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THESIS ABSTRACT

"Application of Dynamic Graphics Techniques to the 
Appraisal of Domestic Activity Space

The work contained in this thesis can be 
conveniently considered as falling into three 
distinct sections.

The first section investigates existing methods for 
man/machine communication in terms of geometry 
input.' Utilising the results of this investigation 
the key possibilities for improved user interfacing 
using dynamic graphics were identified as:-

1. Dynamic numerical feedback for 
improved locational accuracy.

2. Line rubber banding for location 
of edges and/or vertices during 
primative object creation and 
manipulation.

3. Object translation in the x,y 
plane.

4. Increased use of alphanumeric 
feedback as a prompt and 
confirmation mechanism.

XX



The second section investigates existing domestic 
activity space models and determines ergonomic data 
for a particular space activity instance (the 
domestic kitchen). A novel domestic activity space 
model is then presented based on four penalty
factors: ■ 

1 A penalty factor based on the 
economy of the bounding area of 
the activity space.
A penalty factor based on the 
economy of the enclosed volume of 
the activity space,
A weighted penalty factor based on 
the as-sessment of three 
dimensional overlapping of space 
categories (furniture and 
associated user areas) .
A weighted penalty factor based on 
the assessment of the association 
distance between pairs of space 
category elements.

The third section represents an integration of the 
two sections above. A computer based implementation 
of the activity space model, using dynamic graphics, 
is presented. On the basis of comparison between 
subjective evaluations of a real activity space 
situation and a computer appraisal, the model is 
validated.

The system provides the architect/designer with a 
novel and flexible design and appraisal technique, 
which increases the speed and more importantly the 
quality of his work in designing adaptable, marginal

XX 1



layouts. Furthermore the system lends itself to a 
number of other space utilisation applications as 
well as forming an excellent basis for design 
participation.

XX 11
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C. 1.1

1.1.0 INTRODUCTION

The work contained in this thesis is concerned with 
the advancement of a novel model for the evaluation 
of domestic layouts and the consequential 
implementation of this model as a package of 
computer programs utilising refresh graphics to 
assist in man/machine communication.

The background to the project and its scope are as 
follows.

1.1.1 Background to the research project

The work was conceived as a result of the authors 
interest in Computer Aided Architectural Design 
(CAAD) applications in his days as an undergraduate 
studying architecture, and particularly as a result 
of his frustration at the benefits of CAAD being 
unrealised as a result of poor man/machine 
communication.(1.1)

As a result, the initial work of this' research 
project consisted of a critical assessment of the 
extent to which existing methods of inputting
building geometry (within CAAD) imposed inhibiting 
controls on the designers use of the available 
software. (1.2, 1.3, 1.4, 1.5) This assessment



C. 1.2

revealed several shortcomings.. (1.5, 1 .7 )
1. Requirement of CAAD aids for more or 

different information to be input by 
the designer than would be required 
by manual methods.

2 A whole design concept is 'often a 
pre-requisite of inputting a design 
model.

3 Machine orientation of existing 
methodologies for geometry data 
capture .

4. Constraints imposed on the designer 
as to the order in which building 
geometry elements are created .

5. ,As a consequence of 1-4 above, the
design process is interrupted by the 
computer. The designer cannot 
concentrate on designing since much 
of his attention is devoted to 
driving the machine.

Subsequently, input techniques were developed which 
made particular reference to the opportunities 
afforded by the use of vector refresh graphics 
di’splay terminals in the alleviation of some of the 
shortcomings outlined above. (1.8 1.9)

Dynamic numerical feedback 
improved locational accuracy.

for

Line rubber banding for location of 
edges and/or vertices during 
primative object creation and 
editing.
Object translation in the x,y plane.

These techniques were incorporated into a suitable 
methodology for the use of vector refresh graphics 
as an input medium for CAAD; c omprising building 
geometry creation at three distinct levels (1.10)

3
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1. Line manipulation.
2. Primative composition.
3. Compositional manipulations.

This methodology incorporated a mechanism which 
automatically created geometry primatives from a 
lower order of geometry elements (see Appendix E).

1.1.2 Scope of the research project

Having identified those aspects of geometry data 
creation and manipulation which were made easier by 
using dynamic graphics techniques, a particularly 
obvious application to emerge from the early work of 
this project refers to the creation and subsequent 
(re)location of primative geometry elements..

One area of design where this facility proved to be 
particularly beneficial was in the layout of 
furniture and equipment. Such an aid becomes 
especially more powerful when it is linked to rapid 
feedback or appraisal of the consequences of design 
decisions eg. whether a relocation of element(s) 
leads to an improvement in overall layout 
efficiency.



A general logical model for analysing layout 
efficiency was developed at Scott Sutherland School 
of Architecture by Langskog and successfully 
presented for Ph.D. examination in June 1981 (1.11,
1.12). It was proposed to develop the methodology 
of this appraisal logic further (the Langskog model 
omits consideration of certin variables which may on 
occassion be critical) by utilising the 
opportunities afforded by refresh graphics.

Thus the development of the research as a basis of a 
submission for Ph.D. was clarified to be as 
follows:-
1 To use the products of the research into 

man/ machine communication to extend and 
further explore previous research work 
undertaken at this school by Langskog which 
dealt with the numerical evaluation of the 
efficiency of activity spaces (rooms) 
utilising a methodology based on:-
1. A weighted penalty factor based on the

assessment of two dimensional
overlapping areas of space categories 
(furniture and associated user spaces).

2. A penalty factor based on the economy of 
the perimeter length of the activity 
space.

3. A penalty factor based on the economy of 
the area of the activity space.

C .  1 . 4

2. To use the concept of weighted penalty 
factors to revise the algorithms for 
activity space efficiency to overcome one or 
more of the following shortcomings:-
1. Inability to assess three dimensional 

space category overlaps.
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Inability to assess non-orthogonal
activity spaces and space categories.
Inability to assess positive
associations of space categories.

To enhance these novel algorithms by 
incorporating vector refresh graphics 
techniques to allow the rapid appraisal of 
the efficiency of a sample activity space 
eg. domestic kitchen layouts.
To validate the above design system 
utilising a carefully controlled test-bed 
problem.

1.1 3 Results and impact of the reserch project

The outcome of the research project is a novel CAAD 
system, ' which is relatively easy to use and 
understand and by combining the activities of design 
and appraisal within one model facilitates rapid 
feedback during the design process.

The program package has, as yet, had minimal use 
outwith this research project (1.13)

Within the project, the program validations have 
shown that the main objective of improvement in the 
evaluation of design proposals has been met. Given 
the high quality of man/machine communication 
acheived through the use of refresh graphics 
significant improvement in the synthesis of design 
alternatives should be possible.
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The refinements discussed in Chapter 8, Section
8.2.0 would allow commercial application of the 
model in practice as a novel design aid.

1.2.0 GUIDE TO THIS THESIS

This section gives an indication of the contents of 
this thesis and is intended as a guide to the reader 
who wishes to be selective.

Chapter one (this chapter) gives a brief insight to 
the background of the research project, as well as 
indicating the duality of its nature. It also 
contains this guide and gives a brief summary of the 
results and impact of the research project.

Chapter two examines the data base for the tes't-bed 
situation of the domestic kitchen which will be used 
experimentally in the validation of the model. Not 
only does it consider ergonomic and associative data 
but it demonstrates how this data was converted to a 
form suitable for use by the computer model.

Chapter three considers the reverse side of the coin 
as regards this research work, ie. user 
interfacing. It appraises some existing 
hardware/software configurations primarily as 
regards geometry manipulation.
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Chapter four returns to the model. It examines, 
briefly, some existing facilities planning 
techniques both manual and computerised before 
examining two domestic space appraisal systems in 
more depth. It then presents the mathematical basis 
of the new model's constituent parts.

Chapter five begins where chapter three leaves off. 
It integrates the two halves of this project. It 
examines alternative modes of display and the 
possibilities afforded by refresh graphics to the 
user interface. It then indicates how tHe computer 
implementation benefited from some of these 
possibilities.

Chapter six describes the course and outcome of 
three seperate validation experiments and presents 
the conclusions thereof.

Chapter seven presents the computer implementation 
of the model and its associated graphical 
manipulation segments in the form of a mini user 
manual. It also identifies some improvements in the 
implementation that are possible and desirable 
within the current configuration.

Chapter eight is in three sections. The first 
section examines the possibilities for improving the 
program implementation. The second section 
discusses possible applications for the algorithm in
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its present form. Whilst the third section is 
concerned with the possible usefulness of the
algorithm in conjunction with the emergent fields of 
expert systems and artificial intelligence.

Section R contains a short bibliography of
particularly useful sources, together with a list of 
abbreviations' used in this thesis.

Appendix A is an unpublished paper concerning, the 
user interface.

Appendix B is a. published paper (Proceedings of PARC 
'83) which explores the use of refresh graphics 
within an 'intelligent' computer environment with 
regard to geometry manipulation.

Appendix C is an unpublished paper which expands on 
the above theme.

Appendix D was presented at an ASSA CAAD seminar, 
Edinburgh 1985 and represents a position 
report on this research project at that time.

Appendix E examines in detail an algorithm devised 
by the author for extracting enclosed areas from 
within a lattice of line segments.

Appendix F examines in detail an algorithm devised 
by the author for determining an ordered data set 
describing the bounding edges of the area of overlap
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between two enclosed polygons.

Appendix G acts as supplementary text to Chapter 6.

Appendix H presents a manual check on the numerical 
accuracy of the computer implementation of the 
model.

Appendix I is a pointer to further items of interest 
concerning this research project but not included 
within the body of this thesis.
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2 1 0  INTRODUCTION

The investigation of functional aspects of domestic 
layouts is of central importance to this research 
project.

No attempt was made to determine, by experiment, the 
space requirements for individual furniture elements 
since this information has been published by others 
better funded and equipped for this type of 
work.(2.1)(2.2)(2.3)(2.4)

Since the scope of this project restricted 
investigation to that of a single test-bed 
situation, that of the domestic kitchen, only 
information relating to that situation is presented 
in the following sections.

2.2.0 KITCHEN ACTIVITY SPACES AND FUNCTIONS

This section summarises the findings of the 
literature search relating to kitchen activity 
spaces and functions.

13
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2.2 1 Effect of household type on kitchen requirements

It is a trueism that different users have different 
kitchen requirements. Each individual is unique, 
and an optimal solution for one user may be totally 
unsuitable for another. For example, compare the 
requirements of a left-handed as opposed to a 
right-handed user.

Obviously such considerations are beyond the scope 
of the general room analysis model presented later 
in this thesis. However, it is important to be 
aware of some of the major variables subject to 
change dependant on household size, location and/or 
character.

2.

Food storage.
Large households, households remote from 
shopping facilities, households buying in' bulk 
or making large quantities of jams and preserves 
and households who share kitchens but not 
housekeeping, such as is found in 
non-selfcontained flats, are likely to require 
more food storage than other households.

China and glass storage.
The quantity of this type of storage depends not 
only on household size but on other, factors such 
as the degree of entertaining and whether

14
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separate glass and china is retained for special 
occassions. Also, older households have had 
time to accumulate large amounts of china.

3. Utensil storage.
Basic cooking equipment is very much the same 
irrespective of household size. Larger 
households have larger pots and pans but not 
necessarily more of them. However, there is a 
great deal of extra equipment available for 
those who are interested and can afford it.

The designer using the space activity model should 
keep these 'user specific' requirements in mind 
since the computer model is only capable of 
determining a basic efficiency.

2.2 2 The room as a whole

Varying degrees of separation between working and

Working kitchen with seperate dining area.

d ini.ng area

1. Working
2. Working

space
d ining

3 . Dining

15
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This is illustrated graphically below:-
W o rk  in  9 k i t c h e n  « « i lh  e  i s o c i a t e d  d in in g

i s

_____/
E ritr an c *  b e t w e e n  w o r x in g  #na 
d :m n g  a r e a s  -  th e  m o s t  s a r i s t a o io t v  
a w a n g e m e n t

r
0

□- T
D im n j K itc lien

Fig.2.1 Kitchen Classification (after DOE I

'None of these kitchen types is better 
than any other. They merely represent 
different degrees of seperation between 
meal preparation and other 
activities.'(2.5)

Since the room analysis model as implemented is 
restricted to consideration of a single room, 
kitchens selected for testing (see chapter 6, 
appendix G) were either working kitchens or working 
kitchens with associated seperable dining spaces. 
In the latter case, the associated seperable dining 
areas were discarded leaving only the working 
kitchen element. The method for achieving this is 
described in the next section - 2.3.0.

16
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Again some aspects of designing kitchens in relation 
to the remainder of the house escape the scope of 
the computer model.

1. Natural light
Although sufficient light for working can be 
provided artificially, there is evidence that 
housewives prefer some natural daylight.
(2.6)(2.7)

2. Access to the main entrance door.
3. Access, not through a living room, to a store 

for refuse not more than 6m away.
4. Access to private open space for supervision of 

children and/or clothes drying.
5. A pleasant view out?

This type of design factor might be incorporated 
into a wider building appraisal model. This is 
speculated upon in a later chapter of the thesis.

2.2.3 The meal preparation process

This sub-section discusses the design implications 
of the meal preparation process.

The kitchen houses a series of activities which are 
closely interrelated. A crude representation of 
these activities is given in the figure 2.2 over.

17
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Activity sequences
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Flg.2.2 ActivitySequ^cestafter DOE)

without going into the details of each individual 
activity, it is clear that each activity zone bears 
some relationship to the other activity zones. It 
is also noticeable that certain activities are 
c-entred around particular furniture elements. For 
example, washing up and preparation are centred 
around the sink, whilst cooking is centred on the 
cooker.

One way of assessing how efficiently a kitchen has 
been planned, is to measure the distance the 
housewife travels around the kitchen in a given time 
or for a particular task. It has been found that a

18
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quick way to assess the general efficiency of a 
kichen is find out how far the housewife has to walk 
between the sink, cooker and the refrigerator or 
central food store - the 'work triangle' . (2.8)

. . h o w  fa r  th e  h o u s e w if e  h a s  to  

w a lk  . .

R

|00 
lO o

o o 
o o R

Fig.2.3 Work Triangle (after DOE)

The total distance between these three elements (the 
length of the sides of the work triangle) should be 
between 3600mm and 5600mm (2.9) to give adequate
working space and yet remain reasonably compact. In 
addition the distance between cooker and sink should 
be between 1200mm and 1800mm long.

The major appliances (cooker and fridge) together 
with the sink are usually planned with regard to 
this work triangle. In addition certain simple 
rules apply to each of them.(2.10)

1. Sinks
1. Do not place a sink in the corner or beside 

a tall unit.
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2. Allow at 1 
a corner w

3 . There shou 
the dishes

4 . If there i 
on the sid

5. ' The surfac 
should be

Cookers
1 .
2 .

4.

5.

6 .

Do not put a cooker at a window.
Do not put a cooker in a corner because at 
least 300mm is needed to allow the cook to 
stand comfortably while cooking.
Keep the cooker away from the end of a run 
of units, circulation routes, doorways and 
where a swinging door could hit the cook or 
the cooker.
Do not put the hob under shelves or a 
cupboard, it would be a fire risk to someone 
reaching over the hob.
Allow 300mm on both sides 
setting down hot pans.

of the hob for

Gas cookers should not be in a draught that 
might blow out the flame.

Fr idges
1 . Units above worktop level should not 

interrupt the basic sink-cooker sequence.
2. Upright fridge and freezer doors must be 

opened 130 degrees to remove shelves or pull 
out baskets, so allow 100mm on the hinge 
side for this.

Other appliances
1. Plumbing and hot water requirements will 

mean that washing machines are usually near
the sink

20
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Many of these rules find expression in the room 
analysis model, within the remit of the association 
penalty. This is explained more fully in the next 
section.

2.2.4 Meal preparation areas

This sub-section examines the space requirements of 
each individual activity particularly as they relate 
to individual fitments.

Fixtures are covered by dimensional coordination 
standards (2.11), and by limitations in the 
manufacturers' ranges.

Figure 2.4 over illustrates the dimensional 
limitations of most kitchen fixtures. In general, 
most appliances, cookers, fridges, etc., are 
designed to coordinate with the remaining kitchen 
fitments, either by approximating the dimensions of 
a base unit or by being housed in a housing unit 
which is dimensionally coordinated.

In the following pages, a series of figures and 
diagrams demonstrate the space required for the use 
of each item of furniture; but before that, there 
is a diagram explaining the draughting conventions 
that have been used, see fig. 2.5.
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Kitchen fitments
Co-«rdinatinK diinen^ions from the British 
Standard specification

a ^iwii ai o r:u»̂ 'v< of coniiimiily
a\ ailai'li* sizes ratliej-1 li.-m our usual ‘lari;«*', 
‘rneifium ntuJ ‘pmair sizes, 

bseeomi prefcreriee; 
c Clear Iteijiiu to uinU-rsicio of wall unit.

[f a zone is i>'iiuiiTii for liithlinii it shall 
bo iiieluiioti in tlio wall unit space.

C p o  o  o
O C,' O O O 
O Q Q C O OQ

Maso unils ainl w-'rktops.

.Al'l’icuu’e }iotp;in)' unit»; li.ive t llO •̂ .mio I 'll-  

MMlinatiia: .limen-i'uis e\oo[.t that tlien- is 
no MToiui piofori'ni liimonsion Pt  l̂l•p(il.

c o n oooogcooo

'ink units. bCO j

1 O
600

Fig.2.4 Kitchen Fitments (after Architects Journal)

Fig.2.5 Drafting Conventions (after Architects Journal)

large

space needed for 90 per cent 
of furniture manufactured

medium
space needed for -oO 
per cent of furniture 
manufactured

OOO0-J2 “O 
-  u n  r r

small

space needed for !0  per cent 
of furniture manufactured; 
but .50 per cent of furniture 
owned bv LA tenants

eiiieriy —space needed for 
activity by old per.son

unrestricted—space 
needed for activity 
bv able-bodied adults

restricted—space needed 
for activity where 
re.stricted space is 
aeceptabie

(A) dimension 
for 'smair sized 
furniture and 
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'restricted' 
movement

O

U

2IOO.A
22GO>3i

< jC ■O' C o 0:0^ 
0-1  ' O '  CO

(B)dimension for 'medium' 
sized furniture and equipment, 
and 'unrestricted' movement

2350iC) I
(C) dimension for 'large' sized furniture and 
equipment, and 'elderly' or 'unrestricted' 
movement
6 8 lOm
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Dining areas
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Fig.2.6 User Requirements (after Architects Journal)
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High shelves and cupboards

1650a-

WOCb.«

I
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. V
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Fig.2.6 Cont-
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High ievel ovens

a An overail width of 1000-1200 mm is 
needed to use both the oven and adjoining 
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co-;rdir.ating Dimensions for sraces 
accomm’t-cate appiiances and appi..i: 
housing units.
.•\ pian space dOO x òOO rr.rr. is the

e.'.cnudes any space tnai .may oe rc-;u 
r.onzor.tai services. I: is assum.e'i 
:uru.-e most ireestandin.r appnan.ces

Euiit-in ovens range in -A-.a:.“. :r.
- vrj.7,iM and m decer. :r ;  m

ÒCO
bCO

a Dimensions are for side-ioading, A-hich 
most peopie prefer. The space for front- 
loadir.gis 775 X 12ÜÜ mm.

R R A  survey data: 10 items (floorstandingj

.Ali models would ñt within the 600 x 
600 mm space.
.AJ) we.''e 550 mm high to fit under 
worktops.
See notes on cookers regarding BS 
recommended dimensions for appliances, 
(nght).

.i . .".IS wnutn woiua ailow- tor m t tc..- .v::.- 
f.vo ovens side by side, 

c v-~nen using a cooker non aoec:.“.
6.50 mm ana a width of 7.10 rrm —-t 
neeced in front of the ¿(».Ker n • r ;e r : 
use a hign levei gr.ii at a .".eign: o: 
c-etweer. 1250ana 135u rrm..

FIR A survey data; 22 items— freestanain?'

P‘rr cep L nr.mi
D‘. un

rr.:
LT. ..

iOO 'iOOt iru
yo 610 6i0
T3 550 6yo !3
50 510 600
10 500 560

• 10 gas and 12 eieoiric.
7 This width wouid allow for .moiei?

rwo ovens side by side.
-  The .Highest a.'̂ e those w-;:h eye-ieve! 

or topove.ns.

RIO
SPACES

-4̂
Elderly 
L’nrestrctec  
Restricted 
Scale l oO

Fig.2.6 Coni.
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Washing machines

heiqhi 6 0 0 -8 5 0

F1RA sunrty djtj; 13 items—front-̂ oadint

P e r  rimt
W idth
fnnnt

D epth
(m m i

H eig h t
(mTTu

100 610 570
90 610 560
<0 600 560 . 670-850
50 590 550
10 490 490

Se« notes on cookers regarain^ BS 
recommended dimensions for appliances, 
previous page.

Refrigerators

heiqnt 8 50 -1400

6 0 0  I OOCc 
6 0 0  I lOOCd
6 0 0  6 5 0

A soace 800 mm u~.(ie x 500 mm deep x 
75Ö-S00 mm nign snouid accommodate 
most twin cuos: :n a FIRA sample of f.ve 
mixieis. tne largest dimensions were 
S30 mm wide x 621 mm deep x S30 mm 
hien.
A soai'e 420 mm wide :< 420 mm dees x 

i ToO-oOO mm hign showd accummi>ja;e 
; m.os: single tuos: in a FIRA sample -jf three 
j m(.-<ieis tne ¡argest dimensions were 
i 420 m.m vnae x 425 m.maeep x 7.>7 m.m.

Freezers

I6 0 0 b

he:qhf 850-915

FIRA survey datai 24 items— freestanding '

p .  r  -■ 'err
iVidih
im m i

D epthimmi
100 «510
90 600
75 560
oil 500
10 4 60

710
6106o<:>
600
510

840-1370

OO

Keiqrr 35C-'85C

a 25«) mm in mont -'A m.acr.ine.
b .At fr i-nt er.ge mucnm.e.
c 2 'lO m.m from front of rr.-aenu
,i 1200 mn1 widch X ll'jO mm.

’ Buiit-in reingerators range in ‘Andch fro 
590-610 mm and in depth from 
570-71U m.m.

¿ee notes on cookers regarding 3S 
recommended dimerisions for appliances, 
prt-’.nous page.

be nemje-.i Wien a launur.' oasKet piace-t on 
the tloor in front.

Most FIP.A data :s tor urr.ghc freezer- 
shown Si the c«-ct: m. diagram, 
a At front eoge o: freeze.’’, 
b 450 mm fr .'m front of freezer.

* *op-ioaaingautom.atics pian aimensions 
were simiiar to front-ioadi.ng automatics. 

The taiiestwas 1030 mm.
See notes on cookers regarding BS 
recommende<i dimensions for aooliances.

Tumble driers

^ciqni 7 0 0 -8 5 0  j

550
6 0 0
6CO

! Fridge freezers
FIRA survey data: 20 items— front-foaoing 
automatics*

Devtn
r i  r  r e ” i >rmr./ ! TV mi irnmi

100 SOO 6.50
90 650 600
< .0 600 570 760-850
50 590 560
10 450 420

6CO6CC
6CO

FIRA survey data: 18 items— upright 
freestanding'

Per ctnt i ?! .r /
Deprh H -'jrr  
tmpu tmrm

100 76-; 720
90 610 650 1
75 SOi'» 6.50 ¿50-1S40
50 5Ö0 60«j
10 5'jO 580

• Ic a FIR.A samip.e of four O'oiit-i.n freezers

.A survey data 29 items — freestanding

V id‘h • D epth . H eig h t
p -:r  c en t m n u (m m t (v im i

100 1010* 670
90 610 610
75 610 600 11402050t
30 6G0 600 «
10 500 600

* This accommodates double door items 
with fridge and freezer side by side.

T Onivone item was 2050 mm high. Others 
were less chan 1S90 mm.

See notes on cookers regarding BS 
recommended dimensions for appliances, 
presdous'puge.

aJl 'A-idchs were 6-*'0 mm and depths 
ranged ¿■om 57O-5S0 mm.
In a FIRA sampse of 15 chest freezers the 
largest width was 1600 mm and the 
greatest depth was 735 mm. Heights 
ranged from S5'5-915 mm.

See notes on cookers regarding BS 
recommended oirr.ensions for appliances, 
previous page.

Fig2.6 Cont-
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2.3.0 IMPLICATIONS FOR THE EXPERIMENTAL DATA BASE

This section represents the interface between the 
input information presented in the previous section 
(2.2.0) and the room layout appraisal model 
presented in chapter four. Here, the input data is 
translated into a form suitable for the computer 
software.

2.3.1 The room geometry

In section 2.2.2 it was noted that there were three 
broad classifications of kitchen. It was also noted 
that the room layout appraisal model was limited to 
discrete room analysis. As a result only working 
kitchens or kitchens with distinct seperable dining 
areas were used within the experiments, described in 
chapter six .

This sub-section demonstrates how kitchen geometries 
(donated to the author by professional kitchen 
designers - see acknowledgements and appendix G, 
section G.2.1) were converted to a format compatible 
with the capabilities of the computer model. This 
is done with the aid of the figure below.
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A

B

Flg.2.7 Room Geometry Conversion

Diagram A is a representation of a kitchen geometry 
given to the author by a professional kitchen 
designer. Diagram B is a representation of the same 
room as input to the modelling system. Note that 
both drawings are not to the same scale.
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Together they demonstrate how the dining area was 
separated from the working kitchen element of the 
combined kitchen. In this case, a partition and a 
900mm door were inserted in the circulation space.

Other changes to the original fitment layout were 
forced by the capabilities of the modelling system 
as currently implemented, i.e. the restrictions 
imposed on menu size.

Examples of this in figure 2.7 are:-

1. Conversion of 1200mm long high level unit into 
two 600mm long high level units.

2. Omission of high level cooker hood.
3. Conversion of 500mm base and high level units 

into 600mm long units.
4. Conversion of 900mm corner base unit to 1200mm 

and 300mm base units in a corner assembly.
5. Conversion of 600mm .corner high level unit to 

600mm corner high level unit and 600mm high 
level unit.

However, it is clear that both A and B represent the 
same room with an identical (virtually) layout. 
Overall room dimensions are constant betweem A and B 
as is the relative position of the appliances and 
the sink.
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2.3.2 Implications of the meal preparation process.

This sub-section examines the consequences of some 
of the rules governing the location of furniture 
elements described in section 2.2.2 with regard to 
the association penalty element of the room analysis 
model.

The association penalty is discussed more fully in 
chapter four but for now, it is enough to know that 
it seeks to assess the relationship between one 
furniture element and another by comparing the 
distance between them to a predefined max/min 
desired distance. This concept is understood more 
easily with the aid of a diagram, see figure 2.8 
below.

Fig.2.8 Cooker/Sink Association
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The rule for the association of sink and cooker was 
that they should be between 1200mm and l-SOOmm apart. 
This rule is mimicked in the association test, see 
figure 2.9 below.

ifTHTT---- 5 ^io. rrrr”)IST THT»EN lAp ' )iST uv 55J40. fnr 'DIST ' TT7T»£N
?T5( ')IST 1AXÊN 40. fnr)1S7 ifN’EN 1AX.)1ST 1AX»EN 557̂<o. 1IN.)IST m r'ZU uT)1ST lAx»EN 55n40. iT?T pT^)IST PEN 1AX . HST Ra7»EN

1 r.oôR 2i 1800 7 4500 ! 22 1 17S’ 4500 I 2i 1 175 y 4508 1 8 0 8 0 0 0 0 0 0 8
 ̂ SINrG 1 ~T 5555 i) 4 2400 5 ¿1 10 1 2188 4 8 6 ** 3 0 8 0 8 0 0

■?------- ‘ '.22i i 2530 4 12ofl 4 2400 5 25 10 1 2160 4 8 a 8 a 0 0 3 0 0 8
4 FRIDG ! 1220 4 0 L) 3 0 0 0 8 8 0 0 8 e 0 0 0 8 0 if

WASHC 1 0 1 "T5?rr ~Tn r 10 1 1520 4 0 d 3 3 0 8 8 8 0 0 0 a 8 0 0
fuTOI "T“ 10— p i2?a fi 0 3 3 0 0 3 0 0 8 3 3 0 8 0 ; 3 0 0 01

~ o75iiu — ra 1 nsifl 4 'C 1 1520 4 0 3 k) 8 8 8 0 ; 0__ 1____ a 0 0 8 0 3
fi WTRZH 1.31—^ “ir---a 3 &“ir 0 0 3 d 8 8 0j 0 0 8 8 0 8 B 8
“5 rn?r 0 ■ " 0! 0"“0~“— QPT --- GP T P T 0 z 2 8 8 b| B 0 8 8 3 8 01 0
10--wTLC ' ^ i 0 0 0 — — G 0 G J 0 --- G~TT 8 B 8 epp"! s a ; 3 5 0
“fT--tfTW~T~ 0h r — ff htr 0 0 ---^ P T ~ir 8 8 8 e 0 0 0 0 0 8 0
TJ 5 T W —0“---Efhnr 0 0 j a ---0rir 0 P T ---cr J — ff-0“ 8 B 8 B 0 8 0 8 B **
"n------ 0 U 0 0 0 0 ---3n r ~1T a“9“ 8 8 9 B 9 0 9 9 8 9 0 J

T4--RLTB0 1 ' VICB~r “TBTO~ r ~r" I3S5I “7B00“ P —r n m “T“-2300“P 0 ' B 9 0 9 9 0 9 9 8
T5 iOBT “1" ■J\~4bm~T~ “ TJ5B~r ■Tim ~r ~r"nT70 ~r "4500 1 9 0 9 0 9 9 9 9 9 9

TB FCFKT “ T ■'TUIH 1 ŜBB“T"“7"~ns5h r ff tB B ~r i "TSSBn r 45H9 1 9 0 9 0 9 9 9 9 9 9

~n FC300" 1 ~T!'2a J T i 6m ĥ 500 i 3 ■T2S8 3 4500 ! 9 0 9 0 9 9 tf 0 0
TB nTHTE"“T“ "TTBir "755EF~!T“2" p n ■"l'S20 4 2080 s 0 0 9 0 tf J 0 9 9

mj TOW 1 — 0HT7~r iroa— r 0 a •a ---0-g-[PT ---0n r 9 B 0 B B 9 9 9 9 9 9 9

------------- V! ------ 3 -------0 "T T 0 -------0 "TT-------B "E T 9 a
---jj 0 0 0 B 0 (1 9 0 9 0 9

Fig.2.9 Table of Association Penalties

As can be seen from the figure, element 2 (sink6) is 
related to element 1 (cookr) in that the minimum 
distance apart, with no penalty application, is 
1220mm and the maximum distance apart is 2230mm.

The discrepancy in the numbers between those of the 
literature search and those of the model is easily 
explained. The literature search rule refers to 
face/face dimensions whi-lst the model refers to
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centre/centre dimensions in three dimensions.

The model adopts this approach for computational 
simplicity. Since centre points are used as 
reference points the computer need not 'know' or 
calculate the orientation of each fitment. This 
saves considerably in computer memory and processing 
time .

2.3.3 Implications of meal preparation areas

Since user space requirements play a major role in 
the formulation of the room layout model, meal 
preparation areas, as they apply to each individual 
fitment, are of importance particularly in the 
experimental validation of the computer model 
described in chapter six.

50 500
10 460

b ' j i . t510
*Bui;Mrî reir.eericors mr.iie ;n w,dzh t’rom 
500-61O' mm and ¡n dep:.n fr:m  
570-TlO mm. Fig.2.10 Fridge as a User Area
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Figure 2.10 above shows the translation of user 
areas as defined in the literature search into user 
areas as defined for the purposes of the computer 
model.

Userl area is defined by the restricted access area 
of (A) combined with an additional 100mm wide area 
on the hinge side of the fridge, so as to allow the 
fridge door to fully open, as required by section 
2.2.3. User2 area is equivalent to the unrestricted 
area plus the same 100mm slice.

The following pages present a 'menu' of possible 
kitchen fixtures and fitments as defined for use by 
the layout analysis model. This menu is based on 
the table of user requirements presented in figure 
2.6.

TABLE

AA / A V / / / / / /  y / A

//yy ■/ V ■ . .yZ'y//AA'//Ay/////

'///
y/y

X iA '’ 'Z A 7 A 7 /A A
' ' tA /A Z A A A/\'7
A 8/ ,  IT !

AA7/AAA77 7:t ZaA/■ //y /
\//''77//y7y///7X -•

t i s i

Fig.2.11 Menu of Kitchen Fitments
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/. (.. .n|i'
— iJ 'y

y y099 0U9 ^

I Í I1  '8

009IM  ’̂ UOQ

ZZ’Z'D



C.2.26

Fig.2.11 Coni. HLC50
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2 4.0 SUMMARY

This chapter presents information pertaining to the 
test-bed situation of the domestic kitchen as it 
relates to a more general room layout analysis 
model.

Although the mechanisms of the model are not fully 
detailed until chapter four, this chapter has 
explained how ergonomic data gathered by previous 
researchers has been translated into a form suitable 
for use by that model•
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3.1.0 INTRODUCTION

This section notes the comparatively rapid 
development of computer graphics hardware and the 
relatively slow introduction of CAAD aids into 
architectural practice.

It then examines some existing draughting and 
modelling systems in terms, primarily, of their 
geometry input methodology; before drawing general 
conclusions about the effectiveness of existing 
man/machine interfacing techniques.

3,2.0 RAPID ElARDWARE DEVELOPMENT

A brief review of the history of computer graphics 
shows that digital plotters were introduced by the 
Benson-Lehner corporation about 1953. By 1956 the 
Stromberg-Carlson corporation introduced the first 
graphical Computer Output Microfilm (COM) recorder. 
It wasn't until the 1960's that interactive graphics 
appeared on the screen when Sutherland and Johnston 
announced the work they were doing with a system 
called SKETCHPAD at the Massachusetts Institute of 
Technology (3.1) .
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By 1970 cheaper computer graphics, of the storage 
tube variety, were on offer by the Tektronix 
corporation. By the mid/late seventies new forms of 
graphic display such as vector scan and raster scan 
refresh displays were becoming available.

3.2.1 Introduction of CAAD aids into practice

Computer Aided Architectural Design has been around 
almost as long as'there has been hardware to support 
it. During the early 1960's CAAD enjoyed a brief 
burst of popular (in terms of the architectural 
press at least) acclaim; however, few practices 
became actively involved with CAAD at that time.

It wasn't until around 1978, when the rigours of the 
1974 economic recession had to some extent abated, 
that CAAD sustained a revival in interest (3.2). 
This is evident from the continuing prominence of 
the topic within the architectural ' and technical 
press.

However as the table below shows (fig. 3 1), the 
number of companies in the construction industry 
actually utilising CAAD systems is quite low in 
comparison to the total number of said companies.
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System Supplier System Name Numbe

UKci
r of I 
UK

nstall 
EUR

ations 
WOR TOT

Launch
Date

Applicoti Linage 7 51 21X) 1200 14CX)
Autotrol GS-1000 10 20 350 400
ARC Ltd GDS 20 23 3 23 49 1980
Admel/'Bruning Easidrai'2 .3 3 125 150 81/82
Cadam Inc Cadam 5 20 60 2«) 300 71/78
Calccmp i:gs 5tXi 3 4 25 90 120 1969
Garbs Ltd Cnrbs 11 13 1 P 16- 1973
Calma C'adec 60 20 900 1000 71/72
CIS Medusa 4 28 53 29 130 1980
Ccmfxitervision C/\E 7 100 600 2400 3000 1973
Genesys* Gable 5 8 2 10 1981
Intergr,a|3h LCDS 10 40 90 350 500 73/81
GMW Computers Ruccips 46 46 9 12 67 1977
McAuto Uni,graphics 1 17 18 170 200 1978
Oasys Ltd Cadraw 4 6 6 80/81
Olivetti IGS 3 15 60 30 KX3 1980
P.'XFEC Ltd Dogs 3 27 7 34 1980
Suniragraphics Datagrid 6 10 15 120 150 79/80
Scott Wilson K Gipsys 1 1 1 1979

Approximate Totals 140 5oo 1200 6000 7700

Key; UKci constmcfcion industry inst^illations in the UK 
UK total installations in the UK
EUR reimiining installations in Europe excluding UK 
WOR remainLng installations worldwide excluding Eui’ope

Fig.3.1 CICA survey showing the adoption of 
CAAD systems (after Hamilton,!.)

This lack of involvement is even more evident when 
the" architectural element i-s to some extent
isolated. (See fig. 3.2). This diagram is based 
on data provided by the AJ Computing Club membership 
list, relating to architectural practices or
departments, public and private. The map serves as 
an indication of the geographical location of each 
practice user. Although the clubs' membership
cannot be considered comprehensive; it does give a 
large representative sample of the architectural 
practices utilising CAAD aids.
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COMPUTERS
;\r i F i / j ’US
■Vjplo Do
14̂ 0 Ûcr'o. in
DOC 12
Hewlett Raclcar'd 5
01 ivett i 5
Pet' 40
binclair /X61 1.

Spectnjin 7
Superbrain 4
Video Genie 3

DRAUGHT! r^G SYSTEMS
Apfui.icon 1
AliC J !
Calcanp 2
Cable 2
CDS drau^^bting 5
inCergraph 4
Rucaps 12
Scribe 4

N'otc other software widely 
utilised is:
NRS (Specifications)lU 
Visicalc (spreadsiieet )24 
Wordstar (Wordprocessing)i6

Note U';ose figures are based 
otY infoiMt-ition supplied by 
209 AJ Cauputir'.g club mG'aibers

Fig.3.2 AJ computer club membership

One of the most important points to note is that the 
majority of the club members have opted to use small 
micro's such as the APPLE or PET, some even use home 
computers like the SINCLAIR, rather than larger 
machines such as the DEC PDP.
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This is not surprising given that larger computers 
(and larger computer systems) require a greater 
capital investment than the smaller micro and that 
the pattern of current architectural practice does 
not lend itself to large scale investment in new 
technology (3 3).

According to Bijl et al., (3.4) those practices 
which have implemented large CAAD systems, exhibit 
four common characteristics. Firstly they are 
usually involved in a single building type 
(eg.hospitals, schools, mass housing, airports 
etc.,); secondly the construction methods they use 
are restricted; thirdly they anticipate long term 
building projects and finally they operate 
relatively stable protocols for the the organisation 
of their design practices. Significantly these 
characteristics are more likely to be maintained by 
a large and financially stable practice.

The majority of registered architects (some 85%) 
work-in practices employing 10 or less architectural 
staff - ie. the smaller practice (3 5).

To the smaller practice, as was noted earlier, the 
high • level of capital investment required to 
implement a large CAAD system is a major 
disincentive. However other disincentives are also 
evident such as:-
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1. Lack of expertise in utilising 
CAAD aids (and the expense of 
'buying in' such expertise).

2 Loss of control over the design 
process by team leaders and 
principals•

3 Disruption of idiosyncratic
methods of working.

4. Lack of flexibility exhibited by 
the CAAD aids themselves.

This last factor is very important. If the lack of 
flexibility in existing systems can be overcome, 
both in terms of the building that can be described 
and the manner of its description, then 
comprehensive CAAD systems would become a more 
practicable proposition to more of the smaller 
practices, since the financial risks would be 
reduced due to the increased variety of jobs that 
could economically be computerised.

3 3.0 EXISTING SYSTEMS

The investigation of existing systems takes the 
following course

1. Definition of type of system to be 
investigated.

2 Enumeration of hardware devices 
generally available for geometry 
input.

4 7
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3. System by system analysis, in 
terms of geometry input
methodology.

3,3.1 Definition of systems

All the CAAD aids that have been investigated have 
at least the following two properties in common.

1. The designer must describe the 
building geometry to the computer.

2. All the systems,with the exception
of ROBOGRAPHICS, were used by the 
author over a period of several 
days. Only a four hour
demonstration of ROBOGRAPHICS 
could be arranged.

This, of course, means that a fairly representative 
sample of both draughting and modelling systems have 
been considered. Implementations of GABLE and GRAMP 
are available within SSSA and were examined in 
August 1983. RUCAPS 8 was used by myself at the 
office of Reiach and Hall, Edinburgh, in November 
1983, whilst ROBOGRAPHICS was demonstrated in June 
1983 at the Schoolhill premises of RGIT.

The comments made in later sections about these 
systems pertain to the implementations available to 
me at that time and place. However it should be 
noted that as a result of commercial pressures many 
of these systems are under a continuous process of 
updating and improvement. As a result some of the 
criticisms made may no longer be valid for newer 
versions of the system.
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3 3.2 Graphical input devices

There are three principal means of effecting
geometry input and consideration of the variety of
means available will concentrate on these areas : -

1 Keyboard.
2. Screen.
3 . Tablet.

Note that in terms of CAAD only two dimensional
input dev ices need be considered.

Input via the keyboard

Most if not all graphic terminals are provided with 
a QUERTY keyboard. Obviously this can be used for 
direct keying of absolute cartesian coordiantes 
describing the building's geometry.

Sophistication in the modelling software would allow 
relative or polar coordinate systems to be used.

This method of geometry input is the most 
machine-friendly manner of creating geometry 
descriptions.
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3.3.4 Input via the screen

Input devices using the screen can be broadly 
classified into two groups, positioning devices and 
pointing devices• All positioning devices make use 
of a cross-hair cursor so as to feedback to the user 
the current position of his input.

(a ) Stepping keys
To a certain extent this might be viewed as an 
example of sophisticated keyboard entry. The 
software assigns certain keys move/draw commands in 
a relative coordinate environment. An image is 
created by repeated operation of sequences of keys; 
the cursor indicating the current start point of the 
next line (3.6). See figure 3.3 below.

Fig.3.3 Stepping keys (after Newman i Sproull)

(b ) Joystick
In as much as the joystick controls a cursor, the 
input operations are similar to that of using 
stepping keys. However there are differences, the 
user is not restricted to step movements, nor is he 
restricted to orthogonal movements - that is the X
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and Y coordinate of the cursor can be changed 
simultaneously (3.7). See figure 3.4 below.

Fig.3.4 The joystick 

(after Reynolds)

(C) Trackerball

is very similar to that of the joystick, although 
the ergonomics of the device are quite different
(3.8). See figure 3.5 below.

Fig.3.5 Trackerball (after Newman i  Sproull)

(D) Thumbwheels
Some graphics display terminals-, such as the 
Tektronix 4054 provide this input device on the 
keyboard. In philosophy, it is mid-way between the 
joystick and stepping keys in that although there is 
no stepped movement in the cursor, X and Y 
translations in the cursor position are independant 
in each other.
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(E) The mouse
As the diagram shows, the mouse consists of two 
thumbwheels mounted at right angles to each other on 
the bottom of a box. This makes the action of the 
cross-hair similar to that of the joystick driven 
cross-hair. However the mouse is different from the 
joystick in that when the cross-hair gets to one 
edge of the screen it will 'wrap round' and appear 
at the opposite edge (3.9). See diagram 3.6.

Fig 3.6 The mouse (after Newman & Sproull)
(F) Lightpen

So far we have discussed positioning devices. The 
lightpen is a device for pointing at the screen. If 
it is pointed at the screen then it generates 
information from which the item being pointed at can 
be identified by the program (3.10). See figure 3 7 
for an illustration. However, as Reynolds has said, 
the lightpen is not very precise, and is actually 
poor ergonomically, as the user usually has to hold 
the pen perpendicular to the screen as he draws.
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Fig.3.7 The lightpen (after Reynolds)

3 3.5 Input via the tablet

Also known as a digitiser or pencil follower. In 
itself, it is not 'an input device. The input is 
derived from the position of a stylus or puck placed 
on top of it.

A tablet can conventionally work in two modes; 
point digitising and continuous digitising.

In point digitising the pen is pointed at the 
tablet, the coordinates derived from this operation 
can be converted into the appropriate screen 
location by the application software.

In continuous digitising the pen is moved over the 
surface of the tablet, and the computer, at fixed 
intervals of time, interrogates the stylus to 
establish its current position. This allows complex 
shapes such as the contours of a map to be traced 
accurately (3.11). See figure 3 8 for an
illustration.
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Fig.3.8 The digitising tablet (after Reynolds)

3 4.0 SYSTEM BY SYSTEM ANALYSIS

The system by system analysis will follow the 
following pattern in each case.

1 Introduction of the system and its 
conceptual background.

2 Identification of hardware
configurations used in terms of 
input devices.

3. Discussion of the guality of the 
user interface.

4. System description and personal
comment on the extent to which 
input methodology imposes
constraints on the designers use 
of the system with particular
regard to geometry input.

Item (3) will be discussed in terms of Newmans 
concept of the four components of the user 
interface .

1. "'A users model' ie. the users
conceptual perception of the 
information he manipulates and of 
the processes he applies to this 
information.

2. A COMMAND LANGUAGE ’ in which the 
user expresses his commands to the 
program.
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FEEDBACK provided by the computer 
to assist the user in operating 
the program.
Information display showing the 
user the state of the information 
he is manipulating." (3 12)

3 4.1 Gable 9

(a ) Introduction
GABLE: General Aid to Building Layout and
Evaluation. This is a modelling and draughting 
package developed at Sheffield University by 
architects and for architects. It became
commercially available in 1981 (See figure 3.1).

GABLE is marketed in two linked sections. The
modelling package and the draughting package. The 
draughting package (at least in this early
implementation) is heavily dependant on the 
modelling package for its efficiency and so has been 
excluded from further consideration.

The, modelling package is in three major parts;
input, where the geometry description is assembled 
in two dimensional form; interpretation, where the 
geometry description is assembled into a building 
model (3.13), (3.14) and output, where the assembled
building model can be appraised visually and
numerically.
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Conceptually GABLE is an attempt to bring modelling 
CAAD aids to the architectural practice at a price 
closer to that which they can afford (approx. 
£50,000 including hardware and staff training) so 
that the quality of design can be improved as well 
as the speed of drawing production. All in a manner 
suited to the architects method of working ie. 
designing at the drawing board, (terminal).

(B) Hardware configurations
Tektronix 4052 or 4054 Graphic Computer System 
containing 56k user workspace memory and an 11" or 
19 " high resolution storage tube display.

Tektronix 4952 Joystick in 4052 configurations (the 
4054 has inbuilt thumbwheels).

Tektronix 4907 file manager and dual floppy disk 
drive.

Tektronix 4663 A2 2-pen flatbed plotter/digitiser.

It should be noted that the Tektronix 4050 series 
terminals are powerful desk top computers combined 
with a high resolution storage tube screen suitable 
for architectural work. They are also simple to 
operate, cheap (relatively) and compact.
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(C) The user interface

(i) The users model
The basis of the users model is the system manual
describing what he can do, how he does it, and what
happens when he does do it.

Unfortunately the GABLE manual is comparatively 
poor. It offers little information on how data is 
captured and stored.

It does outline each of .the system capabilities and 
their method of operation, especially those aspects 
relating to plan input - where the bulk of geometry 
input lies.

However the sections of the manual dealing with the 
more automated functions of the software such as 
creating roof plans or elevations are inadequate. 
The user finds it difficult to conceptualise what 
he's doing.

(ii) Command language
GABLE is driven by the use of function keys and 
overlay cards. Each program segment has its own
overlay. This is an effective way of communicating 
to the machine since it reduces the amount of 
keyboard typing required. Furthermore keys that do 
the same or similar functions in different parts of 
the program suite are located in the same location

5 7



C . 3 . 1 7

on the overlay in each part of the suite.

(iii) Feedback
Bearing in mind that a storage tube is the only 
medium available for display the quality of the 
feedback is quite good. Bells prompt all inputs and 
errors are noted by a long bell sound. The maximum 
possible alphanumeric feedback is given.

(iv) Information display
As with all storage tube displays, the system 
suffers from the need to redraw the image that the 
user is working on. This is particularly marked 
when the user is deleting or modifying information 
already created, or alternatively changing scale or 
viewing area,

A particularly irritating feature is that if an 
image is redrawn, then the background grid is not 
redrawn at the same time.

(D) System description
The GABLE system attempts to allow the designer to 
design at the computer terminal. However it does 
not really succeed. This is best illustrated by a 
step-by-step description of how a typical floor plan 
might be generated.
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Firstly the designer needs to know the shape of his 
enclosing perimeter wall. If he doesn't know this 
then he can do no more since GABLE needs this 
envelope to be enclosed before it can interpret the 
model, and trying to add the external wall at a 
later date can be a little difficult.

Once the designer has defined the external wall 
geometry he should define the wall construction. 
GABLE uses the construction specification to decide 
how to show and dimension the external walls.

The designer is now ready to start; he draws in the 
enclosing envelope, specifying the wall type, using 
thumbwheels and cursor, to point to the ends of 
lines. After he's formed a closed polygon the 
computer comes back with a display showing each wall 
element with a thickness.

Right, ready to start defining room layouts? Wrong. 
First it's advisable to make sure that the external 
walls have the correct dimensional aspect to each 
other. If this is not done now, then it becomes an 
extremely laborious and error prone task later on.

The designer finishes dimensioning and aligning the 
enclosing envelope; he's ready to start determining 
room layouts but first he'd best work out what the 
partitions are made of, to establish their 
thickness, otherwise he will have to be very careful
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when doing this for every line at a later stage.

This step by step approach gives some idea of the 
complexity of trying to design a building using 
GABLE. The same philosophy of placing followed by 
dimensioning is evident throughout the rest of the 
PLAN INPUT sections such as input door, window, 
floor and staircase (multiple floor segments).

However it should be said that if the user is 
unconcerned about exact placing and dimensioning of 
elements, the input process is much speeded up and 
approximate analysis of outline proposals would be 
possible.

In terms of the input methodology used, placing of 
elements is achieved by cursor positioning using 
thumbwheels or joystick, followed by a single 
keyboard entry to confirm the location. All 
dimensional data is input via the keyboard.

It is possible to use a digitising tablet or the 
plotter/digitiser instead of the joystick for 
positioning, however single keyboard entry is still 
needed. This makes the operation very user 
unfriendly in that the users attention is constantly 
wavering between the screen and the digitiser.

60



C.3.20

To conclude GABLE is user friendly in terms of 
inputting building geometry in that the designer 
draws on the screen in a completely unresticted 
manner. There is no locking on or off grids nor 
typing in of dimensions or coordinates. GABLE 
becomes unfriendly however when dimensional accuracy 
is needed.

3.4.2 Rucaps 8

(A) Introduction
RUCAPS: Really Universal Computer Aided Production
System. (3.14). This is a two and a half 
dimensional draughting system. It was developed at 
the office of Gollins Melvin Ward Partnership, and 
is now marketed through a wholly owned subsiduary 
GMW Computers Ltd.

It was written by architects for architects. It 
became commercially available in 1977. (See figure 3 .1).
Conceptually RUCAPS concentrates on the rapid 
production of drawings to justify itself. Few 
supplementary results in the form of thermal or 
accoustic analysis etc. are available, although 
simple scheduling in the form of no. of components 
used is available. The modelling capability is used
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only to derive sections and elevations from the 
components making up the plan form.

(B) Hardware configurations
DEC PDF or Prime based dedicated mini-computer 
including 4 hard disk drives.

AO size digitiser and puck.

Imlac Dynagraphic 19" high resolution vector refresh 
display including lightpen.

Benson AO drum plotter.

RUCAPS is sold as a turnkey draughting system at a 
cost ranging from £60,000 for effectively two 
dimensional draughting to £140,000 for two 
workstations and full modelling capability.

(C) The user interface

(i) The users model
The RUCAPS 8 manual is quite effective in giving the 
user a good idea of what happens to the data he 
inputs to the system. This may be because the data 
structure used by RUCAPS is considerably more simple 
than that for GABLE for example.
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In addition the manual gives a detailed step-by-step 
description of what happens during each program 
segment and informs the user of what he should do if 
anything goes wrong!

(ii) Command language
RUCAPS 8 is a menu driven software package. The 
user selects from a menu of available choices, 
either by typing in a key letter, or by using the 
light pen. (This is apparently the only effective 
use that is made of the light pen.)

When using the AO digitising board and puck a menu 
is attached to the board. However no feedback is 
given on the screen as to which of the many 
available options on the tablet menu is currently 
active.

(iii) Feedback
Despite the fact that a refresh graphics display is 
available, there is comparatively little feedback, 
as such,, during the geometry creation parts of the 
RUCAPS 8 software. Errors are only notified by the 
sounding of a bell. There are no prompts for input, 
other than the display of menus and the display of 
current cursor position.
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(iv) Information display
At the end of each user action, the information 
display is updated. Only minimal use is made of the 
refresh graphics capability during user actions. 
For example, when the designer is manipulating an 
existing component on the screen then the component 
is temporarily attached to the cursor and can be 
'dragged' accross the screen.

(D) System description
RUCAPS 8 is not designed for, nor is it capable of 
allowing the designer to design at the computer 
terminal. The user must have worked out the
geometry of his project in some detail before 
attempting to uge the system. This is best
explained by describing how the building geometry is 
stored .

The designer starts by defining a project name and
building(s) name(s) and also the grids to which all
geometry constructs are related.

The user then creates or,calls up from a standard 
library a component (for example a rectangle 
corresponding to a column) and locates this
component in one or more places within a building at 
a defined floor level.

6 4



C . 3 . 2 4

Thus the component is stored as one item of 
information; and the building level has a record of 
all instances of that component used at that level .

In terms of the input methodology, there are three 
seperate and distinct aspects; creating the 
component, amalgamating it into a supercomponent and 
placing it on a building level. Specific drawings 
are created by defining which part of a building and 
which classes of components are to be drawn.

With RUCAPS 8 there are two methods of creating a 
component; by keyboard entry or via tablet and 
■ puck.

Using the keyboard the designer types in relative 
move/draw commands, specifying line type and 
thickness and calling special functions such as 
'circle' as and when necessary.

Using the tablet and puck, the computer 
automatically derives the same kind of data file 
that is obtained by 'keying in' as described above. 
However, here the designer 'picks up' functions from 
the tablet menu and then points on the tablet. The 
input is echoed on the screen. In this way sketch 
components can be defined rapidly by tracing over a 
manually created drawing. This process is not 
dimensionally accurate.
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Facilities are provided such as user defined grids, 
and construction lines, to enable dimensionally 
accurate components to be created on the digitising 
tablet. However, the users attention will waver 
between the screen, showing what the component looks 
like so far and the tablet menu as he selects new 
functions. In addition choosing which combination 
of functions should be activated to achieve a 
particular result might confuse the novice user.

To conclude; RUCAPS is user friendly to the extent 
that the user model is well defined and the 
information display is good. It is unfriendly to 
the extent that a large part of the geometry input 
is either by keyboard entry (both dimensions and 
component names) or by the tablet with echo on the 
screen, resulting in a large amount of head movement 
between screen and tablet.

3.4.3 Gramp

(a ) Introduction
GRAMP: Graphical Manipulation Program is at the
core of much of the ABACUS software. It was 
developed originally for SPACES by Harvey Sussock.
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The package concerns itself primarily with the 
manipulation of existing graphic data, whilst 
maintaining the integrity of any associated geometry 
model.

(B) Hardware configuration
This program is designed to run on a time-sharing 
mainframe facility and uses a Tektronix 4010 
compatible graphics display device for output and 
cursor/keyboard input.

(C) The user interface
(i) The user model

The user has a fairly clear idea of the editing 
facilities of the program since each individual 
manipulation is clear, and comparatively simple. 
The user is unaware of the data structuring of the 
geometry, other than that he is resticted to 
orthogonal shapes.

(ii) Command language
CRAMP has a menu driven command structure employing 
the usual ABACUS feature of cursor picking of menu 
commands or typing the initial letter of the 
command.
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(iii) Feedback
Withia GRAMP feedback plays a comparatively minor 
role. Errors are noted only by a bell sounding - 
there is no echo of a users menu selection.

Whilst editing individual picture elements, the' user 
has no direct visualisation of what he is doing 
until the editing process has been completed.

(iv) Information display
As was stated earlier (Chapter 3, Section 3.4.1) a 
storage tube suffers from the need to redraw the 
image that the user is working on subsequent to data 
modification and manipulation.

However this disadvantage is perhaps more marked in 
GRAMP than with GABLE since GRAMP manipulates whole 
primative objects rather than individual lines and 
several manipulations of a single object may be 
needed to effect the desired geometric outcome.

(D) System description
The GRAMP program allows the designer to manipulate 
geometry objects on the screen of the computer 
terminal. It is not concerned with the creation of 
the geometry object; this is done by utilising 
other related software.
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GRAMP suffers from two principal limitations. 
Firstly it suffers from the need to periodically 
redraw the screen image, and secondly it can only 
manipulate orthogonal and rectilinear geometry 
pr imatives.

In terms of the facilities given to the designer the 
main notable omission is that the designer has no 
quick and accurate way of aligning parallel edges of 
two geometry primatives so as to make them col inear.

Having said that, GRAMP undoubtedly succeeds on its 
own terms as the provision of a simple geometry 
manipulation facility to be used in conjunction with 
other more complex building model appraisal 
packages.

3.4.4 Robographics 

(A) Introduction
As an opening note, unlike the previous systems 
examined, the • author has not had 'hands on' 
experience of this system. The follow-ing comment is 
based on technical brochures and attendance at a 
software demonstration.
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ROBOGRAPHICS is a general two dimensional graphics 
system, which has recently appeared on the market. 
An enhancement of the basic system called SCRIBE, 
which was not demonstrated, allowed for three 
dimensional sectional overlays.

(B) Hardware configurations
Apple II or lie Personal Computer with 64k RAM.
Two disk drives DOS 3.3.
Monitor (colour or monochrome).
Bitstick 3-axis precision controller.
Calcomp plotter up to AO size.

(C) The user interface

(i) The user model
Visualisation of the ROBOGRAPHIC's system of 
operation is deceptively simple. It has been 
likened to word processing with graphic images.

However, although the strategic 'modus operandi' is 
clear; detailed operation is less clear, involving 
as it does, cursor selection of options from a 
palette of possible operations spread round the 
edges of the monitor.
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I have had no access to the manuals and so have no 
indication of their quality. Nor can I determine 
whether detailed operations within the system are 
made clear by the manual.

(ii) Command language
ROBOGRAPHICS appears to be a modular system driven 
by menu selection. However the menus are not in the 
conventional format in a table but spread around the 
edges of the display area.

All input, apart from text entry, is done with the 
bitstick controller which is in ' essence a 
multi-keyed joystick.

(iii) Feedback
Much of the feedback given in ROBOGRAPHICS concerns 
how the bitstick controller is operated and is very 
useful and powerful.

There is some alphanumeric feedback as to line 
length, grid size and lock and current cursor 
position. One form of feedback which is missing is 
that there is no visual feedback giving confirmation 
that a particular program segment has been 
activated.
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(iv) Information display
ROBOGRAPHICS uses a raster scan display and suffers 
from low resolution (512 x 512) compared to that of 
the storage tube or dynamic graphics display 
terminal.

In addition the menu options are quite difficult to 
see since they are sited at the periphery of the 
monitor .

Furthermore some of the editing facilities, in 
particular deletion of an element, suffers from the 
fact that the object or line must be undrawn.

(D) System description
For its price (about £-6,000) ROBOGRAPHICS is a 
powerful geometry creation and manipulation package.

It operates in a manner similar to RUCAPS 8 in that 
libraries of objects are created and then placed on 
a drawing (which in itself is another library 
object.)

It is not really possible to sit at the terminal and 
start designing from scratch. Some idea of what the 
designer wants to draw must be in his mind.

However apart from the objections raised earlier in 
this discussion one of the main disincentives to 
using this system must be the difficulty of creating
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library objects of complex, non-orthogonal geometry, 
quickly and accurately. Although the feedback 
available would be of some help in this task, there 
appears to be no mechanism for either locking the 
start/stop point of a line onto another line nor is 
there any method for locking a grid onto an existing 
line, ie. the grid seems to be drawn at all times 
from the origin.

However to conclude, the system should be relatively 
easy to understand and operate and should be able to 
accomodate most architectural drawing work, when in 
experienced hands. Its most obvious feature to this 
end is that all geometry is created dynamically 
using cursor input. There is no requirement to type 
in coordinates or line lengths etc.

3.5.0 CONCLUSIONS

The following conclusions are based on the 
investigation of the systems which have been
described in the previous sub-sections together with 
the analysis, to greater or lesser extent, of other 
systems such as BBS, Sue, Designer 1, and Source, to 
which the author was unable to arrange access.
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1. The designer has to provide more information 
about the building model than he might otherwise 
do when utilising manual methods'. A simple 
example of this is that both BIBLE and GOAL 
require absolute coordinate descriptions in 
three dimensions of the building model.

2. Creating a building geometry is potentially a 
more lengthy process than manual methods in that 
additional information is required.

3. A complete design concept is a pre-requisite to 
inputting a design model. Only GABLE, of the 
systems reviewed, attempts to allow the user to 
design at the computer terminal.

4. Many systems use a very machine orientated 
methodology for capturing the geometry model 
characteristics. For example, in RUCAPS 8 one 
of the main ways of creating a component (the 
basic building block of that system) is to type 
numbers into the computer.

5. Systems, such as GABLE, utilise cursor input for 
building geometry creation. This allows 
graphical display during the input process. 
However, these systems may impose constraints on 
the order and means by which a building geometry 
can be created.
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6. As a result of the above factors, the design 
process is interrupted by the computer. That 
is, the designer cannot concentrate on the 
design task since much of his attention is 
diverted to driving the machine.

7 Most systems offer only a limited mechanism for 
the modification and repetition of data already 
entered into the machine. However, all such 
mechanisms are superior to manual means.

8. The considerations of cost, reliability and 
control are really outwith the scope of this 
research project, but it could be said that the 
majority of systems have a high investment cost 
and require specialist operators. In general, 
systems that have been on the market for several 
years and utilise 'standard' hardware are 
reasonably reliable, although the quality of the 
'backup' in terms of user manuals etc. may be 
suspect in some cases.
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4.1.0 INTRODUCTION

"In its most general terms, layout planning can be 
described as the attainment or satisfaction of 
multiple objectives subject to a 
constraints." (4.1)

variety of

The objectives typically include:-
1. Effective movement of 

personnel.
materials

2 Effective utilisation of space.
3 Adaptability to unforseen changes.
4. Safety.
5. Good appearance.

constraints might include;-
1. One or more fixed activities.
2. Activities which must be seperated.
3 . Regulation restrictions.
4 Room size.
5. Budget.
6. Time.

and

Typically the designer manipulates these objectives 
and constrain-ts in an intuitive manner to yield 
one or more acceptable design concepts which are 
then firmed up into detailed layouts.
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4.2 0 EXISTING ACTIVITY SPACE MODELS

Over the years, some designers have found this 
intuitive approach too subjective. Several more 
rigourous approaches have been applied, either to 
assist in the construction of the design or to 
appraise a completed design.

1. Bubble diagramming.
2 Graphical layout techniques.
3. Scoring techniques.
4. Clustering techniques.
5. Layout algorithms. (4.2)

In the following sections, existing activity .space 
models and proceedures will be examined in the light 
of the above classifications.

4.2.1 Bubble diagramming

This is not really a technique as such but rather a 
method of illustrating an intended arrangement of 
activities. It is popular among architects and 
interior designers. (4.3)
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4,2.2 Graphical layout techniques

This approach could be regarded as a structured 
manual approach to layout design. Some examples of 
the variety of approaches are indicated in the 
following pages.

The Svennar System
The Svennar System is mostly the result of data 
given in the NBI(Norgesbyggforskningsinstitutt 
Norwegian Building Research Institute) data sheets 
on spatial standards in the home.

Each activity element is represented by a user area 
similar to those identified in section 2.3.3. 

Rooms are on a modular grid, and activity elements 
are manually placed in the appropriate rooms.

The system relies on conventional draughting 
techniques. Each activity element user area is 
hatched allowing a visual appreciation of congestion 
within a room layout_ to be made from the degree of 
cross-hatching. (4.4)

The Alice Thiberg System
This system (really more like a design guide in 
application), is very similar to the Svennar System 
above with hatched user areas, Though it appears 
that some method of calculating the furniture
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content required by each room space has been devised
(4.5)

The Bjorko System
The NBI were increasingly confronted with the 
problem of assessing the usable value of a house 
plan, and the Bjorko System was devised as such an 
appraisal method.

The Bjorko System identifies five sub-analysis:-
1. Fixed installations.
2. "Furnishability".
3. User areas.
4. Circulation (between rooms).
5. Room relationships.

These analysis are mainly of a graphical nature. 
(■4.6)

The Richard Muther System
This system is driven by two sets of input
information. A schedule of accomodation areas and a 
matrix of the relationships between units of
accomodation. See figure 4.1

The relationships are ranked from essential to 
unimportant (an additional relationship is 
X-Undesirable). These relationships are converted 
into diagramatic form using a number of lines code
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COMBINED FLOW  AND

Flg.4.1 A Graphical Layout Technique (after Muther et al)

and a length of line scale. Essential relationships
are given the 
relationships being

shortest line, 
scaled from

with other 
that class.

Essential relationships are drawn first.

The diagram is redrawn after each relationship class 
has been positioned, if the line of scale distance 
has been exceeded.
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The finished diagram is 'exploded' and the symbols 
redrawn as the corresponding areas of each activity 
element. The final step being to fit the activity 
areas of each activity element into the room space 
available, adjusting the shapes of each element as 
required whilst retaining the integrity of the 
relationships identified earlier.

4.2.3 Scoring techniques

Closeness scoring techniques do not generate 
layouts; they evaluate how "good" a layout is.

Most of the scoring techniques assume the designer 
is seeking to maximise the closeness of highly 
interrelated activities. Well designed scoring 
techniques will highlight adjustments to a layout 
and guide the planner to a better design.

A simple method of utilising this technique would be 
to plot intensity vs. distance for each of the 
desired relationships. (Intensity being a measure 
of the desirability of a particular relationship - 
traditionally this is a measure of transport costs 
between nodes.)
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The total area under and to the left of each point 
represents the measure of "goodness" of the design. 
Individual points with a large area 'behind' them 
indicate weaknesses in the design. See figure 4.2

4 6 .8

3 1 .2 *c s

*0.4

*A .2
•A. 1 . 0 .1 3 *4,8 *4-14

0 365
TCT.AL »CPX °0=FORHED -  235579.5

5 2 .5  _ * a ,3

730 1095 1460

DISTANCE

21 >&9

Fig.4.2 Intensity vs. 

Distance graph 

(after Hales  ̂ HX)

♦ « ,4  * f l . :3

-U- -I-
TOTAL VOW PERFORMED « 2S4S4.5

730 10S5

DISTANCE

This type of approach lends itself to 
computerisation. At its simplest this involves an 
algorithm to draw the graph from a set of input 
data. More sophisticated systems might 
automatically load relationship distances into the 
scoring routine from an interactive graphics layout 
program suite.
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4.2.4 Clustering techniques

Clustering is an analytical tool which can be used 
in three ways:-

1. To define areas prior to layout planning .
2. To study relationships between activity 

areas.
3. To reveal the overall block sizes of a 

space for closely related activities - 
the cluster.

Input is usually in ■ the form of results from 
questionnaires . Output is achieved with a 
mathematical technique known as hierarchical 
decomposition. The repetitive mathematics involved 
usually require the use of a computer for anything 
other than the simplest of situations. An example 
of this type of program is CLUSTR by ABACUS. (4.8)

4.2.5 Layout planning algorithms

"The field of computer aided layout planning began 
20 years ago with the publication of the CRAFT 
layout algorithm by Elwood Buffa, Gordon Armour and 
Thomas Vollman." (4.9)
Traditionally layout planning algorithms such as (4.10)
STUNI have worked by placing units of accomodation 
with the highest closeness rating first (ie. that 
element with the most and/or strongest 
relationships). The remaining activities are
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examined for their relationship to those already 
placed, with placement being in descending order of 
closeness desired to those activities already 
placed.

The layout can then be scored. Some sophisticated 
algorithms attempt to further improve on this layout 
by pairwise exchange of activity spaces which seek 
to achieve a better score.

4.3.0 EXISTING DOMESTIC ACTIVITY SPACE MODELS

So far in this chapter we have been discussing 
existing activity space models, as they apply to the 
wider field of facilities planning. Although these 
models have many principles which could be. applied 
to the analysis of domestic activity spaces, in 
general they are geared for a more general form of 
layout planning. That is, deciding the area and 
location of say the typing pool, aS opposed to the 
detailed layout of the 'pool' itself.

In the remainder of this section we will examine two 
domestic activity space models which will, to a 
certain extent, highlight this difference.
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4.3.1 Genova system

At the time of writing (1985) the work of this group 
has not been published outside Italy (4.11) and the 
information presented here is dependent on 
translation from Italian.

Written in FORTRAN on a VAX 750 computer using a 
Tektronix 4012 as a display unit, their package is 
intended to aid the designer by allowing him to 
visually appraise the effects of his design 
decisions .

It adopts a whole house approach, breaking the 
layout design into rooms before allowing the 
designer to select from a standard menu items of 
furniture to be located within a single room.

A sample of the visual appraisal is presented below 
in figure 4.3. It can be seen that in many respects 
it represents a computerisation of the Svennar 
system.
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4.3.2 Langskogs system

Langskog attempted to derive a model that was both 
bottom up, and top down, in as much as he saw the 
system that he developed within an overall framework 
of a building appraisal package. (4 12)

Although he defined this strategy, the only aspect 
of the model that was actually implemented on a 
computer (FORTRAN on a DEC 2050 using Tektronix 4010 
for display) was his room appraisal package.

This analysed the layout of a room in terms of its 
two dimensional plan form. Furthermore all geometry 
was restricted to orthogonal, rectilinear forms.

At the core of his appraisal measures, were three 
penalty factors:-

1. A shape penalty.
2. An area utilisation penalty.
3 An overlap penalty.

An indication of the sort of appraisals possible 
with the Langskog system is given in figure 4,4 
below.

These factors are more properly discussed in the 
following sections, since they are conceptually very 
similar to parts of the new model. The differences 
generally relate to the use of three dimensional,

89



C.4.13

window SIZE IS 0 3608 sees
k 3000mm >

A

r-!P3<3 
3 5

MASK HUMcE? 
3

NOTHING OH MHS'- 
4

OIMENSION SCALiH 
33

UHAT TYPE OF GRrtPHIC^ L̂ OUTPUT DO YOU RE'^UIRE'?
- TYPE HELP FOR OPTIONS

COMPOHEHT

UIHOOW SIZE IS 2 39  30G 2 7 6 0 0  27661
3 4 5

g  a  E  E

liiiiriiii'ifaJ’I I !

BQ

CROU?« FLOOR PLAN

- MASK Hi./nLEP 
.  3

J-MO"

WHHT TYPE OF GRAPHICAL .OUTPUT DO YOU PEOUIftE’  
- TYPE HELP FOR OPTIONS

RATIO

2 Jp
3 ?P
4 hP

Fig.4.4 Langskog system^ an indication (after Langskog)

90



C.4.14

non-orthogonal non-rectilinear geometry allowed by 
the new model. Father details are given in Appendix
D.

4.4.0 THE NEW MODEL

The last section described existing domestic 
activity space models. In this section we discuss a 
new model. In the next chapter we discuss its 
implementation on a computer and in the following 
chapter subjective experiments which seek a 
validation.

As was seen in the last chapter, existing domestic 
activity space models seek to appraise or score 
either numerically or subjectively, by graphic 
display, a given design.

The new model also follows this strategy for a 
variety of reasons. Firstly the personal design 
philosophy of the author would indicate that 
'design' in the most creative sense of the word is 
not yet (and may never) be the province of the 
machine. Secondly, that the technology available 
today (in non-military establishments) is inadequate 
for the sophisticated model that would be required 
to encapsulate even the smallest part of the
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designers 'knowledge base'. These two reasons 
interact with the third, that appraisal or scoring 
of designs is one method of making design knowlege 
explicit in a form that might be useful in the 
future for sophisticated 'expert system' computer 
models. This concept is explored further in Chapter 
8, Section 8.4.0.

Thus the philosophy for the new system was that of 
an automated layout scoring system backed onto an 
interactive graphics layout package, which would 
allow the designer to appraise any layout, or part 
layout of a room and tell the designer not only how 
"good" or "bad" the design was but would also 
indicate possible areas for improvement. It would 
then be up to the designer to accept or reject the 
computer's .advice in order to "improve" the quality 
of the design.

It should be noted that "good" and "bad" are always 
in inverted commas because there are always factors 
(such as aesthetic appearance) outside the 
competence of the computer model which may make a 
"bad" layout good or vice versa.

4.4.1 The new model - an overview

The new model was constructed to accomodate three

9 2
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dimensional, non-orthogonal, non-rectilinear room 
and fixture geometries and to present an appraisal 
in terms of four measures of layout "goodness"

1. A room space efficiency penalty (SP)
2. A volume utilisation penalty (VU)
3. An overlap penalty (OP)
4. An association penalty (AP)

As an overall measure these four penalties were 
averaged to give an overall efficiency ratio (ER) .

These penalties are also discussed in Appendix D and 
in Appendix H.

4,4.2 Space efficiency penalty

This penalty is given by:-
P.H+2A

where : -
4 V/C.C+2V/C

P = perimeter length of room.
V = volume of room
•c = a constant (set to optimal height for 

room - in this case 2300mm)
H = height of room.
A = area of room

As can be seen in figure 4.5, this penalty measures 
the efficiency of the room shape.

IfIt is a variation on the volume compactness ratio, 
and allows differing room volumes to be compared.
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Space Efficiency = A rea  of faces enclosing VI
Mm, area required to enclose 
cuboid, ht=2300  ̂ vdI = V1

Rg.4.5 Space Efficiency Penalty

The penalty compares the designed room surface area 
to an ideal room surface area enclosing the same 
volume as that of the designed room.

In the traditional volume compactness ratio this 
would be a cube, but for large rooms this would mean 
an ideal with an unnecessarily high head height. 
Therefore, for the new model, the traditional ideal 
was distorted by fixing the ideal ceiling height at 
2300mm, being a suitable height as regards the 
Scottish Building Regulations. (4.13) Naturally 
this height could be varied for other (non-domestic) 
applications of the model.
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This penalty is given by:-
TV

^(REUmax) +.£(FEUmax)
j ‘

where : -
TV = total volume of room 

REUmax = maximum user vol. of a single room 
element

FEUmax = maximum user vol. of a single furniture 
element

n = no of room elements 
m = no of furniture elements

This measure is intended to assess the compactness 
of the room layout, see figure 4.6

Fig.4.6 Volume Utilisation Penalty

.The penalty assesses the ratio of minimum total
enclosing volume required by the fixtures within the
layout, to the actual volume available within the
room. This means that rooms which are comparatively
sparse would attract a greater penalty than those
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which are comparatively full.

4.4.4 An overlap penalty

This penalty is given by:'
n̂><(OVr . Pr + ̂ (OVns . Pns) ) +^(OVr . Pr + ̂ (OVns . Pns) +g(OVms . Pms) ). ' ' * * In----m-------------------------

¿:VR +^VF• I
where;-

VR = volume of an individual room element 
VF = volume of an individual furniture 

element
m = no of furniture elements 
n = no of room elements 

OV.P = overlap value for a discrete pair of
conflicting elements multiplied by the 
weighting factor for those elements 

r = subscript denoting room edge being used 
as one of the conflicting elements 

ns = subscript denoting that a room element 
is one of the conflicting elements 

ms = subscript denoting that a furniture
element is one of the ' conflicting 
elements

See figure 4.7 for a diagram of the overlap penalty.

This measure is intended to measure the congestion 
within a.room layout.

Each fixture has three layers of information 
associated with it and used within the numeric 
analysis of the model. Firstly, there is a 
description of the physical limits of the fixture. 
Secondly, there is a minimum user space requirement, 
ie. the amount of space surrounding and including 
the first order description, but also including the
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O verlap  p e n a lty  =
Tc?tal weighted volum e o v erla p  
Total fixture volume w ith in room

FigA7 Overlap, Penalty

minimum amount of space required for use by a normal 
able-bodied adult. The third layer adds the 
additional volume required by elderly users. The 
third order volume would allow the able-bodied adult 
to use the fixture more easily.

These layers are demonstrated in Chapter.2, Section 
2.3.3.

Obviously, first order overlaps are not physically 
possible. (Should the designer accidentally do this 
whilst designing a layout, the model will penalise 
it heavily and when interogated point out the 
error.) Second and third degree overlaps, including
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overlaps with the the room edge and room fixtures 
such as doors and windows, attract a penalty based 
on the volume of overlap and the order of overlap - 
the weighting factor. That is, two second order 
volumes interpenetrating attracts a higher penalty 
than two third order volumes.

The penalty measure totals all these weighted 
overlaps and forms a ratio of comparison between 
that figure and the total volume (ie. third order 
volume) . of all fixtures, including room fixtures 
such as doors and windows, within the layout.

This means that room layouts with fewer or less 
serious overlaps, ie. less congested layouts, have 
a lower overlap penalty value.

For futher details of the mechanics of the overlap 
algorithm see Appendix F.

4.4.5 An association penalty

This penalty is given by:
¿(AXLap.W)
¿'(ZiLap/2)

where;
n = no of failed association pairs 
m = no of possible association pairs 

AXLap.W = weighted excess length of failed 
association pair

ALap = length permitted between minimum and
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maximum distance apart for a possible 
association pair

See figure 4.8 for a diagram of the association 
penalty.

Fig.4.8 Association Penalty

A ss o c ia tio n  p e n a lty ^  Total failed a s s o c , weighted distance
Total possible asso c, m ean d istance

This measure is intended to assess the workability 
of a room layout based on the relationship between 
fixtures.

Any fixture which should relate to another has an 
association distance for that relationship pair 
fixed at the outset by the designer. (See Chapter 
2, Section 2.3.2 for an example.)
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This penalty measures the ratio of weighted failure 
distances over possible mean distances (ie. over 
the mid-range distance of each possible association 
pair) .

This allows the value of the penalty to be adjusted 
according to the number of relationships to be 
satisfied. The lower the association value, the 
more relationships have been satisfied and 
presumably the more workable the layout.

4.4.6 The efficiency ratio

The four penalties described in Sections 4.4.2 to
4.4.5 are averaged to give an overall efficiency 
ratio .

This provides a convenient summary of the four 
previously described measures, but should never be 
used in isolation since by its nature it tends to 
mask particularly "good" or "bad" aspects of any 
layout.

It may be that a straight unbiased average of the 
four penalties is not suitable for deriving an 
overall efficiency ratio and that instead some form 
of weighting should be given to one or more of the 
penalties. This topic is considered further in
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Chapter 6. The reader is particularly directed to 
page 149A
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4.5.0 SUMMARY

In this chapter we have outlined some of the 
structured techniques, both manual and computerised, 
used to date to aid facilities planning.

We have examined briefly two domestic layout 
appraisal systems and presented a new volumetric and 
associative model. This model can be seen to have 
been formed around two distinct concepts.

Firstly, it has adopted the conflict of user areas 
concept, both as a visual design aid (after Svennar 
and others) but also as a means of numerically 
assessing congestion.

Secondly, it adopts the concept of association 
distances between related activities (in this case 
individual fixtures) proposed by Muther and others, 
not as a means of automated incremental design but 
as a means of numeric interpretation of. the 
workability of a layout.

As far as the author has ascertained, these two 
concepts have never before been combined within one 
model.
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This chapter has discussed the new model in abstract 
terms. Later chapters discuss the model either as a 
computer implementation or as it has been applied to 
the test-bed situation of the domestic kitchen.

4.6.0 REFERENCES

(4.i:

(4.2)
(4.3)
(4.4)

(4.5)
(4.6)
(4.7)

Hales, H.L., Industrial Engineering 9, 
Computer Aided Facilities Planning,
Marcel Dekker Inc., New York, USA, 1984, 
p. 79

Hales, H.L., op.cit, pp.80,81 
ibid .
Langskog, K., A Computer Aided Architectural 

Design System for the Analysis,
Synthesis 'and Appraisal of Domestic

Thesis, Scott 
Architecture,

Activity Spaces, Ph.D. 
Sutherland School of 
Aberdeen, 1981. pp.63,66

Langskog, K., op.cit, pp.84,90
Langskog, K., op.cit, pp.71,79
Muther, R., Hales, H.L., Systematic Planning 

of Industrial Facilities, Vol I and II, 
Kansas City, M.O., Management and 
Industrial Research, 1980.

(4.8) Bridges , A.H, New Approach Towards the
Computer Aided Analysis of Architectural 
Design Problems, Proceedings of CAD 78, 
Science and Technology Press, 1978, 
pp.443,460.

(4.9) Hales, H.L., op.cit, p.96
(4.10) Th'ng, R., Davies, M., ABACUS Occasional

Paper 23, SPACES 2 A Program Package for 
Producing Sketch Layouts, University of 
Strathclyde, 1972.

102



C.4.26

(4.11) Gambro , G. , 
Sistema

Gambro, P., Pienovi, C., Un 
CAAD per la Verifica della

Qual ita' Residenziale, Istituto per la 
Matematica Applicata, Genova, N.163(84), 
1984 .

Architectural
Analysis, 
Domestic

(4.12) Langskog, K., A Computer Aided
Design System for the
Synthesis and Appraisal of ________
Activity Spaces, Ph.D. Thesis, Scott
Sutherland School of Architecture,
Aberdeen, 1981.

(4.13) HMSO The Build ing Standards (Scotland) 
Regulations 1981, HMSO, London, 1981, 
Amended 1982,1984.

103



CHAPTER 5
DYNAMIC GRAPHICS IMPLEMENTATION

CONTENTS
5.1.0 INTRODUCTION C.5.1
5.2.0 EXISTIN*G INPUT METHODOLOGIES C.5.1
5.3.0 REFRESH GRAPHICS VS. STORAGE TUBE C.5.3
5.3.1 Feedback C.5.4
5.3.2 Line 'rubber banding' C.5.5
5.3.3 Object moving C.5.6
5.3.4 Refresh graphics technology C.5.7
5.4.0 INTERFACING C.5.8
5.4.1 User feedback C.5.8
5.4.2 Continuous feedback C.5.9
5.5.0 ADVANTAGES/DISADVANTAGES OF

IMPLEMENTATION ON A MICRO-COMPUTER C.5.11
5.5.1 Disadvantages C.5.12
5.5.2 Advantages C.5.13
5.6.0 CONCLUSIONS C.5.13
5.7.0 REFERENCES C.5.15

104



C .  5 . 1

5.1 0 INTRODUCTION

This chapter describes the philosophy for the 
implementation of the activity space model described 
in chapter four. The philosophy takes cognisance of 
some of the problems identified in section 3.4.0.

5.2.0 EXISTING INPUT METHODOLOGIES

As has been noted earlier in this research project 
(5.1), existing input methodologies use three 
distinct techniques for entering geometry data.

1. Keyboard input
2. Screen input via crosshair 

digitising
3. Tablet digitising

Keyboard entry of coordinates to describe building 
geometry must be regarded as a user unfriendly 
methodology, since it involves the designer in a 
great amount of key punching as well as forcing him 
to think about geometry in an unnatural way, ie. in 
terms of numbers.

Discarding this option, leaves two possible methods 
for implementing the proposed activity space 
appraisal model:- screen digitising and tablet 
digitising.
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The main advantage to the designer of using a 
digitising tablet is that existing drawings can be 
laid over the surface of the tablet and digitised 
relatively quickly. This means that the tablet is 
of minimal interest during the design process, since 
at that stage the designer's interest is to create 
the original drawing.

Other benefits of using the tablet such as its 
resemblance to a traditional drawing board, which 
may or may not reduce the psychological inhibitions 
which , the designer may feel about using ' the 
computer, are more than offset by the need to 
transfer his attention between the input device, the 
tablet, and the output device, the screen.

It should be noted however, that this last 
disincentive may not hold true when more automated 
systems of describing building geometry are 
developed (5.2) .

This narrows down the choice of input methodologies 
to screen digitising using either thumbwheels, 
joystick, mouse or trackerball.

Stepping keys can be discarded as an input device 
since they unnecessarily restrict the user's ability 
to select any line length, angle or position; 
whilst the light pen can be discarded due to its 
poor ergonomics for prolonged use.
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As to which of the other digitising devices are used 
for. input - it really, is a matter of availability 
and personal preference, since each achieves the 
same end in a very similar manner.

5,3.0 REFRESH GRAPHICS VS. STORAGE TUBE

There are two types of display screen available for 
use, the storage tube display and refresh graphics 
display. The storage tube is generally cheaper and 
more precise whilst the refresh graphics is more 
flex ible.

In the storage tube image vectors are drawn once by 
the computer on the screen. The screen then retains 
the image until the whole screen is cleared. With 
refresh graphics, the image is drawn and then 
redrawn on the screen.

This means that the essential advantage refresh 
graphics has over the storage tube display is the 
capability to have images that can be moved, 
modified or erased without erasing and updating the 
entire screen.(5.3) Another advantage, and in some 
applications a greater advantage, is that the 
storage tube is limited to monochrome display whilst 
refresh can be in colour.
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At first sight this ability to move, modify or erase 
images without erasing and updating the entire 
screen seems comparatively insignificant. However, 
further examination reveals that it allows 
significant improvements in the quality of the 
man/machine interface.

The possibilities of refresh graphics improvement in 
the quality of the man/machine interface are 
identified as being in three key areas

1 Feedback
2. Line rubber banding
3. Objecf moving

These topics are discussed further below.

5.3.1 Feedback

Utilising refresh graphics capabilities it is 
possible to display a greater number, and more 
complex, feedback messages, so as to inform the user 
of what the computer expects; or of what the 
computer has done.

Although user messages are used, and in some cases, 
quite widely used with storage tube displays - it is 
only really possible to do this at a point in the 
application _ program when a screen redraw is 
necessitated anyway. This is not the case with
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refresh graphics, as will be made clear in section 
5.4.0.

5.3.2 Line 'rubber banding'

With refresh graphics it is possible to employ a 
technique known as 'rubber banding'. To give an 
example of this technique; the start point of a 
line is fixed either alphanumerically or through 
digitisation, the end point is then indicated using 
a -cursor to point on the screen. Meantime a refresh 
vector is drawn between the start point and the 
current cursor position (see figure 5.1 below). 
This means that the user has a direct visual 
appreciation of the line that is being drawn, rather 
as he would when using pencil and paper.(5.4)

t'.CVAD w C  C S J C C T

Fig. 5.1 Rubber Band Effect
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5.3.3 Object moving

Essentially this means that it becomes possible with 
refresh graphics, to 'pick up' an existing displayed 
image and move it dynamically across the screen 
locating copies of the image as and where required. 
This is illustrated graphically in figure 5.2 
below.(5.5)

Fig. 5.2 Object Moving
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5.3.4 Refresh graphics technology

Having established the flexibility and versatility 
of refresh graphics capabilities for improving 
man/machine communications; it is worth noting in 
passing that two types of refresh graphics screens 
are available. They are raster scan displays and 
vector draw displays. The essential difference 
between these two types of refresh display is 
exemplified in figure 5.3 below.(5.6)

A. R a s t e r - S c a n  R c t re sn

4 C 5 A  V ec to r  Dra*v

Fig. 5.3 Raster Scan vs. Vector Refresh

Raster scan employs a technique similar to that of 
the television screen and as can be seen above, the 
detail of the image can be limited by the gaps
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between horizontal scanning lines. This makes it 
less suitable for architectural work.

A much sharper and more detailed image is available 
utilising vector draw refresh. This is because 
vector draw refresh, as its name implies, draws each 
vector in a manner similar to that of the storage 
tube.

5.4.0 INTERFACING

Examination of the possibilities afforded by the use 
of refresh graphics determined that this type of 
hardware should be adopted. Fortunately, a 
Tektronix 4054 desk-top micro with refresh graphics 
was available at Scott Sutherland's. As a 
consequence of adopting this input hardware, a 
decision was made to make maximal use of the refresh 
capabilities, as outlined in section 5.3.0.

5.4.1 User feedback

Particular attention was paid to utilising the 
capability for feedback because as Newman & Sproull 
have said, "Feedback is often overlooked as a 
component of the user interface (5.7)
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An early decision was made to fully employ refresh 
graphics techniques to provide the following forms 
of feedback. (see fig.5.4)

information display

Fig. 5.4 User Feedback

"1. Feedback from the command interpreting 
process, informing the user whether the 
command has been accepted, what stage of 
execution has been reached, and whether an 
error condition has arisen'.
2. Feedback from the application data base 
- principally selection feedback.
3. Feedback unrelated to command 
interpretation or the data base: cursor 
feedback, character echo.ing etc." (5.8)

All the above forms of feedback can be found 
' throughout the software that was developed 
(KAPABLE), particularly in the LAYOUT program suite 
as described in chapter seven.

5.4.2 Continuous feedback

This form - of feedback is mentioned separately 
because although it uses only those forms of 
feedback mentioned in the , earlier sub-section, it 
combines them in such a way that the whole is 
greater than the sum of'the parts. The concept is
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best explained with the aid of a diagram. See 
f ig . 5.5 below

What the above diagram tries to show, is that whilst 
the user is inputing data to the data base he 
receives feedback as to what the computer 'thinks' 
he wishes to do. The user then uses this feedback 
to’ refine and redefine his input to the point where 
the computer is accurately interpreting his 
intentions.

To illustrate with a simple example, suppose the 
user -intends to create a new line in his database. 
He starts by using the cursor to indicate the start 
point of the line. Before this point is fixed into 
the data base, feedback is given to the user 
indicating alphanumerically (or perhaps even 
graphically) the relationship between the point 
indicated and other existing lines within thè data 
base. The user can then use this feedback as a 
basis for accurately positioning his input.
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This process could then be repeated for an end point 
evaluation, except that additional computer 
generated information would be available describing 
the 'new' line.

Only when the user is entirely content with his 
input is the necessary data finally entered into the 
data base.

This is a very powerful form of feedback and 
requires considerable processing power in the 
computer. In addition, the 'intelligence' aspects 
require quite large amounts of decision making 
software. As a consequence, it was impossible to 
make full use of this form of feedback in the LAYOUT 
suite of programs, however a prototypical 
implementation can be found elsewhere in KAPABLE, 
notably in those program segments concerned with 
creating the room outline and with creating 
individual objects.

5.5.0 ADVANTAGES/DISADVANTAGES OF IMPLEMENTATION ON A 
MICRO-COMPUTER

This sub-section examines the consequences of 
implementing the activity space model on a 64k 
micro-computer.
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5.5.1 Disadvantages

1. Capacity
The most obvious disadvantage is the lack of 
core memory. With so little core memory 
available, software segments must be carefully 
structured, particularly when perhaps 10k is 
required for the dynamic graphics display and 
perhaps another 10-15k for variables.

2. Speed
This has two aspects, processor speed and file 
handling speed. Taking processor speed first, a 
micro lacks sheer processing power. Calculation 
intensive tasks take much longer on a micro, 
than they would on say a mainframe. This 
disadvantage is particularly evident when the 
designer is interpreting his room layout.

File handling between computer and disk drive is 
also comparatively slow, despite the fact that 
steps were taken to reduce file search time. In 
particular disk mounting seems to take an 
average of about one minute. This greatly slows 
down the process of copying files from one disk 
to another .
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5 5.2 Advantages

1. Control
It is much easier for a computer illiterate to 
program using a micro since the operating system 
is generally much simpler than for a mainframe.

2. Reliability
Although this may not be generally true, the 
author found his micro to be less prone to 
breakdown and failure than the Institute 
mainframe.

3 . Structuring
An important benefit of using a micro was that 
because of its limited memory the software 
designer is encouraged to stucture and order his 
software. A micro is likely to be less tolerant 
of inefficient programing than a mainframe.

5.6.0 CONCLUSIONS

Use of refresh graphics as outlined in this chapter 
proved to be an exceptionally powerful input 
mechanism, allowing greater 'intelligence' to be 
programmed into the input interface. It also 
considerably enhanced the screen display.
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However for this application, lack of 'number 
crunching' power is a serious limitation, 
particularly when the designer is interpreting the 
design within the LAYOUT^segment (see Chapter 7). 
It becomes impossible to use the INTERPRETATION'*' 
segments interactively because of the excessive time 
overhead.

Other aspects of 'lack of speed' evidenced for 
example when copying files, could be significantly 
alleviated by the introduction of more disk drives.

The author attempted to overcome some of the worst 
effects of this lack of speed, for example, the 
QUICK HIGH OP*̂  routines described in Chapter 7, 
Section 7.4.4 overcame the time overhead problem 
associated with the HIGH OP*routines, albeit with a 
degradation in the quality of design feedback given 
to the user .

Although it would certainly be possible to reduce 
run-time through the INTERPRETATION"^ routines by 
rewriting the algorithm to reduce even further 
unnecessary calculation; it is unlikely, in the 
authors opinion, to reduce the run time by the 
factor of ten required to make interactive use of 
the INTERPRETATION routines a possibility.

 ̂Note; LAYOUT, INTERPRETATION and QUICK HIGH OP 
refer to segments of the developed software and are 
fully explained in CHAPTER 7.
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Thus it has to be said that although the Tektronix 
4054A has excellent graphics handling capabilities, 
supports a very good quality of BASIC and has 
excellent 'back up' in the form of manuals (allowing 
a non- computer specialist to deign and implement a 
significant system) it has insufficient 'power' 
for an application, such as the implementation of 
the overlap penalty as defined in Chapter 4 where 
large amounts of consecutive calculation are 
required.

It was, and is however, a very good development 
tool,
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5.1.0 INTRODUCTION

This chapter describes three seperate experiments 
conducted to validate the new model for appraising 
domestic activity spaces.

For the sake of brevity and clarity, much of the 
detail associated with these experiments has been 
consigned to Appendix G.

6.2.0 Experiment 1

This section provides details of the first 
validation exercise.

6.2.1 Aim of the experiment

The aim of the experiment was to validate the new 
model by a process of comparative evaluation. That 
is, by comparing subjective designer assessment to 
objective computer appraisal.
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6.2.2 Experimental precursor

This experiment arose from a small 'pilot study' 
which was carried out (almost for fun) when the 
numerical accuracy of the model was being checked 
(see Appendix H).

The 'pilot' consisted of five kitchen layouts 
assembled by the author (see end of Appendix D) on 
the computer. Photocopies of these layouts were 
then distributed to several research workers in the 
department. The-workers were asked to rank order 
the kitchens from 1-5 (1 = best, 5 = worst) in terms 
of how efficiently they made use of the available 
room space. Their rankings were compared to that of 
the computer model - the ER value. A good 
correlation was found.

Although this was not a true pilot study due to the 
limited number of respondents and alternative 
kitchen layouts, not to mention the, lack of 
scientific rigour used within the test, it did 
indicate that the concept of rank order correlation 
testing against model values could be a valuable 
approach to validating the model. ■
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6.2.3 Experiment design

The experimental design was as follows. A 
questionnaire consisting of 20+ different kitchen 
layouts was assembled and presented to several 
discrete groups of designers.

1. Students at Scott Sutherland 
School of Architecture.

2. Teaching staff at the same school.
3. Professional kitchen designers 

throughout the Grampian Region.

The response, in the form of a rank ordering of 
designs from each group, was to be examined for a 
consensus and compared to the rank ordering of the 
computer and numerical evaluations for each kitchen 
design.

6.2.4 Questionnaire design

The raw data for the questionnaire, in the form of 
kitchen designs, came from pr.of essional kitchen 
designers.

Each kitchen designer listed in the local Yellow 
Pages (6.1), (see list of names and adresses 
contained in Appendix G, Section G.2.1), was 
circulated with a request for copies of domestic
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kitchen drawings. The response was varied, but some 
30 kitchen designs were obtained.

Each kitchen was then examined for size, shape and 
fitment function and the manner in which these, 
aspects related to the menu of kitchen fixtures 
already devised, (see Chapter 2, Section 2.3.3).

Some of the kitchens were discarded because they 
were too big, too small or contained oddly 
dimensioned 'specials'. In the ' event 21 kitchens 
were left to be examined in more detail.

The remaining kitchens were entered into the 
computer model.. Three different menu combinations, 
each with some sixteen fixtures, were required. The 
menus were essentially similar barring minor 
variations such as the substitution of an upright 
fridge/freezer for a fridge.

Some of the room geometries underwent slight 
modification so as to enable them to be appraised by 
the computer model. (See Chapter 2, Section 2.3.1). 
Had the computer been more powerful, then each room 
would have required less modification because a more 
powerful menuing facility could have been 
incorporated in the model.
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After each kitchen layout had been assembled and 
interpreted, a photocopy reduction of the computer 
display was made. The photocopies were then
shuffled and assembled into a questionnaire, (see 
Appendix G, Section G.2.1 for a copy).

The questionnaire contained explicit instructions as 
to how it was to be completed together with 
additional information, such as fixture heights, 
which could not readily be described by a plan 
image.

Two sets of rank orderings were requested
1. Least area (1 = least, 21 = most)
2. Most efficient (1 = most, 21

least)

The area ranking was included for the benefit of the 
second year students to ensure:-

1. They could 'read' a plan.
2. They could visualise space, at 

least in two dimensions.

It was thought that the degree of non-agreement 
found in the area rank ordering would give some 
indication of the 'error' factor in the second part 
of the questionnaire.

Teaching staff and professional kitchen designers 
were exempted from completing the area ranking 
exercise by a covering memo.
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The first of the three groups to complete the 
questionnaire was a tutorial class consisting of 
nine second year architectural students 'borrowed' 
from a lecturer for an hour. In this time they had 
to complete both parts of the questionnaire. As an 
incentive to ensure that their best endevours were 
employed, two bottles of wine were offered as prizes 
to the individuals whose rankings most closely 
matched that of the computer. Seven students 
completed the questionnaire within the time alloted; 
the other two completed it in their own time later 
in the day.

Seventeen teaching staff were issued the 
questionnaire through the internal mail system and 
asked to complete it in their own time. Two members 
of staff did so.

Professional kitchen designers who had provided the 
original kitchen designs were telephoned to 
determine whether they would be willing to spend an 
hour completing the questionnaire. All readily 
agreed. As a result ten questionnaires were sent to 
nine businesses. No questionnaires were returned.
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6.2.5 Results and evaluation

Tables of summarised results can be found in 
Appendix G.

As can be seen in figure 6.1 below, the students 
were quite capable of reaching a close measure of 
agreement as regards the rank ordering of room 
areas.

S T A R E A

Fig. 6.1 S c a tte rp lc t of student a re a  results against 
ranked calculated a re a  of room

This is borne out by a high cross-correlation with 
the numerical evaluation of the room areas which 
averaged at 0.935 (6.2) , where 1 indicates an 
absolute correlation and -1 indicates an inverse 
relationship.
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However the scatterplots of efficiency ranking 
against ER appear completely random. There is no 
correlation with the ER value, see figure 6.2 below.

S T U D E N T
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Rg. 6.2 Scatterplot of student results against ranked 
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Furthermore there is no appreciable correlation with 
any of the other penalties, see fig. 6.3 and 
Appendix G.

S T U D E N T

Fig. 6 .3  S catte rp lo t of student results against ranked 
association penalty values
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There were insufficient returns from the teaching 
staff to be statistically significant, nevertheless 
the results are included in Appendix G.

The results that were available would seem to 
indicate that the range of results was likely to 
mimic that of the second year students .

No returns were obtained from professional kitchen 
designers - so no analysis was possible .

6.2.6 Conclusions

By any standards this experiment was less than a 
complete success.

In the first instance, it was dogged by a low 
questionnaire response. The reasons for this were 
various:-

1. The questionnaire was large and 
complex. It took a considerable 
amount of time and effort to 
complete. This was probably 
sufficient to deter professional 
kitchen designers who were being 
asked to do 'something for 
nothing'.

2. The questionnaire was sent out at 
a particularly busy point in the 
academic calendar (just before the 
easter recess) and at a time when 
academic staff had up to four 
other questionnaires to complete.
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3. Students had enough to do already 
without volunteering for extra.

In terms of the response of the students to the
questionnair e, not only could no positive
correlation be found with the computer model
evaluations of. space efficiency, but no consensus
could be established in their response (see figure
6.4 below).

ER STUDENT C2 C3 C4 C5 C6 C7 C8

STUDENT - 0 . 1 3 4
C2 - 0 . 1 6 4 0 . 1 1 2
C3 - 0 . 2 1 7 0 . 1 4 8 - 0 . 2 9 5
C4 - 0 . 0 8 7 - 0 . 1 2 6 - 0 . 2 1 5 0 . 2 9 7
C5 - 0 . 0 9 9 0 . 4 0 3 0 . 3 4 2 - 0 . 3 0 6 - 0 . 3 1 7
C6 - 0 . 0 8 4 0 . 4 6 2 0 , 3 2 2 - 0 . 2 5 2 - 0 . 3 8 1 0 . 6 2 2
Cl - 0 . 4 0 7 0 . 4 7 4 0 . 4 9 5 - 0 . 1 2 9 - 0 . 3 0 9 0 . 7 5 9 0 . 5 1 1
C8 . 0 . 1 0 6 0 . 4 6 9 - 0 . 1 4 1 0 . 0 0 6 - 0 . 0 3 6 0 . 4 3 5 0 . 3 2 1 0 . 1 4 6
C9 0 . 1 5 3 0 . 1 2 5 - 0 , 3 5 7 0 . 1 6 5 0 . 2 1 4 - 0 . 5 9 1 - 0 . 1 5 6 - 0 . 5 5 9 - 0 . 1 5 6

Fig. 5. A Table of cross-correlation of student ranked efficiency results

Although one or two students had a degree of 
correlation to each other (approx. 0.4); this is 
to a certain extent explained by the seating 
arrangement when completing the questionnaire. 
There certainly is no consensus across the whole 
tutorial group.

To some extent this is not surprising since it 
confirms previous experimental results (6.3) (6.4).
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6.3.0 EXPERIMENT 2

This section provides details of the second 
validation exercise.

6.3.1 Aim of this experiment

The aim of this experiment was to validate the new 
model by simple comparative evaluation. That is, by 
comparing subjective designer assessment to 
objective computer appraisal, within a situation 
where few design decisions have to be made.

6.3.2 Experimental precursor

Experiment 1 acted as the precursor to this 
experiment, and a number of valuable lessons were 
1 earned

1. The questionnaire must be easy to 
complete and require few critical 
j udgements.

2. The questionnaire should avoid the 
need for flicking to and fro 
through the pages since this 
distracts the respondent from his 
task, and increases the time 
required for completion.

3. The questionnaire should be 
distributed more widely so as to 
ensure an adequate response.
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Teaching staff requested to 
complete the questionnaire should 
have some gentle pressure applied 
to them to ensure an adequate 
number of returns.
A decision was 
students since

made to utilise
they were to a

certain extent a 'captive 
audience'. Bottles of wine would
not be used again since they
appeared to have little effect.
No professional designer would 
asked to participate since;-

be

1. Nil response 
questionnaire

2. Time factor - 
upwards of a 
any returns.

to previous

it could take 
month to receive

6.3.3 Experimental design

The experiment was as follows. A questionnaire 
consisting of 10 pairs of kitchen layouts, each pair 
being on a single page and consisting of two 
alternative layouts for a single room, was assembled 
and presented to several discrete groups.

1. Students at Scott Sutherland 
School of Architecture.

2. Teaching staff at the same school
3. Students at the School of Home 

Economics.
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The response , in the form of a dichotomous
best/worSt ordering for each pair , was to be
examined for a consensus and compared to a similar
d ichotomous classification of each pair based on
computer generated values.

6.3.4 Questionnaire design

The raw data for the questionnaire came in the form 
of kitchen designs from the previous questionnaire. 
Ten of the designs were chosen at random and served 
as the ■ basis for each kitchen pair in the second 
questionnaire.

These designs were then modified, for better or 
worse, by the author to provide ten alternative 
layouts, one for each room.

Photocopy reductions were then assembled into a 
questionnaire with each page consisting of the two 
alternatives for that room. Positioning of any 
element of the pair at the top or bottom of the page 
was done randomly. (See Appendix G, Section G.3.1)

The questionnaire contained explicit instructions on 
how it was to be completed, together with additional 
information similar to that provided in 
questionnaire 1.
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The respondents were asked to examine each pair of 
kitchen layouts and tick whichever of the two they 
considered made better use of the available space.

The first group of respondents to complete the 
questionnaire was the teaching staff at the school 
of architecture. As expected, some gentle 
'arm-twisting' was required. One of the returns 
included in this group was by a visiting lecturer.

The second group of respondents to complete the 
questionnaire were the students studying Home 
Economics. This group consisted of two classes of 
students; those in the second year with no formal 
training in kitchen design (12 returns out of 30) 
and those in the third year with some lectures on 
domestic kitchen design behind them (7 returns out 
of a class of 20). All the respondents in this 
group were female.

The third group consisted of architectural students 
in their second and third years. Due to the 
timetabling of these students they could not be 
approached as a class. Instead they were approached 
individually and in small groups and asked for their 
cooperation.

Although not originally targeted for questionnaire 
completion, some post part 2 architecture students
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(six+ years of architectural training) also 
consented to complete questionnaires.

Five others who cannot be classified as belonging to 
any of the above groups but who have experience of 
using or designing domestic kitchens also completed 
the questionnaire.

Although this seems a somewhat undisciplined manner 
in which to elicit information, it successfully 
ensured an adequate level of response.

6.3.5 Results and evaluation

Tables of results for each group and sub-group can
be found in Appendix G, Section G.3.2). Below in
figure 6.5 can be seen a summary of those results.

Fig. 6 .5  S u m m a ry  of sample results.
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Perhaps a better illustration is the following 
histogram (figure 6.6). A and B results in each 
sample group have been converted to a percentage 
(allowing comparison between samples) and then the 
net difference in the percentage value, where A 
results are positive and B results are negative, has 
been plotted for each of the ten cases.
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The results of this experiment are somewhat harder 
to analyse, and perhaps the best method of examining 
the results would be to take each kitchen pair in 
turn.

In kitchen 1, all groups (indeed almost all 
respondants) clearly favoured Layout B, by at least 
3 to 1,

Kitchen 2 if anything provided a more emphatic 
picture with all groups clearly favouring Layout A, 
again by at least 3 to 1

It is with kitchen 3 that the situation becomes more 
confused. The ARC 2 sample and the HE 3 sample are 
both unanimous in their decision - the trouble is 
they disagree with each other! The remaining 
samples marginally favour Layout B in each case by 
less than 2 to 1 Both the ARC 2 and the HE 3 
samples are small so it is probably safe to assume 
that their results can be ascribed to statistical 
variation.

Kitchen 4 has similar results to kitchen 3. Only 
the ARC 2 students are unanimous in selecting Layout 
A. They are supported in this selection by the ARC 
3 students (3+ to 1) and the HE 3 students (2.5 to 
1) and opposed by the staff (3 to 1). The other 
groups show no clear consensus. The unanimity of
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the ARC 2 students may again be due to statistical 
variation. On average Layout A is slightly favoured 
but no overwhelming consensus emerges.

Kitchens 5 to 8 repeat the above pattern, slightly 
favouring A or B but with no clear decision.

The situation with Kitchen 9 resembles that for 
kitchens 1 and 2. Three groups show unanimous or 
near unanimous support for Layout B (ARC 3, ARC 2, 
HE ’ 3) with HE 2 students supporting their selection 
3 to 1. The staff and post graduate students reach 
no decisive decision but marginally support Layout 
A. This could be interpreted as an overall 
consensus on Layout B.

The situation is broadly similar for kitchen 10.

To summarise these thoughts;-
Kitchen 1 
Kitchen 2 
Kitchen 3 
Kitchen 4 
Kitchen 5 
Kitchen 6 
Kitchen 7 
Kitchen 8 
Kitchen 9 
Kitchen 10

Definite consensus 
Definite consensus 
No consensus 
No consensus 
No consensus 
No consensus 
No consensus 
No consensus 
Consensus 
Consensus

B
A

B
B

This is shown diagramatically below in figure 6.7,
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Fig. 6.7 S u m m a ry  histogram  of net %  choice of sam ples

The next stage of analysis was to determine why four 
out of the ten kitchen pairs demonstrated an obvious 
consensus whilst the remaining six did not.

Bearing in mind the 'result' of experiment 1 it was 
thought that a relationship between consensus and 
complexity of comparison might be found. To this
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end, a complexity index was assembled for each of 
the ten kitchen pairs based on the minimum number of 
fixture transformations that had to be performed to 
convert one layout to the other. See figure 6.8 
below.

K itchen Index Kitchen Index

1 2 6 A

2 7 7 7

3 9 8 6

U 8 9 3

5 13 10 12

Fig. 6.8 Table of complexity index for ten  
kitchens

Assessing complexity in this manner has some 
problems, for instance when different types of 
fixtures are required as part of the transformation 
process or when different numbers of fixtures are 
required.

Nevertheless, it is clear that consensus is not 
related to a crude measure of the number of 
transformations required.

As a result of this finding it was clear that a more 
detailed examination of each kitchen pair with 
regard to the sort of decision that was required was

1 4 1
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in order. The decisions presented below are largely- 
based on the comments written on the questionnaire 
returns and the comments made to the author by 
respondents when they were completing the 
questionnaire.

Kitchenl Did moving the fridge away from the cooker 
make B a better layout?

Kitchen? Is it better to have the fridge on the same 
wall as the cooker or is it better to have the 
washing machine adjacent to the sink and plenty of 
worktop around the cooker as in A?

Kitchens Is it better to have the sink further from 
the door and the fridge closer to the cooker as in 
B, or is it better to have the effective use of all 
worktop as in A?

Kitchen4 Is it better to have more worktop between 
the cooker and the sink or between the fridge 
freezer and the cooker?

Kitchens Is it better to have the washing machine 
adjacent to the sink and the cooker or is it better 
to have plenty of space between the cooker,sink and 
fridge?
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Kitchen6 Is it better to have cooker, sink, oven and 
fridge located close to each other with little 
intervening worktop or is it better to have them 
further apart? How is this affected by closeness of
washing machine to sink as in A and the island
position of the hob as in B?

Kitchen? Is it better to have the fridge close to
the sink or far away from the oven

Kitchens Is it more impor tant for the cooker to be
close to the fridge or far away from the door and
through circulation?

Kitchens Which is worse. to have a tall oven unit
directly adjacent to the cooker or to the
fridge/freezer?

KitchenlO Is it better to have oven and fridge
adjacent but isolated from sink and hob or to have
the fridge closer to the hob/sink position?

The above comments describe the level of the 
complexity of the decisions that needed to be made. 
In kitchens 1 and 2 it is clear that one layout was 
superior to the other and required no balancing of 
conflicting requirements.

Kitchen 10 is somewhat similar though not quite so 
clearly defined.
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The majority of respondents found kitchen 9 a 
clearly defined case, but it is possible that many 
of them did not realise that the oven housing unit 
was a tall unit and could well obstruct the use of 
the cooker. If they had made this mistake then the 
decision would be comparatively easy.

Those kitchens in which no consensus could be 
demonstrated show one of three properties

1. Marginal decision required ie. 
when there is little to choose 
between the layouts as in kitchen
4.

2. Very complex decisions, such as 
kitchen 6.

3. Resolving conflicting requirements 
such as kitchen 7.

Having to a certain extent explained the results of 
the second questionnaire with regard to their 
internal consistency; let us examine how these 
results' relate to the computer evaluation. See 
figure 6.9 below.

These figures can be represented in a manner similar 
to that used for the questionnaire results. See 
figure 6.10.
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Fig. 6.9 Table of computer eva lu atio n s of ten kitchens

Fig- 6.10 Histogram of net numerical difference in computer values for ten kitchens
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As a first step in the correlation of the computer 
selection to the sample selection, see figure 6.11 
below.

Kitchen no. 1 2 3 U 5 6 7 8 9 10

S am ple  choice B A B A A B B A B B

A P  choice B A A A B B B A B B

OP choice B B A A A B B A A B

ER choice B B A A A B B A A B

Fig. 6.11 S u m m a ry  of sam p le  and com puter choices for ten  
kitchens

In figure 6.11 above, underlining of a choice 
indicates a marginal (very marginal if underlined 
twice) decision in favour of that layout.

In the case of the sample, marginal is defined as a 
net % difference of 20% or less (ie. a split of 3:2 
or less). A very marginal decision involves a net 
difference of 10% or less (11:9).

In the case of AP value, marginal is defined as a 
numeric difference of less than 0.030. Very 
marginal is 0.010 or less.

In the case of the OP value, marginal is defined as 
a numeric difference of 0.080 or less.

146



C.6.26

In the case of the ER value, marginal is defined as
0.040 or less with very marginal being 0.015 or 
less.

Also in the diagram, boxed selections indicate the 
computer based selections which diverge from the 
average selection of the sample.

One thing to notice from the table is that the OP 
selection and the ER selection are identical. This 
demonstrates the dominance exerted by the former 
over the latter. This is evidenced by the table of 
computer values (figuré 6.9) where OP values are 
clearly the largest constituent of the ER value.

Examining the ER selection in detail, we see that it 
differed from the sample selection in three cases. 
In layout nine it very marginally selected A over B. 
In layout two it marginally selected B over A, 
whilst in layout three it marginally selected layout 
A over B.

Examining the AP selection in detail, we see that it 
differed from the sample in two cases. In layout 
five it marginally selected B over A. It should be 
noted that the sample choice of layout A was very 
marginal. AP also marginally selected A over B in 
layout three.
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Considering that the OP value dominates the ER 
value, and the AP selection matches the sample 
selection closely, a modified ER value was 
calculated by multiplying the AP value by three 
before adding it to the other constituent penalties. 
A new ER ranking was assembled (see right of figure 
6.9).

A comparison of this new ER selection with the 
sample selection is presented below in figure 6.12.

K itchen no. 1 2 3 A 5 6 7 8 9 10

Sam ple B A B A A B B A B B

M odified ER B A A A A B B A B B

Fig. 6.12 Com parison of m odified ER based choice to sam ple  
choice

In the diagram above marginal is defined as a 
numeric difference of 0.030 or less, very marginal 
being 0.005 or less.

As can be seen, the new ER value gives a very good 
match with the average sample selection.
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Considering kitchen three, the reason for the 
discrepancy is evident. In layout A the sink is 
very close to the door. This factor influenced many 
respondents to choose layout B. Sink/door closeness 
should have attracted an association penalty but as 
can be seen in figure 2.9 (see Chapter 2, Section 
2.3.2) it does not. Calculation of the modified EF 
value including an association penalty for sink/door 
closeness causes a change in the.ER based selection 
to layout B.

However consideration of the modified ER results 
should not stop there. The ER based selection 
marginally chooses layout B in kitchen nine. The 
sample shows no such hesitancy. It is thought that 
this divergence can be ascribed to some of the 
respondents failing to notice that in both layouts 
the oven has a tall housing unit.

The one other interesting comparison to be drawn 
from figure 6.12 is that the ER based selection in 
kitchen 6 decides quite definitely for layout B. 
The sample chooses layout B by a small margin. 
There is nothing as obvious as a 'missing' 
association penalty to explain this discrepancy. 
However, several respondents stated that both 
layouts in kitchen 6 were bad (indeed one member of
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the staff refused to make a choice for that reason 
and it may be that people find it difficult to make 
a design choice when niether alternative has much to 
recommend it.

It should be noted that the modifying factor of 
three as applied to the AP value was selected to 
allow the ER value to more closely match the sample 
selection. Another experiment is required to test 
whether the value of three is applicable to a 
completely different kitchen sample (which would 
allow the tentative conclusion that the value of 
three is an appropriate multiplying factor for 
domestic kitchens).

Should it be possible to draw this conclusion, 
further experiments would still be required to 
establish whether this modifying value is 
appropriate to non-kitchen domestic activity spaces 
- or indeed to non-domestic activity spaces.

This is probably an appropriate point to comment on 
the instability of the ER measure. Each of the four 
constituent penalty factors measure different 
aspects of room efficiency, and the device of a 
(weighted) average of these values to derive the ER 
value has little logical basis since each measure 
has disparate units, a case of "apples and oranges". 
Even so, on occassion an overall figure, however 
unstable, may be useful.
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However, when using the developed software to 
actually modify designs I found the ER value of 
minimal importance prefering to balance each of the 
other four numerical values against the intuitive 
feeling for the quality of the designed space.

6.3.6 Conclusions

This experiment was considerably more successful 
than the first.

It showed that in four out of ten cases respondents 
showed a clear consensus in their choice of layout.

It showed that the degree of consensus could be seen 
as being dependant on:-

1. Problem complexity.
2. Conflict resolution.
3. Marginality of decision.

It showed that the original computer evaluation 
approximately matched the respondents choice over 
all ten layouts.

It demonstrated that a choice based on a modified ER 
value matched the respondents choice more closely 
and that the inclusion of a 'missing' association 
penalty resulted in an exact match.
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However, there was no evidence of a linear 
correlation between degree of sample consensus in 
their choice and degree of change in the computer 
evaluation.

6.4.0 EXPERIMENT 3

This section provides details of the third 
validation exercise.

6.4.1 Aim of the experiment

The aim of this experiment was quite different from 
that of the previous two experiments.

In this experiment the aim was twofold
1. To establish some of the criteria 

used by the sample in the previous 
questionnaire when making their 
choice.

2. To establish, if possible, the 
degree of importance attached to 
individual element associations by 
the sample.
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6.4.2 Experimental precursor

No formal precursor was used in this experiment.

However some of the respondents to the second 
questionnaire wrote comments on the edge of each 
page which to some extent explained their thinking 
when making a design choice.

These comments inspired this experiment and have 
been used as an additional source of relevant 
information.

6.4.3 Experimental design

Bearing in mind that the purpose of this research 
was to investigate a general activity space model 
and not to conduct an in-depth investigation into 
the design of domestic kitchens, this experiment was 
small scale and low key.

The experiment was. to be based around an open 
interview of between four and six designers and 
kitchen users. The purpose of this interview was to 
externalise some of their design thinking.
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The findings from this interview would be combined
with the comments found on the second questionnaire

.anin^_attempt to meet the aims of the experiment as 
defined in the previous experiment.

6 4.4 Questionnaire design

Although the experiment was to consist of an open 
interview, a memo sheet of open questions was 
assembled to aid the author in directing the
interview. See Appendix G, Section G.4.1 for
examples. Each interview was carried . out at an 
individual session lasting between one half and one 
hour .

6.4.5 Results and evaluation

Below are itemised some of the criteria by which 
kitchen designs were judged. There were two main 
classes of criteria; positive and negative. The 
classifications of positive and negative are to a 
certain extent arbitrary since any negative 'rule' 
can be expressed in a positive manner. However, I 
believe, this classification gives an insight into 
the manner in which the respondents judged each 
layout.
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The two sets of criteria are presented below in a 
rough ranked order of importance (determined largely 
by the total number of times any particular 'rule' 
was referred to by the respondents) .

1. Negative criteria
1. Cooker or oven unit should not 

be adjacent to fridge or 
fridge/freezer.

2. Cooker should not be adjacent 
to a door or window.

3. Sink should not be adjacent to 
door .

4. Cooker should not be adjacent 
to sink, wall or tall unit.

5. No overlap of functional area 
between cooker and washing 
machine.

6. High level units should not 
end close to a door or window.
Tall units should not 
placed near low corners.

be

Rooms should not be too small 
nor too narrow.

2. Positive criteria
1. Good work triangle between 

cooker, sink and foodstore is 
desirable.
Washing machine 
close to sink.

should be

Cooker should have 300+ mm' of 
worktop to each side.
Cooker or oven to sink should 
be continuous worktop.
Cooker should be close 
oven.

to
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8 .

Room doors and fitment doors 
should be sited carefully to 
avoid spatial clashing.
There should be a 900+ mm 
requirement between worktop 
faces in a 'galley' kitchen.
Cooker should have 
unobstructed access to 
external door in case of pan 
fires.

6.4 6 Conclusions

The most obvious conclusion to be drawn from this 
experiment is that, in the main, respondents 
perceived layouts in terms of functional
relationships between different furniture element 
clusters.

The concept of 'user areas' tended to be
non-explicit. However a somewhat similar concept 
was used by the respondents as can be seen in the 
positive criteria list where elements 3,6 and 7 
obviously require a spatial judgement.

Room shape and size were of less importance.

To conclude, the respondents choice of evaluative 
criteria matched those published advisory notices 
upon which much of the input data required by the 
model was based. An exception to this was that many
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respondents felt that the sink should not be located 
adjacent to a door. The design guides consulted did 
not make this suggestion.

6.5.0 GENERAL CONCLUSION

The general conclusion to be drawn from this series 
of experiments is that within the limits of time, 
funding and resources the activity space model 
devised by the author is a valid representation of 
reality and constitutes a valuable appraisal aid to 
the designer.
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7.1.0 INTRODUCTION

This chapter is an abbreviated user manual to the 
KAPABLE modelling system. (Reference is made to a 
more substantial manual in Appendix 1.1.2). It is 
intended to give the flavour of the operation, 
rather than an in-depth study of the actual 
mechanics of the software.

7.2;0 SYSTEM OVERVIEW
This section gives an overview to the total system 
configuration.

7.2.1 Hardware configuration
KAPABLE runs on a Tektronix 4054 (A update), Option 
31 (Refresh Graphics) Desktop micro-computer using 
Tektronix Graphics System BASIC, in conjunction with 
a Tektronix 4907 file manager with in-built floppy 
disk drive. Hardcopy is through a Tektronix 4631 
hard copy unit. This is shown diagramatically in 
figure 7.1 below.

hard
copy

storage d isp lay S*
m ed iu m  m an ip u lation

aopii Git ions 
program s

Fig 7.1 Hardware Configuration
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7.2.2 Software configuration
Program and data files are held on a double density 
8" floppy disk (530k) residing in the file manager. 
In addition, the magnetic tape in the tape-slot of 
the 4054 has some system functions. See figure 7.2 
below.

F I L E  1 by A U TO LO A D  routine to
load mam m e n u  w h e n  s y s te m  
s ta rts

F I L E  2 serial data file  used to e x a m in e  
lib rary  s tru c tu re s  of file  m anager 
essentia l part of user input checks

F I L E  3 holds a  copy of m ain  m e n u  p ro g ram  
h e ld  on ta p e  an d  d isk  to e a s e  
s o ftw a re  m a n a g e m e n t

Fig 7.2 Tape Structure

The disk within the disk drive performs a dual 
function. The first function is to hold system 
information - essentially program segments. This is 
shown diagramatically in figure 7.3 below; the 
diagram mimics the program structure rather than the 
library structure of the disk.
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m aster rqenu  
contro l program

m enu  segm ent to 
layout s u it^

ho lds sys tem  
variab les eg. scale

ho ld s  default
w a ll th ickn e  S5 values

f i le  re q u ire d  fo r  
'setup' in  ic ra a te m n

c o n tro ls  creation 
of room

co n tro ls  crea tion  
of ob ject

contro ls creation 
of m enu g, m atrix

sub-seg in itia lises 
a rra y s

s u b -se g  contro ls 
d isp la y  of room  
g e o m e try

sub -ii?g  contro ls  
in it ia l num eric  
in te rp re ta tion

Fig 7,3 Program s tru c tu re  on disk

The second function of the disk is to hold and 
manipulate user created data. The disk library 
structure for this data is shown below in figure 7.4
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Fig 7.4 User d a ta  files  
on disk

C.7.4

Since the following sections describe the LAYOUT 
suite of programs, some mention of the file types 
indicated in figure 7.4 is in order.

The only files LAYOUT is capable of creating are 
RESULTS files - holding data describing the current 
.position of a particular job. The file extensions 
for each RESULTS file structure have the following 
meaning;-
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.SUP - file holds set-up information

.MIS - file holds miscellaneous variable
-Ml - file holds copy of MATl
.M2 - file holds copy of MAT2
• PAR - file holds system parameters
. RX - file holds X-coordinates of room
. RY - file holds y-coordinates of room
. RD - file holds descriptions of room object

locations
.ZINS- file describes locations of furniture

objects
.COD - file holds references to ITAB
.ITAB- file holds geometry, descriptions of

all room and furniture objects 

7.3.0 RUNNING KAPABLE

KAPABLE as a system is very easy to use. The 
following section describes how to start-up the 
system and how to use the main menu.

7.3.1 Switching on

Switch on power switches to the file manager 
followed by the 4054 micro-computer. The switch for 
the file manager is located on the front plate of 
the 4907 while the switch for the 4054 is located 
below the right hand side of the keyboard.

Put the KAPABLE (Main Copy) tape into the tape slot 
and press

AUTOLOAD key.
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The system automatically starts up and requests that 
the user press

ANY key

The system then requests that the user enter the 
date and time in the same format as the example 
given. The RETURN KEY (CR) must be used to 
terminate input. If the user should make an error 
at this stage the easiest thing to do is to restart 
by pressing the AUTOLOAD key again.

The system then prompts the user to load a KAPABLE 
disk (a disk that has been formated and had certain 
default information such as wall thickness tables 
and system ' parameters together with a copy of 
program files saved onto it). Do this and then
press

ANY key

The system mounts the disk. The red indicator light 
on the file manager marked 'clock' should now go 
out. At this point the main menu appears.

7.3.2 The main menu

Fig.7.5 below shows the :main menu. All menus in
KAPABLE are driven by the 'user definable keys'
located at the top left hand corner of the 4054
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keyboard or by the appropriate keyboard letter 
indicated on the menu.

(M tL) tm tN) tO)(A) ForrtaT IB) MPABLE lOFILE/CCPY
IP) iQ) IR) JS) CT)(FJ Cr Rci?» rC) Cr Dbj (H) Cr fOW tl) Layout fJ) Exit
LSE USER DEFINABLE P£YS TO COMTINUE

Fig 7.5 Main menu

UDK Letter Function name Function
1 A FORMAT formats disk
2 B KAPABLE adds KAPABLE information
3 c ■ COPY copies user data files 

between disks
5 F CREATRM creates room geometry
7 G CREATEOB creates object geometry
8 H CREATMN creates menus and 

matrices
9 I LAYOUT manipulates and 

interprets particular 
geometr ies

10 J EXIT dismounts disk and ends

To use LAYOUT successfully the user must create a 
SETUP in CREATMN; this requires prior creation of a 
room and some furniture objects.

However,since this is a much abbreviated user 
manual, the only element of the main menu to be 
considered in any detail is the segment called 
LAYOUT. This segment is accessed by pressing UDK 9 
or the letter I. The system then automatically 
loads the correct software segment.
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7.4.0 LAYOUT SUITE

After the user has pressed the appropriate key to 
enter LAYOUT, the system automatically loads the 
correct program segment (SFLAYOUT), and begins the 
initialisation process.

The following messages appear at the top left hand 
corner of the screen:-
1. LAYOUT 

INITIALISATION

2. If the user has not previously created a room 
layout and menus and no SETUP file has been 
created ($DATA.SUP) then:-
LAYOUT
NO SET-UP CONFIGURATION

appears and a long bell sounds. The main menu 
segment is then reloaded into the 4054 memory.

3. Normally, the following appears:- 
LAYOUT
SETTING UP ARRAYS

4. LAYOUT
SETTING UP ROOM GEOMETRY

5. LAYOUT
SETTING UP INITIAL INTERPRETATION VALUES

This process lasts some five minutes or so and 
requires no user interaction. The bulk of this time 
is taken by the requirement to execute the last 
stage (interpretation). The screen then pages and 
the LAYOUT menu and the SETUP geometry appear in the
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display section of the LAYOUT screen. Typically as 
in -figure 7.6 below.

Fig 7.6 Post In itia lisation  Layout O O
O O

- i i J L

r f7) ^ i t 9

tK) UMr I ì l i  U— r  2  (fll In ? rp fn  fNI H igh  tO) Hard
Di«D)ax 0 < « o )a y  Q (* ? la y  Over Pen Copy

(A] Acjd IB) D a le i«  rCl Hove r o  C b ja cr  Scr««r>
A >Jccr O & ject O & jtcT H a ig h f?  Ratÿ 'av

(P I Ol i i c L 10) H iç ft  (R ) R t f « «  rSJ  IT )
H igr OP A*#. Pan S# t Up
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F lo o r  H «isFM *6 
C a t } .  H «i9n T »23M

OBJECT hCICHTS 
OBJ. Top K 
OBJ. B o t t o m  
U5RI Top m 
USA) B o t t o m  
USR2 Too «
USA? B o tr o a s  
ftOTATIOM

| « T P X T 1 0 K S  
FFICIENCt FACTORS 
S P « ! .9 1 8 9 0 6 8 7 9 1 8
VUmgAP*8
0P«fi
E M . 2 5 4 7 4 8 2 1 7 5 4 5

9) 10)--r
oj

From this point the user drives LAYOUT by menu 
commands in much the same manner as described 
earlier in section 7.3.2.

7.4.1 File handling
This section describes the operation of those keys 
outlined in figure 7.7 below.

iM  U s«r 1 iU  Uwsr 2 m ) J n îrD în  (N) H içh  ' iO i Nord
D is p io y  D t ^ I o y  D iftp î^y O v ir  P *n  Copy

fA) Add t3î tO  ïlov« fûï Obj«CT f£ ï Scr««n
ObJ«ci ObjagT R«dr»#

fP) Cüic)« ÎO! H ign  | r ) Ran«» ” llS l (TS
H iÿ i  OP Am . Panj Sa t Up |__

|tF1 Say« (01 Sc re p  (HI Jrput I H  D i r c i r y  (J) L in K  ~!
R a s u l i s  R e su }19 R é su lta  R é su lta   jL

Fig 7.7 File Handling Keys 166
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(R) RENEW SET UP

$FLAYOUT.SAV program segment is loaded into memory 
unless it is already there, and a warning is printed 
in refre'sh in the instructions box of the LAYOUT 
screen, together with a short prompt bell.

WARNING
CURRENT PROJECT WILL BE 
SCRAPPED
CR=CONFIRM OPERATION 
0=RETURN TO MENU

The user must then press’ CR or zero. The system 
waits until the user does so; before removing the 
warning. Zero returns the user to the LAYOUT menu. 
CR causes the system to repeat the initialisation 
process described in section 7.4.0.

This key is intended to allow the user a means of 
quickly recovering a basic room shape and menu so 
that he can try out a variety of layouts.

(F) SAVE RESULTS

$FLAYOUT.SAV program segment is loaded into memory
unless it is already there, and a warning is printed
in refresh in the instructions box of the LAYOUT
screen, together with a short prompt bell.

SAVE PROJECT 
ENTER NAME OF FILE
????????
0=RETURN TO MENU

If the user presses zero he is returned to the 
LAYOUT MENU. Otherwise, the user is required to
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enter a name for his project file. As the user 
enters the file name the prompting question marks 
are replaced by the letters of th-e file name. Input 
ends after a CR or after eight characters, whichever 
occurs first.

The system then checks to ensure that the file name
does not already exist. If it does,

NAME UNSUITABLE 
TRY AGAIN

appears together with a long error bell. The prompt 
for a file name reappears.

Once the user has entered a valid file name a 
DATA/RESULTS file is created on disk which contains 
all the required information concerning the project. 
The user is then returned to the LAYOUT menu.

(G) SCRAP RESULTS

$FLAYOUT.SAV program segment is loaded into memory, 
unless it is already there. The message

SCRAP PROJECT

appears in the instruction box together with a 
prompt for a file name as describes earlier at (F) 
SAVE RESULTS.

As before, zero returns the user to the LAYOUT menu. 
Entering a file name causes the warning message 
below to appear
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SCRAP PROJECT 
WARNING
(file name) WILL BE 
SCRAPPED
CR=CONFIRM OPERATION 
0=RETURN TO MENU

When CR is pressed the following message appears 
briefly,

(file name) HAS BEEN 
SCRAPPED

before the user is returned to the LAYOUT menu. 
This key allows the user to clear some disk space.

(H) INPUT RESULTS

$FLAYOUT.SAV program segment is loaded into memory, 
unless it is already there. In the instruction box 
the following message appears together with a short 
bell prompt.

RECALL PROJECT ’
ENTER NAME OF FILE 
????????
0=RETURN TO MENU

On entering a file name, a warning is issued similar 
to that described for (R) RENEW SET UP.

When a CR is pressed by the user, the system loads 
all the data from the appropriate RESULTS file into 
memory and executes a REDRAW to display the new job.
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(I) DIRECTORY RESULTS

$FLAYOUT.SAV program segment is loaded into memory, 
unless it is already there. In the instruction box 
the following message appears together with a short 
bell prompt.

PROJECT DIRECTORY-
CR=NEXT ITEM 
0=RETURN TO MENU
(file name 1)

Pressing CR gives the next file name in the 
directory. ' That is, file name 1 is replaced by 
file name 2. This process continues until all 
RESULTS files have been displayed, whereupon the 
system prints as a file name NONE and the user is 
returned to the LAYOUT menu.

(J) LINK

$FLAYOUT.SAV program segment is loaded into memory,
unless it is already there. In the instruction box
the following message appears together with a short
bell prompt.

WARNING
CURRENT PROJECT WILL BE 
SCRAPPED
CR=CONFIRM OPERATION 
0=RETURN TO MENU

Pressing CR causes the system to exit from LAYOUT 
and reload the main menu segment ($FCONT) and 
display the main menu.
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7.4.2 Graphical display keys

This section describes the operation of those keys 
outlined below in figure 7.8. The system ensures 
that $FLAYOUT.RED program segment is present when 
these keys are used since that segment incorporates 
the major part of the redrawing mechanism.

[fTi U&v 1 fH  2 [ im  Jn tro tn  (Nl ' ]io) Hard I
I_____D Igp ta y    3 i« p la y  | O isp la y  Over Perl Copy

>dd O )  DeleT« 1C) Move fD) Ctojact j(£) Scraen
O djeci to ja& i Object H o ig h i?  |__ RecSrae |

iP l CuiCK fOl H igh  (R) Ranee fS I (T)
H igh  OP Ass. Pen S « i Up ^

Save t o  S c ra p  (HI J rp o i ( I I  C -irc iry  (J) L in K  jRasuiis Rssulie Rasulis R̂ .uIts i

Fig 7.8 Graphical Display Keys

(E) SCREEN REDRAW

As is implied by the name, pressing this key causes 
a REDRAW of the entire screen followed by a return 
to the LAYOUT menu. The system has been designed to 
obviate the need to REDRAW because of multiple 
images on the screen; and as such, the key 
represents a hangover from the development of the 
system. However, it has been found useful when the 
memory limitations of the hardware cause a dumping 
of refresh graphics images into storage display. 
This can occur when a large number of objects (30+) 
are being manipulated on the screen.
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(K) USERl DISPLAY

The USERl key is a toggle switch. The first time it 
is pressed the display section of the terminal 
screen is modified to show USERl boundaries. The 
second time it is pressed the USERl display is 
removed. The effects of this partial REDRAW is 
evident by the two halves of figure 7.9 overleaf. 
Part (A) is the normal display whilst part (B) also 
shows USERl boundaries. After this REDRAW the user 
is returned to the LAYOUT menu.

(L) USER2 DISPLAY

This key operates in an identical manner to that of 
(K) USERl DISPLAY. In figure 7.10 overleaf the 
change in display is shown. Again after the REDRAW 
the user is returned to the LAYOUT menu.

(0) HARD COPY

When -this key is pressed the following message
appears in the instruction box:-

ENSURE COPY UNIT IS 
CONNECTED AND 
SWITCHED ON
WAIT 2 MINUTES UNTIL 
COPIER IS WARM
CR=COPY
0=RETURN TO MENU
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Pressing zero returns the user to the LAYOUT menu. 
Pressing CR causes all refresh images in the display 
section of the screen to be 'fixed' to the screen 
(ie. converted from refresh to storage display). 
It also causes the current values of the efficiency 
measures to be printed out onto the screen in the 
instructions box. A hard copy is then automatically 
taken. A complete REDRAW is then done to reconvert 
storage images back to refresh ■ images prior to 
returning the user to the layout menu..

7,4.3 Geometry manipulation

This section describes the operation of those keys 
outlined below in figure 7.11. The system ensures 
that $FLAYOUT.ADD program, segment is present in 
memory when these keys are operated because it is 
this segment that contains most of the manipulation 
mechanisms.

fR) U sar 1 til ' U ser 2 m ) Jn frp jn rNi H igh  ' (01 Herd
3 i 8p i oy 0 1 « 0 ] ay D is p la y Over P«n Copy

|f A) (3) it ) Hov« tD) Ctoject ¡(El Sc r««n
1___ O ajeci □bjacT H e ig h t ?  1 Repre»
fP) CLticK fO! H igh (R) Per«« tSl (TJ

H igh  OP Am . Pmn Sat Up

ÍF1 Say« !C1 Sc ra o (H) Input ( U D i r c t r y  U I L in k
IS P e s u l1« R a s u lt s R e s u lt s

Fig 7.11 Geometry Manipulation Keys
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(A) ADD OBJECT ■

Pressing this key allows the user to add a furniture 
object to the room display. It causes a small 
cross-hair cursor to appear on the screen together 
with the following instructions which appear in the 
instructions box.

USE CURSOR TO PICK 
OBJECT TO BE ADDED
CR=PICK OBJECT 
0=RETURN TO MENU

On pressing CR the system searches through the 
display and menu areas of the screen to locate which 
furniture object should be added.

Should the system fail to locate an object, a short 
message is printed in the instructions box together 
with a long error bell.

RETURNING TO MENU

Assuming that the system finds an object, the
following message is displayed.

USE KEYBOARD TO 
TRANSFORM OBJECT
SPACE=PUSH OBJECT 

CR=PLACE OBJECT 
0=RETURN TO MENU

l-6=ROTATION

At the same time, a refresh image of the selected 
furniture object appears in the centre of the 
screen.
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Pressing keys 1-6 causes the furniture object to be 
rotated on the screen by one of the following 
amounts (measurement in degrees):- +90, +10, +1, -1, 
-10, -90.

Pressing the space bar causes the following message
to appear together with the cross-hair cursor.

FIRST INDICATED EDGE 
IS ALIGNED TO SECOND 
INDICATED EDGE
CR=CONFIRM SELECTION 
0=RETURN TO MENU

If the system cannot find the edge indicated, a 
warning message is displayed together with a prompt 
indicating that either the first or the second edge 
should be indicated again.

Pressing CR 'fixes' the object. Location and 
orientation are entered into the data base. It is 
probably worth mentioning at this point that USERl 
and USER2 displays can be turned on at this point by 
pressing either K or L.

Once the object is located, the system prints 
another prompt.

ENTER NEW HEIGHT 
FOR TOP OF OBJECT 
DISPLAY TO LEFT
CR=NO CHANGE
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This gives the user the capability to amend the 
location of the z-axis reference point. The method 
of input is similar to that for entering file names 
as described earlier in section 7.4.1.

With the final CR the user is returned to the LAYOUT 
menu.

(B) DELETE OBJECT

Pressing this key allows the user to remove a
furniture object from the room display. It causes a
small, cross-hair cursor to appear and the following
instructions to be printed in the instructions box.

USE CURSOR TO PICK 
OBJECT TO BE DELETED
CR=PICK OBJECT 
0=RETURN TO MENU

The user uses the cross-hair cursor to select the 
object to be deleted. The room is then redrawn such 
that objects placed on the screen later than the 
object being deleted are shuffled forward in the 
display file overwriting all information concerning 
the deleted object.

Should the system fail to locate an indicated 
object, it issues a warning message to the user 
before returning him to the LAYOUT menu.
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(C) MOVE OBJECT

Pressing this key allows the user to move a
furniture object about the room display. It causes
a small cross-hair cursor to appear and the
following instructions to be printed.

USE CURSOR TO PICK 
OBJECT TO BE MOVED
CR=PICK OBJECT 
0=RETURNS TO MENU

Pressing CR causes the system to DELETE tha object 
and ADD a replica with the same location and
orientation. The system then allows the user to 
continue with the ADD commands outlined previously.

(D) HEIGHT?

This key can be thought of as incorporating the last 
stage of the ADD command. Functionally, it is very 
similar, allowing the user to change the reference Z 
height of any existing furniture object within,the 
room display.

The one additional function this key allows is that
the user can interrogate the data base concerning
the Z-parameters of room objects. Thus he can
discover the min/max heights of objects such as 
doors, windows, floors and ceiling.
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7.4,4 INTERPRETATION
This section describes the operation of those keys 
outlined below in figure 7.12. The system ensures 
that either $FLAYOUT.INT or $F2LAYOUT.INT program 
segments are in memory after any of these keys have 
been pressed, since they contain the interpretive 
mechanisms. The main mechanism being the algorithm 
to determine the area of overlap between two 
polygons. This algorithm is fully described in 
appendix F.

Um t  1 (U U»er 2 Im i Jrvrbtri (HI High ~1(01 H w d
O i» p ia r D iso )a y  1 D isp la y Over Penj Ccpy

f*i (3) (Cl Mov« (D) O&jaci (£1 Screen
Ob Jeci (S>j«ct Cbjacr H e ight? ReOraw

Ifp) Cuicli (01 High ¡(HI (S) (T>
1 H i ^  OP A u . p*(^ S«t Up

Say« (01 S c rso  (HI Jrput I D D lrc t ry  (J) L in k
P « « u iIS 1 1 • ts Rasul IS

Fig 7.12

Interpretation

Keys

(M) INTERPRETATION DISPLAY

Pressing this key starts a lengthy process (some 20 
minutes on average) of interpretation of the spatial 
efficiency of the room. Each furniture element is 
checked against the room geometry, the room objects 
and against every other furniture object.- The 
system '.blinks' the refresh image of each object as 
it is being checked.

Before the user is returned to the LAYOUT menu a 
graphic display of the relative effect of each of 
the four efficiency measures is presented in the 
instruction box. This is followed by a numeric 
itemisation of each of the efficiency values.
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Pressing this key updates all the values which will 
be printed when the user takes a hard copy.

(N) HIGH OVERLAP PENALTY

Pressing this key starts a very lengthy process of 
interpretation. Unlike the previous interpretation 
key, this key only examines overlap penalties. It 
determines which user area overlap pair has 
attracted the highest penalty.

The area of this overlap is then presented to the 
user as a hatched area on the display section of the 
screen.

The user is then given the option of returning to 
the LAYOUT menu or of determining which is the next 
highest overlap penalty pair.

To look at all overlapping penalty pairs takes a 
very long time indeed. For this reason, a quick 
overlap penalty appraisal measure was developed. 
This measure is discussed below.

(P) QUICK HIGH OP

Pressing this key allows the user to rapidly 
determine where the greatest overlap penalties 
occur .

181



C.7.25

When the room layout is interpreted, the
interpretation algorithm adopts an incremental
approach, whereby each furniture object has assigned 
to it, the total additional overlap penalty that has 
resulted from its placing in a particular location 
within a room layout.

The QUICK HIGH OP key accesses this data and 
presents to the user, via refresh 'blinking' of each 
object, a sequence of high to low overlap penalties.

This process is obviously not as' accurate as HIGH 
OVERLAP PENALTY as objects positioned later tend to 
overlap with more objects and consequently have a 
greater overlap penalty. However, it gives the user 
worthwhile appraisal of overlap penalties with the 
minimum of delay.

(Q) HIGH ASSOCIATION PENALTY

‘Pressing this key starts a rapid process of 
interpretation of association penalties.

The user is presented with a 'blinking' dashed 
double headed arrow joining the centrepoints of the 
two objects with the highest association penalty. 
The system then prompts the user to find the next 
highest association pair or return to the LAYOUT 
menu.
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7.6.0 COMMENT ON CURRENT CONFIGURATION

Comment is limited in this section to those aspects 
of the software/hardware configuration discussed in 
this chapter.

Further comment on the system, whith reference to 
different configurations, is' offered in Chapter 8, 
Section 8.2.0.

7.6.1 The main menu

Functions satisfactorily, though there is a need to 
extend the capabilities of the COPY function. Also, 
although swopping program segments in and out of 
memory is successful 99% of the time, the user can 
still run into a system (hardware) bug causing a 
total crash. Some effort needs to be devoted to 
surmounting this problem.
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7.6.2 Layout

In terms of general comments about the layout suite; 
the main criticism is the requirement to start the 
suite off with the default room layout. On
reflection, it would be better for the user if some
of the initialisation proceedures of LAYOUT were 
pushed back into 'earlier' program segments. This 
would allow the user to start LAYOUT with the 
minimum of initialisation delay.

7.6.2 Layout file handling

This aspect is entirely satisfactory; the only
minor point to be considered is that it might be 
desirable to be able to SCRAP all RESULTS files 
simultaneously.

7.6.4 Layout graphical display keys

This aspect is also satisfactory. Perhaps some
'tinkering' with the order that graphics commands 
are issued to the system would help to remove 
.remaining problems associated with screen flicker.

7.6.5 Layout geometry manipulation

This aspect is adequate given the current level of 
system development. However, two aspects clearly 
need further development.
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1- It should be possible to avoid the need for 
object shuffling due to deletion of an object.

2. The controlling algorithm for the push command 
in ADD object should be amended to improve its 
performance for non-rectilinear geometries.

The author is aware that others have solved the 
problem of non-rectilinear pushing by treating 
rectilinear and non-rectilinear movement as 
separate cases (7.1). However, the author has 
demonstrated within KAPABLE that combining of 
rectilinear and non-rectilinear movement is 
possible within the same algorithm and using the 
same input information.

7.6.6 Layout interpretation

Given the existing system configuration and the lack 
of raw computing power that it imposes, 
interpretation aspects are adequate.

7.7.0 REFERENCES

(7.1) User's Manual for Gable, Draft Edition, Oct. 
1981, Genesis Ltd., UK.
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8.1.0 INTRODUCTION

In this chapter we examine the scope for future work 
arising from this research project. We examine this 
work under three broad classifications:-

1. Future work as regards
implementing the existing computer 
model on a more powerful hardware 
configuration.

2. Future work as regards potential 
applications of a commercially 
developed system.

3. Long term applications as it 
interfaces with the work of 
others.

8.2.0 IMPLEMENTATION ON IMPROVED HARDWARE

In this section we consider a hardware configuration 
which might he more suited to the application. 
After detailing harware improvements we will 
consider how this would affect the software
implementation.

8.2.1 Hardware improvements

Hardware can be considered under four seperate 
headings:-

1. Input device.
2. Display.
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3. Memory.
4. Off-line storage.

Most of the currently available input devices are 
variations on thumbwheels, joysticks (which includes 
the mouse since it can be considered to be a very 
sophisticated joystick) or lightpens. Substitution 
of the thumbwheel input device, used in the current 
implementation, by either of the two latter devices 
would not appreciably improve the system. However, 
it should be noted that, software changes allowing a 
selection of input devices to be used, to suit the 
personal preference of the designer, would be an 
improvement in the system.

One interesting new input device which is radically 
different from those mentioned above is a device 
which electronically tracks eye movement to locate a 
cross-hair cursor on a screen. This device is not 
yet commonly available but a prototypical version 
was demonstrated on the TV program Tomorrows World 
as an aid to handicapped children learning to read 
and is somewhat similar in operation to the 
stereoscopic display system discussed by Mitchell 
(8.1).

In terms of display others (8.2, 8.3) have argued
for a VDU which is very similar to a drawing board 
and operated with a light pen.
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Although this type of approach might be less 
intimidating to the designer v/ho is used to a 
traditional drawing board, it confers no great 
ergonomic advantage, possibly the reverse.

Rather a colour raster VDU would be the preferred 
display device. The screen should be large, 
possibly the dimensions of an A3 sheet of paper, and 
the resolution high so as to accomodate detail at 
quite large scales. Since the system is schematic 
and representational there is no great requirement 
for a large palette of colours - eight would 
suffice .

In terms of RAM, the more the better. It is 
estimated that at least -four times the currently 
available RAM would be required and in the light of 
some of the software changes outlined in Section 
8.2.2, 512k might be more realistic. With this 
amount of memory, it would be possible not only to 
improve the user display but also ensure that object
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and geometry files can be retained in core memory, 
thus speeding up the process of geometry 
manipulation.

The current level of processor speed (9600 baud) is 
sufficient for the application. However parallel 
processing might be particularly appropriate to this 
system. For example, when determining the overlap 
penalty (see Appendix F) several processors could 
each calculate overlap areas for a single furniture 
element. These penalties could then be totalled for 
the overall overlap penalty.

In terms of off-line storage the single floppy disk 
drive and manager unit used in the current 
implementation are clearly inadequate. Having said 
that, given that the system had more RAM there 
should be no need to change to hard disks. A file 
manager incorporating three floppy disk drives would 
be sufficient.

It might be desirable to have additional solid state 
memory such as the Option 28, 512k Extended memory 
file manager offered by Tektronix for use with the 
4054 (8.4). This option functions in a manner 
somewhere’ between a built in hard disk and 
additional RAM. This form of memory might prove 
useful for holding the coding, thus allowing more 
rapid overlapping of program segments, and for

1 9 0
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temporary holding of system variables and 
intermediate results.

8.2.2 Software improvements

Possible improvements to the software can 
considered under three headings

1. Enhancement of prototypical
routines.

2 Improvemnts as a result of
enhanced hardware capabilities.

3. Improvements which incorporate
both of the above' features .

be

The system needs development of its geometry input 
segments, particularly as regards scaling, windowing 
and viewporting.

Contrary to my earlier beliefs (see Appendix A) 
routines should be made available to allow the 
'expert' user to enter geometry descriptions in an 
alphanumeric format. Geometric feedback of the 
input should still be available. The expert is 
likely to find'this a more rapid means of input, at 
least with some geometries, than a purely 
interactive input mechanism.
In terms of output, it would be an improvement to 
have a mechanism which allowed the visual 
presentation of the model's three dimensionality, 
such as perspectives-, part elevations and lid-offs.
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A direct consequence of improving the off-line 
storage facilities of the system would be the better 
organisation and manipulation of files. With three 
disks available for use, one could be reserved for 
source code, temporary system variables and 
controlling files, another could be reserved for 
object descriptions, menus and matrices whilst the 
last disk could be reserved for 'job specific' 
information - room geometry and results. An 
indirect benefit of multi-disk availability,would be 
that the copying of files from one disk to another 
would be greatly simplified.

As a result' of a raster display system, perhaps 
aided by parallel processing, a more powerful 
interpretation routine could be devised possibly 
based on pixel counting.

In addition, the continuous feedback incorporated in 
the system (see Chapter 5, Section '5.4.2) could be 
machine rather than user driven. That is, the 
computer could interrogate the cursor position 
automatically on a time basis. This would improve 
the geometry input routines considerably.

Another improvement made possible by an increase in 
processor speed and power would be the introduction 
of user experience levels. That is, the degree of 
user feedback is determined by the user. A novice
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user would receive all prompts.automatically whilst 
an expert user would receive very few abbreviated 
prompts.

A general increase in hardware capability would also 
allow the system to be extended by providing 
interfacing routines to other commercial packages.

8.2 3 Conclusion to system improvement

The improvements outlined in the previous two 
sections indicate the amount of work required to 
raise the currently implemented prototypical system 
to the level required of a commercial package.

8.3.0 POTENTIAL APPLICATION OF SUCH AN ENHANCED SYSTEM

This section outlines the applicability of an 
enhanced system.

Given the current level of cuts in local authority 
housing budgets, the system is unlikely to be used 
in the design of public sector housing in the UK. 
There is more scope for this type of application 
abroad. Indeed, the Italians (see Chapter 4, 
Section 4.3.1) have this application very much in 
mind for their software.
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A more likely application would be in the field of 
facilities planning. That is, in the design of the 
internal layout of offices, factories and commercial 
premises where space is often at a premium and the 
efficient use of space is usually related to 
functional requirements rather than personal 
preference .

Currently the prototypical system is being used as 
part of an ongoing research project at SSSA 
investigating the design of medical installations on 
offshore drilling rigs (8.5). Here is an ideal 
situation in which to use the activity space model, 
since the efficient use of space is clearly very 
important. It will be interesting to see how the 
model performs in a non-domestic application.

This application is illustrated in figures 8.2 and
8.3 below.

The algorithm could also be used for space planning 
outside the buiding. For instance, it could be used 
to aid in the planning of housing estates . The site 
would be defined as the 'room' and each house would 
be an individual 'furniture' element. By choosing 
appropriate user areas and association distances, 
the housing layout could be planned to obviate 
overlooking. Already, the Regional Estate 
Monitoring Unit of the PSA has expressed an interest

1 9 4
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in using the system for such a purpose.

However, the core of the algorithm is not limited in 
application to the building industry. It would be 
possible to use such an algorithm in many 
layout/planning situations. For example, it could 
be utilised to aid in the laying up of garments 
where the VU value gives a good measure of the area 
of wasted cloth. It might even be possible to 
utilise the algorithm for laying out air traffic 
routes or electronic circuit boards where 
interference of 'user areas' would have to be 
minimised.

Indeed, the system will find a use in any 
application in which the interference of user areas 
is undesirable, in which the association of elements 
is important or in which the laying out of elements 
with minimum wastage is desirable.

4.0 LONG TERM APPLICATION

In this section we examine the scope of the 
algorithm as it interfaces with the work of others - 
particularly within the emergent fields of expert 
systems and artificial intelligence.

196



C.8.11

Feigenbaum gives as a definition:-
'An expert system is an intelligent 
computer program that uses knowledge 
and inference proceedures to solve 
problems that are difficult enough to 
require significant human expertise 
for their solution. The knowledge 
necessary to perform at such a level., 
plus the inference proceedures used, 
can be thought of as a model of the 
expertise of the best practicioners in 
the field'(8.6).

This is an adequate definition of an expert system 
incorporating deductive artificial intelligence. 
That is,, where the machine is capable of deducing 
from the general rule base, representing human 
expertise, the outcome of a specific situation.

It also highlights one of the major problems with 
this form of expert system - the abstraction of the 
'expertise' used by the best practioners and its 
assembly into a set of rules.

The algorithm presented earlier in this thesis could 
be of undoubted assistance in this regard since it 
gives an objective measure of layout efficiency. By 
combining qbjective evaluations of many designs of a 
particular room type with -the subjective assessment 
of the experts, the process of rule definition might 
be eased.

The algorithm might be even more useful in 
conjunction with an expert system using the 
inductive rule approach. In this situation, instead
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of defining a set of general rules and using them to 
deduce facts about a particular case, the computer 
examines a number of specific cases and induces the 
rules; ie. it 'learns' from experience.(8.7)

It is clear that the algorithm might prove to be a 
useful starting point for such an inductive system. 
For example, the association distances for each 
element pair might be loaded into the expert system 
as a series of rules; the penalty factors for each 
pair might then be determined by the expert system 
by case interptetation.
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AJ 
AP 
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ARC 3 
ARC 2
arias

Architecture and Building Aids Unit 
Strathclyde, Department of Architecture 
and Building Science, University ’of 
Strathcylde, Glasgow.
Architects Journal.
Association Penalty.
Architecture students.
3rd. year Architecture students.
2nd. year Architecture students.
Associate of the Royal Institute 
Architects in Scotland.
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ARIBA

ASSA

BSI
BoCAAD

CAAD
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DOE
EdCAAD 

ER
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HE 3 
HE 2

Associate of the Royal Institute of 
British Architects.
Association of 
Architecture.

Scottish Schools of
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Computer Aided Architectural Design.
Computer Aided Design.
Construction 
Association.

Industry Computing

Computer Output Microfilm.
Carriage Return key.
Council for National Academic Awards.
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Digital Equipment Corporation
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Design Office Consortium.
Department of the Environment (UK).
Edinburgh Computer Aided Architectural 
Design, Department of Architecture, 
University of Edinburgh.
Efficiency Ratio.
Furniture Industries Research Association. 
Greater London Council.
General Purpose Interface Bus.
Housing Developement Directorate (UK).
Home Economics students.
3rd. year Home Economics students.
2nd. year Home Economics students.
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IFIP
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NBI

OP
PSA
RAM
RGIT
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SP
SSSA

VDU
VU

Her Majesty's Stationery Office.
International Federation for Information 
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(Norwegian
Local Authority.
Norgesbyggforskingsinstitutt 
Building Research Institute).
Overlap Penalty.
Property Services Agency.
Random Access Memory.
Robert Gordons Institute of Technology, 
Aberdeen.
Science and Engineering Research Council. 
Space Efficiency Penalty.
Scott Sutherland School of Architecture, 
RGIT.
Visual Display Unit.
Volume Utilisation Penalty.
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The author's interest in the aoDlication, of the comouter to architecharal
design was roused in his undergraduate da\'s at Sc:otr Sutherland School of
Architecture, Aberdeen, from which he graduated udth B.ScfHons'' in '98''.. 
He is currentli' undertaking an SEBf funded Research Decree at that same
school under the direction o’" Hr
I or tne inout or eecjmerr data b\-

. .W.W. Laincr 
the user

Lri\'’0S 1.
’.AAD s\'’snems.

rhnicrues

F e e d b a c k  a ids to  G e o m e tr y  D a t a  In p u t

This paper examines methodologies for the 
inout of g;ecrmetric data within C.AAti applicarions. 
It examines the man,'machine interface and 
Dcsrulates how new technology m.ight a'"̂ fect 
that stnicture. Potential algorit'nms are 
oresented \mich outline a new data inour’ 
technioue.

’ n t r o d u c i i o n

fomputer Aided Architectural Design ('CAAD! has been a tonic o-*' convov-e?- 
ation wiphin the architectural profession for some considerable length 
of time However, considering the undoubted conputational power o-*̂ the 
modem computer both as a rrainframe and as a micro, it is something of 
a surprise that in that time the utilisation of the ccrmouter rvithin 
architectural practice has been minimal in comparison with its utilisation 
in other professions associated with ^uilding design, such as quantitv 
surveying and structural engineering

Writers have postulated a varietv of considerations inhibiting' the archi­
tect's utilisation of CAAD technologv ranging from co^t implications, to 
a feeling of loss of control over the design process . Some of these 
considerations, such as those related to cost, have become less valid as 
the years have passed; as is evidenced bv the growth in micro -^ased 
systems directed primarily to the 'business' of architecture However 
the breakthrouipi of CAAD into architectural nractice predicted bv eari\/' 
writers remains as elusive as ever
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2 P r o b le m  Id e n t i f ic a t io n

Quantity surveying and structural enCTineerincr. as discinlines. essentiallv 
are well defined processes dealing with data and its manioulation■ such 
work is the bread and butter of ccmputing. Architecture is quite di'̂ '̂ erent. 
Firstly the process of design is ill-defined and secondlv ’number crunching’ 
is something alien to the architect - except when workins' out his accounts;
'These factors continue to inhibit the architect' s use ô  ̂comouter tech­
nology. Current C.AAD applications have overcome the first of these hurdles 
by concentrating on those aspects of design which are well defined such 
as enerĝ  ̂simulation or 2D representations of 3D data, leaving desiims 
synthesis to the architect himself. Because of this, the second ’nurdl.e. 
the use of numeric data as a medium of reoresenting the geometr\/ of a 
building within the computer l"ra:s been accepted as an imoosition dictated 
by the machine.
’The creation of a data structure (plans, sections specifications etc.) 
encoding a building model - which can be considered to be an abstract 
representation of a buildings geometric and physical properties — can 
be deemed to be the cornerstone of an architects work. Similarivn ^or 
CAAD. the building model AND its creation ought to be central to anv 
applications software. Data structures algeadv exist which are more than 
adequate for encoding a building geometr\.' : however̂  the creation o'""' the 
numeric form of that structure is more problematical. Various methodologies 
and technologies have ’oeen utilised, ranging from the light pen to the 
digitising tablet. To the designer, all have suffered ^rcm the sam.e probl em.s: 
he must either la’Doriousl\̂  align each building element at some late 
stage in t.he design process.so as to ensure gecmetric accuracv.or ’ne 
must suffer a constant interruption to his ■'̂low of thCTught as he answers 
'obvious' questions posed by the ccmr3U’'"er. Tn either case the ’̂■esult i = the same; the time spent on data entm/ and checking ma't b̂  ̂so -r-r-'O-sr as 
to oum.veigh the value o-r the resultant output . Until -̂hi-s nrobT om is 
overccme CAAD will probably remain a limited specialism oufAUth the 
mainstream of architectural practice.

3 T h e  In te r fa c e

This prgblem primarilv concerns the design of the man machine inter-f'ace 
Newman hais identified four componants that are intrinsic to the desion 
of the interactive user interface

1. A user’s model 
?. A command language
3. feedback
4. Information display

These componants are illustrated graghicallv in figure 1 over.
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From the diaçrrain, it is ev'ident triat of 'i’he four oomnonanr= m'=’̂'̂ ioned, 
rhe iru'o that olav the frr-eatest part in succes?"ul user inreractior 
Vith the machine are those componants common to ho*'h m a n  a n d  mac'- 
namelv', the commar.d language and feedback.

i r t o  _

Command lan.muages have received \̂ nLdesp̂ ead attention and investigation. 
Feedback on the other hand is ccmparitively neglected, feedback bv 
its nature must be rapid, and consequentially it is usually treated as 
a by-the-way to tbe information display.
This situation is further complicated by the device dependancv oC both 
command lan.guages and of feedback , for example, intensity modulation 
of a displayed image is virtüally impossible utilising storage tube 
technology. However this last fact would seem to indicate that when 
,alternative display technoloĝ / becomes available, then exploitation ot 
that technology to the full would have implications on the perceived 
quality of the man/machine interface.
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4 T e c h n o lo g ic a l In n o v a t io n

A comoaritivelv recent addition to the architects ccmnuter arsenal 
in the form of the Tektronix 4054A franhics 'terminal,cnmnlete with 
I>./namic Granhics (Option 30). As a member of the "Cektronix 4030's series 
familv; it is downward comoatible with previous 4O50's machines enabling 
existing software, such as G-iRLF 80. to be utilised successfully
As a> 64k micro-computer, the problems of corrmand lanCTuao-e are simoT î i pH; 
software of an\' ccmplexity has to be assembled as a series o'*" inter—  
related subroutines - i"*̂ onlv for reasons of memoro' storarre. The natura" 
consequence of this is that the s\̂ tem designer utilises th<= use’- d(="inable 
ke\'s as a method of obtaining direct nrogram control. lea\0,na rdp ucpr-- 
with a limited but easillv comprehensible and relati\̂ '=l” ■̂ lexibl<= "hni.r<= 
of operations within any one program segment.
This terminal also offers interesting oossibilities in t̂ rms o’f' -̂ eodback. 
Due to its dvnamic ('vector drawri refresh graohicsl canabil i ties, the 
enhancement of feedback to the user beccmes a real oossibilitv. fee 
function of feedback can be described as the cemnuter in'̂ orming the 'aser 
as to where he is, what he can do here, what he can do next, and hov he
loes I u.Using dvnamic graphics, messages iolav'ed in r‘=''*̂resh mode
be displaved and altered as necessary answering all rhe abo\-° miestions 
in a manner which would be imnracticable on a storage mube.
Furthermore, there is the oossibilitv of 
to obtain a significant lean in the 
ural user, pa.’̂ticularl.v in regard to

utilising this dvnamic
Í ori o'"’ eeomerr'

:aoani
irrhi

innu*̂
da-ta, whilst obtaining an integration of this *~eedback with in-̂ ormation 
display functions that could not be contemolated on the more conventional 
at least for architectural purposes, storage tube disolav.

5 G e o m e tr y  In p u t

Geometry input for machine implemeotation can take one of two approaches; 
the Point Set method or the Bounciary description methexi. See diagrams 
2 and 3 for graphical representations of both methcdologies.
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) Resolved In A ¿ x 5 * A  
Cell Universe.

c) Doubling Resolution To 
An 8 x 10*8  Cell Universe.

n: 1 i M 1 ; 1Ì ! 11 ^1= 2 1 i 1 1 i ! j 1 1 t

; 1 :1 M 1 1 i 1 ; 11 11 1 ! 1 11
f O 'o l O! { i 1 lOIOlO-  ! 1 1
lO IOfo i 111 lo t ot o  ! I i )

i o i o ' oi o; 0 i O lO IO I Ol O
1 1 : i M : 1 ■ i l o t o i o i o l o
¡ 0  loioi  ) 1 1 i o i o i O ' OlO
:C|OiOi i 1 1 l o l o l o ! 1 i 1

d) Storage A rra y  { l , m , n )  C o n ta in in g  D a ta  Of b)
Point Set M ethod Of Encoding  

lagram 2 S h a p e  D e s c r ip t io n s

a) Object To Be Described In A Cartesian Universe

Surface i.d General Equation Values

1 h X • mj y • n j z =: CT I j , mj .nj ,c i
2 12 X ♦  m2 y *n2 2 = C2 I2 , m 2,02, C2

3 I3 X .  m3 y n 3  2 = C3 I3 .m3,03,03

8 l8  X »m3 y .n s  2 = C8 <8 .^18 .3 8 ^ 8

b) Data Storage Scnema For Planer Boundary Des­
cription

B o u n d ary  D e s c r ip t io n  M e th o d  Of 
D ia g ra m  3 E n co d in g  B h a p e

r>ae to nroblems associared Drimarilv with resolution̂  ~he ooint mef-hod
is virtuall\' unused for architectural pumoses. Within the sDoctrium 
bo'OTjdarv' descrintion methodologies two broad aDproachê i can be oercei.ved 
‘"or data enrrv' via a screer device. Input can be directlv through the 
keyboard, as a series of co ordinates ipolar or cartesian relative or 
absolute) or alternatively, a cross-hair cursor can be utilised to indicate 
directly on the screen, start/stop points. Both methodologies have advantages 
and disadvantages. Using the cross-hair cursor is generally faster than 
co-ordinate input but is considerably less accurate. Co ordinate input, 
althou^ more accurate than the cross-hair is slower and more tedious 
resulting in a greater risk of errors and is undoubtedly inhibiting to 
professionals whose traditional ccrrmunication device is the drawing 
board.
Considerable work has been done in attempts to overcome some of the 
disadvantages inherent in eachsvstem. The overall speed of both systems 
"̂>33 been increased by utilising chaining algorithms to redace the data 
entry requirements. The use of a construction grid has been popular as a 
Fiethod of increasing cursor accuracyt however, it can result in a loss 
in the flexibility of the geometrical form allowed.
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lA'namic graDhics when combined with a feedback technique, allows the 
effective combination of both methodoloofes. A cross-hair cursor can be 
utilised in conjunction with dynamic displavs co ordinate information 
such that while the user is creating the gecmetric form of a building 
element (wall»partition ,etc.) the computer renders feedback as to what it 
currently believes the user intends; the user then informs the comouter 
when its assessment is correct and upon this confirmation the comouter 
updates its building model to the latest data it has fed-back to the 
user. The user has gained numeric accuracy without the loss of either 
flexibilitŷ  or speed.
Below in figur-e 4 an algorithm for utilising suph a dxmiamic feedback 
technique is postulated.

User rx7ints to start ooint 
of line, also indicating 
the t'vpe of disnlay reouired

fcmputer decides that the start 
ooint indicated is within a 
tolerance value of an existin<? 
line .and adjusts th#» co-ords. 
to lie on that line. Tt then 
disolavs information on that 
DOint position reJ.ative to 
the line.

User dynamicallv repositions 
the start ooint of the line 
obtaining feedback concernin'? 
that points TX^sition relative 
to the identified line. User 
confirms when disolaved data 
is correct. Computer re-adlusts 
start ooint of line to ccmolv 
with disoiaved information.

Comouter sets end ooint of 
Line to equal start poin’' and 
createsa rubber band ioinin? 
start and stoo noints. Tt then 
displavs information concemin? 
the new line.

User confirms when the displaved 
information is correct and 
the computer adiusts line end 
point to comply with the dis­
plaved information. Whilst 
confirmincT the user has the 
option to inform the ccmrxiter 
whether he wishes to continue 
inputtinî  lines by chaining, 
abort the most recent line.or 
atop inpittin? lines.

The last operation is when 
the computer n*>datO‘= ^he 
existing data base to take 
account of the new data. At 
this point tests for line 
intersection etc. mav be anplied.
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Clearly this algorithm does not cover ever\/ eventualitv. However, the 
approach outlined is no less valid tor that - orecise relative «reometr̂  ̂
could be entered for any one line with no more than two ooerations. 
Furthermore, additional labelling can easily be attached, to the line data 
to .give the comnuter further information as to what the ine r̂ m̂ ŝent'̂  
to the user. Such additional information might encomnass a codiry 
representing line thickness, or t\TDe ot constnaction heinm r<̂ oresented etc
It must also be noted that the introduction of such a large amoi,int 
feedback, whilst not altering or ammending the tour basic comoonants 
of the man/'machine interface .radically alters their relative importance. 
This is sho\̂ m diagramaticallv below in figure 5.

As can be seen,- -vdien the user is given feedback on geonetric data as 
he is entering it into the system the computer preprocesses that data 
during user operation until the data is satisfactory to the user, orior 
to the despatching of 'correct' data to the data base.
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6 G e o m e try  P r im a t iv e s

Despite the advantages accruing from the use of 'continuous' feedback 
utiilst creating geometric data, this technique alone would be insufficient 
to overcome the inhibitions of the naive architectural user about 
utilising a ccmouter.
Part of this inhibition lies with the fact that, even with a feedback 
technique, the user would be required to operate on the geCTnetrv̂  model 
at the crude level of boundary description - being able to create i dî lete 
or modify building geometric characteristics a line at a time.
However, the architectural desi.gner crustomarilv designs with spaces 
which by definition are multi-sided, furthermore .manv data modifications 
of that initial geometric mc5del are essentially modifications of its 
spatial characteristics.
Surely within a CA-yZ) system it would be possible to give the comouter 
the intelligence to operate at a spatial level and comorehend that 
spacial modification must necessarily result in the modification 
of the associated boundam/ descriotions.
Such a system is nor 
building geomerri' is

;all’ feasible if the dat :ructi
romoosed c'' .data nf̂ rraininç sol el ■'"he boundari e?

of each soace; the comouter would require national da’̂a conce the
Hoaces tnemselves. me comourer recruires -i Q bOrr • o  T  (

to solve that tyoe of oroblem then it would seem rc make sense to 
adiusr the merhodologv' of data enrr\' so that relational data o 
rature is implicit within the data entree orocess.

hat

Ihis lata entry nrocess would reenuire the utilisâtlO’' o* trannicai
orimatives since grapnical nrimatives are, aimos
ordered sets cjf opints within the ov'erall framework

b\- d‘̂"ini 
the

■-10''
;ot-r-r‘.'are

fa structure and these ordered se'
coritain •relational data roertaining

, 'ry\- their ' omennc- muS' 
line^ crxTiOoaing the orimatii'e.

I'he proceedure outlined previously for one dimensional line ‘data entim./- 
feedback, whilst useful at that level, would beceme of greater sirnni-̂ icance 
if data entry was in the form of interactions between two dimensional 
enclosed shapes. The potentialities for the user utilising such a tista input technique are great. Not only would the user be able to 
îpulate more than one data item at a time but there would be the 
possibility of attaching target design values ôr such qualities as 
‘̂Vlighting, number of air changes etc. to the shape description itsel-n.
essential requirement for any postulation of a 2D data entry technique 

"iiereby the user manipulates geometry priimtives to encode the building 
'̂ oscription, is a clear understanding of the range of potential data 
®̂ ipulations required - so that the inherent flexibility in such a system is optimised.
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These manipulations could be broadlv classified under ■'"'ou’" beadincm'
as ;; \Vhole primative trans-'̂ ormatio'̂ s such

a) rotatior; of single onmarive
b) translation of sinsle nrima'̂ ive
c) scaling of sinple primative 
d'l handincr o-*̂ single orimative
e) X-distortion of single orimative
f) Y distortion of single orimative
g) creation deletion or repetition of a primative

2) Redefinition of primative trar.sformations such as ■
a} rotation of single line within primative
b) translation of a single line within orimative
c) linear distortion of single line within primative
d) addition of an extra line to a orimative
e) deletion of a single line from a nrimative

3) Compositional primative trans-formations in̂ ôlilng mpre than 
one primative such as;

a ) manipulation of groups of primati.ves in much the 
same wa\' as outlined for liiole nrimative 
transformations above

b i maninulation of narts of a gr-oun oriomr- '.'as in
much the same wa\- as outlined for 
nrimative transformations above.

'ini len ot

4) De-compositioral primative transformations such a s ■
a"* division of one primative irto enc": osed nrimatives 
b> .ioining of -two nrimatii'es to crea.te one 
c'l creation of a'ldii'ided pri,nati'e= '•.hen two o'" more 

primatives intersect,
d) area .deletion

.Although this list cannot be considered to be comprehensive opm broad 
grounings outlined above give some indication o" th«'- nature o'"" *:he

p.si orma-:ions that would be recaiired.
Transformations belonging to the first gr-oun are r-elati- straight
forward and the data manipulations required are quite minimal Trans­
formations in the second group would be at the core of anv such data 
entry technique and would require a considerable amount of data handling 
Transformations in the third group are more complex versions of the 
first two groups, while transformations in the fourth group exist 
primarily to ensure that the data has no irregularities in the form 
of overlapping primatives
Clearly for this geometry data entrv system to be successful the ccrrmand 
language must be simplified to the point rvhere the user ca.n inform the 
computer of his intentions by issuing only one or two commands. Hcuvever. 
with that success the user would be able to describe the building model 
accurately (through the feedback technique),rapidly (primative manipulation 
involves dealing with more than one line at any one time! and in a manner 
unlikely to disturb his design concentration.
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7 Summary
:AAD has been a topic of conversation among; archit ■f'or some
considerable lengfh of time. In that time 
impact on the practice of architecture.

it has had minimal.

The generation of building geometry data is central to fAAD 
applications software; current data entrv techniques are 
unfriendlv to the user and inhibit the more widespread aoDlication 
of C.Â D within architectural practice.
Difficulties associated with geometri' data entrv̂  are oart o'f' the 
design of the man''machine interface. Given new' technologtn new 
solutions to these problems may become oossible.
The Tektronix 4054A Graphics Terminal represents new t°chnologt'’ 
for the architectural user.
Boundarv' description is the usual method o"̂ encoding building; 
gecmetry for CAAD apolications. EXnamic graohics through a 
feedback technique offers the oossibilitv combining the 
advantages of cursor and co-ordinate screen input when describing 
the boundan^ of a building geometrin
-Ai extension to the ■f'eedback techricrue would be to enter data i'' ti' 
form of ID geometrical primatives. fx~ension of the ''ommand 
language to take account of this would enable a more user ■̂’"i<=ndlv 
geometrx' data entr\̂  s\ t̂em to be created.
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A  G r a p h ic s  In t e r f a c e  t o  c o m p le m e n t  
T r a d i t i o n a l  T e c h n iq u e s

ABSTRACT
Noting the reluctance of architects in small private practices to 

adopt CAAD aids, the crtidity of existing graphic interfaces is ident­
ified as an inhibiting factor.

A suite of computer programmes currently under development are 
described which are desi.gned to permit the input of geometric plfin forms 
by traditional pencil and paper techniques, whilst utilising the 
computers processing power to edit and manipulate the data so 'captured',

INTRODUCTION
Many reasons have been offered to explain why architects have Failed 

to utilise computers more fully than they have done . Despite the promise 
of the micro-chip revolution, most architects' design work is still carried 
out by manual methods; computer aids beipg viewed as a specialised adjunct 
applicable to a few atypical projects. This is perhaps understandable in 
a profession where some 85% of all registered architects work in practices 
employing 10 or less architectural staff , and where the stabilitv of 
workload ig sufficiently uncertain to make large capital investment 
precarious'̂ .

To most architectural practitioners who are accustomed to, and 
moreover enjoy using, drawing board and set-square, computers represent 
an alien technology requiring unfamiliar and sometimes inappropriate 
lan.guages and working methods. The relative magnitude of the capital 
investment that computers represent to the small architectural practi.ce 
requires extremely efficient and close managfunent of the system to 
ensure that it is run cost-effectively. Not only is this expertise 
expensive, but it is at present rarely available. More insidiously, 
principals in small practices may feel a potential loss of overall
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control posed by the inherent complexity of such systems, 
cannot be easily allayed.

Such ■f'ears

It has been argued elsewhere that òhe of the most positve wavs 
with which to promote CAAD would be to utilise the computers processing 
power to take on more of the burden of man-machine comnunication'̂ . The 
machines must become more approachable by the non-computer literate 
user, leaving him free to devote his energies' to desi.gning rather than 
on communicating with, and operating the system.

THE ARCHITECTS ROLE
The architects task may be construed as the conception and comm- 

uiication of a hypothetical building model. Infact, the design process 
is one in which the desi.gner compiles ever increasinglv accurate data 
pertaining to the hypothetical model until such time ns it is suffi ci r'nt;ly 
complete and consistent to allow the client to 'experience' it and thf' 
builder to build it. ( This pragmatic description does not belittle the 
implicit importance attached to the role of the architect as an 
aesthete ). The common feature underlying all of the various architect 
generated data sets is the building models geometry; ivh.i 1st the material 
specifications state 'what' it is and the performance specifications 
state what 'it'is to do, the drawings state where all of this other 
information is to apply, and how it is interrelated.

The corollary to this process is constant appraisal to ensure that 
the sub-systems do what they are supposed to, be it the adequacy of the 
structural system or that the project may be built within budget.

DATA MANIPULATION
The magnitude and complexity of the data generated for any one 

building project, not least of which is the project drawings, can only 
be'guesstimated' in advance. This puts extraordinary demands on any 
computer system whirh would handle such a large and various data-set. 
Although sgme data-basing systems have been evolved and. utilised by the 
profession , none have been sufficiently effective for machine implemen­
tation. Perhaps one of the most significant developments in data- 
manipulatipg techniques ^as been the development of logical programming 
languages such as PROLOG- which offer a powerful means for interogating 
large data-structures. ITie application of these.̂ languages to graphic 
data is currently under investigation elsewhere .

CONPUTER GRAPHICS
Within the overall CAAD context, one area oF concern is the machine's 

data-aquisition rather than its dat.a-manipulation. This is particularlv 
relevent to drawn information, since it is at this level that architects 
'experience' computer systems. Current systems require inhibiting 
draughting conventions and cnade levels of communication.

Drawings represent simultaneously many different levels of signif-
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cance to the the user . PJach level is '̂ clistilled' from it’s contextural 
relationship to other parts of the drawing. Thus the fundemental. problem 
with computer graphics is the radical difference between mans and 
machines perception of drawings. Whilst the human can relate parts of a 
'picture' to the whole, the machine is simply a collection of registers 
which can only cope with one data item at a time. The only 'context' 
the machine has for construing a drawing is the artificial one implicit 
in the structure of the data-base. To illustrate this, consider Ihe example below.

8

a )  P ic tu re  to b e  c re a te d

b) A s s o c ia t io n  of G ra p h ic  P rim itiv ,es

A
B

C

c) P r im itiv e s

P rim itive A B C
s c a le  fac to r Sa ,S b Sc
re fe ren ce  point x ><a xb xc

y Ya Yb yc

d ) Input D a ta
m ove pen to (x a ,y a ) (x b ,y b ) (xc,yc)
d raw  line to (x a *S a ,y a ) (xb+Sb,yb) (xc+Sc,yc)
draw  line to (xa*5a,ya+5a) (xb+Sb,yb+Sb) (xc+Sc,yc+5c)
d raw  line to (xa,ya + Sa) (xb,yb+Sb) (xc,yc+Sc)
d ra w  line to (x a ,y a ) (x b ,y b ) (xc ,yc)

e) M a c h in e  D ra u g h t in g  C o m m a n d s  

D ia g ra m  1 E x a m p le  Of A D a ta  S t ru c tu re
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Consider a simple CAAD graphics input system where drawings are 
created as combinations oF squares. The user wishes to input a pirbire 
shown in la. The picture comprises of three squares A,B and C. Ignoring 
the interelatiohship of the squares with each other, the machine nrusi: 
be given sufficient information about each geometric primitive not only 
to carry out the calculations that might be required in the subsequent 
applications programme, but simply to draw them on the screen. Tn the 
case illustrated the necessary input data includes the coordinate 
position of a point of reference for each square ( here taken as the 
lower left-hand corner ), and a scaling factor for each square. ( This 
input data is shown in the table, Diagram Id.). In order to draw these 
squares, the machine must convert this input data such that the drawing 
routines may be enacted. ( These drawing routines are shown in Diagram 
le.)

It will be seen that in such a system it is necessary to refer to 
the lower levels of the data-structure if the user wants to address ariv 
particular line. This level is of course different to the 'vocabularv' 
used to create the picture in the first place. This cumbersome method 
of dealing with drawings does not bear comparison to the ease of paper 
¿and pencil techniques.

THE PROPOSED GRAPHICS INTERFACE _
To overcome the disincentive outlined above, an opposite route may 

be considered. Accepting the premise that architects generally design 
in the initial stages by 'toying' with freehand sketches, it is legitimate 
to place the onus on ttie computer to derive higher leivels of si gni Ficance 
( ie. recognition oF graphic primitives ), from tiie lowest level oF input 
data ( ie. the continuous digitisation of architects sketches ); in effect 
to deduce the data-structure from the act of drawing.

The system being developed is summarised in Diagram Archi. tecturnl 
sketches are digitised on a graphics tablet (Tektronix 49!i4 ) which is 
connected via a Tektronix 4010 interface to a micro-computer with grat̂ hics 
display screen (Tektronix 4054).

Sketch Input D y n a m ic  Editing  
a n d  M anipulation

Applications
softw are.

D iagrann  2 C o nfiguration  Of P ro p o sed  In te rfa c e
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SYSTEM DESCRIPTION
The proposed system operates in five sections.

1. As'described the designer sketches his intentions on the
digitising tablet, an example of which is shown in Diagram S. The 
rate of data capture by the machine will depend upon the speed at 
which the user draws and the cycle time of the digitiser.

D ia g ra m  3 Sketch As D ra w n  On T ab le t

The drawing is echoed on the screen of the graphics terminal 
to confirm to the user that the drawing has been captured. The 
echo on the screen resulting from the sketch shown in Diagram 3, 
and the format that the digitised data takes is shown in Diagram 4.

point d a ta
coo rd ina tes
id no.

23

1.

D ia g ra m  A D ig itised  Inform ation Echoed On Screen

2. The digitised tablet data is processed, and the data is sort­
ed into discrete lines by comparing the gradient of each successive 
line element to the line of closest fit througfi the proceeding data 
points. If the deviation is greater than a user defined tolenance 
a new line is deemed to have been encountered.

Moreover the 'image' is enhanced: Not only are freehand lines 
straightened, but overlappi.ng lines are removed, clipped cor'ners 
reconstructed, and almost touching lines made to touch, nne info- 
mation about the lines canposing the drawing are stored in an nrrav 
for further processing, and the enhanced image displayed on the 
screen as shown in Diagram 5.
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line d a ta
lineid.
no.

2
3

7
8

s ta r t
pointxl Yl

stop
point
x2 y2

D iQ g ra n n S  C om puter In te rp re ta tion  Of Lines

The user may wish to edit the interpretation the camputer has 
generated. Using the dynamic graphic facilities of the terminal, 
he may delete or add lines by means oF the cross-hair cursor, or 
indeed add information via the tablet.

Manipulation via the terminal has the advantage that the usĉ r 
can, if he wishes, make the drawing orthogonal, or place the lines 
in a range of sectors (ie. 0,15,30,4.5,60,75 or 90 degrees). '\h th 
this editing process via the terminal, the dynamic feedback tech­
nique mentioned earlier is available to ensure the accurate placing 
of lines on the screen.

The line data generated at the completion of the above editing 
process is then dissasociated into discrete single line sections. 
Thus a line disected by another is split into two individual lines. 
The result of this dissasociation in shown in Diagram 5.

graphic primitive d a ta

1 8 B
• 2

7 12
A

9 C 11

sh a p e
ref.

no. of 
edges

line i.d's

A 5 1 2 3 .4 9
B 4 ' 5 6 8 12
C 5 7 9 10 11 12

4 10

D i a g r a m s  Line Disassociation And P rim itive  Identification

By envoking a search algorithm, the perimeter of - each enclosed 
space is traced and the line identifiers for the boundari.es stored 
in an array. The system has thus abstracted geometric primitiv'cs 
from the data in a form which may be used directly by the advanced 
graphics capabilities of the graphics terminal.

Utilising the terminals capabilities, the user can manirxrlate 
complete primitives. He may repeat, move, mirror, rotate, and 
scale. An indication of these facilities is demonstrated in 
Diagram 7.
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rH? e 3 = 1200

y
•

D iag ram  7 G raphic M anipulation O ption Utilising Dynam ic  
G raphics Offering Instant Feedback And  
R ubber Banding

The final step for the system is to reformat the 'graphic data 
into stnuctures suitable for input into other applications programs. 
Since most applications software deal ■ with polyhedral geometries 
the data-structure produced by the above system contains the 
necessary information for transmutation to other forms.

SUMMARY
The development project described above is intended to ease the 

connunication of drawirygs between the architectural user and the machine 
in the following ways :

1. By placipg the onus of interpretation on the machine, the 
designer can devote his time more fully to the task of designing.
2. By automating the interpretation system the machine is made 
accessible to the non-computer literate user.
3. Such a system supplements the existing drawing board techniques 
generally used by the architectural profession at present, and can 
make the new technology less obtrusive.
4. Such a system frees the designer from the constraints of 
draughting conventions common with many existing'graphics handling 
applications programmes.
5. Appraisal programs may be instigated much earlier in tiie 
design process, which can maximise the benefit of the advice thus 
rendered. Moreover there is less overhead involved in the time 
consuming task of 'digitising' drawings done in advance by manual 
methods.
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A,C. 2

.abstract
'T!ie reluctance of acrchitects to adopt the corrputer as a potential desipn aid 
is explained to be, in part, a consequence of the difficulties which occur in 
conveying visually conceiv'ed ideas to a binarj' logic machine. T\noing-in 
nunbers is an inhibition to free expression when conpared with traditional drawing 
board teclmiques.
Tnis paper therefore describes software c’urrently being developed at the Scott 
Sutherland School of Architecture in Aberdeen and which is designed to allow the 
input of geometric plan forms by traditional pencil and paper techniques whilst 
utilising the conputer's processing power to interpret, edit and manipulate the 
design data so "captured". Tire geometry* data is. structured to allow re-formatting 
as .necessary* to interface with ^plications software currently used by* under­
graduate st’udents within the school.
Particular reference is included to the potential offered by refresh graphics 
iisplay for dynamic manipulation of the geonetry* data during snetch design.
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liAEc GRAPHICS: DATA INPUT; DYNAMIC MANIPULATION,

The paper represents RE3KARCE IN PROCiEIESS,
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\:rrent C A A D  r e s e a r c h  a t  t h e  S c o t t  S u t h e r l a n d  S c h o o l  i s  s u p p o r t e d  b u  3 E R C  

r e s e a r c h  s t u d e n t s h i p s ,  r e p r e s e n t e d  h e r e  b u  M r  L e i f e r  a n d  M r  H a n u r o n d ,  

' d t a . a r  t h e  d i r e c t i o n  o f  t h e i r  c o - a u t h o r  D r  L a m o n d  L a i n e .  A l l  t h r e e  h a v e  a 
t t n u l a t i v e  t o t a l  o f  o v e r  3 C  y e a r s  e x p e r i e n c e  a s  a r c h i t e c t s  i n  p r a c t i c e  a s  

■ . h e i r  C A A D  r e s e a r c h  a c t i v i t y .à  b a c k c r o u n d  t c

IlTRODUiPriON

Despite the enthusiasm which acconpanied the introduction of conputing- into 
the ’undergraduate ardiitecture cum-iculum in man\" schools since the 1960's, 
e\ndence of its adoption into architectural practice is still, by coirparison 
with other building related professions, vert’ sparse (1,2). In a profession 
where 85)c of those registered wo lit in qmte small practices (errploying 10 or 
less staff) and where an inconsistent work load makes high capital investment 
in equipment risky, it is perhaps not surprising to find most design work is 
still carried out using manual (drawing board) techniques. Indeed, those few 
practices vhich have acquired computer aids are almost invariably found to be 
involved with large-scale developments where the opportunity to use repetative 
^ign elements has encouraged the use of computerised draughting systems,
Using the computer in this way, ie as a mere data storage and retrieval device 
for handling building elements, is a poor substitute for its potential as a 
Û sign aid, helping the architects to make better design decisions and, hence, 
providing us with a more cost-effective and efficient built environment.

reasons have been offered to explain this apparent disinterest among 
architects for CAAD (1) but, from several years of experience working with 
Undergraduate architects (and what could be a more receptive vehicle for 
innovation?) there is clear evidence that the greatest source of inhibition 
and frustration is ri^t at the starting post - getting the-data into the 
^chine in the first place. Quite apart from the unfamiliarity that most 
designers feel when confronted with an electronic drawing device, what must 
uot be overlooked is that most architects actually enjoy dra’wing and are 
Understandably reluctant to see this particularly self-satisfying part of the 
process being taken away frcmi them.
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rjjg need for inproved graphical (eg building georetrj-') input techniques is 
If course well kncwn and the 1982 AQ1/SIG(3?APH Workshop (3) was particularly 
useful in indentif̂ îng the main issues. Yet, conparatively little research 
1̂23 'oeen done to develop better designer/machine interfaces. Historically, 
rhe developnent of conputer programs for CAAD concentrated on designing the 
best models for simulating building performance (\hsual models for perspective 
projections, thermal models for energy- performance and models which would 
oro\ide accurate cost performance predictions). These followed the apparent 
truism that the main potential for the conputer in architectural design lay in 
Its power as a fast appraisal tool (its potential as an automatic generator of 
ciesign solutions hatdng been found to be highly suspicious). Consequently, 
research effort was directed to constructing the best mathematical analogues 
of building performance but took the easiest (from the corrputer/prograinrers 
Doini of view) methods for getting the data into the machine, relying on the 
tenacity and concentrated effort of the user typing-in masses of alpha-numeric 
data at the terminal or, at best, using simple single-point digitising techniques 
on a graphics screen or digitising tablet - all of which require the user to 
have a fairly high corrputer intelligence with regard to rules of sequence, 
iomatting etc.
One of the authors has alreadt’ stated the case for utilising the computer's 
processing power to take on more of the burden of man-machine communication (4). 
While recognising that decisions must be made in choosing between "Qnulation" 
pf an existing rTethodlog\") and "Inno\a.tion" (utilising new techniques) as 
lisc’ussed by Thomas and others at Seattle (3). we would support the \lew taken 
there that... .

A. C. 4

h£ a s t a r t i n g  peint 
:et will not inhibit

i t  I S  e s s e n t i a l  t c  a d o p t  a  m o d e l  

t h e  f u t u r e  a s s i m i l a t i o n  o f  n e w  c :

w h i c h  i s  f a m i l i a r ,  b t .  

t e s v t s "  ( 5 ;

Tne designer must be free to devote his energies to designing rather than on 
comrini eating with and operating the system.
The core of this paper describes a suite of computer programs (EnIQ̂ ’IA) currently 
’under development which are designed to allow the input of geometric data (̂ pian 
forms) by traditional pencil and paper techniques (with or without the aid of 
T-square and set-square), using the conputer to understand and rationalise the 
data input with the mirlmum, of interference to the designer's thought processes. 
Tnrough this interface, other data files can 'De generated automatically for 
direct entiw’ into the applications software where building geometiŷ  descriptions 
are required.

methods of GEaiETRY DESŒIPTION
"The a b i l i t y  to d e s c r i b e  b u i l d i n g s  to c o m p u t e r s  is n e c e s s a r y  b e f o r e  a r c h i t e c t s  
pan use c o m p u t e r s  t o  p e r f o r m  a n y  t a s k  r e l a t e d  to the d e s i g n  a n d  p r o d u c t i o n  o f
b u i l d i n g s "  ( 6 )  __and ultimately such a description involves registering the
presence or absence of material in positions in space - usually 3-D space.
In general, most CAAD software uses some form of Boundary Description Method (7) 
in which the geometric form is delimeatedbyreference to nodal points, located 
within a Cartesian system and with Instructions describing which nodes are 
connected to foim the prescribed shape. This information must be stored in 
computer memory in a format which is not only ccmpatible with the constraints 
of the computers hardware but also so as to allcw efficient interfacing with 
the graphics software routines for drawing purposes. Thus, all geometry descriptions 

ultimately, to be reduced to a collection of line segments with nodes 
^ terminal delimeters and ’with associated "Move" or "Draw" commands determining 
the presence or absence of material. This decomposition procedure is illustrated in Figure 1.
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Kgures 1 and 2 have been deliberately constructed to draw attention to the 
of ''aiape Priimtives" because most applications software to date has 

constrained the user to develop his building geonetry using such' primatives - indeed 
®st software has required the user to operate within a strictly orthogonal or 
ĉtilinear frame. Although these constraints may be, to sane extent, justified 

with real-world building geometries, to the designer they can be an 
Ĵ m̂snt at the "thinking" stage where whim'and fancy prefer to remain unfettered.
nermore, much of the frustration, ejqoerienced in inputting'geonetry data 

eaŝr extent to which small errors in the co-ordinate parametersy occur (and these can corrupt significant parts of the final data set).
Figs 3 and 4 show typical geometry data files for the ABACTJS 

linaTh 'BIBLE' (8,9) and which encodes an assenblage of 5 recti-
reetP' 'Fhe complexity of the data set increases significantly when non-

accormodated (eg in 'BIBLE' ) and the data has to be 
1 include descriptors such as number of edges, surfaces and vertices, 

iiffi '̂ iih larger amounts of data the risk of data error increases - often .
 ̂ trace causing increased frustration to the user. Furthermore,

Feonetry is difficult to visualise and obscures features such as 
scale and symnetry - concepts wpich are fundamental to the designer.
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Tnese criticisms are not intended to detract from the undoubted value of 
programs such as those developed at ABACUS and \\hich are outstanding among the 
various sofrvv'are systems available to architects today. The exanples are only 
cited to illustrate the need for improved means of inputting the data set for such powerful progi*ams.

machine refinement of raw OiAPHIC DATA
If the ctesigner is to be allowed the freedom to develop his geonetry in a 
®anner more analogous to the traditional freehand sketching technique then it 
IS legitimate to expect the corputer to derive higher levels of significance 
ircm the input (ie to identify, where relevant, graphic primatives) in effect 
fo deduce the data-stinicture iron the act of drawing. This inplies a process 
y which a Relational Data Base (or Bases) must be derived from discrete 
co-ordinate data in which the relations are almost implicitly 'enigmatic' and 

only be 'guessed' at by the computer. For an explanation of Relational Data 
see, for example, Williams (10).
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A . C .  7

fie p r o c e s s  by wiiich tiie ENICSIA interpretive softweire operates can be divided 
"̂nro 5 sequential operations as follows.

Dati z'jirs
To iTiaintain the analoi;^’ with freehand sketching, input is perfoimed vna a 
rign resolution graphics digitising tablet (Tektronix 4954 with 4096 x 
3120 addressable points; operating in continuous point mode so that
-ordinate 'data is generated wnenev-er the pen is in contact witi ane

:-drawing; taolet. An ink-filled digitising pen is preferred as this 
reiniorces the designer's cognitive awareness of his actions (rather than 
depending on graphical feedbacK throu^^ a separate display terminal).
At this stage, the only keyboard input required from the ’jser is a 
declaration of the scale he is working to and the acceptable grid tolerance.

eg Scale 1:50, t-olerance 50 nm.

Th’tis, only points which are separated by more than the declared (scaled) 
tolerance need be recorded. The rate of capture by the machine will also 
depend on the correlation between the speed at which the user sketches and 
the cycle tine of the digitiser (in practice, working to a baud rate of 
120, this has proved to have no apparent disadvantages).

igu re  5 Sketch A s  D ra w n  On T a b le t

'ttie input sketch is echoed on the terminal display screen as confirmation 
to the user that his data has been captured. Figures 5 and 6 show a 
suiple example of a freehand sketch and the resulting format that the 
tiigitised data asstnBS within the machine. ■ x ^ xpoint data

f̂ igure 6 D ig it is e d  In fo rm a tio n  E choed On S c re e n
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A.C. 8
Data Interpretation & Rationalisation

Captlired data is then proœssed by a sequential scan which conpares the 
irradient between each successive nair of nodes to the line of closest 
fit throxigh the preceeding data points. If the de\d.arion is greater 
than a defined tolerance a significant change in direction (ie a new line) 
is deemed to have been encountered. Tnereby the data is sirrplified and 
reduced in quantit}̂  such that only the end co-ordinates of recognised 
lines are retained.
Moreover, the "image" is enhanced: Freehand sketched lines become straightened, 
overlapping lines are removed, clipped comers are reconstructed, and almost- 
touching lines are made to touch.
The new data is stored for further processing and the conputer's rationalised 
"guess" of the designers intended geometry is displayed on the terminal 
screen as shown in Figure 7.

R lin e  d a ta
I line  

i.d. 
no.
1
2
3

7

s t a r t
po in t
xl Y l

s to p  
p o in t 
x2 v2

•¡aure 7 C o m p u te r in te rp re ta t io n  Of L in e s

Ihe "guesswork" implicit during the interpretation phase may not always 
correspond wuth the designer’s full intentions. O^nsequently, control 
of the data is returned to the user, this time through the display terminal, 
in order that he can perform routine editing operations such as deletion 
and addition of lines and so on.
During the edit phase, a distinction must be made between two possible 
hardware configurations, the software having been designed to operate 
under alternative modes as follows.
^ere the display terminal Screen is of the conventional storage type (for 
exanple Tektixanix 4010 series) on-line graphical editing will require over­
drawing of new data on top of old or superseded data with the screen havung 
to be erased to display the edited data afresh.
Alternatively, where the screen offers refresh display (for example 
Tektronix 4054 Option 2) the potential this affords in terms of dynamic 
graphic manipulation is enormous. Not only does "rubber-banding" allow 
the user to manipulate his shapes in a way which continues to model sketching 
techniques (lines can be seen to be being drawn) but, by including refreshed 
displays of the current cxnsor co-ordinates numerically, locational accuracy 
is enhanced.
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A.C. 9
Because topologically related lines are noted within the relational data 
base structure, it follows that for each manipulation performed on any 
part of the original data set, the machine can itself perform further 
inanipulations on other parts of the data set in order to maintain integrity. 
'Ihis in itself reduces the amount of manipulation likely to be required in 
ary single edit.
Additional enhanced edit facility is included such as, if required, 
automatic orthogonalisation of lines, addition of standard shape primatives 
,''6°' lines, rectangles, triangles etc).

Shave Definition & Manipulation

On completion of the first edit, the line data is further processed so as 
to disassociate the geonetry' into discrete single line segments - thus, 
any line disected by another is split into two indi\d.dual lines as shown 
in Figure 8.
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1 8 B
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7 12
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9 C 11

g ra p h ic  p rim itive  d a ta
s h a p e  no. o f 

re f, ledges
line id 's

A 5
 ̂  ̂  ̂  ̂

1 l 2 i 3 U ' 9
B 4 5; 5 8:12!
C 5 7: s i lO  11h2__i.,..._i__i__■ - - - ■

F ig u re  8

4 10

L ine  D isa sso c ia tio n  A nd  P r im it iv e  Id e n tif ic a tio n

A search algorithm is then invoked by which the perimeter of each enclosed 
space is traced and the lines which define each enclosure boundary’ are 
stored as an additional relation set in the data base. The system has 
thereby* abstracted geometric Shape Primatives from the original data in a 
format which may now be used in a Second Edit phase to manipulate complete 
primatives eg using repeat, move, mirror, rotate and scale.
Again, the dymamic graphics option enhances this second edit phase by 
allciwing dynamic translation of whole primatives across the screen with 
or without distortion of shape primatives to revised proportions into 
new locations.
During the final phases-of this , stage the option is included to extend 
the data base to include a third dimension (ie hei^t) where this is 
required. This may be done by vertical extrusion of any line" or any whole 
shape primative as necessary.

interfacing With Applications Software

îth the completed graphical data held in a relational structure, re- 
foimatting this data in a form suitable as input to other (applications) 
Software becomes routine. Currently, the software is designed to do this 
automatically for the creation of "GOAL" and/or "BIBLE” files but others 
nay be introduced on denand.
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A,C.10
.SYSTBl CDNFIGURATION
Figure 9 illustrates the hardware configuration of the system which at present 
operates either through an on-line central processor (DEC 10 System) or in 
tandem wath the local processing power of the Tê'̂'f’nnix 4054 graphics system.

The added advanxages of using the Tektronix 4054 -with refresh graphics 
potential are illustrated in Figure 10 and control of the software (under 
either configuration) is \da a sequence of 3 menus of commands which are 
illustrated i - Figure 11.

Mainframe conputing is carried out using FORTRAN but the refresh graphics 
option is prograiimed in BASIC.
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Figure 11 E N IG M A  M e n u  S t r u c t u r e not required on TEKTRONIX 405i
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gJMMARY
The system described here has the follcwing properties . . .

('¿j E a s y  f o r  t h e  u s e r  t o  o p e r a t e  r e q u i r i n g  a  m i n i m u m  o f  c o m p u t i n g  } z n o w l e d g e .

, ' t )  C l o s e l u  e m u l a t e s  t r a d i t i o n a l  w o r k i n g  m e t h o d s .

( a )  f h e  s y s t e m ,  f e e l s  a n d  r e s p o n d s  l i k e  a  d r a w i n g  h o a r d .

Ihis is because much of the data input is via continuous digitisation of 
freehand sketches.

( d )  I t  q u i c k l y  e n c a p t u r e s  l a r g e  a m o u n t s  o f  c o m p l e x  d a t a .

The interpretation algoiuthm overcomes loss of precision by ...

i e )  R e p l a c i n g  l o s t  c o r n e r s .

( f )  R e t u r n i n g  c u r v e s  a s  a  s e q u e n c e  o f  s t r a i g h t  l i n e  s e g m e n t s .

i g )  M a i n t a i n s  t h e  i n t e g r i t y  o f  e a c h  l i n e  a n d  i t s  r e l a t i o n s h i p  w i t h  o t h e r s ,  

d u r i n g  e d i t i n g .

The relational data structure used makes re-formatting straight-forward, thus

A.C.12

:n) f i r s t  s k e t c h e s  c a n  b e  a u i c k l u  i n t e r p r e t e d  a n d  r e - f o r m , a t t e d  f o r

i n z e r f a c i n g  w i t h  a p p l i c a t i o n s  s o f t w a r e

as a cor^sequence of which . ..

i j )  A t  t h e  e a r l i e s t  s t a g e  i n  t h e  d e s i g n  p r o c e s s  i t  b e c o m e s  e a s y  t o  o b t a i n  

m o r e  i n s t a n t  f e e d b a c k  o n  t h e  c o n s e a u e n c e s  o f  d e s i g n  d e c i s i o n s .
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A  D .  2

Current C A A D  R e s e a rc h  a t S S S A  
by B Hammond

.0 introduction
Current CAAD research at Scott Sutherland School ot Archi tecture, 
which is funded through an SERC studentship, is concerned with 
the development of a 'realistic' computer model for the analysis 
o-f room layouts. It is an e;-;tension of previous work done at 
this school by Langskog, combined, to a certain extent, with the 
ideas of the author and others(1) on man/machine communication.

2.0 HARDWARE
The research utilises the following hardware configuration - a 
Tektronix 4054 graphics terminal with refresh graphics, combined 
with a Tekronix 4907 file manaiger and disk drive. Peripherals, 
not essential to the research but available if required, include 
a TeKtronix 4663 plotter and a 4631 hard copy unit. RS 232 
communication with RGIT's DEC 2050 mainframe is also available 
■for what it's worth!
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3,0 foundations o f_th e . research

A D. 3

Langskog was perhaps the -first to develope a 
s)iplicitly appraises the efficiency of floor 
a lthough,  he did state that certain

technique which 
area usage (2);

 ̂  ̂  ̂ more general graphicalanalysis techniques had been proposed previously (3,4,5).
Langskogs m ode l  w a s  b a s e d  on t h r e e  d i f f e r e n t  m e a s u r e s  o f  l a y o u t  
ef- f ic iency:  -

(i) A shape penalty
The more closely the room resembles a square, the more 
efficient it becomes, because it requires less perimeter 
wall length to bound the room area.

(ii) An area utilisation penalty
The greater the area of the room 
explicitly by an item of furniture, 
area required to use the furniture, compared to the total 
room area - the more efficient is the layout since there 
will be less wasted space.

(iii) An overlap penaltyEach furniture elemenr has. as indicated above, an 
associated user space (the model actualiy uses two user 
spaces — an essential user space and. a desirable user 
space). The degree to which user areas overlap can be

that is used, either 
or implicitly by the

measured, and the less kne
efficient the room layout since 
furniture is less likely ';o 
another,

uver 1 ap ar e?a , rne mors
;ne use o+ 
1nterfere

one element of 
with the use of

The n c 1 p a 1 s :h.is model provide-: the foundation for the
rurrent research.

4.0 DEFICIENCIES DISCOVERED IN LANGSKDG'S MODEL
Examination of Lanqskog's model identified three areas where it 
was thought an improvement in the model could be achieveo.

(a) extend the model to encompass three dimensional spaces 
(Langskog's model oniv dealt with two dimensional plan 
1 mages) .

(b) siitend the model to encompass non~orshoqonal
geometry.(Lanoskog's model was limited ~o orsnogonal and 
rectangular oeometry. pr i mar al i'■■■' because o ’r tne '=ljt worê  
1 mp 1 emen t ar. i on j .(c) amend the model, so as to encompass an element o-t- positive 
association such that one furniture eiemenr couid be 
specifically associated with anorher element,

These thoughts provided a starting point for the research and 
'̂ l̂imited the scope of the new layout analysis mcHel .
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A  D .  4

5.0 THE NEW LAYOUT ANALYSIS MODEL IS DEFINED
E'iamination oT Langskog's work provided the basis -for a new 
model. The new model had -four di-f-ferent measures of efficiency.

(a) A room shape penalty.(SP)
(b) A volume utilisation penalty.(VU)
(c) A volume interpenetration penalty.(OP)
(d) An association penalty.(AP)

The f i r s t  three measures were essentially those of Langskog, 
amended to take account of non-orthoganal , non-rectangul ar 
geom et r ie s  and a degree of three dimensionality (extrusions of 
two dimensional shapes).
As is mentioned later, while the software was being implemented, 
it was noted that the voluTne interpenetration penalty 
occassional  1 y gave unexpected results such that an increase in 
volume interpenetration could actually reduce the OP score.

5.1 THE VOLUME INTERPENETRATION PENALTY
To gc into this in a bit more detail. The OP score, was based on 
the overlap of user volumes, and although changes were made to 
the n e w  models method of describing user volumes, to ease 
SD+tware i mp 1 ema-in tat i on , the principal remained the same. The 
aifference in the way that object outlines were described is 
shewn in the diaoram below.

Langskog mocdel N ew  m odel
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A  D .  5

PiS can be seen, if each user volume encloses the smaller or more 
gsential volume, the number of overlap checks can be 

5 ignificantly reduced.
It was also felt that the ef-fect of a single overlap instance 
should reduce as the problem became more complex (ie- as more 
■furniture elements were added to the room)
Thus Langskog's OP equation changed from;

where: -
n
m
A
w

to;
OP

O P  =

number of overlap instances, 
number of elements in the room, 
overlap volume of a single instance, 
a penalty factor for that instance, 
largest user volume of each element

— ------------------------------------------

¿ ( a  ̂ W).%áiAT

in the room.
This change ai ao ensurt^d that any situation which caused 
reduction in the total overlap volume, also caused a reductionOF. i n

e .  2  i H t  A S S D C i .  A T  l U N  P E i v e i L T Y

In certain circumstances, for example ' in a domestic kitchen, 
certain units of fu.^niture are required to bear a particular 
relationship to other units of furniture, eg. a cooker should be 
between 12D0 mm and 13G0 mm from the sink, and between 1200 mm 
and 2400 mm fĵ om the food s t o r e  (6).
Langskog'-E oiodei 
cel at i on sh i p . no wav of - dealing with this type of

'hs !ifw model i ncor por Cited issoci ati or matri x of □ ■airs o t
furniture elements and a min/max distance they should be apart.
Furniture t;i enit^ntpair 
the min/max test attractsa 
tailurs, and a pen¿\ltv 
hictor cou.lo be different 
CjpiJussci to toe m ir-cost.

■t- i had iiuch an assoc i =it i un ano li 1 ed
a penalty’ based on . the degree of 
factor for that fa.ilure. The penalty 
for pair.e that failed the min test as
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A  D .  6

6.0 5QFTWARE IMPLEMENTATION
was indicated in section 2.0 the new model was implemented on 

Tektronix 4054 with dynamic graphics. This tied in well with 
ôrk being done at the time on 'user i nterf aci ng ' (7,8 ) at this 
cchool and allowed a more friendly 'front-end' to be placed
infront of the model .
7he author was responsible for designing and implementing 
( i n c l u d i n g  programing and debugging) all the software described 
below. The program suite convienently divides into five
segments.

(a) a controller program (main menu and disk utilities)
(b) room creation - dynamically creating the basic room layout

and positioning room elements such as doors, windows, 
floors and ceilings.

(c) furniture creation - defining furniture elements and their
associated user volumes and graphic displays, 

id; menu creation - setting up a particular 'job file', 
1 ncorporating a specific room and menu of furniture 
elements. Also setting up two penalty arrays dealing 

th overlap and association penalties, 
e; layout — dynamic manipul ation of furniture elements within 

a specific room shell and also interprêtation of 
specific geometries through the model.

iba first four sections make quire extensive use of line 'rubPer 
banding' anc dynamic feedback as inpur technioues. Screen 
srgcnomics of these sections was largely ignored, however, as it 
was not anticipated that anyone other than the author would be
making u se  o f  th e m .

"he l a s t  s e c t i o n  a l l o w s  t h e  u s e r  
dvnami c a l  1 y , u s i n g  r e f r e s h  g r a o h  
part o f  t h e  f e e d b a c k  p r o c e s s .

to manipulate the 'job file' .05 to position objects and as

Ins positioning 
units of f u r n i t  
wali, if that 
jv'sr 1 ad.

r o u t i n e s  u s e  a n  a u t o - a d  j u s t  me c ha ni S i Ti  
Lire a g a i n s t  e a c h  o t h e r  o r  a g a i n s t  t h e  

is desired, so as to erislire that
to slide 
ex ternal 

they do not

I he iiioueilinc element is alî u i- 
those aspects analysing the output 
■■■uncticns are largely displayed

t h i s  
the 

ad h 1 c  1

s e e r  1 on ; 
mod e 1 o

as 15 
These

buncti o n earc ¿1̂ za save, recall and display oartiai 
d included in tH-i= section.

j m u j. — 1- s d j o i—■ e

11 ear i V the use of a 64k micro introduced some lirniting 
-cnstraints mainly in terms of m em ory ,  and consequent speed of 

problems caused by the r e q L t i r e m e n t  to overlay, either 
' program segments. This is parti cul arl tv evident in the
■final s
and

section where there is m eufficient memory to hold display
gsoiTietr'

simultaneously.
■lies and the prograims t( man i pul a t t h e m
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7 0 preliminary validat ion of the model

Pi short exercise was carried out. using a domestic kitchen as a 
test situation. It was intended primarilly as a means o-f 
checking the numerical accuracy and ergonomics of the computer 
program. This was extended to a preliminary validation exercise 
to ensure that -for a clear-cut situation the computer assessment 
cf most e-f-ficient room to least ef-ficient room matched that of 
ttie designer (well two designers!)
The selection of kitchens used in the exercise (and I make no 
apology for the quality of their design - since that was not my 
(iidin concern at the time) are included at the end of this paper 
as an example of the type of display given to the user whilst 
operating the system. It should be noted that most of the 
geometry and feedback sections of the display are actually held 
in refresh memory and change as the user operates the system.
Also note that 
Hnuîn ̂ in c 
vour50i f ̂

the diagrams no longer have efficiency values 
¡e you feel tempted to rank order the diagrams

TC !=RESENT POSITION OF RESEARCH
‘he -'esearch has reached the point where an attempt must be made 
tc validate the model-
It. is proposed that this be done in several stages.

An attempt should be made to find a non-correlation 
resulti ie. a selection of designs should be prepared 
which the designer finds very difficult to place in order 
of efficiency. It is thought that this will be discovered 
where changes in efficiency (according to the comouter 
are marginal, or where the room is an extremely unsuitable 
shape for the function resulting in ail solutions being 
some way from the ideal,A larger selection of designs will be shown to several 
groups of designers, with different levels of experience, 
riopefLilly this • will show that the designers and the 
computer generally agree 
sf+icient, except wnere 
marginal. In those cases, 
experienced designer wii 
the computer because of 
between marginal designs.

on nO(_lUbd- i-■ * <1? 171000
di + '-erences in o-f 1 1 c i on c / are
L IS eiipectieG uiiali tide ixsore

s Ti o w a greater c o r e i a 1 1 o n ti o 
h 1 3 a b i l i t y  to d i scr i itix nate

2 6 0



(c) InsKperienced designers will be 'let loose' on the 
computer with the objective of improving the e-fficiency 
score o-f a given design (a pre-check will be reguired to 
ensure that the design can be improved). The view of these 
inexperienced designers should give some unbiased views on 
the ergonomic performance of the 'layout' screen and help 
to identify any problems there. The 'improved' and 
'unimproved ' designs might then be pi-esented to the same 
groups of designers as at (2) with the hope that all 
groups would correctly identify improved over non—improved 
designs, as the more efficient.

A  D .  8
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A E. 1

E.1.0 INTRODUCTION

This appendix describes an algorithm for deriving 
ordered data sets, representing two dimensional space 
primatives. from unordered lists of line elements.

E . 1.1 Origins

The algorithm originated during the earlier part of 
this research project, at a time when a method of 
giving the comiputer sufficient knowledge to derive 
additional input information, relevant to the
architectural user, from the context of the geometry 
input was being considered (see appendixes A, B and C).

Specifically, the algorithm seeks to derive two
dimensional space data from one dimensional line data. 
That is, if a building plan geometry were described in 
terms of lines the computer has sufficient
intelligence' to discard non-relevant lines and to 

construct a new data set consisting of sets of ordered 
co-ordinates, where each set of co-ordinates defines an 
individual room space.

Although this algorithm was never incorporated in the 
methodology for room analysis, its development and
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implementation was important in the consideration of 
the algorithm for Area Overlap (discussed further in 
appendix F). This aspect is further discussed in 
section E.4.0.

E.1.2 Algorithm in brief

The algorithm is fully described in section E.3.0, but 
there follows a brief description of the concepts 
underlying the algorithm.

The algorithm works, as any algorithm must, by tracing 
round each individual polygon. To reduce tracing time, 
and the risk of polygon duplication or distortion, use 
is made of the fact that, in two dimensional space, no 
individual line segment may be a constituent part of 
more than two polygons, see fig.E.l below. The author 
believes that it is the use of this property which 
makes the algorithm interesting in it's own right.

A E. 2

Fig. E.l D efin ition o f  line segment.

¡¡ne o~b is re p re s e n te d  
by 3 line segm ents
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A E. 3

e . 2 . 0  p r e r e q u i s i t e s

This section delineates the necessary background data 
structure for the successful use of the area 
dissociation algorithm. It also states the requirement 
for subsiduary routines necessary for some of the 
processing tasks within the algorithm. Also, some of 
the terms used in the description of the algorithm are 
defined .

E.2.1 The Data Structure

This sub-section describes the data structure used 
within the algorithm. It would be possible to use 
other data structures in the algorithm provided 
apppropriate changes were made to the algorithm.

The data structure utilised is defined belowr-

1. The geometry description of each line segment is in 
the form of a start and a stop co-ordinate pair, 
which may not be co-incident.

2. Any line segment may join any other line segment 
only at it's start or stop point. See fig.E.l.

3. No line segment may be congruent with any other 
line segment.
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A E. 4

4. Each description of a line segment is assigned an 
address for ease of subsequent location and 
recovery of the geometry description.

5. At the address of each line segment, data encoding 
the address of all other line segments that join 
that segment is noted together with a note as to 
whether they join the segment at it's start or end 
point.

The diagram below (fig.E.2) may assist in visualising 
the nature of the data structure.

Fig. E.2 D ata s tru c tu re  f o r  a re a  dissociation algorithm

3E0METRY DIAGRAM

(200,50)

g e o m e try  o o ta connection o o ta  

.--------^

l i s t  oT jo in in g
a d d re s s  co~ord . co~ord . lines in fo rm

x ,y  x ,y  n.ra w h e re :-
n = o d d ress  o f  

line being  
jo in ed

m=! when Joined  
a t s t a r t  p o in t 

=2 when jo in e d  
a t  end p o in t.
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E.2.2 Subsiduary Routines

This section indicates those routines which are
neccessary to the main algorithm, but are so
commonplace as to require no further explanation.

1. A proceedure for deriving the angle of a line 
segment relative to fixed base line e.g. the 
x-axis, is required.

2. The above proceedure is an important part of a 
second proceedure to determine the most acute angle 
subtended by two line segments, in either a 
positive or negative direction, relative to the 
direction of a base line segment in the pair of 
segments.

3. A proceedure to swop line segment elements within 
the data structure, whilst maintaining the 
integrity of the data structure, is required.

4. Similarly, a routine to turn a line segment around 
so that the start and stop co-ordinates are 
exchanged, along with end point connection data, 
will prove useful.

2 7 0
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E.2.3 Nomenclature

There follows definitions of some words and phrases
used in the description of the area dissociation
algorithm.

Line segment - a line that joins a start and stop
co-ordinate such that no other line in 
the data set meets that segment at a 
position other than it's start or stop 
point.

Line'address - a tag attached to the description of a
line segment so as to be able to 
indirectly reference either it's 
geometry or it's end connections.

Line connections - a note of addresses of all line
segments that share the start or end

• co-ordinate of a particular line
segment.

Line tab - a line segment within the data set which
does not partly enclose a polygon.

Polygon tracing - following the line connections of
line segments in a particular direction 
so as to determine those line segments 
which enclose a single polygon.
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e.3.0 the area dissociation algorithm

This section examines, in detail, the mechanics of the 
algorithm.

E.3.1 Implementation

The algorithm was implemented on a Tektronix 4054A 
graphics terminal with dynamic graphics and using 
Tektronix Graphics System Basic (A update version). 
This Basic supports CALL by name subroutines and 
IF...THEN...ELSE conditions. Implementation in this 
language does not preclude the implementation of the 
algorithm in other languages and on other machines.

E.3 2 Method of Detailing the Algorithm

The coding for the above implementation is long and 
complex and for that reason is not included here. 
Rather a verbal description of each sub-proceedure is 
given, with reference to an example data set, so as to 
give a firm indication of the logic employed. 
Abbreviated flow charts of each process are also given. 
The sample geometry is shown diagramatically below in 
fig.E.3.
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Fig. E.3 Example geom etry used to  a ss is t descrip tion  
o f  a re a  dissociation algorithm

line a d d re s s

E.3.3 Preliminary Processing

The purpose of the preliminary processing is to discard 
all lines that cannot possibly form the bounding edge 
of a polygon; that is, the elimination of line tabs.

Conceptually, the preprocessing initially rejects all 
those line tabs which are unconnected -to any other line 
at, at least, one end. Such as line 21 in fig.E.2.

Next all line segments that are only connected at 
either their • start or their end point, to a line 
segment that has already been discarded, are, 
themselves dismissed.

The latter stage is iterative, and the final stage to 
the pre-processing, is a pass through the data set to 
confirm that no further line segments should be 
d iscarded.
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Obviously, the actual coding of this pre-processing can 
be compressed by the combination of the first two 
stages as illustrated in the flow diagram E.4 belov;.

E.4 Row c h a rt showing ta b  filte r in g  proceedure
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E.3.4 Locating the First Polygon

The first step is to initialise several arrays and 
tags. Temporary arrays are required to hold the x,y 
co-ordinates of the discovered polygon. The other 
important piece of initialisation is to create a line 
tag array with one value for each line segment in the 
data set, with the exception of those line segments 
which have already been discarded by the pre-process-ing 
described in the previous sub-section.

Each location in the tag array is set to 2. As a line 
is included in a polygon, the corresponding tag array 
value is decremented by one. Since each line segment 
can only belong to a maximum of two polygons, no value 
in the tag array can be less than zero, and any line 
segment whose tag value has already reached zero need 
not be considered again.

The first pass through the data set, which usually 
uncovers most, if not all, of the polygons within the 
data set, takes as a starting point, the line with the 
lowest address and a tag value of two. Immediately

that tag value is set to one, and the end polygon 
co-ordinates are set to the start co-ordinate of that 
line segment.

275



A E.ll

A test is then applied to see if the end co-ordinates 
of the line segment equal the end polygon co-ordinates. 
(Given the data structure described earlier, the first 
two lines must fail this test) . The line segment that 
passes this test completes the first polygon by having 
it's end co-ordinates written off to the next slot in 
the polygon holding arrays.

Line segments that fail this test have their end 
co-ordinates written off to the next slot, in the
polygon holding arrays and the search starts for the
following line segment of the polygon.

All lines connected to the end point of the first line
segment are turned so that the i r start point is
coincident with the end point of the original 1 ine
segment.

A minimum positive enclosing angle ̂ and a minimum
negative enclosing angle are then calculated between

the line under consideration, and all those potential 
next line segments. If the direction flag has already 
been set to either positive or negative, the 
appropriate line is selected and the trace continues 
from this new line.

2 7 6



A E.12

If the direction flag is not set the minimum absolute 
enclosing angle sets the flag and determines which line 
is to be selected next. In the case of a tie between 
the absolute positive and the absolute negative values 
the positive direction is taken, and the direction flag 
is set appropriately, except when the absolute 
enclosing angle is 180 degrees, when the direction flag 
is left indeterminant.

This is illustrated graphically in fig.E.5. below.
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Fig. E.5 Row c h a rt showing a re a  dissociation mechanisin

Dim T ( n - P )  
Dim H l(n -P )  
Dim h 2 ( n - P )  
T= 2
ia g = 2

£
S ave  polygon in 
p e rm a n e n t d a ta  
s t r u c tu r e .

,H1=0. H 2 -0

I= io w es t a d d re s s  
o f  T with vaiue  
Tag  

I= i+ P
x = x -c o o rd . o f  line 

I 's  s t a r t  p o in t  
v = v -c o o rd  d itto . 
!2=0 
r iag = 3

¡2=12+1
T ( I-? )= T ( ! -d )-1

/V rW!-ite x ,y  to
Ht(I2) .H2(I2)

W rite end c o o rd s  oT 
I to  H 1 ( I2 ) ,H 2 ( I2 L _ .

j ; u rn  ai. line s e g s .
! c o n n e c te d  to  end o f  
j I  such t h a t  th e ir  

s t a r t  p o in t is 
c o in c id en t with  
end o f  I

w here:-
T=line ta g  array 
H I= x -c o o rd in a te  holding a r r a y  
H 2 = y -c o o rd in a te  holding a r r a y  
T a g = c u rre n t  s e a rc h  d e p th  
1= c u r r e n t  line a d d re s s  
C =ad d ress  o f  n e x t  line 
i2 = H l/H 2  elem ent c o u n te r  
x = s to r t  x -c o o r d .  o f  polygon  

.Y = s to r t  y -c o o r d . o f  polygon  
P=tog a d d re s s  o f  d is c a rd e d  lines  
r lo g = d ire c tio n  o f  s e a rc h  f lo g  
D=min. enclosing  ongie b e tw een  I  and

Examine end Examine end Examine end
c o n n e c tio n s  o f  I. c o n n e c tio n s  o f  I. co n n e c tio n s  o f  I.
D e term in e a d d re s s  C D eterm in e a d d re s s  C D eterm ine a d d re s s  C
o f  n e x t  line with o f  n e x t  lino with o f  n e x t  line with
minimum enclosing minimum - v e  enclosing minimum + ve  enclosing
angle D and ongie 0 and angle D ond
T ( C -P )  NOT 0 TC C -P ) NOT 0 T (C -P )  NOT 0
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The diagram below (fig.E.6) shows the effect of the 
process on the example data set.

Fig. E.6 Iliu s tra tio n  o f  changes to  sample d a ia  s e t up 
to  d e tec tio n  o f  f i r s t  polygon

TAG AR R AY C O N T E N T S

iines
d iscard ed

3 U 5 6 7 8 9 10 11 12 13 1A 15 16 17 18 19 20 21
1 1 2 2 1 2 2 2 2 2 11 - 1 2 2 2 2 2

line a a a re s s
included f o r  r e fe r e n c e

ta g  value

E.3.5 Location of Subsequent Polygons

Further polygons are located in a similar manner, each 
time starting the polygon with the lowest addressed 
line with a tag value of two. Thus the next polygon 
would begin with line segment five. Fig.E.7 below, 
shows how the geomtetry and tag array contents have been 
changed after the first five polygons have been 
located, and no tag array value remains at two.
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'ig. E J  Sample d a ta  s e t changes whilst F lag-2

G E O flE TR Y

3 4 5 6 7 8 9 10 11 12 i j 14 • r- 10 17 18 19 no- 21

1 1 1 ! 1 1 0 1 0 0 g AU A 1 0 1 1

Notice that polygons 4 and 5 have been traced in an 
anti-clockwise manner, and that a 'hole' remains in the 
middle of the data set.

Had the line segments been ordered differently, it is 
highly likely that the hole either would not have 
existed, or been in a different location. Furthermore 
polygons 4 or 5 might well have been traced in a 
clockwise manner.

The last polygon (the 'hole' in the middle) and for 
that matter, the bounding polygon are uncovered in a 
manner similar to the first but starting with lines 
with a tag value of one.

When all tag array values are reduced to zero, all the 
polygons have been identified.
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E.3.6 Exceptional Geometries

Although this algorithm, which was designed to assemble 
room geometries from line data, works satisfactorily 
for most architectural data sets, some geometries can 
cause the algorithm to produce invalid results. 
Fig.E.8 below illustrates.

Fig. E.8 Geometry ty p e s  genera ting  unexpected resu lts  
fo r  a re a  dissociation algorithm

o)

o)

th e se  lines form  
a ta il to  one o r  
o th e r  polygon

a ir lines can n o t be  
t ra c e d  to  jo in  e v e ry  
o th e r  line •* th is  
cau ses  d u p licates  o f  
polygons being d isco vered
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However, this problem should not be considered to be 
overly severe. The geometry type shown in (a) above is 
unlikely to occur in architectural data sets, and could 
be filtered out by some post-dissociation routine. 
Although (b) is a more likely problem in architectural 
data sets, the duplication it causes is much easier to 
filter out.

Algorithms to eliminate the problems inherent in 
geometries of type (a) and type (b) were not written, 
since the problems were comparatively easy to solve and 
contributed nothing to the conceptual core of the 
dissociation algorithm.

E.4.,0 SIGNIFICANCE TO THIS RESEARCH PROJECT

Apart from the indirect benefit to the author's 
programming skills, this algorithm greatly influenced 
the author when designing the Area Overlap algorithm 
described in the next appendix.

This is essentially a trace algorithm and although it 
incorporates a tagging system and a relational data 
structure, it still requires a significant amount of 
processor time to discover the polygons. Without the 
benefit of , a relational data structure, the time 
required to search a realistic line data base, would 
escalate unacceptably.
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Thus experience of designing and implementing this 
trace mechanism prejudiced the author when considering 
how to create an Area Overlap algorithm, especially in 
the light of greater restrictions imposed on processor 
memory and processor speed.
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This appendix starts by describing briefly, 
algorithms investigated to solve the problem of 
evaluating the area of overlap between two
intersecting polygons. It then describes the 
algorithm devised by the author to solve that 
problem.

F.1.0 INTRODUCTION

F.2.0 PUBLISHED ALGORITHMS

As far as the author is aware, no algorithm has been 
published which directly addresses the problem of 
determining the area of overlap between two
intersecting polygons in vector mode.

One algorithm addressing a similar problem in raster 
mode was discovered. However, the bulk of
algorithms relating to the problem, were variations 
on hidden line/surface removal algorithms.

These algorithms are presented very briefly in the 
following pages.
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Scrivener (F.l), among others, has shown how to use 
a raster bit-map or framebuffer to extract partial 
images from the total picture. The output from his 
algorithm is remarkably similar to output from the 
area dissociation algorithm described in the 
previous appendix. However, the processing and 
structure of the input data is quite radically 
different.

F.2.1 Raster image handling

Examining the fundamentals of his process, it was 
obvious that with modification the same type of 
process could be used to directly determine the area 
of overlap of two or more objects. Figure F.l below 
indicates how the framebuffer concept could be 
applied to calculating areas of overlap.

1— ----- ! i i i 1 ! 1 ! i 1
i 1 ; 1 i 1 i

1 i

. 1

1 1 

i 1----- ------1
1 1 I

— 1

1 / / / / 1

1 ( / 1

i 1 1 f u
/ ; ^2 2 2
1 ; / 2 2 2 1
{ / / / Z 2‘

) 1

1 / ’ i 1
i

i

- - -

L _ L J

Area of overlap can be  
calculated by counting 
the num ber of squares 
c o m m o n  to m ore than 
one object, m ultip lied  
by the area of a  
single square.

Fig.F.l R a s te r  
F ra m e b u ffe r  concept 
used to  calculate  
a re a  o f  overiao
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However, further examination of the practicalities 
of implementing this methodology on a small 64k 
vector display micro-computer uncovered several 
insuperable difficulties.

1 INCREASED COMPUTATION, due to reformating of 
vector data structures into raster data 
structures and back again.

2. MEMORY LIMITATIONS. To consider any room layout 
in any reasonable degree of accuracy (say to the 
nearest 50mm) would require very large arrays 
held in RAM. Furthermore, it would be quite 
difficult to decide an appropriate level of 
accuracy for any particular room layout.

3. NON RECTILINEAR FORMS. Depending on the 
algorithm used for rasterising a vector image, 
it is quite conceivable that two objects which 
do not infact overlap would attract a small 
overlap penalty due to the 'staircase' effects 
of rasterisation.
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F.2.2 hidden LINE/SURFACE ALGORITHMS

It is clear that determining the bounding edges of a 
polygon overlap in two dimensions has a great deal 
of similarity with the problem of removing hidden 
lines in a two dimensional projection of a three 
dimensional geometry.

Sutherland et al. (F.2) have studied hidden surface 
algorithms in considerable detail. A 
characterisation of ten such algorithms is presented 
below in Fig.F 2.

Those algorithms dependant on image space can be 
discarded, since they suffer from the criticisms 
leveled at raster image handling in the previous 
section. That leaves those that function., at least 
partially, in object space, and are concerned with 
determining the exact calculation of the picture 
display in object space uncorrupted by the 
resolution of the machine display.
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In terras of the application under consideration, the 
object space algorithras raake use of the coherence of 
the object space and also, generally, use a line 
tracing algorithm to clip one object against 
another.

However, since the algorithras all deal with three 
dimensional space, some of the idiosyncracies of the 
exact problem under consideration, (how to determine 
the area of overlap of two intersecting polygons in 
two dimensional space) remain unresolved,or at least 
unclear. For example, how do these algorithms deal 
with partial congruence of line or faces.

As a result of the above, it was determined that use 
would be made of the concept of coherence, mentioned 
above, in the search and sort operations of the new 
algorithm. For clipping of one object against 
another, machine dependant functions would be used 
(to calculate the intersection point of two lines) , 
so as to reduce computation time in determining the 
degree of overlap between two polygons. The exact 
method employed is discussed more fully in the 
following section.
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f.3.0 polygon intersection algorithm

The following pages describe an algorithm for 
evaluating the outline of the polygon which encloses 
the area of overlap between two intersecting 
polygons.

The algorithm is also capable of determining if one 
of the overlapping polygons is completely inside the 
other .

F.3.1 Introduction

The geometry of each polygon is described by two 
lists of equal length - one of ordered
x-coordinates, the other of the corresponding 
y-coordinates. The coordinates are ordered such
that they trace out the outline of the polygon in 
either a clockwise or anti-clockwise direction. In 
addition the last coordinate is implicitly joined to 
the first.
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Two other subsiduary algorithms are used within the 
polygon intersection algorithm, but are not fully 
described in the following pages.

The first is the area of polygon, algorithm. The 
input of this algorithm is two ordered lists
defining a polygon, as described above. The
algorithm returns the area of the polygon as a 
positive number if the polygon is described in a 
clockwise direction and as a negative number if the 
polygon is described in an anti-clockwise direction.

The second is an inside polygon algorithm. The
input is the polygon definition, as above, together 
with the x,y coordinates of a point. The algorithm 
tests the location of the point relative to the 
polygon and returns a check number with one of the 
following values:-

2-if the point is within the polygon.
1-if the point is on the boundary of the polygon.
0-if the point is outside the polygon.

F.3.2 Subsiduary algorithms
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F.3.3 Methodology in brief

The algorithm uses a coordinate sorting mechanism to 
make use of the implicit knowledge contained in the 
ordering of the coordinates of the input polygons.

If both polygons have the same direction of 
description, (clockwise or anti-clockwise) and both 
input polygons include all the relevant points of 
intersection, then the points describing the
vertices of the intersection polygon can be 
determined and ordered by selecting the correct 
sub-sets of coordinates from the input polygons.

From the above, the discrete steps of the algorithm 
can be enumerated below:-

1. Min/max test to discard any input polygons that 
obviously do not intersect.

2. Inside/outside test to discover and evaluate any
situation in which one input, polygon is
completely inside the other.

3. Having discarded obvious situations; both input 
polygons are copied to preserve their contents 
unmodified. Future references to input polygons 
refer to these copies.
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The coordinate list/array for each input polygon 
is modifiedf if required, so that the coordinate 
sequence describes the polygon in a clockwise 
manner.

Each line of one input polygon is checked 
against each line of the other input polygon for 
relevant intersection points. Parallel lines 
and lines failing min/max tests need not be 
tested for intersection.

Relevant points of intersection are added to 
both input polygons, in the correct list 
position.

7 . Each input polygon i-s marked by an integer
descriptor donoting the position of each
coord inate in that polygon list/array.
Coordinates that are present in both polygons
are identic ally marked.

8. If no coordinate is found which is present in 
both input polygons, then the polygons do not 
intersect.

9. An output polygon is formed from the input 
polygons - the exact method being described 
fully in the next section.
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F . 3 . 4  The algorithm

The algorithm is described in terms of the steps
enumerated in the previous section. To
differentiate between input polygons - one will be 
called the BASE polygon and the other, the TEST 
polygon.

1. Min/max test

1-
i

-t TEST

B A SE

L.

Fig.F.3 M in/Hax 
te s t

Enclosing rectangles can be 
drawn round both polygons. If 
the enclosing rectangles do 
not intersect, then the 
polygons do not intersect.

In Fig.F.3 across, the 
polygons are rejected 
because : -

TEST min.X >= BASE max.X

2. Inside/outside test
If all the vertices of one 
polygon are inside the other 
polygon and all the vertices 
of the other polygon are 
outside the first polygon, 
then the first polygon is 
completely inside the second. 

The polygons above (Fig.F.4) would pass this 
test and the output polygon description would be
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set to that of the TEST polygon description with 
no further calculation required.

The polygons in the diagram 
opposite (Fig.F.5) would fail 
the test, even although one 
polygon is inside the other, 
because they have two common 
edges.Fig.F.5 Inside -  

Outside te s t  2

Fig.F.6 Ins ide -  
Outside te s t  3

The reasoning behind this 
becomes apparent when 
considering diagram (Fig.F.6) 
opposite. If (Fig.F.5) passed 
the test then so would 
(Fig.F.6) when it obviously 
shouldn't.

3. Input polygons copied
Each polygon description is copied into a 
temporary x,y coordinate list.'

4. Sense checking

“si'

4
TES T

Using the area algorithm 
outlined in section F.3.2 both 
input polygons are checked for 
direction of description.

Fig.F.7 Sense  
checking

-4| Anti-clockwise polygons are 
re-ordered in a clockwise 
manner.

In this example the BASE object would be left as
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is; whilst the TEST polygon lists would be 
changed from 1,2,3,4,5,6 to 6,5,4,3,2,1.

5. Intersection discovery
In this part of the algorithm, 
the necessary 'new'
information is calculated by 
checking each line in one 
polygon against each line in 

T E S T  the other.

BAS5

Bf'ibL [ i s t i n y  L i uiii

1 , 2 , 3 , 4 , 5  t o  l , 2 , a , 3 , 4 , 5 , b  

TEST l i s t i n g  c h a n g e s  f rom 

1 , 2 , 3 , 4 , 5 , 6  t o  1 , 2 , b , 3 , 4 , a , 5 , 6

Fig.F.8 In te rs e c tio n  
discovery

An intersection point is valid 
if the BASE line intersects 
the TEST line within both the 
BASE and the TEST lines' 
length, but not if the 
intersection point is either 
of the BASE line's end points. 

The algorithm requires the role of BASE and TEST 
polygons to be transposed to uncover all the 
coordinates of intersection for each polygon. 
Notice that it is possible for each of the input 
polygons to acquire different additional 
intersection points, for instance, where an 
intersection point.for one polygon is congruent 
with one of the vertices of the other polygon.

6. Polygon marking
The algorithm now marks each 
of the vertices of both input
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polygons, 
reference 
polygon.

by creating a 
list for each

This allows the reference list 
for each polygon to be 
manipulated rather than the 

RiQPKing actual polygon coordinates .
The diagram for the previous example would 
acquire the following marked lists

BASE 1,2,3,4,5,6,7 
TEST 8,9,7,10,11,3,12,13

7. No interaction test
If the marked BASE and TEST 
lists have no number in 
common, then the polygons do 
not intersect. To reach this 
stage, they must of course 
have passed the min-max test.

te s t

8. Output polygon assembly
The object of this stage is to 
assemble a marked list of the 
output polygon. This is then 
used to assemble the

From t h e  f i g u r e  coordinates of the output
BASE 1 , 2 , 3 , 4 , 5 , 6 , 7

TES T 8 , 9 , 7 , 1 0 , 1 1 , 3 , 1 2 , 1 3  p o l y g o n .

Fig.r.11 O utput polygon 
assembiv “ 1
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BASE 3 , 4 , 5 , 6 , 7  

TEST 7 , 1 0 , 1 1 , 3

Fig.F.!2 O utput polygon 
assembly -  2

FIRST STEP. The first 
step is to discard from 
the marked lists any 
coordinate that is not 
inside or on the other 
polygon, or is not 
adjacent to an area common 
to both input polygons.

<
-------------------------------------^

BASE
n",i

'7  |o 1

t

BASE 3 4 , 5 , 6 , 7 , L a s t  

TEST 3 , 7 , 1 0 , 1 1 , L a s t

Fig.F.!3 O utput polygon 
assemb'y ~ 3

From t n e  f i g u r e  

BASE 4 , 5 , 6 , 7 , L , 3

TEST 7 , 1 0 , 1 1 , L , 3 

OUTPUT 3

Fig F.!4 O utput polygon 
assembly "  4

2. SECOND STEP. The second 
step is to re-order both 
marked lists such that the 
lowest common number is at 
the head of the list. 
Also the end of each list 
is marked.

3. THIRD STEP. The third 
step is to assemble the 
output marked list.

If the head of both BASE 
and TEST lists are common, 
then the output number is 
that common number. Both 
BASE and TEST lists are 
rotated forwards by one 
element.
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From t h e  f i g u r e  

BASE L , 3 , 4 , 5 , 6 , 7

TEST 1 0 , 1 1 , L , 3 , 7

OUTPUT 3 , 4 , 5 , 6 , 7

Fig.F.15 O utput polygon
assemo!'/j W ~ 5

From t h e

BASE L , 3 , 4 , 5 , 6 , 7

t e s t  L , 3 , 7 , 1 0 , 1 1

OUTPUT 3 , 4 , 5 , 6 , 7 , 1 0 , 1 1

Fla.F.16 O utput polygon 
11 _QsssniDiy ^

Considering the BASE list, 
if the number at the head 
of that list is not 
contained in the TEST list 
then that number is added 
to the output list and the 
BASE list is rotated 
forward by one element.

If the number at the head 
of the BASE list is 
contained within the TEST 
list, then' the number at 
the head of the TEST list 
is added to the output 
list and the TEST list is 
rotated by one element.

If the last number has 
been reached in the BASE 
list, then the remainder 
of the TEST list is added 
to the end of the output 
list.

If the last number has 
been reached in the TEST 
list, then the remainder 
of the BASE list is added 
to the output list.
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Fig.FJy O utput polygon 
assembly -  7

OUTPUT 1 , 2 , 3 , 4 , 3 , 2

Fig-F.18 O utput polygon 
assembly -  8

FOURTH STEP. The fourth 
step is to assemble the 
actual coordinates from 
the marked output list.

LAST STEP. The last step 
is to use the area 
algorithm to check the 
sense of the output 
polygon. If the output 
polygon has a clockwise 
sense it is valid. If it 
has zero area or an 
anti-clockwise sense it is 
not a valid polygon.

F.3.5 Last remarks

The algorithm can return the polygon that describes 
the bounding edges of the overlap area of all 
non-self-intersecting polygons. ie. it will return 
the correct polygon for the classes of shapes shown 
below in Fig.F.19.

' Ŝ-FI9 Successful 
of arecOT overlap

fa) fb) (c) (d)
3 0 0
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However, it will almost certainly get the shape 
below incorrect, because BASE is self intersecting. 
A preliminary test to resolve self-intersecting 
polygons into non-self-intersecting polygons could 
be devised relatively easily. This was not done by 
the author since it was not required for the problem 
application to which the software is addressed.

\ i\ /\ 11

/. b a ://// \/ \1 \
___

Fig.h20 U ns'jccessfu i 
caicu!ation o f  a re a
OT overiao

_____
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A.G. 1

G.1.0 INTRODUCTION

This appendix forms a supplement to chapter six, and 
as such it should be read in conjunction with that 
chapter. It consists of material excluded from the 
main body of the text for brevity and clarity.

As far as possible, section numbers match the 
appropriate section in chapter six.

G.2.0 EXPERIMENT 1

This section contains addenda to the first 
experiment.

G.2.1 Questionnaire design

Below is a list of the names and addresses of the 
kitchen designers contacted with a request for 
assistance.

Aberdeen Kitchen 
Design Ltd., 
Summerhill Court, 
Summerhill Road, 
ABERDEEN

+ Albyn Kitchens
14a, Bon Accord Crescent, 
ABERDEEN
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A.G. 2

^ Continental Kitchens 
of Perth,
3, King Street,
PERTH

-|-Deeside Design Kitchens 
and Bathrooms,
Aboyne Business Centre, 
ABOYNE

Elgin Kitchen Centre 
164a, High Street, 
ELGIN

Ellington Forbes Kitchen 
Stud io,
20, Great Western Road, 
ABERDEEN

-f-Ensign Kitchen
(Installations) Ltd., 
24, Market Street, 
ABERDEEN

Lager Kitchens 
(Scotland) Ltd.,
20, Greenhole Place, 
Bridge of Don, 
ABERDEEN

Home Decor Centre, 
Castle Street, 
TURRIFF

^First Studio 
281, Rosemount Place, 
ABERDEEN

 ̂Fraserburgh Kitchen 
Centre,
14, Cross Street, 
FRASERBURGH

+ Buchan Schreiber 
Furniture Centre, 
Union Street, 
ELLON

+ Colin Hunter Kitchens 
Devanna House, 
Riverside Drive, 
ABERDEEN

Gordon Forbes 
Kitchen Studio, 
Edgar Road, 
ELGIN

Grampian Kitchens 
24, Carmelite Street, 
BANFF

In- to to Ltd . ,
92, Rosemount Place, 
ABERDEEN

+ Kitchen Installation, 
44, Craigpark Place, 
ELLON

+Ski Specialised 
Kitchen Installation, 
25, Balgownie Place, 
Bridge of Don, 
ABERDEEN

+ James Chivas,93, Victoria Road, 
Torry,
ABERDEEN

^Shirras Laing Ltd., 46/52, Schoolhill, 
ABERDEEN

++Rational Kitchen Stùdio, 
The Village,
John Street,ABERDEEN

Victoria Kitchens, 
The Village,
John Street, ABERDEEN
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A.G. 3

«j«-The Kitchen Studio, 
123, Rosemount Place, 
ABERDEEN

Valiso Ltd. ,
61, Constitution Street, 
ABERDEEN

'lit Upstairs Downstairs 
Kitchen Design Studio, 
82, Walker Road,
Torry,
ABERDEEN

•+ Paterson Oldmeldrum, 
Eavern,
Colpy Road,
OLDMELDRUM

^K^school of Home Economics, 
RGIT
Queens Road,
ABERDEEN

*  *

+
++

returned one or more kitchen designs.
returned one or more kitchen designs and 
received one or more interviews.
unobtainable or ceased trading.
same business as Victoria Kitchens ~ trading 
under a different name due to two 
dealerships.

Below is a copy of the questionaire issued as part 
of the first experiment.
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KITCHEN LAYOU '"j"

CURVEY/QUESTIONMAI RE

Your assistance is requested with this questionnaire. There is less to it 
than the number of pages imply. If you are a student, rest assured that 
the questionnaire forms no part of your coursework and will not be 
'assessed' by any member of staff.
If you've got down here, you must have volunteered - so thanks for the 
help!
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What you should do
A selection of 21 domestic kitchen layouts are presented to you in the 
following pages. Using the page of answer boxes provided overleaf, please 
rank the layouts from 1st to 21st, for the following two criteria.

(i) firstly, for the smallest room where 1 is the smallest room 
and 21 is the largest room. Please do this by eye - do not 
use a ruler or any other measuring device.

(ii) secondly, for the room where best use is made of available 
space, (bearing in mind it is possible to overfill a room 
with units as well as to underprovide) where 1 is the room 
that makes best use of available space, and 21 is the worst.

Note: If you find it impossible to discriminate between two or more
rooms, mark them as equal. For example if you believe Room H 
and Room P are equally small, and smaller than all others mark 
them both as lst=; the next smallest room would then be 3rd.

Finally:On the last sheet you are asked to comment on hov/ you decided a 
kitchen made better use of available space than another.

For your information only
(a) Each room layout is to the same space (approx 1-.¿̂ 5 ; this odd scale 

is due to the vagaries of reproduction).

!b) All windows are set with a sill height of 1050 mm and a head height 
of 2100 mm. Doors are full length and have a head height of 2100 mm

(c) Most kitchen appliances (or their housings) are 600 x 600 by 900 mm 
high.

(d) Exceptions are fridge freezers (F/F), Oven housings (0) and tall
cupboards (600 x 600, marked by a diagonal line) which are 2000 mm 
high.

(e) Most work top covered base units are 600 x 600, though some rooms
also have 600 x 500 and 600 x 300 units - these are easily recognised 
on plan. All have a height of 900 mm.

(f) High level units (marked by a diagonal line running through them)
are generally 300 x 600, though again 300 x 500 and 300 x 300 units 
have been used in some rooms. All high level-units are 650 mm high 
and are set at 1350 mm from ground level.
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ANSWER BOXES

1. You are (delete as applicable) staff/student/other.
2. If answer to 1 is 'other' please describe .......

3. Rank rooms from 1 - 21 in the boxes provided below.

N a m e

K i t c h e n A
K ! t c h © n B
K i t c h © n C
K I t c h a n D
K I t o h a n £
K ? t c h ® n r“r
K I t c h © n G
K I t c h e n H
K I t c h e n I
K 1t c h o n J
K I t c h © n K
K I t c h a n L
K I t c h a n M
K 1t c h e n N
K I t c h a n 0
K I t c h a n P
K I t c h a n Q
K I t c h a n R
K I t c h a n S
K I t c h a n T
K I t c h a n U

A r e a  Space

Reminder - for Area I = room with least floor area.
for Space 1 = room making best use of available space,

4. Don't forget to fill out comment section on last page.
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In the space below, please describe as best you can, the strategy you 
adopted in deciding which layout made best use of available space ...
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G . 2 . 2  R e s u l t s  and e v a l u a t i o n
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G.3.0 EXPERIMENT 2

This section contains addenda to the second 
exper iment.

G.3.1 Questionnaire design

Below is a sample of the questionnaire used in this 
exper iment.
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KITCHEN LAYOUT
SURVEY/QUESTIONNAIR
Your assistance is requested with this
questionaire/survey. There is a great deal less work 
involved than the number of pages imply. If you are a 
student rest assured ’that the questicnaire forms no 
part of your coursev/ork and v/ill not be 'assessed' by 
any miember of staff. In any case, all completed 
questionaires will be treated in the strictest 
confidence.
If you've got down to here you PiUSt have volunteered 
so thanks for the help.
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WHAT YOU SHOULD DO.
A selection of ten pairs of kitchen 
presented to you in the, following pages.

layouts are

Please mark with a large tick, v;hich kitchen of the 
pair presented on each page, makes BETTER use of the 
available space. In each case ' the room shape is 
identical and the num.ber and type of furniture units is 
the same.
Also, please write your name on the front cover of 
questionaire before returning it. Thank you. the

A . G . 2 6

FOR YOUR INFORMATION ONLY.
1. Each room layout is to the same scale (approx. 

1:45; the odd scale is due to the vagaries of 
reproduc tion) .

2. All windows are set with a sill height of 1050mm 
and a head height of 2T00mm. Doors are full length 
and have a head height of 210Qir,m.

3. Most kitchen appliances (or their housings) are 
5 0 0x60 0 x9 0 0mm.

4. Exceptions are fridge/freezers (F/F), oven housings
(0) and' tell cupboards (600x600 and m;arkec with a 
diagonal line) which are 2000mm high.

5. Most work top covered base units are 600x600, 
tho.ugh some rooms also have 600x500 and 600x300 
units. - These are easily recognised on plan. Ail l 
have a height ,of 9 0 0m,mi.

6. High level units (marked by a diagonal line running 
through them) are generally 300x600, though again, 
300x500 and 300x300 units have been used in some 
rooms. All high level units are 650mm high and are 
set at 1350mm fromi ground level.
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G.3.2 Results and evaluation

Below are tables of results for each sub-group
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Fig. G. 19 Table of 3rd year architecture student resu lts
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Fig, G. 21 Table of 3rd year hom e econom ics student results
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G.4.0 EXPERIMENT 3

This section contains addenda to 
experiment..

the third

G.4.1 Questionnaire design

Overleaf are two examples of the open questionnaire 
used in this experiment.
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OPEN QUESTIONNAIRE
Nom e:

A.G.42

1 _ ̂ en eva^ua^ing now qood a dom^stir ■-ayout IS, what *-ĥ ' Kitcnen-- ..rst _ning you consider?'
1- -elationsnip between units
2- no. of elements
3. overall room shape

TTi' "W) LuWv\ «̂ ô lust̂ iAa a Aovuê -Vvc n<'.'Hr-vi2,v\
1^ "H/vat/ i^‘+i-iAcvvt-5 £cvv\ feu'y\ci KA v'ocMA

( û asÛ AC (ytÂ cUlu\iL?Ĵ  fDgcbua_r ^vtU unĉ yi<rtT̂  a./'-ea 
^ C j J ^ e  s W d - ^  - ^

ya/Vîovv3f\i|>j'tc> t>-€̂ <3!Vci. j cooKl/ ̂
i { j 2,  CoklAAi^ ■% rajJ^C£^ J 3V\C  ̂ / S i a Ip   ̂ s iiA O t,

)'V\d'U,«.̂ pc-Oplfl. iiLxa ‘-A. K.CriS'~GAA •

2- What would be your domestic kitchen?
1. Square
2. Rectangular
3. What size?

ideal room shaoe :or

• What size?
&ifovx<k^vA-b'"^Wja^ é { ^  acO^ ^Ocá W ioitT/
l/VCtOeOCV Ub^wL CV- "io ¿̂ 1̂ Á̂(Á. c?!. (/cAct̂  OtXilJ,
k. Ü - S Í A ¿ ^  ( ivupWi 3 Í¿|wa4/£.<k /oo^y

/\ . i I ll bvaunpcA tiAr á L  ' W

t ó c W  ^  ^  V t ó V U  w " )

kp l\A
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■>̂ -yay? Y f ^  sàrv^sAA3t:^j\ ^0|&|^j

• y^\<^ ?)Vx>̂ ^

• ^  - x o o  y ^ K s f  - - S y ifc Ç

^^\)p L- "■ y ^
'TJVA*^?^ VA,, ya^wovfi c V v ç̂nâ v^ /  U?^

~ " JlPA 1-AAÌ"*^^^>^ *>\ oliVj2v\otI|<5̂ '̂/
rwrtHQce *) , '' '  ' T uo T a S’T9 j aA-̂ -rD-- ̂ '‘ °̂ ,'-4£’Döu -c

TP;

rtOpui,M/>(UTS • 2 
^P Í-- J/ifUTS/js>jooo •-j-

..sc ^!:./"5!^’°"'-̂ ^̂ .'--^ucipdae • j,

•yzjv»o9 jy3\A -V^^n '7|0ov\$
Ocu:;̂ >̂acy> <WTV\tsp̂ 3:? Hĉ  yöV\\g? y|o^5 yr>iß^' ^

• TTjqlSSac! pO^<?\A J ^ - ^ p à  -  C^>\^rocr ^  ( | )

^ '-TT̂ âs
* y\v»s- W iis ii
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OPEN QUESTIONNAIPvE 

N one: A.G.44

1. Vihen evaluating how good a domestic kitchen 
layout is., what is the first thing you consider?
1. relationship between units
2. no. of elements
3. overall room shape

T U .
1 . M  ' cockoj/Sivik

\\ W\-òX\J\ TV\v\ac  ̂ O  'XU- V V ■ f , ̂
\<AcLs^ v'e'VisbcxAb k¿3As£v% cockoj/Si^k 3Md rDodŝ y>

6'ACC ò̂ re. ^ k W c c  eUuASMt^^ 4'^'^
S S S ' w k ^ . T U

^klcoWvk^ vvvYukBA4rt.

A W  ' v w w , ^  ^
'vev'a.C. 'toeWov\ 5 w K  a'W 6coi<av,

w  r

lui, A'v̂ AAA<̂  cow3.Wvei  ̂¡A
use <5̂  ^  'hkVcW a. 'jcco'á N'edowe. rf ti-w

2. What would be your ideal room shape for. a 
domestic kitchen?
1. Square
2. Rectangular
3. What size?

Tu «At, w . "A* l a
f e c V ^ U iW  , e r r  SVX

a  k ^ r .  a  -? .w V ^

t o o u U .  W  '  I I ■ \ A  u s e .  A

'M ’i ^  ^  vI p p ' -

! V \ .
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A„G.45
What is the most common mistake in the planning 
of a domestic kitchen?
1. wasted space
2. badly sited units
3. tnro' circulation

T û t -  VUCST CiOU \̂MiXAv \M \5t3jfaa_ VW W tfcU û u S  ^

l9vk| 'hocgcS> y  lb “H-e- U-crduuA

P ^ W e v v N ê sb io ^  i^ ô w ïtc b

v'd.ĉ rSMiViW/’ \rrŷ S lu/\d̂y\r >ôuc>  ̂ tk̂
<ie>v̂r̂eí'tfeut' wvCv/'eascii v>:^Vy^ i
P<\i>c> iÀOcV5> Mè>'̂  W*-  ̂ tôrtiv.~̂ 1̂/‘€4AAS€lO-Cb dy*

y/JZAi'fe) C^î€AA€î3> .
^5^02. ^  cosA\r\0̂ /s.

most . t i c a 1Which appliances bear the
relationship to each other?
1. cooker/sink/fridge

2. sink/window
3. negative relationships

T U  c v A ^ c J . f t  ^ r W 4 ( n k ,  O t W
ij- , I ,  /el^fbioiAskips -2A/e. t^^-ooUss yeji:2S LC ^ tu^lunc>
tUo m U  less I / ' I ^Ai-sW^W/sivik.

(TUU-'^ ^ a U < ^  velabo.'tsViups vie'/a volU.

i r ^ u W  U « H =  
c ^  W A  ■
¿ipoksu W\ZA \U3diU ,
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A  H . l

H.1.0 INTRODUCTION
This appendix presents the manual check done on the 
computer results for a single kitchen layout shown 
diagramatically in fig.H.l below.

Fig.H.i Yo!urr;3 o f  oven housing -  Rooin shape

H.2.0 METHODOLOGY
The mathematical basis of the efficiency factors has 
already been discussed in earlier chapters. In the 
following pages, each of the four efficiency values 
will be assessed individually on a particular sample 
geometry, the calculations being done manually.
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A H. 2

h .3.0 space efficiency penalty
This penalty is given by:-

P.H+2A

whene : -
P
V
c
H
A

4/v/c.c+2V/c
perimeter length of room, 
volume of room
a constant (set to optimal height for 

room - in this case 2300mm) 
height of room, 
area of room

NOTE. throughout this appendix all dimensions are 
in millimeters.

H.3.1 Substitutions

V= ((3000x4400)-(600x650))x2300 
=1.28lE+7 X 2.3E+3 
=2.9463E+10
P=3000+4400+600+2400+650+3750 
=1.48E+4
c=2.3E+3
H=2.3E+3
A=( (3000x4400)-(600x6 50))
=1.281E+7

Substituting in;-
SP-(1.48E+4 X 2.3E+3)+(2 x 1.281E+7)

4j{2.94 6 3E+10/2 . 3E + 3 f x 2.3E + 3 + 2 ( 2.9463E + 1 0/2.3E + 3 ) 
= 5.966E + 7/(3.293E + 7 + 2.562E + 7)

= 1 . 0189968
This matches the computer value of 1.01899687018
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A H . 3

h .4.0 volume utilisation

This penalty is given by:-
TV

n  m¿(REVmax)+£(FEUmax)
wher e:-

TV = total volume of room 
REUmax = maximum user area of a single room 

element
FEUmax = miaximum user area of a single furniture 

element
n = no of room elements 
m = no of furniture elements

Already identified in this example are:-
TV = 2.9463E+10 (from previous section) 
n = 3 (two doors and one window) 
m = 16

H.4.1 Element volumes
Below the volumes of each of the furniture elements 
and room elements are identified.

FR/FREVolume=(600x600x2000)+(950x1000x2000) 
=2.62E+9

2. OVEN

3. WTRC

Volume=(600x600x2000)+(1100x700x2000) 
=2.26E+9

Volume=(600x1200x1350)+(600x1000x1350) 
=1.782E+9

4. WASHG Volume=(600x600x1350)+(850x1000x1350) 
=1.6335E+9
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A H. 4

5. WT300

6. WT500

7 . WT 6 O O

8. SINK6

9 . HOB

1 O. WTLC

11. HL600

12. HLC60

13. HL300

14. HL500

Volume=l350x150 0x3 0 0 =6.48E+8

Volume=500xl600xl350 
=1.08E+9

Volume=600xl600xl350 
=1.296E+9

Volume=(600x1200x1350)+(850x400x1350) 
= 1.4.31E + 9

Volume= (5.00x6 00x1350) + (70 0x600x1350) 
=1.053E+9

Volume=(600x1200x1350)+(600x1000x1350) 
=1.782E+9

Volume=l300x600x650 
=5.07E+8

Volume=(300x600x650)+(300x1000x650) 
=3.12E+8

Volume=500xl300x650 
=2.535E+8

Volume=650x500xl300 
=4.225E+8
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A H. 5

15. WINDOW
Volume=l500x1050x200 

=3.15E+8

16. DOOR (small)
Volume=( (400x6 00) -(100x5 0) +(100x3 00) )x2100 

=5.565E+8

17. DOOR (large)
Volume=((600x8 00)-(100x50) +(100x4 00))x2100 

=1.0815E+9

H.4.2 Calculation
Substituting in:-

¿(REUmax)=3.15E+8 + 5.565E+8 + 1.0815E+9 
' =1.9530E+9

■^(FEUmax)=2.62E+9 + 2.26E+9 + 1.782E+9 
< +1.6335E+9 + 0.648E+9 + 1.08E+9

+1.296E+9 + 1.431E+9 + 1.782E+9
+1.053E+9 + 0.648E+9 + 1.782E+9
+1.296E+9 + 1.296E+9 + 0.507E+9
+0.312E+9 + 0.2535E+9 + 0.4225E+9
+0.4225E+9 + 0.507E+9 + 0.507E+9 
+0.312E+9 + 0.2535E+9 + 0.2535E+9 

=2.4358E+10

VU=2.9463E+10 
2.6311E+10

= 1 . 1197978
This value matches that of the computer which is
1.1197978032
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H . 5.0 OVERLAP PENALTY
This penalty is given by:-

n ( 0 ^ 0  ,̂-1OVr.Pr+6(0Vns.Pns))+^(OVr.Pr+^(OVns.Pns)+^(OVms.Pms))» t  ̂ \ %n̂VR +23VF
where:

VR
VF
m
n

OV.P

ns =
ms

volume of an individual room element 
volume of an individual furniture 
element
no of furniture elements 
no of room elements
overlap value for a discrete pair of 
conflicting elements multiplied by the 
weighting factor for those elements 
subscript indicating room edge being 
used as one of the conflicting elements 
subscript indicating that a room element 
is one of the conflicting elements 
subscript indicating that a furniture 
element is one of the conflicting 
elements



A H. 7

H.5.1 Intermediate Steps
1. Room elements

1. No room element overlaps the room edge.
2. No room element overlaps any other 

element.
room

Furniture element n=l (HLC60)
1. Does not over 1ap room edge.
2. Does not overlap any room element.
3-. Canno t overlap any previous

element.
furniture

3. Furniture element n=2 (HL300)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps with furniture element n=l

1. 2-2 overlap=(300x300x650)x5=2.925E+8
2- 3 overlap=(300x300x650)x3=l.755E+8
3- 2 overlap=(300x300x650)x3=l.755E+8
3-3 overlap=(300x300x650)x2=l.17E+8 
Weighted overlap penalty = 7.605E+8

4. Furniture element n=3 (HL600)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps with furniture element n=2

1. 2-2 overlap=(300x350x650)x5=3.4125E+8
2- 3 overlap=(300x350x650)x3=2.0475E+8
3- 2 overlap=(300x600x650)x3=3.51E+8
3-3 overlap=(300x600x650)x2=2.34E+8 
Weighted overlap penalty=l.131E+9
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5. Furniture elements n=4, n=5 (HLC50, HL600)
1, Do not overlap room edge.
2. Do not overlap any room element.
3 . Do not overlap any furniture element.

Furniture element n=6 (HL300)
1. Does not overlap room edge.
2. Does not overlap any furniture element.
3. Overlaps with furniture elements n=4, n=5

1. 2-2 overlap=(300x300x550)x5=2.9375E+8
2- 3 overlap=(300x300x650)x3=1.746E+8
3- 2 overlap=(300x300x650)x3=l.746E+8 
3-3 overlap=(300x300x650)x2=l.17E+8 
Weighted overlap penalty=7.605E+8

2. 2-2 overlap=(300x350x650)x5=3.4125E+8
2- 3 overlap=(300x350x650)x3=2.0475E+8
3- 2 overlap=(300x600x650)x3=3.51E+8 
3-3 overlap=(300x600x650)x2=2.34E+8 
Weighted overlap pénalty=l.131E+9

Total weighted overlap penalty=l.8915E+9

Furniture element n=7 (HL300)
1. Does not overlap room edge.
2. Does not overlap any room élément.
3. Overlaps with furniture elements n=4, n=5

1. 2-3 overlap=(300x100x650)x3=5.85E+7 
3-3 overlap=(300x100x650)x2=3.9E+7 
Weighted overlap penalty=9.75E+7

2. 2-3 overlap=(350x100x650)x3=6.825E+7 
3-3 overlap=(600x100x650)x2=7.8E+7 
Weighted overlap penalty=l.4625E+8■

Total weighted overlap penalty=2.4375E+8
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Furniture element n=8 (HL600)
1. Does not overlap room edge.
2. Does not overlap any room element.
3 . Does not overlap any furniture element.

Furniture element n=9 (HL500)
1. Does not overlap room edge.
2. Does not over 1ap with any room element.
3. Overlaps with furniture elements n=l, n=3

1. 2-2 overlap=(350x300x650)x5=3.4125E+8
2- 3 overlap=(500x300x650)x3=2.925E+8
3- 2 overlap=(300x350x650)x3=2.0475E+8 
3-3 overlap=(300x500x650)x2=1.95E+8 
Weighted overlap penalty=l.0335E+9

2. 2-2 overlap=(350x350x650)x5=3.98125E+8
2- 3 overlap=(350x500x650)x3=3.4125E+8
3- 2 overlap=(600x350x650)x3=4.095E+8 
3-3 overlap=(500x600x650)x2=3.9E+8 
Weighted overlap penalty=l.538875E+9

Total weighted overlap penalty=2.572375E+9

10. Furniture element n=10 (HL500)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps with furniture elements n=l, n=3

1. 2-3 overlap=(200x300x650)x3=l.17E+8 
3-3 overlap=(200x300x650)x2=0.78E+8 
Weighted overlap penalty=l.95E+8

2. 2-3 over 1ap=(350x200x650)x3 = l. 365E + 8 
3-3 overlap=(200x600x650)x2=l.56E+8 
Weighted overlap penalty=2.925E+8

Total weighted overlap penalty=4.875E+8
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11. Furniture elements n=ll, n=12 (WTRC, WTRC)
1. Do not overlap room edge.
2. Do not overlap any room element.
3 . Do not overlap any furniture element.

12. Furniture element n=13 (WTLC)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps furniture element n=12

1. 1-3 overlap=(500x100x900)x4=2.16E+8
3-1 overlap=(500xl00x900)x4=2.16E+8 
2-2 overlap=(600x400x1350)x5=l6.2E+8
2- 3 overlap=(750x600x1350)x3=l8.225E+8
3- 2 overlap=(750x600x1350)x3=18.225E+8 
3-3 overlap=(1100x500xl350)x2=l7.82E+8 
Weighted overlap penalty=7.479E+9

13. Furniture element n=14 (WT300)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps furniture elements n=l-3, n=12

1. 2-2 over1ap=(300x600x1350)x5=l.215E+9
2- 3 overlap=(300x600x1350)x3=0.729E+9
3- 2 overlap=(300x600x1350)x3=0.729E+9 
3-3 overlap=(300x600x1350)x2=0.485E+9 
Weighted overlap penalty=3.159E+9

2. 2-2 overlap=(50x600x1350)x5=0.2025E+9
2- 3 overlap=(300x600x1350)x3=0.729E+9
3- 2 overlap=(50x600x1350)x3=0.1215E+9 
3-3 overlap=(300x600x1350)x2=0.485E+9 
Weighted overlap penalty=l.539E+9

Total weighted overlap penalty=4.698E+9
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14. Furniture element n=15 (HOB)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps furniture elements n=12, n=13 n=14

1. 1-2 overlap=(50x450x900)x6=l.215E+8
1- 3 overlap=(50x600x900)x4=1.08E+8
2- 2 overlap=(700x450x1350)x5=21.2625E+8
2- 3 overlap=(700x450x1350)x3=l2.7575E+8
3- 2 overlap=(700x600x1350)x3=l7.OlE+8 
3-3 overlap=(700x600x1350)x2=11.34E+8 
Weighted overlap penalty=64.665E+8

2. 2-2 overlap=(400x450x1350)x5=12.15E+8
2- 3 overlap=(450x700x1350)x3=l2.7575E+8
3- 2 overlap=(400x600x1350)x3=9.72E+8 
3-3 overlap=(700x600x1350)x2=ll.34E+8 
Weighted overlap penalty=45.9675E+8

3. 2-2 overlap=(450x50x1350)x5=l.51875E+8
2- 3 overlap=(450x50xl350)x3=0.91125E+8
3- 2 overlap=(600x50x1350)x3=l.215E+8 
3-3 overlap=(600x50x1350)x2=0.81E+8 
Weighted overlap penalty=4.455E+8

Total weighted overlap penalty=l.150875E+10

15. Furniture element n=16 (WT600)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps furniture element n=14

1. 2-2 overlap=(300x50x1350)x5=l.0125E+8
2- 3 overlap=(300x400x1350)x3=4.86E+8
3- 2 overlap=(300x50x1350)x3=0.6075E+8 
3-3 overlap=(300x400x1350)x2=3.24E+8 
Weighted overlap penalty=9.72E+8

16. Furniture element n=17 (WT600)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. ' Does not overlap any furniture element.
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17

18,

Furniture element n=18 (OVEN)
1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps furniture elements n=ll, n=3, 

n=9, n=10 n=2 ,

1. 2-2 overlap=(50x650x1350)x5=2.19375E+8
2- 3 overlap=(50x900x1350)x3=l.8225E+8
3- 2 overlap=(50x650x1350)x3=1.31625E+8 
3-3 overlap=(50x1000x1350)x2=l.35E+8 
Weighted overlap penalty=6.6725E+8

2. 2-2 overlap=(50x350x650)x5=0.56875E+8
2- 3 overlap=(50x700x650)x3=0.6825E+8
3- 2 overlap=(50x350x650)x3=0.34125E+8 
3-3 overlap=(50x700x650)x2=0.455E+8 
Weighted overlap penalty=2.0475E+8

3. 1-3 overlap=(100x300x650)x4=0.78E+8
2- 3 overlap=(100x300x650)x3=0.585E+8
3- 3 overlap=(100x300x650)x2=0.39E+8 
Weighted overlap penalty=l.755E+8

4. 2-3 overlap=(150x500x650)x3=l.4625E+8 
3-3 overlap=(150x500x650)x2=0.975E+8 
Weighted overlap penalty=2.4375E+8

5. 2-3 overlap=(150x400x650)x3=l.17E+8 
3-3 overlap=(150x500x650)x2=0.975E+8 
Weighted overlap penalty=2.145E+8

Total weighted overlap penalty=l.50675E+9

Furniture element n=19 (FR-rFRE)
1. Overlaps room edge.

1. RE-2 overlap=(100x50x2000)x6=0.6E+8 
RE-3 overlap=(100x50x2000)x4=0.4E+8 
Weighted overlap penalty=l.OE+8

2. Does not overlap any room element.
3. Overlaps furniture element n=18

1. 2-2 overlap=(700x300x2000)x5=21.OE+8
2- 3 overlap=(700x300x2000)x3=12.6E+8
3- 2 overlap=(900x300x2000)x3=16.2E+8 
3-3 overlap=(1000x300x2000)x2=l2.OE+8 
Weighted overlap penalty=61.8E+8

Total weighted overlap penalty=71.8E+8
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19. Furniture element n=20 (WASHG)

20

1. 
2 . 

3 .

Does not overlap room edge.
Does not overlap room element.
Overlaps furniture elements n=ll, n=18, n=19
1. 2-2 overlap=(650x600x1350)x5=26.325E+8

2- 3 overlap=(650x600x1350)x3=l5.795E+8
3- 2 overlap=(750x600x1350)x3=18.225E+8 
3-3 overlap=(850x600xl350)x2=13.77E+8 
Weighted overlap penalty=74.115E+8

2. 2-2 overlap=(100x750x1350)x5=5.0625E+8
2- 3 overlap=(100x750xl350)x3=3.0375E+8
3- 2 overlap=(450x850x1350)x3=15.49125E+8 
3-3 overlap=(450x850x1350)x2=l0.3275E+8 
Weighted overlap penalty=33.91875E+8

3. 2-3 overlap=(50x700xl350)x3=1.4175E+8 
3-3 overlap=(5 0x8 50x13 50)x2 = l. 1475E + 8 
Weighted overlap penalty=2.565E+8

Total weighted overlap penalty=l.1059875E+10

Furniture element n=21 (SINK6)
1. Does not overlap room edge.

Overlaps room element window.2 .

1. W-2 overlap=(550x200x300)x3=0.99E+8
W-3 overlap=(550x200x300)x2=0.66E+8 
Weighted overlap penalty=l.65E+8

3 . Overlaps furniture elements n=12, n=13,
n=14, n=15, n=16, n=17
1. 2-2 over1ap=(125x400x1350)x5=3.375E+8

2- 3 overlap=(125x400x1350)x3=2.025E+8
3- 2 overlap=(125x400x1350)x3=2.025E+8 
3-3 over1ap=(125x400x1350)x2=l.35E+8 
Weighted overlap penalty=8.775E+8

2. 2-2 overlap=(125x150xl350)x5=1.265625E+8
2- 3 overlap=(125x400x1350)x3=2.025E+8
3- 2 overlap=(125x150x1350)x3=0.759375E+8 
3-3 overlap=(125x400x1350)x2=l.35E+8 
Weighted overlap penalty=5.4E+8
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3. 3-2 overlaps (50x300x1350)x3 = 6 . 075E + 7 
3-3 overlap=(400x300x1350)x2=32.4E+7 
Weighted overlap penalty=3.8475E+8

4. 2-3 overlap=(125x400x1350)x3=2,025E+8 
3-3 overlap=(125x400x1350)x2=1.35E+8 
Weighted overlap penalty=3.375E+8

■5, 1-3 overlap=(100x600x900)x4=2.16E+8
3-1 overlap=(100x600x900)x4=2.16E+8 
2-2 overlap=(600x150x1350)x5=6.075E+8
2- 3 overlap=(600x500xl350)x3=12.15E+8
3- 2 overlap=(600x750x1350)x3=18.225E+8 
3-3 overlap=(600x1100x1350)x2=l7.82E+8 
Weighted overlap penalty=58.59E+8

6. 2-2 overlap=(125x150x1350)x5=l.265625E+8
2- 3 overlap=(125x400x1350)x3=2.025E+8
3- 2 overlaps(125x150x1350)x3=0.759375E+8 
3-3 overlap=(125x400x1350)x2=1.35E+8 
Weighted overlap penalty=5.4E+8

Total weighted overlap penalty=8.70375E+9

21. Furniture element n=22 (WT600)
1. Does not overlap room edge.
2. Overlaps room element window.

1. W-2 overlap=(600x200x300)x3=l.08E+8
W-3 overlap=(600x200x300)x2=0.72E+8 Weighted overlap penalty=l.8E+8

3. Overlaps furniture elements n=21, n=17
1. 2-2 overlap=(125x400x1350)x5=3.375E+8

2- 3 overlap=(125x400x1350)x3=2.025E+8
3- 2 overlap=(125x400xl350)x3=2.025E+8 
3-3 overlap= U25x400xl350)x2 = 1.35E + 8 
Weighted overlap penalty=8.775E+8

2. 1-3 overlap=(600x100x900)x4 = 2.16E + 8 
3-1 overlap=(600x100x900)x4=2.16E+8 
2-2 overlap=(600x400x1350)x5=16.2E+8
2- 3 overlap=(750x600x1350)x3=l8.225E+8
3- 2 overlap=(750x600x1350)x3=18.225E+8 
3-3 overlap=(1100x600x1350)x2=17.82E+8 
Weighted overlap penalty=74.79E+8

Total weighted overlap penalty=8.5365E+9
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1. Does not overlap room edge.
2. Overlaps room element window.

1. W-2 overlap=(350x200x300)x3=0.63E+8
W-3 overlap=(350x200x300)x2=0.42E+8 
Weighted overlap penalty=l.05E+8

22. Furniture element n=23 (WT500)

3. Overlaps furniture elements n=18, n=19, n=ll
1. 2-3 overlap=(200x100x1350)x3=0.81E+8 

3-3 overlap=(200x450x1350)x2=2.43E+8 
Weighted overlap penalty=3.24E+8

2. 3-3 overlap=(100x50x1350)x2=0.135E+8
3. 2-3 overlap=(100x600x1350)x3=2.43E+8 

3-3 overlap=(100x600x1350)x2=1.62E+8 
Weighted overlap penalty=4.05E+8

Total weighted overlap penalty=8.475E+8

Furniture element n=24 (WT300)
1. Does not overlap room edge.
-2. Does not overlap any room element.
3. Overlaps furniture elements n=ll, n=18, 

n=19, n=20

23

2-2 overlap=(50x600x1350)x5 = 2 . 025E + 8
2- 3 overlap=(300x600x1350)x3=7.29E+8
3- 2 overlap=(50x600x1350)x3=l.215E+8 
3-3 overlap=(300x600x1350)x2=4.86E+8 
Weighted overlap penalty=l5.39E+8
2-2 overlap=(300xl00xl350)x5=2.025E+8
2- 3 overlap=(300x100x1350)x3=l.215E+8
3- 2 overlap=(300x450xl350)x3-5.4675E+8 
3-3 over 1ap=(300x450x1350)x2 = 3.645E + 8 
Weighted overlap penalty=l2.3525E+8
3-2 over1ap=(50x100x1350)x3=0.2025E+8 
3-3 over1ap=(50x300x1350)x2=0.405E+8 
Weighted overlap penalty=0.6075E+8
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4. 2-2 overlap=(150x650xl350)x5=6.58125E+8
2- 3 overlap=(250x650x1350)x3=6.58125E+8
3- 2 overlaps(150x650x1350)x3=3.94875E+8 
3-3 overlap=(250x1000x1350)x2=6.75E+8 
Weighted overlap penalty=23.86125E+8

Total weighted overlap penalty=5.221125E+8

H.5.2 Substitutions
¿( (OVr.Pr)+^(OVns.Pns))=0
tVl <1-gì (OVr . Pr ) + ¿(OVns . Pns) +£(OVms . Pms ) ) =I I >

7.605E+8 + 11.31E+8 + 18.915E+8 + 
2.4375E+8 + 25.72375E+8 +4.875E+8 + 
74.79E+8 + 46.98E+8 + 115.0875E+8 + 
9.72E+8 + 15.0675E+8 + 71.8E+8 + 
110.59875E+8 + 87.0375E+8 + 85.365E+8 + 
8.475E+8 + 52.21125E+8
=7.4799875E+10

n fvs
^VR+^F = 2.6311E+10 (from Section H.4.2)

Thus SP=7.4799875E+10/2.6311E+10 
=2.8429126

This matches the computer value of 2.8429126
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H.6.0 ASSOCIATION PENALTY
This penalty is given by:-

where:-
n =
m

AXLap .W 
A Lap

S(AXLap.W)
■ ’¿(ALap/2)

no of failed association pairs 
no of possible association pairs 
weighted excess length of failed 
association pair
length permitted between minimum and 
maximum distance apart for a possible 
association pair

This is explained with the aid of fig.H.3 where thin 
dashed lines represent possible association pairs 
and thicker dashed lines indicate failed association 
pairs .
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H . 6 . 1 Preliminary steps - possible association pair

HLC60/HOB =(4500-1365)/2 =1557.5
HLC60/SINK6 =(4500-1365)/2 =1567.5
HL300/HOB = (4500-1305) ,/2 =1597.5
BL300/SINK6 =(4500-1305)/2 =1597.5
HL600/HOB =(4500-1365)/2 -1567 ..5
HL600/SINK6 =(4500-13o5)/2 =1557.5
HLC60/HOB =(4500-1365)/2 =1557.5
HLC60/SINK6 =(4500-1365)/2 =1567.5
HL600/HOB = (4 500-13 65)/2 = 1567.5
HL500/SINK6 = (4500-1365) ,/2 =1557.5
HL300/HOB =(4500-1305)/2 =1597.5
HL300/SINK6 = (4500-1305)/2 =1597.5
BL300/HOB = (4500-1305) ,/2 =1597.5
HL300/SINK6 = (4500-1305)/2 =1597.5
HLC 60/HOB = (4500-1365)/2 =1567.5
HLC60/SINK6 = (4500-1365) ,/2 =1567.5
HL500/HOB =(4500-1350)/2 = 1575
HL50Û/SINK6' = (4500-1350)/2 = 1575
HL500/HOB -(4500-1350)/2 = 157 5
HL500/SINK5 = (450 0-1350) ,/2 = 1575
H 0 3/W I .H DOW = (4500-1300)/2 = 1350
H03/D00R = (4500-1250)/2 = 15 25
H03/D00R = (4500-1250)/2 = 16 2 5
OVEN/HOB - (2290-1320) ,/2 = 4 35
OVEN/SINK6 =(2330-1320)/2 = 7 30
OVEN/FR-FRE = (2320-1200)/2 = 810
FR-FRE/H03 = (2880-1320) ,/2 = 7 30
FR-FRS/SIWK5 = (2880-1320)/2 = 730
WA3HG/SIMK5 - (1520-10) ,/2 = 7 5 5
S r'L15/a08 -(2220-1200)72 = 510
3IWR5/WIHDOW =(2130-lü)/2 = 107 5

Total of oossible association paii:3 = 42135

H, 2 Preliminary steps - penalty pairs

H03/0VEN distance apart 
failure distance 
penalty factor

= 3386.1935 
= 1595 . 1935 
= 1596.1935x5 
= 7980.9675

HOB/FR-FRË distance apart 
failure distane 
penalty factor

= 4022.7478 
= 1142.7473 
= 1142 . 7478x5 
= 5713 . 739
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3. SIi'̂ Ko/FPv-FRS distance apart
failure distance 
penalty factor

4. 3INK5/OVEN distance apart
failure distance
penalty factoj

0209.7507
029.7507 
029.7507x5 
0543.7535
0915.9046
05.9046 
05.9046x5 
079.523

5. OVSN/FR-FRE distance apart
failure distance 
penalty factor

6. 3INK5/WA3HG distance apart
failure distance 
penalty factor

= 5 0 0 
= -600 
= 600x4 
= 2400
= 2000 . 1562 
= 430.1562 
= 430.1562x4 
= 1920 . 5243

The total penalty factor for all failed association 
pairs 13 19843.606

9.6.3 Substitution

¿^(AXLap. W) =19343.606 
èiàL ap/2) =42135

:hu3 AP=19343.506/42135 
=0.470953

this matches the appropriate computer value

H.7.0 EFFICIENCY RATIO

The efticiency ratio is given by:-
(SP+VU+OP+AP)/4

Winere : 3P = space efficiency penalty 
VU = volume utilisation penalty 
OP = overlap penalty'
AP = association penalty
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Substituting in;-

SR = (1,0139953+1.1197978+2.8429126+0.470953)/4 = 1.363155

This matches the computer value.

H.8.0 CONCLUSIONS

The computer model is numerically accurate, within 
the limits of arithmetic accuracy imposed by the 
electronic calculator with which it was checkel.
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1.1.0 INTRODUCTION

This appendix indicates additional information 
pertaining to the research project, but not included 
in the body of the thesis.

1.1.1 Work forming part of the research project

This sub-section lists reports completed as part of 
the research project. These reports, generally, 
give background information to the progress of the 
research, rather than additional information. The 
reports listed below are all available for 
inspection - through Scott Sutherland School of 
Architecture.

1. Report on Mathematical Sciences (B-Sc) module in 
Computer Studies at RGIT.

2. Report on attendance at relevant conferences.

3. Report on miscellaneous seminars, symposia etc.

4. Progress, annual, and CNAA transfer to Ph.D. 

reports .

5. Posters presented at ASSA Symposium, 1st. May 

1985
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6. Paper presented at ASSA CAAD Seminar, Edinburgh 
1985

1.1.2 Proposed additional work.

This sub-section lists reports completed,or to be 
completed which do not form part of the submission 
for this Ph.D research project, but may be of some 
interest to researchers following up this research 
work.

1. Full user manual for KAPABLE.

2. Programmers manual for KAPABLE, includes current 
listing,and description of data structures.

It is intended that the above reports will form part 
of the work submitted for The Diploma in Advanced 
Architectural Studies which the author intends 
completing in 1985.
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