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ABSTRACT

The development of the vector processor, which is used in the current generation of
supercomputers and is beginning to be used in workstations, provides the potential for dramatic
speed-up for codes that are able to process data as vectors. Unfortunately, the stochastic nature of
Monte Carlo codes prevents the old scalar version of these codes from taking advantage of the vector
processors. New Monte Carlo algorithms that process all the histories undergoing the same event
as a batch arc required. Recently, new vectorized Monte Carlo codes have been developed that show
significant speed-ups when compared to the scalar version of themselves or equivalent codes. This
paper discusses the vectorization of an already existing and widely used criticality safely code,
KENO V.a. All the changes made to KENO V.a are transparent to the user making it possible to
upgrade from the standard scalar version of KENO V.a to the vectorized version without learning
a new code.



INTRODUCTION

A version of KENO V.a that takes advantage of the potential speed-up inherent in vector
processors is being developed at Oak Ridge National Laboratory (ORNL). The current version of
KENO V.a {1] tracks an individual particle history from source generation until it cither leaks from
the system or is killed, at which time the next particle history is processed. A vectorized Monte Carlo
code tracks multiple particle histories simultaneously. Several new vectorized Monte Carlo particle-
tracking codes have been developed, proving that significant speed-ups are possible. [2,3] However,
these new codes are either proprietary or not widely used. All new vectorized Monte Carlo codes
use an event-based algorithm where all the particles undergoing a particular event are processed
simultaneously.[4] The vectorized version of KENO V.a currently being developed employs an event-
based, event-driven, all-zone, tagged-particle algorithm. All the modifications to KENO V.a are
transparent to the user.

PROGRAM MODIFICATIONS

Creating a vectorized version of KENO V.a requires changing the way cross-section and
particle data arc stored and processed during the particle-tracking portion of the program. In the
vectorized version of KENO V.a the cross-section data are stored as an energy/angle probability table,
which allows the data to be retrieved as a vcctor,(5) and the particle data arc stored and processed
as a set of one-dimensional vcctors.(fi]

The particle-tracking portion of the program, which can require up to 98% of the CPU lime
needed for the problem, is contained in the subroutines TRACK and CROS. CROS determines if
the particles cross a boundary and the crossing position if a crossing occurs. The particles are
processed as vectors consisting of all the particles potentially crossing a given geometry type (i.e.,
cuboid, sphere, hemisphere, cylinder, or hemicylindcr).

TRACK is divided into four main events: free-flight, inward-crossing, outward-crossing, and
collision. All particles that have neither leaked from the system nor have been killed will be
contained in one of the four event-stacks. The event-stack containing the most particles is the next
stack processed. All the particles in the free-flight and collision event-stacks arc processed
simultaneously. The particles in the inward-crossing and outward-crossing event-stacks arc first sorted
by geometry type and then processed.

RESULTS AND CONCLUSIONS

Table I contains a comparison of several different types of problems processed using the
vectorized version of KENO V.a and the original scalar version of KENO V.a. All problems were
processed on the CRAY-XMP at ORNL using 103 generations, 1200 particles per generation, and
the 27-group ENDF/B-IV cross-section library. Both versions of KENO-V.a produce a statistically
similar kcU and a for a given problem, and in all cases the vectorized version of KENO V.a uses
significantly less CPU time.

The first problem consists of a highly enriched uranium sphere centered in a slightly larger
water box. In this problem, approximately 57% of the neutrons leak from the system, with most
neutrons having energies in the cpithermal and fast groups. This leakage results in a rapid decline
in the event-stack lengths to be processed and a larger percentage of the CPU time devoted to
processing small vector lengths. Even with these disadvantages a speed-up factor of 3.6 was obtained.



The second problem is a highly enriched uranyl nitrate solution contained in a thin, spherical
aluminum shell. Most of the neutrons have thermal energies, and only 17% of the particles leak from
the system. In this problem a large percentage of the CPU time is devoted to processing long vector
lengths, thus realizing a speed-up factor of almost 6.5.

The third and fourth problems are the same as the first problem, with one exception. The
third problem has mirror albedos on both X-faces, and the fourth problem has water differential
albedos on both X-faces. These problems result in lower average particle energies than problem 1
and a reduction in neutron leakage to 48%. However, a decrease in the speed-up is evident due to
the use of albedos. The albedo section of KENO V.a contains large portions that are marginally
vectorizable, thus limiting the speed-up factor for this section and reducing the overall speed-up
factor.

The above four problems show that significant speed-ups are feasible regardless of the average
neutron energy and the percentage of neutron leakage. However, as the particle lifetime increases
and the percentage of neutron leakage decreases, the overall speed-up factor increases.

Table I. Comparison of the vectorized version of KENO V.a with
the original version for several different problems

Problem*
description

Single
Unit1

Single
Unit2

Mirror
Albedo3

Differential
Albedo4

Original

^eff

(±<0
0.9902

(0.0022)

0.9986
(0.0018)

1.1403
(0.0026)

1.0542
(0.0020)

CPU
time
(min)

0.77717

10.8916

1.22567

1.33383

Vectorized

(±a)
0.9887

(0.0023)

1.0015
(0.0017)

1.1429
(0.0020)

1.0501
(0.0021)

CPU
time
(min)

0.21400

1.67983

0.34917

0.37700

Speed-up
factor

3.63

6.48

3.51

3.53

"All problems use 103 generations, 1200 particles per generation, and 27-group ENDF/B-IV
infinite homogeneous
cross sections.

'Uranium (97% WU) sphere (15.6-cm diam);
H-.O reflector (cube, 16 cm on a side).

' -UO,(NO3), (93% 3SU, H/U=1379) sphere (69.2-cm diam);
aluminum shell (0.32-cm thick).

'Uranium (97% ^'U) sphere (15.6-cm diam); H2O reflector (cube, 16 cm on a side); mirror
albedo on the +X and -X faces.

4Uranium (97% a5U) sphere (15.6-cm diam) H;,O reflector (cube, 16 cm on a side); H,O
differential albedo on the +X and -X faces.
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