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Abstract 
Even though there are many testing methods for telecommunication systems very 
little has been said about test execution in distributed environments. This paper 
addresses this problem and proposes the implementation and test of telecommuni
cation services on a CORBA-like platform. We present a test architecture for dis
tributed systems and describe system components and test execution phases. An 
implementation solution is also proposed. The application is illustrated by the 
implementation of a telecommunication service: the BCS (Basic Call Service). 
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1 INTRODUCTION 

Intelligent Networks (IN) represented a remarkable step forward in the domain of 
telecommunications systems. The ability to add 'intelligent' nodes (i.e. computers) 
into switching networks made it easier (or possible) to introduce new services like 
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Call Forwarding Unconditional (CFU), Originating Call Screening (OCS), and 
many others. However, the service implementation was still dependent on the hard
ware and operating system upon which it was built. Nowadays, telecommunications 
services are migrating to open distributed environments where a layer called mid
dleware1 assures transparency, interoperability and cooperation among the several 
service components in spite of the (possibly) heterogeneous underlying systems. 
For instance, TINA2 architectures specify the DPE3 layer which is responsible for 
providing facilities to service programmers, so that they do not need to cope with 
communication details and may concentrate on the service implementation itself. 
Portability and re-utilization are other advantages that become apparent. 

DPE layers can be implemented using CORBA-like platforms4. Although 
CORBA may not be adequate to provide all service quality requirements of some 
multimedia applications, people still use CORBA because it is easy to program and 
to set up a distributed application in this environment. There are more and more 
commercial tools for verification which are capable of generating CORBA code 
from FDT5 specifications (for instance, SDTIITEX from Telelogic and a recent ver
sion of GEODE from Veri log [2]). 

It is widely known that testing is the most important (and the most expensive) 
phase in the life-cycle of communicating systems. This is especially true for tele
communications services due to the well-known potential problem of feature inter
actions. Failures of the network may have a catastrophic effect on the operator's 
image as a reliable service provider. 

There are many different testing methods for telecommunications systems, rang
ing from traditional black-box testing in isolation [3) [4] to component testing 
(embedded testing [5], or testing in context [6]) and there are many proposals con
cerning feature interaction detection (e.g. [7] [8]). All these methods correspond to 
what is called the Testing Generation Phase, which starts with the system specifica-

tion and ends with the generation of test suites. Of course, the testing generation 
phase is highly influenced by the test execution architecture. However, very little 
has been said about test execution, specifically, regarding distributed environments 
like CORBA. Thus, on the one hand we see a worldwide move to using distributed 
platforms to implement telecommunications services, and on the other hand the 
need for a suitable architecture to test these services. 

I. The distributed environment must provide the semblance of a single system image across potentially 
millions of hybrid client/server machines. The middleware is the layer that creates this illusion by 
making all servers on the global network appear to behave like a single computer system. 

2. TINA: Telecommunications Infonnation Networking Architectures. 

3. OPE: Distributed Processing Environment. 

4. CORBA (Common Object Request Broker Architecture) is the Object Management Group's archi
tecture that allows clients to invoke methods on remote objects either statically or dynamically hiding 
all communication details from the system programmers [ 1]. 

5. FDT: Formal Description Techniques (e.g. SOL, LOTOS, Estelle, Z, etc.). 
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This paper addresses precisely this problem suggesting a general CORBA-based 
test architecture for telecommunications services. In doing so, we will be able to 
come up with a practical view on, amongst others: 

1. distributed test execution and generation (in embedded systems); 
2. how to structure the test architecture for CORBA-Iike systems/objects; 
3. object-oriented aspects of conformance testing; and 
4. performance analysis aspects. 

All these items are discussed in this paper, except item 4 which is left for future 
work. Methods for test generation from formal specifications have already been 
suggested in some of our previous works [3][15], therefore they will not be detailed 
here. Section 2 briefly describes the environment upon which the distributed system 
is implemented. Section 3 presents a test architecture for distributed systems built 
upon an ORB platform. Section 4 introduces the system components and goes 
through the test execution phases discussing some particularities of object-oriented 
conformance testing. Conclusions are drawn in section 5. 

2 PLATFORM DESCRIPTION 

The distributed platform chosen was Orbix™ (Iona Technologies) which is a full 
implementation of the Object Management Group's (OMG) Common Object 
Request Broker Architecture (CORBA) [9]. The key advantage of such platforms is 
that they make application construction and integration much easier, since software 
interfaces are defined using a standard language (IDL: Interface Definition Lan
guage) which allows objects to be accessed from anywhere in a distributed system. 

Basically, all interactions (i.e. service requests) are performed by means of 
'channels.' Each channel is composed of a stub (on the client side) and a skeleton 
(on the server side) which are connected to the Object Request Broker (ORB). 
Channels allow a transparent communication between the client and the object 
implementation (Figure 1) providing the illusion that all procedure calls happen 
locally. The ORB in turn provides the functionality required to communicate across 
(possibly heterogeneous) platforms. 

A service request consists of the following information: 

• a target object; 
• an operation; 
• a list of parameters; and 
• an optional request context. 

'One way' operations (called announcements in the terminology of the Refer
ence Model for Open Distributed Processing- RM-ODP [10]) allow asynchronous 
message exchanges amongst the various system components. 
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Figure 1 A request passing from client to object implementation. 

Object can simultaneously be clientS and servers, and must cooperate (or inter
operate) in a useful way to achieve a given objective. This is exactly what CORBA 
provides. 

3 TEST ARCHITECTURE FOR DISTRffiUTED SYSTEMS 

Following the guidelines of classical test architectures for protocols as described in 
[II], we suggest that a test architecture for an open distributed object-oriented plat
form must have two sets of components: tester components and components under 
test that are (possibly) distributed over several sites (Figure 2). The tester compo-

Figure 2 Components of the test architecture. 

nents receive information about the object configuration (i.e. the collection of 
objects able to interact at their interfaces) and the test suite which is obtained 
through some test generation method from a formal specification. 

Simple systems (with local architectures) are usually implemented using one 
single tester component and a single component under test. 
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Example 1. For simplicity, let us assume that we have just one tester component and 
two components under test, as shown in Figure 3. 
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~ Solaris™ Solaris™ Solaris'11 
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components under test tester component 

BCS = telephone Basic Call Service 

Figure 3 Test architecture example. 
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Figure 4 Example of a scenario to test. 

After defining the compo-
nents of the architecture and their configuration, we must establish some rules con
cerning the communication among the various components, because the tester must 
interact with the system under test in a well-defined manner. We assume that all 
communication is done through message exchanges and that each component has 
an input queue of a given finite length (infinite queues lead to infinite test sequences 
in the test generation phase). 

Tester components are equipped with timers in order to detect deadlocks and 
livelocks. A different time-out value may be assigned to each transition we intend to 
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test. In practice, a default time-out value is given to all transitions (some QoS 
requirements, e.g. performance requirements, can be expressed using different time
out values for particular transitions). 

Example 2. In the system of Figure 3, let us say that the communication rule estab
lished is that all components have input queue of length 1 and that a new external 
input is submitted to the system only after it has produced an external output action 
(110 ordering constraint [6]). We may also assume that the same time-out value is 
assigned to test all transitions. 0 

Given this set of rules, in order to test a single transition, the tester needs the fol-
lowing information: 

• signal to be sent; 
• target component under test to send the signal to; 
• expected response; 
• expected origin of the response; 
• a time-out value. 

Notice that information about the target component (or the expected origin of 
the response) may be implicit in the signal name. If after a certain period of time 
(specified by the time-out value), the tester has not yet received a response to its pre
vious stimulus, then a 'FAIL' verdict is issued. 

4 SYSTEM COMPONENTS AND TEST EXECUTION PHASES 

In practice, we realize that, in addition to all the architecture components, we need a 
module that sets up all of these components in a predefined initial configuration and 
that triggers the test process by handing the control over to the tester (or tester com
ponents). We call this auxiliary module the 'install module.' 

Example 3. Our distributed system is basically composed of three main objects 
(two service objects - the components under test - and one tester component) and 
one auxiliary component ('install module') that sets up the initial configuration of 
the system and triggers the test process. All but the last are hybrid objects (they are 
simultaneously clients and servers). The install module is a client to all of the oth
ers. 0 
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In order to assure interaction among the various components, we propose a com
mon basic interface type (called 'Prot') that all components must inherit their own 
interfaces from. It has the following attributes/methods 1 (written in IDL): 

interface Prot { 

} ; 

readonly attribute long id; 
readonly attribute long state; 
oneway void SendMsg(in Prot sender, in string signal); 

The semantics of each attribute/method is as follows: 

• long id - Each object has an unique identification within the system. This 
attribute holds the object's identifier. 

• long state - Each object has a defined behaviour with defined internal states. 
This attribute contains the current internal state of the object. 

• void SendMsg(sender; 'Message')- Through this method, the components 
intemperate. All message exchanges are asynchronous ('oneway'). 

The main objects share these operations while reacting differently to message 
exchanges (each one has its own behaviour). 

In fact, the 'Prot' interface described above is a suggestion on an interface type 
that implements a common message exchange mechanism amongst the several 
components. Other interface types implementing similar message exchange mecha
nisms may be used instead. 

In addition to the functionality of this basic interface, components under test 
offer to special clients the possibility of determining (loading) their behaviour at 
run-time. For this, their 'Prot' interface is extended to include LoadBehaviour 
method that 'instructs' the object about its expected behaviour. It is true that this 
feature is pointless in 'normal' systems where each component has a specific prede
fined behaviour. However, it is extremely useful in order to study the impact of a 
component's wrong behaviour on the whole system or in the final verdict. 

Example 4. Both our service objects exhibit the behaviour of the Basic Call Service 
(BCS, Figure 5). Q 

The tester has a similar function (LoadTS) that tells it what the expected behav
iour of the whole system is. This corresponds to the test suite plus information 
about the components' configuration. 

Test execution in this context can basically be divided into three phases: 

I. Actually, in CORBA read-only attributes become procedure calls expressed in the target program
ming language. 
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Figure 5 Basic Call Service automaton. 
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1. Connection establishment phase: The install module tries to connect to all 
objects that are concerned with the testing and the tester (to make sure they 
exist); 

2. Confi~uratjon set-up: Again it is the install module that does all the job 
introducing all modules to each other, determining their behaviour and trig
gering the test process just before leaving the scene; 

3. Test execution: The tester takes over and starts sending signals to the various 
components under test while collecting and checking their responses. This 
phase terminates with a verdict ('PASS' or 'FAIL'). 

In the following sections, we wiii detail each test execution phase using the 
example treated so far. 

4.1 Connection establishment and configuration set-up 

First of all, the install module tries to connect to the tester and to all objects that 
compose the system under test (0 in Figure 6). By doing this, it verifies that all 
modules exist and that they can then become part of the testing system (SUT + 
tester). In order to establish a connection among the several components in a given 
configuration, the install module instructs them to introduce themselves to each 
other (8 in Figure 6) using SetUpPeer and SetUpNewModule operations at the com
ponents' and tester's interfaces, respectively. In this way, the tester becomes aware 
of the existence and initial configuration of the components under test. All compo
nents then establish bidirectional channels between themselves (following the spec
ified configuration) after having been introduced to each other ce and 0 in 
Figure 6). The tester behaviour (defined by the test suite) is then loaded (LoadTS) 
and finally the test process is triggered (8 in Figure 6). 
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Tester 

Figure 6 Connection establishment +Configuration set-up. 

4.2 Test execution phase 

After having set up the system configuration, the install module quits and the tester 
takes over sending signals to the components under test and receiving messages 
from them (Figure 7). This is done in several test steps. Each step consists of: 

• Sending a signal to one of the components under test; 
• Triggering a time-out which is specific to that particular signal (or transition 

being tested); 

Figure 7 Test execution phase. 
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• Receiving a response from some component under test or issuing a 'FAIL' 
verdict if the time-out expires; 

• Checking whether the response is correct (expected); 
• Computing elapsed time (for performance analysis only); 
• Generating a report about the previous steps. 

All the information the tester needs in order to perform these tasks is given to it 
through the LoadTS operation that was previously invoked by the install module 
(Section 4.1 ). Information about each test step is recorded in a test report file whose 
last line presents the final verdict. 

During this phase, messages are exchanged among the several components 
through invocation of SendMsg method (or similar, if a basic interface other than 
'Prot' was used) at the object interfaces. Everything is done automatically once we 
have built the install module and defined the tester behaviour. 

5 CONCLUSION/FUTURE WORK 

Although, in our case, the implemented tester is centralized, we intend, in the 
future, to implement it in a distributed way. To do this, the configuration informa
tion file will include details of how to intemperate amongst the various tester com
ponents in order to produce the final verdict. Possibly, different test suite files must 
also be produced for each component according to the distributed test generation 
technique used (for instance, synchronizable sequences). 

The results of our work are encouraging, particularly taking into account that the 
majority of our colleagues working on the implementation of telecommunications 
services on a CORBA-TINA platform do testing manually [13]. Once the module 
representing a service has been implemented, they manually define a test script. 
They repeatedly express the need for a test environment where all the phases of the 
testing procedure are automated. The testing environment that we have presented in 
this paper is an effort in this direction: all phases are automated and the test results 
obtained are more complete. Another advantage is the possibility of using existing 
formal description techniques to describe: the system (using SOL) [14], the test 
suite obtained (using TTCN) and a test script (using MSC). 
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