length | ...
d_info |

Figure 6: Referring to test case specific constraints

1s a modification of the default constraint. The default
constraint for the Information message shall be used,
but the default constraint for the Display parameter
shall be replaced by the test case specific constraint

DisplayEDSAOUX.

5 TEST CASE IMPLEMENTATION

As test case implementation language TTCN [7] has
been chosen. TTCN supports the use of ASN.1 defi-
nitions and there exist TTCN Compilers [1, 11] which
allow to generate executable test cases from TTCN
descriptions.

As described in the previous sections, we specify
test cases by means of MSC, RL, and ASN.1/TTCN
data type and constraints definitions. The implemen-
tation of such test case specifications can be fully au-
tomated. Details on this step can be found in [12, 10].

6 TOOL SUPPORT

We implemented our test case specification method
by a set of prototype tools. The core of the tool set
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is a graphical MSC' editor which allows to specify test
cases by means of MSCs and RL statements. The
MSC/TTCN generator transforms MSCs into TTCN
message flow descriptions, i.e. the dynamic part of
a TTCN test suite. The TTCN builder combines
the output of the MSC/TTCN generator, and the
TTCN/ASN.1 data type and constraints definitions
to complete TTCN test cases. The tool set is imple-
mented on a PC in a Windows 3.1 environment.

7 SUMMARY AND OUTLOOK

A method for the comfortable specification and auto-
matic implementation of test cases has been presented.
It is close to existing and well established procedures.
The choice of the standardized languages MSC, TTCN
and ASN.1 allows to use commercial tools for test case
specification and test execution. The method is imple-
mented by a set of prototype tools.

For the application of our method in an industrial
environment the interface to the reference mechanism
for test case specific constraints has to be improved.
A statement of our reference language RL statement
can be considered to be the minimum information to
generate the references to test case specific constraints
and to define new constraints which are based on ex-
isting ones. But, complicated message structures may
lead to complex statements of the reference language
RL and without knowledge of the message structure
the RL statements may not always be easy to read.
The reference mechanism should have no influence on
the test case specification process. In near future we
will extend the MSC editor by a graphical interface
for message constraints. The user will be enabled to
check, define and modify constraints without knowl-
edge of the underlying reference mechanism.
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