ON TH E EFFICIENC Y OF THE SPLITTIN G AN D ROULETTE
APPROACH FOR SENSITIVIT Y ANA LYSIS

Viatchedav B. Melas

Department of Math ematics and Mechanics
St.-Petersburg State Universty
Bibliot echnaya sg. 2, Petrodvoretz, St. Petersburg, 198904 RUSSIA

AB STR ACT

Thepaper isdevoted to a brief review of amathemat-
ical theory for the branching variance-reducton tech-
nique. Thebranching techniqueisan extenson of von
Neumann's splitting and Rusgan roulette approach.
The e ciency increase is attained by paralld sm-
ulation of several independent paths of the random
proces under condderation, the number of which
is regulated by procedures of splittin g and roulett e.
These procedures are governed by a probability mea-
sure whose optimal choice is the main problem of the
correponding mathematical theory. The relation be-
tween splitt ing and roulett e approach and sensitivity
analysisis discussd in the intr oduction.

1 INTRODUCTION

Senstivity analysis is a relatively new but substan-
tially important approach. It s purpose conssts of the
estimation of smulation resutsuncertainty caused by
various sources. These are (seg for example, Cheng,
Holland, 1995 erors due to the stochadti ¢ nature of
simulation, uncertainty of a given data used for the
simulation model building, uncertainty of input infor-
mation as well as simplifyin g assumptions about dis-
tributions of valuesincluded in the simulation model
under condderation. However senstivity anaysiscan
be directed not only to the study of ready made mod-
els but also to the comparison of underlying simula-
tion techniques from the point of view of uncertainty
of resuts. Thus we can condder variance reduction
techniques as a part of sengitivi ty analysis.
Stochastic simulation of complex systemsof di er-
ent kindsisbaseal on computer reproduction of paths
of the random proces which descibes the dynamic
behavior of the systan under consderation. However,
dired-path simulation oftenisnot e cient, because it
demands too large a number of pathsto attain su -
cient predsion, epedally when evaluating rare-event
probabilities. Techniques to increase computer ssimu-

lation e ciengy have been called variance reduction
techniques Reviews of such techniques can be found
in Glynn, Iglehart (1988 and in Bratley, Fox, Schrage
(1987). However, as a rule, these methods demand
signi cant a priori information about the investigat ed
system, for example, sped c ation of Markov chain
transition probabilities in analytical form or analyt-
ical computation of characteristics of random values
(expectation and variance) which are strongly corre-
lated with the system parameters of interest. If we
have only an algorithmic desciption of the system
then such information is usually inaccesgble.

A quite universd technique, free of the disadvan-
tage indicated above, was proposed by von Neumann
under the name\splitting and Rusdan roulette tech-
nigue," see Kahn (1956). The basis of this technique
isparalle simulation of several paths of arandom pro-
cess A procedure for splitting and a procedure for
roulette is applied to each of these paths. These pro-
cedures are chosen depending on the signi cance of
the information on the system parameters contained
in the path. Thee cieng of thistechnique depends
on the algorithm for sdecting the number of paths
to which the current path is split, and on the algo-
rithm for computing the cancdlation probability for
the current path. For particular cases the problem of
optimal choice of such an algorithm was investigat ed
by Glassrman et al. (1996).

A mathematica statement of the problem, based
on the introduction of a probability measure which
governs the processes of splittin g and roulett e, had
been proposed and investigated in Melas (1993, 1994)
and Ermakov, Mdas (1995). The approach, corre-
sponding to the problem statement, has been called
the branching technique. This technique permits us
to develop a mathematica theory, which has same
similarity to the clasdcal theory of regresson experi-
mental design. (The basis for this theory was estab-
lished in Kiefer and Wolfowitz, 1959) Seleding the
probability measure can be considered as part of the
design of the simulation experiment. This approach


















