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I. INTRODUCTION

The advent of high-performance computer systems has breught to raturity pro-
gramming concepts like vectorization, multiprocessing, and multitasking. While
there are many schools of thought as to the most significant factor in obtaining
order-of-magnitude increases in performance, such speedup can only be achieved
by integrating the computer system and application code.

Vectorization leads to faster anipulation of arrays by overlapping instruction
CPU cycles. Discrete ordinates codes, which require the solving of large matrices,
hiave proved to be major benefuctors of vectorization. Monte Carlo transport, on
the other hand, typically contains numerous logic statemenis and requires extensive
redevelopiment to benefit from vectorization.

Multiprocessing and multitasking provide additional CPU cycles via multiple
processors. Such systems are generally designed with either common memory aceess
(multitasking) or distributed memory access. In both cases, theoretical speedup,
as o function of the number of processors (P) and the fraction of taxk time that

multiprocesses (£), can be formulated using Amdahl's Law

SULP)=1/(1 = f+ f/P)

However, for most applications this theoretical limit cannot he nchieved, due to
ndditional tetms (e, multitusking overhead, memory overlap, ete)) not ineluded

in Amdahl's Law. Monte Carlo transport 14 0 natueal enndidate for multiprocessing,



since the particle tracks are generally independent and the precision of the result
increases as the square root of the number of particles tracked.

II. MCNP MULTIPROCESSING WITH PVM

The Monte Carlo neutron, photon, and electron transport code MCNP,! devel-
oped by LANL (Los Alamos National Laboratory, X-6 Group), has an extensive list
of attractive features, including continuous energy cross sections, generalized 3-D
geometry, time dependent transport, and comprehensive source and taily capabili-
ties. It is widely used for nuclear criticality analysis, nuclear reactor shielding, oil
well logging, and medical dosimetry calculations (to mention a few).

Since the inception of multitasking software, MCNP developers have made it
a high priority to support multitasking on a variety of conmon mernory systens.
With the widespread use of high-performance workstations, interest in multiprocess-
ing MCNP on distributed memory systems has increased. Such systems, connected
by high-speed communication networks, make it possible for codes like MCNP to
achieve order- of-magnitude higher performance over current common memory sys-
tems. The software conmunication package currently supported within MCNP is
Parallel Virtual Machine, PVM? (version 2.4.1), developed by ORNL (Oak Ridge
National Laboratory). This package supports a variety of communication networks
(e.g., Ethernet, Internet, FDDI, SLA) and computer systems (e.g., Cray; HP, Sun,
and IBM workstations).

[II. MCNP SPEEDUP ON AN IBM RS/6000 CLUSTER

The PVM version of MCNP was evaluated on a 16 processor IBM RISC (Redueed
Instruction Set Computer) System /6000 Model 560 workstation cluster nt LANL.
Determining true speedup in a multi wser environment can be dithieult due to o lack
of appropriate timing routines. On a dediented system, sinple wall-clock time can
be used to calenlate speedap. The IBNM RS /6000 opernting systetn (ALX) provides
user, system, ad wall-clock timing routines; however, the user and system routines
do not include “sleep™ time,  Thus, CPU time “wasted” during commnunication
lag, (o, the PVM master task waiting for replies from spawned subtasks) is neon
inelhuded in these timing routines,

In previous versions of MONP, results were summed every 1000 particles to ap

dnte certin tally tables. However, in the current version of MOCNDP this parnmeter
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can be altered by the user and determines the amount of inter-task communication.
Thus, this parameter has a significant impact on speelup. The slecp tine of the
master task, associated with this communication, is a result of the random nature
of Monte Carlo tracking (i.e., processors ‘racking the same number of particles will
not finish at the same time). Wall-clock timing on a virtually dedicated system
indicates that this sleep time can be substantial, especially if communication is
required every 1000 particles.

Speedup estimates were made using the following equation

S(P) = Ts/Tm(P)

where 1'y is the CPU time for a single processor to complete exccutien and T, (D)
is the CPU time for the PVM master task to complete execution with P subtasks.
In MCNP, the master task initializes the problem, spawns the subtasks, collects
the results, and writes the output files. Communication sleep time was accounted
for in Tp(P) by using the wall-clock time (AIX TIME utility) on a virtually ded-
icated system. Multiple off-hour runs and system-load monitering were used to
cnsure that the system was dedicated. While this approach provided estiinates
of speedup to within about +2%. it most likely underestimates the speedup since
system applications also compete for CPU cycles.

Table 1 presents MCNP specdup for the 16 processor IBM RS/6000 cluster.
Ten test problems, representing a wide range in geomcetry and complexity, were
chosen from the MCNP 25 preblem test set for inclusion in this analysis. Execution
times were made sufficient (~ 120 minutes) to eliminate any effect of the sequential
problern initialization time (1-20 seconds). Figure 1 is a plot of the average speedup
(of all ten problems) for saturated and standord communication (saturated beiug
every 1000 particles and standard being the current MCNP defiult of 10 renviczvous
during execution). The curve for saturated communication does indeed show that
nhove 8 processors comumunicntion saturates the performanee. Ou the ovher hand,
the avernge speedup for staundard comniention increnses linearly with the nmber
of processors. Louger execution times result in n curve that appronches that of the

theovetienl limit.

'V. CONCLUSIONS

The PVAL version of MONP on o 16 processor IBNE RS/6000 eluster produeed

speedugs that approach the number of processors. Suech speedupin s of »
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single processor Cray Y-MP (see figure 1, right ordinate), leaves little doubt tha:
MCNP performance on a workstation cluster can greatly surpass that of most
supercomputers. Reliability and speed of the communication network are critical
factors in exploiting such distributed memory systems. Of the links available on
the LANL IBM cluster, the Ethernet and FDDI links proved most reliable { >05'%).
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TABLE 1

MCNP SPEEDUP ON THE LANL
16 PROCESSOR IBM RS/6000 CLUSTER

Number MCNP Test Problem
of
Processors 3 o 10 11 12 14 15 16 20 23 Average
SATURATED COMMUNICATION
2 2.0 1.9 1.9 1.9 1.8 1.9 1.9 1.9 2.0 1.9 1.9
4 3.7 3.5 3.5 3.3 2.9 36 3.7 3.5 3.7 3.6 3.5
8 5.5 6.1 5.7 5.3 4.0 66 6.8 6.3 6.6 6.1 6.0
12 9.0 78 73 6.7 4.3 8.7 9.0 8.2 9.1 7.8 7.8
16 10.2 9.5 7.7 7.0 3.5 7.6 9.3 8.4 9.9 1.5 8.1
STANDARD COMMUNICATION
2 2.0 20 20 20 2.0 2.0 2.0 2.0 2.0 2.0 2.0
4 3.9 3.9 3.8 3.8 3.7 3.9 3.9 3.9 3.9 3.9 3.9
3 7.7 7.5 7.2 7.2 6.5 7.9 7.7 7.6 7.5 74 7.4
12 11.2 106 161 101 89 112 113 11.¢ 109 107 10.6
16 43 144 126 124 108 143 145 138 136 135 13.3
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Fig. 1. MCNP Speedup on the LANL 16 Processor IBM RS/6000 Cluster.

12

10

Equivalent Cray Y-MP



