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Abstract. The Networks of Workstations (NoW) are becoming real dis-
tributed execution platforms for scientific applications. Nevertheless, the
heterogeneity of these platforms makes complex the design and the opti-
mization of distributed applications. To overcome this problem, we have
developed a performance prediction tool called ChronosMix, which can
predict the execution time of a distributed algorithm on parallel or dis-
tributed architecture. In this article we present the performance predic-
tion of an NAS Benchmark program with the ChronosMix environment.
This study aims at emphasizing the contribution of our environment in
the performance prediction process.

1 Introduction

Usually scientific applications are intended to run only on dedicated multiproces-
sor machines. With the continual increase in workstation computing powers and
especially the explosion of communication speed, the networks of workstations
(NoW) became possible distributed platforms of execution and inexpensive for
scientific applications. Its main problem lies in the heterogeneity of NoW com-
pared to the homogeneity of the multiprocessor machines. In a NoW, it is difficult
to allocate the entire work in an optimal manner, it is difficult to know the ex-
act benefit or if there is any or simply to know which best algorithm to solve a
specific problem is. Therefore, the optimization of the distributed application is
a hard task to achieve.

A way to meet these objectives is to use performance prediction.
We identify three categories of tools that realize performance evaluation of

a parallel program. Their objectives are quite different, because they use three
different types of input: processor language, high-level language or modeling
formalism.

The aim of tools based on a processor language, like Trojan [Par96] and
SimOS [RBDH97], is to provide a very good accuracy. Thus, they avoid the
introduction of compiler perturbations due to optimization. But, they work on
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unique architecture and cannot be extended to any other. Finally, this tool cat-
egory implies an important slowdown.

The aim of tools based on high-level language is to allow adapted accuracy
in designing parallel applications with a minimum slowdown. Mainly, this tool
category has the ability to calculate application performance on various types
of architecture from an execution trace. P3T [Fah96], Dimemas [GCL97], Patop
[WOKH96] and ChronosMix [BST99] belong to this category. The P3T tool
is part of the Vienna Fortran Compilation System and its aim is to evaluate
and classify parallel strategies. P3T helps the compiler to find the appropri-
ate automatic parallelization of the sequential Fortran program in homogeneous
architecture. The Dimemas tool is part of the Dip environment [LGP+96]. It
simulates distributed memory architecture. It exclusively uses trace information
and does not realize any program model. So, Dimemas is able to evaluate bina-
ries like commercial tools and various types of architecture and communication
libraries like PVM and MPI. Patop is a performance prediction tool based on
an on-line monitoring system. It is part of The Tool-set [WL96] and allow to
analyze performances on homogeneous multi-computers.

The aim of a modeling formalism tool is to simplify the application descrip-
tion and to put it in a tuning up form. With this type of tools, the accuracy is
heavily linked with the modeling quality. Pamela [Gem94] and BSP [Val90] are
from this category. The Pamela formalism is strong enough to allow complex
system modeling. Various case studies have been conducted with Pamela and
many algorithm optimizations have been realized.

However, current tools and methods have disadvantages that do not allow an
efficient use of performance prediction. The three main disadvantages of perfor-
mance evaluation tools are:

– The slowdown is the ratio between the time to access simulation results and
real execution time. It is calculated for one processor and the different times
must come from the same architecture.

– The use constraints
– The lack of heterogeneous support

Our tool, ChronosMix, has been developed by taking account of these aspects.
The slowdown has been minimized, the use has been improved thanks to auto-
matic modeling and the heterogeneity has been integrated. These main aspects
are emphasized in a case study.

This paper starts in section 2 with a description of the performance evaluation
tool for a parallel program called ChronosMix. It ends in section 3 with a case
study from the NAS Benchmark.

2 Presentation of the ChronosMix Environment

The purpose of ChronosMix [BST99] is to provide the most complete perfor-
mance prediction environment as possible in order to help in the designing and
the optimizing of distributed applications. To do so, ChronosMix environment
comprises different modules:
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– Parallel architecture modeling (MTC and CTC)
– Program modeling (PIC)
– Simulation engine
– Graphical interface (Predict and ParaGraph)
– Database web server

Figure 1 illustrates the relations between these different modules.
Parallel architecture modeling consists of two tools the MTC (Machine Time

Characteriser) and the CTC (Communication Time Characteriser). The MTC
is a micro-benchmarking tool which measures the execution time of instructions
of which a machine instruction set is composed. A given local resource will
just be assessed once by the MTC, meaning that the local resource model can
be useful in the simulation of all program models. The CTC is an expansion
of SKaMPI [RSPM98]. It measures MPI communication times by varying the
different parameters. CTC measures are written in a file, making it necessary
for a cluster to be measured just once.
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Fig. 1. The ChronosMix environment

The C/MPI program modeling and the simulation engine are both included
in the PIC (Program Instruction Characteriser), which is a C++ 15,000-line
program. Figure 2 shows how the PIC works. On the left side of figure 2 the
method for analyzing the input C/MPI program will be entirely static. Indeed,
the execution number of each block and the execution time prediction are cal-
culated statically. On the right, you can see a program passing through the
PIC in a semi-static way. The number of executions is attributed to each block
by means of an execution and a trace. However, the execution time prediction
phase is static, which explains why the program is analyzed through the PIC in
a semi-static way.
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Fig. 2. PIC internal structure

ChronosMix environment currently comprises two graphical interfaces called
ParaGraph and Predict. A third interface, the VCF (Virtual Computer Factory),
is being developed which will allow new performance prediction architecture to
be made.

3 Performance Prediction of the NAS Integer Sorting
Benchmark

3.1 Presentation of the Integer Sorting Benchmark

The program used for testing the efficiency of our performance prediction tool is
from the NAS (Numerical Aerodynamic Simulation) Parallel Benchmark
[BBDS92] developed by the NASA. The NAS Parallel Benchmark (NPB) is a set
of parallel programs designed to compare the parallel machine performances ac-
cording to the criteria belonging to the aerodynamic problem simulation. These
programs are widely used in numerical simulations. One of the 8 NPB programs
is the parallel Integer Sorting (IS) [Dag91]. This program is based on the barrel-
sort method. The parallel integer sorting is particularly used in the Monte-Carlo
simulations integrated in the aerodynamic simulation programs.

IS consists of various types of MPI communication. Indeed, it uses asyn-
chronous point-to-point communications, broadcasting and gathering functions
as well as all-to-all functions. IS therefore deals with network utilization in par-
ticular. For that matter, the better part of its execution time is spent in com-
munication.
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3.2 Comparison of IS on Various Types of Architecture

Four types of architecture have been used to test the ChronosMix accuracy :

– A cluster composed of 4 Pentium II 350Mhz with Linux 2.0.34, gcc 2.7.2.3
and a 100 Mbit/s Ethernet commuted network.

– A heterogeneous cluster composed of 2 Pentium MMX 200Mhz and 2 Pen-
tium II 350Mhz with Linux 2.0.34, gcc 2.7.2.3 and a 100 Mbit/s Ethernet
commuted network.

– A cluster composed of 4 DEC AlphaStation 433Mhz with Digital UNIX
V4.0D, the DEC C V5.6-071 compiler and a 100 Mbit/s Ethernet commuted
network.

– The same cluster but with 8 DEC AlphaStation 433Mhz

All the execution times are an average of 20 executions. Figure 3 shows the IS
execution and the IS prediction on the Pentium clusters. The error percentage
between prediction and real execution is represented in figure 5. The cluster
comprising only Pentium II is approximately twice as fast as the heterogeneous
cluster. Replacing the two Pentium 200 with two Pentium II 350 is interesting
- the error noticed between the execution time and the prediction time remains
acceptable since it is not over 15% for the heterogeneous cluster and 10% for the
homogeneous cluster, the average error amounting to 7% for the heterogeneous
and the homogeneous cluster.
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Fig. 3. Execution and prediction of IS on Pentium clusters

Figures 4(a) and 4(b) present IS execution and IS prediction respectively
for the 4 DEC AlphaStation cluster and for the 8 DEC AlphaStation cluster. In
parallel with figure 5 they show that the difference between prediction and exe-
cution remain acceptable. Indeed, concerning the 4 DEC AlphaStation cluster,
the difference between execution and prediction is not over 20% and the average
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is 12%. As for the 8 DEC AlphaStation cluster, the maximum error is 24% and
the average is 9%.
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Fig. 4. IS on 4 and 8 DEC AlphaStation clusters
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Fig. 5. Error percentage between prediction and execution on the three type of
architecture

The integer sorting algorithm implemented by IS is frequently found in nu-
merous programs and the executions and the simulations have dealt with real-size
problems. Therefore, on a useful, real-size program, ChronosMix proved able to
give relatively accurate results.

The other quality of ChronosMix lies in how quickly the results are obtained.
Indeed, if a simulator is too long in giving the results, the latter can become quite
useless. Even in semi-static mode, ChronosMix can prove to be faster than an
execution.
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A trace is generated for a given size of cluster and for a given number of
keys. This trace, generated on any computer capable of running an MPI pro-
gram. Concretely, traces have been generated on a bi-Pentium II 450 and were
then casually used in the IS prediction on the 4 DEC AlphaStation cluster and
on the 4 Pentium II cluster. This shows it is difficult to count the trace generating
time in the total performance prediction time. Figures 6(a) and 6(b) show the IS
performance prediction slowdown. Normally, the slowdown of a performance pre-
diction tool is greater than 1, meaning that the performance prediction process is
longer than the execution. For this example, the ChronosMix slowdown is strictly
smaller than 1, meaning that by simulated processor, performance prediction is
faster than the execution. This result shows that slowdown is an inadequate
notion for ChronosMix. Performance prediction of the Pentium II cluster is at
least 10 times faster than the execution. With the maximum number of keys,
ChronosMix is 1000 times faster in giving the program performances than the
real execution. Concerning the 8 DEC AlphaStation cluster, the ChronosMix
slowdown is always below 0.25 and falls to 0.02 for a number of keys of 223. If
the slowdown is reduced when the number of keys rises, it is simply because the
performance prediction time is constant whereas the execution time rises sharply
according to the number of keys to sort.
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Fig. 6. Slowdown for the IS performance prediction

4 Conclusion

The IS performance prediction has revealed three of the main ChronosMix qual-
ities:

Its speed. On average, ChronosMix is much faster in giving the application
performances than an execution on the real architecture.
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Its accuracy. On average, the difference between the ChronosMix prediction
and the execution on the different types of architecture is 10%.

Its adaptability ChronosMix proved it could adapt to 2 types of parallel ar-
chitecture and to several sizes of cluster.

The ability to model distributed system architecture with a set of micro-
benchmarks allows ChronosMix to take heterogeneous architecture completely
into account. Indeed, in a sense, modeling is automatic, because simulation pa-
rameters are assigned by the MTC execution to the local resources and by the
CTC execution between workstations. The distributed architecture is simply
and rapidly modeled, which allows to follow the processor evolution, but also to
adapt our tool to a wide range of architecture.

It is possible to build target architecture from existing one by extending
the distributed architecture, e.g. a set of one thousand workstations. It is also
possible to modify all the parameters of the modeled architecture, e.g. to stretch
the network bandwidth or to increase the floating-point unit power four-fold.
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