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Abstract 
Although internationally standardized (or are in the process of becoming international 
standard), the definition of TTCN and concurrent TTCN can still be improved. To solve 
some ofthe known problems we propose a test specification language, called PROSPECT 
- PROtocol test SPEcification language for Conformance Testing. The proposed language 
has a formally defined syntax and has a formally defined semantics. We have introduced 
test modules in our language so that the distribution of test components over real systems 
can be specified. As we assume that in every test module a main test component exists 
responsible for creating and terminating other test components, we have been in a position 
to give our language a precise semantics. In order to prove PROSPECT's suitability we 
have implemented a compiler and a runtime library. The implementation has been done 
in a UNIX™ environment. The details of our approach are described in this paper. 
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1 Introduction and Motivation 

Research and development in test notations have been focussed on TTCN (Tree and 
Tabular Combined Notation) [11] and concurrent TTCN [12]. As recommended in [10], 
TTCN and concurrent TTCN are to be used for the specification of test suites. Whereas 
in TTCN only one lower tester (LT) and optionally one upper tester (UT) are active, 
concurrent TTCN supports the definition of complex test configurations, called multi party 
testing context (Figure 1), which, in general, consists of several concurrently running test 
components (TC). In every multi party testing context, the lower tester control function 
(LTCF) takes responsibility for setting up the test configuration, i.e. creation of lower and 
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upper testers, and the calculation of a final verdict. TCs are connected by channels, called 
coordination points (CP), through which TCs exchange so-called coordination messages 
(CM). The rules that govern the exchange of CMs and the coordination of pairs of LT 
and UT are defined in a test coordination procedure (TCP). 

Figure 1: Multi party Testing Context [10]. 

Communication between lower and upper tester and an implementation under test 
(JUT) is through points of control and observation (PCO) directly or via an underlying 
service provider (Figure 1). PCOs are "modeled as two queues: a) one output queue 
for control of test events to be sent towards the IUT; and b) one input queue for the 
observation of test events received from the IUT" [9]. Similarly, CPs "are modeled as two 
queues, one for each direction of communication" and may be realized "either by local 
communication or by communication that spans physical boundaries" [12]. 

Conceptually, a CP abstracts from the real communication infrastructure that con
nects test components (on either the same system or on different systems). Although CPs 
"are used to facilitate the exchange of coordination messages between test components", 
"CPs shall not be used between an LT and a UT ... " [12] . As a consequence, CPs and 
CMs should be used only for communication between LTs and for communication between 
UTs. Communication between pairs of LT and UT is supported by different mechanisms. 
We believe that this is unnecessarily restrictive. Unfortunately, this is not the only flaw in 
the definition of TTCN and concurrent TTCN (see also [2]). Although LTs and UTs are 
to be run on different systems, the distribution of test components over systems cannot be 
made explicit. Having only one lower tester control function (LTCF) responsible for cre
ation and termination of parallel test components (PTC) it is not obvious how the LTCF 
should perform these operations. One obvious solution is that the LTCF communicates 
with an "imaginary" entity on the remote system which is instructed by the LTCF to 
create or to terminate a specific PTC. However, this is not defined in concurrent TTCN 
and thus is only an ad hoc solution. 

To solve the identified problems we propose a new test specification language PRO
SPECT - PROtocol test SPEcification language for Conformance Testing. The main 
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design considerations are summarized as follows: firstly, in order to make the distribution 
of test components over systems explicit, we introduce test modules. A test module 
comprises all test components running on the same system. Secondly, on every system a 
lower tester control function exists managing all test components on that system. Thirdly, 
PROSPECT does not restrict the use of CPs; any two test components may be connected 
by a CPo The following sections discuss the design of the PROSPECT testing architecture 
(Section 2), the definition of syntax and semantics of PROSPECT (Section 3) and its 
implementation (Section 4). We conclude with a summary of related work and identify 
possible extensions of PROSPECT. 

2 PROSPECT Testing Architecture 

PROSPECT is a test specification language. Its definition is based on a specific testing 
architecture which is general in the sense that the defined conformance [10J and interoper
ability [8J abstract test methods (Figures 3 a) and 4 a)) are covered. Our testing architec
ture (Figure 2) is a slight modification of an existing testing architecture described in [6J. 
The PROSPECT testing architecture consists of a test system, an implementation under 
test (IUT) and a number of implementation access points (lAP). A test system consists 
of test components and links. Test components are connected by links. Links are unidi
rectional communication channels. Test system and IUT communicate synchronously at 
lAPs. The difference of our approach with respect to [6J is that we do not distinguish 
between test components (Le. LTs and UTs) and test context, Le. an entity relating test 
actions performed by test components to actions at lAPs. Note that in [6J communication 
between test context and IUT at lAPs is not assumed to be synchronous. Furthermore, in 
[6J the test context is not part of a test system, whereas in our approach the test context 
is realized as a test component too, like UTs and LTs. All components except the IUT 
but including the test context are considered to be parts of a test system (Figure 2) . 

o Link 
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Figure 2: PROSPECT Testing Architecture. 

The described testing architecture is the result of the following design considerations: 

• It cannot be assumed that a test component can communicate directly with an IUT 
as, generally, an IUT is embedded in a real system. The test context is an abstraction 
of this embedding. It comprises the communication infrastructure needed for the 
interconnection of test components and IUT. 
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Figure 3: Distributed Test Method. 
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Figure 4: Interoperability Testing Architecture. 

• In [9] we find the following statement: "It is assumed that the underlying service 
offered is sufficiently reliable for control and observation to take place remotely." In 
order to increase the reliability of an underlying service we assume that even the 
underlying service is part of the test system and is (more or less) under the control 
of a test system operator. 

• In most conformance testing scenarios it is not sufficient to have only one test 
component. In the distributed test method (Figure 3) and in the interoperability 
testing architecture (Figure 4) at least two components are participating in the 
execution of a test case. Therefore, in our testing architecture, a test system can 
consist of several test components. 

• Since test execution involves several test components, it becomes essential to provide 
the instrumentation with which test components can coordinate their behaviour. An 
important part of this instrumentation are communication channels or links. 

• Implementation access points are an abstraction of any mechanism for controlling 
and observing the behaviour of an JUT. It is for further study how lAPs are to be 
defined (or even standardized). 

Figures 3 and 4 show how the distributed test method [10] and a proposed interoperability 
test architecture [8] map to our testing architecture: underlying service provider, upper 
and lower testers simply become test components. 



PROSPECT - a new test specification language 171 

3 Syntax and Semantics of PROSPECT 

PROSPECT supports the specification of the behaviour of a test system. The hierarchical 
structure of the entities of PROSPECT is shown in Figure 5. 

Tes,( System 

~ 
Link 

Processes 
Test Modules 

I 
Test Components 

~ 
Basic Input Timer 

Process Process Process 

Figure 5: PROSPECT Entities and Structure. 

Basic Process (BP): A basic process is a behaviour description of a test component. 
A behaviour description is an expression over the syntax given in Table 1. 

Input Process (IP): An input process stores all messages for a test component which 
have been received from other test components in a queue-like structure, called input 
stream. Newly received messages are inserted at the end of the input stream. Stored 
messages can be read and retrieved in any order not just first-in-first-out. 

Timer Process (TP): A timer process maintains two finite sequences of timers; one for 
running or active timers and one for expired timers. The sequence of running timers 
is ordered according to the timers' expiration times. 

Test Component (TC): A test component is composed from a basic process, an input 
process, a timer process and a storage environment for variables and values. Test 
components can be created and terminated on demand by a specific test component, 
called main test component. 

Test Module (TM): A test module consists of all test components that are supposed 
to be executed on the same real system. Test components in the same test module 
communicate asynchronously through communication channels called routes. Every 
test module has its own main test component. 

Link Process (LP): A link process connects test components in different test modules. 
Link processes are unidirectional communication channels. The time required to 
transmit a message between TCs is a priori unknown but assumed to be finite. 

Test System (Sys): A test system consists of link processes and test modules. It com
municates synchronously with an IUT at interfaces called implementation access 
points (lAP). 

Routes are a concept which has already been used in SDL [22]. As in [22] we assume 
that routes do not introduce a delay on messages they convey. Every message which 
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is sent on a route to another test component is directly transferred into the receiving 
test component's input process. Thus, routes and input processes resemble much the 
semantics of signal routes and input ports [22J. Note that we distinguish between the 
reception of a message (in an input process of a test component) and its processing (by 
a test component). While reception of a message is always possible and is performed 
synchronously with the sending of the message, the processing is, however, performed 
asynchronously with the sending. Therefore we have stated above that communication 
between test components is asynchronous. With the obvious changes these arguments are 
also valid for the communication between link processes and test components. Routes and 
links have been introduced so that the realization of CPs "either by local communication 
or by communication that spans physical boundaries" [12J can be made explicit. 

We assume a discrete time model where time is counted in time units of arbitrary but 
constant length. A global clock holds the current system time. In addition to the global 
clock, every test component maintains a local clock which is periodically updated with 
the current system time. 

Example 1 We map the interoperability testing architecture (Figure 4) to PROSPECT 
(Figure 6) as follows: PROSPECT test components implement test components (Figure 4 
b)). Test components that run on the same real system belong to the same test module. 
We have adopted the approach of mapping the service provider (Figure 4 b)) to several 
test components that belong to different test modules thus representing the physical 
distribution of the service provider. 0 

IUT 

_RI'lUlC OUnk 

Figure 6: PROSPECT Testing Architecture of Figure 4. 

3.1 Syntax of PROSPECT 

PROSPECT defines a syntax for basic processes only (Table 1) since all other entities 
are either composed from lower layer entities (e.g. a test system consists of test modules 
and link processes) or are completely described by their characteristic property: A link, 
and this is also valid (with the obvious changes) for input processes and timer processes, 
is implemented as a FIFO-queue with the following operations pre-defined: the append 
operation to append a new message to the end of the queue, and the first operation to 
remove the first message from the queue. 

For the description of data types and data terms we do not give an explicit syntax but 
assume that an algebraic specification is given from which data terms can be derived. An 
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interpretation of data terms is given in an algebra. Similarly, we assume existence of sets 
of identifiers for test components, timers etc. 

CommunicationAction .. - "input" "c" lrid "," dt ")" 
I "otherwise" "c" lrid ")" 
I "output" "c" lrid "," dt")" 

I "timeout" "c" tid ")" 
BasicAction .. - x ":=" dt 

I "start" "c" tid"," dt ")" 
I "cancel" "c" tid ")" 
I "stop" 

I "return" 

I "create" tcid "c" bpid "[" lridl " ," ... "," lridk "J" 
"(" dt! "," ... "," dt, ")" ")" 

I "call" pcid "c" bpid "[" lridl "," ... "," lridk "]" 

"(" dt! "," ... "," dt, ")" "(" Yl "," ... "," Ym ")" ")" 

I "terminate" "c" tcid ")" 
Guard .. - [ "[" bt "]" 1 [ CommunicationAction 1 
ActionSequence .. - BasicAction [ ";" ActionSequence 1 

I PriorityChoiceExpression 
GuardedActionSequence .. - Guard "- >" ActionSequence 
PriorityChoiceExpression .. - GuardedActionSequence { "+" GuardedActionSequence } 
BasicProcess .. - PriorityChoiceExpression 
dt, dtl, ... , dtl are data terms 
bt is a Boolean term 
!rid, lrid l, ... , !ridk are link, route or lAP identifiers 
tid is a timer identifier 
bpid is a basic process identifier 
tcid is a test component identifier 
pcid is a procedure identifier 
x, Yl, ... , Ym are variable identifiers 

Table 1: Basic Process Syntax. 

PROSPECT distinguishes three types of actions: communication actions, basic ac
tions and guards. Communication actions allow a basic process to communicate with its 
environment and to determine the status of timers. The communication actions (Table 1) 
are: 

• input and otherwise actions: a basic process reads a specific message from the 
input process or from the rUT by performing an input action. A basic process 
performs an otherwise action to read any message that has been received from a 
specific route or link or the lUT. 

• output actions: a basic process sends a message to another test component or an 
IUT by performing an output action. 

• timeout actions: performing a timeout action enables a basic process to check 
whether a timer has expired. 
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Basic actions (Table 1) are for the assignment of data terms to variables, for the man
agement of timers, for controlling test components and for dealing with procedures (call 
and return). Actions controlling the execution of test components are: 

• stop: a basic process performs a stop action to indicate that it (and implicitly the 
test component to which it belongs) has successfully terminated. 

• create: a create action instantiates a test component and assigns it a basic pro
cess. The instantiated test component runs in parallel with all other active test 
components. 

• terminate: a terminate action explicitly terminates a test component irrespec
tively of its current activity. The terminate action should be used only by the 
basic process of the main test component. 

A guard is a Boolean term followed by a communication action or only a Boolean term 
or only a communication action. Its meaning (see also Section 3.2) is that the guard 
is executed if the Boolean term holds and the communication action is possible. If the 
Boolean term holds and the communication action is possible we say the guard is fulfilled. 
An action sequence is either a basic action followed by an action sequence, which means 
that first the basic action is performed and then the basic process behaves as described 
by the action sequence; or is a priority choice expression. A priority choice expression 
is similar to a set of alternatives in TTCN and concurrent TTCN: It consists of a finite 
number of guarded action sequences (i.e. alternatives in TTCN). A guarded action se
quence is composed from a guard and an action sequence. If the guard is fulfilled then 
the guard is executed and the basic process next executes the action sequence. The guards 
of the guarded action sequences of a priority choice expression are evaluated in sequence 
which means that the guard of each guarded action sequence is evaluated. The first guard 
which is fulfilled is executed and execution of the basic process continues with the action 
sequence that follows the guard. While evaluation of guards takes place no updates to 
the input stream or expired timers sequence should happen. A basic process is a priority 
choice expression. 

3.2 An Operational Semantics of PROSPECT 

An operational semantics is defined for every PROSPECT entity. This is done starting 
with the basic components and proceeding towards the top-level components. This way 
we emphasize the compositionality of the model (see also [5, 7, 18, 19]). 

For every entity an operational semantics is defined by a labelled transition system 
(LTS) [16]: 

LT8 = (8, f, --t) 

where S is a set of states, f is a set of actions and --t~ S x f X S is a transition relation. 
An element in --t is called transition and is denoted s -"-+ s'. A transition is to be 
interpreted as follows: in state s an entity can perform action e and evolves into state 
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Figure 7: An Example of a PROSPECT Test System. 

s'. The behaviour of each entity is given by all transitions which can be derived using 
inference rules of the form 

c 

where t1 , ... , tn and t are transitions and C is a predicate, called side-condition. Transi-
tions t 1, . .. , tn can be transitions of the subcomponents of the entity under consideration 
or are transitions of the entity itself (this is true for all basic entities). Transition t is 
the inferred behaviour. An inference rule is applicable if the premises and predicate C 
hold. The concurrent behaviour of components, e.g. test components or links and test 
components, is represented by interleaving of actions (for more details see also [20]). 

Example 2 Assuming we would like to assess conformance of an ruT which is expected 
to behave as follows: If the ruT receives a character string from its lower layer service 
provider, then the received character string should be forwarded to the ruT's upper layer 
service user. 

The test system (Figure 7) initiates a service primitive at the ruT's lower layer inter
face with "Hello world" as parameter and then waits for an interaction with the ruT 
at the ruT's upper layer interface. The character string expected is the string "Hello 
world". The described behaviour is specified using two parallel test components interact
ing with the ruT and a main test component (MTC) that performs the test coordination. 
This design is made explicit in the following definition of basic processes: 

MTC: (* Main Test Component *) 

[true] -) create UT(UT [u, r3, r4]); 
create LT(LT [1, r1, r2]); 
input(r2, cm_r) -) start (timer, now + 5); 

input (r4, cm_v(pass» -) v := pass; stop 
+ input (r4, cm_v(fail» -) v := fail; stop 
+ timeout(timer) -) v := inconc; stop 

UT: (* Upper Tester *) 

input(u, ind("Hello world") -) 
output(r4, cm_v(pass» -) stop 

+ otherwise(u) -) output(r4, cm_v(fail» -) stop 

LT: (* Lower Tester *) 

output (1 , req("Hello world") -) 
output(r2, cm_r) -) stop 

/* line */ 
/* line 2 */ 
/* line 3 */ 
/* line 4 */ 
/* line 5 */ 
/* line 6 */ 

/* line 7 */ 
/* line 8 */ 
/* line 9 */ 

/* line 10 */ 
/* line 11 */ 
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Test component MIC creates parallel test components UT and LT (lines 1 and 2). Then 
MTC waits for an input from LT (line 3). LT indicates that it has sent the character 
string "Hello world" to the IUT (line 10) by sending a coordination message cm_r to 
MIC (line 11) . If MTC receives this coordination message (line 3), it starts timer timer 
(line 3) and then it waits for a coordination message from test component UT (lines 4 - 6). 
Upon reception of the character string "Hello world" from the IUT (line 7), UT sends 
a coordination message with verdict pass to MTC (line 8); otherwise (line 9) it sends a 
coordination message with verdict fail (line 9) . Test component MTC is prepared to accept 
either the pass (line 4) or the fail CM (line 5). If due to some unforeseen conditions, MTC 
does not receive any coordination message at all, then, as a third alternative (line 6), MTC 
checks whether timer timer has expired in which case the test result is inconc(lusive) . 

We assume that all actions are atomic, i.e. if two or more actions are performed 
simultaneously, then this is an indication that entities synchronize and communicate. 
Although actions are atomic we do not assume that actions are instantaneous in the sense 
that actions occur "without consuming time" as in [3]. Furthermore, the time interval 
between the end of one action and the start of the next action is unknown but assumed 
to be finite . Figure 8 represents the execution of test component LT under the stated 
assumptions. Note that after an update of system time, the test component's local clock 
has to be updated (dotted lines) before a next action is executed. 

LT 

• 0UIp!J1 

• output 
o lop 

Figure 8: Execution of Test Component LT. 

Given the following inference rules for basic processes (BP) and test components (TC) 

GAS ~~~ AS 

GAS ~~~ AS 

TC ~~~ TC' 

we can derive by applying the inference rules that PTC LT can perform an output action 
in its initial state as follows: 

GAS ~~~ AS 

TC ~~~ TC' 
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Similarly, we infer that PTC LT can perform another output and stop which results 
in the action sequence shown in Figure 8. Note that before an action is executed the test 
component performs an internal action due to an update of LT's local clock. 

Since we model the parallel execution of actions by interleaving, a specific schedule 
of the interleaved execution of test components MTC, UT and LT is shown in Figure 9 a). 
The execution of the test system is shown in Figure 9 b) . Communication between test 
components LT and UT and the ruT is synchronous (dotted lines). 

MTC UT LT 
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Figure 9: Execution of a Test Module and Test System. 

The initial state of a test system is defined as follows: every link process is initial
ized with an empty message queue; every test module is initialized with the main test 
component only; the MTC has an empty input stream and empty sequences of running 
and expired timers, and its storage environment is initialized, i.e. variables are assigned 
to locations and get their initial values. 0 

PROSPECT is flexible so that all conformance abstract test methods and interoper
ability testing architectures can be mapped to PROSPECT test systems. By introducing 
the notion of a test module we are providing a means that enables test case specifiers to 
make the distribution of test components over real systems explicit. As we assume that 
in every test module an MTC exists which is responsible for creating and terminating 
parallel test components, we are able to define a semantics for the create and terminate 
basic actions. 

In our approach test components communicate through routes (if the test components 
are in the same test module) or through link processes: No difference exists whether a test 
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component communicates with a local or remote test component. This is of advantage 
for the definition of test coordination procedures. (In concurrent TTCN test coordination 
between upper and lower testers and between lower testers and between upper testers 
are separate issues. Coordination messages and coordination points are used for the 
communication between lower testers and between upper testers. For the communication 
between lower tester and upper tester a test management protocol must be defined). 

4 PROSPECT Implementation 

In order to prove our approach feasible we have implemented PROSPECT in a UNIX™ 
environment. The implementation consists of a compiler for the behaviour part of test 
cases and a runtime library. 

4.1 Compilation 

We have implemented a PROSPECT compiler using lex and yacc [14]. Compilation of 
a PROSPECT test case is done in two steps: firstly, programme P2C (PROSPECT to C) 
(Figure 10) is executed that translates PROSPECT source files to C [13] source files. 
Secondly, the generated C source files are compiled and linked. Besides the generated C 
sources, the C compiler makes use of the following files (Figure 10): 

_asp. *: These files contain declarations and definitions of message types, i.e. abstract 
service primitive types and coordination message types. 

_constraints. *: These files contain declarations and definitions of test data (or con
straints), i.e. instances of abstract service primitives and coordination messages. 

_support. *: These files contain type definitions, function definitions etc. that are refer
enced from within a PROSPECT test case. As the previously mentioned files, these 
files are application specific. 

Note that these files are not generated by P2C but are assumed to be supplied by a 
PROSPECT user. As their names suggest the files have to be (manually) derived from the 
algebraic specifications of abstract service primitives (ASP), coordination messages (CM), 
protocol data units (PDU) and the data terms for ASPs, CMs and PDUs. Furthermore, if 
necessary, a PROSPECT user has to provide supporting code for encoding and decoding 
of PDUs and CMs that are exchanged between test components and test system and 
implementation under test (JUT). 

4.1.1 Compilation of a create 

A create is compiled as follows: The MTC first executes a fork system call. This 
system call creates a copy (called the child process) of the process that is being executed 
(called the parent process). The child process then executes an exec1p system call which 
substitutes the old process image with a new one. As part of the execlp system call, 
actual parameters are passed to the newly instantiated programme. After the MTC has 
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Figure 10: PROSPECT Compilation. 
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forked a PTC, the MTC continues execution of its basic process. The code fragment for 
the translation of create LT (LT [1, rl, r2] 0) looks as follows: 

if «pid = fork()) == -1) { 

1* error handling *1 
1* ... *1 

} 

else if (pid == 0) { 1* child process PTC *1 
execlp(IOLT IO , IOLT IO , itoa(LT), (char *) 0); 

1* error handling *1 
1* *1 

else { 1* parent process = MTC *1 
1* *1 

} 

where the first LT identifies the object code file to be executed and the second LT is the 
parallel test component's name. The third argument passed is the parallel test compo
nents unique (with respect to a specific test system configuration) identifier. Some other 
information needed by the created PTC, e.g. link and route identifiers, is read from a 
configuration file by the PTC itself during its initialization phase. 

4.1.2 Compilation of a terminate 

In the parent process, upon return from the fork system call, the process identifier (an 
integer) of the child process is known. The parent process maintains an array of pro
cess identifiers of child processes. In order to terminate a parallel test component, an 
MTC retrieves the PTC's process identifier and then performs a kill system call which 
terminates the parallel test component unconditionally. For instance, the PROSPECT 
statement terminate (LT) is translated to 

int tcs[MAXPTC]; 
1* any other code *1 
kill(tcs[LT],9); 
1* any other code *1 

where parameter LT is used as an index into array tcs of process identifiers. The array 
tcs is updated whenever an MTC creates a parallel test component (see also the code 
fragment above): 



180 

if 

/* ... */ 
else { 

tcs[LT] = pid; 
} 

Part Four Algorithms and Languages 

/* code as shown above */ 

/* parent process = MTC */ 
/* (--- change performed here */ 

4.1.3 Compilation of Priority Choice Expressions 

The evaluation of a priority choice expression is assumed to be atomic (Section 3.1). If a 
test component evaluates a priority choice expression, no other process (link process, test 
component or timer process) shall change resources used by the test component, i.e. input 
stream or expired timers sequence. In order to exclude other processes from accessing 
critical resources we use semaphores (Section 4.2) to synchronize parallel processes. 

Evaluation of a priority choice expression may find all guards unfulfilled. In such a 
case evaluation of guards is repeated until one guard is fulfilled. Thus, translation of a 
priority choice expression becomes: 

for (;;) /* loop forever until a guard succeeds */ 
sem_p(); /* semaphore operation "P" */ 
if ( /* translation of first guard comes here */ ) { 

/* success */ 

} 

sem_v(); /* semaphore operation "V" */ 
/* ... */ 

/* ... */ 
if ( /* translation of last guard comes here */ ) { 

/* success */ 
sem_vO; 
/* ... */ 

} 

sem_vO; 

The sem_vO function calls are necessary to enable other processes to access critical 
resources, since otherwise, if all guards are once unfulfilled no progress can ever be made. 

4.1.4 Miscellaneous 

The translation of other PROSPECT statements is also simple. We consider a few ex
amples: stop is compiled to exit (0). return (in PROSPECT) becomes return (in C). 
An assignment like v : = pass is mapped to v = pass. An input action is translated to 
a function call in an if control statement: 

input(r2, cm_r); 

is compiled to 

if (input(r2, &c~r) == 0) /* ... */ 
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where the constraint, whose declaration and definition are in _constraints. *, is passed 
as a call-by-reference parameter and 0 is returned upon success of the input function call. 

Timers are implemented as follows: If a timer is started the process performs a fork 
system call and (as the parent process) continues execution. The child process (u) sleeps 
for the specified amount of time. If the usleep system call returns, the child process puts 
a message into its parent's message queue {Section 4.2.1}. The message's type identifies 
the timer that has expired. 

4.2 PROSPECT Runtime Support - PROSPECT library 

The implementation of a runtime library for PROSPECT has been influenced by the 
structure of a test system (Figure 5) and by our choice of the UNIX™ environment. 

4.2.1 Message Queues as an Implementation of Input Processes 

Message queues [17] are interprocess communication mechanisms that enable processes 
to communicate by message passing. A message queue can be shared between several 
processes. Processes can read and write messages from and to the queue. In our ap
plication, link processes or test components write messages to a message queue and the 
test component for which the message queue is implementing the input process reads 
messages from the queue. Messages have the following attributes: a message type, an 
indication of the length of the data part of the message, and the data. The message type 
is used to identify the link process or route or the timer process which has written the 
message. The message's data part is, in our context, either an abstract service primitive 
or a coordination message or empty. 

A test component can read a message from its associated message queue by calling 
the message queue's receive function. To identify a specific message the test component 
has to set the message type appropriately. The mapping from link processes, routes and 
timer processes to message types is done statically during test case compilation. 

There are two advantages of message queues which makes them particularly suitable 
for our application: 

• Sending of a message can be done asynchronously to the receiving and processing 
of a message. 

• Reception of a message of a particular message type (Le. from a specific link or 
route) is strictly sequential. This complies with the requirement that only the first 
message received from a link or route and stored in the message queue should be 
retrieved. 

4.2.2 Sockets as an Implementation of Link Processes 

The UNIX™ socket library provides functions to interconnect processes on different sys
tems. Our implementation of link processes is based on stream sockets and uses the 
TCP lIP protocol stack. 

A link process is implemented as a client-server pair. The link process client establishes 
a connection to a link process server and subsequently transmits coordination messages to 
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the link process server. The link process server reads the messages and puts the messages 
into a test component's message queue. 

4.2.3 Semaphores for the Synchronization of Processes 

The updating of message queues is critical for the correct evaluation of priority choice 
expressions. While a test component evaluates a priority choice expression, the content of 
its message queue should not be changed. Access to a test component's message queues 
is guarded by semaphores. 

In System V semaphores are integer valued variables which are implemented in the 
UNIX™ kernel. This guarantees that the sequence of operations to update a semaphore is 
executed atomically. The functions implemented for a semaphore are generalized versions 
of the P and V operations [4]. 

To access a resource, a process calls the P operation. If the resource is currently used 
by another process the calling process is put on a wait queue. If the resource becomes 
available, then the first process in the wait queue is activated. A process releases a resource 
by calling the V operation. 

A link process or test component or timer process which intends to update a message 
queue has to obey the following protocol: 

P(); 1* execute P operation *1 
1* perform update of message queue *1 
V(); 1* execute V operation *1 

A test component that is about to evaluate a priority choice expression has to perform 
the protocol steps: 

P(); 1* execute P operation *1 
1* evaluate the guards of a priority choice expression in sequence *1 
V(); 1* execute V operation *1 

In combination, both protocols prevent the updating of a message queue while evalu
ation of a priority choice expression is in progress. Furthermore, it is guaranteed that if 
a process calls a P operation then it will eventually gain access to the message queue. 

5 Conclusions 

In this paper we have proposed the test specification language PROSPECT and have dis
cussed its implementation. The definition of PROSPECT has been influenced by TTCN 
and concurrent TTCN [11, 12] and SDL [22]. For instance, main and parallel test com
ponents are known from concurrent TTCN and routes are a concept introduced in SDL. 
PROSPECT extends current approaches for the definition of test notations (see [1, 15] 
for a definition of TELL - Test Language LOTOS): We have introduced test modules in 
order to enable test case specifiers to define the distribution of test components over real 
systems. With respect to TELL, PROSPECT supports the use of timers which is not 
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possible in TELL. However, we admit that our time model is rather high level so that it 
has to be refined to be applicable in e.g. QoS assessment or testing real-time applications. 

We have also discussed the implementation of PROSPECT which consists of a com
piler for PROSPECT test cases and a PROSPECT runtime library. The implementation 
has been done in a UNIX™ environment. We have made the experience that the imple
mentation of some parts of PROSPECT has been simple in this environment. Particularly 
useful have been the different interprocess communication facilities available in UNIX™. 

The applicability of PROSPECT is limited since, as pointed out above, timing con
straints cannot precisely be specified. With the upcoming deployment of multi-media 
applications, like video-conferencing, multi-media archiving and retrieval, tele-teaching, 
etc. not only functional properties of an implementation are to be assessed during confor
mance testing but also non-functional properties, e.g. timing constraints (as in real-time 
applications), quality-of-service (QoS) aspects, synchronization of different data streams 
(audio, video, textual information). None of the known test notations can deal with these 
requirements. To close this gap, we have started a research project with the goal to de
fine and implement a test specification language that supports test case specification for 
multi-media applications [21]. PROSPECT is supposed to be used in this project. 
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