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TOP-DOWN VERSUS BOTTOM-UP PROCESSING OF INFLUENCE DIAGRAMS
IN PROBABILISTIC ANALYSIS

Recent work by Phillips e£ al^ 1 and Selby j£ jil.»2 haa shown that

influence diagram methodology can be a useful analytical tool in reactor

safety studies. An influence diagram is a graphical representation of

probabilistic dependence within a system or event sequence.3 Bayesian

statistics are employed to transform the relationships depicted in the

influence diagram into the correct expression for a desired marginal

probability (e.g. the top event). As with fault trees, top-down and

bottom-up algorithms have emerged as the dominant methods for quantify-

ing influence diagrams. The purpose of this paper is to demonstrate a

potential error in employing the bottom-up algorithm when dealing with

interdependencies. In addition, the computing efficiency of both methods

will be discussed.

An interdependency exists when two or more events share a common

influence without being directly dependent on one another. For example,

events B and C in inset a of Fig. 1 are interdependent since they both

share a common influence, D. The correct expression for the marginal

probability of event A in state 1 corresponding to inset a of Fig. 1 is

given by:3

i j k.

This relationship is founded on Bayesian statistics and the independence

assertions made in the influence diagram. An expression like equation

(1) is referred to in this work as the fundamental expansion for a given

influence diagram.
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Both top-down and bottom-up algorithms must in some fashion gene-

rate the fundamental expansion for a given influence diagram. Because

of the direction of the calculations, top-down algorithms have no diffi-

culty in handling an interdependent situation. After successive sub-

stitations starting with the top event, the top-down algorithm will

yield two identical events D (see inset a of Fig. 1). At this point the

Boolean idempotent law is used to delete one of the identical events

while preserving the integrity of the calculational logic. The top-down

algorithm ultimately obtains the following expression for the marginal

probability of the top event,

•w - (2)
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where C, is a coefficient made up of the conditional probabilities given

in equation (1).

Again referring to inset a of Fig. 1, a bottom-up algorithm will

substitute an identical event D for both events B and C. By the time

the bottom-up approach reaches the top event, it is still carrying event

D twice. It is no longer apparent where and how to apply the necessary

Boolean idempotent law into the calculational scheme. In fact, it can

be shown that the bottom-up algorithm evaluates the influence diagram in

inset a of Fig. 1 just as it would evaluate the influence diagram in

inset b of Fig. 1. Using the bottom-up algorithm, the following expres-

sion is obtained for the marginal probability of the top event,

m,n \ m/ »"«' * ' '
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where C is a coefficient made up of conditional probabilities.
m,n



Equation (3) demonstrates the error in using a bottom-up algorithm

when dealing with interdependencies. When m equals n in equation (3),

the value of PfA. ] becomes non-linear in PID, 1 which contradicts the

theoretical result given by the fundamental expansion. Results obtained

for the example influence diagram with only two states for event D are

shown in Fig. 1. The bottom-up plot demonstrates the erroneous non-

linear behavior as compared to the correct top-down result.

It can be shown that the absolute error in a bottom-up evaluation

of an interdependent influence diagram varies from 0 to 25 percent.4

This error is greatest (i.e. approaching 25%) when the following con-

ditions are met:

1. all states of independent events have equal chance of occur-

rence (e.g., PfDj) = P ( D 2 ) = ... =V / V /
2. conditional probabilities associated with the interdependence

are extreme (i.e. nearly zero or one), and

3. the interdependence occurs near the top of the influence

diagram.

Bottom-up algorithms still have certain advantages over top-down

algorithms. Again, because of the direction of the £SJ.dilation, top-

down algorithms are unable to simultaneously calculate marginal proba-

bilities of lower order events. Thus, if the analyst is interested in

these lower order event probabilities, which is often the case, he must

restart the calculation for each desired probability. This signifi-

cantly increases computing time. Bottom-up algorithms are capable of

simultaneously calculating all marginal probabilities within an influ-

ence diagram. In addition, and contrary to top-down algorithms, bo'ttom-

up algorithms arc easily programmed and use a small amount of storage

area.



It is concluded that if the influence diagram contains no inter-

dependency, a bottom-up algorithm may be used for efficient processing.

However, the analyst should be warned that the bottom-up method can

produce significant error if misused in an interdependent situation.

This error is inherently avoided by a top-down algorithm.
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