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MISCELLANEOUS 

Analysis of Interconnected Decision Areas : 
an Algorithm for Project Development 

THERE are many situations where the complete defini
tion of a project depends on a choice from a variety 
of options. When those choices are technically inter
dependent, the task of exploration of the field of pos
sibilities is a complex one. Since problems of this kind 
arc widespread, an understanding of their mathemt1tical 
nature might well lead to considerable benefit. This 
communication concerns only the mathematical problem 
and does not discuss practical implementation. 

In the development of a project certain general con
siderations enter into the fulfilment of total requirements, 
but tho choice is mado by a stepwise proceduro in which 
technical compatibilities are examined within small groups 
of possibilities. This 'natural' procedure may lead to 
considerable backtracking and waste of effort. Hence 
wo wish to develop a more systematic approach. In what 
follows, the general considerations will be called 'decision
areas'; within each of those decision-areas there are 
mutually exclusive 'options'. Options with respect to 
different decision-areas may or may not be compatible. 
A foasiblo overall solution is one that chooses one option 
from each decision-area in such a way that overall com
patibility obtains. Somo mathematical description of 
thoso basic concepts follows. 

We will introduce the idea of a 'strategy graph' con
sisting of N points, v~, ropresenting decision-areas, and 
line segmonts roprosonting tho technical interdependence 
of pairs of decision-areas. 

Fig. 1. Example of n strategy graph with six points 

Each decision-area v1 consists of a set of options n,. A 
binary matrix A11 is introduced to delineate the com
patibility of each of the n1 options in v1 with oach of 
the n 1 options in v 1 for all decision-areas v1 and v1 which 
are adjacont in tho strato!JY graph. An entry of A 11 is 1 
if the two options are compatible, and 0 otherwise. 
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l!'lg. 2. Two adjacent decision-areas and their compatibility matrix 

We will further define an 'ex-combination'· of options 11s 
a set of N options, one from each decision-area such that 
no two options arc incompatiblo. Tho following problems 
can then be posed; 

(1) How many ex-combinations exist for a given 
strategy graph and given compatibility relationships? 

(2) What are the ex-combinations themselves ? 
(3) Given that there is a numerical 'cost' associated 

with each option, what is the total cost of each of the 
o:-combinations ? 

It can be shown that any strategy graph cnn be 
expressed in tho form of 11 comploto graph (in which ever•y 
pair of points are adjacent) by the introduction of universal 
compatibility matrices between decision-areas not pre
viously adjacent, of tho form U 11 with all entries having 
the value l. This will leave every a:-combination 
unchanged, and does not alter their number. 

We will now develop an algorithm for finding the total 
number, v, of a:-combinations. Considering one decision
area, say v1, with options a 1, b1, •.• , we write: 

v = v(a1 ) + v(b.) + ... (1) 

where v(a1 ) is the number of o:-combinations containing 
the option a 1, etc. 

W o first describe a mothod for handling the complete 
graph K 3 with three points, as illustrated in Fig. 3, by 
developing an explicit formula for v(a1 ). 
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Fig. 3. Three mutually adjliCent decision-areas and their compatibility 
matrices 

For two matrices A and B of the same stze m x n, 
tho elementwise product is denoted A x B. Define 
0 23(a.) as tho matrix in which the rows are associated 
with the first row of A 12, the columns with the first row of 
A 13, and the entries are obtained by multiplying the 
associated row and column values. In the example: 
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For a given matrix M, let :EM bo tho sum of its entries. 
Then it is evident that: 

v(al) = :E(A23 X o2.(a,)) 

For Fig. 3, we find: 

v(a1) = :E ([~ 
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Clearly the two o:-combinations in Fig. :~ containing a 1 

are a 1b2a 3 and a 1a 2b3 • Similarly, v(b1 ) ==: 0 in Fig. 3, and 
hence by equation (1), v = 2. 

By a straightforward generalization of this method, a 
given complete graph KN can be reduced by one point at 
a time. Thus ovontually K. is obtained. Hence tho first 
of the three problems may be handled. 

'l'o speak of the last two problems, a device originally 
due to Kirchhoff1 may be invoked. This involves labelling 
the links which join each pair of adjacent options in a 
given stratogy graph by assigning a variable to each link 
for purposes of irlontification. Then the method outlined 
here for the number of o:-combinat.ions will yield instead 
the o:-eombinations themselves. Knowing every ex-com
bination, the cost of oaeh is immediately determined by 
the costs of the options involved. 

This work has arisen out of a study of building design 
undertaken as part of resoarch work for the Building 
Industry Communications Rosoaroh Projoct. 
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