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ABSTRACT

Tïris thesÍs presents an operative architectural
experiment Ín interact,ive corputer graphics and conputer
aided bullding deslgn. An inËeractíve computer graphícs
based nethod fs described for the di.rect rnachÍne encãding
of building deseriptÍons. The nethod is designed to
pe.rmlt an arctritect, whlle creating a series of plan
sectÍon drawings of a building dÍrecrly on the screen of
a couputer graphics ter-minal, t,o automâtically generaÈe a
dlgltal daÈa base within a computer that describes thegeoretly, topology, and attribuËes of thar building,s
enclosures and eoclosiug surfaces. Ttre rneËhod makes use
of e pl.anar graph analogy, in whieh the drawings are
treaÈed as planar graphs and the building as a three
dimensional nerwork overlay of these graphs. The building
data base so generated by the nethod may be subsequentty
used in conJunction wlth other programmed rnethods t,o
algorithuically examine aspects of that building"s
deslgn. an ínteractive conputer graphic systen, knovrn as
GRAPIITX' is experlmentally implenented based on this
nethod and its operatioÊ illusÈrated in coaJunction r¿ith
an existing thermal analysis program, as aD. archÍtectural
design aid.

The GRAPEIX program v¡as r,rriËten in pDp 1l assembler
code- Ttre code was wriLten expressly for execution in a
PDP LL/20 miní-conputer equipped r¡ith 16K words of core
tnenol:f, t,ermínal, floppy disk Írass storage, Tektronix
4002A graphics display tenn:Lnal, sonic pen (attached
about, the 40024 screen), and a Tektronix 1610 hardcopy
uait.
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PREFACE

This thesis was initiated ín order Lo address a situaÈion

io Lhe field of Computer Aided Building Design thaÈ has

remained relatively unchanged for the Past ten years" This

sltuatíon has three major aspects to it.

FÍrstly, there is an íncreasing demand thaE sophistocaLed

compuler nethods of numerlc analysis, part'icularly

environmenÈal design analysis methods, be applíed within

the buílding deslgn process"

Secondly, there are curreÊtly no effective nethods for

ent,ering Ínto the computer the detaíled three dimenslonal

bullding design descritions which ate required by these

aualytic nethods, other than the prouotypical methods

whích euploy the interactive comPuter graphics technology.

And thirdl"y, while prototypícaL systens do exist, there is

no readily available or geuerally accepted. interact,Íve
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cooputer graphlcs nethod for entering three dimensional

buílding descrlptions into a conputer.

The work contained in thls thesis has attempted to address

each aspect oE the foregolng situatÍon" rt describes an

lnteractive computer graphíc nethod to enter buil.ding

descrlptÍons into the corcputer" rt descrl.bes Èhe iropleroenta-

tfou of that neÈhod as aû operational system. And Ít describes

the use of thaÈ system, in conjunction with an existÍng

themal heat loss-gain program, to demonstrace its potential

as a Building Design Aid"

The method developed for entering building descriptions

Lnto a computer permlÈs the deslgner to 'ð.xaf|' the d.escríp-

Ëion dírectLy on the screen of an interact,ive comput,er

graphícs termínaI. The rnethod permits the designer t,o 'dxaft'

.the 
building design as a series of plan section drawlngs, a

mode of graphic commuoicatlon faniliar to nost, designers. The

meËhod arns the conputer with the logic necessary for 1t to

autouatieally extract the infomation needed. to represent, the

buíLdiag vi¿hin the computer in .its Èhree d,imensions "

Modífications to the design, and the internal dígital

representation of the buildíng design, are sÍnply aceomplished

by Èhe the desigaer naking al-terations to the plan section

drawj.ngs. The building description held in the compuÈer !ti1l

sllpport any oae of a variety of numerical analysis procedures
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and it is partÍcularly amenable to most forrns of environmental

design analysis.

The body of the thesis descrlbes che fundamentals of the

method developed for bullding descrlptÍon. The specifie logics

of the trethod are then presented ín deÈail, supported by a

glossary of terns Í.n the appendÍ.x. This algorithnic deserip-

tion wíll be of ÍnÈeresË to anyone involved in Ëhe technics of

Computer Aíded Building Design.

A description of an operaÈional computeï sysLem for

building descript,ion, knor¡n as GRApIIIX, as inplinenred on a

speclfic computer systen is presented" This Ínplementation and

the resulting 'GRAPEIX' systen se::çred, tero purposes. It
provÍded a vehícle for investígatÍng some of the íssues that

surround, the inplinentatLon of any Ínt,eracEive coBputer

graphies nethod for building description. hd, it provided a

vehlcle t,o demonsÈrate and ínvestigate some issues surrounding

the actual use of int,eractive conputer graphics based systens

for Computer Aided Building Design. A síng1e st,orey dwelling

lras "drafted' lnto the corpuEer in order to facÍlitate Ehe

demonsËration and the building subsequently analysed for

therual heat loss/gain using an exj-sting building analysis

conput,er package.

x1
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The conclusions to the l¡ork are certainly not, exhaust,ive,

nor are they intended Èo be so" Eov¡ever they do itemize soue

of the difficulties and development opportuniÈies in this work

thaË researchers active in the field night find perEainent to
future studies.

rt 1s hoped that the work will ín some lfay add Ëo Èhe

literature of computure Aided Building Design, as well es

oÈher related f ields" rt is hoped Ëhat the r¡ork r,¡il1 indicate
to other c-A.B.D. researchers a way of emulat,ing the curïent

r¡ork meÈhods employed by archítectural designers and, planners.

And lastly, it is hoped that this work wí1l stimulate other

researchers to approach compuËer Aided Building Design from

the archit,ectural designers viewpoint,.

xaL
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CHAPTER 1: INTRODUCTION

rrÇ6mpuÈer: [1] A data processor that can perform substantial

compuËation, 1ncl-udíng numerous arithmeÈic or logic operations,

withouË inten¡enËion by a hum¡n operaÈor during Ëhe process. l?l
A devíce capabi-e of solving problerns by accepting data,

perforning descríbed operat,ions on the data, and supplying the

results of these operat,ions. tt( 1)

Historv

The objective of Computer Aided Building Design is to develop

proeedures that will permít designers to appry more science and

technology, ín a cost effective mánner, to Ëhe design process for

the builË envíronmenË.

trühen archit,ects fÍrst began researchíng hc¡v¡ they night

effectively enploy Èhe informatíon proeessing faeilitíes of the

digital- comput,er, it \ras expected that, once'st,ate of the art'

building desígn analysis and eva.Luatíon proced,ures lrere encod.ed. in

computer programs, that, both the ninirnal cost of executing these

programs and the detailed infornation supplied by Èhese programs

r¡ould âssure their general application. Horlever, as researchers

continued to gain practical experience wiËh the t,echnology, and as

the body of existing Computer Aided BuÍlding Design procedures

conËinued to grow, ít became increasingly apparent thaË neither the

staËe of the compuÈer technology , nor the cost of executing the

page
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design procedures' nor the Ínformation derived from the execution

of Èhe proced,ures, could prolrrà. sufficient economic incentive ro

justify t,he general acceptance of courputer Aided Building Design.

For although the technology of the time provided the means

necessary to effectively program and run a wide renge of poten-

tially useful design operations, Ít provided no economi.c means for
generat,ing and entering those digital models of the building design

thaÈ rüere prerequisite to the use of those progranmed, proce-

dures (2,3) .

Economically viable compuÈer systens for the comprehensive

design analysis of buíldings did not begin to appear unril rhe late
1960's and early L970's when, just prior to Èhe commencemenÈ of

this work, the critícal buildíng descriptíon encodÍng problem was

first broached. Equipped with the newly introduced ínteractive

comPuter graphles technology(4), several architectural researchers

developed the f irst graphíc methods (5r6r 7, g) 'rfor the d.irecr

machine encoding of building descriptions"(9). These methods not

only per-rnitted the arehitect to'draught'the design drawíngs for a

buÍldfng directly and first hand on the screen of a graphics

terminal, but perrnitted the compuÈer, using the information

communicated Èhrough the drawings, to auÊomat,ícallv and economi-

callv construct a digital data base containíng a three dinensional

descriptíon of the fabric of a building design.

Page



October 1979 INTRODUCTION

Int,ent

The development of int,eracÈive computer graphics based methods

for the direct machine encodíng of building descriptions and the

subsequent implementation of such methods in comprehensi-ve Computer

Aided Building Desígn systems, like ARK-2(10) and PACE1(11), has

demonstrated that computer t,echnology can be economically eurployed

to apply more science and technology in the archltectural design

process. If further advances in the development of economic

CompuÈer Aided Building Design systems are to be aehieved,

knowledge of ínteractive computer graphic based methods for the

direct nachine encoding of buildíng descriptions is important.

This thesís presenËs an operative experiment, í.n interactive

computer graphics and Computer Aided Building Design in which a

specific interacti.ve computer graphics based nethod for the direct

mechine encodÍng of building descripÈÍons is developed and

documented.

The rnethod per:urits an archiËect, while creating a series of plan

section drawings of a building dírect,ly on Èhe screen of a computer

graphícs teminal, t,o autoñatically generate a digital dat,a base

wiÈhin the computer that describes the geometry, topology, and

attributes of thaÈ building's enclosures and enclosing surfaces.

The method makes use of a planar graph analogy in which the

drawings are ÈreaËed as planar graphs and Ëhe building as a

Lhree-dinensional network overlay of Èhese graphs" The building

data base generated using Ëhís nethod may be subsequenÈly used in

conjunction with other prograrnmed compuËer analyses methods Ëo

Page
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al-gorithrn:ically examine various aspects of that buildíng design.

An inÈeractive conputer graphics system, known es GRApIIrx, is
subsequent,ly implemented based on the previous meÈhod. The

operatÍon of Ëhe system is then illustraÈed, in conjunction with an

existíng thermal- analysis progra', to demonstrate the relevance of

the nethod as an architeeturar desÍgn aid in the building design

process.

The Method

Any three-dimensional real world object (eg. a nail) can be

represented as an 'element' of. some homogeneous character (eg.

steel) that occupies a contiguous 'regíon' of three-dimensional

Euclidean space(l2) and any complex real world object, such as a

building, can be represented as a nestiog 
"i"tem of such ,elements'

(eg. a nail, enbedded in a r¡ood stud, enbedded ín a pertition
wall, eËc.). rn the most direct sense, any object or nesting

system of objects can be cornpletely defined when the geometric

locaÈion and attribut,e characteristics ar.e specified for each

erement, whether expl-Ícitly in terns of the point,s of the region

thaÈ belong to Ëhe element or inplicitly in terms of the surface

boundaries that circumscribe and separat,e the elements. Once these

dat,a are specifiedr âoy poÍ-nt, line, surface or element can be

identified and its intrinsic geometric, attribute and topologic

(both internal and exËernal) properties deternined.

Development of an interactive computer graphics based method for
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the direct machine encoding of building descriptions involves the

creat,ion of some suitabl_e procedures whereby:

1) the constituenË material and spaÈial eomponents of a buílding

can be represented as a fÍnite nestíng system of descrete

three-dimensional'elements' ;

2) the descripËion of the attribute and three-dimensional_

geometry f?. each buÍlding'element'can be graphically

entered int,o t,he computer, vÍa the tr¡o-dimensional_ communica-

Ëion medÍum of an inË,eractive computer graphics terminal;

and,

3) the two-dímensional graphic inagery used to describe the

individual building 'elements' can be algorithmically

inspected, the fundamental geometríc, topologic and attribute

space defining information algorithnically extrå.cted, and Èhe

description of the buílding as a finite three-dinensional

system of descrete 'elements' constructed and stored.

The method for the direct machine eneoding of building

descriptions developed in this thesis proposes that the above three

procedures be ímplenent,ed in a anner analogous in convention Eo

that traditionally employed in the preparaÈion of st,andard

architectural orthogonal drawings, such that:

l) The constituent materials and spaËial components of a buildíng

Page
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Figure 1.I A NESTING SYSTEM OF RECTANGIiLAR POLYHEDRA.

are represented as a nest,ing system of reetangular polyhedra,

called'conÈainers", possessing homogeneous physical attríbutes,

r¡here (see Fígure 1.2)

a material. 'container' is used to represent a sEandard

buiLding conponent assembly such as a door, window,

partiËion wall or floor/eeiling assembly, and

a spatÍal 'container' is used to represent, a volumeEric

page
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The building is graphically described by a series

horj.zontal storêy and floor/ceilíng zones, ,"zhere

INTRODUCTTON

Figure I .2 AN ATTERNATTNG SERTES oF pr"A,N sEcrroN DRAItrNes.

enclosure such as a roon,

environment to a building.

corridor or Ehe exterior

of alternating

ru
l

2)

Page
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The fundamental geometric, topologic and atËribute

is extracted from the plan section drawings and

nesËíng system of 'containers, constructed and

treating each plan section drawÍng as a planar graph

1"3(a)) in which;

each region of the graph will identify
"container",

a)

b)

INTRODUCTION

each st,orey and floor/ceÍling zone is graphícally

input Ëo Lhe computer as a @ (see

Figure 1.2) ,

the vertical surfaces encJ_osing each,cont,ainer, are

napped as st.reight line segnent,s in the plan section

drawÍng,

c) the contents of each ,container, are mapped

srobo1 patterns or as Ëextual labels,

each zone oeeupies a uniform vertical d,Ímeqsion,

each 'container' is considered to extend vertÍcaIly
and conËínuously through the complete zone height, and

the vertieal extremes of each zone map the horizontal

surfaces enclosing the 'containers. of that plan

section.

d)

e)

as lÍne

infornation

the f inal

st,ored by

(see Figure

specifíc

f)

3)

each edge, of the

boundary separating

each vertex r¿i1l

graph rrÍ11 identify a vertical surface

trùo juxtaposed.'conÈainers", and

ídentify Ehe juneture of two vertical

page
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Figure 1"3 TEE GRAPE REPRESENTATIONS FOR A BUILDING"

surface boundaries (see Figure 1.3(b)); and,

INTRODUCTION

treating Èhe nest,íng systeB

síonal dual graph network in

of 'contai.ners " as a three-dimen-

which;

each vertex of Ehe duaL graph neeqtork will identify a

r

-+- ----__
I
I
I
I
¡_-__t_
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'eontai.ner', and

each horizontar edge will identify a vert,i.cal surface

boundary separating two horizontalry juxtaposed'cont,ainers,

and

each vertical edge will identify a horizont,al surface

boundary separati.ng trúo vert,ically juxtaposed,cont,ainers,

(see FÍgure 1.3(b,c)).

The remainder of this thesis expands furEher upon the neÈhod

proposed above. chapÈer 2 i¡ill document in deÈail the explicit
procedures and daÈa st,ructures that r,rere devised Ëo teaLjrze the

nethod. chapËer 3 r¡í1r presenÈ a descríption of an interact,ive

comput,er graphics system for the direct machine encodíng of

building description, known as GRApHrx, thaü operationarly

inplements the method. And, finally, chapter 4 wíll presenÈ some

obsen¡at,ions and conclusions resulti.ng from thi.s work.

page I I
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CHAPTER 2: EXPLICIT METTI0DS oF REPRESENTATION

Introduetion

Following the sel-ection of a basic buÍlding description method,

a series of data structures and algorithrns were deveLoped. There

were two functions Lo be fulfilled by Ëhese. They should support

the lnteracËive designer-computer communication of the informat,lon

descríblng Èhe plan section drarsings of building. And, once in the

comPuter' they should support the Èransformat,ion of the informat,ion

into the planar graph and three dimensionaL dual graph network

representations of the buÍldlng. These data structures and

algorf thrns provided the inf oruatíon inpuÈ, output,, storage and

processlng framework that tùas a prerequÍsit,e to the subsequent

e:rperÍmental implenentaÈion of t,he nethod on and as an interactive

computer graphics sysÈem"

This chapter documents those algorithms and data structures. It
is organÍzed Ínto three sections. Each describes a discret,e sËage

Ín the assenbly of the three dimensional network deseriptíon of the

building. secÈÍon 2.1 sets out those proced,ures developed to input,

store and dispLay the plan section drawings describíng a building.

section 2.2 descri.bes how each of the plan section drawíngs for a

building is first converËed inLo a trro dimensional planar graph

represent,aÈíon and subsequently enumerat,ed Ëo establish the

horizontal spatial relaËionships requíred to describe the building.

15
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Finally, Ín Section 2.3, procedures are described for overlaying

vertícally adjaeenÈ plan section drawings and enumeraËing the

vert,lcal spaËial relationships needed to conclude the assembly of

the three dimensional network description of the building"

It should be noted that the work reported on r¿ithin Ëhis chapLer

was carried out. under the direction of Prof" J.M"Comeau, School of

ArchitecÈure at Carleton Unlversity. Prof. Comeau not only

assisted in Ëhe general and detaiLed fomuLation of the planar

graph represenÈation meËhod for buiLding descriptíon, but he also

arranged for the tinely assistance of Prof" R.C" Read, Department

of Mathematics, UniversiÈy of lfaterloo, in our effort to implement

a circumscribing circuit threadíng routine (Algorithn 2.2) which

proved to be the central problem of thÍs work" It is intended that

this chapLer mÍ.ght, indirectl-y, seffe to document the invaluable

assistance províded to the author by Prof. Comeau"
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SectÍon 2.1 Drawing Input, St,orage, and Ret,rieval

This sectíon describes the GRAPITIX Graphical Dara SrrucËure

developed to inpuËn store and display the plan secËion d.rawings

for a bullding" The daÈa st,ructure, together with two ancÍllary
lisÈ strucEures, provides a capture mechanism for the geometric and

aÈtribute inforaaÈion used by procedures described Ín subsequenË

secËions to assemble, first, the tsro-dlmensionar and, then, the

three-dimensional graph representations of the buÍrding.

There are tÌüo subsections to this section. A brief description

of a typical Graphical Data structure is presented Ín the first
sub-section to illustrate the general representaËion stratagem

which characterizes the structure. This is then followed by a

description of the GRApHrx Graphical Data stnrcture in the second

sub-sect,ion"

The Graphical Data Structure

The Ëern Graphical Data structure, used. by Newrnan and sproull in
PrÍncípres of rnteractive conputer Graphies(1), deffnes a specific
method of graphic representation(2) characterízed by the use of

sub-pícture display subroutines. rn this method, the graphic

display (ie- picture) is ÈreaËed as an assembly of discrete drawlng

synbols or sub-pÍ.ctures. The dísplay commands for each unique

sub-pÍcture are defined in separate display subroutines. rn these

subroutines all the graphíc dísplay command.s are defined relat,ive

page 17
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to some arbitrarily selected 10ca1 0rigin. Each sub-picture

occurring in the drawlng display is; Ín Èurn, defined using a list
of instance transfoms" Each instance Èransform erement contains

boËh a pointer referencing the appropriate dlsplay subroutine and a

set of geomet,ric daËa used by the display subroutine Èo position
the drar'ring syrnbol in the dj.splay.

A typÍcal Graphical DaËa Stnrcture representlng a sirnrple modular

bullding plan section drawing is illustrated Ín Figure 2.1. As can

be seen 'f rom Figure 2.L(a), the building sËorey secti.on Ís
constructed of f ive separate components : t$ro wind,o¡s unit,s, tÌro

waIl uníËs, and one door unit. Figure z.l(b) shows a conceptual

dissaggregation of the plan section drawing and iË's represenÈation

as a series of sub-picture Ínstances, with each sub-pícEure

Ínstance defined according to iËs type and geometric location.
Flgure 2.1(c) shor,¡s an equivalent Graphícal Data stnrcture with
each sub-picture instance represented by a co-ordinate paír and

scale value, and by a eall t,o Èhe subroutíne thaË dran¡s that, part-

ícular component symbol.

The organization and sub-elemenE conposition of eaeh elemenË in
the instance transfom list of Ëhe GRAPHTX Graphícal Data structure

is il-lustrated in Figure 2.2" The infomation in each element is
divided into tlro functional sub-sers (Graphical Display and

Non-Graphical Display) rvhich are sub-divided in turn Ínt,o various

page 18
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FÍ.gure 2"2 TIIE GRAPIIIX GRAPEICAI, DATÀ STRUCTIIRE"

EXPLICIT METTTODS

thís section illustrates*

each of these two subsets
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The Graphical Display Sub-set

The GRAPHICAL DISPLAY sub-set is used to sÈore information

describing a synbol instance ín the plan secti-on drawing display.

The ínformat,lon contained 1n the coordinate and scale data ite¡ns is

passed by the picture display processor to the sub-picÈure display,

subrout,ine r¿hich generates the symbol dÍsplay. As illustrated ín

Tigure 2.3, the display code rnay also be used to reference specific

List entries in the BuÍlding Component Library. EnËries ín Èhe

Buildíng Component, Library store mater"ial and functionaL descrip-

tions particular to an individual buildíng comporient (themal

conducËivity, reflectance, absorbance, cost) which may subsequently

be used in the compuLerized anaLysis of a building"

Certain arbitrary conventíons have been adopted for the purposes

of sinplicíty in sub-picture posítioning and sub-pict,ure type.

Essentially these conventions require that, the building described

be modular and that the plan secËion drawing of the buílding be

defined using three seParate classes of sub-picLure. Table 2'l

contains a brief sutnmar¡¡ of the convenËions established to deal

with sub-picture placement,. The foLlowing paragraphs describe the

Ehree classes of sub-picLure tyPe.

Three classes of sub-píct,ure are defined for use in the plan

section drawing and buíldíng descrÍption process" Each of these

classes communicates a speeific unít of geometrie or geometríc and

at,trlbute infornation describing building contaÍners. The three
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Figure 2.3 TIIE SUB-pICTIIRE DISPLAY CODE"

classes are:

LÏ}TEAR

LABEL

AREAT

The LTNEAR class of sub-pÍcture (sinple straight line segrnents)

geornetrically 10cate individual surface boundaríes separating

ad.jacent containers. rt Eây be used to define any n-sided

container (a > 3) -see Figure 2.4(b)- or Eo subdivide existÍng

list
of
physicol
qltr¡bulet
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1) ALl containers shall be situated accor-

dÍng to a uniform rectangular grid.

2) Ali- surface boundaries shall be located

along thÍs grid.

3) A1l synbols depicting surface boundaries

shall be permitted to be coíncident, and

Íntersect, âny other surface boundary,

but shall NOT be per.mitted to cross ,rrr, "

other surface boundary"

Table 2.1 GRAPHIC CONVENTIONS.

0ctober 1979 EXPLICIT METHODS

spatial conÈai.ners -see Fígure 2.4(a). Ilowever, as no attribute
infornation idenÈifying the contents of the containers bounding the

surface is inplied by this class of sub-picture, it, must be used in
conJuncÈíon ¡vÍth the LABEL class of sub-pícture which is provided

for that purposeo

the LABEL class of sub-picture (eg. room names) geonetrically

Locate aËtribute labels identifying the contents of a single
cont.ainer. This class of symbol is considered to be composed of two

elements; a polnt element and an alphanumeric string element (see

Figure 2.5). The poinË ere¡nent defines a location in the plane

which lies within the container being identÍfied" The alphanumerie

string categori-zes the physical characterist,ics of the container.

This class of sub-picture must be used to define the contenËs of
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lobel
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Figure 2"5 DRAWING ShÍBOLS:

LINÉAL CLASS

AREAT CLASS

tobel TABEL clAss

LABEL CLASS".

\
t
t
\
I
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EXPLICIT METI{ODS

DECK

FTOOR

any n-sided spaÈial" or

eal1y defined in whole

The AREAJ, class of

symbol) deflnes both

naterial container that has been geometri-

or j.n part with LINEAR class sub-pictures.

sub-pícture (eg. wal1 or window conponent

the surface boundaries and Èhe attrfbute
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info'mation necessary Ëo identify a couplete ,materiar container,.
As depicted in Figure 2.6(b), each sub-pÍcture is deemed to be

composed of a set of four straight line segments, for-míng a

rectangle representing the surface bound,aries of the container and

a set of n strâlght line segments, patterned within the container,
representÍng the contents of the container.

The Secondarv Component Sub-set

The SECONDARY COMPONENT sub_set (see Figure Z.Z) is used r,o
store ínfor-matÍon describing the vertical sub-dívision of
containers depicted in a building plan section drawing. using Ëhe

data ftens of this sub-seË it ís posslble to 10cate and identify
buildíng components withín a container other Èhan the prirnary
buildÍng component depicted ín the drawing display. For study
purposes, these secondary components are permitted t,o be defined
eíther above and/or beror¿ the prinary building component (Fígure

2'7). By definÍtion, this sub-set nay only be used Ín conjunction
with AREAT, and LABEL sub-picture and nor the LTNEAR class of
sub-p ict,ures .

Each seeondary componenÈ is identrfied and geonetïícalry

locaËed by a sub-picture code and a height value. The sub-picËure

code identifíes the type of buÍldlng component. The heíght value

identifíes the difference in verticaL elevation between the
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8

ó

2

O BASE

Figure 2.7 TIIE SECONDARY COMPONENT SIIB-SET"

uPPermost ext,reltre of each coEponent and t[e base height established

for the plan secÈÍon.

The LISRARY Sub-set

The LIBRARY sub-set is d.esigned to overcone some of Ëhe

descriptive rígidity ímposed by rhe BuildÍng componenr Library. rt

should be used iu eonjunction with a file knowR as the Inst,ance
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Figure 2.8 TIIE LIBRARY SIIB-SET.

specíf íc AttrÍbute Líbrary. using both thÍs sub-set, and Èhe

rnstaoce specífie Attribute Library, it is possible to asslgn

attributes to a specific container instance ÈhaE superced.e those

deflned for the parent component in the Building component Library
(Figure 2"8). The data items of this sub-set (one for each of the

Ëhree possible coEponents perßitted, Èo be located in a container)

are used to PoÍnt to user defined entrÍes Ío the Instance SpecÍfic

Attribute Library, should such entÈies be nade. Like the Secondar¡¡

component sub-elemeot, this sub-seL can only be euployed in
conjunction r¡ith the AREAI, and LABEL classes of sub-picture.

A GRAPETX Graphical Data stnrcture is presented in Figure 2"9 to

conclude Èhis section" Àlthough the plan section drawing is
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simple, Íts' represent.aËion does illustrate the use of the data

strucfure "

page 30



EXPLICIT METIIODS
October 1979

. ¡55

120

105

/l

r:n
l-l

CORRIDOR

sEcunrlY

ó

4

3

t

26

32

DISPLAY
CODE

70

25

23580

CORRIDOR

SECURIlY

GRAPHIX GRAPHICAI, DATA SÎRUCTURE

ll

HEIGHT

GRAPHIC SUESET NON.GRAPHIC SUBSET

PRIMARY COMPONENT SECONDARY COMPONENT
il

DISPLAY 5U8-PICIURE
CO-ORDINATES SCALE COoE CODE

35 25 35 r55 l0
45 25 225 25 l0
80 70 80 120 5

45 155 225 155

235 25 235 155

85 120 145 120

¡50 r20 r50 70
t45 70 125 70
120 70 85 70

90 t05

90 140

000
000oöo
000
280

0
0
0

0

0

l0
t0
l0
30
ll

0t14
120
241
35rs
492
573
6129
785
8107
9ó4
r0il8
ìr 15 l0
12136
13 14 t2
¡4 0 13
15 3 lt

Ió t8 t8
17 19 23
l8 ló té
19 20 17

20 2t 19

21 22 20
22 23 21

23 t7 22

l.lEI&l
rl
.cl
Êlgl
ol

t0

t0

5 I 0 0 0 0 0 o oo
5 ó 0 | o 7 I o0O
5 I 0 0 0 0 0 000

0 0, o 32 0 0 0 o o

0002600000

0 00

000
0 00

o€

o¡
x
o

Page 31

A GRAPIITX GRA?EICAT DATA STRUCTITRE"Figure 2"9



October 1979 EXPLICIT METTÍODS

Section 2.2 Assenbling and EnumeraËing Èhe planar Graph

IntroducËion

Once the p]-an sect,ion drawings are input,, each drawÍng must be

converted from its GRAPIIIX Graphical Data Structure representation

into the Planar Graph RepresentaËion before the construetion of the

three dimensional descrÍption for the buílding can be cornpleted.

This section documents both the algoríÈhns developed to assemble

the Planar Graph Representation for each plan section drawing and

the ext,ended PDV(4) * data structure developed Lo sÈore the

description of the drawings.

Five algorithus are used Êo perform the GRApIITx Graphical Data

Struct,ure to Planar Graph Representatíon conversion. The function

of each ís summarized below. Detalled operat,ional descriptions for

Èhe algoriÈhns follow later. The d,escription for the extended pDv

daËa stxucture used Ëo store Èhe Planar Graph Representation of

each pJ-an section drawing is íncorporated, r¿ithin the description of

the algorithns generating the infonnation base.

Procedural Sr¡nmarv

The t.túo dimensional Planar Graph Representat,ion of each plan

section drawing is constructed using the following algorithn

sequence:

* This acronym is derived from the terns Point, Degree and Vector.
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Algorithm 2.1 constructs a planar graph description for a plan

section drawing. The GRAPHTX Graphícal DaÈa Structure describing

Èhe plan section drawing is inspected and a planar graph G is

consËructed in r¡hich: the vertices are isonoryhic to the end

points of the vertical surface boundaries described in the drawing;

the edges are isonorphíc to the vert,ical surface boundarÍes

described in the drawing; the regions are isonorphic to the

containers described in the drar¡ing; and, the circults circumscrib-

ing each region of the graph are isomorphic to Èhe vertical surface

boundaries of each container descri.bed in Ehe drawing.

Algoríthm 2.2 identifies each region (container) of the graph G

and enunûerates the elrcuits círcumscribing each region of the

graph. The basic PDV deseriptíon of the graph G (constructed in

AlgoriÈhrn 2.1) is inspected and Ëhe circuits circumscríbing Ehe

exteríor region and all circuits cÍrcumscribing t.he interior

regions of each Part of the graph G are enumerated.

Algorithm 2.3 identifies Ëhe surface boundaries (the circuit or

eircuiÈs) that vertically círcunscríbe each container (region).

The Part and circumscribing circuit infornation generated in the

previous algorithm ís ínspected and the circuit(s) circumscribing

each regíon of the graph are l-abelled as belonging to thaL region.

ALgoriËhn 2.4 Having assembled a topologícal and geomet,ric

descriptÍon of the surface boundaries of each container, Èhis
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algorithrn proceeds to attach the att,ribute informatíon identifying

the contenËs of each container to each region and its constituent

graph elements (its circumscribing circuits and edges). This is
aecomplished by inspectlng each sub-pict,ure instance contained. in

the GRAPIITx Graphi""l o.t. st,ruciure and atÈaching to each region

(and its circumscribing circuits and. edges) of the graph G, a

pointer to the ARXAJ, or LABEL sub-pÍcÈure instance whÍeh identifies

the cont,ents of Èhat region (container).

Algorithn 2.5 assembles a descríprion of the graph G in rqhlch all
Èhe conÈainers adjacent to each and every container depicted ín the

plan section drawing are ídentÍfied. The circumscribing circuits

of each region are traversed in t,urn and a list of all adjacent

regions is constructed. This descríption is stored as a dual graph

representatlon ín which Èhe vertíces of the dual graph G(d)

represent, the regions of the graph G, and the edges of G(d)

represent the adjacency of the regions of the graph G.

The Algorfthms:

Algorithm 2.1 Construct the planar graph G

TO CONSTRUCT A PLANAR GRAPH DESCRIPTION

BOT]NDARIES DEPICTED IN A PLAN SECTION

THE GRAPIIIX GRAPI{ICAI DATA STRUCTURE.

GIVEN: 1) A planar graph G consísting of

REPRESENTING TIIE SURFACE

DRAWING AND DESCRIBED IN

a finite edge set E of q

of E being defined by anedge eleuents, each elemenÈ e
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unordered pair of vertices v(a), v(b) such that

a) each pair of vertíces for e d.efínes a distincÈ

posit,ion ín a cart,esian plane, and

b) Ëhe geometric realization of each edge erement, e

delineates a straight line segment joining its
vert,ices "

2) A surface boundary Ínput list s is defÍned, where each

element s of s is defined by an unordered pair of
.cartesian coordinates c(a), c(b), such Èhat

a) each pair of cartesian coordinates for s defines a

straight 1íne segment, contiguous Èo a surface

boundary described in rhe GRApHrx Graphical Data

Structure, and

b) each and every surface boundary defined for each

sub-picture is defined once and only once in the

surface boundary Ínput, l_isÈ S.

and ASSIMTNG a labeling converitÍon for the entry of dÍscret,e

boundary edges from S into E, such that each edge e(i) is
labeled with a successive odd positive integer value greater

than or equal t,o 1, buÈ such that i at. no Ëime exceeds 2q.

STEP 1: ASSBÍBLE EDGE DESCRIPTION FoR TEE PLANAR GRAPII.

1.1) Add, in turn, surface boundary elements frou s to the edge

list E descrÍbing the planar graph G, examíning each edge before

it's addition to the list to ensure that the current, edge:

A) does noÈ def ine a loop: the t\üo vert, j-ces f or the currenE
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edge do not occupy the same position in the plane;

B) does noÈ cross over (to be distÍnguished frorn overlap) any

other edge in the edge set;

and, that any other edge element in S partially or ful1y

overlapping the current edge is;

C) in the case of complete overlap (Figure 2.10(a)) delered

from the surface boundary list S;

D) in the case of partial overlap (Figure 2.10(b)), parsed in

such a mênner as to remove the overlapping port,ion of Èhe

line segment (excludíng the junction ternini) fron the list

S; and,

E) in the case of intersectÍon (Figure 2.10(c)) are parsed inËo

two separaËe line segmenËs abouË the loci of lnt,ersection.

Once all edges have been examíned and parsed where necessary,

the graph G can be enbedded ín the pLane such Ëhat G is isomorphic

t,o the geometric realLzatLon of G ín the drawing.

STEP 2: ASSM{BLE PDV DESCRIPTION FOR TIIE PLANAR GRAPTI.

2.0) Before the graph can be subjeeted to a maze-Ëhreading

procedure t,o eriumerate the surface boundaríes and the regions of

the graph, the infornation in the edge set E must be restruc-

tured. The descríption of the graph is to be staÈed in t,erns

of;

a) a set of labeled and unique vertices, and

b) a seÈ of directed edges descrÍbing adjacency between pairs

of labeled vert,ices"
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in the edge set, E,

geometric realÍzation

five lists, P, P", D,

Ð(PLICIT METITODS

specific

G', and

V, and B,

{o}

E7/-l//-t li#l
I

i/nl i
| /L-tl I

| !-
| // lltl L_l l

Figure 2.10 SIIRFACE BOUNDARY PARSING.

Re-organize the ÍnformaÈion

properties of the graph G and its

rest:r¡cture t,hat ínfomation ínEo

where;
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1) 3 defines, for each dístinct vert,ex ín the graph, the

origin of it's vertex adjacency list in V;

2) P'- defines the coordinate position for each vertex

l_abelled in p;

3) D defines the degree of each vertex in p, the degree of

a vertex refrecting Ëhe number of elements oceupied. by

its vertex adjacency list in V;

4) v defÍnes the adJaeency of vertÍces in the graph (ttre
.edges); for each vertex in p, V provides a lísË of alt
vertices adjacent to that vertex;

5) B defines the bearing angle for each ed,ge described from

P to V, where the angle measured is that of the edge

entrant, to the verÈex referenced ín V;

A workÍng list TAG and a counter L are used in the execut,ion of
the algorithm:

6) TAG, of lengrh Z(q), provides r¿ork space for the

identificat,ion of dístínct vertices Ín the edge list E,

and is empLy; and,

7) L, a counter, is used to labe1 distÍnct vertices.

2"1) To construct the TAG vector: select successive elemenEs

from the edge vect.or E for exanination, naming the current edge

Èhe suBJEcr EDGE, e(s), and creating a subset of E called rhe

OBJECT VECTOR, E(o), such rhar E(ol = E - e(s).

A) Examine each of the two verËices defining the subject edge;

vertj.ces occupying a comtron posÍt,ion in Ëhe plane are to be
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I

2

3

4

6

7

I
9

Figure 2.11 TEE BASIC P,D,V NoÎATIoN SYSTEM.

assigned an ident,ical vertex label- (see FÍgure z"LZ), and;

1) if the currenr subiec ex has no assiened

label ín TAG;

A) assigu the next sequenr,Íal value for label L ro the

vertex and enter the co-ordinaEe values for the

vertex in P' aE the posit,ion indicated by the label;

and

B) examine each vertex in the objeet vector and label,

as above wiÈh L, vert,j.ces occupying a position in the

plaae ideotical to that of the curïent subject

vercex.

2) if the current vertex has been assigned a Label in TAG;

00,1 3ì90
3 l.l 2 2 t35

sl,033t8o
B0,02Zteo

o 270

3 270

o gts

I 3ó0

0 3ó0

290
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then proceed to exauine another subject vertex, until
all elements of E have been exhaust.ed.

2"2) construct t,he P, D, v, and B vectors: upon completion of

the TAG labelling rout,ine, L shows the number of distinct
vertices in the graph and TAG assocíates each vertex in E rrith

one of the L dísrinct verÈices. using TAG r,o ídentify all
insÈances of a given verÈex in E, and the paired vertices of E

to identify all vert,ices adjaeent to a given vertex, scan

successively through TAG in ascending order from 1 to L for each

of Ehe L distinct vertices of the graph as follows:

A) Enter in P(i) the address of the next available storage

locaÈion in v; this loeaËion in v Ís the start of Èhe

adjacency list for vertex i.

B) GounÈ the number of occurrences of vert.ex i in TAG, (the

degree of vert,ex i) and for each occurrence:

1) EnËer inËo the next, available locatíon Ín v, the label

of the vertex adjaeent to the verËex i; compute the

Bearing Angle of the edge from the vertex í to its
adjacent vertex and enter iË Ínto Èhe next, available

locat,ion of B.

C) Upon conclusion of the search for vertex

vertex i is entered into the nexË available

Ëhe search procedure is initiaËed for

verf.ex.

i, the degree of

element, of D and

the next search

The PDV daËa structure describing the surface boundaries

depicted in building plan section ís illustrared in Figure 2.r2.
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f- ' lt¡t"l
030
140z z3c
J L(IU
4 240
5 230
640
730
940
9 230

l0 230
11 40
L2 77 "5t3 77.5
14 82.5
15 t47.5
i6 152"5
L7 t52.5
l8 t47.5
t9 122.5
20 82.5
71 qt <

22 82"5
23 L47.5
1C Lqt.)
25 L22.5
LO

27
28
7A

30
31
32
33
)s
35
36
JI
1R
?o

rû

CJ
44
ç)
<o

48
49
50

52
53
)4
J)

>t
58
)v
OU

ot
62
OJ

oq
b)
oõ
o/
68
69

1602190
160 3 7 180

1603290
160 2 I lso
2020270
203390
2039160
LV 1 L llV

t50 3 4 tso
150 3 2 270
103527O30333óO
67.5 2 6 270

122.5 2 t0 360
122.5 3 4 90
122,5 3 7 270
t22.5 2 tl 360
67.5 2 5 90
67.5 3 0 360
67-53 6 90
67"53 9 90
72.5 3 tI t€0

117"5 3 I 360
It7.5 3 I 270
72.5 3 2 360
72.5 3 r0 180

9 360
ç tÂÍt

ll 270
t0 90
6 t80
I 360

t3 360
20 90
LZ 180
14 90
t3 270
15 90
22 180
L4 270
16 90
23 t60
15 270
l'l l qn

16 360rs 270
L7 90
19 210
24 360
t8 90
)d 11^
25 360
t9 90
lt t1^
2L 360
20 r80
22 360
25 90
)l ran
L4 360
t1 0n
)) )1ñ
t5 360
24 t80
2.3 360
t8 t80
a<

Z!. 90
i9 t80
?t 270

FÍgure 2"12 A BASIC PDV DESCRIPTION 0F A DRAWING"
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AlForith* 2.2 Enuraerate the surf ace bound,aries of the graph

TO ENUI4ERATE FOR EACIT PART OF A PI¿.NAR GRAPTI THOSE CIRCUITS

AND THEIR CONSTITUENT EDGE ELEMENTS THAT CIRCT]MSCRISE

FIRSÎLY THE EXTERIOR REGION A}ID, SUBSEQUENTLY, ALL INTERIOR

REGIONS OF ÎHAT GRAPTI.

GI\EN: 1) a planar graph G, the edges of r¿hich

vertical surface boundaríes depicted in

drawing, which is described by the lisrs;

Ffgure 2"13 COUNTER-CLOCKI,ÍISE ORDER OF VERTICES"

represent the

a plan section

e_-.*%*rs

Cldr ,i4.A¿\tgT.üBA

D:t

I'
'r'-i;|31r5.giwhose elements

r¡hose elements

labelled ín P;

ç¡hose elements

label each vertex;

describe the degree for each vertex

I' identify those vertices adjaeent, to

d 22s
e l8O

f r3s

s90
oo
b grs

c 27O
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b-27O

BEARING ANGTE
o=O

B,

EXPLICIT MEÎTIODS

each vertex labelled in p; and

rühose elemenÈs describe the bearing angle for

elenent in V, r.rhere for the list V, for

vertex of Èhe graph Ëhe vertices adjacent to

vertex are Llsted Ín count,er-clockwíse order

Figure 2.L3) "

each

each

that

(see

BEARINGI ANGLE
ol=l8O

br =9o dt=27O

O SOURGE vlRTEx

(- lo Exll vERfEX
' (Exrr EDGE)

Figure 2.14 SoIJRCE BEARING' ANGLE.

and ASSUMING the following rerxoinology:

1) SOIJRCE \ERTEX refers r,o a verrex of the graph thar

fs to be or is beiog exited;

EXIT VERTEX refers Èo a vertex of Ëhe graph rhar

is to be or is being entered along an edge

ext,endlng from the SOIIRCE VERTEX;

SOURCE BEARING' A¡IGI,E refers to rhe inverse of rhe

2)

c¡=O

3)
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Bearing Angle (as depicted in Figure 2.L4) for the

edge thaÈ tüas traversed i.n order to ent,er the

CUTTENT SOURCE VERTEX;

START VERTEX refers to rhe firsr verrex of a

circuit circunscribíng a region of the graph.

THE FIRST AVAILABLE RIGHT IIAND TIIRN refers ro rhar

edge emanat,ing fron the currenr SOURCE VERTEX (a11

the edges emanating from the SOIIRCE VERTEX are

identified vía Èheír vertex label in the list V)

which;

a) has not been previously Ëraversed, and

b) lies immediately adjacent, in a count,er-clock-

r¡ise direction, t,o that edge (see Fígure Z.Ls)

i¡hich r¡ras used to enLer Èhe current SOIIRCE

VERTEX.

The FIRST AVAILABLE RIGIIT HAND TIIRN is identified

from the set, of available 'exiÈ vertices' (ie.

available exit edges) for the current SOIIRCE

VERTEX by inspect,ing the Bearing Angle for each

avaílabl-e exit, vertex and selectÍng,

if the SOURCE BEARING' ANGLE > 0o, thet verrex

t¡íth Lhe largest, Bearing Angle which is less than

the currenÈ SOURCE BEARING' ANGLE or, if no such

vertex can be idenÈífied or,

if Èhe . SOTI.RCE BEARING, ANGLE = O , that vertex

which has the largesL Bearing Angle.

4)

s)

page
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ê-- - -- ENTRANT EDcE
1-- Extr ÊDcE Nor TRAVERSED
E?,_- EXIT EDGE IRAVERSED

O souRcE vERTEx
O EXIT VERTEX

Figure 2.15 ÎËE FIRST AVAILABLE RIGET IIAND TLRN.

6) BOIINDARY crRcllrr refers ro a circuir of rhe graph

that cÍrcumscribes a region of the graph; and,

7) ExrERrOR BOUNDARY crRcrjrr and TNTERTOR BouNDARy

crRcllrrs geouerrícally ideotify that círcumscri.b-

ing circuit ¡rhich circumscribes the regíon outsi.de

a Part of the graph and those eircuits (or

circuit) which circunscribe che regions i.nside a

Part of the graph, respectÍvely.

aad DEFINING the lisrs \/TAG, VTRAV, VCT.R, pp]., CL

and PL, such that:

1) \rIAG defines, for each corresponding EXIT VERTEX in V,
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, O vERrEx
EXTERIOR BOUNDARY CIRCUIl(- - -- -- tNTERtoR BoUNDARy ctRcu¡T

Fígure 2.16 TIIE crRcIIMScRrBrNc crRcurrs oF A cRApH.

ThE SOURCE VERTEX iN P fOr ThAT EXIT VERTEX;

vrRÀv defines, î.or each corresponding EXrr VERTEX in v

and the entrant edge ínplied by that vertex entry in v,

whether or not that entrant edge has been narked as

being traversed in the enumeration process;

VCT.R defines, for each corresponding EXIT VERTEX in V

and the enÈrant edge ímplied by that vertex entqf in V"

the boundary circuit to r¡hich that edge belongs;

PPL defioes, for each vertex of the graph, the Part, of

the graph to which thar vertex belongs;

CL indicates r¿hich circuit labels have been assigned and

for Èhose that have beeo assigoed, to identify an EXIT

VERTEX in Èhe list V aod, by inplicat,ion, rhe entrant,

2)

3)

4)

s)
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edge to that vertex that lies along and partially

comprises that boundary circui.t; and,

6) Pt indlcates r¡hich part, labels have been assigned and,

for those that have been assigned, Ëo ídenÈify the

circuit labels assigned to the first boundary circuit
(exterÍor circuít) of that part of the graph.

STEP 1: LOCATE A STARÎ VERTEX LYING AIoNG THE EXIERIoR BoUNDARY

CIRCUIT OF A PARÎ OF THE GRAPII.

1.1) search Ëhe eLemenÈs in the coordinate list p. associated

¡sith each vert,ex of Ëhe graph, examining the x coordinate for
those vertices that have not, been assigned a part Label (as

indÍcated ín the pL lÍst), and at,tempt to nomfnate that, vertex
wíth Ëhe largest x coordinate varue as Èhe srART vERTEx.

A) rf no such sraRT VERTEX is idenËified rhen eirher all rhe

circuits of all parts of the graph have been enumerat,ed or
the graph is empËy. rn eíther case the enumeration procedure

has been conpleted and this algorithn shourd be exíÈed.

B) rf such a srART vERTEx is idenrified, rhar srART vERTEx

LyÍng along the rightmost portion of the exterior boundary

circuit of an as yet non-enumerated, part of the graph, then
proceed to Step 2.0.

STEP 2: ENTER A

EXTERIOR

2.L) Select the

PART OF THE GRAPII AND INITIATE A TRAVERSE OF ITS

BOINÍDARY CIRCUIT.

next availabLe part Label j froro Èhe part Labe1

page 47



October 1979 EXPLICIT METTIODS

f-ist PL, nomínating thís laber as Ëhe current PART LABEL; rnark

that Part Label in PL as beÍng assigned, enËering the vert,ex

label Í, identifying the srART vERTEx in p, inro rhe jÈh elemenr,

of PL; and, enter Ëhe Part Label i, that w111 be used to label

all vertices of this Part, ínto that element of the vertex part

list PPL thaÈ is associared with the START VERTEX.

2.2) Define a psuedo edge, having a Bearing Angle of Z7Oo,

entrant Èo the srART vERTEx. This psuedo edge will be used ro

enter this Part of the graph but does not formally belong to the

graph (see Figure 2.L7); record rhe START VERTEX label as rhe

current souRcE vERTEX; enÈer Ëhe srART VERTEX traversing along

the psuedo edge and record the SOURCE BEARING' ANGLE for the

n""U.1o îUt. 
used to enter the START VERTEX (ie.. B=270o and

B"=9oo) "

2.3) Set the CIRCUIT LABEL REQUEST FLAG, which will cause rhe

nexÈ circuit Label to be fetched from the cireuit Label list in

Step 3.

STEP 3: TRAVERSE AND ENI]MERAIE TITE EXTERIOR AND TITEN TIIE INTERIOR

BOUNDARY CIRCUITS OF THIS PART OF TEE GRAPTT.

3.1) Examine the exit vertices in V, for the currenË SOIIRCE

VERTEX, that are narked as noË having been previously traversed.

AÈtempt to Ídentify THE FIRST AVAILABLE RIGHT HAND TIIRN,

record.Íng its vertàx label b (in the b th el-ement of V) as rhe

EXIT VERTEX and;
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B=27O

eî=;o

O StENr VERTEX AND SOURCE VERTEX
<- - - --- PSUEDO EDGE

EXtT EDGES FRO/ì,l SOURCE

Flgure 2.17 BEGIN TRAI/ÏRSE 0F EXÏERIOR BOUNDARY CIRCUIT.

A) If such a RIGtIl IIAND TURN is identified:

1) Determine if the CIRCUIT LABEL REQUEST FLAG is ser, and;

a) If noE set, then proceed t,o A,"2 of. this step"

b) If set, thea proceed t,o select the next available

CircuiE Label m from the Circuit Label lisr CL,

nomi.nating this label as Ehe. eurrent CIRCUIT LABEL;

nark thís Circuit Label in CL as being assigned,

eateriog the element address k for the EXIT VERTEX b

into the m th elemenË of CT"; and, clear the CIRCUIT

REQIIEST ELAG"

2) Enter the current CIRCUIT LABEL into the n th element of

VCLR, so as to idenËify the bouodary círcuít to whÍch

\ï

\

/
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this edge belongs and mark this edge as havíng been

t,raversed.

Set the m th element, in VTRAV, narking this edge as

having been t,raversed.

Assígn the current PART LABEL to rhe b th el_ement ín

PPL, associating this vertex with the currenÈ part,.

Nomlnate The EXIT VERTEX as Èhe current SoIIRCE VERTEX

and deterrine the S0IIRCE BEARING" ANGLE for rhe neeT

SOI]RCE VERTEX.

Compare the START VERTEX f or the boundary circuj_t

currenËly being traversed wíth the current, SOIIRCE

VERTEX, and;

a) if not equal, return Èo 3.1 of this sÈep in order to

continue the traverse of this boundary circuit,.

b) Íf the START VERTEX and SO1IRCE VERTEX are one in the

same (see Fígure 2.18), then the traverse of the

current boundary circuít has been completed; set the

CIRCUIT LABEL REQIIEST FLAG; and, rerurn ro 3.1 of

this sËep in order to seek ouË another boundary

eÍrcult,, if it exists, in t,his Part of the graph.

B) If such a RIGIIT IIAND TIIRN is not identif ied: Exarnine

successive verËices in P until that list is exhausted and,

for every vert,ex in PPL thaË is labelled as belonging to the

current Part, of the graph (ie. PPL label and pART LABEL are

one ín Èhe same) perform the following;

1) Define the vertex select,ed above as the SOURCE VERTEX

3)

4)

s)

6)
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SlART VERTEX
SOURCE VERTEX

Figure 2.18 COMPLETION 0F BOUNDARY CIRCUIT TRA\rERSE.

and attempt, t,o identÍfy an available (ie" non-traversed)

exit vertex Ín V for the current SOIIRCE VERTEX and;

a) If such an exÍÈ vertex 1s ídentlfied, define this

vertex as the current EXIT VERTEX; nominate the

current SOIIRCE VERTEX as Èhe START VERTEX; set the

CIRCUIT LABEL REQIIEST ELAG; and reÈurn to 4"1 of

this step in order to traverse thls edge and the

boundary circuit to which it belongs.

b) If no such exit, verte* is identifíed, then all the

edges in this Part of the graph have been Èraversed

and all Ëhe boundary clrcuiËs enurnerated (see Figure

2.19). As there nay be other Parts of the graph yet

to be located and traversed, returri to 1.1 of step i

to cotrtinue Ë,tre traverse and enumeration orocess for

Èhis graph"

page 51



Leaf blank to correc¡

n rrø?razr' - -

Êrr. rq e 5:l
i ."li



)1
25
tt

16
4Z
43
4L
63
58
54
qt

October 19 79

O vrl?¡t
þ c,.*,,

rll 0rll r
rll 2
tll ¡
t ll t

:ll ;rll 6.ll z
.fl e

ll e
,ll l0
Iltr
ll 12

ll i;
ll r<

ili;
ll 17

ll r8
ll re

ll :î
ll 22

ll z¡
ll 24

l|,12'lzt
lza
lzs
130
131
l3z
133
134
l3s
t:!
I5t
138
l3e
140
l4r
il42
143
144
lc)
Its
lt47
148
l4e
150
lsI
lsz
153

ls4
lss
)o
)t
5A
)v
bu
OI
62
OJ
o4
65

69

EXPLICIT METIIODS

9045
180 t8 I
9073

180 22 5
27Ool
909z

tso 24 3
zTozl
l8o tt z
27O5r
27O t4 2
3608I
z7o L7 6
360 27 2
90101

z7o 19 5
360 30 6
90t2l

360r5
90t5l
90234

130 31 5
36033
270 20 3
36062.180 21 4
360 25 2
r80 13 6
270 29 4
90286

180 t6 5
360 21 4
360 34 l1
90537

180 32 7
90 36 tl

270 35 7
90399

180 59 tl
270 37 7
90428

¡80 62 9
270 40 7
180 44 I
360 .43 't

270 46 8
90457

270 49 t3
360 65 I
90477

z7o 52 t2
360 68 13
90507

270 33 lt
360 55 L2
180 54 rt
360 58 r0
90 69 t2

180 56 lt
360 38 9
90 6t l0

270 60 9
360 4L 8
180 64 l0
360 63 6
t80 48 t3
270 67 I0
90 66 13

t60 5[ L2
270 57 l0

['lEnr|
3016021
4016037

230 160 3 224O 160 2 I2402020
tlñ .L̂VJJ
40zo3s
302021
40t5034

23O 150 3 223O3035
403033
77.5 67,5 2 677.5 L?2.5 2 l082.5 122.5 3 4

147.5 122.5 3 7152.5 122.5 2 rlt52.5 67.5 2 5147.5 67.5 3 oL22.5 67.5 3 682.5 67 .5 3 982.5 72.5 3 u82.5 n7.5 3 It47.5 t17.5 3 It47.5 72.5 3 2122.5 72.5 3 10
9
)

tt
IO

o
I

a^

12
L4
t?

t,
T4.t6
23
t)
t7
¡o
l8
It

lo
24
t8
)^
25
t9

tl

!u
))

. )l

t9
L)

l5
at.

!)
tc

¿4
lo
2l

Figure 2.19 TEE B0UNDARy CIRCIIITS OF TËE cRApH.

Page 53



October 1979 EXPLICIT METITODS

Al-gorithm 2.3 Enumerate the regions of Èhe graph

TO ENI]MERATE TITE BOI]NDARY CIRCUITS CIRCUMSCRIBING EACH REGION OF

TIIE GRAPH.

GI\EN: 1) The extended pDV descriprion for the planar grapn, as

developed in the previous algorithn, Ín which each edge

i.s assígned a part and Circuit labeL,

and' ASSUMTNG the following terus and enumeratÍve convent,ions, such

that:

1) tne term pARENT is used Èo refer to that part of the

graph within which another part of the graph i_s directly
embedded. (eg. see Figure 2.20, where part I is the

PARENT part of part 2 and parÈ 2 is the pARENT part of

Part 3 but part I is noÈ the pARENT part of part 3);

2) ttre task of det,ennining whether or not a poÍnt lies
within any sinpre region of the graph can be perforned

by summìng rhe angles (as depícted in Figure Z.ZI)

subtended between a point (referred to as the TARGET)

and successive vertices lying along the boundary circuit
of the region in question. rf the point ries within the

region (Fígure 2.2L(a)) the sum of r,hese angles will
equal 360 degrees. 0n the other hand, if the poinL lies
outside the region in quesrion (Figure 2.zr(b)), the sun

of these angles will equal 0 degrees.

and' DEFTNTNG the lists prAG, Np, R, Rc, cR and vR, such that:
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I PARÎ #1

2 PART #2

3 PARÎ #3

EXPLICÎT T{ETHODS

Èi-ç
ç--J9H

)

Figure 2.20 PARENT PARTS OF TIÍE cRApIi.

1) pu'g defines, for eaeh part of the graph, wherher the

Part í is avallable (PTAG(f)=O) or nor available

(HIaCli¡=1¡ for examinarion/select,ion;

2) t'¡p defines, for each parr of the graph, whether thar

Part' has a PARENT part, and if sor the part Label used

t,o reference that PARENT part;

3) R defines, for each region labelr rrrhether that label has

been or has not been assigned and, if assígned, the

nr¡mber of boundary círcui.ts circumscríbing that region;

4) Rc defines, for each region of the graph, the cÍrcuit
label(s) used ro idenrify the boundary circuiE(s) of

that region. rf the region ís sínple (ie. circumscribed
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Figure 2.21 POINT LyfNc IN A REGION OF TIIE cRApH"

by only one boundary circuit) the region wÍlr have only

one entry in this list" However, íf. the region is
conplex (íe" circumscribed by more than one boundary

circuít) the first entïy in the lísr for that region

¡¡Í11 ldentify Èhe ext.eríor boundary circuiÈ for the

regÍon;

CR defines, for each círcuit label, the regÍ.on to whích

that boundary circuit bel-ongs; and,

\ß. defines, for each edge of the graph, the regíon to
r¡hích that edge belongs.

s)

6)
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. .R RC

region A Cf
region B C3,C2

Fj-gute 2.22 TllE BOIIì{DARY CIRCUIT(S) OF A REGION.

SÎEP 1: IDENTIFY AT,L NESTINGS OF PARTS OF lHE GRAPI{.

1.1) select in turn each ParË of the graph, as Ídenrified in pL

and norninate the selected Part as the current souRcE part" rf

all Èhe Parts of the graph have been previously selected,

proceed to step 2.

L"2) obtain the x and y coordinates for a verEex lying along the

exterior boundary circuir of Ëhe sotrRcE parr and define the

coordinates of thÍs vertex as the current TARGET.

1.3) Successively select Parts from those reuraining in pL (all

Parts of the graph except for Èhe current SOIIRCE Parr) and,

nominating the Párt selected as Ëhe current OBJECT part,

deteraine if Èhe TARGET 1íes wÍÈhin the exterior boundary

page 57



October 1979 EXPLICIT METIIODS

circuit for Ëhe currenË OBJECT part.

A) if the TARGET does nor 1ie within the exteri.or boundary

circuiË of Ëhe current OBJECT part (ie. AI.IGLE=0) then the

SOIIRCE Part is noÈ nested vríthin Ëhe current oBJEcr part,.

Return to 1.3 ín order to exami.ne the next part of the

graph.

B) rf the TARGET does lie within the exterior boundary circuit
of the current, OBJECT part (ie. ANGLE=360), Ëhen Ëhe currenr

sofIRcE Part is nested wíthin the currenË oBJEcr part. Enter

Èhe Part label identifyíng the soURcE part inËo that elemenÈ

of NP, assocíaÈed with Èhe current, OBJECT part,, and Ëhen

returlr to 1.3 in order Èo select another Part of the graph

for exanínâLion.

STEP 2: HIERARC1IIAILY RELATE TUE NESTED PARTS OF THE GRAPII.

2.I) Examine the entries for each Part, elemenÈ in NP i.n turn and

PTAG that eLement, as being noL available (ie. for Part i

PTAG(i)=l), if there is no PARENT ídenÈified in NP for Ëhat Part

element.

2.2) Examine ín t,urn the enËries for each Part el-ement in NP and

if the PARENT List for each Part is eiLher

9EP-!1., indicating thaÈ this Part element is enbedded in

the exterior region of the graph' or

contains onlv one PARENT ent,rv, indicating that Ëhis

part is nested directly within an interior region of the

PARENT PATI,
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then proceed to step 3; al-l the parts of the graph have been

hierarchíeally relaËed. Othemrise, continue processing in this

sËep, proceeding to 2.3.

2.3) Examine the entries in NP for each Part element in

succession and for each part thaË is rnarked in the PTAG l-j-st as

beíng available (ie. PTAG=0) and that has on1-y one PARENT

perf orrn the following;

A) NorninaÈe the síngle PARENT Part selected as the current

OBJECT.

B) Noninate the PARENT of the current OBJECT as the TARGET.

C) Examine in succession the entríes Ín NP for each Part

elemenL that has more than one PARENT and remove any

occurrences of the TARGET from that Parts NP list.

D) PTAG the currenL OBJECT as being not available.

Upon eompletion return to 2.2 ín order Ëo det.entine whether or

noÈ all Part,s of the graph has been direetly relat,ed to a single

ParenÈ or the exterior region of the graph.

SÎEP 3: ENI]MERATE THE BOUNDARY CIRCUITS CIRCU{SCRIBING EACH

REGION OF TTTE GRAPTI.

3.1) Enumerat,e the boundary circuít(s) circumscribing the

exterior region of the graph: initíalize the PTAG and R lists as

being 'available'; select the nexË available region label (eg.

the first region labet being 1) from R and nominate this label

as the current REGION NAME; search NP, identifying and countlng

each Parent,less Part of graph; ent.er the number of Parentless
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Parts inLo the R for the current REGTON NAì,IE, narking that 1abel

as being assigned; enter the circuit labeLs, identífying the

exterior boundary circuit for each Parentless part into the

eLenent(s) of RC assocíat,ed with Ëhe current REGION NAME; ent,er

the REGTON NAME into rhe elements of the cR and vR associar.ed

\ù1Èh the exteríor boundary circuiÈ for the Parentless part,s of

the graph; and, PTAG the Parentless parËs of the graph as being

'not, available' (ie. PTAG (i)=1).

3.2) Enunerace the boundary ci-rcui.ts circumscribing those

regions, other than the exterior region, within which the parts

of the graph are enbedded: select in turn any available nested

Part from NP (ie. PTAG=O), and nominate the Part selected as the

currenË OBJECT Part and;

A) Identify the boundary circuir of rhe Parenr Part (using the

angle summation algorithm) Ín whÍch the currenÈ OBJECT part

is enbedded: eriter the circuít labe1, identifying this

circuit, of the PARENT Part, into that element of NpC

associated with the currerit OBJECT ParL; select the next

avallabl-e regi.on label from R and nominate thís label as the

current REGION NAME; initialize the cj.rcuit counter and

count the boundary circuits belonging t,o the currenÈ REGION

NAl,lE, as they are i.denÈified; enter the circuit labels, for

both the boundary circuit of the PARENT ParË and then the

exterior boundary círcuit, of the current, OBJECT Part into RC

for the current REGION Name; ent,er the currerit REGION NAME

into the CR and VR element,s associaÈed with the boundary
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círcuít of the PARENT pert and the exterior boundary eÍrcuiË

of the current, OBJEcr part,; prAG the OBJECT part as being

"not. available'; and,

B) Examine NP and deter:mine if any other available parts of the

graph are embedded within the current PARENT part;

1) rf anoÈher Part or parts is enbedded wlthin the current

PARENT PART, then nominate each such part in turn as the

current oBJEcr Part and perform the following: enter the

circuit label- idenËifyÍng the ext,eríor boundary circuit,

for the current OBJECT part into the RC elemenc

associated r¡ith Èhat part, of the graph; íncrement the

circuit counÈer; enter Ëhe current REGTON NAI"IE into the

cR and vR elemenËs associated r,rith Ëhe exterior boundarv

circuit of Ëhe currenÈ oBJEcr part; prAG Ëhe current,

OBJECT PerÈ as being 'not, available'; and, proceed Èo 1

to examine the next, availabl_e nested part, of the graph,

if it exíst,s; oËhenøise proceed to Z.

2) rf no other Part of the graph is ernbedded wlthin Ëhe

currenË PARENT Part,, then perforn the following; enter

the circui-t counÈer into R for the current, REGTON NAME.

and, return to 3"2 in order Èo enumerate another complex

region of Ëhe graph, if it, exists. Otherwise, proceed

Èo 3"3 of this step.

3"3) Enumerate the boundary circuiÈs circumscribing all

renainíng sinpl-e regions of the graph: examine vcLR and for each

círcuit not as yet assigned a region label in vR, perforn the
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following; initialize and incremenÈ the circuit count,er; select

Èhe next available region label- fron R and nomìnate this label

as the currenË REGIoN NAME; enter the circuit counter inËo R for

the current REGION NÆ'fE; and, enter the REGION NAI'IE int,o the CR

and VR elemenÈs associated rvith the currenÈ unassÍgned boundary

ci rcuiÈ.
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Algorithn 2.4 Attach arrríbute labels to the regions

TO ATTACH TIIE ATTRIBUTE LABELS* CONTAINED IN THE GRA?IIIX

GRAPTTICA]. DATA STRUCTT]RE TO THE REGIONS OF THE GRAPH G"

GrvEN: 1) The extended PDv description for the planar graph as

developed in the previous algorithm, in which al-l the

boundary circuits, regions and parËs of the graph have

been ídenËífied and,

2) Èhe AREAI, and NAI,IE class of sub-pÍcrures conrained in

the GRAPIIIX Graphlcal Dara Structure for the plan

sect.ion drawing currently under assembly.

and, DEFINING rhe lísts RCOL, CCoL, and VCoL, such thar:

1) RCOL defines the attribute identiry of each regíon of

Èhe graph;

CCOL defines the att,ribut,e identity of each boundary

circuit, of the graph; and

VCOL defines Ëhe atÈribute identiËy of each edge of rhe

graph.

1.1) Attach the 'exterior inËerface'** label to the exterior

region (ie. region 0 Ín the lists R, RC, and RV) of the graph:

enter the ext,erior interface code into those elembnt.s of RCOL,

CCOL, and VCOL that are labelled in R, CR, and VR, respect,ively,

as belonging Èo region 0. (Regfon 0 is idenÈified by a 'E' in all

Figures. )

* The att,ribut,e labels assi-gned to identify regions are
identical to the sub-picture drawing codes used to describe the
region in the GRAPIIIX Graphícal DaËa Structure.
**'The 'interíor interface' code labels Ëhose graph elements

thaL are associat,ed vrith the exÊerior of a buildíng.

2)

3)
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L"2) rdentÍfy and atEach the 'attribure labels' to all remaÍning

regions of the graph: examine each sublicture instance in the

GRAPlirx Graphical Dara srrucrure (GGDS) for the plan secrion

drawing currently under assembly and, for eaeh instadce, perform

the followíng;

A) Acquire the at,tribut,e ínforaation from the GGDS;

1) if the sub-picture instance i.s of the LTNEAR class,

ret,urn to examine the Bext lnstance as no attribuce

inforration is conveyed by this class of sub-picture.

Eigure 2"24 THE TARGET FOR At{ AREAI. CLASS SUB-PICTURE.

2) if the sub-picture lnstance is of the AREAL class; using

the lnformation defining the instance ín the GGDS,

calculate the coordinates for a TARGET polnr lying

within (the cent.roid of the surface boundary rectangle -
see Figure 2.24) the coufines of Ehat sub-picture

surface boundaries; nomioat,e the add¡ess of this AREAJ.

\ 
--'- -- - IARGET --\- ,¿-

_ 
-O--
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Fígure 2"25 À ÎARGET T,üITEIN À

iostance Ín the GGDS as the curreat colouR; and, proceed

to 'B'"

3) if Èhe sub-picture inst,ance is of Èhe NAI4E class;

oominate the first coordinate for the NAIÍE instance es

theTARGETandthesub-picturedisplaycodeforthis

instance as Ëhe current CoLOUR; and proceed to '8"

B) Identify the region

ÎARGET lies:-

COMP],EX REGICN.

of Èhe graph within which the current

the complex regions, if present' of

identified ín NP and NPC (ie" those

1) seardr in turn

the graph that

-11ér!

a!g
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regions defined by more than one boundary circuit), and

deÈerrine if the current TARGET lies inside the region

(ie. inside the exterior boundary circuít of the region

label-led 1n NPC for this region, and ext,erior to the

remaining boundary circuits circumscribing this region -
see Figure 2.25). If rhe TARGET does nor lie wirhin rhÍs

or any other complex region of the graphn proceed Lo

'2'. If the TARGET does lie within this conplex region,

'perfonn the following; ent,er Èhe current COLOUR into t,he

elements of RCOL, CCOL, and VCOL ËhaÈ are Labelled in

the R, CR, and VR lists, respect,ively, as belonging to

this region of the graph.

2) Othervise, search ín turn All símple regions of the

graph ídentified in R (ie. those regions for which only

one boundary circuit is defined), and determine which

region the current TARGET lies withín; enter the currenË

COLOUR into the elemenrs of RCOL, CCOL, and VCOL rhat

are labelled in R, CR, and VR, respectively, as

belonging to this region of the graph.
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Figure 2.26 THE LABELLED REGIONS 0F TltE GRAPE.
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Alsorithq 2.5 Construcr rhe dual graph G(d)

TO CoNSTRUCT A DIlAf. GRAPH REPRESENTATTON c(d) OF TrlE pLArÍAR

GRAPE G, where

each vertex of the dual graph G(d) represents a regíon

(container) of the graph, and each edge of the dual graph G(d)

represents the adjaceacy of tr¡o regions (a shared surface

boundary) of the graph G.

?-

Ò--+{

DUAL GRAPH

_ EDGE

O vERrEx

GRAPH

-- EDGE

o vERtEx

I

0-

Figure 2.27 TEE DTTAT GRAPE G(d) OF TEE PLANAR GRAPH G.

The extended PDV descrlpËion for the planar graph G, as

developed Èo Ehís juncture; r,¡here

---+--¿
ö---------+

-- 3 -¡

I

GIVEN 1)
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a) all the regions of rhe graph G are defined in R; and

b) the identiÈy of the adjacenr boundary eircuit,
regi'on, and colour for each edge exi-ting each vertex

of the graph is idenrified (see Figure 2"Zg) Ín rhe

elements of VC, W, and VCOL that are associaÈed with

the exit edge innediately counterclockwise to the

edge in V (as nored in algoritint Z.Z, the exiË edges

for each verËex of the graph are listed in clockrsise

order 1n V) "

ClRuit
REGion
COLour

Eigvre 2-28 aÐJACENT BOII¡IDARY crRcurrs, REGTONS AND coLouRS.

and DEFTNTNG Èhe lists RAt{ and RDIIAI. to be used, in conjuncríon

Page



October 1979 EXPLICIT I,IETITODS

r¡ith the previously defined list R, to store the

descríption of Èhe dual graph G(d), such thar;

1) R, previously used to define the regions of the graph G,

will identÍfy the verrices of the dual graph c(d);

2) R-AII defines, for each vertex in the dual graph G(d) (ie.

each regi.on of the graph G), the number of adjacent

vertices (ie. regions); and,

3) RDUAL defines, for each verÈex of rhe dual graph G(d),

the identiËy (ie. region labe1s ) of all adJacent

vertices (ie. regÍons).

STEP 1: CONSTRUCT A DUAL GRAPH c(d) OF THE PLANAR cRApIr c.

1.1) Select in Èurn each region of the graph G ídentified in the

list R, nominating the region selected as the current oBJEcr

region and., select,ing the boundary circuit(s) from RC Èhat are

contiguous to the current OBJECT region, perforn Êhe following;

A) Obtain the ad.dress in V for an exit edge lyíng along the

boundary circuit conËiguous to the current OBJECT region,

and

B) Traverse the exit edges of the boundary clrcuíË, count,ing

and identífying eaeh region that is. adjacent Èo the current,

OBJECT; enter the counË for t,he oumber of adjacent regions

int,o that element of RAN that ís associated with Ëhe current

OBJECT region; and, successÍ.vely enter each of the region

labe1s identÍfying the regions adjacent, to the current

OBJECT region Ínto the next available elements of RDUAL.

7L
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on 2.3 Assenbl and Enumera the overla raph GO

IntroducËion

Once the Planar Graph Representation of each plan sect,ion

drawing has been assembled, Ëhe consËruct,ion process for the Èhree

dimensional net\rork represenËation of the building can be

initiated. This process requires that the planar Graph Represente-

t,ion of vertically adjacenË building secÈions be paimise overlayed

and Ëhe planar graphs resulting from that union procedure be

inspected. This sect,ion document,s Èhe algorithrns and Ëhe

exËensions t,o the PDV data structure Èhat are used to perform the

graph overlay and inspectÍ.on procedures which result in the

generaLion of the network representation for a buíldÍng.

A series of five algorithns is used in the consËruction process

f or the three dimensi.onal netr,¡ork represenËation of a buildíng.

Three of the algorithns in this series were developed specifically

for the task aÈ hand. Two of the a1-gorithas used Ín this process

are also used in the assembly process for Ëhe tno dÍmensional

Planar Graph Representat.ion. A funcËíonal description for each of

the five algorithns is presented below in order to summarize Èhe

sequence of events followed ín the const,ruction process for Ëhe

three dimensional netl¡ork representat,ion. Detailed operational

descriptions for each of the Ëhree algorÍthns speeifically

developed for Èhe network representat,ion constructiori process

follow laËer. As in the previous section, descriptions of the

extensions to the PDV dat,a structure are incorDorated r¡rithin the
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descripti-on for the argorithns generating the information base.

Procedural Summarv

The overlay and inspect,ion proced,ure applied to the planar Graph

Representatíon of each pair of vertÍcally adjaeent building
sections is executed in the following manner:

+ry{ const,ructs an overlay planar graph Go rhar,

describes the union of the planar Graph Representatíons of túro

vertically adjacent building sections. The regions of the overray

graph Go result,ing fron this union map the vertical juxtaposiÈion

of individual containers delineated in the adjacent buíLding

sections.

Argorithn 2.2 enumerates the individual círcuits of the graph Go

EhaÈ are coincident to each verÈically adjacenË region of the

graph- The basic pDV description of the graph Go (consrruct,ed in
Algorithn 2.6) is inspected and the circuiÈs circumscribing the

exterior region and all circuits circumscribing the interior
regions of each part of the graph GO are enumerated.

Algorithn 2.3 identifies the surface

circuits) that map each region of the

boundary circuit infor.nation generated.

is ínspected and the boundary círcuiË(s)

are labelled as belonging to that region

boundaries (ie. boundary

graph G0. The part and

in the previous algorithn

cj.rcumscribing each region

of the graph.
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Algorithm 2.7 Each regÍ.on in the graph Go naps the juxtaposition

of trüo verti.cally adjacent building components. Each of Èhese

building components ís identífied by a unique region label in their
respective horízontal planar graph represenËations (G(u) and G(1)).

This algorithn attaches two data items to each region Ín the

overlay graph G0; one ídent,ifies the region label for the building

componenË juxtaposed innediately below (in c(l) ) and the other

identífies the region label for the building component juxtaposed

immediately above (in G(s)). Each of these data items describes a

vert,ical (directed) edge ín the building NETI{ORK represenÈation.

Algorithn 2.8 inspects the vertícal adjacency linkage lists
previously established for the regions of the graph GO and creates

two similar and reeiprocal vertical adjacency linkage lists for rhe

regions of both the lower and upper graphs, G(l) and G(u),

respect,ively. Once this procedure has been execut,ed for each of the

plan sectíon drawings, each mode (container) and each edge (shared

cont,ainer surface boundary) of the bullding network wilL have been

described and the construct,íon process for Lhe NETÍ^IORK represenËa-

tion of the building eourpleted.
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The AlgorÍËhns

Àlgorithm 2.6 Construct the overlay graph GO

TO OVERIAY TI^IO VERTICAILY ADJACENT PLANAR GRAPHS OF THE SERIES

DESCRIBING A BUILDING AND TO CONSTRUCT AN EXTENDED PDV

DESCRIPTION OF THE PLANAR GRAPI{ RESULTING FROM THAT T]NION"

GrvEN: 1) The extended PDV description (as developed in section 2

of this chapter) of two vertically adjacent planar

graphs, referred to as the upper graph G(u) and the

lower graph G(l), that describe vert,ically adjacent

building sect,lons.

and DEFINING the following graphs;

1) tr¡o temporarv graphs GT(u) and GT(1) describing the

parent graphs G(u) and G(1) respectively, where

A) the vertices of the temporary graphs Erap: the

verÈices of its parent graph; the intersection of

edges of the parent graph with the edges of the

adjacenË parent graph; and, the coincidence of edges

of the parent graph with vert,ices of the adjacent

parenÈ graph; and,

B) the edges of Èhe t,emporary graphs nap the adjacency

of Lhe vertices of. a Èemporary graph as defined in

it,s parent graph.

2) the overlay planar graph GO describing the union of the

eraphs G(u) and G(1)

and, DEFINING the following for use in the inspecÈion, construction
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G(u): c0):

GT(u): A lBlc GT(t):

GO:

Fígure 2"31 THE PARENT, TB{PORARY, AM OVERLAY GRAPHS"

and storage of Ëhe Parent,, Temporary and Overlay graphs:

3) the lists TAG, VPI, VPD, and VP are used to enumerate

the points of intersection and junction of Ehe Eemporary

A IBIC

(ol

(b)

(c)

E
D

E
D

E
Ao

B
D

c
D

B
E tA

E

page 78



October 1979 EXPLICIT METIIODS

graphs, where;

a) TAG defines, for each exiË edge Ín v of the parenÈ

graph, whether that exlt edge is the ,first

occurrence" in v of the description of that edge or

Ëhe 'second occurrence,, and íf the ,second

occurrence', the address in V of the ,fÍrst

occurrence' (see Figure 2.32) ¡

PDV TAG

0
I
2

3
4
5

6

7
8

9
t0
ll
t2
t.l

'14
t5

,Ió

ì8
l9

02rf2s 7 t532r
a2óf
10200
t233 I1535f
1821 2

4t
25
5f
38
6Í
26
4 t0
7l
l3
512
0l
ót5

TAG LIST

f =.FlRST OCCURRENCE
NU¡$ ERIC = SECOND OCCURRENCE

(roon¡ss)

Figure 2.32 FIRST AND SECOIID OCCURRENCES IN THE TAG LIST"

B) WI def iaes, f or eaeh exit edge

the point (s) of intersectíon

between the adjacenE ParenË and

'ffD deflnes, for each exíE edge

of the parenÈ graph,

and/or coÍncidence

that exit edge;

of the parent graph,c)
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the number of poínts of int.ersect,ion and/or

coincidence between the adjacent parenË graph and

that exft edge; and,

D) lß defines, for each exit edge of Ëhe parenË graph,

the st,art address in VpI of those points of

íntersection/coincidence for that exit edge;

4) the lists GTp, GTp,, GTD, GTV, GTB, and. GTR are used to
store an extended pDV deseription for each Temporary

'graph (the prefix GT referencíng the list rhat ís used

for Èhe Temporary graph and the suffix referencing the

standard list elements of the extended pDV descríptÍon,

as defined in Algorirhn 2.L);

5) the lists Gop, Gop', GoD, Gov, GoB and rhe lists GORU,

GORI and ALIAS are used Ëo store an extended pDv

descriptíon of the overlay graph resultíng from the

union of rhe pêrenr graphs c(u) and c(1) (via rheir
Tenrporary graphs GT(u) and GT(l)) where;

A) GoRu defines, for each exit edge of the overray

graph, the regíon of the upper parent graph G(u)

lying inmedíateLy to rhe righr of thar exit edge (see

Figure 2.33);

B) GORL defines, for each exit, edge of the overlay

graph, the regÍon of Ëhe l-ower parent, graph G(1)

lying immediately to the right of that exir edge (see

Figure 2.33) i

C) ALIAS defines, for each vertex of the Temporary graph
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cr(1),

verte:<

the vertex Label that wilL be

in the overlay graph GO; and,

EXPLICIT METTIODS

assigned to that

l0+ ll B
ll-à I B
ll +12 nof ossigned

P .V GORU GORI

E

no? ors¡gned
E

def ine the vert j.ces,

and bearing angle of

graph G0"

Figure 2.33 TIIE GORII AND GORL LISTS OF TTIE O\TERLAY GRAPTT.

D) GOP, GOP', GOD, GOV,

posltloÊ, degree, exÍt

the exit edges for the

and GOB

edges,

overlay

srEP 1: TDENTT¡'Y Al.L "sEc0t{D occIIRRENcEs' rN THE v Lrsr.

1"1) rdenttfy and tag the'second occurrence'of the trro exit
edges Èhat are listed in v of the graph G(u) for each surface

boundary (see Figure 2.32): inÍtialize arr the elements of

TAG(u) as being the 'first occurren,ce'; selecÈ 'first, occur-

t¡ t2

10

I

page 8l
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rence' exfÈ edges in turn from v of Ëhe upper graph G(u),

nomÍuatíng the selected exit edge es the current sIrBJEcr EDGE.

and perform the following for each SUBJECT EDGE;

A) rdenrify borh rhe souRcE vERTEx being exited by rhe currenË

suBJEcr EDGE and rhe oBJEcr vERTEx being enrered by in.
current, SUBJECT EDGE.

B) Enter P of rhe graph c(u) ar rhe OBJECT VERTEX and,,

exanÍning the List of exit edges for that vert,ex, locate t,he

exiÈ edge entrant, to the current soIlRcE vERTEx and nomfnate

that edge as the current oBJEcr EDGE; ent,er the address ín v

of Ëhe currenÈ sUBJEcr ÐGE into t,hat elemenr of TAG(u) thar

is associated r¡iÈh rhe current oBJEcr EDGE (narking this
oBJEcr EDGE as the 'second occurrence" of the suBJEcr EDGE).

L.2) rdentify and tag the 'second occurrence' of the two exic

edges that, are f.isted in v of the graph G(l) for each surfaee.

perform those operaÈions described in 1.1 above, subst,ituting

TAG(I) and G(L) for rhe rertrs TAG(u) and G(u), respecrively. ';

STEP 2: IDENTIFY AJ,L TIIE VERTICES OF TITE TEI,ÍPORARY GRAP1T GT(U)

THAT T,rrLL REsuLT FROM TEE uNroN oF TIIE GRApIIS G(u) and

c(1).

2"r) rdentify all the verÈices of the graph GT(u): select in
turn each verËex of the upper graph G(u), nominaÈing the

selected vertex as the current suBJEcr VERTEX; for each sIlBJEcr

VERTEX, select in turn 'firsÈ occurrence' exit, edges of the

current suBJEcT vERTEx, norulnating the select,ed exit, es the
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SUBJECT EDGE, and perform the following;

A) Enter Èhe address of the next available eLemeut, in vpr Ínto

that element Ín VP that is assocÍaÈed with Ëhe currenË

SUBJECT EDGE and íÊiËÍalÍze Lhe int,ersecË counter"

B) Exanine in turn the 'first occurrence' (tlC11¡=0) exit edges

of the lorser graph G(1), nominat,ing the selected exit edge

as the current OBJECT EDGE, and perform the following for

each OBJECT EDGE;

1) Determine if the current OBJECT EDGE (including its

incident vertices) is coincident to the current SUBJECT

EDGE and

a) if the two edges do not ínt,ersect; return to B if

there are exit edges of the lower graph G(1) yet to

be examined; othemrise proceed to 8.3.

b) if the Èwo edges do intersecE; eoter the coordinate

pair locat,ing the point of Íntersection into the

next avaÍlable element, of the VPI list; increment

Ëhe lntersecË counter and return to B íf there are

exit edges of the lower graph G(1) yet to be

examj.ned; oËhersríse' Proceed to 8"3.

2) Enter the intersect coutrter (tdentifying the number of

polnt,s of intersection oceurring along the current,

SUBJECT EDGE) int,o that element of VPD LhaÈ is

associaÈed with the eurrenË SUBJECT EDGE.

3) Exanj-ne t,he intersectÍon coordinates in VPI for the

currefit, SUBJECT EDGE and re-sequence the coordinaËe
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Figure 2.34 TEE

STEP 3: CONSTRUCT AI{ EXTENDED

cRA?É cT(U)

3"1) Enuuerate the exiE edges

EXPLICIT METITODS

pairs in thi.s portion of the list such that the elements

map, from top to botËom, the order of intersection along

the current SUBJECT EDGE fron lrs SOIIRCE VERTEX Eo iËs

OBJECT VERTEX (see Figure 2"34); return ro B if rhere

'are exit, edges of G(u) that have yet to be examined for

the currenË S1IBJECT VERTEX or 1f there are yer ro be

exami¡¿d vertlces in G(u); othetîerisêr proceed to St,ep 3.

o vERfEx

O |NTERSEGT

RXSEQUENCING 0F EDGE IlfftERSECTS IN V?I"

PDV DESCRTPTION OF TEE TÐ{PORARY

of the non-íotersect vert,íces of
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Ëhe temporary graph GT(u): count the number of vertices in Èhe

graph G(u) and assign the graph vertex counter thís value; set

the vertex counter equal to the graph vertex, vertex and

increment the vertex count,er; select in turn each vertex of Èhe

graph G(u) ' nominat,ing Ëhe selecÈed vertex as the currenË

suBJEcr vERTEx, and perforr rhe fol-lowing for each suBJEcr

VERTEX;

A) Enter the address of the next avai.lable element in GTV(u)

into the next available element of GTp(u); obtain the

coordinate and degree of the current sIrBJEcr VERTEX from p'

and D of the graph G(u) and ent,er the values into the next

available eLement of GTP'(u) and GTD(u), respectively.

B) Exarnine in turri the exit edges of the current SIIBJECT

VERTEX, nominating the selected exít edge as the current

SUBJECT EDGE and the verÈex being entered as the current

OBJECT VERTEX, and perforn the following for each SUBJECT

EDGE;

1) ObËain the bearing angle for the current, SUBJECT EDGE

fron B(u) and enter Èhis angle int,o the next available

elemenÈ of GTB(u).

2) Examine the TAG(u) lísÈ element' (indicating whether or

noE this edge is the first or second occurrence of this

edge in V(u) ) associated with Ëhe current SUBJECT EDGE

and;

a) if the SUBJECT EDGE is the 'first occurrence'

(TAG=O) ¡ obtain, from VPD(u), the numbel of

page 85



October 1979 EXPLICIT METHODS

intersect poinÈs oceurring along the SUBJECT EDGE'

ana;

i) if there are no edge 1nËersects (VPD=O) ' enter

the currenË OBJECT VERTEX into the next

avaiLable element of GTV(u) "

f1) if there is one or lnore edge intersects (VPD(u)

GT 0); obtain the first (upperraost) intersecË

coordinate pair fro¡n VPI(u) ËhaË is associaÈed

with the currenÈ SIIBJECT EDGE and ent,er that

coordinate pair ínËo that element, of GTP'(u)

that is addressed by the vertex count,er; enter

the vertex counter (ie. the vertex label- for

the coincident point in the graph G(u)) into

the first element of VPI(u) for the currenü

SUBJECT EDGE (replacÍ.ng the coordinate of the

intersect vertex with the vertex label to be

used to refer to that Íntersect vertex); enter

Èhe vertex count,er ínto the next available

element of GTV(u); and, add Ëhe number of

intersect, edges assocÍated with Èhe current

SUBJECT EDGE to the vertex counter (see Figure

2.35) .

b) Íf the SUBJECT EDGE is the 'second occurrence, (ie.

TAG= address in V(u) of the first edge occurrenee);

obtain from the VpD(u) element associated with the

'first occurrence' of the SUBJECT EDGE, Ëhe number

page



0ctober 1979 EXPLICIT METIIODS

a VERTEX
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Figure 2"35 INTERSECTS 0N SECOND OCCIIRRENCE EDGES"

íntersects

ÐGE aod;

occurring along Ëhe current

intersects; enter ehe

of edge

SI'BJECT

i) Íf there are no edge
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current, OBJECT VERTEX into the next available

element of GTV(u).

ii) if Ëhere is only one edge inrersect; obtain the

vertex label resident Ín the first (upper-most)

element of VPI(u) that is assocfared with the

'first occurrence' of the currefit. SIIBJECT EDGE

and enter 1t into the next available element of

GTV(u).

iií) if there is more than one edge inÈersect;

obtain both the vertex label (fron VPI(u))

assigned to the first edge int,ersect and the

number of edge j.ntersects (f rorn VPD(u) ) f or the

'first occurrence' of the currerit SUBJECT EDGE

and, d,ecrementing the number of int,ersects by

one, add the Ëwo values and nom'ínate the result

as the current, lntersect, vertex label; obtaÍn

the coordinates of the last (lowermost) edge

intersect lying along the 'first occurrence' of

the currenÈ SUBJECT EDGE and enter its

coordínates inËo thaL eLemenË of GTP'(u) that

is addressed by the intersect vertex value'

and, ent,er the intersect vertex label ínto the

last element of VPI(u) that Ís associated wíth

the 'fírst oecurrence' of the current SUBJECT

EDGE.

3.2) Enumerate the exit edges of the intersect vertíces of the
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Èerporary graph GT(u) (see FÍgure 2.36): set the vertex counter

equal Èo the graph vertex counter and íncrement the vertex

counter; select in Lurn each vertex of the graph G(u),

nominating the seLecËed vertex as the current SUBJECT VERTEX,

and perform the following for each SUBJECT VERTEX;

A) Examlne in turn the 'fÍrst occurrence' exit edges of the

current SUBJECT VERTEX, nominating Èhe selected exit edge as

the current SIIBJECT EDGE; nominate the vertex being enËered

by the eurrent SUBJECT EDGE as the current OBJECT VERTEX.

obfain from R Èhe region Iabel identifying rhe region lying

to the right of the currenr suBJEcr EDGE, nominaring thÍs

region label as the current RTGIIT LABEL; obËain from R the

region lying imrnediatel-y to the left of rhe current SIIBJECT

EDGE (the region laber- affixed ro rhaË edge lisred
innediately counter-clockq¡ise in v to the current suBJEcr

EDGE), nominating this region raber as the current LEFT

LABEL; obÈain the bearing angre for Èhe current sIrBJEcr EDGE

from B and nomÍnate thís angre as the current RTGIIT ANGLE;

compute Ëhe inverse bearfng angle for the current suBJEcr

EDGE and nominate it as the current LEFI ANGLE; and, obtain
the number of íntersect points for the currefit suBJEcr EDGE

from Èhat element of VpD(u) that is associated wiÈh rhe

current, SIIBJECT ÐGE and;

1) rf there are no edge coÍncident points (wD=o), return
to 3.2 to examioe t.he next exít, edge.

2) rf there is only one inËersect (vpD=l); enrer Ëhe
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address of the next available element ín GTV(u) into
thaË element of GTp(u) addressed by the vertex counter;
enËer a degree of tîro (2) into Èhat elemenr of GTD(u)

addressed by the vert,ex counter; efiter the OBJECT VERTEX

inËo the next available element of GTV(u) and, enÈer the
currenÈ RrGHT LASEL Ínto the next availabr-e element of
GTR(u); enter Ëhe current RIGHT ANGLE Ínto the fiexr
availabLe elenenr of GTB(u); enrer rhe, SUBJECT VERTEX

ÍnËo the next available element of GTV(u) and enter Èhe

current LEFT LABEL 1nËo the next available erement of
GTR(u); enter the LEF' ANGLE into the next available
element of GTB(u); and Í.ncrement the vertex count,er.

3) If there are Èrüo or more edge inÈersects (VpD(u) GT 1);
perforn the foll0wing for each edge intersect in ord,er
of occurrence (ie. fron the suBJEcr 

'ERTEX 
to the oBJEcr

VERTEX) along r,he eurrenr SUBJECT EDGE;

a) enter Ëhe address of Ëhe next avaÍlabr-e erement ín
GTV(u) Ínro rhar elemenr of GTp(u) ad,dressed by rhe
vert,ex counter; enter a degree of &ro (Z> into that
element of GTD(u) addressed by the vert,ex counrer;

and, dependíng on the position of the current edge

intersect in the sequence oecurring along the

current SUBJECT EDGE, perform one of the foll_owing;

i) if the current edge inÈersect 'is the first in
the sequence; enter the current SIIBJECT VERTEX

inro the next available element of GTV(u);
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enter the current LEFT LABEL int,o the nexË

avaílable element of GTR(u); enter the LEFT

ANGLE into the next available elernent of

GTB(u); enter Ëhe vertex couriÈer plus one into

the next available element of GTV(u); enter the

current RIGHT LABEL int,o the nexÈ available

element of GTR(u); enÈer rhe RIGHT AIIGLE inÈo

Ëhe next availabl_e eLernenÈ of GTB (u) ; and,

increment the vert,ex counter.

ii) if the current, edge int,ersect ís the last in

the sequence; ent,er the vert.ex counter minus

one into the next avaÍlable elemenÈ of GTV(u);

enter the current LEFT LABEL inÈo the nexr,

avai.labLe element of GTR(u); enter the LEFT

ANGLE Ínto the next available el_ement, of

GTB(u); enrer rhe currenr OBJECT VERTEX inr,o

the next available elemenÈ of GTV(u); enter the

current RIGIIT LABEL into the next avai.lable

element of GTR(u); enÈer the RIGHT ATTGLE into

the next available element of GTB(u); and,

increment, the vertex cöunter.

Íii) if the current edge intersect is neither the

first nor the last in the sequence; enter the

verÈex count.er mí nus one int,o the next

avaiLable elemenr of GTV(u); enrer rhe LEFT

LABEL into the next avail_able element of
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GTR(u); enter Ehe vertex counter plus one ínto

the next available elemenË of GTV(u); eoter the

RIGET LABEL inÈo the next available element of

GTR(u); enter rhe RIGET ANGLE inro rhe next

available element of GTB(u); and, increment, the

vertex count,er.

1-.
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39
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o VERTEX

O rNTERsEcr
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STEP 4¡ CONSTRIICT AN EXÎETTDED P,D,V DESCRIPTION OF THE TB{PORARY

GRAPE cÎ(1).

4.1) Perfora those operatÍons described in steps 2 and,3 above,
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G(u) and G(1), and consËruct the description for the Èe'porary

graph cT(1).

STEP 5: CONSTRUCT A DESCRIPTION OF THE OVERLAY GRAPH GO RESI]LTING

FROM THE UNION oF THE cRApHS G(u) AND c(1).

5.1) construcË the ALIAS vertex l-abel list for the verÈices of

the graph GT(l), assÍgní.ng Ëo each vertex of GT(l) a label r¡hich

will identify that vertex in the graph Go: count the vertices of

the graph GT(u) and assígn the verËex courit,er that, value; select,

ín turn each vertex of the graph GT(l), nominating the selected

verLex as the current suBJEcr vERTEx, and perfom Ehe following

for each SUBJECT VERTEX;

A) Obtain the coordinate value for the current SUBJECT VERTEX

from GTP' of the graph GT(1) and nominate thet, coordinat,e as

the current TARGET"

B) seleet in t,urn each vertex of the.graph GT(u) and, nominate

the vertex selected as the current oBJEcr VERTEX; assign

FOUND the value 'not found'; obtain the coordinat,e for the

current oBJEcr VERTEX and eompare this coordinate with the

current TARGET coordinaÈe, and;

1) rf the coordinat,es are not equal; return Ëo B to select

the next vertex of Èhe graph GT(u).

2) rf Èhe coordinates are equal; enËer the oBJEcr vERTEx

into that element, of aLrAS that is associated r¡Íth the

currenË SUBJECT VERTEX; assígn FOIIND the value ,found';

and, proceed to C ionediately below.
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c) Examine the value of F0UND and íf, a coordinaEe equar to the

TARGET lras 'not found' in B above; increment the vertex

counter and enter that value into that element of ALrAS thaË

is associated with the current SUBJECT VERTEX.

5.2) Enter the vertices of Èhe graph GT(u) and all the exiË

edges of rhese verËices (as listed ín GT(u) and, through the

al'rAs list, Ín GT(l)) ínto the description of rhe graph Go:

inltialíze the eremenEs of TAG as beÍ.ng 'avail-abre,; ser-ect in
turn eaeh vertex of the graph GT(u), nominating the selected

vertex as the current, sIIBJEcr VERTEX, and perforra the followins
for each SUBJECT VERTEX;

A) Obtain the coordinate locatÍon for the current sIEJEcr

vERTEx from GTp' and enËer that coordi.nat.e inËo the nexE

available element, of Gop'; enter the address of the nexc

avaÍlable element of Gov ínto Ëhe next available element of

GOP; selecting in turn each exit edge of the current sUBJECT

vERTEx and obtaining the labe1 identifying rhe verÈex being

entered, the bearing angle of that exit edge, and, the labe1

ÍdenrÍfying the region lying t,o the right of that exit edge

(fron GTv(u), GTB(u) and GTR(u) respecrivery), enrer each

value into the next available eLement of GOv, GoB, and GORU,

respectively; and, obtain the degree of the current suBJEcr

vERTEx from GTD(u), and assign that value to the degree

counter.

B) Examine the ALIAS vert,ex label assígned to each vertex of

the graph GT(l) and if the AJ,TAS label equals the current
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suBJEcr vERTEx, nomínate this vertex as the currenÈ oBJEcr

VERTEX and perforr the following;

1) TAG Èhe currenr OBJECT VERTEX of rhe graph GT(f) as

being 'not avaÍlable'.

2) Exanine in turri each exit edge of the currenË oBJEcr

VERTEX' nomlnaÈi-ng the exit edge selected as the current,

oBJEcr EDGE, and perform the following for each OBJECT

EDGE;

a) examine in turn each exit edge of the current

SUBJECT VERTEX and;

1) if Ëhe oBJECT EDGE is coincidenË ro Èhe SüBJECT

EDGE (ie. Éhe coordfnate values for the

vertlces being enËered by each edge are

identical); enter the region label for the

current OBJECT EDGE into that element of. the

.GORL list that is associated with the currenË

SI'BJECT H)GE.

ii) if rhe OBJECT EDGE ís nor coincidenE r,o rhe

SIIBJECT EDGE; enr,er the bearing angle and the

region 1abel of rhe OBJECT EDGE of Èhe graph

GT(l) int,o the next avâiLabte element, in Ehei-r

respectÍve lists GOB and GORL; obtain the ALIAS

vert.ex label for the vert,ex being entered along

the current OBJECT EDGE and enter rhar, AIIAS

into the next avaílable element, of GOV; and,

increment the degree counËer.
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c) EnÈer the degree count,er into the next available element of

GOD.

5-3) Enter Ëhe remaining 'available' verËices of the graph GT(l)

j-nto the description of the graph GO: select in turn each

'available' vertex of Èhe graph GT(l), nominating the select,ed

vert,ex as the curren.t suBJEcr vERTEx, and perform the following

for each SUBJECT VERTEX;

A) Enter the address of Èhe next avaÍlable element of Gov into

the nexÈ available element of Gop (ie. that element

addressed by the current suBJEcr VERTEX); obtain and ent,er

the degree of the suBJEcr vERTEx int,o rhe nexr available

element, of GOD; seLecÈ in turn each exit edge of the current

suBJEcr VERTEX and obtaining rhe ArrAs verrex label

idenÈ1fyíng the vertex being ent,ered along the selected exit

edge, the bearíng angle of the selected exit edge, and the

l-abel ldentlfying the region lying to the right of the

selected exít edge, ent,er each value ínto the next, available

elenent in GOV, GOB, and GORL, respectívely.

5"4) Re-organÍze the exit, edge, bearing, and regíon lists for

each vertex of the graph G0 such Ëhat the sequence of exít edges

in the v list naps the clockwise occurrence of the exit edges

about, the vertex.
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Algorithn 2.J Attach adjacent region labels Èo graph GO.

TO ASSIGN I]PPER AI{D LOI^IER GRAPH REGION LABELS TO ALL NON COL-

OURED EDGES AND ALL REGIONS OF.THE OVERLAY GRAPH GO.

GrvEN: 1) ttre extended pDV descripËi.on of two verrically adjacent

planar graphs, referred to as the upper graph G(u) and.

the lower graph G(r), thaÈ describe verticalry adjacent

building sectÍons, and

2) an extended pDv descripËion (includíng rhose rists
'describing the graphs, boundary circuíts, regions and

Parts, as well- as Èhose lists described in the previous

algoriËhn) of the graph GO, describíng the union of rhe

graphs G(u) and G(1), where, those elements of the

colour list GORU (idenËifying rhe regi.on of the upper

graph G(u) Èhar Líes inmediately ro the rfght of an exir
edge of the graph GO) On those elemenËs of the colour

list GORL (Ídentifying the regfon of the rower graph

G(1) thaÈ lies immediately to the right of an exit edge

of the graph Go) , ¡¡hich are associated r,rith the set of

exiÈ edges of the boundary circuiÈ(s) of each reglon of

the graph Go' I^IILL on input to Èhis algoriÈhro be either;
FULLY coLoIlRED every exit edge of the regions' boundary

cÍrcuit(s) is assigned a colour laber (the list erements

of GORL of the exít edges of region A in Figure 2.3g);

PARTTALLY coLoIIRED aÈ Least, one but not every exit edge

of the regions' boundary circuit(s) is assigned a colour

label (the element,s of GORU and GORL of the edges of
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GORII of the edges of region A Ín Figure 2"3g);

and, upon compleËion of this algorithm, wí11 all be

I"ULLY COLOIIRED "

and DEFINING rhe lisrs RULINK aad RLLINK, where;

1) rhe 1ísts RULTNK and RILTNK define Ëhe region of rhe

upper and lower parent graphs G(u) and G(1), lespec_

tfvely, that is contiguous vertically Èo each region of

the graph GO.

NOTE. TIIESE TWO LISTS DESCRIBE TEE VERÎICAL EDGES IN TITE

NETÏ{ORK REPRESENIÀTION TTIAT IS I]SED TO DESCRIBE THE

BIIILDING (see FÍgute 2.3g) "

Figure 2.39 vERTrcAr- NETI^IORK LTNKAGE Lrsrs: GRATE Go.

STEP 1: ENTJMERATE 1118 UPPER coLoUR oF TEE REGIONS oF THE GRAPH

GO.

1.1) select in turn each region from R of the graph Go,

GO: Region .RULINK RLIINK
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nomi-natíng the region selected as the current REGroN, and

perform the following for the current REGION;

A) Deteraine wheÈher the currenÈ REGTON ís FuLLy, pARTTALLy or

NOT coLouRED: Ínirialize rhe values couNT and STATUS ro 0

and cOLoIrR to 'not assigned'; traverse in turn each exít
edge of each boundary circuit of the current REGroN,

nominating the sel-ected edge as the current sIrBJEcr EDGE"

and perform the following for each SUBJECT EDGE;

1) Examine GORU element, associat,ed with the current sUBJECT

EDGE and,

a) if Ëhe exit edge is coroured; increment couNT and

STATUS; and, if COLOIIR is ,not, assigned,, assign to

COLOUR rhe colour of the current SIIBJECT ÐGE.

b) if the exit edge is not coroured; increment coirNT.

B) Ðetermine the colour of the currerit REGTON if that region is
NOT coLOIrRED: examine rhe value srATUS, and if srATUs i.s

equal to zeto (ie" none of the exit edges of the currerit

REGTON are assigned a colour in their GORU list), perform

the followÍng;

1) Arbítrarily sel-ect one vertex of the curïent REGT0N and

nominate the select,ed verËex as Èhe current, TARGET;

examine in turn each region of the graph G(u),

nomínating the regi.on sel-ected as Èhe current oBJEcr

REGroN, and deternÍne wheËher or not the current TARGET

lies r¡hoLly withfn Ëhe currenr OBJECT REGION; and,

a) íf the TARGET does noÈ reside wholly wiLhin Èhe
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current oBJECT REGION; return to B.I to examÍne the

next region of the graph G(u).

b) it Ëhe TARGET does reside whorry r,rithin the currenË

OBJECT REGION; assígn COLOUR rhe region label
identifying rhe currenÈ OBJECT REGION of rhe graph

G(u); and, proceed to C.

c) Assign the current coLOUR to the current REGTON; enter the

current colouR inro thaÈ element of RULTNK that is
associated with the current REGT0N; compare the values couNT

and STATUS and,

1) if rhe values of couNÎ and srATUs are equar (ie. rhe

current REGTON Ís FULLY coLotrRED), rerurn to r.I to
examine the next regíon of the graph G0.

2) if rhe values of couNT and sTATUS are not equal- (ie. the

current REcroN is eirher PARTTALLY or Nor coLoIrRED),

traverse each exit edge of each bound.ary circuit of the

current REGToN and, whrle traversing each edge, enter
Ëhe current COLOUR int,o that el_ement of RULTNK that i.s

assocÍat,ed with the exit, edge; and, returfi to 1.I to

examine Èhe nexË region of the graph GO.

STEP 2: ENT]MERATE TIIE LOI{ER COLOIIR OF TITE REGIONS OF THE GRAPII

GO.

2.L) Perform the operaÈions specj.fied in step I
t,errs G(1), GORL, and RLLINK f or the terms

RULINK, respect,ively.

substituting the

G(u), GORU, and
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Algorithm 2.8 EnumeraÈe all vertically conËíguous regions

TO ENI]MERATE TITOSE REGIONS OF THE OVERLAY GRAPH GO TITAT ARE

CONTIGUOI]S VERTICALLY TO EACH REGION OF lHE UPPER AND LOI.IER

GRAPHS G(u) and c(1), RESPECTIVELY.

GrvEN: 1) The exrended pDV deseription of the overlay graph G0,

describÍng Èhe union of Ëwo verticaLly adjacent buirding

plan sections, and

2) the exËended pDV graph description (as devel-ped ro this
' juncËure) f or those tÍro vert,Í.cally adJacent building

secti-ons' referred to as the upper graph G(u) and the

lower graph G(l).

and DEFINING the fol-lowing lists, where;

1) RULINK and RLLINK define rhe region(s) of rhe overlay

graph Go that are contiguous vertically to each region

of rhe adjacenr plan section graphs G(u) and G(l).

2) nuu and RLN defÍne the oumber of regions of the overlay

graph G0 ÈhaË are contiguous vert,ically to each region

of the graphs G(u) and G(l), respectively. (see Figure

2.42)

1"1) EnuueraËe those regions of the overlay graph G0 that are

conEiguous vert,ically to each region of the graph G(u): select

in t,urn each region from R of Ëhe graph G(u) and nomínate the

regions as selected as the currenË suBJEcr REGToN; set, couNT

equal to zero and;

A) select in turn each region from R of the overlay graph GO,

until aLl elements of that líst are exhausÈed, and nominaËe
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G(u):

GO:

c(t): :

¿ Y.'""

Ir¡ Region

RUN RUTINK RUN RttINK

RUTINK R LLINK

RUN RULINK RUN RTLINK

Figure 2"41 VERTICAI, NETI^IORK LINKAGE LISTS: c(U) AND c(t) "

the regions as selected as the current OBJECT REGION; obraln

the region label from the element of RULINK of the graph GO

that identifies the region of the graph G thaÈ is dlrectly

above Ëhe current OBJECT REGION and nominate that region

label as the current COLOUR; compare the current COLOIIR and

the current SIIBJECT REGION and;

1) if COLOUR and SÛBJECT REGION êre not equal (fe. rhe

current STJBJECT REGION and OBJECT REGION are noÈ

vertlcally conLiguous); return t,o selecË Ehe next region

of the graph G0(u).

2) Lf, C0T.01IR and SIÍBJECT REGION are equal (ie" Èhe currenr

SIIBJECT REGION and OBJECT REGION are vertically

contiguous); enÈer the OBJECT REGION inÈo t,he next

page 105



October 1979

a trmÞ!
Þ .,".rr,,
Q rrorot

0

oÞ
@Þ oÞ

t vtr"rr
þ crt<',nt

Q rrcrox

0

EXPLICIT METHODS

:q o

o

t

c
Þ

A

¡

0
I
L

J

t

o

8
6
J

0 0162
r 8163
2t2163
316t62
¿tó 02
5L2 03
6 8 03
7 0 02
I
t

tñ
1t
It

A

c
B

c
¿.
c
Èt

B
c

A
R

A

R

J

a

J
0
I
2
n

I
I

0
)
¿

J,
0
a

0

I

4
I
t

I
a

I
t
t
I
2
I
4
J
I

4
I

f

G

4
l8

7
1A

0
9

13
)

1t
5

l4
E

1a

6
l0
l9

J
l2

t

15

r90
7 t60
290
6 l8c
0 270
390
5 180
| 270
4 ¡80
2 270
5 270
3 360
6 270
2 360
490
7 270
I 360
590
o 360
690

¡5
16
t7
t3
t9

,ilrll'iliil r il llFlti
r E'3 r ¿.p":¿"h","T
? 9 2 2 upoclcxa Z L3 B 3 uppcrgraph ? 6l4Â 0 3 2z5

l3
06
¿7,
0

çllrllEllll*
30E
2 L D

1) t E

2L I D
203F

,ll'ili

1- t
411

I
I
I-t
a
I
t
2

"["["ll'il¡ilË11,ilË
tl

90 32 r ¡
r80ttl0E
t8062tD
270010E
l8083zE
270t62tD
360 2L 08,
27010J2E
3604t0E,
360t332:|-
90710E,

3áOt21D
9015328

180 9 lo E.
3601732E
270L22LD
90 5 3 2E

t80L42LD
902L53F

l80244LD
t602353F
2701a¿lD
270 2s ..5 3 F
3602o'41Ð

.360 19 5 I F
90224LD

i0 0. 16 2 ¡
r 16 16z 5
2 t6 L2 3 2
3 t6 0 2 .0
4 0 02 3
5 0 E3 7
6 I 621
7 8 t22 48 z tsz 29 5 t5z 5r.0 5 122 3rt '2 t22 o

L26
t34
147
t55
162
176
169
19 tt
20 l0
2L8
a', rl
239
248
25 to

'll.ilrllriliilniliil r [ Ë

5
a

I t A'2 I I 0 depe<rd:n!
2 2 D 3 2 .3 I uponu,esc
L 4 E 2 0 3 Z lo,¡e¡gragh
t 3 F t 2 L 3'

534
I
0
t

ñoÎE:

å,,B"C,D,E"F
sefec Èo eleq:cÊs
l¡¡ CCDS"

Tígute 2.42 \TERTTCA],LY coNTIGUous REGIoNS oF IIIE GRAPII G.

page 106



October 1979 EXPLICIT METHODS

available element, of RLLTNK of Èhe graph G(u); incremenr

the value COUNT; and,, ret,urn to select the nexÈ region

of the graph G0.

B) Enter the value coIlNT into the next available elemenÈ of RUN

of the graph G and return to selecË the next region of Èhe

graph G.

L.2) Enumerate those regions of the lor¡er graph G(1) thaÈ are

vertically cont,iguous to each regÍon of the overlay graph GO:

perforrn those operations specified in 1.1 substituting t,he t,erms

G(1), RULINK, and RIIN f or the terms G(u) , RULINK, and, ffiN,

respeeLively, wherever they ney occur.
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Sr:mmarv

The const,rucËÍon of the NETI,I0RK representation for a building
nay be executed by Ínputting a series of pran section d,rawings

depicting rhe storey and Floor/celling secrions of a buí1ding

and a plan secÈÍon drawing depictÍng the Írnmediate physÍcal

environs of thaL buir-d design. This is accornplished, by

converting each of these plan section drawings inÈo a col0ured

planar graph represent,ation, and by recursivery applying the

above descrÍbed planar graph and planar graph overray enumera-

tion procedures, as depicted below in Figure 2.43.

ANAR GRAP"\".ono* 

cRApH ovERLAy

ono*.*o"r1

GRAPH OVERI.AY

-)PLAN 
SEcT¡oN

f- 
-l 

-)praN 
sEcïrog DRA,¡yTNG

IOR ENVIRONMENÎ

GRAPHIC REPRESENÎATION BUILDING NETWORK REPRESENIATION

Figure 2.43 THE BurLDrNc NETIíORK coNSTRUcrroN pRocESs.
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October 1979 GRAPI{IX SYSTW

CHÀPTER 3: THE GRAPITIX SYSTEM

Introduction

rn the previous chapter expliciL methods !¡ere developed to

assemble and st,ore the network representation of a building in the

comPuter. This chapt,er describes the GRAPHIX interactive computer

graphies systeE for building description that experimentally

inplennented those expl-icit methods and, in conclusion, briefly
illust,rates the subseguent thernal analysis of a specific building

desfgn t,haÈ was digitally described usÍng the GRApIITX sysrem.

The, GRAPIÍIX Svsten for Buíldíng DescripÈíon

the GRAPIITX system for building description provides a single

designer, working directly on the screen of a suitably configured

interactive computer graphics workst.atÍon, with the Èools necessary

to consËruct a series of plan section d.rawings describíng the

design of a buildÍng and its immediat,e physical surround.ings.

using the informat,ion supplied Lo it dírectly and indirectl_y

through these plan seetion drawings, the syste¡n will autourat,ically

generat,e a t.hree-dimens.ional netr¿ork model of the buílding design.

Thís network model- of the buildlng may be subsequent,ly used by

various other comput,er aided design procedures to inspect or
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othetvise evaluate that buÍldings design.

Figure 3.1 INTERACTIVE C0MPIJTER GRAPIiICS IIORKSTATI0N.

The GRAPIIIX program \ras writt,en enËirely in PDP 11 assembler

code. The cod.e was r,vrieten expressly for executíon on an interac-

È1ve couputer graphíes workstat,ion that was confígured from

equipment nade avaílable by Ehe Computer Sen¡ices CenËre,

Uuiversi-ty of Manitoba" This interact,ive computer graphics

r¡orkstation was configured (Figure 3.1) using a PDP IL/ 20

minÍ.-computer wlth 16K v¡ords of core uemoÐ¡, a single floppy disk

rrfâss storage unit, a Tektrouix 4002A graphi.cs display terminal, a

PDP 11120
fvltNtcoMPulER

TERMINAT
GRAPHICS
¡ERMINAL
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sonic pen (affixed about the 4oo2a, screen* ) and a Tekt,ronix 1610

hardcopy unit,"

The GRAPHIX Sub-systens

The GMPlIrx sysÈem is composed of four (4) distinct sub-systems;

the GRAPHTX MoNrroR sub-sysren, the BUTLDTNG coMpoNENT sub-sysrem,

the PTAN SECTION DRAI^IING Sub-system (composed of three drawing

sub-systemsr the st,orey, the Horizontal , and the Ext.erior

obstruetion sub-sysÈerns), and the BUTLDTNG MoDEL GENERATOR

sub-system. Each of these sub-syst,ems is designed to sera¡e a

speciffc inforration acquisition t,ask and t,o operate on one or more

of the three major data bases used to store the description for the

buílding design (Figure 3.2). DescrÍptions for each of these

Sub-syst,ems are presented below.

The GRAPTIIX MONITOR Sub-system

The GRAPIITX MoNrroR sub-system provid.es basic data mânagement

sen¡ices to the GRAPI{IX system. These se:r¡ices include ínÍtializa-
tíon of a1l building data bases during syst,em stârt-up, managemerit,

of all sub-system staÈe changes, and basic fíle mrnagemenË

facílities for operating on the GRApHrx Graphícal Dat,a Base. Enrry

* The mi crophones of the soníc pen !üere affíxed about the 4oo2A
screen to simulate the operaÈíon of a 'light pen'. This arrangement.
allo¡¡s the designer to point directly at specific elements Ín the
display and to communicaEe information to the GRAplIrx svsEem.
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OPERATIONAL

DATA PAÎH

GRAPI{TX SYSTN,Í

ii
l-l-..

PAIH

Figure 3.2 TEE GRAPEIX SYSTÐ{.

to the MONITOR is achieved automaticaLly

upon exie from the Building Component

sub-systems. Residence in the ìÍONITOR is

upon system start-up, and

and Plan Section Drawing

signÍfied by the display

BUITDING
ftroDE!
GENERAIOR

BU¡tDING
COIì¡IPONENT
LIBRARY

EXTERIOR
OBSIRUCTION

BUILDIN,G
CONAPONENl
TIBRARY
DATA BASE

DRAWING
DATA BASE

BUILDING
NEÏWORK
MODEL
DAÎA BASE
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depícted in Figure 3.3*. When the MoNrroR sub-system is exited the

desÍgner will be asked if the Building Model Generat,or sub-sysrero

is to be invoked. should the response to Ëhis query be affirmative,

Èhe network model for the building design will first be assernbl-ed

and the GRAPHTX sysËem then shut down. should the response be

negative, Lhe exiting of the MoNrrOR sub-systen wílI lead Ëo the

ímmediate shut down of the GRAPIIIX svst,em.

Operation

Once start-up procedures for the sysÈem have been executed, the

MONrTOR will begÍn the initialization process, ínterrogating both

the floppy disk and desÍgner regarding the job name, job number,

and status of Èhe current, deseript,ion task (ie. whether the

resÍdent floppy disk has or has not been used previously to store a

description of the currenÈ building design). should the infomation

resident, on Ëhe disk díffer fron that receÍved from the designer,

the MoNrroR will request Èhat the designer reload Ëhe dÍsk

cartridge with the appropriaÈe disket,te. othen¡Íse, the MoNrroR

rsill proceed to initialíze all buildíng dara bases, if the

descripËÍon is 'nerü', and a¡sait, further instruct,ions from the

designer.

Following the above deseríbed initiai-ization process, eiËher of

the remaÍning t\,ro management sen¡Íces provided by the MoNrroR uay

* rt should be nored that all the GRApHrx Systero display figures
present,ed in this chapter are deríved dÍrectly from photographs
taken while the Graphíx systen was in operaÈion. For presentat,ion
purposes the polarity of the black and white fields of. the screen
display have been reversed.
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be invoked as required by the designer.

o€3ct tpl tci 'tLoot/cElLtxc¡ axD'sforct-

GRAPIIIX SYSTW

J :D i i

atÂ¡Dox

qot r

DÉr 3 x€

lp¡or ll
frn6;E* -l I-l::iÍ*=l
*l

I

Llt.Ez.ct G--5--j

! SlorEr 4 í

:l!¡r.c!J¡--r--:
: s10¡€r ¡ i

Llt.arL¡..Ê-:¡J

I sfor€r 2 |

Lfral¡l.cl-l
I Stor€Y t I

LE.L¡/<LÊ-L-l
i ¡.SEñ€XÎ I

Ltta-J

Figure 3.3 TEE GRAPIIIX SUB-SYSTB{ DISPi,AY.

Should Èhe designer choose to change the sub-system state in

ord.er to proceed ¡¡ith the building description process, three (3)

options present themselves.

OPTION 1: Should the designer '¡1sh to enter, nodify, or inspect

the Building Component Data Base, the BuÍ"lding

Component Sub-sysÈem should be accessed" Entry to thís

sub-system is gaj.ned siruply by pointing to the ELEMENT

and then the PROCESS command of the menu list locat,ed

page 116



October 1979 GRAPHIX SYSTEM

ar rhe left of rhe MoNITOR díspl_ay (see Figure 3.3).
The MoNrroR wÍll mark arl commands wÍth an x as thev

are ínput and then initiat.e Èhe requested change in
system sEate.

oPTrON 2: should the designer rvish to create a ne\ü, or nodify or

ínspect an existing, pJ-an sectíon drawíng of the

building desígn*, then one of the drawing sub_systems

of the plan Sect,ion Drawing sub-system should be

accessed. Entry t.o either the storey, Irorizontal , or

Exterior Obstruction d,rawing modules of this sub-syst,em

is sínpLy gained by again pointÍng ar, the appronrrra.

module box (six boxes representÍng the six availabre

drawing fíIes for the llorizontal rnodure, five boxes

represenËing the five available files for the st,orey

module, and a single box representing the only file
available for the Exteríor Obstruction nodule) and then

the DEFTNE and pRocEss comnands. should the particular

drawing file being accessed not contaín any drawing

inf ormat,ion, Lhe MoNrroR ¡¡ir-l query the desígner

regarding the verEical- dimensions of the section being

enteredr. by displaying a request for sect,ion height at

he bottorn of the screêr¡ once the designer has Èyped

* The línes forning the boxes represenËing each drawingfile r¡ill be sol-id if rhe file has beãn previously
entered and it contaíns drawing information, ãr the boxwill- be f ormed by dashed lines índicating thar no
drawing information has yet been entered ínto that fileof Ëhe GRAPIIIX Graphical Data Base
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in and verified the verËical dinension for the section,

rhe MoNrrOR will initiare the requested. change in
sub-system staLe.

oPTroN 3: should the designer wish to d.iscontinue the descrip-

tion process for the currenÈ building design, he or she

need only point, at the EXrr command at the bottom of

the menu lÍ.st. AÈ this juncture the MoNrroR wir-l query

the desígner to ascertain whether or not, the Building

Model Generator is to be invoked. should the designer

not wish to construct the neterork nodel of the buílding

- the buil-ding descripEion may not be complete - a No

response t¡ill result in the inmediate shut-dorvn of the

GRAPHIX system. If a yES response is typed on the

graphics terminar in response to the quelT, then the

MoNrrOR wíll proceed to iniËiat,e the Model Generaror

sub-system- once the three-dimensional digital
descriprion of the building is assembled the GRApHrx

. systen ¡¡ill ter-ninat,e operation.

Fína1ly' should the designer choose to abandon (delete) a

partícular drawing file fron the Drawing DaÈa Base, or copy one

drawing file into another enpty drawing fi1e, then the designer

should invoke one of the tno basic fil-e mânagemeriË commands

provided aL the top of the Monitor's menu list. To invoke the

ABANDON command the designer must, poínË at that command, the

appropriate drawing fi1e, t,he pRocESS comrnand, and then respond

affiruatively to a MONrroR request to verify the command actÍon. To
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invoke the COPY ssmm¡sd, the designer must first poi.nt at the file
to be copÍed from, then the file into çrhich the first file will be

copied (thÍs file must be enpty), and the pROCESS comm:nd,. Agaín,

upon receipt of an affírmative response to a verificaEion requesE,

the appropriate copy will be executed by the MoNrroR. Non-affirma-

tÍve responses to the verification request wÍ11, in both of the

above cases, cause the command to be ignored.

BUITDING
COMPONENT
ATTRIBUTE.
LIST FITES

DRAWING
SYMBOI
LIBRARY

DRAWING
SYMBOT

'iwonx¡Hc
POOt"

PLAN SECTION
DRAWING

BUIIDING COñ,TPONENT L|BRARy DATA BASE

Figure 3.4 TEE BUILDING COMPONENT DATA BASE.
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The BUILDING COMPONENT Sub-svstern

Instances of sEandard building components (íe. door, wíndows,

wall constructions, etc.) are often repeatedl-y used at dífferent

locations in a building design. Because ít would be redundanÈ and

clearly uneconomi cal to sLore attribute infornat,ion for eaeh

standard component with every sub-picture insLance, iL is

preferable to group Ëhe attribute information for each component in

one location (data base) and to províde cross-references to that

information from each sub-pict.ure instance.

In the GRAPIIIX system for buÍlding description (see Figure 3"4) '
the attribute informatÍon for each buildÍng component is stored in

the BUILDING COMPONENT LIBRARY data base under separate file and

the atÈribute information contained in each of these files is

cross-referenced Èo each instance in the building design Ëhrough

Lhe plan secÈion drawíng syrnbols províded to delineate and

rep,resent those building coryonenËs.

The BUILDING COMPONENT Sub-system ís used 1) Ëo delete drawing

synbols from and, to re-insËate drawing synbols into, the working

pool of drawings synbols avaÍlable Lo ln" ?1an SectÍon Drawing

sub-system and, 2) Eo edíÈ the attribute files, describing the

physical properties of. each building comPonent, that are stored in

the Building ComponenË Library data base for eaeh of Èhe drawing

synbol-s. Entry to thÍs sub-system is execuÈed via Ëhe Monitor

sub-system and residency in the sub-system is sígnified by the

display depicted in FÍgure 3.5. The exiting of thís sub-syst,en will
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Figure 3.5 THE BUIT.DING SUB-SYSTET"Í DISPLAY.

cause program conËrol Èo revert back to the GRÁpHrx Monitor

sub-system.

0peratÍon

lltreu the descrlption process for a building description is
initiated, the GRAPHTX sysÈern will automátically: assign all
drawing synbols avaiLable in the plan section Drawing sub-system to

the 'workíng pool' of drawÍng symbols (the twenty-seven material

componeot graphic syrnbols depícted in the coMpoNENT sub-sysE,em

display, Elrelve maÈerial gsrrF¡onenË Ëextual symbols such as ROOF,

ExrERr0R DECK and c0NIFERous TREE, and rweûr,y-rhree sparlal

page LZL



October 1979 GRAPHIX SYSTB.{

component, text,ual synbols such as KrrcHEN, pANTRy and BEDRO0M);

and, ent.er into the Building component Library data base a

predefined seÈ of attribute val-ues (Íe. the:mar conductivity,
reflectance and absorbancy for the material component, syrnbols) for
each of the synbols ín Èhar 'workíng pool' (Figure 3.5) " To nodÍfy
e1Èher the drawing elemenÈs contained in the working poo1, and in
so doing modify the drawÍng symbols available to Ëhe plan Seccion

DrawÍng sub-system¡ or to nodify Ehe values contained ín any

attribute lísÈ, one or more of the fol-10wing commnnd sequences must

be perforroed.

COMMAND SEQUENCE 1: To abandon a drawing elemenÈ from the

current Plan Sect,lon Drar¡ing synbol ,working pool,.
1) Point at, the ABANDoN command of the menu list, point at the

appropriate drawing s1mbol 0n the screen if Ëhe synbol to be

deleted is not, textual, and then point at Èhe pRocESS comm¡nd.

2) rf the syrnbol to be abandoned. is textuar, the systen will
display a request at Èhe bottom of the screen, asking that the

designer type in the texËual name of the synbol.

3) ttre system r¡Í11 now check the Buildíng conponent Library data

base t,o ensure that the selected drawing symbol is noÈ currentry
beíng used in any plan section drawÍng for the buílding. rf the

synbol has been located in a plan section drawing the syrnbol

will not be abandoned by Ëhe system.

4) rne system will finally requesr Èhat the designer verify rhaË

this ABANDON comuand is to be execut,ed,. once verifieation is
reeeÍved, the system will perform the requested deletion and
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exit this command sequence"

COMMAND SEQUENCE 2: To re-instare a drawÍng syrnbol int,o the plan

section DrawÍng sub-syst,ems 'working pool' of synbols, and/or to

define attríbute values for any of the buildÍng componêncso

1) PoinË at Èhe DEFTNE comrnand of the menu list,, at the

appropriaÈe drawíng synboL on the screen if Èhe synbol to be

defined is not, text,ual, and Ëhen at Ëhe pROCESS command.

2) the system wil-l request that the user type in the name of Ëhe

synbol to be defined. rf a graphÍc synbol is beíng defined and

the designer types in a name rather than a nu11 response, then

thaÈ name r¡ill be displayed in conjunction with the synbol_ in
the Plan Section Drawing menu líst,.

3) AË thís juncËure the system will ask the designer if a

listing of the exÍ-sting att,ribute values for the selected

drawing symbol is required. If such a requesÈ is made, the

system will display Èhís list at rhe ter-rniLnal.

4) The system ¡sill now query the designer in order to d.eËerrnine

if ner¡ attribuËe values are to be entered.

5) rf the designer chooses to edÍt any of the exist,Íng values,

the systen will- query the designer regarding the sequence number

of the data item to be ehanged and the value t,o be subsÈituted

in íts plaee. Otherwise the coumand sequence Ís exited.

6) once Èhe data Ítem number and substit.uÈe varue have been

entered on the termi.nal keyboard and the syst,em has executed the

edft, the designer will be asked if any other attribute value

changes are to be nade.
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7) The system will iterate through thís editing sequence until
the deslgner indicat,es that, no further changes are to be made.

At this juncture the command sequence r¿ill be exited.

cOMlfAND SEQUENCE 3: To copy rhe attríbure fÍle for one building

component into the attribute fíle of another buílding component.

1) Poi.nt at the COPY coum¡¡d of the menu list, and if the

buildfng componenr Í.s depicÈed on rhe díspIay, at the building

component t,o be copied from and Èhen at the building component,

to be copíed into, and finalLy at the pROCESS comnand..

2) rf no graphÍc symbols were selected prior Èo entry of the

PROCESS command, the syste¡o r¡ill request that the designer Ëype

in the name of the textual synbor to be eopied from and the name

of the t,extual synbol_ Èo be copied Ínto.

3) The systern r¡ill f inalry request, thaÈ the d.esigner verify thaÈ

this copy is to be executed" once verification is received, the

systen wíll perform the requested copy and exít this command

sequefrce.

The PLAN SECTION DRÀtrIING SuÞ-svsten

The PLAN sEcrroN DRAWTNG sub-sysrem is used ro 'draughr' an

alternating series of storey and ceilíng/Floor plan section

drawiags depicting the building design itseLf and an ExÈerior

obstruction plan section drawing depicting the inmediate physÍcal

environs surrounding the building design. These plan section

drawings are subsequently used by the Building Model Generator

sub-syst,em Èo construct the network representat,íon of the buildÍng
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Figure 3.6 TIIE PLAN SECTION DRAI,IING SIIB-SYSTEM.

as depicted io Figure 3.6, thís sub-system is comprised of rhree
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to the type of plan section drawíng and are assigned by the

designer to the 'working pool' of elemenËs in the Building

Component Library.

Entry into any one of the Ëhree available PLAN sEcTIoN DRAI^IING

sub-sysËems ís achieved directly through Ëhe GRApilrx Monitor, when

the desígner explicitly defines the drawing fÍle Èo be worked on

(sroREY l). Entry will always be made Ínro the draw module of the

selected sub-syst,em, f rom ¡shich the name mod,ule may be subsequent,ly

ent,ered. Exitíng from any of this sub-systems' draw or name modules

¡ril-l cause program control to r".r.ra back to the GRApHrx MoniÈor

sub-system.

Operation

once residency Ín any one of the pLAl.I sEcrroN DRAI.ITNG sub-sys-

tems drar¡ or name modules is established, the designer will be

presenÈed with an appropriate display similar ín structure Ëo that

of either Èhe sroREy DRAIü ¡nodule or the sroREy NAIÍE uodule, as

depicted in Figure 3.7. This dispray will sub-divide the worki.ng

area of the graphics terminal int,o two funcËíonat regions, a menu

Li-st area to t,he Left and a draughÈíng area to the righË. The menu

list provides the designer with a synbol list of some of the

buildíng components avaílable for Èhe current drawing type and a

sinple set of draughting commands to assist in the nanípulat,ion and

placenent, éf Ehose symbols in the draughtíng area.

The representation of a building plan secËi-on drawing is
aehieved by systeuatically entering drawing synbols into the

draughting area of the display (Figure 3.9 (a) ) and erasing
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Figure 3.9 through to 3.11 ilLustrate both the general sequence

fol-lowed in Èhe preparation of Èhe plan section drawings describing

a two-storey residence and some of, the display optÍons offered ín

Ëhe PLAN SECÎION DRAWING sub-sysr,em modules.
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The BuíLding MODEL GENERATOR Sub-sysren

The Buílding MODEL GENERATOR sub-system is used to invoke a

batch Prg8ram that wil-l construct the three dimensional network

represenÈaËíon for the buildÍng design as developed in chapter 2.

Entry ínto this sub-system is execuËed via the Monitor sub-syst,em.

once the batch network assembly program has ceased execuËing a

message r¡ill be displayed at the terrinal indícating the success

orr alas, the failure of the assembly task. upon the display of

this task status message, the GRApIlrx systen will cease operat,ions.

Conclusíon

once the GRAPHTX system for buílding description had been

implenenË,ed as deseribed above, e simple* buildíng design r¡ras

ent,ered into the computer using the GRApHrx sysÈem and that

buildÍng desígn analysed usíng an existing building thermal heaÈ

loss/gain computer program lrritten by Mr. Alan Dakin (M. Arch.

Thesis, universiËy of Maniroba, 1973(r)). The building design used

in Ëhis analysis and some of the resul-ts (see AppendÍx B for
compl-eËe resulc 1ístings) derived from this anarysis are depicted

together in Figure 3.L2.

*This building heat ]-oss/gain analysis program requires that Ëhe
building be of a convex, recÈangular, polyhedral form and that the
polyhedral form possess but one inËerior 'zoÍre' .
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CHAPTER 4: CONCLUSION

IntroducÈion

The objective of compuÈer Aided Buílding Design is to develop

eomputerized procedures that will pernit designers to apply more

science and technology in a cost effectÍve manner in Èhe building

design process. once an initial design for a building ís input

within the computer a designer can quickly analyse and evaluate a

variety of alternatives and thus make better design decisions. The

prinary jusËification for interact.ive computer graphics developmenË

is to provide a direct and economic means to input Èhac building

data which is required Èo operate conputer aided building analysis

and evaluaÈion procedures"

The Explicit Methods and the GRAPHTX interactive comput,er

graphÍ-es system present,ed in the previous chapËers of this thesis

describe one means Èhat can be used. to generat,e three dimensional

digital model-s of building designs 'r¿hích can in turn be used to

support the application of computer aided building analysis and

evaluatíon procedures. This chapter presents some critical

obsen¡aÈions and conclusions regarding Èhat means of bullding

description.
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Obsenzatíons

The developmenr of the Explicir Methods and the GRApHrx sysËem

provided the author with an invaluable opportunity to acquire and

exercise some of the theoretic knol¡ledge and some of the technical

skill-s requfsite to the deveLopment of an useful interacËive

c,omput,er graphics based system for the direct machine encoding of

buil-ding descript,ions. Based upon Ëhe experienee gaíned through

the execution of thís work, there are a number of points thaE can

be made regarding both the ExpliciË Methods and rhe GRApHrx system.

I"0) The Expl-icÍt Methods.

1.1) The planar graph, planar graph overlay, and dual graph

network methods provide a very flexible and powerful systen

of representation for buildings composed of rect,angular

polyhedra. The sysËen can be used not only to describe both

the physical- (naterÍal component) elements of a buildino

such as windor¡, wall, door and ceíling/floor constructions

and the spatial (spatíal component) el-ement,s such as roons

and t,he exterior environ¡nent but, mosË importantly, it rvill

d.erlve the geometric description ior the ratter from that

of the former.

1-2) Because the system of represenËation closely parallels thar

traditionally enployed in the preparaËion of sÈandard

architectural orthographic projection drawings, translat,ion

of. Ëhe representatÍon into faniliar architectonic graphic
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dísplays can be readily accompl-ished.

1.3) The system of representation is applÍcable to any scale of

description and may be employed for any purpose which

requires a conplet,e and accurate geometric model of

rectangular polyhedra "

L.4) The system of representaÈion is restricted to the

description of recËangular polyhedra located in continuous

horizonËal building sections and it canriot, âL least as

presently developed, be used t,o generate desriptfons for

importanÈ, non-rectangular, planar forns such as sloped or

piËched roofs. Although thís limitation poses few

restrictíons to the description of most. commercial and

Índustrial building types, ít does restrict the system's

appl-ication t,o the deseríption of most types of residential

buildíng.

If this system of represent,ation \üere to be further

developed, serious eonsíderation should be given to the

developuent of special input, planar graph, planar graph

overlay, and dual graph rietwork methods which v¡ould

accommodaÈe the descríption of such building forms.

1.5) The system of represenÈaion was developed to operate as a

'batch'procedure. While this -strategm facilitated the

execution of this work, it ensured thaË no informatíon

descríbing the spatial elemenËs nor any topologicaL

information descríbing the relat,ionship between physical

elements of a buílding design would be available to the
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designer until Ëhe descriptíon input process was completed.

ThÍs restriction Ís neither desíreabre nor theoreticalrv
inherent to Èhe method. Methods for the interact,ive

' consÈruction and editing of the network representaÈion were

examined and the deveropment of an 'int,eractive, version

of the 'batch' construction methods !¡as found. to be

feasÍble. As detaired developnent of this approach was not

considered to Ire wfËhin the scope of this work, formal

development of an'interactive'method has been left to
future study.

1.6) The ext,ended pDv dat,a st,rucËure províd.es a clear and

seerningly efficient framework for storing and. operating on

the planar and dual graph representations enployed to
describe a building.

L.7) The algorithns used to construct t,he network represenËation

described make use of moderately complex nathuacicar-

concepts drawn from the field of Graph Theory. rnfonnati.on

reËrieval from the buil-ding netrrork representat,íon data

base requires the application of concepts d.rar¿n from the

same field of nathmat,ical theory and the deveropment of

data base interrogat,ion uethods which are similar in
complexity to Èhose used in the data base construcËion

Process.
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0) The GRApHIX Svstem. 
, ¡

2.L) The GRAPHIX SysËen provides a crude but operative mechanism

f or the co¡nmunicaËion of building inf ormatíon and the

const,ruction of the final dual graph network representation

of a building design"

2.2) Tlne Tektronix 4002A 1nÈeractíve computer graphics terminal

used in the implementatíon of the GRAPHIX SysÈem is a

storáge tube dísplay device. To delete imagery from the

display, Èhe display screen musÈ fírst be erased and the

edÍted irnage completely re-displayed. Although image

erasure and re-display using the GRAPIIIX System r'las

normally executed in f ron t¡*ro to f ive (2-5) seconds, it was

found Lhat even this short time inten¡al could be extremely

f rust,rat,ing to the designer if urultiple deletion operations

rÍere executed in quíck succession.

The GRAPIIIX Systen made Èoo much use of screen erasure

and re-display. If the System rrere to be further developed,

Èhe occurrence of this type of screen nanipulation should

be reduced signifieantlY

2.3) The screen of an interacÈive computer graphics terminal is

an extremelv valuable resource. This resource was noÈ well

utilized in the Plan seétion Dravring sub-system of Ëhe

GRAPITIX System. Too much screen display area (approximat,ely

one-fífth (1/5) of the active display area) \úas dedicated

to support menu list functions and, conversely, too liÈtle
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was dedicated to support the prirnary plan section drawíng

'draf t,ing' f unction.

The screen dÍsplay area uight have been better allocated

had the author chosen to invoke al-l the drawing comnands

via Èhe graphics terminal keyboard rather Èhan via the

sonic pen and display menu 1-ist, and if he had chosen to

display more abbreviated versions of the drawing synbols

used in the 'drafËing' process. These measures would have

permitted the designer to commurìÍcate wíth both hands and

provided more effective use of the graphics display

s creen.

2.4) The Tektronix 4002a. used in the ímplementation of the

GRAPI{IX System was not equipped with a cross-haír screen

co-ordinate input device. In order to circuuvent this

short,coming, the auËhor affixed the microphones of a sonic

pen tablet inpuË device about Èhe screen of the TektronÍx

display screen and programmed an input interpolation

rouËÍne ÈhaË ínterrelated the locatíon of a sonic Pen

strike on Èhe display screens' outer surface with a screen

address on the graphics disPlaY

This data ínpuË arrangenent provided an acceptable means

for communi-catíng display screen coordinaÈe information to

the GRAPHIX System, although some diminution in accuracy

Íras apparent when pointing aË locatíons at Èhe screen's

periphery.

2.5) The Plan SecÈion Drawing sub-system of the GRAPHIX Systen
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did noÈ display any informarion on the display identifying
or describing the height of any secondary component, such

as the r¡all element above Ëhe head of a door. ïhe display
processor of the GRApHrx sysÈem shour_d have compiled

textual listings describing each such secondary component

and output this ínfornation in conjunction with the
appropriate prinary building component syrnbol in the plan

sect,ion drawing display.

2'6) The 'PLAN' drawing aid provided in the plan section Drawing

sub-system peruitted the designer to dispray the plan

section drawing lying iurmediately bel0w the buildlng plan

sectÍon currently being'd,rafÈed'- such a faeility is
essentiaL to interactive computer graphies applicatíons,
such as ËhaË considered within thís work. rdealry, this
drawing aid should have permitted the d.es igner to
superimpose any of the other plan section drawÍngs used to
depict the building design.

Conclusions

ThÍs .hes is has involved, archiÈecture, urathmatics and

info'nation processing, and dealt with one interactive co'puÈer

graphics based method for inputtíng and representing geonetric

models of building designs in a digital compuËer. I,Iorking hrithi.n

the conceptuaL framework of an existing building description
method, the thesis has expl0red how that concept rnÍght be
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algoriÈhnically realLzed, operationally implemented and practically

ernp3-oyed in the building design process.

The following conclusions have been drawn as a result of thís

study;

1) The planar graph, planar graph overlay, and dual graph

network methods described in this work províde a sound

theoretic and operaÈive basís to the developmenÈ of useful

interactÍve computer graphics based systeus for the direct

machine encodíng of buíldíng deseriptions.

2) The GRAPIIIX System, as ímplemented, is useful only as a

Computer Aided Building Design research and teaching tool.

IIowever, if further developed as observed above, the

GRAPIIIX Syst,em could provide e useable and pracËical

graphícal tool for dírectly inputting three-dimensíonal

digltal models of a building into the computer.

3) If the GRAPHIX SysËem were Èo be further developed' every

attempt should be made to aequire working versions of the

special purpose GRAPPLE* and GLIDE(1) program language

compilers.

The GRAPPLE language has been successfully enployed by

Public l,Iorks Canada to iuplemenÈ their comprehensive

building drawing system, DRAI'II( 2) ' and ís Pertícularly

suited to the representaÈion of building floor plans such

as those creaËed in the GRAPIIIX system.

*GRAPPLE rras developed by
Ottaç¡a.

Bell-Northern Research 1td" '
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The GLrDE language, developed by Eastman and Henrion,

provi-des facilities to perfornn geometric and topological

operat,ions upon polyhedra.

4) A working knowledge of planar Graph Theory is nor only

essential to Ëhe study of interactive computer based

methods for Èhe direct machine encoding of building

descriptÍons buÈ an increasing number of computer aided

design and. analysis methods employed in Èhe architec-

ture(3), interior design(4), landseape architecture(5,6),

and city planning professions ( 71 8) .

5) The development of useful interactíve comput,er graphics

systems for the direct ^chine encoding of building

description is neither a trivial nor a simple task.

rnËensive reseach has been conduct,ed in Ëhis area for at

least. 10 years and, whíle some very powerful syste's are

now operatíonal-, Ehere still remain numerous problems

\rj.thout saÈlsfactory sol-ut.ion. until a recognized solutÍon

Ëo Ëhis problem 1s found, ttre probl-en area r¡irl remain an

active and viable field of endeavor for architectural and

oÈher Computer Aided Building Design researchers"
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October 1979 APPENDIX A

APPENDIX A: AN INTRODUCTION TO GRAPII TIIEORY

Introduction

rn order to faníliarize the reader wíth Ëhe graph terminology

and symbolfsm enployed in this thesis, some general remarks and

definitions pertaining to graph theory and graphs per se are

presented i.n this section. As there currently is no vocabulary

universally accepted in Ëhe field of graph theory¡ the reader is
urged to study the conventions set out in this section before

proceeding to examine the contents of Chapt,er 2.

What Ís a Graph

A graph can be visually depícted as a coLlection, or set, of

very sinpl-e objects: a set of points, or vertices, joined by a

prescribed seÈ of líne segments, or edges(l)" These sets of edges

and verÈices are the fundamental- objects of concern in the graph

and possess no propertÍes other than their visuar objectiwity.

Neither the position of Èhe vertices and edges, nor the curvature,

nor the length of the edges bear any signíficance 1n graph theory.

Rather, it is the study of the manner Ín which these edges and

vertices can be inter-related which constitut.es graph theory. For

example, the graphs Gl and G2 of Figure 4.1 have the sâme vertex

and edge contenË and therefore are t,he same graphs (2).

DefÍn1t1on VERTEX: A vert,ex is the only sígnificant joiníng of Líne

page 150



0ctober 1979

Figure 4"1 DIFFERENT MAPPINGS OF A cRApE"

segneats (3) .

In Fígure 4.1 the vertex v0 of

labe1led el and e2, whereas there is

edges e0 and el in thaË graph.

Gz2

graph Cl does

no sÍgnlflcant,

APPENDIX A

JoÍn the edges

joining of the

"o

DefinÍtion EDGE: An edge denotes the joining of tno vertices as

shor¡n by el and e2 of graph Gl(4).

DefiniÈion GRAPE: A graph G consists of a f.inite non eupEy seÈ v of

n vert,íces Ëogether with a prescrlbed sec E of q uaord,ered, pairs of

distÍnct vertices of v. Each pair e=(vlrv2) of vertices in E is an

edge of G, and e Ís said to joÍn vI and v2(5)" H,ovrever, au ed,ge may

Eot join a verËex to ítself (a loop) " rn a nurËÍgraph, a pair of

_vertices nay be joined by more than oae edge (nultlple or parallel
edges), but ín a sinple graph a pair of vertlces uay be joiaed by

"o "f
el

cÐq

"o

,l
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at most, one edge(6). rn this thesis r shall use the tero graph to

refer only to finite sinple graphs without loops.

Developing a vocabulary Ëo describe and identify properties for
distincË vertices and edges of a graph, the following definitions

are presented lrith examples i1Lust,rat.ed in FÍgure A.2.

DefinitÍon TNCTDENCE: An edge ís íncident to e vertex, and, a vert,ex

1s incident t,o an edge, if the vertex is a vertex of the edge(7)"

The vertqr v0 ís incident t,o ed,ges e0, êI, and e2. The edge e0

ís fncident to vertÍces v0 and v5.

Definítion ADJACENT EDGES: T¡so edges are adjacenË if the edges are

incident to the same vertex( 8) .

The. edges e0 and e5 are adJacenË, being incídent, t,o the common

verÈex v5"

DefÍnition aDJACEl{I vERTTcES: T\¡o vert,ices are adJacent if Èhe

vert,ices are lncident to the same edge(9).

The verËices v0 and v4 ere adJacent, beÍ.ng íncidenÈ to the

conmon edge e2.

Definition DEGREE: The degree.of a vertex. is the nurnber of edges

incident Èo the vertex(10).

The vertices v6, v7, and vB are of degree one, the vertex v5 of

degree two, and the rem¡ining vertices of the graph, nameJ_y v0, vl,

v2, v3, and v4, of degree three.

DefinÍtion END EDGE: an end edge is an edge íncidenÈ Èo at least
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ooe vert,ex of degree one(11).

The edges e3 and e9 are end edges"

APPENDIX A

Definition END VERTEX: An end vertex is a vertex

The vertices v6, v7, and v8 are end vert,lces"

of degree one(12) "

ä':ð'

Figure À.2 A SI]BGRAPH.

Def inition SIIBGR-A,PE: A subgraph G(s) of a graph is a graph having

all of fts vertlces and edges iu G(13). The subgraph G(s) is a

subset of the elenents of G.

Because a subgraph 1s a graph and a graph is a subgraph of

itself, ít nay seem Ëhat the two r¡ords 'gxaph" and "subgraph' ane

sJmonymous. Although this is true in some respects, the r¡ord

'graph" is used Eo deoote the coopleÊe set of elements upon which

atteutloû 1s focused. The tezm 'subgraph' is used t,o focus

aËteaÈion ou a particular subset of the complete set(14).
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To assist in the designatÍon and discussion of subgraphs of a

graph, the elements of the subgraph are visual.ly enhanced in the

diagrans, illustrating subgraph edges ¡¡ith heavy Lfnes, and

subgraph vert,ices wÍth solld dots" The subgraphs G(s) of graph G in
Figure 4"2 cont,ains Èhe edge subset, E(s)=ls4re5re6re7reB) and the

vertex subset, V(s)=(v1 rv?rv3 rv4) .

Three Èopics, nameJ-y cONNEcrEDNEss, I.IALKS, and pT.ANARrly, are

now introduced which describe specific graph concepts perti-nent to

this thesis.

Connect,edness

A graph nay be said to be either disconnected or connect,ed. A

graph G' or subgraph G(s), ís dlsco4nected if it is possibLe to

divide its set, of vertfces v, or v(s), into t!üo distinct subsets,

vl and v2, such that there are no edges joining any vertex in vl to

any vertex lo Y2; othenrise, the graph Ís saíd to be connected,(15).

The following algoríthn may be used to deter.mlne a graphs, or

subgraphs" state of connectedness"

select any vertex v0 of a non-null graph G (or non-null subgraph

G(s)" Label aLl vertices adJacent to v0 as vl. Except for those

vert,ices prevÍously labelled, Label all vertices adJacent to

vertices labeIled vl as v2. continue Ëhis vertex labelling process

untÍl it Ëerm.inates' as it w111 for a finíte graph. rf, when the

labellÍng process terminates, all the vertices have not been

labelled, c(c(s)) is disconnecred(16).
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r--o

Flgure 4"3 A DISCONNECTED cRApI{"

Because all the vertfces of, graph G ia Figure A.3 are not

labeLled aÈ the conclusfon of the labelling processn the Graph G is

disconoected.

very closely relared yet sÍgniflcanrly differenr from rhe

concept of connectedness is the concept of a pART. The word "part'

is used to describe a "whole plece' of a graph or of a subgraph"

For example, the above graph G has two parts" A part is a

parEicular kfnd of subgraph of a graph (or of a subgraph) and carr

be algorithnically defiued as;

Definition PART: SelecE any vertex v0 of a non-nu11 graph G (or a

noo-null subgraph G(s)). Apply the same vert,ex labelling process to

the graph as is described above. The set of all edges of G (G(s))

lncideat eo all vertices nhích have been labelled consËltuces a
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subgraph of G (G(s)) calLed a Parr P of G (c(s))(17). '

As the term Part can be used to inply properÈles possessed by

ej.ther a subgraph or graph, íts use ís always relatlve to Ëhe

universe of objects under consideration. Ïlhen a reference is made

to a partÍcular Part P, the graph or subgraph of which P is a part

must then always be nade explicit¡ i.ên P of G or P of G(s) "

H,orever, Ín order t,o reduce the constant definitlon of Part in thi.s

thesis, the Part P should always be interpreËed Ëo refer to the

graph G under consideration at Èhe ti-me unless stipul-ated to the

contrary.

DefÍnition CUT-VERTEX: A vertex belongÍng to a connecred graph G

the removal of whích, togeÈher with the edges incident to 1t,

produces a disconnect,ed graph Ís referred to as a cuÈ-vêftêx.

Definition BRIDGE: An edge belonging to a connected graph G, the

removaL of which produces a disconnected graph, is referred to as a

bridge"

In Figure 4.4, vertex v3 of the graph Gl is a cut-vertex, and

the edge e4 of the graph G2 is a bridge. Thus, if v3 is a

cut-verLex of the connected graph Gl n then G1-v3 is a disconnect,ed

graph. Likewise, íf. e4 is a bridge of the connected graph G2, then

G2-e4 ís a dlsconnected graph. It should be noted that the removal

of either v3 from Gl or e4 from G2 will increase the number of

Parts in each graph"

I^IaLks

alt,ernat,ing sequence ofDefinitioq trIALK: A walk of a graph G is an
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Figure 4.4 CUT-VERTICES A¡TD BRIDGES"

vertices and edges v0re0rvl ,eLrv2, " ". rv(n-1) re(n) rv(n), beginning

and ending at, vertj.ces innedf-ately proeeeding and following it" A

walk JoÍuing v0 and v(n) Eay be denoted by a sequence of vertex

lables, v0rvl 
'vZe 

n.. rv(n), irhere any vereex Ín the series Ínf ers

vertex adJacency 1o the graph. A salk is coasídered to be qle€ecl 1f

v0=v(n) and 1s open otheffise(18).

PlacÍng restrictions ofl Ehe sequence of vert,ices and edges

eonËained in aay walk sequence, the followlng terrs are used. to

define specific walk subsets:

Definition TR.A,IL: A trail is a valk r¡here all the edges are

disEíoct,"

DefinitÍon PATE: À path ís a walk where all the vertices (and thus

necessarily all the edges) are distinct.

DeflnitÍon CYCT,E': A cycle is a closed walk 1n which its n vertices
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are distinct and n 1s greater than 3.

WA!K

f RAII

PATH

CYCIE

Fígure 4"5 WALKS, TRAILS, PATES A}TD CYCLES"

Planaritv

The discussioa so far has been entÍrely in
graph nhere its geomeËrlc diagran has se¡r¡ed

purpose. At this junct,ure the planar graph is

the abstract graph, is defÍned in eer.ns of les

#+,/M---^

/ *1
"*_II vV

Deflnition PLANAR GRAPE: Note rhar a planar graph ls a

graph ryhich can be dralsn on a pl_ane so thaË f t has

lnËersecting or crossíog (ie" ao tno edges share a conmon

the plane which ís not a vert,ex) "

Ia Eopology, the plane and the sphere are classified as

APPE¡IDIX A

vo,vl,v4,vl,v2,r3,r4

Yg,v1,v4,v3,v¡, v2

vo, vl,v2,tr3,1r4

"r'"g'"4'" r

telTûs of the abstract

only for illustraclve

lutroduced and unlike

geoueeric diagram"

oon-uul1

rro edges

point ín

surfaces
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of genus ZêEo. The genus of a surface is the largest number of

closed polygous that, can be drawn on the surface without separating

ft. a closed polygon d,rar¡n on elther a plane or a sphere separêÈes

the surface int,o distinct areas(19).

H

fo
fr

rz

Vrg/

Figure 4"6 A PLÀNAR GRAPH.

Deffnition REGION: The separate areas of a plane identified by a

planar graph are referred to as its regions. The unbounded region

f0 is caLled the e:<terlor reglon, and ehe bounded areas fl, f2, arid

f3 wLll be referred to as the lnterÍor regions of the graph.

page 159



October 1979 APPE}TDIX A

References: Appendix A

I Ma:*rell, L.Mo¡ and Reed, M.8., Applied Graph Theorv. New york:

American El-sevier pubLishing Company, I97L. p. 1.

2 ibid-. pr 2"

3 ibid. po 13.

4 ibid. p. t4.

5 llararyr' F. , Graph Theorv. Don Mills,, Ontario: Addison-l{esley

Publishing Company, 1969. p. g.

6 Read, Ronald c., Graph rheory and computing. New york: Academic

Press, 1972. p. 49.

7 op. cÍt,. 1. p. L4.

8 ibfd. po L4.

9 iþi4. po L4.

l0 ibid. po L4"

11 ibid. po L4"

12 ibid. p. L4.

13 ibid" po 14"

14 op. giÈ. 5. p. 11.

15 oD.__c:Lit" 1. p. 16"

16 op" ciÈ" 6. p. 49"

17 op. cit" 1. po 25"

18 ibid" p. 26"

19 op. ciË. 5. po 25"

20 op. ciË. 1. p.p. 34-35.

page 160



t:

i'!i

'r,::!:f üllfii:lwit:,îi

,ffi



October 1979 APPENDIX B

APPENDIX B: TTIE RESULTS OF A BUILDING TITERI'ÍAL ANALYSIS

ThÍs appendix documents the output produced by Mr. An Dakins'

thermal- heat, l-oss/gain buildlng analysls computer pFogramo The

output describes some of the calculaËions that were performed by

this program for a single storey house design which was digitally

described using the GRAPEIX inËeractive system. These results were

used to generate the data presented in Figure 3.12"
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OcÈober 1979 APPENDIX C

APPENDIX C: A VMq TAPE OF TIIE cRAprlIX SySTm,f

A black and whíËe video tape of the GRApHrx system is appended

to this thesís. The video tape depicts a working sessÍon at a 4002A

graphics terminal, when inputing a building descriptÍon into Ëhe

computer usíng the GRAPIITx sysren. rt, is hoped that by rhís devíce

the reader may gain an oven¡Íew of the work conducted in thís

thesis.
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