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Abstract

The paper presents the C-Sim simulation tool that en-
ables an experimental evaluation (i.e. testing) of paral-
lel and distributed programs behavior using their close-to-
reality C-language source code and a simulated operational
environment.

1. Simulation based method of parallel pro-
grams testing

The method uses discrete-time process-oriented simula-
tion model of a parallel or distributed computer system that
executes a program � � ����. Source code of the program
� (that is composed from threads’ or process’ programs��)
should be a part of the simulation program � source code.
Due to the fact that a substantial set of parallel programs
is C language written (using e.g. POSIX, PVM or MPI in-
terface), this language seems to be a good implementation
basis for the given purpose.

Every program �� can be statically mapped to a Simula-
like coroutine and every thread or process of the tested pro-
gram can be dynamically mapped to a simulation process
that is executed using discrete model-time basis. It means
that real-time concurrent program execution is transformed
into ”interleaved” (i.e. pseudo-parallel) model-time execu-
tion. Points of a process execution switching can be rec-
ognized as an interaction procedure calls (e.g. I/O call,
lock() or unlock() semaphore function calls, etc.).
Every locally executed part of a process code (e.g. be-
tween lock() and unlock() calls) can be equipped with
a pseudo-statement hold(d) where d is a model-time du-
ration of the execution (either estimated to have a corre-
sponding real-time duration value or generated randomly).
The method was described in [5] and its substantial proper-
ties are as follows:

� Simulation based (serialized) execution can be made
quite deterministic, even when (pseudo)random num-
bers generator is used to obtain duration d values. It
offers a relatively easy way to remove program bugs.

� A submodel � of a computation environment can be
used as a part of simulation program (i.e � � ��� ��),
so a close-to-reality data sets or timed sequences can
be used as the computation input.

� Model based repeated execution of a parallel program
can evaluate both the control-flow correctness and log-
ical correctness. But it cannot prove the correctness,
compared with model-checking method using e.g. the
SPIN model checker.

� Time responses of the computation can be evaluated.
This is important e.g. for hard real-time embedded
computer control systems and it is not possible to do
that using a conventional model-checking method.

� There is only a minimal semantic gap between the
parallel program and its evaluated model because C-
language written source code serves both for the used
algorithm specification (here a kind of executable
specification) and implementation purposes.

2. C-Sim version 5.0 implementation principles

There are two implementations of pseudo-parallel com-
putation in the C-Sim v. 5.0 library (what is the main im-
provement when compared with the previous version 4.1 -
see [6]). The first one is based on the functions setjmp()
and longjmp(), which are a part of the standard C-
language libraries. They provide means for switching the
process context without using any nonstandard operations,
but their use causes invalidation of stack. This implies some
restricting rules for a user of the library, particularly use of
local (automatic) variables needs to be explicitly denoted
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and switching of process context within a nested function is
impossible. On the other side, thousands of processes can
be effectively created within a simulation model.

The second method of implementation of the pseudo-
parallel processes is based on the use of POSIX threads.
A thread is created for each simulation process. C-Sim
run-time control assures that only one thread is being ex-
ecuted at a time. The POSIX implementation is slower than
long-jump implementation because the process switching in
threads is more complex than the long-jump operation. On
the other side this implementation removes the above stated
limitations of its counterpart. Library user may choose de-
sired implementation at compile time by defining a prepro-
cessor macro on the command line.

The C-Sim v. 5.0 library provides additional modules
usable for parallel algorithms testing. There is a Semaphore
module that implements an integer semaphore and a Mes-
sage Passing module that implements asynchronous mes-
sage passing primitives. A qualified user can construct (as
an additional program module) a set of proprietary opera-
tions that are close to a real communication interface (e.g.
PVM or MPI). The model-time delay can be included inside
the communication operations as well.

3. C-Sim utilization spectrum

Various characteristics of a distributed and parallel pro-
gram can be validated using the C-Sim library. A deadlock-
free control flow and time independent result of computa-
tion are often tested. It is also possible to evaluate perfor-
mance parameters. In this case, it is necessary to estimate
a duration of computing operations and communications.

There are examples at the website [1] that show possibil-
ities of C-Sim utilization. Some of them are conventional
models of queuing networks. The objective of these models
is computation of a given queuing network performance pa-
rameters. The computation can be easily parallelized using
e.g. PVM tool that has C language interface.

Another group of examples are demonstration models
of simple parallel algorithms. The most simple of them
models several processes that utilize a shared resource us-
ing a binary semaphore (i.e. a model of multithreading).
Locking and unlocking operations are replaced by opera-
tions provided by C-Sim’s Semaphore module. Time spent
outside and inside the critical section is modeled by the
csim hold() pseudo-statement. To demonstrate a fla-
vor of C-Sim based programming, we can show a sketch
of program code of a simple cyclic process that alters local
computation with a shared resource access:

for (;;) {
my.result = f (my.x, ...);
/* local computation */

csim_hold (t1);
/* added duration of computation */
csim_lock_sem (p_sem);
/* locking global semaphore */

glob_result = g (my.result, ...);
csim_hold (t2); /* duration */

csim_unlock_sem (p_sem);
}

As for t1 and t2 parameters of csim hold() call,
their construction depends on the purpose of computation.
When we are interested in verifying flow correctness, it is
convenient to construct parameter value as a pseudorandom
number, say exponentially distributed. When we are try-
ing to estimate a performance parameter, say the mean fre-
quency of threads iterations, it is better to use a random
number with Gaussian distribution.

C-Sim library can be used to test properties of distributed
asynchronous algorithms as well. C-Sim library supports it
by the Message Passing module that exports a kind of con-
ventional send() and receive() operations for asyn-
chronous communication. An example of distributed leader
election algorithm serves as demonstration of this part of
application spectrum.

The C-Sim library (version 4.1, long-jump implementa-
tion) has been tested thoroughly within the EU 5th frame-
work program project FIT (Fault Injection for Time Trig-
gered Architecture) [2], [4]. Large simulation model writ-
ten in C-Sim was used (as one from several tools) to verify
fault-tolerant properties of TTP/C protocol [3].

Every node of the modeled distributed system was de-
scribed by means of a set of processes. The set includes sev-
eral threads of the communication protocol itself and sev-
eral threads of a part of application program that resides at
the node. A model of the (doubled) communication bus in-
volves two more processes. Simulated memory-disturbing
transient faults were used in order to test specified system’s
properties (it needs additional processes that inject faults
and observe their influence).
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