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1. Introduction 

This paper describes the development and successful implementation of a 
decision support system being used by several leading firms in the architecture and 
space planning industries. The system, which we call SPDS (spatial programming 
design system) helps to solve architectural and space planning problems that arise in 
the allocation of activities and functions in layout plans (i.e. rooms, departments, etc.). 
SPDS seeks to satisfy as closely as possible desired proximity, adjacency and separation 
relationships, providing a tool that usefully augments the jesign capabilities of an 
architect. 

2. The problem 

PROVIDING AN ARCHITECTURAL DESIGN TOOL 

In order to appreciate the motivation for the SPDS system, it is important to 
understand the process used by an architect or space planner to design a building, a 
set of buildings, or part of an existing building. Over the years architecture, as a 
discipline, has grown to see this as the design process, and to recognize certain methods 
and certain sequences of methods as preferred over others. 

From the intial site analysis for a building, through what are known as pre
liminary design and design development, to the final drafting of working drawings, 
the use of the corr.puter is increasingly appropriate. A successful support system must 
be a convenient tool, respectfully enhancing the techniques and thought processes 
that have evolved among architects over centuries. 

SPDS addrl~sses the process defined above as preliminary design. For our 
purposes, preliminary design consists of determining the basi~ shape and orientation 
of the building anc of allocating space for each room within the overall building lay
out. 

Prior to preliminary design, the architect must define the constraints and re
quirements that hi5 solution must ultimately satisfy by researching specific needs and 
desires of the client. In the design of a medical center, for example, an architectural 
team might meet with members of the hospital planning department to formulate 
a list of necessary rooms or activity spaces such as operating rooms, nurses quarters, 
etc. Square footage and proportional requirements would also be specified, together 
with a large set of pairwise relationships between activity spaces. 

The pairwise relationships indicate, by means of numbers, the relative strangths 
of the desired proximity or adjacency of two activity spaces. For example, similar 
functions should be in closer proximity than dissimilar functions. Some relationships 
are so strong as to be virtually compUlsory. For example, a scrub room must be 
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(3) treat the spatial distance between point coordinates as desired distances 
between 'centers of gravity' for rooms of specified dimensions and shape restrictions, 
and locate rooms on a grid to meet the center-of-gravity distance relationships as 

nearly as possible (a combinatorial optimization problem). 

These three problems are much too complex for a human tc handle well. More
over, they are beyond the state-of-the-art of mathematical optimization to achieve 
optimality without consuming many hours of computation time on today's most 
powerful computers . We faced the additional imperative of producing a system that 
was user-friendly in all the best senses, allowing interactive options for architects to 
utilize their own intuitive skills and to conduct 'what if' analyses. We required the 
development of a solution approach that would deliver useable answers within minutes 
on a minicomputer. 

5. Overview of the system 

We first describe the operation of the SPDS system from the standpoint of the 
user, and subsequently we will comment on the more technical, underlying algorithmic 
considerations. 

A four-stage process for SPDS is used : 

(I) The first involves the initial input of the results of the programming 
process. The user is prompted for the name of an activity, corresponding desired 
square footage, proportions, and proximity requirements. Six weights are available. 
SPDS produces a Relationship Chart as illustrated in fig. 1. The various shadings to 

Fig. 1. Rela tionship chart. 

the right represent relative desirability of proximity, ranging from absolutely necessary 
to unimportant. Many architects produce such charts manually for both design and 
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Fig. 5. Space diagrarr . 

A 'BLOCKPLANIMPROVEMENT'COMPONENTINSPDS 

The block plan improvement routine (BPI) constitutes an extension and 
enhancement of a system proposed by Buffa and Armour [2], called CRAFT. Our 
BPI represents a significant improvement over CRAFT, however, both in terms of its 
usefulness to architects and space planners and in terms of its speed. The basic algo
rithm has been modified not only to improve performance, but to solve a more general 
architectural problem. 

BPI begins with an initial layout plan created interactively by the user - one 
in which the various rooms or activities have been placed on a 42 by 42 grid cell 
matrix. BPI then I~mploys a tailored heuristic to improve the layout, seeking a local 
minimum to a C01:t function. The algorithm may be characterized as a breadth first, 
unit depth tree search strategy using an estimate function to evaluate node costs. 

The cost function in BPI, as opposed to that in [2], has two components. The 
first is defined by the proximity weight specified by the user in the Relationship Chart. 
The second component involves a user-defined adjacency weight. Thus, BPI allows the 
user to make the distinction between adjacency and proximity, an important con
sideration architecturally. In common with many other such techniques (including 
those of dynamic programming), BPI seeks to make the best exchange which is locally 
available. In comparison to other methodologies proposed in [2], however, BPI uses 
both a better cost ~:stimate and a larger range of 3-way moves. 

BPI also has an optional activity shape monitor that permits only exchanges 
that do not drastically alter an activity's shape. In contrast, previous methodologies 
tend to severely distort shapes. The means for evaluating exchanges is also more com
prehensive than in previous approaches. For example, CRAFT estimates the value of 
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Define: 
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