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< | THESIS ABSTRAC

"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 1location
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.
2. A penalty factor based on the
economy of the enclosed volume of

the activity space.

3. A weighted penalty factor based on

the assessment of three
dimensional overlapping of space
categories (furniture and

associated user areas).
4. 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 aesign 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.
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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 Uutilising refresh graphics to

assist in man/machine communication.

The background to the project and its scope are as

follows.

Background to the research project

The work was conceived as a result of the authors
interes£ 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

.



revealed several shortcomings. (1.6, 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 1is "~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 1is 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
display terminals in the alleviation of some of the

shortcomings outlined above. (1.8 1.9)

1. Dynamic numerical feedback for
improved locational accuracy.

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

3. 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; comprising Dbuilding

geometry creation at three distinct levels (1.10)

3



ads

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).

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 elementé.,

One area of design where this facility proved to be
particularly\ beneficial was 1in the iayout 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 improvemént 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 Dbe 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 faector based on the economy of
the perimeter 1length of the activity
space.

3. A penalty factor based on the economy of

the area of the activity space.

2. To wuse the concept of weighted penalty
factors to revise the algorithms for
activity space efficiency to overcome one or
more of the following shortcomings:-

1. 1Inability to assess three dimensional
space category overlaps.



2. Inability to assess non-or thogonal
activity spaces and space categories.

3. Inability to assess positive
associations of space categories.

3. 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.

4 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 proppsals has been met. Given
the high quality of man/machine communication
acheived through the wuse of refresh graphics
significant improvement in the synthesis of design

alternatives should be possible.
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The refinements discussed 1in Chapter 8, Section
8.2.0 would allow commercial application of the

model in practice as a novel design aid.

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 inéight to
the background of the research project, as well as
indicating the duality of 1its 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 test-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 cbnverted 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.



C
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 1in
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 wvalidation 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

o
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its present form. Whilst the third section 1is
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 i1s an unpublished paper concerning. the

user 1nterface.

Appendix B is a published paper (Proceedings of PARC
'83) which explores the wuse 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



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

2:25

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 1is presented
in the following sections.

KITCHEN ACTIVITY SPACES AND FUNCTIONS

This section summarises the findings of the

literature search relating to kitchen activity

spaces and functions.

13



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.

1. 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.

2. 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



2.

2

seperate 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 1is 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 1in
since the computer model is only capable
determining a basic efficiency.

The room as a whole

Varying degrees of separation between working

dining areas produce different types of kitchen.

1. Working kitchen with seperate dining area.

mind

of

and

2. Working kitchen with associated seperable dining
space (distinct seperable areas for working and

dining within a’'single space).

3. Dining kitchen.

15



This is illustrated graphically below:-

Working kitchen with associated dining

Working kitchen
1paca

()

Viorking mitchen widaly secerated

fromaimirq arey

Chmng Kitcken
i

Diring tchen

Fig.2.! Kitchen Classification (after DOEL

'None of these kitchen types 1is 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 1implemented 1is
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 1leaving only the working
kitchen element. The method for achieving this 1is
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 1is 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 appréisal model. This is

speculated upon in a later chapter of the thesis.

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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Fig.2.2 Activity Sﬁq‘;’irfei(ﬂftef‘ 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
centred 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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guick 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)
R
,'/c-\.
.-/// '\\)
r——.] frr——
22 Ji
. how far the housewife has to 88 IDD R

L ++

walk...”

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 6600mm (2.9) to give adequate
working spéce and yet remain reasonably compact. 1In
addition the distancé between cooker and sink should

be between 1200mm and 1800mm long.

The major appliances (cooker and fridge) together
with the sink are wusually 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.

19
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2. Allow at least 100mm, preferably 300mm, from
a corner with other units.

3. There should be space for a person to dry
the dishes at the drainer by the sink.

4, If there is a single drainer, it should be
on the side away from the cooker.

5. The surface on the cooker side of the sink
should be about 900mm long.

Cookers

1. Do not put a cooker at a window.

2. Do not put a cooker in a corner because at
least 300mm is needed to allow the cook to
stand comfortably while cooking.

3. Keep the cooker away from the end of a run
of wunits, «circulation routes, doorways and
where a swinging door could hit the cook or
the cooker.

4, Do not put the hob wunder shelves or a
cupboard, it would be a fire risk to someone
reaching over the hob.

5. Allow 300mm on both sides of the hob for
setting down hot pans.

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

Fridges

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



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 Dby dimensional coordination
standards (2.11), and by limitations in the

manufacturers' ranges.

Figure 2.4 over illustrates the dimensional
limitations of most kitchen fixtures. 1In general,
most appliances, cookers, fridges, etc., are

designed to coordinate with the remaining kitchen
fitments, either by approximating the dimensions of
a Dbase 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
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Fig.2.4 Kitchen Fitments (after Architects Journal)

Fig.2.5 Drafting Conventions (after Architects Journal)
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c.2.11

Dining areas
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Fig.2.6 User Requirements (after Architects Journal)
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High shelves and cupboards
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C.2.15

2.3.0 IMPLICATIONS FOR THE EXPERIMENTAL DATA BASE

This section represents the interface Dbetween the
input information presented in the previous section
(2.2.0) and the room layout appraisal model
presented 1in chapter four. Here, the input data 1is
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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Fig.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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Cululd

Together they demonstrate how the dining area was
seperated 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, 1i.e. the restrictions

imposed on menu size.

Examples of this in figure 2.7 are:-

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

2. Omission of high level cooker hood.

3. Conversion of 500mm base and high 1level 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 1level unit to
600mm corner high 1level 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 1is the relative position of the appliances and

the sink.

A,
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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

@,

should be
1200- 1800 mm
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The rule for the association of sink and cooker was
that they should be between 1200mm and 1800mm apart.
This rule is mimicked in the association test, see

figﬁre 2.9 below.
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Fig.2.9 Table of Association Pendlties

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 whilst 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, méal
preparation areas, as they apply to each individual
fitment, are of importance particularly in the
experimental wvalidation of the computer model

described in chapter six.
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Fig.2.l0 Fridge as a User Area

32



€.2.21

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 1is 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

v 600

500

2750

Fig.2.ll Menu of Kitchen Fitments
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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.

RAPID HARDWARE 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 Microfiim (com) reéorder.
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.

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 1is gquite low in

comparison to the total number of said companies.
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UK
EUR
WOR

total installations in the UK
remaining installations in Europe excluding UK
remaining installations worldwide excluding Europe

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

This lack of involvement is even more

the”

isolated.

architectural

(See fig.

element

3+2) .

is

System Supplier System Name Number of Installations Launch
UKci | UK EUR | WOR | TOT | Date
Applicon Linage 7 51 200 | 1200|1400
Autotrol GS-1000 10 20 350 400
ARC Ltd Ghs 20 23 3 23 49 1980
Admel/Bruning Easidraf?2 3 3 125| 150 | 81/82
Cadam Inc Cadam 5 20 60| 200 30O | 71/7
Calcomp IGS 500 3 4 25 90| 120 1969
Carbs Ltd Carbs 11 13 1 2 16 1973
Calma Cadec 60 20| 9ULO|1000 | 71/72
CIS Medusa 4 28 53 291 130 1980
Computervision CAE 71100 600 | 2400|3000 1973
Genesys™ Gable 6 8 2 10 1981
Intergraph [GDS 10| 40 90| 350| 500 | 73/81
GMW Computers Rucaps 46 | 46 9 12 67 1977
McAuto Unigraphics 1 17 18 170| 200 1978
ODasys Ltd Cadraw 4 6 6 | 80/81
Olivetti LGS 3 15 60 30| 100 1980
PAFEC Ltd Dogs 3 27 7 34 1980
Summagraphics  Datagrid 6 10 15 120] 150 | 79/80
Scott Wilson K Gipsys 1 1 1 1979
Approximate Totals 140 500 1200 | 6000|7700
Key: UKci construction industry installations in the UK

evident when
to some extent
is based

This diagram

on data provided by the AJ Computing Club membership

list,

departments,

relating

to

architectural

public and private.

practices

an indication of the geographical location

practice

cannot be considered comprehensive;

large

user s

representative

Although

sample
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of

practices utilising CAAD aids.
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COMPUTERS

A S Taes [}
Apple 95
33 Micro. 14
T DEC 1.2
Hewlett Packard 5
Olivetti 5
Rek- )
Sinclair ZX31 1

i

Spectirun /
Superbrain 4
Video Genie 3

DRAUGHTING SYSTEMS

Applicon 1
ARC 11 .
Calcainp 2
Gable 2
GDS draughting 5
Intergrapn o)
Rucans 12
Scribe a4

Note other software widely
utilised is:

N335 (specifications) 10
Visicalc (spreadshecet )24
Wordstar (Wordprocessing)i6

sote these figures are based
on infoimation supplied by
209 AJ Couputing club menbers

|
|
1

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,

computers 1like

SINCLAIR,

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 1in 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 singie building type
(eg.hospitals, schools, mass housing, airports
etc.,): secondly the construction methods they use
are restricted; thirdly they anticipate 1long term
building projects and finally they operate
rclatively 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.

oo '

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 - 1level 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 wutilising
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 1in existing systems can be overcome,

both in terms of the building that can be described

and the manner of its description,

comprehensive CAAD systems would become a

then

more

practicable proposition to more of the smaller

practices, since the financial risks would
reduced due to the increased variety of jobs

could economically be computerised.

EXISTING SYSTEMS

The investigation of existing systems takes
following course:-—

1. Definition of type of system to be

investigated.

2 Enumeration of hardware devices
generally available for geometry
input.
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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 Hallf 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 wvalid 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 éoncentrate on these areas:-

1 Keyboard.

2. Screen.

3. Tablet.

Note that in terms of CAAD only two dimensional

input devices 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 wusing the screen can Dbe Dbroadly
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.

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 1in
a relative coordinate environment. An image 1is
created by repeated operation of sequences of keys:
the cursor indicatiﬁg the current start point of the

next line (3.6). See figure 3.3 below.

Fig3.3 Stepping keys (after Newman & Sproull)

Joystick

In as much as the joystick controls‘ a cursor, the
input operations are similar to that of wusing
stepping keys. However there are differences, the
user 1is not réstricted to step movements, nor is he

restricted to orthogonal movements - that is the X
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Fig:34 The joystick
(after Reynolds)

(C)

(D)

and Y coordinate of the cursor can be changed

simultaneously (3.7). See figure 3.4 below.

Screen

Trackerball

With this input device cursor movement on the screen
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.35 Trackerball (after Newman & Sproull)
Thumbwheels
Some graphics display terminals;, such as, the
Tektronix 4054 provide this input device on the
keyboard. 1In 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 1in 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.

N

Fig 36 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 1s 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 1is 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 1is 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 timé, ‘interrogates the stylus to
establish its current position. This allows complex
shapes such as the contours of a map to Dbe traced

accurately (3.11}). See figure 3 B for an

illustration.
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Fig.3.ﬁ8ﬂT};\e digi;.;sing tablet C(after R;ynolds)

3 4.0 SYSTEM BY SYSTEM ANALYSIS

C.3.13

The system Dby system analysis will follow the

following pattern in each case.

1

Introduction of the system and its
conceptual background.

Identification of hardware
configurations wused in terms of
input devices.

Discussion of the quality of the
user interface.

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 Dbe discussed 1in terms of

concept
interface.

1.

of the four components of th

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

A COMMAND LANGUAGE ~in which the

user expresses his commands to the
program.
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3. FEEDBACK provided by the computer
" to assist the wuser in operating
the program.

4. 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 1s 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 1linked 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 1is 1in 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 architéctural 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).

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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(1)

(11)

c.3.16

The user interface

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 1is

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 1inadequate.
The usef finds it difficult to conceptualise what

he's doing.

Command language

GABLE is driven by the wuse 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
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on the overlay in each part of the suite.

(iii) Feedback
Bearing in mind that a storage tube 1is the only
medium available for display the quality of the
feedback is quitevgood. 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 1is particularly marked
when the user is deleting or modifying information
already created, or alternatively changing scale or

viewing area.

A particularly irritating feature 1is that 1if an
image 1is 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 showiné 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 1idea 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 Jjoystick, 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.
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To conclude GABLE 1is wuser friendly in terms of
inputting building geometry in that the designer
draws on the screen in a completely unresticted
manner . There 1is no locking on or off grids nor
typing in of dimensions or coordinates. GABLE
becomes unfriendly however when dimensional accuracy

is needed.

Rucaps 8

Introduction

RUCAPS: Really Universal Computer Aided Production
System. (3.14). This 1is 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 componants
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.

Hardware configurations
DEC PDP 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 f60,000 for effectively two
dimensional draughting to £140,000 for two

workstations and full modelling capability.

The user interface

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 AD 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 graéhics display 1is
available, there 1is 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 wuser 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 attachea 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 1in some detail Dbefore
attempting to wuse 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 ﬁp 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.
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Thus the component 1is 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 O0f 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 1in 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 1is not

dimensionally accurate.
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(a)

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
Eetween 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 Dbe activated to achieve a

particular result might confuse the novice user.

To conclude; RUCAPS is user friendly to the extent
that the wuser model is well defined and the
information display is good. It 1is 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.

Gramp

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 .

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.

The user interface

The user model

The user has a fairly <clear idea of the editing
facilities of the program since each individual
manipulation is <¢lear, and comparatively simple.
The user 1is unaware of the data structuring of the

b)

he is resticted to

FT

geometry, other than tha

orthogonal shapes.

Command language

GRAMP 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
within 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 1in
GRAMP than with GABLE since GRAMP manipulates whole
primative objects rather than individual 1lines 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 1is done by utilising

other related software.

68



C.3.28

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

primatives.

In terms of the facilities given to the designer the
main notable omission 1is that the designer has no
quick and accurate way of aligning parallel edges of

two geometry primatives so as to mak2 them colinear.

Having said that, GRAMP undoubtedly succeeds on 1its
own terms as the provision of a simple geometry
manipulation facility to be used in conjunction with
other more complex building model appraisal

packages.

Robographics

Introduction

As an opening note, unlike the previousl systems
examined, the - author has not had 'hands on'
experience of this system. The following 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.

Hardware configurations

Apple II or IIle Personal Computer with 64k RAM.
Two disk drives DOS 3.3.

Monitor (colour or monochrome).

Bitstiék 3-axis precision controller.

Calcomp plotter up to AQ size.

The user interface

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 1line
length, grid size and lock and current cursor
position. One form of feedback which is missing 1is
that there is no visual feedback giving confirmation
that a particular l 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

oarticular 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 1is a

power ful geometry creation and manipulation package.

It operates in a manner similac %o RIJCAPS 8 in that
libraries of objects are created and thea placed on
a drawing (which in itself 1is another 1library

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 1in
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 1is created dynamically
using cursor input. There is no requirement to type

in coordinates or line lengths etc.

CONCLUSIONS
The following conclusions are based on the
investigation of the systems which have Dbeen

described in the previous sub-sections together with
the analysis, to greater or lesser extent, of other
systems such as BDS, Sue, Designer 1, and Source, to

which the author was unable to arrange access.
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The designer has to provide more information
about the building model than he migﬁt otherwise
do when wutilising manual methods. A simple
example of this is that both BIBLE and GOAL
require absolute coordinate descriptions in

three dimensions of the building model.

Creating a building geometry 1is potentially a
more lengthy process than manual methods in that

additional information is required.

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.

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 credting a component (the
basic building block of that system) is to type

numbers into the computer.

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 1is 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.

o

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
reasonaﬁly reliable, although the quality of the
'backup' in terms of user manuals etc. may Dbe

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 variety of
constraints." (4.1)

The objectives typically include:-

1. Effective movement of materials and

personnel.
2 Effective utilisation of space.

3 Adaptability to unforseen changes.
4., Safety.

5. Good appearance.

Common 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.

-Typically the designer manipulates these objectives
and constraints in an intuitive manner to yield
one or more acceptable design concepts which are

then firmea up into detailed layouts.
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4.2 0 EXISTING ACTIVITY SPACE MODELS

4,2,

Over the vyears, 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 technigues.
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.

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 1in 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 1like 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.

" (4.06)

The Richard Muther System

This system 1is 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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and a length of line scale. Essential relationships
are given the shortest line, with other
relationships being scaled from 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.

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 Qf 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
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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 wused

in three ways:-

1. To define areas brior 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 vyears 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.

EXISTING DOMESTIC ACTIVITY SPACE MODELS

Sé far in this chapter we have been discussing
existing activity space models, as they apply to the
widerifield of facilitigs planning. Aithough 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 wusing a
Tektronix 4012 as a display unit, their package 1is

intended to aid the designer Dby allowing him to

visually appraise the effects of his design
decisions.

It adopts a whole house approach, breaking the
layout design into rooms Dbefore 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 Dbelow
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 1is 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,
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4.

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

D

THE NEW MODEL

The last section described existing domestic
activity space models. 1In 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 Dbase'. These two reasons
interact with the third, that appraisal or scoring
of designs 1is one method of making design knowlege
explicit in a form that might be useful 1in 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 Dbut 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.

The new model - an overview

The new model was constructed to accomodate three
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dimensional, non-orthogonal, non-rectjilinear room

and fixture geometries and to present an appraisal

in terms of four measures of layout "goodness":-

1,

2

3.

4.

A room space efficiency penalty (SP)
A volume utilisation penalty (VU)
An overlap penalty (OP)

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:-

where: -

P
v
o

H

A =

P.H+2A

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

As can be seen in figure 4.5, this penalty measures

the efficiency of the room shape.

It is a variation on the volume compactness ratio,

and allows differing room volumes to be compared.

93

C.4.16



C4.17

2300

Space Efficiency = Area of faces enclosing Vi

Min. area required to enclose
cuboid, ht=2300, vol= V1

Fig.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
wouid 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 bg varied for other (non-domestic)

applications of the model.
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4.4.3 Volume utilisation penalty C.4.18

This penalty is given by:-

TV

m

#(REUmax) + 2(FEUmax)

i

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

VU= Room Volume

Total volume of
elements within
room

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. fhis means that rooms which are comparatively

sparse would attract a greater ©penalty than those
95 :
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which are comparatively full.

4.4.4 An overlap penalty

This penalty is given by:-

= |
gn'(OVr .Pr+n5(OVns .Pns)) +§(0Vr .Pr+5(0Vns.Pns) +s(0Vms.Pms) )
[} ]

1 1]

& .
i

2] [14]
= VR +g\VF °
)

VR = volume of an individual room element

VF = 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 donoting room edge being used

as one of the conflicting elements

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

ms = subscript donoting that a furniture
element is one of the " conflicting
elements

g3 3
o

=
|

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, fhere 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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Fig.4.7 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 Dbased
on the volume of overlap and the order of overlap -
the weighting factor. That 1is, 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 ali fixtures, including room fixtures

such as doors and windows, within the layout.

This means that room layouts with fewer or less
serious overlaps, ie. 1less 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:-

n
2‘(AXLap.W)
M
3(ALap/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

f— s
L . r
r‘ . 5
-l - *?- ~~\~ ‘\\ \
‘~>\\- == :\~~~‘ s SAlis \
Ny S Bt SN e D
' s T \\\~\;:\\\:\\ Nix N ]
SSSTNR e
‘_\“:‘\;‘S:‘
\ e :‘ )
— // h
- A N\
- P -
= Pt I
> -
2 el \
= \
-
L <
o =
L.

Total falled assoc. weighted distance

Association penalty= , :
Total possible assoc. mean distance

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.

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 1s not suitable for deriving an
overall efficiency ratio and that instead sgme form
of weighting should be given to one or more of the

penalties. This topic 1is considered further 1In
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Chapter 6. The reader is particularly directed to

page 149A

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, 1t 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 chaptef 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.
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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.

EXISTING INPUT METHODOLOGIES

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

1. Keyboard input

2. Screen input via crosshair
digitising

3. Tablet digitising

Keyboard entry of coordinates to deséribe buildiné
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 1is 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 wusing the tablet such as 1its
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 wusing 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 ény line 1length, angle or position;
whilst the 1light pen can be discarded due to its

poor ergonomics for prolonged use.

106

i Dis



-3.

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.

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

flexible.

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 <c¢leared. 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 Jgreater aévantage, 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 wupdating 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:-

L Feedback

2. Line rubber banding

3. Object moving

These topics are discussed further below.

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,
guite widely used with storage tube displays - it is
only really possiblerto do this at a point in the
application _ program when a screen redraw 1is

necessitated anyway. This 1s not the case with
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refresh graphics, as will be made clear in section

5.4.0.

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 1is fixed =either alphanumerically or through
digitisation, the end point is then indicated wusing
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)

"RUBEER CAND" MCVABLL CSJCCT

L
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 1in figure 5.2

below. (5.5)

1. Movable object {desk) cursor in refresn.

2. Object stored in cesired locations.
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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.Raster-Scan Relresh

i /
{ i

| ! )
\ e = [ |
i C. 4053 Vecter Oraw Relresh. | i

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.

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.

User feedback

Particular attention was paid to utilising the
capability for feedback because as Newman & Sproull
have said, "Feedback 1is often overlooked as a

component of the user interface." (5.7)

112

P



An early decision was made to fully employ refresh
graphics techniques to provide the following forms

of feedback. (see fig.5.4)

information display

/ selection feedback display
N output /

p——d
process

/
selection command
data base = prl&)CCSS _ﬂ:’edba('k cursor
Jeedback
2 , 7
| mnput _ | command ] device
= process [~ | interpreter [~ handler
N input device
. )
Fig. 5.4 User Feedback
"l. 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 Dbase
- principally selection feedback.

3. Feedback unrelated to command
interpretation or the data base: cursor
feedback, character echoing 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 1is mentioned seperately
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 o¢f a diagram. See

fig.5.5 below

e PROCESSOR
5 USER'S MODEL [ S
CL' ,2 of building geometry I ;

FEEDBACK

ﬁtﬂ |

:[
37t
should be
24m \ong

USERS
MODEL of
currem dat c

VCCr\"’fH. IONi

\FI[WWCA
Visual prompts <z
Audio signals
Confirmation messages

Fig. 5.5 Continuous Feedback

What the above diagram tries to show, 1is that whilst
the user 1is 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 computér 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 1is given to the |user
indicating alphanumerically (or perhaps even
graphically) the relationship between the point
indicated and other existing lines within the 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.

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 1little 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 1longer on a micro,
than they would on say a mainframe. This
disadvantage 1is 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. 1In
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 Dbe generally true, the
author found his micro to be 1less 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 Dbe
programmed into the input interface. It also

considerably enhanced the screen display.
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However for this application, 1lack 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 impassible to wuse the INTERPRETATION ™
segments interactively becausé 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 1lack 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
unhecessary caleulations it 1is 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—cpmputer specialist to deign and implement a
sigﬁificant 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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6.1.0 INTRODUCTION

e «

6le2s

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.

Experiment 1

This section provides details of the first
validation exercise.

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 1layouts 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 1layouts, not to mention the lack of
scientific rigour wused within the test, it did
indicate that the concept of rank order <correlation
testing against model wvalues could be a valuéble

approach to validating the model. -
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6.2.3 Experiment design

The experimental design was as follows. A
guestionnaire 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
desiéns 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.

Questionnaire design

The raw data for the questionnaire, in the form of
kitchen designs, came from professional kitchen

designers.

Each kitchen designer listed in the local Yellow
Pages (6:1); (see 1list 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
power ful 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 gquestionnaire 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 AThey could visualisev 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. 1In 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 Ilater

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.
STAREA
27 .0+
2 23
* 22336
18.0+ * 2 3> 2
6 * 3 4 * 2
2 52 % 7 %
* * * * § 3 3 * *
3 % 4 4 * * 3
9.0+ * 3 3 *3 2
* * 222 8 2¢* b
5 55 * 4 %
4 57 * *
+ 4**
0.0+ l J»
] ! } 4 : ARE
0.0 5.0 10.0 15.0 20.0 25.0

Fig. 6.1 Scatterplot of student area results aganst
ranked calculated area 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 1indicates 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.

STUDENT
27. 0+
2 3 2 *
* % 2 23 % koW 3 2 2
18.0+— * W % * * * 2 %
2 *® 2 * *® k3 2 * * % * %
* 2 * 2 2 * 2 * 2 % 2 *
2% % 3 2 kw2 2 2
* * & 3 2 2 % % * 2 2 *
9.0+ 3 * * * 2 b
* ® 3 2 * 3 * X Kk k 3
* * * ® * 3 2 3 * k 2 *
* 2 2 % % 9 * * R * 2 * * 0k
x® ® ® * * * 4 3 * 2 2
0.0+
} . & I 1 I ter
0.0 5:0 10.0 © 15.0 20.0 25.:0

Fig. 6.2 Scatterplot of sudent results aganst ranked
efficiency ratio values

Furthermore there is no appreciable correlation with
any of the other penalties, see fig. 6.3 and

Appendix G.

STUDENT
27 . 04+—
2 3 * 2
2 % 3 % & 3 3 x
18_0+_ * * * * * * 2 3 2
3 * * 2 3 * * % 2 * * *
4 2 * 2 5 * % * *
3 * 2 3 * 2 ) * 2
3 2 * * * 2 3 2 2 *
9 0-{—_ * 3 * * * 2
3 2 3 * 2 * 3 * % *
2 * 2 ® % 3 * * * 2 2 *
3 2 * *® 2 *® * 3 * * * X
5 * * * % * *
0.0+ ! ” ?
+ ! il 1 1 lap
0.0 5.0 10.0 15:0 20.0 25.0

Fig. 6.3 Scatterplot of student resuts 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 toO
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.

Conclusions

By any standards this experiment was less than a

complete success.

In the first instance, it was dogged Dby 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
guestionnaire, 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 Cc4 C5 C6 C17

C.6.10

Cc8
STUDENT -0.134
Cc2 -0.164 0.112
€3 -0.217 0.148| -0.295
C4 -0.087| -0.126| =0.215 0.297
€5 -0.099 0.403 0.342| -0.306| -0.317
Cé6 -0.084 0.462 0.322| -0.252| -0.381 0.622
Cc7 -0.407 0.474 0.495| -0.129| -0.309 0+759 0.511
c8 . 0.106 0.469| -0.141 0.006| -0.036 0.435 0.321 0.146
c9 0.153 0.1251 -0.357 0.165 0.2141 -0.5911 -0.156! -0.5591-0.156

Fig. 6.4 Table of cross-correlation of student ranked efficjency resits

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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sl

This section provides details of the second

validation exercise.

Aim of this experiment

The aim of this experiment was to validate the new
model by simple comparative evaluation. That is, by
compar ing subjective designer assessment to
objectivé computer appraisal, within a situation

where few design decisions have to be made.

Experimental precursor

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

1. The questionnaire must be easy to

complete and require few critical
judgements.

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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4, Teaching staff requested to
complete the questionnaire should
have some gentle pressure applied
to them to ensure an adequate
number of returns.

5. A decision was made to utilise
students since they were to a
certain extent a 'captive
audience'. Bottles of wine would
not be used again since they
appeared to have little effect.

6. No professional designer would be
asked to participate since;-

1. Nil response to previous
questionnaire
2. Time factor - it could take

upwards of a month to receive
any returns.

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 ?age 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 Dbe
examined for a consensus and compared to a similar
dichotomous classification of each pair based on

computer generated wvalues.

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 1layouts 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
gquestionnaire 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 vyears. Due to the
timetabling of these students they could not be
approached as a class. 1Instead 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.

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 Summary 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.

E= Staff results

4 Post part 2 results
E=J ARC 3 results

B ARC 2 results

E=3 HE 3resutts

[T HE 2 results

KITCHEN No.

Fig. 6.6 Histogram of net°/s choice of samples
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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 Lgyout
A. They are supported in this selection by the ARC
3 students (3+4 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

€618

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 Definite consensus B
Kitchen 2 Definite consensus A
Kitchen 3 NO consensus
Kitchen 4 No consensus
Kitchen 5 No consensus
Kitchen 6 No consensus
Kitchen 7 No consensus
Kitchen 8 No consensus
Kitchen 9 Consensus B
Kitchen 10 Consensus B

This is shown diagramatically below in figure 6.7.
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Fig. 6.7 Summary histogam of net °/c  choice of samples

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

140



C-6 .20

end, a complexity index was assembled for each of
the ten kitchen pairs based on the minimum number of
fixtdre transformations that had to be performed to
convert one layout to the other. See figure 6.8

below.

Kitchen | Index Kitchen |Index
I 2 6 4
2 7 7 7
3 9 3 6
4 8 g 3
5 13 10 12
Fig. 68 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 1is «c¢lear that consensus 1s 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
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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?

Kitchen2 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?

Kitchen3 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?

Kitchend4 Is it better to have more worktop between
the cooker and the sink or between the fridge

freezer and the cooker?

" Kitchen5 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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Kitchen6é 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?

Kitchen7 Is it better to have the fridge close to

the sink or far away from the oven?

Kitchen8 Is it more important for the cooker to be
close to the fridge or far away from the door and

through circulation?

Kitchen9 Which is worse, to have a tall oven unit
directly adjacent to the cooker or to the

fridge/freezer?

Kitchenl0 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 1little 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 régard 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 wused for the questionnaire results. See

figure 6.10.
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Fig. 6.9 Table of computer evaluations of ten kitchens
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Fig. 6.10 Histogram of net numericd differance 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 4

o1
o
~J
oY
©
o

Sample choicel B A

oy
1>
1>
lico
o
1>

w

w

APchoce (B A |A|A|B|B B A B B
OP choice BIBI[A|A A B B A |Al|B
ER choice B|BI[A|A A B B A |A|B

Fig. 611 Summary of sample and computer choices for ten
kitchens

In figure 6.11 above, wunderlining 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.
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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 1indicate 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 (figure 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

B+9) s

A comparison of this new ER selection with the

sample selection is presented below in figure 6.12.

Kitchen no. 1 2 3 4 5 6 7 8 9 10
Sample B A B A A B B A B B
Modfed ER |B A |A|A A B B A B B

Fig. 612 Comparison of modified ER based choice to sample
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 1is 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 ER
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 1layout B by a small margin.
There 1is ndthing 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 1t.

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 theV§?ZEF§,Of a
(weighted) average of these values to derive the ER
value has 1little logical basis since each measure
has §}§pargﬁgrunits, 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.

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.

EXPERIMENT 3

This section provides details of the third

validation exercise.

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 Dbe 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 Dbe combined

with the comments found on the second questionnaire
an .

inLattempt to meet the aims of the experiment as

defined in the previous experiment.

Questionnaire design

Although the experiment was to consist of an open

interview, a memo sheet of open questions was
assembled to aid the author 1in 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.

Results and evaluation

Below are itemised some of the criteria by which
kitchen designs were Jjudged. There were two main
classes of criteria; positive and negative. The
classifications of positive and negative are to a
certain extent arbitrary éince any negative ‘'rule'
can be expressed in aﬂpositive manner . However, I
believe, this classification gives an' insight into
the manner in which the respondents judged each

layout.
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in a

order of importance (determined largely

number of times any particular

to by the respondents).

1. Negative criteria

L.

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.

7. Tall wunits should not be
placed near low corners.

8. Rooms should not be too small
nor too narrow.

2. Positive criteria

1. Good work triangle between
cooker, sink and foodstore is
desirable.

2. Washing machine should be
close to sink.

3. Cooker should have 300+ mm of
worktop to each side.

4. Cooker or oven to sink should
be continuous worktop.

5. Cooker should be close to
oven.

Cooker or oven unit should not
be adjacent to fridge or

fridge/freezer.
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6. Room doors and fitment doors
should be sited carefully to
avoid spatial clashing.

7. There should be a 900+ mm
requirement between worktop
faces in a 'galley' kitchen.

8. 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 1in the
positive criteria 1list 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.

6.6.0 REFERENCES

(6 1) British Telecom, Yellow Pages Aberdeen 1984,
British Telecommunications plc., London,
1984.

(6.2) Statistical calculation courtesy of program
'"Minitab', by Statistics Dept., Penn.
State University, USA. :

(6.3) Cakin,S., 'Decision making in Design:
Evaluation of Holiday Houses', DMG/DRS
Journal, Vol. 9, No. 2, Berkeley,

California, 1975.

(6.4) Lawson,B., How Designers Think, Architectural
Press, London, 1980, p.6l1

156



CHAPTER 7/

A MINI USER MANUAL

CONTENTS

7.1.0 INTRODUCTION

7.2.0 SYSTEM OVERVIEW

on ol Hardware cdnfiguration

T 22 Software confiéuration
7.3.0.RUNNING KAPABLE

Jeo3l Switching on

fos 3 22 The main menu

7.4.0 LAYOUT SUITE

Ut File handling:

sl 2 Graphical display keys

7.4.3 Geometry manipulation

T.4.4 Interpretation

7.6.0 COMMENT ON CURRENT CONFIGURATION
16 1 The main menu

62 Layout

71563 Layout file handling

164 Layout graphical display keys
1.56:.5 Layout geometry manipulation
156 56 Layout interpretation

7.7.0 REFERENCES

1’57

.14
=18
<23
226
526
<27
2]
w27
s 2
<28

.28



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 I.1.2). It 1is
intended to give the flavour of the operation,
rather than an in-depth study of the actual

mechanics of the software.

SYSTEM OVERVIEW
This section gives an overview to the total system

configuration.

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 storage display & applications
copy medium manipulation programs

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 (630k) 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.
FILE 1 used by AUTOLQAD routine to
load main menu when system
m starts
= FILE 2 seral data file used to examine
library structures of file manager
R— essential part of user input checks
B FILE 3 holds a copy of main menu program
held on tape and disk to ease
software management
DANNNNN

Fig 7.2 Tape Structure

The disk within the disk drive performs a dual
function. The first function 1is 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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main library struct.

[

I

l

$ FCONT

_$DATA.PAR

& DATA.WT

I
$ DATA. SUP

master menu
control piogram

holds system
variables eg. scale

holds default
wall thickness values
for $createrm

file required for
‘setup’ Iin $createmn

I

l

|

$FLAYOUT

$ FCREATERM

$FCREATEOB

¢ FCREATEMN

menu cegment to

controls aeation

controls creation

controis creation

o fivs

layout suite of room of object of menu & matrix
I [ | I _ 1 l
¢ $..SUP - $..RED $...ADD G INT L: [ L1V $_..SAY i
‘,.egmem controls  segment controls  segment controls  segment controls s &t conrals segment controls
setup redrawing yeometry numeric . Quic - project file
\ manipulation interpretation inte pretation hanaling
l l |
$ ARRAY . SUP $ ROOM.SUP $ INTRP SUP
sub-seq initialises sub-seg ntrols sub-seg controls
arrays display of room initial  nurneric
geometry interpretation
Fig 7.3 Program structure on disk
The second function of the disk 1is to hold and
manipulate wuser created data. The disk library

structure for this data is shown below in figure 7.4
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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
Pposition 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

-M1 - file holds copy of MATI1

.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 1is very easy to use. The
following section describes how to start-up the

system and how to use the main menu.

Switching on

Switch on power switches to the file manager
followed by the 4054 microncompﬁter: 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 regquests that

the user press
ANY key

The system then requests that the user enter the
daie 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 td 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.

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.

9] (L) M (N (o)
(A) Format (B) RAPABLE I(CIFILE/CCPY
(P Q) 1R} (S) (m

(F) Cr Reom (G) Cr Ob) (K} Cr MEMU (1) Layout (J) Exit
USE USER LEFINABLE REYS TO CONTINUE

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

6 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
: geometries
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 1is 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 (SDATA.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 interaqtion. The bulk of this time
is taken by the requirement to execute the last
stage (interpretation). The screen then pagesrand
the LAyoUuT ménu 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 Initiglisalion Layout OO
[ nl L
= ]
s .
D F5a0) 121 yI3eR )
2) V31
4] 14 159
—
b g |
2
nﬂ-—vrsn:-é e
I gr—suemp 1 18r—wd29
|
: \\\\ >
r—/ B °
LR =l TN
|
|
w |
o
i
§ gr—yeses tor—rared
1K) User | (L)Y User 2 (M [ntrpin (NI High (0) Herd Floor Heigni=8 INSTRUCT IOXS
Display Display Disdlay Over Pen Copy Cell. MHeign1=a23B38 EFFICIENCY FACTORS
(Al Adg {B) Delere (C) Move (D! Cbject I[E) Screen X SPa1.21899587D18
Onjec: Objecs Object Hc{qn? Redraw g‘}_ECTY;EomNIS xpu-g o v51
(P! Duich (0} High (R) Renee  [S) n 08]. Bovioe= 0P8
High 0P Ass. Pen  Set Up e I ER=8.23474G217545
(F) Save (G) Screp (Hl lrout (1Y Dirciry (J) Linh USR2 Top = (o]
Regults Results Resul1s Resulis USR2 Boitoss
ROTATION = 12 | Zersaven

From this point the user drives LAYOUT by menu
commands 1in much the same manner as described

earlier inh section 7.3.2.

7.4.1 File handling

This section describes the operation of those keys

outlined in figure 7.7 below.

(RY User 1 (L) User 2 (M) Intrpin [N) High  (0) Herd
Display Display Display Cver Pen Copy
fAY Aga (87 Dalere [(C) Hove {D) Object [(E) Screen

Object Ooject __Oo_ia_:_:_r__! Height? Recraw
fPY Guich (81 High R} Renew ((S) T3

High 0P Aga. Pen Sat Up L
[ AT (e e, s (i i —L ————————— =1
|{F) Seve {GY Screp (H}] Jrput {1} Dirciry (J) Link |
[ Rasgulis Regulis Resul 13 Resulis ]

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

SFLAYOUT.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.

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

SFLAYOUT.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

P27

0=RETURN TO MENU
If the user presses =zero he 1is 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 the 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 wvalid 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

SFLAYOUT.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

SFLAYOUT.SAV program segment is loaded into memory,
unless it is already there. 1In the instruction box
the following message,appears together with a short
bell prompt.

RECALL PROJECT

ENTER NAME OF FILE
DDPDDADD2D

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 appropriéte RESULTS file into

memory and executes a REDRAW to display the new job.
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(I) DIRECTORY RESULTS

SFLAYOUT.SAV program segment is loaded into memory,
unless it is already there. 1In 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 1is, file name 1 is replaced by
file name 2. This process continues until all

RESULTS files have Dbeen displayed, whereupon the
system prints as a file name - NONE and the user is

returned to the LAYOUT menu.
(J) LINK

SFLAYOUT.SAV program segment is loaded into memory,
unless it is already there. 1In 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 (SFCONT) 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 1in figure 7.8. The system ensures
that SFLAYOUT.RED program segment 1s present when
these keys are used since that segment incorporates

the major part of the redrawing mechanism.

T T .1 N dadanlonias
|[(RY User 1 (L) User 2 (M) Intrpin (N) High (0! Herd I
L__ggguy___iﬁggzj Display mmrP«J Copy |
A Add 181 Dalete IC) Move (D) Object KE) Scraen |
0> ject Cojact Object Hoight? | Recrsw |
(PY Cuickh Q1 High (R) Renaw  1SI (T3 ‘
Hignh OP 488 . Pen Sar Up
(F} Sava {(GY Scrzo (H} Jrput {1} Birciry (J) Link
Resulis Regulta Resul1s Resulrs }

Fig 7.8 Graphical Display Keys

(E) SCREEN REDRAW

As 1s 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 devglopment 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) USER1 DISPLAY

The USER1 key is a toggle switch. The first time it
is pressed the display section of the terminal
screen is modified to show USER1 boundaries. The
second time it 1is pressed the USER]1l display is
removed. The effects of this partial REDRAW 1is
evident by the two halves of figure 7.9 overleaf.
Part (A) is the normal display whilst part (B) also
shows USER] 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) USER1 DISPLAY. In figure 7.10 overleaf the
change in display is shown. Again after the REDRAW

the user is returned to the LAYOUT menu.
(O) HARD COPY

When this key 1is 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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4.

3

Pressing zero returns the user to the

LAYOUT

Ca7.18

menu.

Pressing CR causes all refresh images in the display

section of the screen to be

(ie. conve

r ted

from

'fixed' to

It also causes the current values of the

measures

instructions box.

taken.

storage images

to Dbe

back

to

refresh . images

returning the user to the layout menu.

Geometry manipulation

This section describes the operation of

outlined

that SFLAYOUT.ADD

memory

below

when

these

in figure 7.11.

program.

segment is

the

present

screen
refresh to storage display).
efficiency
printed out onto the screen in the
| A hard copy is then automatically

A complete REDRAW is then done to reconvert

to

keys

The system ensures

in

keys are operated because it is

this segment that contains most of the manipulation

mechanisms.
(RY User 1 (LY User 2 (1) Intrpin (NI High ° (D) Herd
— —-isplay ~ Displey  Displey _ Over Pen  Copy
{ra) Adg (8) Delete IC) Mova _ (DI objecx—}rzl Scraen
| _Odject  Ooject  _Object  Heighi?)  Recroe
fPY Guickh  (O) High (R} Renew  (SI (T3
High OP Ass. Pen Sat Up
(F} Save 151 Scran (H) Input {I} Dirciry (J) Link
Rasulis Resulis Resul 18 Rasul1s

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 dispiay. 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
1-6=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, -920.

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 USERI1
and USER2 displays can be turned on at this point by

pressing either K or L.

Once the object 1is 1located, 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

O=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 7
height of any existing furniture object within. the

room display.

The one additional function this key allows is that
the wuser «can interrogate the data base céncerning
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 1in figure 7.12. The system ensures
that either S$FLAYOUT.INT or S$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.
(R) User | (L) User 2 UM Intrpin (K] High ‘_]!0) Herd
Display Display | Display  Over Pen Cepy £ 710
(A1 Ada {3) Deletre (C) Hove (D} Opjaect (E) Scraen g /.
Object Ooject Object Haight? Racrow

P) Cuich _ (01 High  |(R! Renaw - (S) (T Interpretation
E Nign 0P  Ass. Pagll sat Up P

(F) Sava (51 Scrap (W) Jmput (]} Dirciry (J) Link Keys
Rasuli1s Resulis rRasul 8 Ragulis

(M) INTERPRETATION DISPLAY

Pressing this key starts a lengthy process (some 20
minutes on average) of interpretation of therspatial
efficiency of the room. Each furniture element 1is
checked against the room geometry, the room objects
and against every other furnitufe 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 sffect of each of
the four efficiency measures is presented in the
instruction box. This 1is 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. TE
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 .
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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
wqrthwhile 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

d 6,

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, 1is offered in Chapter 8,

Section 8.2.0.

The main menu

Functions satisfactorily, though there is a need to
extend the capabilities of the COPY function. Also,
although swopping program segments 1in and out of
memory 1is successful 99% of the time, the user can
still run into a system (hardware) bug causing a
total <crash. Some effort needs to be devoﬁed 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, 1t 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 wuser to start LAYOUT with the

minimum of initialisation delay.

7.6.2 Layout file handling

This aspect 1is 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 1is 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
seperate <cases (7.1). However, the author has
demonstrated within KAPABLE that combining of
rectilinear and non-rectilinear movement 1is
possible within the same algorithm and using the

same input information.

7.6.6 Layout interpretation

77,

Given the existing system configuration and the lack
of raw computing power that g imposes,

interpretation aspects are adequate.

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 be more suited to the application.

After detailing harware improvements we will
consider how this would affect the software
implementation.

gardware 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 Jjoystick) or 1ightpens. 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. fhis 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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Fig81 YDU like a drawing board (after Langskog)

Although this type of approach might be less
intimidating to the designer who is wused to a
traditional drawing board, it confers no great

ergonomic advantage, possibly the reverse.

Rather a colour raster VDU would be thé 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 1is schematic
and representational there is no great requirement
for a large palette of <colours - eight would

suffice.

In terms of RAM, the more the Dbetter. It 1is
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,V51ék 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  Dbetween 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

190
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temporary holding of system variables and
intermediate results.
Software improvements

Possible improvements to the software can be

considered under three headings:-

1. Enhancement of prototypical
routines.
2 Improvemnts as a result of

enhanced hardware capabilities.
3. TImprovements which incorporate
both of the above features.
The system needs development of its geometry input
segments, particularly as regards scaling, windowing

and viewporting.

Contrary to my earlier Dbeliefs (see Appendix A)
routines should Dbe 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 1is
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 perspggtives,rgart elevations and_lidjpffs.
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A direct consequencé of improving the off-1line
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 1is, 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 1in
processor speed and power would be the introduction
of user experience levels. That is, the degree of

user feedback 1is 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.

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.

POTENTIAL APPLICATION OF SUCH AN ENHANCED SYSTEM

This section outlines the applicability of an

enhanced system.

Given the current level of cuts‘in locél authority
housing Dbudgets, the system is unlikely to be used
in the design of public sector housing 1in the UK.
There 1is 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 wuse of space 1is 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
offsﬁore drilling rigs (8.5). Here is an ideal
situation in which to use the activity space model,
since the efficient wuse 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.

Tﬁe 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 Dbe defined as the 'room' and each house would
be an individual 'furniture' element. By choosing
appropriate wuser areas and association distances,
the housing layout could Dbe planned to obviate
overlooking. Already, the Regional Estate

‘ Monitoring Unit of the PSA has expressed an interest
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in using the system for such a purpose.

However, the core df the algorithm is not limited in
application to the building industry. It would be
possible to use such an algorithm in ﬁény
layout/planning situations. For example, it could
be utilised to aid in the laying wup 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 Dbe

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.

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.
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Feigenbaum gives as a definition:-
'An expert system 1is 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

c.8.11

~gives an objective measure of layout efficiency. By

combining qQbjective 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. 1In 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 interpretation.
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Bulletin of Computer Aided Architectural
Design, published by ABACUS.

Computer Aided Architectural Design.
Computer Aided Design.

Construction Industry Computing
Association.

Computer Output Microfilm.

Carriage Return key:.

Council for National Academic Awards.
Computer Services Unit, RGIT.

Digital Equipment Corporation
Incorporated, Marlboro, Massachusetts.

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.
Greatér London Council.

General Purpose Interface Bus.

Housing Developement Directorate (UK).
Home Economics students.

3rd. vyear Home Economics students.

2nd. year Home Economics students.
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HMSO

IFIP

LA

NBI

(0]
PSA
RAM

RGIT

SERC
SP

SSSA

VDU

VU

Her Majesty's Stationery Office.

International Federation for Information
Processing.

Local Authority.

Norgesbyggforskingsinstitutt (Norwegian
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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A.A.2

The author's interest in the application, of the comuter +to architectural
design was roused in his undergraduate davs at Scott Sutherland School of
Architecture, Aberdeen, from which he craduated with B.Sc!Hons) in "987.
He is currentlyv undertakinc an SERC funded Research Decree at that same
school under the direction of Dr. L.W.W. Lainc investigatincg technigques

for the input of geometric data by the user of CAAD svstem

mn

Feedback aids to Geometry Data Input

This paper examines methodolcogies for the
inout of geometric data within CAAD applications.
It examines the man’/machine interface and
pcstulates how new technology might a“fect

that structure. Potential aigorithms are
oresented which outline a new data inour
Technique.

] Introducu

! tntroauction

“omputer Aided Architectural Desion (CAAD} has been a +tonic of comvers-
ation within the architectural profession for some considerahle lencth

of time . However, considering the undoubted computational power of the
modern computer both as a mainframe and as a micro, it is something of

a surprise that in that time the utilisation of the commuter within
érchitectural practice has been minimal in comparison with its utilisation
1n other professions associated with Quilding desion, such as quantitv
surveying and structural engineering . '

Writers have postulated a varietv of considerations inhibiting the archi-
tect's utilisation of CAAD technology ranging from cost 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 by the growth in micro~2ased
Systems directed primarily to the 'business' of architecture . HHowever
th? breakthrough of CAAD into archigectural nractice predicted by earlv
writers remains as elusive as ever '



2  Problem Identification

Quantity surveving and structural engineering. as discinlines. essentiallv
are well defined processes dealing with data and its manipulation:; such
work is the bread and butter of computing. Architecture is quite different.
Firstly the process of design is ill-defined and secondlv 'number crunching’
is something alien to the architect - except when working out his accounts:

These factors continue to inhibit the architect's use of computer tech-
nology. Current CAAD applications have overcome the first of these hurdles
by concentrating on those aspects of design which are well defined such

as energy simulation or 2D representations of 3D data, leaving desion
synthesis to the architect himself. Because of this. the second hurdle.
the use of numeric data as a medium of renresentinc the qeometrv of a
building within the computerlws been accepted as an imposition dictated

by the machine.

The creation of a data structure (plans. sections specifications etc.)
encoding a building model - which can be considered to be ar abstract
representation of a buildings geometric and phvsical properties — can

be deemed to be the cornerstone of an architects work. Similarlv, ‘or
CAAD. the building model AND its creation ought to be cenfral to anv
applications software. Data structures alrxeadv exist which are more than
adequate for encoding a building geometrv ~: however 6 the creation of *he
numeric form of that structure is more problematical. Various methodclogies
and technologies have been utilised. ranging from the light pen *o *he
digitising tablet. To the designer, all have suffered from the same problems:
he must either laboriouslv align each building element at some lafte

stage in the design process.so as to ensure geometric accuracy.or he

must suffer a constant interruption to his flow of thought as he answers
'obvious' questions posed by the computer. In either case the ~esult i=

the same; the time spent on data entrv and checkinag mav bhe so 7Treart as

to outweizh the value of the resultant output . Until *his nrobiem is
overcome CAAD will probably remain a limited specialism outwith the
mainstream of architectural practice.

]

3 The Interface

This prgblem primarilv concerns the design of the man machine interface
Newman has identified four componants that are intrinsic to the desion
of the intetactive user interface:-

1. A user’'s model

2. A command lancuage
3. Teedhack

4. Information display

These componants are illustrated grachicallv in ficure 1 over.
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From the diagram, it is evident that of the four —omonants men+ioned,
the two that plav the areatest part in success®ul user inreractior
-

with the machine are those comﬂomant: common to hoth man and machine -
namelv, the command lancuage and feedback.

Command languages have received widespread attention and investigation.
Feedback on the other hand is comparitively neglected. Feedback bv
its nature must be rapid, and consequentially it is usually treated as
a by-the-way to the information display.

This situation is further complicafed by the device dependancv of both
command languages and of feedback ~, for example, intensity modulation
of a displayed image is virtually impossible utilising storage tube
technology. However this last fact would seem to indicate that when
alternative display technology becomes available. then exploitation of
that technology to the full would have implications on the perceived
~quality of the man/machine interface.
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4 Technological Innovation

A comparitivelv recent addition to the architects commuter arsenal comes
in the form of the Tektronix 40544 Araphics Terminal,comiets with
Dvnamic Graphics (Option 30). As a member of the Tektronix 1050's series
familyv: it is dowrward compatible with previous 4050's machines enabling
existing software, such as GABLFE 80. to be utilised successfullwv.

As a 64k micro-computer, the problems of command language are simmlified;
software of any complexity has to be assembled as a series of inter—
related subroutines - if onlv for reasons of memorv storace. The natura’
consequence of this is that the svstem desioner utilises the user definabhie
kevs as a method of obtaining direct nrogram control. leaving the ncer
with a limited but easilly comprehensible and relativelys Tlexihie ~hoice
of operations within any one program segment.

This terminal also offers interesting possibilities in terms of feedhack
Due to its dvnamic (vector drawn refresh graphics) capabilities, *he
ennancement of feedback to the user becomes a real pnssibhilitv. The
function of feedback can be Adescribed as the comuter informing the user
as to wbﬂre he is, what he can do here, whHat he can do next, and how he
s it  ".Using dvnamic granhicz, messages displaved in refresh mode zan
he displaved and altered as necessarv. answering all the above oiestinms
in a manner which would be impracticable on a storage Tube.

rurthermore, there is the possib utilising this dvmamic

to obtain a significant leap in the gqualityv of feedback for the

ural user, particularlwv irn regard to the cgeneration of geometrizal

data, whilst obtaining an intecration of this feedback with information
dispiay functions that could not be contemplated on *the more conventional,
at least for architectural purposes, storacge tube displav.

5 Geometry Input

Geometry input for machine implementation can take one of two apnroaches;
the Point Set method or the Boundary description method. See diagrams
2 and 3 for graphical representations of both methodolocies.
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Due to nrohlems associated primariiv with resolution, the point se* mevthod
virtuallyv unused for architectural purposes. Within the spectrum of
noundary description methodologies two broad approaches can be nerceived
for data entrv via a screer device. TInout can be directlv through the
Keyboard, as a series of co ordinates (polar 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.
although 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 communication device is the drawing

board. .

Considerable work has been done in attempts to overcome some of the
disadvantages inherent in each svstem. The overall speed of both svstems
has been increased by utilising chaining algorithms to reduce the data
eNtrv requirements. The use of a construction orid has been ponular as a
method of increasing cursor accuracy, however. it can result in a loss

In the flexibility of the geometrical form allowed.
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Dynamic graphics when combined with a feedback technique. allows the

effective combination of both methodologies.

A cross~hair cursor can be

utilised in coniunction with dynamic displavs of 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 computer
when its assessment is correct and upon this confirmation the computer
updates its building model to the latest data it has fed-back to the

user .

flexibility or speed.

The user has gained numeric accuracy without the loss of either

Below in figure 4 an algorithm for utilising such a dyvnamic feedback
technique is postulated.
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User points to start noint
of line, also indicating
the tvpe of disnlav required

Tomputer decides that the start
point indicated is within a
tolerance value nf an existing
line and adiusts the co-ords.
to lie on that line. T¢ then
disolavs information on that
point position relative to

the line.

User dvnamicallv repositions
the start opoint of the line
obtaining {eedback concerning
that points position relative
to the identified line. User
confirms when disnlaved data

is correct. Computer re-adiusts
start point of line to comlv
with disnlaved information.

Computer sets end point of

line to equal start point and
createsa rubber band joining
start and ston noints. [t then
displavs information concerning
the new line.

User confirms when the displaved
information is correct and
the camputer adiusts line end
point to complv with the dis-
played information. Wwhilst
confirming the user has the
oprion to inform the comnuter
whether he wishes to continue
inputting lines by chaining,
abort the most recent line,or
stop inputtng lines.

The last operation is when

the camputer n™iates the

existing data basc to take
account of the new data. At

this point tests for line
intersection etc. mav be anplied.



Clearly this algorithm does not cover everv eventualitv. However. the
approach outlined is no less valid “or that - precise relative geometrv
could be entered for any one line with no meore than two operations.
Furthermore, additional labelling can easilv be attached to the line data
to give the comuter further information as to what the line renresents

to the user. Such additional information micht encommass a codin~
representing line thickness. or tvoe of construction beinc renresented etc.

It must also be noted that the introduction of such a large amount of
feedback, whilst not altering or ammending the four basic componants

of the man’/machine interface,radicallv altercs their relative importance.
This is shown diagramatically below in figure 5.
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USER'S MODEL i
of buiiding yeorhetry ‘

LANGUAGE

o N
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£ on current H
LN data maniputation L
‘. /A J E
W FeebBaCK 4
Visual prompts v <3 wl T 11
~udic 513nats A jﬁ‘:__;'_;..u_;__’
Cenfrmnchion messages :lth NS
L
——
Sy : COMPLITE
FIGURE 5 — Graphical representation of . ; ulOfri]r'L'JTt_R
componants involved in MODEL of
man /machine interaction bulding geometry
utilising refresh graphics
capabilities

As can be seen; when the user is given feedback on geometric 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. prior
to the despatching of 'correct' data to the data base.
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¢ Geometry Primatives

Despite the advantages accruing from the use of 'continuous' feedback
wilst creating geometric data, this technique alone would be insufficient
to overcome the inhibitions of the naive architectural user about

urrilising a computer.

mart of this inhibition lies with the fact that, even with a feedback
technique, the user would be required to operate on the geometrv model
o+ the crude level of boundarv description - being able to create. delete

|9

or modify building geometrv characteristics a line at a time.

However, the architectural designer customarily desions with spaces

yhich by definition are multi-sided. Furthermore.many data modifications
of that initial ceometrv mddel are essentiallv modifications of its
spatial characteristics. :

Surely within a CAAD system it would be possible to give the computer
the intelligence to operate at a spatial level and comprehend that
spatial modification must necassarilv result in the modification

of the associated boundary descrintions.

Such a svaetem 1s not really feasible if +the data ztructure encodin~ the
qilding ceometrv is composed of data pertainino solelyv fo the hourdaries
of each space; the comouter would reguire reilaticnal data concerning the

€ infarmatior

maces themselves. T7F the computer requires this zort o
to sclve that tvoe of problem then it would seem T2 make sense to
adlust the methodclogy of data entrv so that ional data of -hat

rature is implicit within the data entrv process.

This data entrv process would reguire the utilisation of ~ranhical
rimatives, since graphical primatives are, almeost by definition
crdered sets of points within the overall framework of the =anfrware

3 structure ©: and these ordered sets. hHv their very ordering. must

ntain.relational data pertaining to the lines comnosing the nrimative.

The proceedure outlined previously for one dimensional line Aata entrv

feedback, whilst useful at that level, would become of greater sionificance

if data entry was in the form of interactions between two dimensional
enclosed shapes. The potentialities for the user wutilising such a

data input technique are great. Not only would the user be able to
mnipulate more than one data item at a time but there would be the
Possibility of attaching target design values for such qualities as
daylighting, number of air changes etc. to the shape description itsel€.

An essential requirement for any postulation of a 2D data entrv technique
Wereby the user manipulates geometry primatives to encode the huilding
desc;r-iption, is a clear understanding of the range of potential data
™nhipulations required - so that the inherent flexibilitv in such a

SVStem is optimised.
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A.A.10

These manipulations could be broadlv classified under four headinos- -

1) Whole primative transformatio~z =uch as:
a) rotatior: of single primative
b} tranzlation of single nrima*ive
c) scaling of single primative
d} handing of single primative
e) X-distortion of single nrimative
) Y distortion of single primative
o) creation deletion or repetition of a primative
Redefinition of primative trarsformations such as-
a) rotation of single line within primative
b) translation of a single !

(RS]

line within primative

c) linear distortion of sincle line within nrimative
d) addition of an extra line to a primative

e) deletion of a single lire {rom a nrimative

3) Campositional primative transformations imrolvine more than
one primative such as;

a) manipulation of groups of primatives in much +he
same wayv as outlined for whole orimative
transformations above

5 manipulation of parts of a croup of orimatives in
much +the same wav as outlined for redefinition of
primative transformations above.

4) De-compositinral primative trarmsformations such as:*
V divicion of one primative irto ° encliosed »nrimatives

=
ining of two nrimatives to create one

o
-
0O
o
)

c) creation of undivided primatires when two o more

Although thie list cannot be considered to be commrehensive *he hroad
croupings outlined above give some indication nT the nature of ~he
transformations that would be reguired.

Transformations belonging to the first group are relativelv straight
forward and the data manipulations required are quite minimal Trans -
formations in the second ¢group would be at the ¢ore 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 svstem to be successful the command
language must be simplified to the point where the user can inform the
computer of his intertions by issuing only one or two commands. However.
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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Summary

CAAD has been a topic of conversation among architectz for some
considerable lencth of time. In that time it has had minimal
impact on the practice of architecture.

The generation of building geometry data is central to CAND
applications software; current data entrv techniques are
unfriendly to the user and inhibit the more widespread application
of CAAD within architectural practice.

Difficulties associated with ceometrv data entrv are mart of the
design of the man ‘machine interface. Given new technoloov. new
solutions to these problems may become possible.

The Tektronix 4054A Graphics Terminal represents new techncoloov
for the architectural user.

Boundary description is the usual method of encoding building
geometry for CAAD apolications. Dvnamic graphics throuch a
feedback technique offers the possibility of combining the
advantages of cursor and co-ordinate screen input when describing
the boundarv of a building geometrv.

An extension to the feedback ftechnicue would be to enter Aata ir *the

form of 2D geometrical primatives. FxTension of the ~ommand
language to take account of this would enable a more user friendlv
geometryv data entry svstem to be created.
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A Graphics Interface to complement
Traditional Techniques

ABSTRACT

Noting the reluctance of architects in small private practices to
adopt CAAD aids, the crudity of existing graphic interfaces is ident-
ified as an inhibiting factor.

A suite of computer programmes currentlv under development are
described which are designed to permit the input of geometric plan 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 being viewed as a specialised acjunct
applicable to a few atypical projects. This is perhaps understancdable in
a profession where some 85% of all regisgered architects work in practices
employing 10 or less architectural staff , and where the stabilitv of
workload i§ 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
languages and working methods. The relative magnitude of the capital
investment that computers represent to the small architectural practice
requires extremely efficient and close management 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



control posed by the inherent complexity of such systems. Such fears
cannot be easily allayed.

It has been argued elsewhere that ohe of the most positve wavs
with which te promote CAAD would be to utilise the computers processing
power to take on more of the burden of man-machine communication®. The
machines must become more approachable by the non-computer literate
user, leaving him free to devote his enepgies'to desioning rather than
on communicating with, and operating the system.

THE ARCHITECTS ROLE

The architects task may be construed as the conception and comm-
unication of a hypothetical building model. Infact, the design process
is one in which the designer compiles ever increasingly accurate data
" pertaining to the hypothetical model until such time as it is sufficiently
complete and consistent to allow the client to 'experience' it and the
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; whilst 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 budaget.

DATA MANTPULATION

The magnitude and complexity of the data generated for any one
building project, not least of which is the project drawings, can onlv
be'guesstimated' in advance. This puts extraordinary demands on any
computer system which 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-
manipulating techniques has been the development of logical programming
languages such as PROLOG~ which offer a powerful means for interogating
large data-structures. The application of these7languages to graphic
data is currently under investigation elsewhere

COMPUTER GRAPHICS

Within the overall CAAD context, one area of concern is the machines
data-aquisition rather than its data-manipulation. This is particularly
relevent to drawn information, since it is at this level that architects
'experience' computer systems. Current systems require inhibiting
draughting conventions and crude levels of communication.

Drawings represent simultaneously many different levels of signif-
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cance to the the user8. Each level is 'distilled' from it's contextural
relationship to other parts of the drawing. Thus the fundemental problem
with computer graphics is the radical difference between mans ancl
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 the
example below.

[

N\ J
a) Picture to be created

(8]

A C

b) Association of Graphic Primitives

& ' C

c) Primitives

Primitive A B C
scale factor Sa .Sb Sc
reference point x Xa - Xb Xc

Y " Ya Yb yc
d) Input Data
move pen to (xa,ya) (xb,yb) (xc,yc)
draw line to (xa+*Sa,ya) | (xb+Sb,yb) | (xc+Sc,yc)

|draw line to (xa*SayasSa)|(xb+Sb,yb+Sb)|(xc+Sc,yc+Sc)

draw line to (xaya+Sa)| (xb,yb+Sb) | (xc,yc+Sc)
draw line to (xa,ya) (xb,yb) (xc,yc)

e) Machine Draughting Commands

Diagram 1 Example Of A Data Structure
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Comsider a simple CAAD graphics input system where drawings are
created as combinations of squares. The user wishes to input a picture
shown in la. The picture comprises of three squares A,B and C. Tgnoring
the interelatiofship of the squares with each other, the machine nust
be given sufficient information abeut 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. In 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 tn the table, Diagram 1d.). 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.)

Tt 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 ~nv
particular line. This level is of course different to the 'vocabulary'
used to create the picture in the first place. This cumbersome melthod
of dealing with drawings does not bear comparison to the ease of paper
and pencil techniques.

THE PROPOSED GRAPHICS TINTERFACE

To overcome the disincentive outlined above, an opposite route may
be considered. Accepting the premise that architects generally desion
in the initial stages by 'toying' with freehand sketches, it is legitimate
to place the onus on the computer to derive higher levels of signilicance
(ie. recognition of graphic primitives ), from the lowest level of irput
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 NDiagram 2. Architectural
sketches are digitised on a graphics tablet (Tektronix 4954 ) which is
connected via a Tektronix 4010 interface to a micro-computer with graphics
display screen (Tektronix 4054).

Sketch Input Dynamic Editing Applications
and Manipulation software.

Diagram 2 Configuration Of Proposed Interface
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SYSTEM DESCRLIPTION

The proposed system operates in five sections.

| As “described the designer sketches his intentions on the
digitising tablet, an example of which is shown in Diagram 3. 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.

Diagram 3 Sketch AsDrawn On Tablet

The drawing is echoed on the screen of the oraphics 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 Diacram 4.

»

point data
“oar em oas coordinates
264 5
“ N s idne.| x|y
|i1 2 3 ird s a 3 1
Y "« - . 2
" = '44 = A0 4y Az 3:3 3
LY ’ ’4
9 >3 LI /_/J
16 3
- . N __/

8 (1Y 20 u " “ 24 29

Diagram &4  Digitised Information Echoed On Screen

2. The digitised tabléet 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 through the preceeding data
points. If the deviation is greater than a user defined tolerance
a new line is deemed to have heen encountered.

Moreover the 'image' is enhancecd: Not only are freechand lines
straightened, but overlapping lines are removed, clipped corners
reconstructed, and almost touching lines made to touch. The info-
mation about the lines composing the drawing are stored in an array
for further processing, and the enhanced image displaved on the
screen as shown in Diagram 5.
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5 line data
line stqrtt st,ogi
id oin poin

. 1 |no. 51 vyl x2|y2
1 ° .
3 2 ;
7
8

A

Diagram5  Computer Interpretation Of Lines

The user may wish to edit the interpretation the computer hns
generated. Using the dynamic graphic facilities of the terminnl,
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 user
can, if he wishes, make the drawing orthogonal, or place the lines
in a range of sectors (ie. 0,15,30,45,60,75 or 90 degrees). With
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 DiAagram 6.

5 graphic primitive data
RN shape| no. of [ line id’s
1 8 B |6 ref. |edges
2| | A | 5 |1][2]34]9]
7 12 B 4 | 5]6|8]12
A
3 of ¢ |n c | 5 [7]9]1onfe|
A 10

Diagram 6 Line Disassociation And Primitive Identification

By envoking a search algorithm, the perimeter of each enclosed
space is traced and the line identifiers for the boundaries storec
in an array. The system has thus abstracted geometric primitives
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 manipulafe
complete primitives. He may repeat, move, mirror, rotate, and
scale. An indication of these facilities is demonstrated in
Diagram 7.



e T

~i7? ?2=1200
1
|

Diagram 7  Graphic Manipulation Option Utilising Dyncrﬁic
Graphics Offering Instant Feedback And
Rubber Banding

5 The final step for the system is to reformat the graphic data
into structures 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
communication of drawings between the architectural user and the machine
in the following ways '

1. By placing the onus of interpretation on the machine, the

designer can devote his time more fully to the task of desioning.

25 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 technimques

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 insticated much earlier in the

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 mannal
methods.
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ABSTRACT

e reluctance of architects to adopt the computer as a potential design aid

is explained to be, in part, a consequence of the difficulties which occur in
conveving visually conceived ideas to a binary logic machine. Typing-in

nroers is an inhibition to free expression when compared with traditional drawing
poard techniques.

This paper therefore describes software currently 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
wilising the computer's processing power to interpret, edit and manipulate the
design data so ''captured''. The geometry data is. structured to allow re-formatting
as necessary to interface with applications software currently used by under—-
graduate students within the school. .

Particular reference is incliuded to the potential offered by refresh granhics
disp: ) 1C i getch design.

CAAD: GRAPHICS: DATA INPUT; DYNAMIC MANTIPULATION.

The paper represents RESEARCE IN PROGRESS.
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ENIGMA : an ENhanced Interpretive Graphics

Module for Architects
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funced research studentships, 1ted here bu Mr Leifer and M
direccion of their co-author Dr Lamonc L =
cumuliative total of over 3(C years experience as archi

é backcround to their CAAD research activity.

INTRODUCTION
e m————

Despite the enthusiasm which accompanied the introduction of computing into

the undergraduate architecture curriculum in many schools since the 1960's,
evidence of its adoption into architectural practice is still, by comparison
ﬂth other building related professions, very sparse (1,2). In a profession
wnere 85% of those registered work in quite small practices (employing 10 or
}ess staff) and where an inconsistent work load makes high capital investment
i 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 which have acquired computer aids are almost invariably found to be
an(?lved with large-scale developments where the opportunity to use repetative
de$1@ﬂ elements has encouraged the use of computerised draughting systems,
Using the computer in this way, ie as a mere data storage and retrieval device
fOI"handling building elements, is a poor substitute for its potential as a
d551gn aid, helping the architects to make better design decisions and, hence,
Providing us with a more cost-effective and efficient built environment.

Many 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
movation?) there is clear evidence that the greatest source of inhibition
and frustration is right at the starting post - getting the-data into the
maCf}lne in the first place. Quite apart from the unfamiliarity that most

Signers feel when confronted with an electronic drawing device, what must
0t be overlooked is that most architects actually enjoy drawing and are
und‘el‘swndably reluctant to see this particularly self-satisfying part of the
Process being taken away from them.
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A.C.4

The need for improved graphical (eg building geometry) input techniques is

of course well known and the 1982 ACM/SIGGRAPH Workshop (3) was particularly
weful in indentifying the main issues. Yet, comparatively little research
has been done to develop better designer/machine interfaces. Historically,
the development of computer programs for CAAD concentrated on designing the
pest models for simulating building performance (visual models for perspective
projec:ions, thermal models for energy performance and modeis which would
orovide accurate cost performance predictions). These followed the apparent
-wuism that the main potential for the computer in architectural design lav in

£

its power as a fast appraisal tool (its potential as an automatic generator OI

design soiutions having been found tobehighly suspicious). Conseguently,
research effort was directed tc constructing the best mathematical analogues

of building performance but took the easiest (from the computer/programmers

point of view) methods for getting the data into the machine, relying on the
zenacity 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 & graphics screen or digitising tablet - all of which reguire the user to

have a fairly high computer intelligence with regard to rules of sequence,
formatting etc.

One of the authors has already stated the case for utilising the computer's
processing power to take on more of the burden of man-machine communication (4).
¥hile recognising that decisions must be made in choosing between '"Hmulation'
‘of an existing methodlogy) and '"Innovation' (utilising new techniques ) as
discussed by Thomas and others at Seattle {(3). we would support the view taken
there that..

pt & mode

i)
ot n
o

» n
't

]

nc pcint, It 15 essential tc a

ace
t Inhibiz the future assimilatior of
The designer must be free to devote his energies to designing rather than on
commrunicating with and operating the system.
The core of this paper describes a suite of conputer programs (ENIGMA) currently
under development which are designed to allow the input of geometric data (pilan
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 minimum of interference to the designer's thought processes.
Through this interface, other data files can be generated automatically for
direct entry into the applications software where building geometry descriptions
are required.

METHODS OF GEOMETRY DESCRIPTION

"The ability to describe buildings to computers is necessary before architects
can use computers to perform any task related to the design and production of
buildings" (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 form the prescribed shape. This information must be stored in

Computer memory in a format which is not only compatible with the constraints

of the computers hardware but also so as to allow efficient interfacing with

the graphics software routines for drawing purposes. Thus, all geometry descriptions

Tequire, ultimately, to be reduced to a collection of line segments with nodes

8 terminal delimeters and with associated 'Move' or 'Draw' commands determining

EieFlijzien;e or absence of material. This deconposition procedure is illustrated
e 1.
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Figure 2 Shape Primitives as Basic Building
Blocks for Computer Graphics

figres 1 and 2 have been deliberately constructed to draw attention to the
®e of '.'Sh&pe Primatives' because most applications software to date has
Wistrained the user to develop his building geometry using such primatives - indeed
HDSt_Sthware has required the user to operate within a strictly orthogonal or
EeCtlllnear frame. Although these constraints may be, to some extent, justified
% aﬂ?.logy with real-world building geometries, to the designer they can be an
ediment at the "thinking'" stage where whim and fancy prefer to remain unfettered.
mgém‘om, much of the frustration, experienced in inputting geometry data
il out of the extent to which small errors in the co-ordinate parameters

Yy occur (and these can corrupt significant parts of the final data set).

gsm?m?smfple, Figs 3 and 4 show typical geometry data files for the ABACUS
linear 1 GOAL' and 'BIBLE' (8,9) and which encodes an assemblage of 5 recti-
rectilinoxes' The complexity of the data set increases significantly when non-
eXtendedear forms are accommodated (eg in 'BIBLE') and the data has to be

Pifis] to include descriptors such as nurber of edges, surfaces and vertices.
difficuli’twmh larger amounts of data the risk of data error increases - often.
orgipgy O trace causing increased frustration to the user. Furthermore,
Moportig € geometry is difficult to visualise and obscures features such as

N, scale and symmetry - concepts which are fundamental to the designer.
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gure 3 'GOAL®™ Geometry Data File for assembly above
» ( developed by ABACUS, University of Strathclyde )

TYPE 6B
Gt & 1 42156
- 42267
R PTI TT'? 000 2% 00 1000, 000 44378
S on 122 000 1000 122 G 0 00 41485
48785
W Ik 7500 2%.00 1000  75.00 14,1234
DEow 182 00 7500, 10 00 12200, 75 00 G 5 1
8 6
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; 10 4 TDOUC 1000 12200 75 00 51485
; 5 0 < 00 18249
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P RTYRD, 20 IR, BB R o)

~~ ay

Figure 4 'BIBLE' Data File (also by ABACUS)

These criticisms are not intended to detract from the undoubted value of
frograms such as those developed at ABACUS and which are outstanding among the
arious software systems avallable to architects today. The examples are only
cited to illustrate the need for improved means of inputting the data set for
such powerful programs. ‘

MACHINE REFINEMENT OF RAW GRAPHIC DATA

If the designer is to be allowed the freedom to develop his geometry in a

fanner more analogous to the traditional freehand sketching technique then it

1S legitimate to expect the computer to derive higher levels of significance
from the input (ie to identify, where relevant, graphic primatives) in effect

L0 deduce the data-structure from the act of drawing. This inmplies a process

by which a Relational Data Base (or Bases) must be derived from discrete
®@-ordinate data in which the relations are almost implicitly 'enigmatic' and
€ only be 'guessed' at by the computer. For an explanation of Relational Data

€S see, for example, Williams (10).
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A.C.7

The process by which the ENIGMA interpretive software operates can be divided
‘;I’O 5 sequential operations as follows.
LU -

To maintain the anzalogy with freehand sketching, inpur is performed via a
irh resolution graphics digitising tablet {Tektronix 4954 with 4096 x
9120 addressable polnts; operating in continuous point mode so that
c-ordinate data 1S generated whenever the pen is in contact with the
‘grawing; tablet. An ink-filled digitising pen is preferred as this
feinforces the designer's cognitive awareness of his actions {(rather than
depending on graphical feedback through a separate display terminal).

At this stage, the only keyboard input required from the user is a
declaration of the scale he is working to and the acceptable grid tolerance.

-

eg Scale 1:50, Tolerance 50 mm.

Thus, only points which are separated by more than the declared (scalsd)
tolerance need be recorded. The rate of capture by the machine will also
depend or: the correlation between the speed at which the user sketches and

the cycle time of the digitiser {in practice, working to a baud rate of
120, this has proved to have no apparent disadvantages).

; :

i

Figure 5 ' Sketch As Drawn On Tablet

The input sketch is echoed on the terminal display screen as confirmation
10 the user that his data has been captured. Figures 5 and 6 show a
Siple example of a freehand sketch and the resulting format that the
digitised data assumes within the machine.

point data
L oo -|coordinates
45 N Clidno.| x|y .
N 2 2 i 4: g 46 4 PEN) 1
Ly \:‘ 2
473 »2
e ot A0 A\ 4’-1?{;) 3
%8
T 24
: L] 13 ' //
i ' 3¢
J& ) 15 _ { ) L__/
'3 19 ze = Fu EL Y 24 25 %
Figure 6 Digitised Information Echoed On Screen
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pata Interpretation & Rationalisation

Captured data is then processed by a sequential scan which compares the
gradient between each successive pair of nodes to the line of closest

fit through the preceeding data points. If the deviation is greater

than a defined tolerance a significant change in direction {(ie a new line)
is deemed to have been encountered. Thereby the data is simplified and
reduced in guantity such that onlyv the end co-ordinates of recommised
lines are retained.

Moreover, the ''image' is enhanced: Freehand sketched lines become straightened,
overlapping lines are rempved, clipped corners are reconstructed, and almost-
touching lines are made to touch.

The new data is stored for further processing and the computer's rationalised
"guess' of the designers intended geometry is displaved on the terminal
screen as shown in Figure 7.

5 line data
line | start | stop
1 id | pont | point
8 no. i x11 vl x21y?
]
7—1° 2
3 2 3
7
Q
Figure 7 Computer interpretation Of Lines

FPirgt Edit

The "guesswork' implicit during the interpretation phase may not alwavs
correspond with the designer's full intentions. Consequently, 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.

Where the display terminal screen is of the conventional storage type (for
example Tektronix 4010 series) on-line graphical editing will require over-
drawing of new data on top of old or superseded data with the screen having
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

QiSplayS of the current cursor co-ordinates numerically, locational accuracy
1S enhanced.
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A.

pecause topologically related lines are noted within the relational data
pase structure, it follows that for each manipulation performed on any
part of the original data set, the machine can itself perform further

C.

manipulations on other parts of the data set in order to maintain integrity.

This in itself reduces the amount of manipulation likely to be required in
any single edit. '

Additional enhanced edit facility is included such as, if required,
gutomatic orthogonalisation of lines, additiorn of standard shape primatives
(eg lines, rectangles, triangles etc).

4, Shape Definition & Manipulation

On completion of the first edit, the line data is further processed so as
to disassociate the geometry into discrete single line segments - thus,
any line disected by another is split into two individual lines as shown
in Figure 8.

5 graphic primitive data

shape| no of | line 1d’'s

] 8 B = ref. iledges |
2| | Al s [11213l4l9

712 B | 4 |5/6/81
3 A g - c | 5 [7i9/01112
A 10
Figure 8 Line Disassociation And Primitive Identification

4 search algorithm is then invoked by which the perimeter of each enclosed
Space is traced ancd 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 dynamic graphics option enhances this second edit phase by
allowing 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 height) 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

With the completed graphical data held in a relational structure, re-—
fonnattlng this data in a form suitable as input to other (appllcatlons)
Software becomes routine. Currently, the software is designed to do this
automatically for the creation of "GOAL'" and/or "BIELE" files but others
may be introduced on demand.

2438
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SYSTEM CONFIGURATION

Figure 9 illustrates the hardware configuration of the system which\at p?esent
operates either through an on-line central processor (DEC 10 System) or 1n
candem with the local processing power of the Tekrronix 4054 graphics sysTem.

Optional Processing
Mode ,

—])
O
"

Figure 8
Hardware Configuration

AN with Option

The added advantages of using the Tektronix 4054 with refresh graphics
potential are illustrated in Figure 10 and control of the software (under
3 menus of commands which are

glther

\{ FEEDBACK

Visual prompts
Audio signals -
Confirmation messages

Figure 10 Graphical representation of | . ' COMPUTER

componants involved in MODEL  of

man /machine interaction building geometry
utilising refresh graphics

capabilities

Mainframe computing is carried out using FORTRAN but the refresh graphics
Option is programmed in BASIC.
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SUMMARY
St

' The system described here has the following properties ...

(a) Easy for the user to operate requirinc a minimum of computing knowledge.
/%) Closelv emulates traditional working methods.
/cj The sustem Ieels and responds like a drawing board.

This is because much of the data input is via continuous digitisation of
freehand sketches.

(d) It guickly encaptures large amounts oOf complex data.

The interpretation algorithm overcomes loss of precision by ...

-

(e) Replacing 10St coOrners.

-

(f) Returning curves as & sequence of straight line segments.
rg) Maintains the integrity of each line and its relationship with cthers.
during editing.

The reiational data structure used makes re-formatting straight-forward, thus

nterpreted and re-formatted Zor

‘1 ~ Sy T P T 3 2 e
th) Crude First sketches can be guicklu
n s

age in the desigr preces

s becomes easy tc obtain
ack on the conseguences of

desigr decisions.
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current CAAD Research at SSSA
by B Hammond

(.0 INTRODUCTION

current CARAD research at Scott Sutherland School of Architecture,
which is funded througn an SERC studentship, is concerned with
the development of a ‘realistic’ computer model for the analysis
of room layouts. It is an extension of previous work done at
this school by Langskog, combinmed, to a certain extent, with the
ideas of the author and others(l) on man/machine communication.

2.0 HARDWARE

The recearch wtilises the fcllowing hardwars configuration - a
Tektronix 4034 graphics terminal with refresh graphics, combined
with & Tekronix 4907 file marnager and disk drive. Peripherals,
not essential to the research but available if reguired, include
a Tertronix 4663 plotter and & 4631 hard copy unit. R 232
communication  with RGIT'e DEC 2050 mainframe is alsc available
for what it ’'s worth!

storage display & applications
medidm manipulation programs

FIG 1 - Hardware Configuration
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3.0 FOUNDATIONS OF THE RESEARCH

Langskog was perhaps the first to develo = : :
pe techn
explicitly appraises the efficiency of floD: area 13:§gewTi§T

ﬂtmn@h he did state that certain mor
e ener
analysis techniques had been proposed Drev10u=1yg(g 4ai)graph1cal
9 5

ngsgogs model was based on three different measures of
pfficiency:—
(i) A shape penalty
The more closely the com resembles & sguare, the more
gefficient it Dbecomes, because it reguires less perlmeter
wall length toc bound the room ares.
(ii) An area utilisation penalty
The greater the area of the room that is used, either
wplicitly by an item of fuwniture, or implicitly by the
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 penalty
Each furnitur= element hsz. as indicated above, an
associated uwser space {(the model actually uses two user
spaces — ann  essential user space and & desirable user
space). The degree to which dser areas overlap can be
measuwrad, and the less fne overlap are '

layout

efficient the room laycut since the use of cone eslement of
furniture 1= less llnely o interters with the use of
another .

rr
= §
]

The principals of this model providec the foundaticn ror
turrernt recsearch.

4.0 DEFICIENCIES DISCOVERED I LANGSKDOSE 5 MODEL

F

Examination of Langskog's model identified three areas wnere 1t

Was thought an improvement in the mode! could be achieved.

(a) extend the mcdel to encompass three dimensional spacsas
(Langskog s model oniv  dealt Wwith two dimensicnal plan
lmages: .

(b} extend the model to AMNCOMDAas = non-—-orthogonal
geametry. {(Langskog’'s model was Limited =o oritnogonal and
rectangul ar gsometry. pr imarally bDecauss aF thE Tofitwars
implementacion .

() amend the model, SO as to encompass an 2lement o DOS1TIVE
association  such ement could be

o

a =X
that one frgrmiture 2
at

i
specifically associated with another eleman

gm:e thoughts provided a starting point for the research and
Blimited the scope of the new layout analysis modazl
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5,0 THE NEW LAYOUT ANALYSIS MODEL IS DEFIMED

Examination of Langskog’'s work provided the basis +for a new
nodel. The new model had fouwr different measures of efficiency.

(a) & room shape penalty. (8F)

(h) A volume utilisation penalty. (VU)

(c) A volume interpenetration penalty. (OF)
(d) An association penalty. (AP)

The first three measures were essentially those of Langskog,
amended to take account of non-orthoganal, non—-rectangular
geometries and a degree of three dimensionality (extrusions of
two dimensional shapes).

fz iz mentioned later, while the software was being implemented,
it wWas noted that the volume interpenetration psnalty
occassionally gave unexpected results such that an increase in
yolume interpenetration could actually reduce the OF score.

3.1 THE VOLUME INTERFPENETRATION PENALTY

Te go into this in a bit more detail. The OF score, was based on
the overlap of user volumes, and although changes were made to
the new models method of describing wuser volumes; Tt =ase
sortware i1mplemantation, the principal remained the sams. The
ditrerence in  the way that obljiect outlines were described is
shown 1 the diagram below.

Langskog model

overgp-~ - overtap-~
— 9 checks | 6 checks’ (max)

FIG 2z Comparison of models
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g can be seen, if each user volume encloses the smaller or more
escential volume , the number of overlap checks can be
gu¥1cantly reduced.

it was also felt that the effect of a single overlap instance
chould reduce as the problem became more complex (ie. as more
furniture elements were added to the room)

Thus Langekog’ s OF eguation changed from:-—- éé[Ax\M)
OP = I
s A
tor= o
oF - gg(A < WY
where: — : 23 AT
rn = number of overlap instances. '
m = number of elements in the room. :
A = overlap volume of & single instance.
W = a penalty factor for that instancs.
AT = largest user volume of each element in the rocom.

—

hange also ensued that any situation which caused =
i O3 2 total cverlap volume, also caused a reduction in

—
=r
.
i}

5.2 THE ASSCCIATION FENALTY

In certain circumstances, for example ' in & domestic kitchen,
fErtaln units of furniture ar= reguired to bear a particular
relaticnship to other units of fuwrnituwe. eg. & cooker should be
between 1200 mm and 1800 mm from the sink, and between 1200 mm
and 2400 mm from the food store(b).

,.mDCE . had no way of -dealing with this typs of

he new model inco
nmnl!wm =l amnent

roorat=sd AT &SE
=

tiaon and +ai
pimalty‘ Dazed on . the degree of
: ' ilure. The pﬁnalty
i'led the min t“=2st as

i
i
r
T
il
|
il
n
i
i
r
[
B
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,.0 SOFTWARE IMFLEMENTATION

ps was indicated in section 2.0 the rew model was implemented'oﬁ
;Tamronix 4054 with dynamic graphics. This tied in well wlﬁh
work being done at the time on ‘user interfacing’ (7,8) at this
cchool and allowed a more friendly ‘front—-end’ to be placed
infront of the model.

The author was responsible for designing and implementing
tincluding 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. ‘

o) furniture creation - detining furniture elements and their
associated user volumes and graphic displays.

id) menu creation - setting up a particular "job  file’,
incorporating & specific room and menu of furniture
elemerts. Alsc settimg up two penalty arrayve dealing
with overlap and association penalties.

g lavout - dynamic manipulation of furniture elements within

& specific room shell and also interpretation of
speciftic gecmetries through the model.

e 2

PO sections make guits extensive wuse of lims ‘rubber
Bandimg anc dynamic tfeedback as  input  technigues. Screen

i thecse sections was largely ignoreg, however, as it
ipated that anyone other than the author would be

"he last section allows the user to manipulate the "1ob file’
dvnamically, Lw=1ing reftrash graphics to position objects and as
7art or the feedback process.
e positioning routines wse &an auto—adiust mechanlsn to slid?
WNiTs of furniture against each other orF against ihe axternal
wall, 1+ +that is desired, S0 as to snsure  Lhat  they do not
JVEF L &an,
The modelling =lement is also contained in this EECEljﬂ: ?s i:
those aspects analysing the output from the_—modcln &=e
uncticne are laragely displaved in dywnamlZ Qrabinloss
Functiore to save, recall and display part:al comoleted  JoES
e slso incliuded in this sectian.
-learty the wse of a &4k micra introducea EDTEL ilmiélgi
-Onstraints maimly in  terms of memory. and consEguent SPEEther
JReration problems caused by the FFuU!erEﬂt ta overlay, &1 Al
déta or praogram segments. This is  particularlty ewléeﬁ in '
final section whers there is insufficient memory to  haold ?152;2:
and geEometry files and the programs to manipulate !
Simultanecusly.
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LOFPELIMINQRY VALIDATION OF THE MODEL

f short exercise was carried out using a domestic kitchen as a
test situation. It was intended primarilly as a means of
checking the numerical accuwracy and ergonomics of the computer
programe This was extended to a preliminary validation exercise
to ensure that for a clear—-cut situation the computer assessment
- most efficient room to least efficient room matched that of
the designer (well two designers!)

The selection of kitchens used in the exercise (and I make no
zgpology for the gquality of their design - since that was not my
sain concern at the time) are included at the end of this paper
as an vample of the type of display given to the user whilst
operating the system. It shouwld be noted that most of the
geometry and feedbaclk sections of the display are actually held
in refresh memory and change as the user operates the system.

note that the diagrame no  longer have efficiency values
wh, 1in  case vou feel tempted to rank order the diagrams

voursel £!

g.0 PRESENT FOSITIOM OF RESEARCH

F ohas reachsd the point where an attempt must be nsde
i

iz proposed that this be dorne in several stage

{al An  attempt srhould e made to find & non—correlation
result: ie. sz selection of designs should be preparsd
which the designer finds very difficult to place 1in order
of ef+iciency. It is thought that this wiill be discovered

f

ciency (according to the computer)

wher= changes 1in ea+fi y
the roocm is an exiremely unswitable

ara marginal . or wheres
shape for the Ffunction resulting in all soluticns bsing
some way from the ideal
A larger selection of des:
groups of designers, with dif
vy  this - will -

g shown to several
=rent levels of experience.
fat  the designers  and the
Che more

camputer gensr il -

Ef%i:lent,— excép =hoy arsa
marginal. In thos CiE e
Experienced desi ation to
the —iminate

i
he computer be
en marginal
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Inexperienced designers will be ‘"let loose’ on the
computer with the objective of improving the efficiency
score of a given design (& pre—-check will be required to
ensure that the design can be 1mproved). The view of these
inexperienced designers should give some unbiased views on
the ergonomic performance of the 'layout’ screen and help

(c)

to identify any problems there. The “improved’ and
‘unimproved ' designs might then be presented 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 eftficient.
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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 computer sufficient knowledge to derive
additional input information, relevant to the
architectural user, from the context of the geometry

nd C).

)

input was being considered (see appendixes A, B

Specifically, the algorithm seeks to derive two
dimensional space dete from one dimensional line data.
That is, if & building plan geometry were described 1in
terms of lines the computer hes sufficient

intelligence’ to discard non-relevant 1lines and to
construct a new data set consisting of sets of ordered
co-ordinates, where each set of co-ordinetes defines an

individual room space.

Althcugh this algorithm was never inccrporated in the

methodology for room analysis, 1its development and
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implementation was important in the considersation of
the algorithm for Area COverlap (discussed further in
appendix F). This aspect is further discussed 1in

section E.4.0.

£.1.2 Algorithm in brief

The algorithm is fully descriked in section E.3.0C, 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 wuse of this property which

makes the algorithm interesting in it's own right.

Fig. E.! Definition of line segment.

fine a-b is represented
by 3 line segments
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E.2.0 PRERECUISITES

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 scme 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 below:-

1. The geometry description of each line segment is in
the form of a start and e Stép 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 ségment.
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The

the

Each description of a2 line segment is assigned an
address for ease of subsequent 1lccation and

recovery of the geometry description.

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.

diagram below (fig.E.2) may assist in wvisualising

nature of the data structure.

. £.2 Data structure for area dissociation algorithm

{100 ,130)

GZOMZTRY 2IAGRANM

100,50

geometry aata conneciion aata

100} 501100 | B0f 2.1 3.2
2 |200f 50}100 | 50 1.2 |31

3 [ 200] 30100 [150f 2.1 (1.2

fine start end iist of Joining
address  co-ord. co-ord. iines in form
Xy X,Y n.m where:=
n=address of
ine being
Jjoined

n=! when joined
at start point
=2 when joined
at end point.
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E.2.2 Subsiduary Routines

This section 1indicates 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 1line
segment relative to fixed Dbase line e.g. the

x-axis, 1s required.

2. The above proceedure is an important part of a
second proceedure to determine the most acute angle
subtended by two 1line segments, 1in 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.
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E.

2.

e

Nomenclature

There follows definitions of some words and ©phrases
used 1in 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 1€'s

geometry or it's end connections.

Line connections - a note of addresses of all 1line
segments that <share the start or end

co-ordinate of a particular line

segment.

Line tab - & line segment within the data set which

does not partly enclose a polygon.

Polygon tracing - following the 1line 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 1implemented on a Tektronix 4054A
graphics terminal with dynamic graphics and wusing
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 1is 1long and
complex and for that reason 1s not included here.
Rather a verbal.descgiption of each sub-proceedure 1is
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.B«3.
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‘Fig. E.3 Example geomeiry used io assist description
of area dissociation algorithm

line address

» 10

E.3.3 Preliminary Processing

The purpose of the preliminary processing is to discard
all 1lines that cannot possibly form the bounding edge

of a2 polygon; that is, the elimination of line tabs.

Conceptualﬁy, the preprocessing initially rejects all
those line tabs which are unconnected -to any other 1line

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 heas already been discarded, are,

themselves dismissed.

The latter stage is iterative, and the final stage to
the pre-processing, 1s a pass through the data set to
confirm that no further 1line segments should be

discarded.
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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 below.

Fig. E.4 Flow chart showing tab filtering proceedure

whera:-
P=top address of
discarded line tabs

n=total no. of line segs.
I=temp counter

Line [

has at ieast |

connection ai address
>P at both start

and stop pnts
7

A ' p=p|

k)
Swap data_at
address P with

that at I
|

? )
3
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A E.10

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-processing

described in the previous sub-section.

Each location in the tag array is set to 2. As a line
is 1included 1in a polygon, the corresponding tag array
value 1is decremented by one. Since each 1line 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

nct be considered again.

The first pass through the ~data set, which usually
uncovers most, 1f 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. TImmediately
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.11

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 1lines 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.

A1l lines connected to the end point of the first line
segment are turned so that their start point 1is
coincident with the end point of the original 1line

Ssegment.

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 1line 1is selected and the trace continues

from this new line.
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A E.12

If the direction flag is not set the minimum éabsolute
enclosing angle sets the flag and determines which line
is to be selected next. TIn 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.S) below.
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A E.13

~e ~ 5 | gl H h ® o e 4 1 °
rig. .0 Tiow Ci art showing area aissociailion mecnanism

whera:~

Dim T{n-P)
Dim HI(n-P)
Dim h2(n-P)
7=2

Tag=2

|

/b
Examine 1

Any value of
T=Tag?

\
v

Write x,y to
Hi(12) H2(i2)
y

Save polygon in
permanent data
structurae.

Hi=B. H2=0

T=line tag array
Hi=x~-coordinate holding array
H2=y-coordinate holding array

Tag=current search depth
I= current lina address
C=cddress of next line
12=HI/H2 element counter

x=start x-coord.
-y=start y-coord.

of polygon
of polygon

E:tog address of discarded lines
Flog=direction of search flag

D=min. enclosing angle between I and C

y

I=lowest address
ST :
of T with vaiue
Tag
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I
e
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Does en
point of |
2

Write end coords of

1 to Hi(I2) H2(I2)

*

Turn ai iine segs.

padl b e
connected to end of
i1 such thai their
| start point is
coincident with
end of |

A

Examine end
connections of I
Determine address C
of next line with
minimum enclosing

Examine end
connections of I
Determine address C
of next line with
minimnum -ve enclosing

Examine end
connections of [
Determine address C
of next line with

|minimum +ve enclosing

angle D and ongle D and angle D and
T(C-P) NOT @ T(C-P) NOT B T(C-P) NOT 8
L
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The diagram below (fig.E.6) shows the effect of the

process on the example data set.

110 Y
= iines
discarded
S )
line address
3lals|6|718]90fn|12]13114]15]16]17]18]19120{21| included for reference
lrl2l 2022 202 212l sl 2t2]22 2] tag value

£.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 1line segment five. Fig.E.7 below,
shows how the geometry 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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A E.15

-

Fig. E.7 Sample data set changes whilst Flag=2

410 41
2
3145161718510 112113114115 (1B]17118]13(2C|2
1 111001101010 |00 110} {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 1is
highly 1likely 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 tc the first but starting with 1lines

with a tag value of cne.

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 1line data, works satisfactorily
for most architectural data sets, some geometries can
cause the algorithm to produce invalid results.

Fig.E.8 below illustrates.

Fig. £.8 Geometry types generating unexpecied resuits
~ ° ® 1 e 1 .
for area dissociation aigorithm

Q)

{\‘?
these lines form
a tail to one or
other polygon

all" lines cannot be
// traced to join every
other line - this
causes duplicates of

/// polygons being discovered

e
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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 duplicaetion 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 <ckills, this algorithm greatly influenced
the author when designing the Area Overlap algorithm

described in the next appendix.

This is essentially a trace algorithm and althéugh 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 pfejudiced the author when considering
how to create an Area Overlap algorithm, especially in
the 1light of greater restrictions imposed on pProcessor

memory and processor speed.
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F.1.0 INTRODUCTION

E.

2.

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.

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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F.2.1 Raster image handling

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 1is remarkably similar to output from the
area dissociation algorithm described in the
previous appendix. However, the processing and
structure of the input data 1is quite radically

different.

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.1l below
indicates how the framebuffer concept could be

applied to calculating areas of overlap.

- T
|

TT T T T 1] ]
- |

BRE |
\

, : . Area of overlap can be
= ' calculated by counting
the number of squares
common to more than
! one object, multiplied
by the area of a
single square.

dchgr ——o.

| = =~|~]~]~

-

NN
— =l vl = |~
~| =N NN~ ==

Fig.F.I Raster
Framebuffer concept
L Lodod ' used to calculate

' i area of overlap

286



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 wused for rasterising a vector image,
it is guite 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 1in 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.

OPAQUE OBJECT ALGORITHMS

Figk 2 Characterisation of
ten hidden surface algorithms

(after Sutherland et al.) (F.2)

LIST PRIORITY

APPEL
LOUTREL
ROBERTS

SCHUMACKER
NEWELL
WARNOCK
ROMNEY
BOUKNIGHT
WATKINS

GALIMBERTI

Those algorithms dependant on 1image 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 calculétion of the picturé
display 1in object space uncorrupted by the

resolution of the machine display.
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In terms of the application under consideration, the
object space algorithms make use of the coherence of
the object space and also, generally, use a line
tracing algorithm to c¢lip one object against

another.

However, since the algorithms 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 spacé) 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 1in the

following section.
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F.3.0 POLYGON INTERSECTION ALGORITHM

e

3.

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.

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. 1In
addition the last coordinate is implicitly joined to

the first.
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P.d3. 2

Subsiduary algorithms

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 1is two ordered 1lists
defining a polygon, as described above. The

algorithm returns the area of the polygon as a
positive number if the polygon 1is described 1in 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.
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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 1is

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 modified, if required, so that the coordinate
sequence describes the polygon in a clockwise

manner.

Each 1line of one input polygon is checked
against each line of the other input polygon for
relevant intersection points. Parallel 1lines
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 1list

position.

Each input polygon is marked by an 1integer
descriptor donoting the position of each
coordinate in that polygon list/array.
Coordinates that are present in both polygons

are identically marked.

If no coordinate is found which 1is present 1in
both input polygons, then the polygons do not

intersect.

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
Enclosing rectangles can be
- - drawn round both polygons. If
I T TEST the enclosing rectangles do
E E; . not intersect, then the
: ||
{;BASE || f polygons do not intersect.
| L '
| | in Fig.F.3 across, the
L L J
Lo polygons are rejected
Fig.F.3 Min/Hax
test because: -

TEST min.X >= BASE max.X

2. Inside/outside test

If all the vertices of one

polygon are 1inside the other

polygon and all the vertices
TEST '

of the other polygon are
BASE outside the first polygon,

o then the first polygon is
Fig.F.4 Insige -
Outside test | 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.

BASE

TEST

FigF.5 Inside
Qutside test 2

BASE

TEST

Fig.F.6 Inside -
Qutside test 5

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.
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.

Input polygons copied

A.F.11

Each polygon description 1is copied into a’

temporary x,y coordinate list.

Sense checking

BASE

1 7|

4
TEST

Fig.F./ Sense
checking

Using the area algorithm
outlined in section F.3.2 both

input polygons are checked for

direction of description.
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 1lists would be

changed from 1,2,3,4,5,6 to 6,5,4,3,2,1.

5. Intersection discovery
2 In this part of the algorithm,
) |
BASE the necessary 'new'
b f} a 5 information is calculated by
2 5 checking each line 1in one
Y3
polygon against each 1line in
5 4,
TEST the other.
I
6
_ An intersection point is wvalid
Bask listing chanygos Liom »
1,2,3,4,5 to 1,2,a,3,4,5,b if the BASE 1line intersects

TEST listing changes from ' ) . .
the TEST line within both the

1,2,3,4,5,6 to 1,2,b,3,4,a,5,6

BASE and the TEST 1lines'

Fig.F.8 Intersection length, but not if the
discovery .

intersection point 1is 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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2
' polygons, by creating a
BASE _
reference list for each
I WY 12
-
q o polygon.
¥

.
A This allows the reference list
5
TESL

for each polygon to be

k) "3
Fig.F.8 Polygon manipulated rather than the
marking 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 1in
TEST . .
common, then the polygons do

not intersect. To reach this

A stage, they must of course

Hgflo No interaction have paésed the min-max test.

test
8. Output polygon assembly

t 2

The object of this stage is to
BASE : .
e J2 2 assemble a marked list of the
" o
q T o 4 ‘ . .
s /; output polygon. This 1s then
| TEST
5 used to assemble the
Prom she fhquse coordinates of the output
BASE 1,2,3,4,5,6,7 ’
TEST 8,9,7,10,11,3,12,13 polygon.
Fig.F.l Qutput polygon

assembly - |
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BASE 3,4,5,6.7

TEST 7,10,11,3

Fig.F.12 Output polygon
assembly — 2

BASE b
. o
kT o 4
e FresT |

BASF 3 4,5,6,7,Last
TEST 3,7,10,11,Last
e b '
Fig.F.12 {utout polygon
L.
assembly — 2

From the figure

BASE 4,5,6,7,L,3
TEST 7,%0,11,0L,3
ouTPUT 3

Fig F.14 Qutput polygon
assembly ~ 4
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FIRST STEP. The first

step 1is to discard from

the marked lists any
coordinate that 1is not
inside or on the other
polygon, or is not

adjacent to an area common

to both input polygons.

SECOND STEP. The second

step 1s 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.

THIRD STEP. The third

step 1is to assemble the

output marked list.

If the head of both BASE

and TEST lists are common,

then the output number 1is

that common number. Both
BASE and TEST 1lists are
rotated forwards by one
element.



A.F.15

Considering the BASE list,

" if the number at the head

of that list is not

contained in the TEST list

X
o>

From the figure then that number is added
BASE L,3,4,5:6,7 :

to the output list and the
TEST 10,11,L,3,7
OUTPUT 3,4,5,6,7 BASE llSt is rotated
Fig.F.1o Qutout polygon forward by one element.

assemblv - 9
If the number at the head

of the BASE list 1is
contained within the TEST
list, then  the number at
the head of the TEST 1list
is added to the output
list and the TEST list is

rotated by one element.

If the 1last number has

been reached 1in the BASE

list, then the remainder

of the TEST list.is added

From the figure

FAEE L,3,4,5.6,7 to the end of the output

TEST L,3,7,10,11 list.

ouTpPUT 3,4,5,6,7,10,11

poWgOh If the 1last 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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4.
Fig.F.I7 Output polygon
assembly - 7 5.
3
i s
6 5
i 2
4 3

OUTPUT 1,2,3,4,3,2

Fig.r.18 Output polygon
assempoly - 8

F.3.5 Last remarks

FOURTH STEP. The fourth

step 1s 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

If the

polygon. output

has a clockwise

polygon

sense it 1is wvalid. If it

has zZero area or an

anti-clockwise sense it 1is

not a valid polygon.

The algorithm can return the polygon that describes

the

non-self-intersecting polygons.

the

bounding

below in Fig.F.19.

rigF I8 Successfu|

e
teuiotion of greg <

n
o overlap

N

edges

of

the overlap area of all

ie. it will return

correct polygon for the classes of shapes shown

A.F.1

6

e
L1 TSt [ AN,
nl | I N
rrEEesTT oL T ¥ BASE
Lol s | L1_.BASE AN T
| | : [\
LIBASE L_ ____| JiEST
(b) () (d)
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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.

o= N A
| 7 Fig.n.20 UnsuccessTul
\ # caiculation of area
Vo of overlap
L
\\,’
[ BABE
II ‘\
II \
[
ll \\
/’ Vo e
L————& ik - ¥
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G.1.0 INTRODUCTION

G.

2.

5 n

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.

EXPERIMENT 1

This section contains addenda to the first

experiment.

Questionnaire design

Below is a list of the namés and addresses of the

kitchen desighers contacted with a request for

assistance.

Aberdeen Kitchen

Design Ltd., + Albyn Kitchens

Summerhill Court, l4a, Bon Accord Crescent,
Summerhill Road, ABERDEEN

ABERDEEN
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w Continental Kitchens +Deeside Design Kitchens

of Perth, and Bathrooms,
3, King Street, Aboyne Business Centre,
PERTH ABOYNE
- Ellington Forbes Kitchen
%# Elgin Kitchen Centre Studio,
l64a, High Street, 20, Great Western Road,
ELGIN ABERDEEN
+ Ensign Kitchen . Lager Kitchens
(Installations) Ltd., (Scotland) Ltd.,
24, Market Street, 20, Greenhole Place,
ABERDEEN Bridge of Don,
' ABERDEEN
Home Decor Centre, #* First Studio
Castle Street, 281, Rosemount Place,
TURRIFF ABERDEEN
¥ Fraserburgh Kitchen + Buchan Schreiber
Centre, Furniture Centre,
14, Cross Street, Union Street,
FRASERBURGH ELLON
+Colin Hunter Kitchens Gordon Forbes
Devanna House, Kitchen Studio,
Riverside Drive, Edgar Road,
ABERDEEN ELGIN
Grampian Kitchens %*In-toto Ltd.,
24, Carmelite Street, 92, Rosemount Place,
BANFF ABERDEEN
+Ski Specialised
+ Kitchen Installation, Kitchen Installation,
44, Craigpark Place, 25, Balgownie Place,
ELLON Bridge of Don,
ABERDEEN
+ James Chivas, ¥ Shirras Laing Ltd.,
93, Victoria Road, ‘ 46 /52, Schoolhill,
Torry, B ABERDEEN
ABERDEEN '
++ Rational Kitchen Studio, Victoria Kitchens,
The Vvillage, The Village,
John Street, John Street,
ABERDEEN _ ABERDEEN
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#» Upstairs Downstairs

%x#% The Kitchen Studio, Kitchen Design Studio,

123, Rosemount Place, 82, Walker Road,
ABERDEEN Torry,
ABERDEEN
Valiso Ltd., + Paterson Oldmeldrum,
61, Constitution Street, Eavern,
ABERDEEN Colpy Road,
OLDMELDRUM

Xx#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 guestionaire issued as part

of the first experiment.
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KITCHzN LAYOI
SURVEY /QUEST

uT
TONN

[,

AIRE

Your assistance is requested with this questionnaire. There 1is 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, pleasec

rank

(

the layouts from lst 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

Note:

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.

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:0n the last sheet you are asked to comment on how you decided a

kitchen made better use of available space than another.

For your information only

Each room layout is to the same space (approx lu45 ; this odd scale
is due to the vagaries of reproduction).

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.

Most kitchen appliances (or their housings) are 600 x 600 by 900 mm
high.

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.

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 recognisec
on plan. All have a height of 900 mm.

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)

2. If answer to 1 is

'"other'

staff/student/other.

please describe

................

3. Rank rooms from 1 - 21 in the boxes provided below.

Name

Ared

Space

Kitchen
Kitchen
Kitchen
Kitchen
Kitchen
Kitchen
Kiltchen
Kitchen
Kitchen
Ki1tchen
Kitchen
Kitchen
Kitchen
Kiltchen
Kitehen
Kitchan
Kitchan
Kitchen
Kitchen
Kitchen
Kitchen

Reminder

CHWAVODVOZLIXMAROLC-TOGQTMTMUOW >

- for Area
for Space

s

1

room with least floor area.
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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.........................................................................
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G.2.2 Results and evaluation

There follows tables of results and scatterplots

pertaining to this experiment.

e | |2 Z| = g~?\'é Z 2l 9
SR ) S
Kitchen A [0 0100 15i|0UA 720| 30|24 |24 |30 [2.£]245
Kitchen B |[0b |0 #8ll0000\2 58| 11100[7 20| 51 |24 |74 [ 2433|749
Kitchen C |1 054\ 07|0: 000|277\ 1086|1086 (34 | 36|30 | 56|25 |25
Kitchen D | (0071240008190 |1-04 |11 553532 | Z4 |47 |24 | 300
Kitchen E |10G:|15ZI\0-0901 351070\ 20 |40 |30 |24 |55 |26 |32
Aitchen F 1-00f |1 34210006\ 1464|091 | 1206\ 47 |35 | Z4 |47 | 116|540
Kitchen G {[076|090\0 207 |1- 644 | -0 9-12 | 3-8 |30 |20 |36 | 3% |340
Kitchen W |1 0% (0451008512444 | 1000 |90 |30 |30 |20 |12 |54 |20
aitchen | 102|007 B0l |92 |52 |2 (24 |25 |20 (210
Kitchen J |1 0| 1122|0051 70\ 0H|1052|%6 |50 |24 |36 |27 |37
Kitchen K |40 | 109|020\ 706 095|025 (%5 | %1 |74 (4T |27 |40
Kitchen L {12 0I0\0 47)| 283\ 1903|1280\ 44 |30 |20 |65 |45 270
Aitchen M |105 108 [2203| 2021 0040 [ 4.9 50| 36 | 64| 48] 54D
Kitchen N |10%0 Bl0-112| 5005|1307\ 0B] | 47| 22 |26 |44 | 25210
Kitchen O |1 aic|rictloz| 1| 1-0n| 132044 | 30| 48|54 |48 |42
Kitchen P |I20#|0 M3l 0o | 1-E13\ 098 | 406|232 | 24 |30 | 5-1 | Z{ |20
Kitchen Q |1a7|090|0-098\705 1072486134 | 1-9 | 30|.4Z | 40| 27%
Kitchen R |2 |1750(0-lo1 2072 1107\4 86| B4 |29 |Z 0| 24| 1] |32
Kitchen S |/ 733|128\ 0550\ 15| 1158|1355 |54 | 34 |50 |43 |27 [ 410
Kitchen T |195]|0 4| 0-38|7577 1168|812 |37 |77 |24 |1 |31 |78
Kitchen U |1 00p|081|0 W)\ 3290|1767\ 738 |28 |27 |74 |49 |42 [340

Fig. G.1 Table of computer and nuimerical
evaluations of 21 kitchen designs
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;:ncl e:a Tl | e |0 [P A |- F'g G.2 Table of
gﬁﬁ"i A1 5151555 ‘\:g Bl 3 § | student results
meas g |Gl e | #8565l elal |88 (area rankings)
Kitchen Al ] |52 (22|62 ] | =

Kitchen B | 7. | &=| | / [ |4 |1 | |2 =

Kitchen C 115 1S |1 |I& |4 | 1T |14 {2 14

Kitchen D& 7 112 1t Lk {16 16 |16 |16 15

Kiichen E| 5 (/5 |15 15 |15 |20 |15 |15 |17 6

Kitchen F ! 119 |'7 |17 |2 |21 |18 |20 |8 20

Kitchen Gl [T [T9= {1/ |7 | & |9 |0 |10 =

Kitchen HIA |2 |5 |9 |5 |2 g5 |6 5

Aitchen | | /D 1o=|6 |T=11] |10 [iZ |A |1 10

Kitchen J [0 [ [ |13 |15 |14 |13 (1% |13 12

Kitchen K| /7 |2 10 |9=19 12 Tio i1 |9 1

Kitchen L |/7 |20 |15 |16 12 [1% 19 17 |4 17

Kitchen M|Z0=|21 (70 121 (19 |19 |20 (21 |9 Zl

Kitchen N2 |14 {4 (12 Jlo |15 |14 ]2 |5 1%

Kitchen O | /2 |7 |16 |20 17 |1& {7 |ID |7 1

Kitchen P |7 [Z [ |6 6 |5 |7 |56.5 A

Kitchen Q& (S5 |# (5 1IZ |6 |5 |7 |7 47

Kichen R19 [0 [9=[7 1o |7 [4 19 |5 2

Kitchen S |20=118 |17 /9 120 [I7 |21 |19 |2/ 9

Kitchen T| 3 |1 (& |4+ (£ |2 |5 |4 |4 4

Kitchen U[-+ [/ (2 |2 |5 |1 (2.3 |3 %

Dnd Vo v CL; ‘(\ ‘r \(\ El - ) < - Flg G.3 Table of
ﬁhdleqfn 8|S ls|s|§|8 |88 g student results
ren<ng o 15 13 T3 | 3 SI3|3 |2 az - -
spaces . \g;{ HE AR Tr—} T RIR|T §u| (efficiency rankings)
Kitchen A [ |5 [15=|15 |14 |12 |7 [19]9 |6 2

Kitchen B -L 12 16 e A ! Z1& |18 {4‘

Kitchen C | /% |11 |12 |17 {14 | £ | % |17 |Ib 1%

Kitchen D10 |20 |5 |6 |11 | !®2]! 9 |Z 17

Kitchen E 121 121 |20 |4 lz0 |19 |20=('® |7 5

Kitchen F |20 |4 |3 |3 (2! |17 [20=|21 |1 %

Kitchen G| 9 |10 15 |9 |4 |10 |7 15 17 I

Kitchen H{ | |5 |6 |I6 |10 | & |8 |4 |4 7

ditchen | {17 |»=(10 |19 |17 | 6 |13 |13 |l [

Kitchen J |2 |1 |4 12 |6 |I1Z |1l |2 |O b

Kitchen K| 5 (1529 |20 {9 |9 |12 |2 1% ]

Kitchen L |17 119 || |/ [1& ]2 |14 [& |10 2l

Kitchen M| [i7 |8 |5 [IZ |16 |15 |1 |5 =

Kitchen N|7 |2 |16 [ [2 5 |5 |16 19 Y
{Ktcheno |15 (o (20 1o |1 |1 |18 |7 |15 q

Kitchen P |14 |2 [19 |10 |2 |i& |4 |12 |4 4

Kitchen O |6 |14 |14 [1Z2 |2 |2 19 |5 |3 10

Kitchen R|1Z |2-12 |2 |16 |15 10 |4 | D b

Kitchen S |19 |13 |7 |21 [i5 |2 |0 |20 |12 7

Kitchein T i?; | 17 (I 7 |4 & |10 |21 !g)

Kichen U2 [5 [T (5[ |3 |1 [ |4 M
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Staft | Fig- G4 Table of staff results
rkina o et (efficiency rankings)
e 9| 2
g,paues. %)
Kitchen AL ( |iL=
Kitchen B |% | &~
| Kitchen C | 5 182
Kitchen D | |? |2=
Kitchen E | 2\ |20=
Aitchen F | |5 |20%
Kitchen G| 71l4¢
Kitchen H| \B| |
Aitchen || 4 ||}
Kitchen J | 20|14+
Kitchen K || 4=
Kitchen L| 14| b
Kitchen M| Z.|4:
Kitchen N “? &=
Kitchen O | 10|82
Kitchen P | 4 |iZ¢
Kitchen Q U 14-
Kitchen R 2 ZZ ]
t c L | 7=
if;::: ? 1‘:? l’&, F1g.G.5 Table of computer and
TE— i N T numerical evaluations
(rankings)
i, ; YE. 2] ed s
A EI AR S I EE IR
o R N - Ll 2dlagSes 4 [T}
18§ &3 e
NN S o R RSl NS L Nk | N - (%3
Kitchen A | #= |15 |iz= |3 |2 |i= |z=|4= 1= |2 |+ |4
Kitchen B |14 2 |/= |17 (4= |i= |4 |4=|1=]5 [B=]|b
Kitchen C 117 |7 |1= |16 |1% |l [il=|0=[l]= |4 |/1:|5
Kitchen D4 |2 |6 (10 |12 |15 |10 [18=]1z |12 |- (4=
Kitchen E|9 |2/ |10 |1 |4 |io |le |ID=]l= |#= |11 |9=.
Kitchen Fl 72|04 |Z |3 |20 |17 |'g=|1= |4 | |7
Kitchen G |2/ |4 (19 |4 |II |7 |15 [i0=]|il= |2 |57 |-
Kitchen H| 12 |% |9 1% |7 |5 |27 |10=|l/= |9- |ZI |ll=
Kitchen | | ! {16 (15 |6 |B |10 |5 |lb=|I= |27 |22] 1<
Kitchen J |8 | B 15 (6 12 (=19 |I= |7 |5° |14
Kitchen K[ 17|10 |7 |4 |1 |1} |é= |16z 1= |I52 D= |/3=
Kitchen L-| % |19 |20 |19 |z |17 |!8=|ip=|il<|70 |I& |6
Kitchen M| 1% (1 /% 15 |[I4= |2Z] |2 |10= |19=|2 192 |15+
Kitchen N |7 |7 [i7 (20 |20 (17 |20 |3 [19:=11% |5 |/~
Kitchen O |2 (12 |5 |1 {4 |15 |8 |ID= |2 |1H |19#|2)
Kitchen P [10%|& |72 |7 |4 |& [6=]7 (=117 |3 |&
Kitchen Q | 5= 6 |11 [z {10 |6=18= |/ [lI=19= |15 |#
Kitchen R | 5% (19 [IZ=|14 |6 |B= (B2 (& |- [|! |l=
Kitchen S |16 |7 |21 |8 |I7 |4 |l=|D=)l= |7 |67 |2
Kitchen T _!v_7¢ A 6 |3 (fo 4 M Z = 1% |4 |7
Vineren D Lmaly Tyz 20 19 1% 1) 16 | 1= [152]1b7|1%¢
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STUDENT
27.0+—
* 3 2 2
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Fig. G.9 Scatterplot of student results

floor areq values
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Fig. G.10 Scatterplot of student results against ranked
major dimension of room value
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Fig. G.11 Scatterplot of student results against ranked

minor dimension of room value
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Fig. G.12 Scatterplot of student results agdnst ranked

m. run of appliances value
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Fig. G.13 Scatterplot of student results'against ranked
m.run of worktop value
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Fig. G. 14 Scatterpiot of student results against ranked

m.run of high level units value
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STUDENT
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Fig. G. 15 Scatterplot of student results against ranked
m. run of doors and windows value

EXPERIMENT 2
This section <contains addenda to the second

experiment.

Questionnaire design

Below is a sample of the questionnaire used in this

experiment.
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KITCHEN LAYOUT
SURVEY/QUEST IONNAIRE

Your assistance is requecsted - with this
questionaire/survey. There 1s a2 great deal less work
involved than the number of pages imply. If you are a
student rest assured ‘that the guesticnaire forms no
part of your coursework and will not be ‘'eassessed' by
any member of staff. In eéeny case, 2all completed
guestionaires will be treated in the Strictest

confidence.

If you've got down to here you must have veolunteered -
so thanks for the help.
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WHAT YOU SHOULD DO.

A selection of ten pairs of kitchen layouts are
presented to you in the following pages.

please mark with a large tick, which kitchen of the
pair presented on each page, mekes BETTER use of the
avalilable space. In each «case the room shape 1=
identical and the number and type of furniture units is
the same.

Also, please write your name on the front cover of the
guestionaire before returning it. Thank you. ‘

FOR YCUR INFCRMATION ONLY.

1. Each room layout is to the s
L:d5s the o0dd =scale 1s Ccu
regroduction) .

2. 211 windows are set with & sill heicht of 1050mn
and a head height of 2100mm. Doors are full length
and have a head height of 2100mm.

3. Most kitchen appliances (or their housings) are
6006%x600x900mm.

4. Exceptions ere fridce/freezers (F/F
(O) &and" tell cugboards (600x600 an
diagonal line) which are 200C0mm hig

oven housings
arkec with e

-

5. Most work top covered Lkase wunits eare €00x600,
though some rooms also have 600x500 and 60Cx3CC
units. . These are easily recognised cn plan. 211
have & height .of S00mm.

6. High level units (marked by a diagonal line running
through them) &are generally 300x600, though again,
300x500 &nd 300x300 units have been wused 1in some
rooms. All high level units are 650mm high and are
set at 1350mm from ground level.
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A.G.37

G.3.2 Results and evaluation

Below are tables of results for each sub-group.

Nomenc $ | E = | o ¥
ggjj SRR AE R HHE
TQud)| & |2 % s | ¥ %S Y

Kmdmn 1a | 1-00) 11381010/ | 15480 97
Witchen 1b |[004 |12 |0051|1%57 |0 85 bbb
“Kitchen 2a | [014]0 458 0000\7 527|160 E

Kitchen 2b |1-016 |085|0 055|728 |10} b | b
Kitchen 32 |- 407|1-20] 0%8] [ 900 1 441 a2 |2
Kitchen 3b{[-a0/ \| 40 00341476\ 1%

Kilchen 4a iy | 1240 0000|1726 |0 9/1 ala |3
Kitchen 4b| -0 |57 0006|1444\ %54

Aitchen Sa|[080]1 8210071757 101 3|3
Kitchen 5b| 000|182 0-08I\1 877|075 b

Witchen Gall 0 |10\ 0-47)|7 85| 1%3

Kitchen 6b|1-017 |1 120\0-103| 7 740]1 7% b | b |b
Kitchen 7a {1005 | 1DH| 0-203|12 1031100

Kitchen 76{105|1 07 09111311016 b |b|b
Kitchen 81 /_?_;_ﬁ 0951007 2417 I-175 L a i d
Kilchen 8b {10380 %84 |0-132 | 5013 1-307

Kitchen Sa | WZ|1%5] D 1INZ 001|107, ERECEE
Kitchen ab|i-@Z || 2501010/ {707 |1 107 b

Kt chen 10al [ 033\ 1-213| 0 551\ 1 8% 1155 L
Kitchen 10b Tﬂ-ﬁ 1213|0376\ 1- 207\ 0- B! bl blb

Fig. G.16 Table of computer evaluation of
ten pairs of kitchens
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N A EEE
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IS 3 F3 8|S |I|E8S |8 |E s
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chen b [ VIV VIV VA ST 12 1000
Wa IV WV e LV |12 10001+ (c0-0
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tlchen 5a| v |V | V||V v s 8 b |34
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Kitchen 6b v v -~ [ v o 5 A57
itchen 7al |V VLV i | v’ 5 b7 "534
Kitchen 7b v’ o v | 4 753
kitchen 8a |~ | v~ v el ala 7 583kb ¢
Kitchen 8b Nave vl v vl 5 41-?
Kitchen 9a |~ v NV v 7 585 |4lb b
Kitchen 9b o v v v | v 5 47

|t chen 10a o v v Z 750 |-500
tilchen10b| [ v v [ v v o v 9 750

Fig. G.17 Table of staff results

AR RE
. > ~e
Tak2 w&mé@&%ﬁég%@ \Jg _“5
Kilchen 1la v ! Wl =778
Kitchen 1b | o AN P 4679
Kitchen 2a | 7 vl R L e L R R 3 b64 |r 715
Kitchen 2b v ! W
Kitchen 3a v I v 4 edi-nag
Kitchen 3b| - v V| v 5 554
Kitchen 4a) | 7| v Vv 4 44 ]-n-2
Kitchen 4b Vv Vv w* 5 554
_Ailchen 5a s v VT VI 5 654+
Kitchen 5b w | o v’ v’ 4 A4
Kitchen Ga v’ v E 553 354
Kitchen 6b| v | »| v~ v 6 667 ]
Kitchen 7a _\_/: v~ :/_ 5 %33 —3";47
Kilchen 7b| - v | v T 4 667
Kitchenga| ||V IV IV | 1) 16 bbT | 4354
Kitchen 8b] ard 3 3%3
Kitchen9a| . 7| o« |~ v’ v 5 5541
Kitchen 9b N v v v 4 444
KitcheniOa| o | v |V |v~ Ve s 5562
Kitchen 10b N vt a 4 ‘H‘f
Fig. G.18 Table of post-part I architecture student results
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Fig. G. 19 Table of 3rd year architecture student results

ats | T <y <~ |\ | 0| P G | o
T@@El‘ésﬁwgg ol
S90S S |S8|S|33 S| |8 TYE

Kitchen la e / 2 AT
Kitchen 1b Il o L | | - 7 774
Kitchen 2a | - vl o o P R 8 289 \T1 8
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Kitchen 4a| - = | o | B ) 7 T)-4 554
Kilchen 4b — R 7 27
Ailchen 5al ~ 7| v~ | o i & bb 7 |33 4
Kitchen 5b vard v . 5_ %53
Kitchen Ga| .~ | o~ o 2 135 =354
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i S EINIEI R IR ENE
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Fig. G.20 Table of 2nd year architecture student results
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Fig, G. 21 Table of 3rd year home economics student results

A.G.40
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Kitchen 8b / S T2 b
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= > > T Q| e
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Fig. G.22 Table of 2nd year home economics student results
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— oy D g
e ISIEIEISIE] (B] feely
W |2 || L |2 9
Kitchen 1a v ! 100 |00
Kitchen b | | || 4 86-0
Kitchen 2a { v | | v | | v~ g 00-D |#1000
Kilchen 2b o ) 00
Kitchen 3a o I 700 |00
Kitchen 3bj | /| v |~ 4 &0
Kilchen 4af .| | . |« Z 00 |+20-0
Kitchen 4b s o 2 100
Ailchen bal o | V7| v~ % 00 o0
Kilchen 5b| | 7 L{—,_O—-O
Kitchen 6af .~ o | 3z 400100
Kitchen 6b v’ v Z ,{00
Kitchen 7a v ! D0 |-4b0
Kitchen 7blo~ [V | v | v 4 800
Kitchen 8| v | v~ v k] 600100
Kitchen 8b e v 2 400
Kitchen 8a| | z 020
Kitchen 9b |~ | v~ — 3 )
Kitchen10al " / RARTRY
TKitchenob| [T T 4 R
Fig. G.23 Table of miscellaneous respondant
results
EXPERIMENT 3
This section contains addenda to the third

experiment.

Questionnaire design

Overleaf are two examples of the open questionnaire

used in this experiment.
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OPEN QUESTIONNAIRE

Name: A.G.42
1. When evaluating how good g domcstlc ki tchen
layour is, wha- i1s the firgt thing vou conss der?-

b

2. no. of elements
3. overall room shape
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i O 4
; ; T
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W\k LDDK(}J' Da{,vx
KL»{ Jakkunmmpvo be covsdered  ave %%ﬁ%L/S “
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ww/ av\d Q&‘i’\m__j
e wews V‘ﬁ‘wﬁ 5:? leclom .

pcoﬁi vbaihmtﬁ b

Fh

O
—
o))

2. What would be vyour ideal room shzape
domestic kitcchen?

1. square
2., Rectangular

3. What 512; Wé Mmb Mﬁﬂ9~£ 300& \'3&710\1'{'
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OPEN QUESTIONNAIRE

Name= | A.G.44
J—
1. When evaluating how good a domestic kitchen
layout 1s, what 1s the first thincg vou consider?
1. relationship between units
2. no. of elements
3. overall room shape
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What would be vyour 1ideal room shape £for. a
domestic kitchen? :

1. Square
2. Rectangular

3. What sgize?
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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

)

enro' circulation
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Which appliances bear the most critical
relationship to each other?

1. cooker/sink/fridge

2. sink/window

3. negative relationships
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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.1l below.
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H.2.0 METHCDOLOGY
The mathematical basis of the efficiency factors has
aiready been discussed in earlier chapters. 1In 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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H.3.0 SPACE EFFICIENCY PENALTY

fany
(9F]

This penalty is given by:-

P.H+22
4{V/c.c+2v/c
where: -
» 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
NOTE. throughout this appendix all dimensions are

in millimeters.
Substitutions

V=((3000x4400)-(600x650))x2300
=1.281E+7 x 2.3E+3
=2.9463E+10

P=3000+4400+600+24004+650+3750
.=1.48E+4

c=2.3E+3
H=2.3E+3

A=((3000x4400)-(600x650))

(
1.281E+7

Substituting in;-

SP=(1.48E+4 x 2.3E+3)+(2 x 1.281E+7)

4ﬂ2.9463E+10/2.3E+3TX2.3E+3+2(2.9463E+10/2.3E+3)
=5.966E+7/(3.293E+7 + 2.562E+7)
=1.0185568

This matches the computer value of 1.01899587018
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H.4.0 VOLUME UTILISATION

This penalty 1is given by:-

TV

n m
§(REVmax)+2(FEUmax)

where: -
TV = total volume of room
REUmax = maximum user area of a single room
element
FEUmax = maximum 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

Element volumes
Below the volumes of each of the furniture elements

and room elements are identified.

1. FR/FRE
Volume=(600x600x2000)+ (950x1000x2000)
=2.62E+9
2. OVEN
Volume=(600x600x2000)+ (1100x700x2000)
=2.26E+9
3s WTRC
Volume=(600x1200x1350)+ (600x1000x1350)
=1.782E+9
4. WASHG

Volume=(6OOX6OOX1350)+(850x1000x1350)
=1.6335E+9
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10.

11.

12.

13.

14.

WT300

WT500

WT600

SINK6

HOB

WTLC

HL600

HLC60

HL300

HL500

Volume=1350x1600x300
=6.48E+8

Volume=500x1600x1350
=1.08E+9

Volume=600x1600x1350
=]1.296E+9

Volume=(600x1200x1350)+(850x400x1350)
=1.431E+9

Volume= (600x600x1350)+ (700x600x1350)
=1.053E+9

Volume=(600x1200x1350)+ (600x1000x1350)
=1.782E+9

Volume=1300x600x650
=5.07E+8

Volume=(300x600x650)+ (300x1000x650)
=3.12E+8

Volume=500x1300x650
=2.535E+8

Volume=650x500x1300
=4.225E+8
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15. WINDOW

Volume=1500x1050x200

=3.

16. DOOR (small)

15E+8

Volume=( (400x600)-(100x50)+(100x300))x2100

=5.

17 DOOR (large)

565E+8

Volume= ((600x800)-(100x50)+ (100x400))x2100

=]1.0815E+9
H.4.2 Calculation
Substituting in:-

n

53(REUmax)=3.15E+8 + 5.565E+8 + 1.0815E+9

! =1.9530E+9

o ‘

<,(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.
+0.
+0.
+0.

=2.

Il
N

VU

296E+9 + 1.296E+9 + 0.507E+9
312E+9 4+ 0.2535E+9 + 0.4225E+9
4225E+9 + 0.507E+9 + 0.507E+9
312E+9 + 0.2535E+9 + 0.2535E+9
4358E+10

.9463E+10

This value matches

1.1197978032

.6311E+10

.1197978

that of the computer which 1is
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H.5.0 OVERLAP PENALTY

This penalty is given by:-

n-\

QAo

™M € {

(OVr.Pr+§KOVns.Pns))+§(OVr.Pr+%(OVns.Pns)+;§OVms.Pms))

n ™M
SIVR +2VF
] t
where: -
VR = volume of an individual room element
VEF = 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
welghting factor for those elements
r = subscript indicating room edge being
used as one of the conflicting elements
ns = subscript indicating that a room element
is one of the conflicting elements
ms = subscript indicating that a furniture
element 1is one of the conflicting
elements
e = i : Al Da | U
rigf2 ir/fre = Qven Overiap Penally [QQ
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EEGRDR) M eyaecgy
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T |
y Zr—=a—— k 12) g1
§ )
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H.5.1 Intermediate Steps

1. Room elements

1. No room element overlaps the room edge.

2. No room element overlaps any other

element.

‘2, Furniture element n=1 (HLC60)

1. Does not overlap rcom edge.

2. Does not overlap any room element.

3. Cannot overlap any previous
element.

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=1
1. 2-2 overlap=(300x300x650)x5=

2-3 overlap=(300x300x650)x3=
3-2 overlap=(300x300x650)x3=
3-3 overlap=(300x300x650)x2=
Weighted overlap penalty = 7.
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=
2-3 overlap=(300x350x650)x3=
3-2 overlap=(300x600x650)x3=
3-3 overlap=(300x600x650)x2=
Weighted overlap penalty=1l.1
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furniture

2.925E+8
1.755E+8
1.755E+8
1.17E+8
605E+8

3.4125E+8
2.0475E+8
3.51E+8
2.34E+8
31E+S
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Furniture elements n=4, n=5 (HLC60, HL60O0)

1.

7

3

Do not overlap room edge.
Do not overlap any room element.

Do not overlap any furniture element.

Furniture element n=6 (HL300)

1.

2

Does not overlap room edge.
Does not overlap any furniture element.

-

Overlaps with furniture elements n=4, n=5

1. 2-2 overlap=(300x300x650)x5=2.9375E+8
2-3 overlap=(300x300x650)x3=1.746E+8
3-2 overlap=(300x300x650)x3=1.746E+8
3-3 overlap=(300x%300x650)x2=1.17E+8
Weighted overlap penalty=7.605E+8

2. overlap=(300x350x650

2-2 ( ) 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=1l. 131E+9

Total weighted overlap penalty=1.8915E+9

Furniture element n=7 (HL300)

1.

2.,

Does not overlap room edge.

Does not overlap any room element.

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=1.4625E+8"

Total weighted overlap penalty=2.4375E+8
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10.

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 overlap with any room element.
3. Overlaps with furniture elements n=1, n=3
11 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=1.0335E+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+38
Weighted overlap penalty=1.538875E+9

Total weighted overlap penalty=2.572375E+9

Furniture element n=10 (HL500)

1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps with furniture elements n=1, n=3

1. 2-3 overlap=(200x300x650)x3=1.17E+8
3-3 overlap=(200x300x650)x2=0.78E+8
Weighted overlap penalty=1.95E+8

2. 2-3 overlap=(350x200x650)x3=1.365E+8
3-3 overlap=(200x600x650)x2=1.56E+8
Weighted overlap penalty=2.925E+8

Total weighted overlap penalty=4.875E+8
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11x

12.

13.

Furniture elements
1. Do not overlap
2. Do not overlap

3. Do not overlap

Furniture element n=

1. Does not overla
2. Does not overla
3. Overlaps furnit

I

eighted ov

Furniture element n=

1. Does not overla
2. Does not overla
3. Overlaps furnit

]

overlap=
ghted ov

overlap=
ghted ov

Total weighted

-3 overlap=
-1 overlap=
-2 overlap=
-3 overlap=
-2 overlap=
-3 overlap=

2-2 overlap=
2-3 overlap=
3-2 overlap=
3-3
We il

2-2 overlap=
2-3 overlap=
3-2 overlap=
3=3
Wei

n=11, n=12 (WTRC, WTRC)
room edge.
any room element.

any furniture element.

13 (WTLC)

p room edge.

p any room element.

ure element n=12
(600x100x900)x4=2.16E+8
(600x100x900)x4=2.16E+8
(600x400x1350)x5=16.2E+8
(750x600x1350)x3=18.225E+8
(750x600x1350)x3=18.225E+8

(1100x600x1350)x2=17.82E+8
erlap penalty=7.472E+9

14 (WT300)
p room edge.
p any room element.

ure’elements n=13, n=12

(300x600x1350) x5= l 215E+9
(300x600x1350)x .729E+9
(300x600x1350)x3=0.729E+9
(300X600Xl350)x .486E+9

erlap penalty=3. 159E+9

(50x600x1350)x5=0.2025E+9
(300x600x1350)x3=0.729E+9
(50x600x1350)x3=0.1215E+9
(300x600x1350)x2=0.486E+9
erlap penalty=1.539E+9

overlap penalty=4.698E+9
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A H.11

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
¥ -2 overlap=(50x450x900)x6=1.215E+8

1-2 (

1-3 overlap=(50x600%x900)x4=1.08E+8

2-2 overlap=(700x450x1350)x5=21.2625E+8
2-3 overlap=(700x450x1350)x3=12.7575E+8
3-2 overlap=(700x600x1350)x3=17.01E+8
3-3 overlap=(700x600x1350)x2=11.34E+8
Wel

ghted overlap penalty=64.665E+8

2-2 overlap=(400x450x1350)x5=12.15E+8
2-3 overlap=(450x700x1350)x3=12.7575E+8
3-2 overlap=(400x600x1350)x3=9.72E+8
3-3 overlap=(700x600x1350)x2=11.34E+8
Weighted overlap penalty=45.9675E+8

2-2 overlap=(450x50x1350)x5=1.51875E+8
2-3 overlap=(450x50x1350)x3=0.91125E+8
3-2 overlap=(600x50x1350)x3=1.215E+8
3-3 overlap=(600x50x1350)x2=0.81E+8
Weighted overlap penalty=4.455E+8

Total weighted overlap penalty=1.150875E+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=1.0125E+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. Furniture element n=18 (OVEN)

L.

2.

Does not overlap room edge.
Does not overlap any room element.

Overlaps furniture elements n=11, n=3, n=2,

n=9, n=10

i overlap=(50x650x1350)

overlap=(50x900x1350)x3=1.8225E+3
(

2 x5=2.19375E+8
3
2 overlap=(50x650x1350)x3=1.31625E+8
3
i

2_
2_
3_.
3-3 overlap=(50x1000x1350)x2=1.35E+8
Welghted overlap penalty=6.6725E+8
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=1.755E+8

4. 2-3 overlap=(150x500x650)x3=1.4625E+8
3-3 overlap=(150x500x650)x2=0.975E+8
Weighted overlap penalty=2.4375E+8

5. 2-3 overlap=(150x400x650)x3=1.17E+8
3-3 overlap=(150x500x650)x2=0.975E+8
Weighted overlap penalty=2.145E+8

Total weighted overlap penalty=1.50675E+9

18. Furniture element n=19 (FR-FRE)

L

Overlaps room edge.

1. RE-2 overlap=(100x50x2000)x6=0.6E+8

RE-3 overlap=(100x50x2000)x4=0.4E+8
Weighted over;ap penalty=1.0E+8

Does not overlap any room element.
Overlaps furniture element n=138

overlap=(700x300x2000)x5=21.0E+8

(
-3 overlap=(700x300x2000)x3=12.6E+8
(

1. 2-2
2-3
3-2 overlap=(900x300x2000)x3=16.2E+8
3-3
We i

-3 overlap=(1000x300x2000)x2=12.0E+8
ghted overlap penalty=61.8E+8

Total weighted overlap penalty=71.8E+8
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19. Furniture element n=20 (WASHG)

L.

2.

Does not overlap room edge.

Does not overlap room element.

Overlaps furniture elements n=11, n=18, n=19
1. 2-2 overlap=(650x600x1350)x5=26.325E+8
2-3 overlap=(650x600x1350)x3=15.795E+8
3-2 overlap=(750x600x1350)x3=18.225E+8
3-3
Wel

-3 overlap=(850x600x1350)x2=13.77E+8
eighted overlap penalty=74.115E+8

2-2 overlap=(100x750x1350)x5=5.0625E+8
2-3 overlap=(100x750x1350)x3=3.0375E+8
3-2 overlap=(450x850x1350)x3=15.49125E+8
3-3 overlap=(450x850x1350)x2=10.3275E+8
Weighted overlap penalty=33.91875E+8

3. 2-3 overlap=(50x700x1350)x3=1.4175E+8
3-3 overlap=(50x850x1350)x2=1.1475E+8
Weighted overlap penalty=2.565E+8

Total weighted overlap penalty=1.1059875E+10

20. Furniture element n=21 (SINK6)

1

25

Does not overlap room edge.
Overlaps room element window.
1. W-2 overlap=(550x200x300)x3=0.99E+8

W-3 overlap=(550x200x300)x2=0.66E+8
Weighted overlap penalty=1.65E+8

Overlaps furniture elements n=12, n=13,
n=14, n=15, n=16, n=17

1. 2-2 overlap=(125x400x1350)x5=3.375E+8
2-3 overlap=(125x400x1350)x3=2.025E+8
3-2 overlap=(125x400x1350)x3=2.025E+8
3-3 overlap=(125x400x1350)x2=1.35E+8
Weighted overlap penalty=8.775E+8

2. 2-2 overlap=(125x150x1350)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=1.35E+8
Weighted overlap penalty=5.4E+8
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A H.14

B 3-2 overlap=(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

1-3 overlap=(100x600x900)x4=2.16E+8
3-1 overlap=(100x600x900)x4=2.16E+8
2-2 overlap=(600x150%1350)x5=6.075E+8
2-3 overlap=(600x500%x1350)x3=12.15E+8
3-2 overlap=(600x750x1350)x3=18.225E+8
3-3 overlap=(600x1100x1350)x2=17.82E+8
Weighted overlap penalty=58.59E+8

5=1.265625E+38
3=2.025E+8
x3=0.759375E+8

overlap=(125x150x1350)
overlap=(125x400x1350)
overlap=(125x150x1350)

ww NN
| |
W W
Pl

~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=1.08E+8

W-3 overlap=(600x200x300)x2=0.72E+8
Weighted overlap penalty=1.8E+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=(125x400x1350)x3=2.025E+8
3-3 overlap=(125x400x1350)x2=1.35E+8
Weighted overlap penalty=8.775E+8

3 overlap=(600x100x900)x4=2.16E+8

1 overlap=(600x100x900)x4=2.16E+8
-2 overlap=(600x400x1350)x5=16.2E+8

3 overlap=(750x600x1350)x3=18.225E+8
2 overlap=(750x600x1350)x3=18.225E+8
-3 overlap=(1100x600x1350)x2=17.82E+8
Weighted overlap penalty=74.79E+8

Total weighted overlap penalty=8.5365E+9
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22, Furniture element n=23 (WT500)
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=1.05E+8
3. Overlaps furniture elements n=18, n=19, n=11
1. 2-3 overlap=(200x100x1350)x3=0.81E+8
3-3 overlap=(200x450x1350)x2=2.43E+8
Weighted overlap penalty=3.24E+8
2!y 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

23. Furniture element n=24 (WT300)

1. Does not overlap room edge.
2. Does not overlap any room element.
3. Overlaps furniture elements n=11, n=18§,
n=19, n=20
1. 2-2 overlap=(50x600x1350)x5=2.025E+8
2-3 overlap=(300x600x1350)x3=7.29E+8
3-2 overlap=(50x600x1350)x3=1.215E+8
3-3 overlap=(300x600x1350)x2=4.86E+8
Weighted overlap penalty=15.39E+8
2. 2-2 overlap=(300x100x1350)x5=2.025E+8
2-3 overlap=(300x100x1350)x3=1.215E+8
3-2 overlap=(300x450x1350)x3=5.4675E+8
3-3 overlap=(300x450x1350)x2=3.645E+8
Weighted overlap penalty=12.3525E+8

3. 3-2 overlap=(50x100x1350)x3=0.2025E+8
3-3 overlap=(50x300x1350)x2=0.405E+8
Weighted overlap penalty=0.6075E+8
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2-2 overlap=(150x650x1350)x5=6.58125E+8
2-3 overlap=(250x650x1350)x3=6.58125E+8
3-2 overlap=(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
a o=
2((0Vr.Pr)+g(0Vns.Pns) )=0
5 ‘ e
S (OVr .Pr)+ Q(OVns.Pns)d»ﬁ(OVms .Pms) )=
] ] )
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 ™M
S\WVR+SVF=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

A.H.17

This penalty is given by:-

where: -
n
m
AXLap.W
ALap

(AXLap.W)

-M2l-Nas

(ALap/2)

no of failed association pairs
no of possible association pairs
weighted excess length of failed

association pair
length permitted
maximum distance
association pair

between minimum and
apart for a possible

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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6

2

Preliminacry st=2ps

1.

2,

HLC60 /HOB
HLC60/SINK6
HL300/HOB
HL300/SINK6
HL600/HOB
HL600/SINKG
HLC60/HOB
HLC60/SINKG
L500 /8928
HL600/SINK6
HL300/HOB
HL300/SINK6
HL390/HOB
HL300/SINK6
HLC60/HOB
HLC60/SINK6G
HL500/HOB
HL500/SINKS
q9L500/HOB
1L590/SINKS
403 /WINDOW
HOB/DOOR
193 /D0O0R
OVEN/HOB
OVEN/SINKGS
OVEN/FR-FRE
FR-FRE/HOS3
FR-FRE/SINKG
WA3HG/SINKS
SINX6/H08
SIYX5/WINDOW

Total of possible

HOB /OVEN

HOB/FR-FRE

(45900-1365) /2
(4500-1365) /2
(4500-1305) /
(4500-1305),
(4500-1365)
(4500-1365),
(4500 1365),
(4500-1365)
(4500 1.365) ,
(4500-1365),
(4500-1305),
(4500-1305),
(4500-1305),
(4500-1305),
(4500-1365)
(4500-1365),
(4500-1350)
(4500-1350),
(4500-1359),
(4500-1350),
(4500-18909)
(4500-1259),
(4500-1250),
(2290-1.3210),
(2830-1320)
(2329-1290),
(2880-1320)/
(2830 - 13?0)
(1520-19) /

(2270—170J)/2
(2150-19) /2

R \\O\‘\\\\\\\\\*\\\\\\\\\\\\\\\\\\\\\\\\
0N D0 N N DO R N PO NI NN DR N 0NN NN NN NN NN

T V{1 U 1 [ T 1 | | | e 1 1 A | A [ A

- panalty pairs

distance apart
failure distance
penalty factor

distance apart
failure distance
oenalty factor

366

=1567.
=1567.
=1597.
=1597.
=1567 ..
=1567.
=1567.
=1567.
=15867.
5561
=1597.
=1597.
=1597.
=1597,
=1567.
=15

=1

57.

=1575
=1575
=1575
=1575

4.6.1 Preliminary steps - possible association pairs

U U1 U o1 u U1 U U o Ut o1 ot Ut

association Dairs=42135

.1935
+.1935
. 1935 %5
.9675

. 7478

. 7473
.7473%5
2 139

A H.18
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3. SINKS/FR-FRE distance apart =3209.7507
failurz distance =329.7507
penalty factor =329. 75075
=15648.7535
4. BINK6/0VEN distance apart =2915.90456
failur=s distance =35.9046
penalty factor =35.9046%5
=179.523
5. OVEN/FR-FRE distance apart =500
failures distance =-500
Denalty factor =570x4
=24990
6. SINK6/WASHG distance apart =2000.1552
failure distance =430.1562
paazlty factor =430.1562x%4

{ . =1220.5243

The total penalty factor for all failed association
o2irs is 19343.605

d.6.3 Substitution

N
S (AXLap.W)=19343.606
Z(aLap/2) =42135

Thus AP=19843.605/42135
=0.470953

This matches the appropriats computer value.
H.7.0 RFFICIENZY RATIO
The efficiency ratio is given by:-

(SP+VU+0P+AP) /4

where: -

3P = space =2fficiency p=2nalty
VU = volume utilisation penalty
OP = overlap penalty’

AP = association penalty
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Substituting inj;-

5|
)

(1.01829583+1.1197978+2.8429126+0.470953) /4
1.363155

]

'is matches the computer wvalu=.

ZONCLUSIONS

The computer model is numerically accurate, within
the limits of arithmetic accuracy impos=d by the

electronic calculator with which it was chacka3.

368



ot 1/ ',-" '

e

! S

; =7
L APPENDIX I

oot NOTE ON EXTERNAL

: : SUPPLEMENT TO THESIS

CONTENTS

I.1.0 INTRODUCTION

sl ol Work forming
part of research project

iz e2 Proposed additional work

369



I.1.0 INTRODUCTION

This appendix indicates additional information
pertaining to the research project, but not included

in the body of the thesis.

T.1.1 Work forming part of the research project

This sub-section lists reports coapli=ted 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, lst. May

1985
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6. Paper presented at ASSA CAAD Seminar, Edinburgh

1985

I.1.2 Proposed additional work.

This sub-section lists reports completed,or to Dbe
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.
i 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 1986.
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