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lat ion e� ciency 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, speci�c at ion of Markov chain
t ransit ion probabili t ies in analyt ical form or analyt -
ical computat ion of characteristics of random values
(expectat ion and variance) which are strongly corre-
lated with the system parameters of interest . If we
have only an algorithmic descript ion of the system
then such informat ion is usually inaccessible.

A quite universal technique, free of the disadvan-
tage indicated above, was proposed by von Neumann
under the name \sp li tt ing and Russian roulette tech-
nique," see Kahn (1956). The basis of thi s technique
isparallel simulat ion of several pathsof a random pro-
cess. A procedure for spli tt ing 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. The e� ciency of th is technique depends
on the algorithm for selecting the number of paths
to which the current path is spli t , and on the algo-
rithm for comput ing the cancellat ion probabili ty for
the current path. For part icular cases the problem of
optimal choice of such an algorith m was investigat ed
by Glasserman et al. (1996).

A mathematical statement of the problem, based
on the int roduct ion of a probabili ty measure which
governs the processes of splittin g and roulett e, had
been proposed and investigat ed in Melas (1993, 1994)
and Ermakov, Melas (1995). The approach, corre-
sponding to the problem statement, has been called
the branching technique. This technique permits us
to develop a mathematical theory, which has some
similarity to the classical theory of regression experi-
mental design. (Th e basis for thi s theory was estab-
li shed in Kiefer and Wolfowit z, 1959). Selectin g the
probabili ty measure can be considered as part of the
design of the simulation experiment . Thi s approach
AB STR A CT

Thepaper isdevoted to a brief review of a mathemat-
ical theory for the branching variance-reduction tech-
nique. Thebranching technique isan extension of von
Neumann's spli tt ing and Russian roulette approach.
The e� ciency increase is att ained by parallel sim-
ulation of several independent paths of the random
process under consideration, the number of which
is regulated by procedures of splittin g and roulett e.
These procedures are governed by a probabili ty mea-
sure whose optimal choice is the main problem of the
corresponding mathematical theory. The relation be-
tween spli tt ing and roulett e approach and sensit ivi ty
analysis is discussed in the intr oduction.

1 I N T ROD U CT I ON

Sensit ivity analysis is a relatively new but substan-
t iall y important approach. It s purpose consists of the
estimat ion of simulat ion resultsuncertainty caused by
various sources. These are (see, for example, Cheng,
Holland, 1995) errors due to the stochasti c 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-
tr ibut ions of values included in the simulation model
under consideration. However sensit ivity analysiscan
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 results. Thus we can consider variance reduction
techniques as a part of sensitivi ty analysis.

Stochast ic simulat ion of complex systems of di� er-
ent kinds is based on computer reproduction of paths
of the random process which describes the dynamic
behavior of thesystem under consideration. However,
direct-path simulat ion often isnot e� cient , because it
demands too large a number of paths to atta in su� -
cient precision, especiall y when evaluat ing rare-event
probabili t ies. Techniques to increase computer simu-












