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Abst rac t .  A hierarchical suite of parallel benchmarks, called PARKBENCH 
(PARallel Kernels and BENCHmarks), has been developed. The suite 
can be used to evaluate performance on a range of problems, from single 
machine parameters to full applications. Parkbench includes a complete 
set of codes implemented in PVM or MPI. In this paper we present 
selected results for some of the benchmarks found in PARKBENCH. 

1 I n t r o d u c t i o n  

The PARKBENCH (PARallel Kernels and BENCHmarks) committee was founded 
at Supercomputing'92 in Minneapolis [1]. The goals of the group were fourfold: 

1. Establish a comprehensive set of parallel benchmarks that is generally ac- 
cepted by both users and vendors of parallel system. 

2. Provide a focus for parallel benchmark activities, and avoid unnecessary 
duplication of effort and proliferation of benchmarks. 

3. Set standards for benchmarking methodology and result-reporting, together 
with a control database/repository for both the benchmarks and the results. 

4. Make the benchmarks and results freely available in the public domain. 

Considerable progress has been made toward achieving these goals. The 
PAaKBENcH suite (version 2.0) includes part of the Genesis benchmark suite [2] 
and NPB (NAS Parallel Benchmark) [3]. The initial focus of the PARKBENCH 
suite is the new generation of scalable distributed-memory message-passing ar- 
chitectures, for which there is a notable lack of existing benchmarks. In addition 
a graphical interface, called PDS (performance database server) has been de- 
veloped for gaining access to the database of stored benchmark results. This 
interface is in operation at netlib 4 and at Southampton 5. 

2 T h e  P a r k B e n c h  S u i t e  V e r s i o n  2 . 0  

The current release of the PARKBENCH suite, version 2.0, has the same hierar- 
chical structure as version 1 [4]. Such a structure is not new to benchmarking; 

4 http://netlib2.cs.utk.edu/performance/ht ml/PDStop.html 
5 http://www.soton.ac.uk 
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indeed, it is considered a necessary starting point for in-depth interpretations of 
benchmarking results. 

All multiprocessor LowLevel codes are available as native PVM and MPI 
implementations. The linear algebra kernels are based on the freely available 
ScaLAPACK library [5]. ScaLAPACK is also implemented in PVM and MPI 
(as well as some proprietary message-passing interfaces). In version 1 of the 
PARKBENcH benchmark suite, some PVM-based implementations of NPB ver- 
sion 1 had been used. In the new version 2 of the PARKBENcH benchmark suite, 
however, the new NPB version 2 implementations are included. Based on imple- 
mentations of the original problems in Fortran 77 and MPI [6], these codes are 
implemented much more efficiently than were the PVM codes used in version 1; 
hence, the original PVM codes are no longer included. For the approximately 30 
MPI functions used for the new NPB codes, efficient implementations in PVM 
are provided. By this PVM and MPI versions of NPB are available. The shallow 
water model application code, PSTSWM, is also available in the PVM and MPI 
message-passing libraries. 

3 R e s u l t s  

The results of PARKBENcI~ are available on the Web by using the PDS/GBIS 
interface [7]. In addition to tables, customized graphs can also be obtained, which 
show the performance of one benchmark over different numbers of processors for 
different systems. 

We select the three POLY benchmarks from the Low Level section of PARKBENCtt. 
A detailed description of these benchmarks codes can be found in [4]. POLY1 is 
an in-cache test of the memory bottleneck between the arithmetic registers of the 
processor and its cache. POLY2 is an out-of-cache test of the memory bottleneck 
between off-chip memory and the arithmetic registers. POLY3 assesses the sever- 
ity of the communication bottleneck. It is the same as the POLY1 benchmark 
except that  the data  for its computation is stored on a neighbouring processor. 

In Figure 1 we see the asymptotic performance RINF over the computational 
intensity as measured by POLY1 and POLY2. The computational intensity, f ,  
of a DO-loop is defined as the number of floating-point operations performed 
per memory reference [8]. While this dependency is quite flat for the SPARCsta- 
tion20, the Indigo2XL as well as the RS6000-590 have optimal values of f above 
which the performance drops again. The HP based Convex SPP1200 shows su- 
perior cache behaviour, but some irregular pattern in its dependency of f .  This 
picture changes if we look on the results from POLY2 in figure 1. For vector 
length up to 100,000 the performance of the SPP1200 drops down drastically, as 
the cache size of the systems tested was only 256kB. The RS6000-590 still shows 
quite good performance as the cache size is much larger. 

Looking on the same values of f in figure 2 we see the big penalty of storing 
the data  on a different processor. The Convex SPP1200 can not benefit from the 
virtual shared memory as this test is performed using explicit message passing 
in PVM. For larger values of f however the situation is changing again. For large 
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Fig. 1. The asymptotic performance over the computational intensity. On the left up 
to a vector length 10,000 as measured by POLY1. On the right up to a vector length 
100,000 as measured by POLY2. 
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Fig, 2. The asymptotic performance over the computational intensity up to a vector 
length 10,000 as measured by POLY3 for different scales of the computational intensity. 

values of  f the SPP1200 is again performing better. This correspond to the fact 
that the SPP1200 shows about twice the bandwith of the SP2 as shown in [9]. 

4 C o n c l u s i o n s  

The PARKBENCH benchmark suite comprises software that ranges from low-level 
benchmarks measuring basic machine parameters, through important applica- 
t ion kernels, to compact  research applications. This hierarchical structure allows 
information derived from the simpler codes to be used in explaining the perfor- 
mance characteristics of  the more complicated codes. Thus, the benchmark suite 
can be used to evaluate performance on a range of levels from simple machine 
parameters to full applications where effects due to memory,  communicat ion or 
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I /O bottlenecks, and nonparallelizable sections of code may become important.  
W i t h  version 2 of the PARKBENCH suite a complete set of codes implemented 
in PVM and MPI is available, allowing for the first time a detailed comparison 
of these different message-passing standards with real applications. 

Because of the rapid change in high-performance computing, benchmarks for 
these systems must be changed and adapted continuously. As an open forum, 
the Parkbench committee organizes biannual workshops to discuss further de- 
velopment of the benchmark suite. Information is available at 
h t tp  : / /www.ne t l ib .org /parkbench .  

References  

1. PARKBENCH Committee. Public International Benchmarks for Parallel Com- 
puters. Technical Report CS-93-213, Computer Science Department, University 
of Tennessee, Knoxville, Tennessee, November 1993. (Scientific Programming, 
3(2): 101-146,1994). 

2. V.S. Getov, A.J.G. Hey, R.W. Hockney, and I.C. Wolton. The Genesis Bench- 
mark Suite: Current State and Results. In Proceedings of Workshop on Perfor- 
mance Evaluation o/Parallel Systems - PEPS '93. University of Warwick, Coventry, 
November 29-30, 1993. 

3. D. Bailey, J. Barton, T. Lasinski, and H. Simon (editors). The NAS parallel bench- 
marks. Technical Report RNR-91-02, NASA Ames Research Center, Moffett Field, 
CA 94035, January 1991. 

4. R.W. Hockney. The Science of Computer Benchmarking. SIAM, Philadelphia, 
1996. 

5. J. Choi, J. Demmel, I. Dhillon, J. Dongarra, S. Ostrouchov, A. Petitet, K. Stanley, 
D. Walker, and R. C. Whaley. "ScaLAPACK: A Portable Linear Algebra Library 
for Distributed Memory Computers - Design Issues and Performance". LAPACK 
Working Note #95, University of Tennessee, 1995. 

6. D. Bailey, T. Harris, W. Saphir, R. van der Wjingaart, A. Wo and M. Yarrow. The 
NAS parallel benchmarks 2.0. Technical Report NAS-95-020, NASA Ames Re- 
search Center, Moffett Field, CA 94035, December 1995. 

7. M. Papiani, T. Hey and R.W. Hockney. The Graphical Benchmark Information 
Service. Scientific Programming, Vol. 4(4), pp.219-227, 1995. 

8. R.W. Hockney and C.R. Jesshope. Parallel Computers 2: Architecture, Program- 
ming and Algorithms. Adam Hilger/IOP Publishing, Bristol&Philadelphia, second 
edition, 1988. 

9. J. Dongarra, T. Hey and E. Strohmaier. The PARKBENcI-I Benchmark. Electronic 
Benchmarking Journal, to appear 1996. 


