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A qréphics 1angu§§é.has’f @nAdésigned ahd imblementedA‘to
}”ov-ué graphlcs fac ]1+1Ds fo the appllcaflons DrogrAmm =T .
%h@ language is frlcflv qraphlcs orlented .but its. qr;_hlcs
oper ations ‘are gennral.: Tt 'ncludeg thé dff‘nlthﬂ of 2

3}

icture description schenme which 'cah_be’used to.describe
P S LT , :

f%arge'classes of pictures. A tcchnlquc is dPV“lOpDﬂ which

: < ,
allows the graphlcs software to be ac”cssed from a numHeL of

- .

high—levél '>host languageQ' w1thout ,moglflcatlon oﬁy,the'
'g;aphicé software or the - host. languééé. Detgils “of’ a-
éurréﬁt imﬁlémentation_aré"given. An apptoacﬁffor;extendiﬁé
the picture: désCription ééhemé to picture analysis‘is aléo
described. | _ - ' g
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‘.executing display files . have becomee%less‘o;ncial. But,

. ; : 2 - . : - o . C
graphigs software and systems are often display-hardware and

“to design an env_

to 'specify .and

e
.:

LR N . N
Chapter I : T e

N : Introduction
4N | - -

® . . «

To. provide graphics software for - general -use, it is

dent. . Furthermore; Nake26  has noted that
in graphiCS'7languagesf. It was the intent of this reSearch

onment-independént graphics facility, and

elegant and- powerful._ _ %s::'

S

Hardware iS‘the . ost"restrictive ”enwironment.' Often,

graphlcs software 1s.tallored ‘to certain dlsplay hardware ser

“mplement a. grabhics, langquage which is

)

,imPOrtantvthat it -be.’“environment-independent"; Existing

e stitl some unifying concepts to-be' deVeloﬁed" :

+hat more can be dlsplayed on.the screen~ . However, dlsplay‘

hardware ohas-“lmproved in the last- flve',Years. : Fast-

Sy

because of\hardware—dependency, the software'produced 'often

/{résults* in' wasted efforts as hardware changes. Therefore,

it is important that the de51gn pr1nc1ples of granhics

software be 1ndependent of hardware changes 1f such software

is. to remaln of value for- some perlod of tinme.

" Host dependency is anothe

I}zl

/@
. , s
by many researchers. Ther@;ﬁsrf%

v

doubt tnat. many graphlcs

;ga that has been overlooked

_ianguages" (e;g.'See survey by Williams*3). have " been

Ve
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[

.one of dlspay

¥ ™ "
: - .. : , "
o . ”m&} oy L R 0.
’ %v? N \, . '
‘prdduced.. However, the general user's respomse is’ usually

-

“ 'the facility is'ta;lored and reqL.infed to . 'certaln hosﬂ7

o~

»’lamguage,' in whicﬁ case ohlf some  ue: “s will apprec1ate 1ts

utlllty,'or it is- self cont ined, in wurch case 1it demands

1earn1ng_~ another language +«hich 1is definitely to the.
: . ~ ’ ' A .

-, s

distaste of the casual use-.

Tt shouli be noted that thlb the31s is not" an’ attempt to

'produce a super grapafcs 1anguage.‘ It is 1mpract1cal if

not 1mpossrble, tov do so. "Pather, it 915 1ntended ‘to-

demonstrate a philosophy' for creatlng a practical ~and
e .. . o . o
c=neral graphics facility. . . S

Vo

Vlth existing hlghilevel languages, 1t 1s felt that there/

‘. are suff1c1ent non- graphlcs capabllltles, and there “is- "no

«

therefore v1ewed as a general fac1llty of a computer system,

5 e \

'in a wa@lnot ‘much dlfferent from -software packages for
, SRS : s

handllng ordlnary' input/output devices. - Only operatlons//

»

L

that are 1nherént in graphlcs have to be prov1ded N rts_'

T

own, the software is swff1c1ent to produce plctures of all,

# 3

-klnds.s When 1nterfaced w;th other hlgh level langua@es, the

J~- ¢
3 ; .

graphlcs operatlons appear.‘td' the “user as. Bﬁgétfln_~

facilit}es_ofhthe system.r R f‘ -
R . ,.l;“}.. \\

- One ¢bbvious ,approach is #

E

extend ' thé compilers of the

B R

S

to’ dupllcatev these —efforts. Graphlcs software is =

.;high—ietel languages. EHowever[ | their - very ) diVersity-‘

2

One of the major obstacles is thas elther*f‘

-

R ]



‘excludes ~thé pradtlcablllty of

. s

: thelr comollers to accommodatqur phlcs, at Least' for the

present.moment.. K

. . 3 .
? N “7 e o o

At the - Uﬁiversity*a“f Plberta, a- systen -, has been

4

1fy1ng all of them and

A

'flmolemented which . allows tbe graphlcs language to be used in -

, [ S
~con]unct;onv’wrth ex1st1ng .‘glgh-level languages. ‘rhe
. ‘graphics statemeﬂts are sultably flagged so that they can ‘=

<

" distinguished easily from the host statements. The program

-1s scanned by a. preprocessor;.iwﬂicbw detects the ,flagged_

starements, cdnverts themnm into host procedure calls and thus.

prov%@%s.‘the linkage' to the graphics software. :In this

it is' necessary -to »eﬁsure that communication

TIAN

dbnvéntlons of . progranm llnkages require that the graphics

.software be built in .a linkage-cohfgﬁtioﬁ-indepenﬁent'

mahnerr It is hence”the’responsibilitv of the)preprocessor,a.'

in. the scannlng process, to DUlé% ‘the necessary 1nterface to

gprovlde proper llnkages.

-

° P
) %% T . : : . I .
The%mair ..-2tPage of* this approach is that only a single
. graphics’ s. are package hasvto be“bﬁilt fd& universal dse

among a numberuof hlgh level lawguages.' The'overhéad " costs

1]
Ve

-1nclude the' preproce551ng tlme fér bulldlng the- 1nterface,

and the 11nkage tlme 1n transferrlng control betWeen the two

K o t

languages. However;'there ig a: further advantage.'in thls

. i
. . i L.

"rans&er of values, be properly establ:shed. The different

i o 8.
egyeenc the two languiyes, Wthh 1s usually in the form of-

D
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N

'ip?“

v

apptoach. = The facilitie% available in the host 1ansuage.'

also Ei%pte the'fcapabiltties required -in the . fﬁohice

Ia ~

‘language, and only operations.dhich are inherent,"n pictidre

descrﬁption and rnpdt/output need .be  catered to. This

Jog ¢ . ¢ : N
. .

<avoids re-inventing features that are already‘gresent intthe

PR

host 1anguages, _More time = can then be devoted to the
development of a language that 1is general as_ far as
.graphlcsv operations are coneerned; With such a facility,
5 2
L I RN

Q@

\

‘users w1ll be able to use graphlcs 1n the host language of

. also .important that it be user-oriented. - Because of the

"stathments, whiéh' inClude “a picture_ descrwptlon‘ schene,

ﬂmﬁér own ch01c

, . R N
» K o - : L C - /ya ’
'Not only should‘the graphics software be universal, it is

i

*graphics—operationS-aboneAréguirement;g‘it is possible to
build a'.grabhics language that- is relatlvely 51mple._bk»
powerful yet 51mple graphlcs language has been‘ deflned and-

is presented ;iﬁ’.thls the51s.-. Tt 'hasl flve types Cof.

devigce- 1ndependent input and 'output :and‘ fac111ties'for

3

plcture transformatlon and 1nformat10n retrleval. A large

class of plctures can{fgeA descrlbed in the language.‘.It

3

',ailows.one to‘build plctures from,.subplcturess and- ba51c

'ﬁéaw1ng Drlmltlves.' TransformatlonS'i within plcture

!

\\deflnlttons are allowed . No- output code £ dlsplay 1s

generated “when the plctures are def1ned~\Nence, subplctures

need not be deflned before they are used’ in the deflnltlonf

of - other plctures.‘ Thus;the userﬁcan.describelhis pictureS‘

. I
Iz



Tk

.in the manner that is md8t natural to hinm. Labelling of

picture components, which 1s ngcessary for identification

pUrpoéeS'in,interactivé graphics, 1s done by’ sequential"

indewing, without explicit user specification.
, | ‘

© ~tares are callead by names, and defined by their
comronern s and corresponding attribut ~. A  tree-like .data
structure is maintained for the pictu.:s as they are built, -

and the user - has control over every component of the

- * . ~

PictUresr which ‘thus can be. easily modified. The data

'structure together with hardware-related drawinggrprimifives‘

\

nake eésy to outéﬁt the pictures on any device at any
| , - oo 3
tire.

. To ‘be .ally‘hardware,ind%pendent[ however, more than
just a data-structure 'is required. Since iost grapaics

'systems do not possess all the neCessargf Bardwarg, the

organization of display files nust be .- specified in " a
g 1isplay files p

'hardware;indépendenk manher: Uépally; display files are

either structured or,SeQuential.° H@?%, a mixe =t ategy is

e

. used tov'ensurq uniform treatment of d: p-.ay\ --files

st

independent of the availability oﬁzdifférenthh;ranre. The
scheme is baSically_structured, qn&;%emains so  as :Iong as

) . . B 5 f : ° ]
the hardware allows. If a ¢.rtain picture transformation

* ’

‘caﬁnot be achieyed by‘the‘availableidisplay hardware, then a

'sgquential display description is used. A picture vector,

aé defined by Duffin,® is. generacted for that picture so’that
ol . p . , el 7 :A

¢
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1
. -
o B

oy

hand; if a new hardwar _eature lS added to the systen, then’

the sequential‘.display descrlutlon is replaced by - a

structured description. 1In this vay, the basic construction

wpbhilesophy oOf  the displag file remains the same no matter

~#hat hardware is available. If a purely structured or.

-

Sequentiai construction is required  for  any particular

hardwale, the technique.is still applicable.

P

™ Another important faature of this language \lies"in the

'unlformlty of plcture*Qescrlptlon, 1nd°pendent of the source,'
& ,
of graphlc 1nformat10n. Inpé% from the dleplav termlnal is.

treated the same as a plcture deflnltlon u51ng he: plcture’

nescrlptlon _scheme, ‘the data structufe‘ being: updated
correspondlngly. The = language is- .thus, input-device.

‘1ndependent.

To'-summarlze, t he major contrlbuflon of thls the31s lles
1n the . de51gn d'zlmplementatlon ”Qf .vi;general egraphxcs

.Language.' The plcture* descrlption, sCheme “is 51mp1e but

Versatiie. The place of a graphlcs language in relatlon to

!

ex1st1ng hlgh level languages is also 1dent1f1ed. This is

D

1mportant_ _'de it strongly 1nfluences _the- de51gn of * the

¢

-

ﬂindependent a general and env1ronment 1ndependent graphics

‘-faq111ty 1s achleved

<f‘ if' 2an  be easily manigulated- by software. On fhe other

language,. By~ constructlng '”to be hardware and host



L

~

Organization of the Thesis e B _ N

3

~

In Chapter 1II, a supvey of[the1development»of graphics

languages -is given. The advantages_and;disadVantages'of the

. P
e

different gpproaches to provide graphics software are

- discussed. ' The maSor cont#}ﬂution of the'thesisF-the<design N

oo

of 4 - new graphics 'language—-is.described in Chapter IIT.

The philosgphy of'the:aesgen, aimedaat providing a p

. Is

graphics facility for the general user,‘is-first didcussed.

The‘ufeatures og\\the language vare"then presented with

details of the '51mpfel but versatile' picture description'

l‘- .

schene, 'the”' data structure, ~and the ‘constructianv'Of-

~efficient  -and hardwarefindependent "idisplay files.

ctical

Chapter'Iﬁv describes another important COEtflbUthD*-thei"

pro- 1s1on of a universal graphics fac1lity._"The_ technigue“

>

“used for prov1d1ng such a faCility for use among different_n

high- level la ges is diccussed.. Specific examples using,n

PL/I and ALGOL H as. hosts are given. Implementation of the

~faCillty w1th ‘FORTRAN as the host language is then described

in Chapter V. Implementation details,‘inciu%bpg techniques

o

to PRovide good operating efficiency of the system, are

" desdribed. The nature of the 1mplementation ist such that.

]

meitension to - other' host languages presents no fundamental

4

‘problens. - Demonstration - of the working 5ystem 'is  also .

given. 1In‘ Chapter VI, the sujtability of - the picture’

.)

deScription .scheme for picture "analysis is» discussed.“

'Summary of results ‘and work for future,research are given in

/

y



“the _ final chapter, including suggestions of hov e
efficiency »of"Athe system can be improved. . o -

L



B Chapter II

History and Development oi Graphics Languages

Since Sutherland*® first .used "...a \Eatfsdz/ ray tube

‘display -gnd 1light pen to draw pictures while fhonitoring

ser's motion (using the 1light pen) and -~ building = a
: ' NN
syructured set of data representlng +he data belng drawn",

v v

fhere has been everr grow1ng interest in the area of computer

-graphics. uraphlcs hardware has developed from the '1n1t1al

cathode ray tube dlsplay .and llght pen to the present day
plasma dlsplay .ilquld ~crystal drsplaysq‘ laser vdlsplays,

three—dlmea51onal input - devices and ‘manf others. _In'

parallel witﬁ hardware development;. graphics> software has
also been admajor area of research.' Different‘approaches’to
the. development of software have resulted in diversified
areas of interest. ‘Lanquages for descrlptlon and generatlon
of plctures, technlques of handllng da ta structures and man-
machine communlcatlcn are some. of the frequentf areas'ncf
concern. While‘qgﬁy useful ideas have heed coaceived:in‘the

differe@t areas, there are limitations in the.different

’

approaches which are discussed in the-followihg sections.

2.].' Extens1on‘ of Existing ﬂ;gg:level _ Lanquaqgs f"gg.

fIh thls‘ approach, either +the graphics 'softWarei is
prov1ded as subroutine packages of " certain high—leVel

~ Al N



alanguages

modified to include- graphical operations. '

10

\

(usually FORTRAN) or the hlgﬁ-level language ‘is

\ .
In the  first

\

category, - the gpftw%pe, is usually vavailable as 1ibrary'

goutlnes.

N\

Examples are 'CALCOMPZ, GSP12 'aﬂd GRI DSUBl7

© v

There 1is no explicit plcture descrlptlon schede -- pictures

\ b

are formed by maklng approprlate calls to the packag , v and.

ﬂgbe picture- data ‘structure 1s>not accessible fo the user.

These packages are best descrlbed as utlllty packages, since

they do provide some utlllty to the gﬁ;phlcs users.

In the secondicategory, ex1st1ng high- level languages are .

. modified or ex

tended to 1nclude graphlcs operataons;
R Z : : .

Hurwitz 2% al.1* have first modified FORTRAN and introduced

the use o

_descrlptlon

£ di

sSC

splay vwariables. There is a picture
v =] ' )

heme which allows the user to describe

<

pictures in terms of display functions, which are either

bUllt—ln

or -

user—defined; - Again, there is no user-’

I

accessible picture-data structure, and little 7consideration

has . been

\

given

to the constructlon of dlsplay flles and .

';hardwarc dependency of the software.

e

i

Later work has extended giaphics into glanguages other

than | FORTR
- procedures

» Transformat

AN.
in

ion

Newnan2® has introduced ALGOL-1like display.
: . : :
genetating  information for dlsplay

within calls to these procedures’ allows

'51mpler descrlptlon of ;pictutes. In . trying - to OVercome

‘d1Splay -h &

Tdware

dependency  he has-:pr0posedé the use of’

I3



~

‘sequential display files.'. But, as he has noted, "the
R_

principal complain® 1eveled against display procedures is

B - “

‘that they are ineffici®nt. Whenever a minor change is made

t

to.- a p;cture,c_the'entire ‘rame must be regenerated". The

scheme is alSo”notrsuitable‘”for ‘remote display terminals

because - of the ularge quantlty of . data that has to be/

transmlrted each time a change is made. Nevertheless, the

i

picture iescrlptlon schere is a. marked 1mprovement over the

A .
crevious ones. It is indeed more flexible to maenerate and

: ) L
modify pictures with display procedures.'

In extending PL/I tO‘include graphics; smith38 has also
developed some useful concepts in deflnﬂhg pictures. He has

C

suggested-that "...1mages (or. plctures) should be defined in

,terms of concepts rather than SpelelC ‘hardware commands™".

In th plcture descrrptlon scheme, 1mages can be combln d to
2 S R

form ,new images using image operators. Five operators

inclusion, connecticn, positionine, scallng ‘and rotatlon -

are provided A for the description of plctures,_ but no
- PN ! . -l\> )

provision is made for easy extension +to other operators.

Smith“has also considered = the building' of 1image dathp.

"Inmage data structures should be ingludea in the7laﬁ9uage in

such a way that the detalls of the structure are hldden from_

‘the user and so that the structural mechanlsm may be readlly

changed". The interrupt'capablllty of PL/I‘ has alSO»»been

extended to DroCess dlsplay device interrupts. It is
1 : '
evident that this system relles heav11y on the use. of some



features of PL/I.
5

The main drawback of this approach is that an appreciable

,

amdunt of work is required to modify the compilers of the

¥

high—levelAlgnguageé.' Theisoftware is- also »restricted to

the high-level language involved.

2.2. ipplication—Og;ented Picture Desggiption Languages

In, this approach, the aim is ~to provide means of

a

déScribing and genérating pictures for certain applications.
An explicit picture'deécription scheme is usually :provided,
Frank® invented the B-line for describing-and manipulating

his drfawings. Applications are . mainly for production of

draﬁingé for publicaticn purposes. . Some graphical

arithmetic.facilities are also provided. The .léngque “is

embedded in FORTRAN. A macro prOcessor is used to convert

‘the graphics statements into FORTRAN statements before

compilétiop,A ' ﬁezei's SPARTAZ3 ié a brocedureforiented
laﬁgdagé for manipulatibnﬁof arbitrary line drawinGs. ' The
software. is again available in FORTRAN. 'AppliCafgon is
maihly fér éo;puter art érodudtions. various mathematica%
transformations are,pefmitted{= A follow-up work by Duffin5

has produced a language for line.draﬁings in APL. Pictures

are considered. to be vectorsifOrméd by their coo:dihates'and

‘attributes. - Good: arithmetic capabilities are provided for -

. different transformations of the pictures. However, the APEL "%

notation is ;athér awvkward since expressions are evaluated

>
.

12 0.
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" from right to left.

languages can Ye - found " in Grayt: and Williams+43,

~

. 'J
=y

/

The  usual drawback (and
thaf the language developed istzapplication—Oriented. Very
little can be dope outside the application a;eas.  often,

the éoftware is also host‘dependent.

2.3. Data Structure Languages for Graphics Systeéms

v

Since data structures ‘are important in  interactive

systems, much work has been done on data structures for

genéral-pu;pose «graphics systenms. There are - low-level

& . . . | .
languages such as L6 +9, DSPL%1, CORAL®O, and ASP20- There

are also - high-level languages such as Associative

: N ‘ - ‘ . :
- Programming Languages. and LEAP33. -Detailed surveys of such

Researchers in this area believe that good ‘data sttuctures”

are 'mandatory for problenm modelling, - relational  and
structural dqipriptions; and hence 'graphids"systems.

/

However, the divérsifiedv application areas in graphics"

require data :structures that‘éré not easily predétermined.
. N ’ _— . - .

In an effort to overcome such prdblems,”'Williams4* has

designed an ‘extensible general purpose gréphical language

which allows usé}s to define their own data types cand -

operators. 'FORTRAN has been used as the host language.

While a gobd‘data struéture'could be dseful for certain

applications, it is often not necessary to provide chplex

[}

;dvantage) of this approach is
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data structuring :mechanisms, _especially " when graphics

facilities are provided in another high-level "language.

v Applications such as map sforage and‘retrieval“ and computer

" art23 ‘need” only simble' da-ta ‘structures, e.g. sequential’

descripﬁion of data,:add simple graphical transformations..
Little or no Treference to complex data structures may be
required.

. )

The main disadvaﬁtage of +his_ approach is that the

picture description = hemes become more and .more obscure as

the data structure grows in compleXLty. : The

Y

‘may never use such complex. facilities. - B8si “the -

facility still has to depend on the use af ‘high-level host

langhage and much programming effort is dlplicated.

2.4.  Linguistic Approach to Rictyfe - .Description  and

Generatlon

: By{sggilogy :with ;the'linguisti ;ebpqo&ch to_ptogramminé

1ahguages,vformalized descriptiOnss.o-' pictures have also

been . developed.- The“target here is to ﬁroviqe descriptions

of 'pictures for analysis and recognition! Narasimhan2? was

among the pioneers in"this'dpproach.” The Bubble Chamher

Analysis and'the.langﬁage for descfibing. Ehglish alphabets

are well knowﬂéﬂ, Although ‘the. plcture descrlptlon scheme

+ 1, quite reStricted it has prOV1dedva‘goodr*start in this

area. Klrschl8 used a two—dlmen51onal approach to descrlbe

right trlangles. The - scheme _howeier becomes ‘much too>



involved for complex ’piCtures. ' Ledley's' description of
chromosomeSZI’ls also well posed, but as Miller pand Shaw2s
have pointedb out,'_"It is difficubt_pto generaliie,this
approach to figures other.than closed curves...ﬁ; Snaw's
PDL3‘Alar 1age has prov1ded some Spark in the fyeld.‘ A'dOOd
tormalisnm is developed forN ‘the language, andiit has been

applied. to both plcture analy81s35 36 and generatlon9 One

. .
drawBack - is° that a. plcture san only. be concatenated at two

1

spec1£1c p01nts,'1ts head and tail. It is often necessary_

i

o break down a plcture into many,undesired small pieces
before 1t can 'be descrlbed Feder? has extended the number
of concatenatlon points by allow1ng the user to specify them -
‘Wwhen' the plctures }are deflned but this can become very

'clumsy if many connectlon p01nts are requlred.
W | . » . T |
vNo-doﬁbt nany'of these picture description 'schemes and

" their fornalization are good.J Whlle such formallsm has so

2

rfar found llttle pse 1n 1nteract1ve graphlcs, development 1n

thlS dlrectlon could be . hlghly benef1c1al.

'Inuall,thése approaches,.some good . picture 'description‘
sChemes ‘and"data structures are'provided. Hoiever, they

often’cater to only one’ aspect of graphlcs. There is also a

-

lack of generallty some ‘of the prev1ously hentioned

J
systems.  The language are usually hardware dependent, one

Wway or another, espec1ally when they are tallored to. prov1de
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efficiency .on certain displav hardware. With f rapidly

chahging display Hatdwaré, the 3oftwafe‘bould be out of date

3

befofe it gets implemented. ' Thus, it can pefgéen that sqmé

careful planning is' heedéd ‘to: p'ovidéﬂ a ggood'lgraphics
facilityQ';'A ;gloﬁal coﬁﬁﬁderation of the different'aspeéts
is mahdéto&?. Thé deSién anéiiﬁpiéheﬁiaiion of 'a general

2 . :
graphiCS'fécility is describéd in the next few cbapters: -
Do / '.' . \5 .

- . ’
s
J— .



‘3.1, -PHilosophy of the design

g

Chapter iiiyliy SN R o

The Graphics Language

ieu%§iﬂl"

> - -
The .design - of a graphics lénguage is not much differéﬁt
from thatﬂof,other computer ianguage§;i'While_'é0me general

ériteriq do aéplyf.e.g.'< comﬁlétenéss, orthogonality,véfc.,

" there ‘are othey unique requirements in its design. Before
SF . q e : ;

‘facility is to be provided.n

definihg -the légbuageq the plds

s : U AR | .
The. ' graphics languade‘  which 3‘has been designed and

b

'impleméntéd is intended primarily to ‘pfovide ~a wersatile

‘implemént the graphicé féci}ity il such a Qay_that it canfbe.

interactfyé ' graphigs f'faciliﬁyﬁ fOr",théwm applications™-
' - . | TR ' ' . e -
programmer. It has also been the aim of the- project ito

SN B

' accessed from more {han‘oné high—levelvprdgramming'léﬁguage.'“

i

. w ) . R
The most’

involved consideration is tHe provision of a
pic¢ture -description scheme. =~ It: is obvious that  host-

.- . - . ) : : —— ‘ .t e °
-language-dependent description sChenes ‘are  no longer

applicable.. An .important critérion is . that the . schene
shpuld be"as:'Simpie and‘nétugal as possible;  pftén, too

»
-

‘much émphasis-has”been plaCed dn developing data - structures

\ e (

_ ‘ S : _ , 4 >

that can model certain problems, while;hegleCtingwthe‘moréf“

important aspect -- thé.pictorial aSpect‘f-: of a graphics -
language. ’»Altmough‘ ca - data“ strﬁcturing;'meChanism T foT

7

&
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V} ' ﬁ?

‘deS&ribing p;bfufes should be maintained ihternally in-® thé:

computer, = it " should bé  the pictures; ahd not - lata
structure, with which,the user has to deal. The user - ~ould

[3 .2

be able.to think . of ' pictures ‘as plcfures, ‘and not as
. pointers, blocks,'étc.;.The structurlng mechanlgm should,bp
ttanspérent'to.those users who do not care to use. it, “but

aécessible to those 'who want to manipulate it.
‘A powerful but elegant picturef descrlptlon schemp 1S'

+

'gesirable. An ablllty to descr1b° the plctures as one 'soes:

them is 1mportant. It gives the user a sense of actuallty.

14

A rotated square, sav,'should obe descrlbed as' a rotated

e ,squanei‘lor as a square rotated a .certain amount, and not as
.. . s

«

foui noints in space that have no obvious geometrical

telations‘. ‘The . user should ‘be’ able £o struFﬁure his
'piéiuros at Qill, and manlpulate the, plcturé géometfically.
’Bésic.vpicture\‘manlpulatlon functlons, .suph, as . scaling,
.rotatiéﬁ,fwiﬁdowingﬁ translatlon, étc., should bé 'avallable_"
- in the léngu? ?; Fac111t1as for 1devt1f1catlon of obgects*
oT pictﬂre$ displayed’ on the screen shouldmbe 1ncorpo;ated.

Information associated with anY-picturé.kshould be readiky
accessibple.
n N / ©

.- . - 7

In vigw‘ogsthe rapidly'chanfing_display hardware and the
’diVersifieq graphics -system  configurations, it is' also
SN . ' R o, R
._(/)\ desirable | that the grarphics. softwvare be’ ' as hardwafef'

‘ L : A :
" independent as’ possible. . Where it" is appropriate, the.
' . ’s - . . . . A ’

N .;. 7..:.»‘ | &



o : . . .

software specification - should - be general enough fox
_ ~ . . ! he . . ' . }

differe. system configurations. : . R

p . - . ' N

One other aspect that ‘was. given careful conSideration ‘is

the problem of man- machfne 1nteraction. Good‘man—machinei

cbmmunhcation I's essential in developing :any interactive

system. ~_This criterion also applies to a graphlcs system.

Fere, the interaction occurs mainly at the display termwnal, .
»where t'he usery is reSponding to pictures displayed on the-

screen. ConVenient means cf commun%cating with the graphics*

r

‘'system  would = be helpful ‘fer the user. | It is the
responSibility of the display superv1sor and\tgo 1nteract1ve
section of the graphlcs~ language to ensure _that this
criterion is met. - »‘.. . " uﬂ '

. .. : T . o

3.2. .The Graphi®s langquage

With the above deSign objectives, a graphics language has’

been defined . The language basically consists. of fiﬁe

~vstatements, namely, the Picture Definition Statement, the -

"RAW Statement,' the DCECODE Statement‘ the RETEIEVE

¥

Statement “and the TUNCTION Declaration Statement A formal

-

definition of the ;syntax of’ the language is* given ‘in

Appendix' lﬂ Detailed descrintions of the capabilities of.

the different statemcnte' are given in _ theA"following
. N _ »

sections.



v ) :; - . : C : . - . : ‘*{Q

3.2.1. The éicturngefiﬁitioh Statemegt

The plcture deflnltlon Statement 1s used for descrlblng

—.and manlpulatlng plctures._' In essence,r-it provides_,the

p;cture descrlptlon scheme.' Under thlS scheme plctures are

3

constructed from subplctures and draw1ng prlmltlves._‘The'

,tdraw1ng prlmltlves have been chosen to bhe -hardware orlented
but 1ndependent of any partlcular hardware The‘choice has

tvo 1mportant 1mp11catlons- o - ‘_i- . lfit

7. Slnce the draw1ng prlmltlves are close B ﬂelated to

N hardware, . it is easy to output the olctures on most

. P
3

graphlcal devrces. D

2.4 Slnce the draw1ng prlmltlves are 1ndependent\of fany

L] ' , i

spec1f1c hardware, it‘ is pbss1ble to usd the same

plcture descrlptlon for dlfferent graphlcal dev1ces.:

2/‘

The drawing prinmitives include:
C Lo ) » T e ‘ "
) (1) P -- which denotes a point
(i) =~ Vv =- which'denotes«a~vector

t

©(iii) S —-- which denofes .a symbol, i.e., the alpha-
R qﬁmeric and speCial characters
(iv) L -- whlch denotes ‘2@ sequence of. vectors

v) E -- w‘lch denotes & sequence of symbols.

It 'shodld be noted that on most g{aphlcal dev1ces these

s

Primitives are easlly‘prov1ded via software,'lf not already

available = in the‘:hardware. . They are:'also ’&b@ most

v Sy
- . f,u,,i..‘_‘

- frequently dsed, and are sufficient to «de5cr1be mosti'



k\\jjf?s’ and are defined by their components. Bach component
1 . .

T g
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pictures.

[ ¢

C ‘ ‘
In 'this scheme, pictures are given names .-- the picture

can be either a "valuated" picture or a drawing primitive.

‘A valuated picture is a picture with its attributes and .

transformatio%Z\sp,cified. The general formdt of a valuated

picture is o ' . >

<pictnamé>(<x>,<y>,<pos§;<1pdet>,<blink>,§hlanky)*<transform>

" where - ’ . :i?\‘ | . v R »

<pictname> specifies the picture name,
: ! ’ : §.
<x> and <y> are the X and Y coordinates,

.

<pos> specifies absolute Qf relafiﬁe pogitioningf
<lpdet> specifies the light—pén aetectability of the
éicfure( o R -
<b1ink> : B specifieéA whether‘the pigture‘is'to be shown
_ :blinking, ‘ | o
<blamk> = specifies whether. the picture is to be

f < . A

<

~ blanked,

<transform> specifies the transformations to be applied., -
. \/’,—“ ,~. .

&1 : v :
The'%ttributes of val ated.picturés and primitives can be
divided into two categories. In the first category, the

positional information of'the.picture is provided. Assuming
) N . o

that the two dimensional ,Cartééi : Hpoordinéte system is

being used, then® ﬁhis- corresponds - the X and . Y
- . N L < . , o7 - i . o :
: o




Mordinates. Other cooruin:%e systens, _erg;,;;,éolar"
coordinates; are poss1b1e alternatiwes. The <pos> attribute
indicetes ‘where the picture component is placed in relation
ito the origin of.the previous component_or the origin-of the
picture beiug defined,‘depenéing‘on whether the positioning.,
attribute is- speoified to be_relative?or:aosolute. It.is
always assumedvt;at the draming,'devioe‘-is olaceuvvat-.the
origin of tue, pioture before and'after.drawing it. For a

—drawing primitive, the drawing dev1ce lS left at the poiut

where it last finlshes drawing. Detalled\descriptionlOf the

p051tion attributes are givin in Appendix II,_

The secohd category provide- list -of graphical hardwaré

'attributes, ;including 1light ﬁetectability, blinking or
blanximg,or oictures, SOlid_or‘dashed'plottimg of‘liues,‘end.
»other‘ éppropriate battnibutes. rPrimitives' have' ~widelj
different '1istsvkof ettributes, singe theyidiﬁfer/;iaexyin

' neture, For example,; the primitives L and T have ‘the
_attribute“:<num> which spec1fies the number of'veotors or
symbols thrat are to be plotted.e Detaileﬁ'description‘of the

attributes can be found in Appendix IIX.
.- .

- Each attributejcan have values 0, 1 or 2.  The value- 0
implies that ‘theigattribute value is unspecified, which is

'the same as the default value. jThe*Value‘1 implies that the«

commonly us d_ottribute value is in'effect} such as absolute'

rpositioni g of pictures (i.e. with respect to‘the picture °



éiigin), s01id plotting of vectors, etc. The value 2 would
_imply ah attflbute Value'opposihe to that for the value 1.
However, h&e -actual- attfihuhe \value of a 'picture or-
primitive is.deteruined'at.pictu:e output time, when the

picture data'strubture“is evaluated to give the output.

Theré is  a ‘hierarchy for thefevaluation of attribute
values. 4&n attr1bu+e value spec1f1ed at a hlgher level of
w\the‘ plcture 1mposes the same attrlbute value throughout all

o

its subplctures and assoc1ated prlmltlves, no matter how the

attrlbutes are spe01f1ed But 1f the value is unspec1f1ea,
. elther the value .0 1is spe01f1ed or the default ‘value
given bv leaving. f% blank \iheh the a551gnment of the
Jattributevaalue is delayed -ﬁntfl_ a . subplcture has a

specified attribute value, 6: until the primitives are

reached, whereupon tgé‘attrlbute value is set to 1. 7
O %8 _’ ’

This hierarchy:of.attribute evaluation ‘has the advantage.i
that it is p0551ble to conctruct plctu*es that are’ 1dentlcal‘
but have dlfferent attylbutes without def;nlng_the‘plcture

-‘mere than once. Fe£ 'example, the 'following picture
deflpition statements require -only dne definition for'the"

o

picture SQUARE: - .

PlCTT SQUAEEJ},Y,O,Q,2,0) N o

- PICT2 = SQUARE(U,V,0,0,1,0)

. ¥No matterihov'the pigture SQUARE is constfucted, PICTl is

a blinking SQUARE, while PICT2 is not. Thus, by sygéifzing



attributes.

"which
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[ ) - v

~the attribute value - at the appropriate level ofithe'picture)

it is possible to describe pictures with different:

!

1

When a picture is defined, each component of the picture

is given . an implicit'idéntificaﬁion by sequential indexing

Jas the components . are added .-t6 - form the picture, Any

subseéueht -chapge to the pidturé will c&use the'components

to be re—-indexed automatically.' Thu§, while the ‘user can

"refer to  the components hy the identification, he does not

-

~ have to worry about providing indexing or identificatibn to

¥he pictures.

AL tret-like ‘data structure is maintained for the pictures
as they are defined. The structure essentially provides an
internal ' descripticn of the pictures in the computer.:

Wheneve: a. picture definition statement is execﬁted, the

approprj irformation is entered into the‘data_'structure, -

‘thus rgpresents the pictures that a user has defined

N

at any time during executioh of his progfam. It should be

noted that 1o code or display file is‘géné:afed at this

stage. Tt is only when the pictures are output  that the

data structure is used for generating-thé appropriate code.
' ~ There are a number Of‘advéhtages in maintaining a. picture

‘ data structure and delaying the geﬁeration of output code:

(1) Since no code is. generated until output, it is not.

necessary to-describe a picture before it can be

[ . . : : =, «



used for defining other ' picthres.v Top-down
‘descgiption of pictures now -beeomes permissible,
which ‘often_provides a more natural way to describe
pictures; Essentlally one can descrlbe the plctures
with 1ncrea¢1ng detalls, in the- ‘way he sees 1it. |
(2) It is not necessany to .generate display «code for
those pictures +that are defined but not- dlsplayed
9%whieh Qecurs. frequené;y._‘ In suc§ af' case,
unﬁecessary code gegggatien is avoided and there
would be saving in execution tinme.

T

(3) The data’structure prevides an 1nternal hardwane-
1ndopendent descrlptlon of the pictures, and ls e;ey
to convert the pictures for ou;put orn any.g;ephical

"device.c | -
'(4)‘The dafa’s£IUCture also provides a 'ﬁeané' oﬁ eaéx!
..identification‘ of picture ‘parts, and retain%:’

1 ihformaﬁio%~that'can be retrieved later.
. ) ) ’ - )

In thlS plcture descrlptlon scheme,'only one operator is
prov1ded for the ccnetructlon of pictures. The_'#- perator

\,,

is used to group the plcture components to form hlgher level'
plctures.‘ Slnce no’ otLer ‘operators are prov1ded no .special
"relatlons, such as "close  to', "on top of", etc.;-can be
specified in the language.e However,Aa good comblnatlon of
the picture descrlptlon scheme, the. faclllty for retrlev1ng

1nformat10n about the plctures, together with lqglcal and

of the host language will provide




many relations at such a description level. he user 'is;

encouraged to incorporate them as desired. | R

*
k)

‘A spec1al reserved word, NULL, is introduced for deiefing‘

plctures. It serves to denote an empty plcture. Assfgning -

this special reserved word to a picture varlable in a

picture definition statément ‘will'ca e the plcture to be

< deleted and left empty. This can also b used to delete

P

part of a picture and will be described latler.

-

?

Transformation - of plctures can be spec1f1ed w1th1n the
24

picture dg;dnition Ctatement. The R operator is used to

- gpecify that a tranSformation{is reguired./-For_example,dthe,

'statement: : 'H , ' o ‘

PICT(X y) * SCALE(SX SY) * ROLATV(THETA)

3

_ reiﬁlts in the plcture PICT p051tloned at locatlon (X, 1),

“fhen scaled by the -fagtors sx fana | i tho'lx Cand- ¥

' d@irections respectlvely, . and rotated gin_'the »counter—'

-

-

clockwlse dlrectlon by an angle THETA w1th respect to the Xi.d

ax1s.v' It -should. ,be”',noted that v'the sequence jof:f‘

_transfbrmatlons‘ 1§ left to-rlght, in the same order as one-~

would normally descrlbe plctures, thus ﬁrov1des a more USer-

orlented way of descrlblng plctures in» the - language. .In

~fact, Tit is' alsov ea51er;'_ parse the statement 1n thng

manner gfaﬂ‘in'the_conventional,yay.of spec;fylng functlons.

It is not until .output -time - that the transformations’

P

'specifiedvcinVdpicturel_definition statement5~are executed.g
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\

Only the data structure is updated to”? include new

- information so that ‘the transformatlons can be correctly
hcarried out when the display ~code is generated, The
., identities of the pictures are thue~retained, since all the

*:'reieVant information is included in the.data structurse. Oon
yd . . .

atheﬂother.hand if the transformatlons we d at the

. ‘;a:; » “ K ‘ . . . o .

& time .the plcture deflnltlon statement
. L 5 - ’

ountered, it
4wou1d only resukt 1n a new set of points in Space which

couiﬁ not be ea51l§%%$@ntlf1ed.

Anuthar important feature of thé picture description

sScheme is that a picture component selection feature is also

incorporated, which allows manipulation of every single
o Sy e -

componenti of the pictures. Each.component of a picture can

be‘referenced,qanq.hence modified, using the epecial symbol;"
‘."_.,’ Thus,; PiCT.N refers  to the N- +h component of the
\;; plcture PICT 1f N is an 1nteger,»or the M- th component 1f M
ie the value of the 1nteger varlable N in the host language'

at the tlme when the varlable is. evaluated. . ihew'component

selectlon operator can 'appear “on the left— o}jright—hand
51de of the plcture deflnltlon statement. “When 1tﬁ7appears
on - .t ‘ left hand 51de, vat causes that particular picture

component to be. modlfled :as spec1f1ed by the rlght hand

31de; ‘-When‘pit appears on the rlght hand 51de, 1t 1mp11es"

ar

that a copy of that plcture component is- to ‘be uSed . here
"w1th1n the ne deflnltlon.,’ Each ~t1mevueuchga;change ieg

”;encountered;i the data structure vis aléopgfappropriatery

/

~ B e
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updated. If a certain component is dssigned to'be NULL,

that componeht;is simply deleted.‘.
| | ) . LT
At present, only one level of éelection' is ;PIOVided  in
“the lahguage. ALthngh it can 'iﬁ theory bg extended to
‘.muitﬁple4level selections, a one-level seléction is‘in ‘féct . '
sufficient for most picturé_descriptgon purposes. 'Hékever,

in the identification of pictures via light-pen interrupts,

a multiple-level identification vector is necessary to

%

+ 1dentify each. component wuniquely, More details ~will be

described in sectién 3.2.3.

-To 'illustrate'the use of the picturé description schene,

consider the following picture definition statement:

~PICT = PICT1(ATTLISTT) +. PICTZ2 (ATTLIST2) :
on eiecution of this statement, the data structure‘&is
;quateq to ‘give ~ the following structure for the picture

‘PICT: N

PICT

+  PICT1(ATTLISTT) ° PICT2(ATTLIST2)

rThis'medns_thaf'the picture PICT has two compénents. " The

@omponent is a picture PICT1 with attributes ATTLISTI.

.
. N

.
. B . - . : » . ' ’ i )
A R : N : o



‘does not have the .same effect as executing. ' o o

e

‘The second component is ‘another picture  PICT2 with

attribufes ATTLIST2. The two components are referredffo as

o : v
»LCT.1 and PICT.R respectively.

¢

e
o

If the statement -

PICT:2 = PICT3(ATTLIST3)

'is now éxecuted, the second component of PICT is replaced by

the picture PICT3 with attributes ATTLIST3.

\ ‘ ‘ o o
If the first component of PICT is to be deleted, it can

be achieved by executing R
PICT.1 = NULL & - o

(/ .

. leaving PICT3 to be the first and bnlyfcompoﬁent of PICT.

= ~
=

It should be noted that executing;the'statemeni

N

o . | i
PICT.2 = NOLL =, . v

PICT2 = NULL

In- the first -case, the second component is simply
. ¢ ,',‘"'(’,-«,:_ e . % ‘

deleted. 'In the latter case, PICT2 becomes an empty picture

but "PICT still retains PICT2 as its component.

Some other uses of the picture description | scheme are

\‘exemplifiedkbelow under different categories: ‘ S ' ;

(I) Definition of Pictures
(a)A Congtructionvoffpictures_from‘primitives:
SQUARE = V(1,0) + V(1,1) * V(0,1) + V(0,0)

TRIANGLE = L(3,'10,0; 5,10; 0,0 ') .~



<

(11)

A, ”
PP E

ﬁotice' that'ﬁih'fhis-éxample the”picture SQUARE is

constructed 'frqﬁ “fdur 'components( all of the

primitive  type. V, whereas the piétufé TRIANGLE is

coﬁstiucted“from only one .coﬁponent of. the
. . N

Uprimitive type L, although it &% made'up of three
4@%&0;5.‘ o . S

»
'v;;

A : f o/
cqmponent:

(b) hCo“Etructicn of pictpnés) by copying a'”picture'

»

§p1 PICT.1(X1,Y1) .

o fhus if the most recent . déflnltlon of PICT is

© PICT = SQUARE(XS,YS) + TRIANGLE(XT YT)

then P1 has the same definition as if

P1 = SQUARE(X1,Y1)

‘Modification of pictures - . w

(a). New definition of pictures: = = = = 54:3 _ . -
(PICT = TRIANGLE (X3,Y3) : ” Lo
. : ' ) ‘%’24 . \
vould replace  the picture"-PICTﬁéby;‘the new
deflnltlon and its prev1ous deflnltlon\ls 1ost

\-,4

'(h} Addltlon of a\plcture component to a plc%ure'

/ '

PICT = PICT +'TRIANGLE(XNEW YWEE)

would cause a new component' to”  be aﬂdéd to the

‘<\ " picture PICT. Notlce also that this does not’

jf flncrease the depth of the plcture 'tree, bqt ~does

increase the number of components of the plcture

.PICT.
' K @vw.

(c)'.Modification‘of a component of a picture:.

) .
¥: '.‘
Y



w

~_., 7
% - PICT.1 = NULL

| : 3
[(RICT. 1 = SQUﬁFE(XS;YS)

would replacefthe first component wf the picture

ICT by the picture SQUARE.

(TIT) Deletion of pictures
(a) Total deletion: T //i

_PICT = NULL

-~

Partial deletion:

“r S ) —
'/ L I -

(IV) Transformation

‘(a) Scalinyg of a*picture:
- PICT = SQUARE(XX,YY)*SCALE(SIZEX,SIZEY) -
(b) Multiple transformation:
/.//)i\\-_PE = TRIANGLE(XP, YP) *ROTATE (THETA) *SCALE(SX, 5Y)

‘éo‘.faf;,'a number of eXamples of the use of the,picture

~

"descriptiqn/,spheme have been shown. "By gcombiﬁiﬁg. the

° with theﬁﬁapabilities of high-
Fad '

picture :descriptior scheme
level languages, more complex picturés, can be ~described.

FurtherAQXamples.will be given in the next two chapters.

N

e
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3.2.2. Picture Output

]
'

format of the: statement is: B ST e
L

-§¥AW(<6uiput dewice>, <pict var> (<attri3>) )

The first parameter specifiés the device on which the

- picture will be output. The second parameter specifies the

picture, with its atﬁributes,véhiCh is to be output.:

Here, the problem of picture generation is not a complex

one, since the data-§tructure isuoutput—deyice independent
and the primitives are hazdware—tela%ed._fgj evaluating the

. . R ) .'g’,g' )
picture +tree in g top-down fashion, it -is relatively simple

to generate the code for output 6n’any‘gfabhical device,

- a

However, to be able to generate efficient and hardware— 

indépendent display files need some détailed consideration.

' L

;Therelarefin general-twd_types of dispIay-file chsiruction;

The first fype is the structured one, which is also the most

conventional. It has the adﬁént@ge of easy code: &Generation
: . P ; :

- and moaificatidn,_and pictures can be easily identified. If

‘many - jcopies of the same picture are reguiréd;'there'would

alsé be a  considerable saving. in displ&{;fileo, space..
Fig. 3.1 . shows a!sfruchred display file. The,diéadvantagé

)

"

-

- - i

o Pt

picture to be 3;:plaYéd Tequires a tranformation that cannot: .,

Is

be .performed by thg/gvailable hardware, another version of Y

P%p;nresA are output by the DRAW statement. The generdl

.0f this type of display-file cqnétruction is that when the '/éi

&/

v



)

33

”

the display file, the transformed display filé, has to be
used. - Under this circumstance, there will be a -duplication

éflegfoft and use of storage. ' LT

'Thez second dispiay vfile' uses a | structureless -or
sequential  type of censtruction. "Newman's ‘displaf
gér0cedufé29 is an example of this kind. Tt ﬁas tﬁe
advantage of being less hardware-dependent than »the'

"structured type since practically all displays can .use such

display files. " Fig. 3.2 shows the sequential display file

for the  same ~ -picture as for Fig. 3.1. However’,
modifications of such’’ display files  usually . require
regenerating fhe entire file. Although Neuman; has used -
. " = X

picture frames29 to reduce the regeneration required, it is

" still not as convenient as the use of strhctured“'gisplay

files. 1In addition,'identiﬁitation of picture parts can be

a problenm.
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A=B+¢C -
AJ | B D
B=D+E |
— E
C=D+F C /
. - S
(@) Picture Describtion - b Structuréd Display File

Fig. 3.1. Structured Display File

__Br=-q 0D
-
Ay t--E
S ———

| VL___;C_{' , D
k==-4 'F

~ ¢ Fig. 3.2 Seqential Display File
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“

‘A New DiSplaY*File Construction Scheme

S ‘ I K
A scheme\haé been idgieggyfgo here which,epsures uniform

construction of display files independent of the hardware

_ o : | . ) .

‘available. : & mike@ display-~file construction is used. The

- scheme basﬁcaliy uses a structured'display—file construction

schenme, fdrl the reasons outlined above. Furthermore, the '

code that has to be generated in. thlS case 1s small when a -

A §

ninor change is made to the’ dlsplay flle; which is
especially important for graphical _systems5vwith remote

display termiﬁals;

The'fscheme 'works as folloas: when a plcture 1s to be
output, the DRAW routlne deternmines whether the plcture can °
be constructed as a purely'structured dlsplay file. If this.
is possible, it will be so,generated; .Otherwiseg‘ifhat any.’
point in evaluating the picturﬁ/tree,v*a »transforhation 157
requlred which is beyond the system S hardware capablllty, |

seguentlal display file is generated for that subplcture.

R
Tofiiliustratej'this pcint more 'clearly;> consiéer~thef
stateaent ( | »_‘i | o . | |
| A =B+ cC ROTATE(ANGLB(
If the system has \hardware 'rotation,;’the;:solution is
'lstralghtforward A structured display filetlasfshown in
Figf 3.3 is«generatedri | | |

._‘\ v ; )
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.Oh,the other hand, if nc hard?are;féfatibn is available,,#f
the picture C, which  méy; have suﬁéictureé and further
subpictures, is transformed by softwére‘tb give the rotation
effect before the enfin%;fransformed seﬁyential display fiie
for C is generaﬁed,'asbsﬁown in Pig. 3.4. The picﬁure C is
first converted . from it;ﬂﬁtree-like ‘description .tq a
sequential descriétion, in fhe fo;m of-& picture ;veééor‘vof

the following format:

<q
ATTLIST1 X1 v1) .
ATTLIST2 X2 Y2 | .
| rTLISTN XN YN
where X and Y ‘e the X and Y coordinates, and
\ 'ATTLIST is the  attribute list for-each element of
the picture vector.
‘The piéture, now in the form of a vector, canA be easily
transformed\. by software, Notice +that the transformed

[y

picture has lost all its structure. . The entire tngnsférmed:
picture C is considered to be a single component that has no

further subpictures.

1
PR

-

One sdight drawback . of this . approach is that it can

become quite clumsy if too many such transformations are

.

required. Whenever such a tranformation is executed, al

<

. the subpictures have to be converted to give the ‘picture '

=
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vector. - To a certain extent, e efficiency of the systenm
is deperndent on how many such ftransformations are required.
Thus, ¢ system with more ha¥dware transformation facilities

. : . . £
is bound to be, as expected, more efficient.

Nevertheless, this method of display file construction

ensures that the display file is constructed in an efficient

manner. It takes full advantage of both types of display
file construction. Tt is éeneral‘and hardware ~independent.
Any change in hardware will not affect the philosdphy of the

design. Depending on the requirement, pureiy structured or
q . N M “ | -

‘ sequentiel construction is .also applicable. r

In order that the.user can deeeribe his/pictqree in real--
world eoordinates_(or pege coordinates), the ueet is allowed
to Spepify. the range of -page coordinates as ,etttibute
parameters ofvthe bRAW stetement so tha£ theientire‘page ceh
be displayed on the screen. Tt is the requnsibility of the
DRAW routine: to convert the-paéeicoerdinatesﬁfovﬁhe'screen'
coordinates30 in the display-file cbde-geﬁeration process.
vsince ,the‘ conversion is not carried out.gﬁfil fhe~actual
display file is generated, the DRAW foutine-remains 1argelj'
.displaffherdware independent; only. fhe display-file'code—
generation routine has to be modified for different

'aisplays. I - .

’

In contrdst to the conventional use of address stacks to

keep track of the bréhch‘of the picture tree that is - being

¢ ~

'y
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displayed at any instant, the identifications(ID) of the

piCture components are stacked. ,This provides a. more.

efficient  means of identifying pictures picked by-the light

.pen on the screen. The. stack at the time of the ipte;rupt

will reveal »exactly-thch‘picture com?onent is picked, and

provides a Simple method of iden{ifying different copies of

the samé'picture displayed  on the screen.

Thus for the picture A defined as

.

A =B + B

 the code that is generated will be executed in the sequence

shown in Fig. 3.5. More details of how the .stack is treated

“are discussed in the next section.

<



STARTDIS

40

SET ID=1 AND PUT ON STACK™~ e
CALL DISPLAY PROCEDURE .

POP UP ID $TACK

GO TO STARTDIS J %

SET ID 1- AND PUT ON SgACK

CALL DISPLAY PROCEDURE B

POP UP ID STACK "

- .SET ID=2 AND PUT ON STACK
" [ .

"CALL DISPLAY PROSEDURE B .

PO UP ID STACK | gou
RETURN T {

". .
j .

e

i .
N
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3.2.3. Decoding Input from Display lgrminai

In an interactive graphics system, it is necessary . +to
handle input and interrupts from the display terminal.
These can be 'light pen interrupts, or input frbm “the

keyboard, function keys, Jjoysticks, .or even picture input

.‘via light pen,’ drawing tablets, etc. A facility  “is

ihcorporated in . the languége;fog'handling such interrupts.
The  general. format of ' the DECODE  statement  is:

DECODE(<iﬁtno>,<dev>ﬁfinform>,<pictnamé>,<x>,<y>,<tf>)'\
where ‘ . .
<intno> specifies thé interrupt number that is being
a . N .

decoded,

[

<dev> indicates the device from which the interrupt is

expected. It 1is specified 1in "the  form of a
character string denoting the.'device, e.g.»‘_LPEN,
 KEYBRD, etc., R ’

<inform> is a location in which aevice—dependent %3ta.may

" be stored, . . .

<pictname> is a picture name‘which\will be assigned to

the picture that is being ihputL\‘i
'<x>. and <y> - are variables in _whiéh the X and Y
coordinates wHérév the iﬂterrupt 6ccu;redrare to be‘
o stored, and'_ S | v _b v

,\ «,

",

<tf> is .a true/fakse variable which is set to indicate;}v

¥

o : . . : .
wheth-i the Dinte_rrupt indeed comes fronm the device

specified in <dev>.

=
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With the excesption of 1light pen hits on pictures

displayed on th-= screen,. all inputs from the display

1 4

terminal can be considered as picture input, whether it be ‘a
Ppicture input wvia ~drawing ' tablets, text typed in via

keyboard, . or sampled values from analog devicés, etc. A
' 2 T

Picture is thus defined, in a way analogous to a picture

.gdefinition, and the data structure is correspondingly-

updated. The picture specified as <pictname> is the one

that is wupdated. Other immediately useful information is

communicated to the host language via the variables

Ay, : . o L
<inform>, <x> and <y>. It should be noted. that all
information is provided only if <tf> has been set to true,
that is, when the interrupt is as expected.

‘

For light pen hits ondpictures_displayed on tke'screeh, a
rather different decoding process-is required In fact, the
<pictnamy parameter is replaced by a <id vector> parameter.
Thig_%is a vector of N+1 elements, wbere N is the depth of

the plcture branch that is 1dentlf1ed. vSlnce the value of ¥

depends on the- picture component that is belng picked;e the

<1d vecton> is of variable length. N 1s stored as the first

3 -

Aelement of thlS \ector and the remalnlng N elements contaln

the actual 1dent1f1cat10n.

~

- -

Suppose that the 1dent1f1catlon vector 1is as --shown in

'Flg 3.6. It_lmplies_that the picture'that‘is‘pickedﬁby the

R

-light pen is M levels deep. At the firstﬁlevel, it is, the

0
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a-th component, at the»second, the b-th 'cdmpgnent, énd so
on. Structﬁrally, this is as shown in Fig. 3.7. TNotice
ﬁthat'ﬁhis idenfificégion vector uniquely identifies e#ery
singleﬂ branch oflthe picture tree. By prépér investigation

of the identificgtion vector at the correct ievel,‘it can be

determined whether it is indeed t@é branch of interest. ;t

is not always necessary to check all ¥ levels:.sd long as a
. :

satisfactory distinction: can be made, it is not necessary to

By va

interrogate further down.

For a more &oncrete example, consider . the picture tree

‘shown in‘Eig. 3 8. :1f the first “B" is picked by the light'

pen, the vector ¥ill be (2 1,1) since it is 2 .1eyéis deép{
If :ﬁhe secogd "B" is picked, then the fector £% (2,1,3),
while.if the second "In(from left) iS’ picked, then the
.vector is 4,1,2,2,2Y. Since there'is a sfack'which savés
‘these identifications Qhén the plééure"is displayed, the
identification‘ vector is ea51ly obtalned by convertlng the

ck to the proper form;k
o \

The DECODE statement fhus‘ serves  the purpose = of
identifjing 1ight pen ‘hits and other interrupts from the

dlsplay termlnal.-' It - also serves to provide éome

‘»commun'catlon b@tween the host and the- grapylcs language.

ﬁmples of thls fac1llty are glven 1ﬁ/§é5tlon 5. u

o

) 5 N




R

M + 1 locations

- Fig. 3.6." Identification Vector

PICTURE

FN\ S WVELT
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~ Fig. 3.7. The Picture Tree P
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3.2.48. "Picture . Information Retrieval

'

Y facility for retrieving infoﬁmation about the picturés
defined' is often useful. Positional‘informatioh and otter

. U] “ . 2 - : . .
attribute values are required when one wants to investigate
such problems as'cdnnectivity of pictures. This compensates

for the factp\%hat‘ onty the *+' operator is available for °

grouping cogponents into  higher-level  pictuzes. The

~
~

RETRIEVE statement 'iS'desibned'to provide such a facility.

The general format of the statement is: .

o~

RETRIEVE (<pict Var>,<informa>, <var>)

where
0

<pict var> is the ' picture about which information is
Tequired,

<informa> 'is a character String which specifies'the’type_

of information that is required, e.g. NUMELEM, X,
Y, etc., and

- <var> <isv the variable for tstbring “the ?retﬁrnéﬂ
infqrmafibn.v In general it is a vector of variabls
éize. |

“ . 4 ) .
For example,_the,statement

RETRTEVE (PICT, NUMELEM, LOC)

checks fhe number of components that the picture PICT has,

.and the value is returned in location LOC. More example.

-

canAbejfound in Section 5.5.

4 * Lo
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= FUNCTION <fot name>(<para>)

where

47

This facility thus serves as a means of communication
hetween the host language and the picture data vstfucture;
It also saves -the user the trouble of . malntalnlng plcture

1nformat10n in the host ‘language.’
3.215. Function Declaration

Although a numbei of ' transformation functiens are
provided " in the system(seg Section '5.6', it is desgirable
that user-defined functions can be incorporated as well. A

. -
function ‘declaratjon facility is therefore provided in the

language. It should be noted that ‘this statement . has.

undergone drastic 'change£-eincevthe'language was proposed.

. Rather than using it ‘as 2 macro definition facility in the

graphics _langnage itself as it-was firet intended31, it is
new‘used‘tpr declaring traheformatioh functions.'that the
hser has. wtittenb‘in the high—level’language instead. :Thev
fationaie foruthe change 1is that a macro LQCllltY .in the

present graphlcs language alone is rather llﬂlLed , since it

2

does not have any a{Lthmetlc ‘capability. Besides,ﬁ it is-

-

easien to provide transformation ﬁunctione in the High—level

languagqe.

The general format of the statem nt,is A -

s

°

\

<fct named> is the-name  of the user-defined function, and
. ‘ N - . .' T

<para> is a list of .formal paramegers.
) - @ o
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Y
vl

The functvon declarat n “hould be made before it,is used
m‘ ’. .

. . 37 \ é
in the -program. [ The ﬁ&natlonﬁmust be 1ncorporated by the

user in the form of aAsubroutlne, and has to be loaded at

.run time. As explained before, a picture vector 1is

! . . ,
generated when a - transformation. isrfrequlred.v Since the

pictute. vector is -merely an N- ulmen51onal vectoL,.proper,

manipulatiod_of,thiS'Vector will give ‘the transfqrmation

I’.eq\uir.e@..‘

4 ’ ..
.

For example, if FORTRAN is the host language, and the
picture vector is a N x 3 vector where the X and Y
coordinates . occupy the second and. third‘;columns.of the

vector respect&velyy.a function SCALE for the scaling‘of the

picture can be written as shown below:

~ : - . o

. SUBROUTI&E'S¢A1E(PV,N,Si;SYj | 5
COMMENT PV REPRESENTS THE PICTURE,VECTOR,
c . pv(1, I) IS THE ATTRIBUTE ‘P§(2,I)vAND,PV(3,I) B
c ARE THE X AND Y. COORDINATFo | 'v‘;é
c N Is THE DIMENSTON OF THE VECTOR,_' '.;53"
C §x IS THE X 'SCALE, AND | /
c SY IS THE YeseALﬁ,

INTEGER PV(3,N),N,SX,SY

Do 100 Tox1N
‘pV(27iyﬁngV(2 I) xSy

,PV(?' f'#ﬁPV(B I)

‘3
)]
o

- i
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100 & yuE ‘ : i
RETURN

. END

1

Notice that the first +two parameters of " user-defined
functions are always reserved for thé picture vector and ;£§

_dimension, and need not be included in the pérameter list of

the FUNCTIQNHdeclaration.

-

The function declaration facility should be valuéble for
‘ / ’ o ol ‘ L T
those users who require unusual transformations of ‘their

pictures.  The uniformity of ' the . picture  vector allows

’

‘'simple incorpdration of the functions.

3.3. Discussion

A new graphigsvlanguaée has been défipéd in this chéptef)
and a.formal descfiptioﬂ of "its synfax' is: presented' in
Appeﬁdix‘ I. It bro;ides.é graphics faqility which ié'tbAbe
uséd with ,ofhef highflevel; languages. '.The"language isv
simple- buf ' sufﬁicient r for: many interéstingl grapﬁiés;
applications. The picture déscription écheme is.éleganf aﬂd"
.poweffulﬁ Good facilities for iﬁteractivevgfaphiCS‘éré %lso

v
provided. ‘
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.4 'Chapter IV

R

T

A Universal Graphics Facility

ulq. The .Notion' of a Ué;gefsal Graphics Facility

k]

‘The deyelopment‘offcomputer graphics in the 1last decade
has not ‘beeh as frultful ras predictedl; not/agiy is the
hardware expen51ve h?t also the software is inadequate.
Fortunately,' the cost of graphics_hardgare has beenvcoming
fdown'for=the:last ive yearSZZ,-anﬁ a 10:1 cost reduction

has been progected for the next five to 'ten.yearsl3;

Grap%}cs software, ?onq'the other hand,  .is intrinsically

complex ang..regu1res“ a 1ot of programmlng efforts3z. A
major' obstacle is that graph1c§ software . is usually:
“available in -a 7restricted enV1ronment, “ Very often, the

graphlcs fac111t1es are acce551ble only via a particuiar_

host language, Whlch is" highly undesirable. Computer users

,are generally reluctant to use a new fac111ty if they _haVe

"to change ‘to ‘a new ?rogrammlng env1ronment. Besiaes, the
S :

. language in- whlch the graphlcs fac1llt1es are avallable may

not be sultable for handllng thelr problems.‘g

“In most graphlcal applications, gra“hlcs operatlons are
',ovly one component 1n the toral solution of a problem32
Invarlably,' capabllltles other than chture description and -

‘generation arevregu1red¢ -However, the areas of graphlcal

vappllcatlons are so - extens ve that the capabllltles regulred
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cannot be determined easily. Ideally, one should be able to

" use graphics in whatever language that 12 most convenient to
. y ,

express the problem as a whole. -@pas s probably the
lanquage that the programmer uses most commonly For

example, a da{a-structure language 1is most suwtable for
. R -

applications‘i@@comphter-aide& design, whereas an algebraic

.

language is most suitaple | for applications where complex

data tranformations are required.

The abov.e considerations brought about the concept of a

v

Universal Graphics Facility, that is, a graphics facility

whlch can be accessed from .a number of hlgh -level languages.‘
'Flg, 4. 1 depicts- an overall view of thé concept. The
advantages of fhisgapproach includé;
1.v‘ Only a single graphlcs package has to be built for
use aaong different hlgh -level languagos.

2. The capabllltles of dlfferent hlgh.level languwages

-a°
3,

allow wide areas of appllcatlons 1nh§

faphlcs.
3. Users can use {%he‘,graphlcal. facilities in  the

language of their cwn choice. : ~
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"Universal Graphics Faciljty:

 FORTRAN o J
o Graphics {~p— Graphical
\ | | |
ALGOL | gA—] Software [~%7 1/0 devices
} /
|
]
- COBOL ,\ Host / Graphics Interface
| - : ‘
| i

} .

~ Fig. 4.1. Notion of a Univ‘ers_aI‘Gr-aphics Facility

' .
i
{ P 3%
|
i

"

o

L.
. < - .
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It should be noted that the Universal Graphics Facility
bears close resemblance to software packages fofr handling
ordinary computer input/output using the READ and "WRITE

operations. Howé¥er, the objective here is to implement the

graphics software 1in such a .,way that it can be used in

"association" with a number of high-level languages. The

graphiés software is neither prowided as a package of

subroutines that can be <dlled directly = from -‘the ' host

language, nor 1is the host modified so that graphics

'

operations are included. Rather, a technique is developed.

which allows facilities of both languages to be used within
. v ’ . .
a single ,program, with each language . retaining - its

integrity. The'graphics software is so implemented that it~

‘does not depend on any particular high-level language, and a

means of ccmmunication between the two . languages . 1is

available ' to provide meaningful "symbiosis" of the host and

the graphics languages. '(

M o - ‘- '

A
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4.2. Symbiosis of Host' and ggaphlcs Languages
To establish77‘f more "habltable envwronment"ﬁ@%or the °

graphics users; it is 1mportant '"that the graphlce opeigtloni \y

”‘be eagif?_ acce551ble so that they appear to &be essentlally v
extended Operatlons of the host language. ; The' phllOprK&

‘\
developed . here 1s to allow free m1x1ng of host and graphlcs}
’ f

3

‘'s*atements. . In this way, users- can _program ‘ina both cw
1anguages' at the same time. The fact that’oﬁe-can.program}fxl
in Dboth languages“in a fcontinudds siream gives the
impression that the graphicevfacilities‘are part of fhe’hostf
language itself.- By Suitably mixing sfatements.of the two -, »
langunges, facilities of bothalangdages can be used tp theif>

best advan+age. .This approach 'dlffer$“\from_ the usual
embedd ng methods in that the hoS&t. language does not. have to

' Y

be modified’ %n any  way; 1t 15'a'51mple way of providing
. < . ‘ o

graphics operations to the high~level languages.

fBefore such‘mixed statements can be executed, they mdéﬁ
be compiled. ‘A ‘preprgcessdf is used to separate the two-
types of statements and establish proéer linkagee. between
the two . languages at execution fime; Howvwever, ambiguities
beﬁween the synfakes‘ef;the £wo languages may exist. ﬂ;n
order fo faeilitafe. the recognifion'process, the g#aphics

'statements"are‘ flagged =o» that -they ' can be = easily

distinguished from the host statements.



‘

7 . »
The preprocessor scais the miyed statements and detects

blocks of consecutive grdphics statements. "Each graphics

~
Y .

statement is checked +to er-ure tﬁat it is syntactically

.corréct. Each block of graphics statements is {hen&replaced

¢

by’ an appropriate calé to the host /graphics inferfaée. Thig
e : .
interface is also generated by the ggéprocessor and 1is
instrumental in sproviding the éropgr linkages‘befween the
host 1anguage anﬂ_the graphics softwarel'during execution.
The graphics‘ statements are conVérted to calls to the
. . e ’
. graphics software within the hbst/graphicé interface. A
schematic descripfion of the préprocéssor' is  shown in
Fig. .4.2. Tomfensure that +the interface can cop@& with_

different l}nkage conventions, the intérface should be at

LA ' ,
machine or\agﬁsmbly Ir'anguage level.

I

i -
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The mod .4 host progfam, on;the other hend, now only

o

" consists ot statements in the host 1languag¢ge and can be
translated 1nto bbject code by the host compiler. Without

loss of generalmty,, the llnkage from the host 1anguagef@01
" the interface' cahﬁ.he establlshed by - introducing the
variables as parar of the modified calls. This schene

is quite gdfleral an. can be used for most high-level
i R i
languages. ', However, simpler means of communication is often g

possible and can be used as well. TFor example, in FORTRAN,

by restricting the variables to be declared in COMNON
. . . - S

‘blocks,” the address of the variables can he established

e

without relying on the parameter list. The /generality of
the preprocessor is ‘not affected since the 1linkage’
convention and'struCture of different 'host languages are

different, and the scanning and interface sections of the
¥ ’ a2,

preprocessor differ in ‘any case. o P : &

i

Wo matter how the llnkage érom ‘the host . is. achieved, the

e

host/graphlcs 1nterface must - accompllsh tﬂemiplloW1ng tasks

before it can’'be used as the llnkaqe between the host ?p@f
-the graphlcs software' o "_i L ‘:aﬁﬁh
3 . ’ ~ . {‘ RN

}

: 1. On entry to the 1nterface, the operatlng env1ronment‘
of the host must ﬁé saved. 'ﬁih
2.  The addresses yof' the varlables "must be pr0perly

'5 N established ag f\saved in a varlable table used 97

the~graph1 Eoftware.

3. "Calls to‘%he graphlcs software must. be qenerated in
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.

accordance . with A= the graphics ‘sxétements used.

—'Réferences ‘to variables should now be reduced to

references to the variable tablé.

4. Before returnlnq, approprlate results must be o%fsed_

back to the host.

5. The previous operating environment must be restored.
. i‘v.‘

The variabie table is used. so that addfesses_pf variéﬁles
have to be evaluated only cn éntfy to the interface.  Each
entfy in ;hé; variable -<«uble contains ‘the name of the.»@
'vvagiabie; ité data.. type and its address (ot neans of

calculating tHe‘addréss{. Reference tc.thelﬁariables after
entering the interface are made only.vif the variablé_table.
A uniform wvay of- linking -to‘_‘fﬂeh graphlcs softka:e-

(e
v

Case studies. of how the gﬁaphic§ software can be used

with different'high-level languages ére presénted below.
Ry ‘
The hosts used are FORTRAN, PL/I_@&Q %QGOL W, as 1mp1emented

v

'3

on the TIBM 360 machlnes. : Thé. technlgue"qsed can  be

In all.gdéses, the

Q,

preprocessor rema1n§ the same excgpt for thev-scanniﬁé and

51m11aL1y applled tc other hosts as ﬁel

£

the 1nterface sectlons.’ < ' S



~ Case study 2{"?L/Ic3§ host

- Casg Study 1. FORTRAN as host o 4 ’

fhe use  of '#' in column 1 serves as a simple

.idéﬁtéﬁicat&dn of the- graphics statements.’ By simply

¥

o

sfﬁtements are distingui;hed; ‘The . interface can’ _ be

5

generated ‘eésily'?since'IBM/360 FORTRAN uses'a~standar& IBM
linkage conventionis. 1In fact, if- the variables used in ‘the

graphics'statéments are restricted to COMMON blocks, as in

 the Current implementation, the address of a variable can be

a

determined without introduciﬁ§ it as a parameter. Details

of implémentation are described ih Chapter: 5.

o

S o : B, . -
[~ I - . X .

In PL/I, the identification  of graphics statements is

)

besti’introdﬁced-'in the form of spesial-character(s) that

Cannoﬁibe'légally'Qﬁed,dS'the stéfting’chéracter'of,any.PL/I

statement. The use;of '47 is one pogsible identification.

*

stdtements with sémicolons so tha't other oL/ statements can

follbﬁ_'Ln the sSame line.. To scan for the graphics
. ) e & . . .

‘_ statements;” it 1is necessary to look for the semicolons and

<
a

graphics statemeﬂt can only be preceded by fhe semicolon or *,

°

one, of those keywords. waever,’the-Scanning process- can be
. : \ : “

‘much simplified if the restrictions are imposed. that- "4

must be specified  in cplﬁmn.‘j and that each-graphics'

o

inépecting' the first column of each card, the graphics '’

It would - also be hél;ful to oferminate the  graphics -

the.  keywords. [THEN! and 'ELSE',  since aﬁy ' meaningful

/”“\
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e A 5.

CL
statement begins on a new line. Thisfdoes.not impose much
hérdship on thé PL/I user, and reguires much Iess work from
the preproceésor. S y

Q _" , /

K;Lfar as the interface is concerngd; wariablesy can ‘be
introéuced as_parametegs of the mQ@if;ed calls. " Howevef,'in
. spite of the fact . that PL/TI, tas'iﬁpigmenfed in the IBHR
. SYSTEN/360, also uses register 1 to péint Fq\ thg' parametér‘
list, the"linkage coﬁVéntion of PL/I is fore complicated

than FORTRAN. Dope vectors are used for s ings- and arrays

[

-and any reference to these data typés “be appropriafély

‘"taken care of within the»ipterfacg Detalls of the . format

e -
of -the dope vegtors-can be found in the PL/I_panua116L and

o 4

are not-describeﬁ here;  Tc illustrate how the linkages are

establisﬁed, consider the mixed PL/X and'graphics program
shown in Fig. 4.3. The corresponding modified progtam after

4

preprocessing is shown in. Fig. u.q.J‘Qhe procedure GR0O0O01 is
th'e interface that is generated by the preprocessor to

provide approprilate -linkages +to +the graphics software.
”'Qﬁig. 4.5 shows the sequengeﬁof actions within the procedure
"GR0007.

ST s e . .
Ve TN AT . TN
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PL1:

ny

PROCEDURE OPTIONS (MAIN) ;

DCL(3,B,C,D) FIXED;

o

A=0 ;

‘B 10w§

cC = 20 ;
D = 30 ;

PICT = V(A,B)

[t

£V (C,D) 3

[T

“

. ) /‘ - " Y
FPIG. 4.3. MIXED PL/I AND GRAPHICS PROGRAM
S Co :

PL1:

FIG.

i
/

J

" PROCEDURE OPTIONS (HAIY):
, L

DCL GRO0O01 ENTRY (FIXED,

fﬁi(AyB,C,b)7§IXED; /

A =0 ;o »\*Jh

"B =10 §

[y

C

9

D.= 30 ;

4.4, - HODIFIED

/l

[
{
i

B,C,D)

R

P20C AN IN PL/I

"FIXED, .

R

~

FIXED, FIXED);

s



\»»
(" ,;’ ' 7 ?
Bt ¥
: b S
b
&

2 “ . J‘--A‘J__ - ~
vt SAVE-REGISTERS .

'S

VARIABLE TABLE USINGrPL/I CONVENTIONS
CALL PICTSET}(PICT)
CALL ADDVEC, (A, By -
CALL ADDVEC, (C,D)

CALL ENDPICT

RESTQRE REGISTERS
RETURN’ |

Exﬁ» | o R

J&.:,‘ ' R

‘

'FIG. 4.5. SEQUENCE OF ACTTONS WITHIN THE INTERFACE

ROUTINE GROO0O 1. -

SET UP“ADDRESSES OF VARIABLES A,B,C,D IN THE

62
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Case Study 3. ALGOL W as host _ ; ‘
> ) Y mEEEE SRR T _._.‘f‘_—‘ ‘ ‘%%%

- B 3 kS
r B Y

- : . ‘ ' o :
Th% same flagging and scamning procedures as fo#*PL/I can

be used for +“ALGOL W since both lapghages have similar

"statement formats. HoﬁeV@f{ some differences do exist. For

14

examplé; the'keYWords 'BEGIN' and 'DO' can also precede’

grapgitsrstatements and must be taken ,care of by the scanmner
'as well. Another point is that if the graphics statement is

preceded by the keyword 'THEN' and foliqwed by 'ELSE', the
semicolon used to -delimit.the graphics statement must be
eliminated. Again, if the same restrictions as for PL/I

host are applied here, the scanning .process can be éasily
. ‘r ’

achieved.

k3

As far as the interfacing section 1is concerned, the:.

linkage convention of ALGCL W 1is substantially different

from PL/I. Besides, ALGOL W can only acCessaéxiérnailk,

compiled routines which have been declared asv.f§ORERAN'V Qr
"ALGOL'  type37. Nevertheless, the interface can be

similarly constructed.. If the interface‘gghtide is declare@ﬁ

g < N

as 'ALGOL', ALGOL ¥ linkage conventions have to Dbe used

’ . . N s L AR . -
within the interface. S¥milarly, if the interface routine

is declared to be  *FORTRAN',  then  FQRTRAN . linkage . .

'conventions have to be-followed.‘zlb

For a similar example as in Case StudyA 2, the
corresponding programs before and after preprocessing are

. shown in-Fig. 4.6 and Fig}'u.7.respectivély.' The interface

4

[
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remains practically the same as in Fig. 4.5, except that the
 procedure for settingpup the variables now follows FORTRAN

linkage conventions.

_From the above case studies, it can be seen that if the
llnkage convention- of the host is known, the  provision of

the  graphics fac1llty to the host language%@hdgsﬁno serious

‘1 J‘ "rf* ) M
problem. By Qultably flagglng the graphfcs %&at&ments, the

mixed statements cag be-readlly preprocessed to/provide the

interface. T



BEGIN INTEGER A,B,C,D;

*

#

END.

END~

A = 0 ;
B = 10 ;
Cc := 20 ;
D = 30 ; ) .
TRIAN = V(20,0) + V(10,20) + V(0,0) ;
PICT = T%IAN(A,B) +_ TRIAN(C,D) ;
. a

.6. MIXED ALGOL ¥ AND GRAPHICS PROGRAM | a

PROCEDURE GROOO1(INTEGER VALUE DA,DB,DC,DD);

FORTRAN "“GROOO1%;

'INTEGER A,B,C,D;

A := 0 ; : :
B. := 10 :. ) \
C := 20 ;

D := 30 ;
GROO001 (A ,B,C,D) ; R |

PIG. 4.7. MNODIFIED PROGRAN IN ALOGL W -

-

P

SR

65
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4.3. Examples of Use

One advantage of using graphlcs stabementshln conjunctlon
with hlgh -level language statements is that the power of the
picture description schemé is grea:ly enha%ced . The
description also becomes more_user~oriented. This is bhest "

demonstrated by examples.
Pxample 1. Rlotting of Bar Graphs us ing FORTRAN

Plotting of bar 'graphs can be achieved in - thé- graphi¢s 
langquage alona if the explicit coordinates are . kndwn.
HOWever, the descrlptlon bécomes voryr§ﬁ&gthy if many p01nts:‘
have to be plottod. Fig. 4. 8.shous ﬂé&ﬁai, can be ea51ly“
atheved u51ng .mixed FORTRAN and graphics statements. The .
, progranm réads in the Y ordinates and the ba§  grapﬁ .is
plotted as . éhoan'iq Fig. u.é(* N&étice that the way the batr

graph is deflned allows any Dortion of  the graph -%to. bé 

»

modlfled u51ng suitable graphics statements.



FIG. 4.8. PLOTTING OF BAR GRAPH IN FORTRAN '

‘¢ GRAPH.

T xaxIs

e READ(Y,1) T

ITHMPLICIT INTEGER (A-Z)

=

NULL

i

’V(U,oy_

£ YAXIS, = (0, V).
C U RERD (5, M) A, Moo
- .0LDY = 0

DX = A

. DO 10 I=1,M R

r

17 FORMAT (1X%,T10)

¢ GRABH

DY =4Y - OLDY ! '

.t

OLDY = Y

10, CONTINUE

. DRAW:(1,BGRAPH)

W

STOP _

END

.

- " - v 5o

1

_BGRAPH = XAXIS + YAXIS + GRAPH

-

__.;»‘b :,"',

.67

GHAPH '+ V(0,DY,REL) + V(DX,0,REL)
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DX

0,0 wo

'

XAXIS
Fig. 4.9. Plotting of Bar Graph

)
s



P

_‘Example’2. Plotting of
h ]

A program written 1in

_used to

plot a page

Fig. 4.11.
primitive here.

characters in a line.

Notice that’

There

PAGE + T(X,Y,60,TEXT) ;

69

2

a Page of Text:

o L e
ALGOL W as shown in ﬁf{

of ,tekt in.the formaHy

a line of text 1is _f,. as the
‘ AT
are M lines 1in a page and 60
D, A,B; STRING(60) TEXT; .
s

s

®

3

BEGIN INTEGER X,Y,M,
READ (4,D,3,B) ;
X 1= A ;
iY\:= B 3
#  PAGE =WULL
FOR T:=1 UNTIL N DO.
BEGIN | |
READ:(TEXT)
E o, PAGE =
Y := Y -
END;
& DRAW (1, PAGE)
END. | '

FIG. 4.10. PLOTTING

A PAGE OF. TEXT IN ALGOL .

A g



Al COLINE 1

- G T

~ LINE 2

e
S
~at

o

5.

> S

LINE M

o

ORIGIN'

Fig. 4.11. Plotting of a Page of Text

70
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Fxample 3. Generation of Cobweb in PL/I o :

i

i‘A.cobweb can be generated by the mixed program . of PL/I

and -#graphics statements shown in Fig. 4.12. The resulting
i o .-

picture Es shown in Fig. #4.13. Notice that conditional

execution of graphics statement is used here.

#BROCEDURE OPTIONS (MAIN);
BCL (X,Y,DX,A,B) FIXED:

GET (A,B) ;

i Do I=1 TO 1000 ;

L

IF MOD(I,2) =0 THEN

# | ° PICT = PICT + V(Y,O;REL) + V(C,Y,REi’;;
‘ ELSE | | | |
# . pIcr = pIeT + V(X;O;REL).+.V(O,X,REL) ;
X = X + DX |
Y =»—X ; =
END; | v
s DBAW(1,P1¢T) ; B
END ; L | | \ -

TI1G. 4.12. PLOTTING OF COBWEB IN PL/T

P
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& & 4 4

Fig. 4.13. Plotting of Cobweb - .



4.4, Dlscu551on

——esasm e

' The concept of a Universal Graphics Facility has been

AN

iﬂtrodgced in this chapter. AL technique.'has alSo‘ been
proposed which can be used to provide such a facility. The
examples given demonstrate that symbiosis betﬁeeﬁ the host

and the . graphics language provides an easy means ‘of-
: describing pictures. . -

i

-The 'significance of the approach lies in the geher&li{y

of the graphics facility.~ Only a 51ngle araphlcs package

49

has to be built for use amcng dlfferent host- lang;
is not necessary to modlfy the host languages at’ @i
results in con51derab1e savings in®effort in the

the graphics facility.

[

It should be}nctgﬁ that this approach can be generalized A

y , ‘ :

to other problem-oriented languages (of which a  graphics
ro { to- h

language 1is an example). It is an effective way to achieve

softvare compatibilityl10, With this provision,b facilities

of one language can be used in another. ' Lo
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Chapter V

, .
[} .
N o , ;
"Irmplementation Det lg A
5.7." The Environment : a ;
) M

‘The GRAphics Facility ( RAT) is'<impbemented on a

¢
'

G 'gra hical sub- SVStFH conncc 2d to an YIBN. 360/67 operatirn
: b )/ : +h9

,
under Hichigan . Terrinal S System (UTS) at the University of
Elparta. The gI?fblCS sub-system consists fof> a = COC

4 B : . L L4 .
/

D

"Gravhical ote vnhyractlva Display (GPID)3 which is
injarfaced to the TBN 360/67 via a 40.8 kilobits/sec _half~ ~
.' p T Y, .o : : . A 2
.- duplex telecomrunications line. Whp GPTD 1<.comooscd of\?

L.A‘

1

1

n
‘o

cathode.ray tube .di y with 10/vv1020 -addressiaple units

Q
]
D
I}
A
n
Q
D
i}
0
’_J
™
D

of  12x12 ed arithmetic

capability (e.g. #here is no mul<irg by .

. ' 5 ) R AV ﬂ,u_ .
- M e oma o e e ey, ) g oy T~
e mot division or indexi ng), 2K store of 12 bits «o‘ds (in >
. o o \ - ’ ‘
banlks  of . 4F¥ words each), 10 'fanction keys, 4 status keys
pen and kevboard. . The
the- plotting of points,
L4
—
b . ’
R ) ' “ Y
’/‘ S T . . , -
A . Becaugse Of&llmltéﬂ processing ,tapakbi 1;typrt&e GRID relies
LI - - ‘;-ﬂ; - ) et A :

;\\‘ heavily,mn the 360 for’dats andfstructurﬁ,proceSCiﬂg. It.eeis’

in :SS%HLP LStd as oooand  is  used
. # ’ hl
lonly Jfor refres) us&r interaction:
2t the dlSdla tegminal,a;d.conmunlca"lng with ihe 3£0. The-
. o B . . X ~ ' . . . . . - W,
- =Mul€ibank.Ddng~f‘ Superviso:39, ,which ,was:.develpped for

- . - . ~
. . - .



GRIDSUB -
‘graphical
accommolat

the superv

ufer to ¢

“ keyboard and functicn ke

and points on the scr

- a packages of. FORTRAN routines for interacfive

.

0

display programmingl?, ias lightly modified to

= +he rresent system. 'However, the behaviour of

izer remaips bhasically the same. It alloWg "the
«"

. : \
omnose nessages interactively t::ing the light pen,

-

S. Facilities for drawing vectors

Q)

en  using the light pen are also - .

. e
¢

Cutténtly‘impieméﬁted;ﬁith FORTRAN as the host

Both th= grephic~ software and the preprocessor -
4 R ~. - ) o 3 '
mmed in - 360 -asbgabler language. At present,

and integer arrays of

“Foutines - for hahdlinq » The

'l...J

o3

mn
ct
[}
&
[9]
1

i llI.k‘

are C eXecu

nodelling
o

te%%“% Tig. 5T

schemey S o '
L. N . . L
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Picture
Name | Eom’ter .

P

T Linked List Structure
- representing .the
. . picture componenis

| PICTNAME] — ] 1
- : B

-

Picture Name Table o |
First . . Second Third

o Field . Field Field |

- R } ’ H

e i B e I UNK e
- Piciure pointar
Information

I

.f.' / { @_ L_"_:g D = _V
VAR '\‘"‘“‘“’ - Tran O!rﬂal 0ns

SR N e:nc-ry point pwra Meter f g
l P ) ' . \‘ ‘ - ' © » :. - - .

Fig. 5.1. The Piciure Data Structure
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sach entry in théﬂpictu;e name -tahle occupiles ﬁ“words
{all referencesgito "word" are tou a 360 word of 32 bits
| The first +un unTds are nsed  for
the picfure name;  hence, é maximum of 8 characters is

alioved for each pibture name. The third word is a ' pointer
' ‘ o * ! ,
to .the first component of the picture (vhich can bg HWULL).

The picture names are hashed into the table, during-

.

preproéessing time. Obviously, a\piCture name is'a fi

only, if it apflears o= the left-hand\ side of a picturs

definition statement. Tnitially, all valid picture names

ars assignéd the value WNULL.
T

The picture . components are

by - ths ~ list

- elements. Bach list element conponent and

consists'of thr®e fields. The first . field cont alnc Hhe

following information: the atiribute values, the coordinates

2

/

[N
-

% nt (i.<..the

=h
18]

‘of “the comoonedt, the size ofgﬁhé_iiét

.}

1

N w
& y i

nLct of vords use@ %n fO“mlng th° el ment), the 1umbe; of .

iédv.and whathE“'thc compon@n refars

. . A :

=D
P‘ﬂ

transformations spec

to & subpicture or-a primitives “.’i‘“h“‘c-ﬁS'iZ’?—‘,' a‘llﬂ—fﬁ\ e oIS

+

: . . § . . ’ . . &3
LT ~ - o : = - "~ ! - * . . 4 < kY ' >
< field vazy fer-different orimitives and a2 wmaximum of 5 words
“ - AR . _ . o ’ : N
R hmﬁs u$eﬂ Fig. 5. choys . ¥he .. ~mai of.the.first.: field. Tor
. - y : - . R = S -

A P 4.
"the - fof‘r ent priﬁltivesi,ana a 6e+albe
- at-ribute vword-.is giveﬁ-inNFig. 5. 3.

' .. . )

D) .
(@Y
(2]
0
H
t-
3
—+

“om of the



1. PICTURE * Pscture name" table

e S vt v |

[{f—\u!muncs TR 4 i

[

2. POINT ot |
) - ‘Vused 8 bits - | ;

ributes | il x by b

3. VECTOR R S - L
| used . .

+ Attributes |- ' 2 X {

not used \ L

N o e
- " LX I. “ ! . ‘ ?‘ : i ‘
Atiributesy 'S, ‘47 X | - Y 1=
symbol . 7 - v

4. SYMBOL - o . S

-

P

T had ) , ) 7(, K
. LE P i
S R \‘ o
e g Ambutesu N ! L»(, 0 R TR
Q‘ ©» no. of> pornters to X and [__Ye |
6. TXT . veciers— ; V'mnrdmgmg , .
o ’Ef.-i‘\..- - N A e A

o . L ' «noiuaed N
St s ‘ S Y T ety T i TN
SRS TP ./-\fttr Jt\tesl N 'YI,“& n LN ;J,' B

yﬂbo ' ” -

N.E. L=100r 31%‘0& INE type 1 or *iype 2 | |
T=120r 13 for aaD(f'Lpr or lype <. - o

Fig. 22 % ma‘i of iF“e FM( Fte!L for dvia‘e Pnt‘Cé(rﬁJonien"z; Types

E .\v‘q»,' w . ~
. . By
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"y | -
e 1348515 0
B} ‘,"f - . .. ) B ~ ‘ j‘:-?' S L E

Aumber of 360 “no’ of

“words used for ’tramsformatlons
this ,compbnem

Att'rlbute& |

L | : * The attributes only
- / ~ 7. apply it apprepriate

BITS .. . MEANING

10 _' Pr!mitw /..acwre BRI

=4

Abso!uie E»‘Relatlve Pﬁsmom ng °

A N L@ght Dﬂn / \101 nght Den »Detecyaole .

L A T ima/l\lw olmL - St

G s .LBsam\ed/ Non- bla: <ed
0 '-. "=>0 el / Dashed \iemor
“',»‘smaH / Large Symbol

vc.tfcai | Horizontal Symbol -
for Lpr ‘mitive, Absolute [ Relative
_ ‘Positioning for,<P0S2>)

Fig. 5.3. The Atiriute Word
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4

&

. v 7
The second field, whose length is variable, i;

g0

us2d  to

‘store the information paertal ning to cach of ‘the
transformations specified. currentlv, & maximum oOf 7
p ¥

Ly N

: [ s i
Fig. 5.3). Tf, no .transformation has been specified, "then’
| , :

transformations | 1is allpwed, since three bits only
2 1 -

aLe used

for thg number of transfbrmations in the first field (see

»

this field is omitted. Two words are used for each

of the

transformations.  The. first word 1Ng a pointer to The entry

point of ti¢ function tha%t performs the

the = second word is a pointer to the lisy o

)

- ~

The ‘+third field is a pointer which ptovides th

+o tle next picture component. CIf, it is the last.

-l

t

0of ‘a picture, then this field is assigned the value
N : :

T+ can - be seen tazt the picture daﬁh\structur
— . :
4

I3

r Y,

T

r=flects: tjﬁi}fescription in the picture d

s ‘Closely™¥

+ranstormatiloh, and

3 linkage

t

coaponan
FULL.

.
oy

’

of Inition

stitement, - and  thus — JFcititates operationsSuc T S T

- ) ’

sodification of the picti-es and retpieval of in

from the data®structure. .- .’ o <o
T . . o ‘“ , . - A’. '
.‘ l N _ . N T . : - K !
. ., . C oo N T -
K . linked’ List 1s also used TO keap tfack of I
A T . >

°

in.the picture date stricture area:” Any ufiused =pzce ‘and

Car

V

spz = that . is.  ro longer required by the data st
returned to the free-space list. Whenever space 53

h
o
]
o

mey picture ccmponent. the “frssp<4ce iige is
» :" -‘l ) - . 1) " . .,

formation



for an element that is ia;ée'~enough' to“accommodaﬁéiiihe

picture ‘component.- The picture component is .then . moved in

.

nR +hA Frad oo

"(j
{9

~a VS3'ed A e e AAa e A mi. A memm bl A S~ e T
- - ~— o) uh/ P A Y a ~ D’ u.-.u;'.« — oy - e el i

e

3

ar

¢

fragmentation is  ‘not serious here since the\variation in
size of each element is relatively small; from a minimum of

B

5 vwords to a maximunm of ﬂ9‘words, and the-:elements are five

vords most of the tiﬁe;’ Tha frce—‘n 2-size in the current
. o e ;

implementation is:71O2w:;words initially, aed automatically

extends up %o ten times the initial size.

s
i

inother -asle 15 us ed to. keep[track of . picture=z that have

“been Modified, But not'yet‘ upﬁétéd “in . the disrlay

-

,-
i

-

Fach, entrﬁ“ in the +table is-a pointer to the picture name

table for.the picturfe involved. This  table is =

n
I
=]
a .
M
o
O
ot
“J

l pi ctures +hat are ieflned are stored:
display file. lore discussion'on the displ@y file +=u:l Dbe
made “in the nexit section. - :

1

) .
‘“%ﬁmfﬁq T1I&, Which is & Tepl of the GRID cor=, 1is.

Lnf az =d in-the 360. Ugenever there is & chén#e in . the
curre “i  displaved picture, display lee is updatéi agd
T _iiéaﬁions'aref-ravsnlf ed via the_link to tie GRID.

h
-
f=n
0]
@]
ot
|
]
(D
s}
4

tay £11> tvable i3 used to keep track -q

- '/" . . »_o N . o o '_ﬂ'v‘ ‘:»’
locations of plElEEﬁ/IOUtlDES in the display file.
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Bank 0 1is wused for the displdyvsuperVisor and handling of

[

interrupts. With the =xception of a =mall section (66 GRID

words) in each bank fﬂich -is uced ) £or the heaundliing of
interrupts, Bank 1 andrgank 2 are used as the ‘display file

-

area., The architecture of GRID is not Sﬁitabl% for

structured display file constfﬁctibn since it does'not allow ?
. : - S . 5
simple transfer *o the other banks while in display

‘Hence  ra.’ straightforward calling sequence . for picture

-

. sybroutines (as demonstrated in Chapter 3)- is not possibhle.

\

To overcome this problem, a set of directory routines is

maintainedbvin Bank 1. ’Thése directory”routines:sé:ve thé
purpose of Switchiﬂg bank land 5fanching. to“the ‘co;regf
centry .péints.‘ Piéture_ routines that need toféall.bther ,
’picturé'routineé are piacéd in Bank 1, mhilé  those picture
routinesf' that consist of display~.instrg¢tions. only

{(2.9. pictures defined by primitives) .Cﬁﬁ*fhé; placed in

Bank 2. Fig. 5.4 . shows the lz/out of the display”files in

Bank 1 and Bank 2. -"For each routine - currently displayed

2
Q
@]
H
]
[¢%
n
i=]
(o}
3
jav)
‘_h
jou}
te]
®
jon’
] -

ﬁ%%%hef—im;ﬁﬁxk‘f*UI”BaHﬁVQ)» theéTe 1is .

in the directory. A total of %00 2ntries are -lloved for
- . L, e - R e e ' .
‘both banks. The direciory routifies are Entered in the sane
. - 4 N . P N . ' v Nt N T -
P ." NS : T ot - ! ‘ A . . v . ”
sequence as they a»pgar iff The display.-file tablel! - S B
’ L . CL - . . 9' . . . ) i}
* ; = A [l‘
- /
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Fig. 5.4, layout of
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Whenever a o»sranch to a picture routine is to be made, a
jump to the directory routine is first performed. From

there, a’ branch to the entrv point of the picture roufine.

which may be in Bank 1 or Bank 2, is made. Although the

directory vrToutines take wup quite a bit of space (slightly

more than one-third of Bank 1), they allow both Bank 1 and

Bank 2 to Dbe used effec:iv2ly as the displav file area.
2150, the code-generation prucess is much  simplified since

.~ -

the absolute address  of wvhere +to branch to can now be
determined easily: in fact the display code for the picture
can be generated before its subpicture are generated and

inserted in the display file. .
v

The display file table consists of 100 entries, each, of

words.’ The first word is a pointer +o +the picture nanme

for the'‘atiributés of- the

o}
!

opies of the san

picture

_ ey . The fourth “wWord is a
. : e o ’ ’ R
E ~ A 5, . . - :
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*prointer which forms 'a linked 1ist with other picture
Wy, .- .

routmes, that d¥e associated with this picture. The 'linkage
b ‘ ; , .

Py

pY

is rcqnirgA’%Ur)+FﬁSé nictnre éomponnn+§ which Ao not have
an - explicit picture nane, éssentially £he t;ansformed
pictu?és, An example is giveﬂ?in Fig. 5.5, vwhich also shous
the lé?out of %he display filéitable. The linkage pointer
is used maiﬁif for garbage—colleCtion}purposes; When the
picture is no &éﬂqe: required in the~§§splay'file; ‘all the

entries in the Ilinked list can also bél,deleted.

The present 100 entries for the piﬁtures in the display
., ' o : . . .
fi ole should\be sUfficient for‘mostvagplications, since

only pictures cdrren{ly displéyed need be eﬁteréd'.intb‘ the

display file table.

The display file table together - with the directory

routined render code generation a relatively simple process. .
‘The table used to keep track of picturef +that have been

“Fecently modified also helps to Teduce picture re-

reseneration—

time; only thosec pictures that are found in this cable need
! B : ' ' -~ . L. . ’ £ ~

‘be regenerated.
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Pointer to

. Picture Name ¢ PICT A / ///:

.T:abiev ({ | 1 /

- Attribufes | | | i / |
‘ ]

~plinkage [r (0

- Painter S

| ASEICO

3130 - 26252423 . - W,
‘ A - .

100 eniries

Q

'
|

Pt

| Strtng | Ending

Significant
Bit

L Fa \»j HHustration of the
. ‘\\‘ ‘ \

\
\

\

SN R
S l usad | | | fddress i Aadress
T - % ; ' . ]
. l Bank Number -

and the Linkage Pointer

Display File Table ',

s
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\

When a picture is to be output for display, its picture
+the

tree is evaluated to,gené;éte the display code.
outines are dezrmined only by the

entry points of picture’'r
. / » . o . o P
their respective directory routine, the code for

N

location of
display can be gen rated starting from the top. of the

picture tree.

?d for each of the components

-\"‘« f
Appropriate code is genera,
of the :picture. -If .any: compdnent iz a subpitiyre,
T .4 _ | 3
display ' file +table is .first checked to see 1t tha
snhpicture exists® in  the display file. - If not, the ,
:b%;e' entered intc the first available entry in the
di. . ay fileltable. he "significant bit", which is used to
indicate whether g ;sf%requireﬂ foT | “the . current
qturd.is also put Ilnto 'a display.

|

display, is sgj

guene for lak

I

subpicture exists in t
o

/
4

ﬁ?

fis

On.the o
R BN ’ .
display £il¥ for modified pictures
v M /
o : o
- chacked to has Leen "modifi 3 since
¢ . : - v " m==—E e - . ’
£ © lzst heing displayed. If it-is found:in the table, the /the
S N . ‘.J. \;; . R @ . _‘, oo . 5
swbpicture ha to be regenereted and is-put in the display
N _ . ' w0 S
guzue. Othervise, the .cod? for %het.subpicture 1is J lready .
present and  dogs not have'td be regenerated.
_ o\—‘_‘ ‘- . .. ; - //
Sincz ‘theré is a direct correspondence betwe=n the
dfsplav file *able entrs; and the difebtory  routine, the
- entry . .point of he calculated ‘once
. e ’ {
e /
;

" Q
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NEAE o o L
a“piorure is biaced in the'display fileltable.]‘As a resu%}}
rﬁedabsolute entry-point ~address 'ca@ ybe deterﬁinedn eveh ' f
‘before,the subpicture is geﬁerated: & ,,\ ™ ' ) ~

vy
c
-

i £~
After.\the code4§gor< a p1crure has been generated 1t iss
ﬁinser{ed‘ipto fhe display flle ‘and the mlsplay file table 1s

upda%ed;'oﬁhewprocekyfls repeated for ail the pLCtures ~that
4 g ~
‘"have been pl%ced in th=s dlSp L2y queue, thrs ensures that all

subplctures/ Hlll be gene;ated. 'Also, after'a picture has '*

been generated in- the dlsplay file, it is deleted from the
table for modlfled plct res.
f"l ! : . . B

It should be noted thét d11 the dlsolay code generated is

& \

n;

in 1ncremental plotting mode.» For plctures that requlre
transformations, the picture- veCror' isf“geherated in the
. format fas described in Chapter 3. ree;hords are‘used for

each'element:“the‘first word for irs primitive type and its 7
'\attribufes{ thev secord andr tdird J%ofaé‘ for the X and T
coordinates respgotévely; Again, incﬁ emental plottfﬁg 'mode é"‘
is used for all the coordlnate Va}uesilr‘

i

-

‘Diéplay.Filgfmanagement and Garbage Collection

To ihserf the generatedAcodes into tﬁe dlsplay flleL iti
1§ flrst dec1ded whether it should. beblnsesxed into Bank:1
or Bank 2. Then it is checked whether the bank has
sufficient space left. hIf’if'does,v>the code is  inserted

intqe the first available Space. "Thus .. contiguous chunk of



»/

' .. ) - : - L
N . ! . ) -3 . g . . . . @{ co . LY °
code is generated jin each bank, which "will then be «
. N B . T L ) ' __\_/ ) ) ) . .
© transmitted to the . GRID after all the picturese ;he -
) _‘ . : , - R . ’ : ‘ ,_,..‘/"a .
display queue "have been Frocessegd. Thls 15 moTe efficient

.- than tTansmitting one blcck of code at a tlme.
\ ) .
3

%
N
. : . i . " N . -~

«A llSt of p01nters (DSNUM) is used to keep track of ‘the

-

_Sequence. o§ usefuI code .in the dlsplay file, to fac111tate4

a0 - . . :
garbage collection. Code generaﬁed is'%ot purgeg from the N
~ ‘ K :

~
)

- . ti , .
display file until space has been used up and more space is (
required. Compaction of core is then made. Two Cthaction
schemes are used. The first one is calledy@inor'compaction.

The DSNUM, list is checked to see ﬁhere _cémpaction is
. possible.. a1l the ~code that ~is no longgr required is
h s ! 2 v’ .

- purged, _and-,the“ remalélng blocks of code, indebenﬁent‘of
whether they arve actuallv used in the current dlsplay or

-aot, will be compacted. Mcdre free space is. thus left at the
.‘ - . - - A ) R
bottom of the display file and c&n\be used fOor more new -

~ , : "
- . blocks of code. ' )
The "seéona scheme 1s the major compactlon scheme. Tt is
~applied when minor compacflo does -not leave the required .

L

a;%unt ofuspace.*/ln such a casel the display-file ‘table is
3_checkeo for blocks of code resid ng 1nqthe dlsplay flle but
‘WOt required for the cucrent dlsplay, whlch is accompllshed
bv ~hecking the’DSNUM list and the correspondlng sggnlflcant
the dlsplay file table. If there §re such blocks,
e.T 1tr1es in the dlsplay file table and the DSNUM «lisf'b

~ e

C R



o A . er : D h N
. 4 ‘ . R ) ' N
‘7 "' . R v .

~are deleted.. After all the entries in the display file .

table have been checked, a minor ‘c6mpaction is’ performed -

\ .
B again, If space is still not sufficient, the display fblg
IS | . . s
overflows and an error message .1s 1issued.  Figs. 5.6-=5.8
i ’ - ® R ’ .4
. L\ .

¢show how the minor aﬁd}(maior gompactioqs are performed.
fig. 5.6 gives the overall’view'qf the display - file, the
'diSplay-file table and. the bSNUm:iiﬁt hefor= compéction.

Fig. 5.7 gives the corresponding-view,after minor cpmpaétidn‘
and Fig. 5.8 showshthe_laybutﬁafter ma jor compaction,

.o e - : i‘
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\ 5.4. Decoding of Intefrupts. s SR

' . L ’ , ' L : ST §

* R ., R

Messages that have been ' composed by the user w'at the -,
0, 2 » ; L ‘El‘ ] ] AT

display terminal -are sent to tH% 360 via the link and are
Aftable or the sequence,and

1nterrupts is first set up. The ~type. of :i/)

as spec1f1ed by the LECODE étatement, is .
»3931§§t¥&the 1n¢errupt number, and the <tf;

*séé£§$h~3.2.3) ie set to 0 or 1° acuordinély.
S0 V‘ f O 1mplies t+at the interrupt is as expected. The
mess&g@ éausedftby thls interrupt is examined’fand stHe

3

aopropfwat@“anfopmailon is returned. A value of 1. implies

is hot as expected and no information

’

ts% include: LPFN. POINT,  VECTOR,

Af'descriﬁkion of the information

the screen - has -been plcked by the‘light pén. The
identlflcat;on stack of the.picture branch that is

picked i< returned in the <id'vector> variable. At
. present, the de§ st level of plcture tree allowed is

.,"‘,ay

10 levels. The c or&lnates where the light pen hit

occured are_.returned‘_1n//fﬂe\<x> and <y> variables

‘respectively. o ‘



(b)

(<)

] ’ Pl

POINT'and:VECTOR )

o i ,o [

A serles of po%nts/vectors haVe been . input . at the

dlsplay termlnal u51ng the llght pen.¢ It is- taken2a5’

4

a plcture component and 15 asclgned to the plcture‘

Qpec:L‘:Led by t he (plct var>fvar1able The <x> and

3 it

<y> varlables are assumed ‘to be& arrays, and the ¥ and

Y coordlnates of the points/vectors are saved in the

 two arrays as weli o : ) I
KEYBRD - T o R
. ’ . i AN
: < A : ! :
A series of symbols havﬁ been input from the
: keyboard. It is considered as a- picturz com%onént
and is retirned in the ‘<pict' var> as well. The

(@

coordinates of - the startlng position ”of the text '

tlnput are returned in the- <x> and <y> varl,ableQ

FKEY | zx. -' ' - .

: ThlS 1ndlca+es that' a status key and a function key

jgave been . set. The wvalue returned to the <inform>

Ve . . A

varlable is a functlon of the status key and function -

1,key settlngs. The value is glven by ST AIUS*TU+FKEY

" . where ‘the STATUS value ranges from 1 to 15 (STATUS 0

1S reServed for the GRID supernisor) and  the FKEY

N

- “value ranges from. 0 to 9. Thus the vaiue'regurned
. M . at

/

-

ranges from 10 to a maximum of 1509. The 'X -and Y

'coordinates vhere the - FKEY an&- STATUS value are

’a

_dlsplayed on the screén are returned 1n the <x> and

V

<y> varlables.“kNo pléture 1s*returned.

3

-,
]
»
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(e)

) . , - - 96

<

END -

‘This imples ‘that ’“the SE&kaey has been pressed to

[ ~ -

1nd1cate the end of the message No Uyafiable' other
N e -

_than <tf> is set. Vo BN

.

5.5." Information Retrieval 7
- ‘ : ' - ' . ,
The RETRIEVE routine =38entially searches the picture
‘data structure.to Fetriev. “.e appropriate 1nformatlon. The

type of 1nformatlon that can be Letrieved 1nc1udeS'

((; TYPE

(b)

(c)

(q

(e)

. The number of wec{ors‘or”symboLs'used in defining the

*

A value which ,indicates the type of tne plcture

N

congonent _If the component is. a plcture, TYPE is .Qg

otherwise it is the value that represents the type of

the primitive, as shown in Fig. §.2.

. . . , - o v, R : v

The X coordfinate of the component, with thezexception

-that if the component is of prlmltlve type L, then

the entire array of w coordlnates,ls returned.

Y

-

This works in the'samev wéy aslix,' by for the vy

- coordinate.

NUMELEY N
The numberg of picture components that the picture

has.

NOM

m - !

o
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/v o

A

» component. It is  only valid if E?e specified
component is of type L- or T.

¢£) PTCTNAME » ' .

\
- component is a subpicture.

L

DET, BLINK, BLANK, P03 _
& . . ' . \\, T ) L
value of  the respective:attgibutes_(o, 1 or 2) of.

s Specified picture component.

.’,?’_ v"t ) ’p&
(h) DASH -

N

The yalhe.df the DASH attribute® Tt is;only'valid if

Y . . . -
the picture component is of primitive type V oy”t;

(i) SIZE, ORIENT

-

The corrgsponding attribute va%ﬁ%.R They- are validb'
S— . :

only if the piétﬁre component is of primitiveﬁkype S

6: T.

5.6. Function Declaration - - ' -

: 4 - - :
Whenever a function declaration;‘is eﬁcbunte;gEV\dﬁ:ing,
prepfocéséing 'fhe - function namé is entéréd intpi the
,fuﬁétibn—name*table; At ﬁresent;othe‘férmatiof theifthtion
declaration_statementvis ' . }\ : ) ?

© FUNCTION <fCtnéme53( <num para> '

wHeré <num ‘para> is the ‘number .  parameters that s’

3

required for. the’ function -<fctname>. No cheg&}ng on the
[, 0 . ( T M LT— .

. type: of the paramet:rs is made. It is assumed that the user

‘specifies them correctly..

o

\fhe picture,Anamy of the .picture'component if the
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A maximum of 128 functibnsl(including System functlonsy

’ \

iiﬁ’allowed “in tQF‘ function name table.u Each- entry ha§ 5

v " words. The first two wordc are reserved for the name of %?e

function; hence, a maxmlmum of 8 characters is allowed for

. ' ® ‘
the function nane. The actual llmlt on the lepgth of the’

fuﬁction name is imposed by the host langauge.: Thus With"™

FORTRAN as hoét,'the function name cannot be more than six

' ‘characters;‘ The third word contalns_ thea number. of
parameters that ' is req&ired by the function.. .The fourth

a

word is a p01nter from whlch the entry p01nt}of the functlon

can be obfained. The flfth word is used to‘f'

the function' is system-' or userrdeflned. ,~useK*deﬁined

6,

function overrides a system-defined function ,that has +Hg

' same-name. v IFF

>

The system-defined functions that have.'been implemented

include: , _
: : o . o oL

(a) ROTATE ( <theta> )
This function“vrotates _the‘-picture by -an ‘aﬂgie
ggheta>0u$‘ deqreesj ~in the" counter-clockwise
o dlrectlon. o B e

(b) MOVE "( &xdisp> , <ydisp> )

This»functien_translates thegpictutes'by'_the‘_amount L

<Xdisp>',and-_<ydisp> in the X and Y directions

( <xscale> , <yscale>_) R

(I

— -
o

l,.



a

”
™ [ o ,. . A
o , g
@% This: fﬁnctlon scales up the pmcture by " the factofs
W -~ , : e -
.<xscale>, and <vscale> inA the X ‘and Y'dTfrections
P - N S , A
‘respectively. h o g R
© (d) BRSCALE, ( <xfact> , <yfact> ) a L . ~ .
’ ) -~ N o EI ) / . -
.1this fur~tion redﬁces the size of the picture by . the
' factors <uzfact> and <yfact> in, the X and Y, dlrectlonS'
' reSDQCc‘\elY. X ,;W .
() PRIN. e
This-.functiOn merely _conVerts the plcture from the
/;) ‘=S%ructured form ﬁo the sequentlal form con51st1ng of

»

-l . _dlsplay prlmltlves dnly., It-ls useful for reducing

\

.
L4

“7“, o the level of the plcture tree and thus allow1ng more

_—

to be dlsplayed.on tﬁe ccreen. v

5.2. yThe'?reproCessor.for FéRTRAN Host Lahguage ‘ o
( L _ ‘ L : A S

fhe preprocessor Serves the dual purpose of separ;tlng
the graphics' statements- frOm. the Fortran statements ‘and |
“translgtlngt ~ the ) graphics.’ statementS' 'into t'thé
) Fortran/graphics interrace. Ag mentlonedﬂ é/rller, - the-
.graphics statemehts~ .aé%  dlStlﬂgUlShed \ from chﬁTRAN'
:statéments by the character ;{' in column 1.v_=The grdphics: :
istatements ban'-be placed anywhere between _colﬂﬁn,%.aﬁd
co;umnljz. The preeence 1'the‘_51gnf:'f'r in  column »Z2tf'
vindicates that 7the next c;%d is a ‘continuetioﬁuof thew’

graphics statement. | Each’ variable' used in a graphlcs

‘statemept - must  be | declared  in coMmon (labelled or




cks, with T#1 in column 1. 'The addresses of

/ .:' - - o

uniabelled)'b

the varlable ?,are calculated from thelr dlsplacemEntc from

P

. s N

ng of tbe block ) o - :

\ A . ‘ - r' ’ . ' - s . ' r ’
i!v . o -/_‘.J‘ . N N ] D c . N ] %. .

The current restrictjions on,the_format”wof7dtt Agraphics s

Statement' ar. arbitrariky :chosen,. There~rs no technlcal

1 v

<difficulty in Changing“them.' For example, .the contlnuatlon

e

i»co1umn could be ecasily changed to column 2 or 3 'so that it

o

can be entered ea51ly at the terml*al

Tnoo. Y
L
X .

The preprocessor Wworks in two passes. In the flrst pass,;

the graphlcs statements ,are'.detected' and- put into a

»

;_temporary file. Blocks of consecutlve graphlcs statements

&y v
° = i CREE.

are, modlfled to glve CALLs in FORTRAN. Slnce it is net *
e’ ' . -

o
)

necessary to 1ntroduce the ’varlables 1nto the CALLsr the

e {.

éhly parameter in -the CALLs is used to prov1dﬁ_ th? correct .

entry 001nt in the 1nterface. - Validity of .the graphics

v

statzments is checked by scannlng -for. the keywords.‘ AL1

variables (declared 1n COMMON blocks), plcture names (whlch

A - 0

) " appear on the ‘left- hand 51de of . “picture -definition'

. ﬂ 1 . :
. statements) and the_ functlon names \(found in  funcgion,
declaration ‘statements) are entered into their respective
e P " . N >

tables. . R o o '45,9
v 'ﬁL

If . no error is - detected .in pass 1;? the graphlcs

-

1

'statements 1n the temporang file are converted into CALLs to
. g T
the graphlcs software in’ the seco?d padss. . Cuprently, this o

:output is '1n 360 assembly language and has to be'ﬁs;em;ledv‘

‘ . . _ ; Y

S )
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into object code in a éeparayé step. Each * graphics

-:stagement 1% converted to give the reépective CALLS to the

Tl

graphics software. Reference to picture names, variablds
. . . ' : » € -
and functions are now made to their respective tables.

.(. Al

o«

.« ‘Error .messages are geherati%}in both passel. Details of

'

B

>

error-messayes can be found ; GRAF user's manual, which

: p ‘ 4 . .
o R R ) : T : ’
"1s 1in préfg;atlon. c ‘ . S -
. W : : . Co- .oRn

5.8. Use of GRAF ..

”5:811. J§b3Comman§ Ldngu&ﬁg | e :

A£ p}esenf;:fhe1prqgram of !Mixed:.FbRTRAN - and graphibé
statements 'has tol.be compiléd&%iﬁ thrge’steps befbre‘thé
gbject %%déi caﬁ be éxeéuted. | Theiwp:oggapil is ~ first
preprocegséé »;to.“giéej,thé ‘iﬁtébﬁacé, (in  360 ,aésembier

-1aﬁguége),uihe't§bl;s uséd by the inferfadb “;ndv'graéhics
software(inkquectchde) and tﬁé modifiéd ﬁéétﬁ(in.FORTRAN)-‘
Thél intérface' is - then  assembled ,anq thé modified host
compiied.“The resulting objéct.cddé cén t}en ‘be executed.

,Thé Mis -‘commands "for‘_preprocesSing, compilatibn‘«and
éxécdtion‘gpe.és ﬁo}lows:" .:' : o ‘f‘ |

. » T . e . "» q |
Step 1.» Preprocessing

>

"SRUN (G. :GROBJ 5=MIXBD 6=LIST 3=-HOST 4=-G 7=-INTER 8=X3

A . o N . : &
where NNG.:GROBJ is the graphics preprocessor

\

MIXED is the}mixed‘source'program,\

g R -
3 . o
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LLST is the device for output listing,
-HOST is the tempbrary modified host,
-G is a temporary file yused by tbe'preprocessor,'

~INTER is the temporary interface, and-

X3 is the object code for the tables.
" ' A0 ' ) ’ [g Z
Step’2. AssSenmble the interface into object code '
S » .
$RUN *ASMG SCARDS=-INTER SEUNCH=X2 0=%xSYSMAC °
where X2 - is the assemtbled interface rou@iné.
~ Step 3. .Compi - *he mgdified host .
$RUN *FORTG SC..RDS=-HOST SPUNCH=X1
where X1  is the compiled host. -
' | | -~ / : / -
- éﬁég 4. Execution of the graphics’ progranm \
. sy o . R ﬂ
. ' R T
" SRUN X]+X2+X3+NNG.:GRAF B=NNG.:SUP . . ¥
. where - NNG.:GRAF is the graphics softwareﬁpackage and
NNG.:SUP is the graphics supervisor for GRID.
| L o RN
5.8.2. Programmed ﬁxamglég o g v
A Simple Demonstration Progra : ' o
s . T T - . . 9
A program for the dis squares‘and‘triangles'On*thejl

a
SN

screen has 'been thfﬁen-; GRAEJ;‘_if .allows "the wser"- to
display as many squates and -triangles 6n the screen as he

% - . »

-
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likes, by rirst hitting the command word 'SQUARE! or
lTRIANGLE"Mand then picking a point on tme screen.using the
light pen. Tt also allows the user to delete all squares or -
trlangles by first hlttlngithe command word 'COMMAND' and
'SQUARE? ) or 'TRIAICLE! using  the " 1light pen
respectively. A listing of the program is given in
Appendix V. |
This'Ais ag simple example. .It ‘isl 1ntended onlf to‘h
demonstrate that GRAF is a 51mple‘and compact 1anguage. ~Th_e
program -ﬁas a total of only 49 Statements (COMMENT
statements not 1ncluded), whlle a correspondlng program in
‘éRIDSUB requires 7t statementsl7. The main reduction is
- due {5 the‘moretpﬂwerfuliplcture deSCription’statements in
f&@AF.' on, the other hand the- total computer tlme ;used iu
preproce551ngA and compllatlon is substantlally greater than.
:that used for complllng the prc*ram 1n GRIDSUB.. The time
used fOr.“preproceSS1ng ‘is"gulte acceptable\kjust:over 2
wsec Y but the assembly of the interface takes 7.7 sec. This
is the area‘where the GRAF fac111ty needs merovement.. By
ceneratlng the 1nterface dlrectly in object code rafﬁer than'

inr assembler language, the efficiency of'the.preprOCessorg

would be much 1mproved.

)

Andther Example

Bas1cally, thlS program has the same structure -as'¥ the

-last_ one except that more commands have been added.' It

bl
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. allows? the wuser +to create ang manipﬁlate ,squares and

1)triangles of all sizes and orlentatlon by rotatlng, scaling

(up or dowﬁ) and translatlng the squares and trlangles

“displayed ‘cn the screen. In spite of the limited dlsplay—

hardware capabllltles’of the systen, the prograa eralns
. . &

Qi:rly simple.  The entire .program has a total of 108
statements (FOR%RAN and graphlcs statements;lncluded) Some

of the commands and how they are 1mp1emented using the

graphics'statements'are exemplified below:

1) Command: pick the.cbmmaﬁé'word 'ROTATE?,
_piCk'anyjsquare/on_tHe screen,

type in the angle of rotation (in degrees).

<
GRAF statement: : - e s
R

'SQS.N = SQS.N(X,Y) * ROTATE (ANGLE)

Awhere SQS is the entire group of sguares HlSplayed

¥ is the Nth square displayed,
X and Y are-the crigin of the Nth squ re, and .

ANGLE is the angle of rotation., -

2) Command: = pick the command word 'SCALE upv,
-~ - Pick any square on the screen, ) o &

“type iﬁ the Seale.

GRAF statement':
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SQS.N = SOS.N(X,¥) * SCALE(SC,SC)

where SC is the scale.:

3) Command:‘ “-pick the command wor3 "SCALE DOWN?® , -
. , .

pick any triangle on the screen, °

type in the scaleﬁ

GRAF statemént;

EIEIRY LY

t

TRS.N = TRS.N (X,Y) * RSCALE (SC,.SC)

¢

e : o .
wvhere TRS is the entire group of triangle: di=-layed.

4) Command: pic "he .command word 'MOVE',
pick any triangle on the screen,

-Pick a point on the screen.

~

. . . ‘ - \ .
GRAF statement: ‘ ‘\f\\\
TRS.N = TRS.N(A,B) - , o

whére A and B 'are the coo?dinates> of the location

v

'A/LogicéCircuit ApplicationvPrdqrag

For a_mofe practical'example, an application”program” has

© been wtittenn‘(gse Appendix VI) which' allows a user to

design, modify and analyse,logiéQgcircuifs at thef display

terminal. = -



D
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<

A menu 15 displayed on the left-hand 51de of the screen.

The menu consists of a llst of commands- XNDGATE,» ORGATE,'i
. .

NOTGA‘I‘E DELETE, ATTACH, INPUT, OUTPU.L, RESTART and ERASE.
The loglc c1rcu1t components 1nclude AND, OR‘anvaOT gates.
The- AND gate is represented . by a semi—circle'with_twd.input
leads and one output lead. ,The. OR and NOT gates are
represented . by eriangles with input»and output’leads, and a
'+' sign 1s displayed 1n51de tﬁe OR gate to dlfferentlate 1t'

~

from the NOT\gat , as shown in Fig. ‘5.9,

\‘f\ .
The gates can be‘diéplayed on the sScreen by picking the

. commands ANDGATE,’ ORGATE,. or NOTGATE and then picking~a

7completed circuit with the input and output displayed.

point on the screen. The input and boutput 1eaasﬁJof the

gates can be 1nterconnected u51ng the ATTAC%\eommand, bv

first picking the 1nput lead and then the output 1lead.

éaﬁes and ilqterconnectlng linksb_can be‘deleted by'fifst
picking DELETE on the mena and ﬁhen fhe gate or theA link
that is  to be deleted. Inputs‘alldved-are ! and"1f;
reé;ﬁsenting the values 'false' and "frye ‘respectively.
They can be a851gned to any 1nput lead. b; first picking-the
INPUT command from 't;e menu, then the 1nput lead, ahd‘
finally +typing in the value via the keyboard. The ihpats
can be huilified'ueing the 'ERASE acommand' by bicking the
input 1lead ' and .yhe input value dieflayed, The OUTPUTY
command is- used. to generate t he output of gates ahd'

displayed them. cn 'the_,screen., ‘Fig;,5310: shows a

N
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STFK = STATE

~ ANDGATE
ORGATE
NOTGATE
DELETE - o | .
~ ATTACH L P
SINPUT D
OUTPUT ; S
RESTART .
ERASE
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~ ATTACH

STIFK | STATE

ANDGATE -
ORGATE o
NOTGATE |

NELETE

INPUT

OUTPUT . C L
RESTART . ' -
ERASE | S

N

°

| - Flg“ 5. 10.}_ Logic-circuit Design —,_-'A Completéd—'Cir'cui-t-
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Thé only da?a‘structure maintained;in-the}FbﬁTRAﬁ host is
a matrix used to(indicate how the gateslére interConneqted:
this 1is essential‘for the logic-circuit analysiS‘pe#formed

% in the host language. Every time a change is made to the
ciréuit} tPe data structure has to be appropriately updated.

However, all other picture _informatioh is obtained using
RETRIEVE and DECODE statements. It can be seen  that 1in
'spite of the compléxity of the application, the.size of the

" "~“program is easily manageable.

5 « Discussion *

- The implemenzation éfiGRAF has 'ﬁeen discussed' in this
chapter. Programming'éxamples are also.giéeﬁ- It.shoﬁld be
prerved that it;is easy 0 program in GRAF. The fact that

the size ofﬁthe_prggfams is'smali makes debugging ‘of the
programs telatively siﬁple. Ihe small numbér of Statémenfs
also helps to reducei the ‘chance °of typing and logical

]

errors.’ o g



Chapter VI ) ' _ .

Extension to Picture Analysis .

6.1. DPigture Generation X§'Agg;1§;§

~So far, jthe picture description scheme has only been used

for  the purpbse of generafing pictures. " several

authors26é 27 34 have arqued that picture description schenes
should be ‘applicable to both’ picture generation and

analysis. A inmmediate question arises: Can this picture

description schem®y, or a simple extension of it, be used for -

analysing certain classes c¢f pictures?

One important-difference Qetween picture generation and
. . 1 N .
ame_.ysis is that an explicit specification of the picture is

required for generation purposes. For example, we may be

‘interested in generating a square of sides 3 inches at the .
» o ST N : :

h

centre of the screen. The shape, the size and the 1ocatid£“

RS

of the object are -explicitly given. The description gfs

simply a command to the output device.  Based ouithg
' . . o . Lo . . . Wl}’: " } ’

description, a replica of the picture is produced. ™" The

any "definite picture is to be generated..

On the other. hand, the aim in pictufSeamlysis most

)

frequently is‘to determine'whether a givénu.fi“j is a

fascimile of the description,‘or uhefher the piétdre'belongs
to a certain class of pictures. Often, the problen posed

D
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would be: Is there 4 square in the picture? If +there is,

where is it located and how large is it? . One approach which

has often been used is to base the process of andlysis on

the .descriptions c¢f classes of pictures, in a - manner

analogoms to that used for syntax analys s of programmlng
- languagesﬁ In this llngulstlc approac“ ‘o pncture

analysis32, it‘ is necessary that the descrl tlons of thef
ysis<< , _ P

<

. - . \\
bictures contain sufflelent 1nf0rmat10n to guide - the

ranalyser in recovering pictures that fit the descriptionJ

! o - ’ A

The 'picture description scheme presented in this thesis i

~

has been sucessfully used for picture,generation. The fact.

1

that it cbntains a general " model nithin which-line—like

\

Pictures can be descrlbed makes it a p0551ble\cand1date for

. -

'plcture analy81s , as well. In the present scheme, the

A

attrlbutes of pictures are described in terms of values, and

1t is therefore not general enough- for analy51s of plctures,

‘b

other than art1f1c1al_p1ctures such as 'those generated by

the scheme 1tself »HOwever,A a simple extension of the’

scheme allows for - ¢he descrlptlon and analys1s of a '1arge’,

class of line drawings.

A

An approach is proppsed here for analysing pictures using
“the extended picture descrlptlon scheme and is dlscussed 1n

the follow1ng sectlons.f'shaw's PDL34 whlch has been used

'successfully for analy51ng several meanlngful classes of

i

pictures, is used for comparlson purposes.

W

am



‘have their .own structures (the synt
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. @u
6.2. Picture - Analysis usinqgﬂ_ag Extended Picture
Description Scheme o
A 2 - g
6.2.1. General Concepts of the _gg__g e

The main concept of the picture description scheme is
that pictures are represented as tree- llke structures. Eacp'
pictureris defined,in‘terms ofvirs c ueuts; which in tur;

4§?§:nd.attributes." The

¥ . : . . )
components can be subpictures or primitives. The only

.operator for constructing pictures . (in. the sense of its

)

. ) .. !
syntax) is  the t+'  ogperator.. = The connectivity  of the
pictu~e components is. not obvious  unless they" are

primitives, However} the position attributes do provide the
type of'inforhatiOh that can be suitably used for analysing
pictures.

6.2.2. Exten51on of the Picture Descrlption Scheme

If the position'attributes can only have fixed values;

then"dnly one particular piCture is described at‘a time.

However, lf the syntax of the plcture description scheme' is'

\

-extended so that, attributes can be represented as variables'

or a functlon of variables, the scheme .can be -used to "

’

oy
describe classes of pictures.

i

For.eiample; the class -0f sqguares can berdescribea\as:
] o . . . ° : . S " \\
‘ N, o . e

. ) co '\J :



a

///varlables) ' The plcture descrlptl/n schﬁme now becomes more

. 3
PR .
Fass . .

N

SQIARES = V(X,0) + V(X,%) + V(0,xX) + V(O,Q)

where X iz a wariable. 1In fact it descrlbes squares of all
, 7 N

sf%es;; Sin 1larly, the: class of . rectangles can be descrmbed
- : - : - _ . '
as: ) , : - j . N .
RECTS = V(X,0) + V(X,Y) +’V(Y,p) +‘V(0,0)
\% <, ) . . . ‘
R : \,

‘where X andd Y represents the leng&hs of the @1des of _the

—
-

rectangle.' For another éxample, the class-of isosceles

[oal

tr\angles dan“be descrlbed as:

1%y ISOTRT =‘V(2*X,O) FVEY) 4 V0,0 _

'It'shbuld bewnOted:that'allowing arithuetic expre551ons

~in. place of the variables wlll not cause, any amblgultLes in

the syntax of ‘the plcture deflnltlon statement..

5

. S . L . i

defurther enhance-the.p0wer df the - deScrlptlon. scheme,

'the parameters used in transformatlons are Plso. exteud‘d So .

that they can be spec1f1ed as varlzrl ‘{or ‘as functlons

versatlle. Thus, rotated squares can: be descrlbed a,
SQUARES(A B) x ROTATE(THETA) e

aﬁTHETA vare all - variables ~and SQU

"This in fact de%crlbes any square
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d6,2.3.'-gg Appnoach forﬂtﬁgygggllsig of Pictures

Based on the eitended plcture desc f&lon scheme, an

approach to plcture analy51s "can be developed The

llngulstlc approach is still used as the bas1s of operatlon;

S with® cne - further criterion employed The position

attributes ‘are ‘used as constraints which have to - be.

T

satisfied'” durino', the .recqgnitiOn process. Also,h'the

o

‘redatlve p051t10ns between the plcture components are used

éé dlrectlonal gu1des so that the whereabout of the next

w

component can be located oa51ly, whlch is 81mllar to the\QSe

- To é@termine, 'say, if there is a member of the class”

"SQUARES" at a certain locatlon of th 1cture, the anal sis
B\P ¥ys

o

 proceeds as follows. o | : SR e

bl

‘ Starting at the location, and.-using it as the- local-
' ! A . = w | <

origin, first determine ‘if"there is anyvline”in the *Xr

dlrectlon, as 1ndlcated by the p051t10n a. ributes of the

: flrst component of SQUARES HaV1ng found the llne, the'
'value of X is recorded The mlnrmum value of X where the,

line is 1ntersected by another llne 1s the flrst value used.:

Once the value of X has been set it 1mposes a constralnt on
‘all other referenceq to the same varlable, l.e. s X. It then

'determlnes vhether the next llne is’. perpendlcular to the X-

ax1s, as’ 1nd1cated by the second component of SQUARES » and

‘?ble" prlmltlves (whlch'could be 'blank) “in Sgaw's
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_whether the 1line  is of  the same 1lehgth. In a-similar
rashion, itw‘is ‘determined whether all . the remaining.
coﬂditiens ares satisfied. ‘ lf'so, the searc. cops, and a
vertlcal square of 51dgs X unlts is wand. Otheryise, :thg\‘\;~
search is; brought tback to thevpolnt where the eralue‘is
first recorded - A newlva’ue-of ' is sought by tcontinued
searchlno 1ﬁ the X dlrect on. The above.process'is repeated
whenever another value of X can 5e found.. When all possible
values ova'have been,Used and no SQUARES can be\found, the
process will repOrt}railureiu ;

K

13

Thus,hnot only.is the-syntax of  the “déscription' scheme
used, the p051t10n attrlbutes also proVideuthe information‘
;for dlrectlng the' ana1y51s -process : The'fvariables form‘
=constra1ntS‘ on the system which have to be satlsfled during
Ithe recognltlon process. How well the constralnts should be
satlsfled 1s determlned by the requlrement of the analysis.
iSome relaxatlon _ of» the constraints is often necessary”'for‘
'-real,'pictures,.“-Using .the' topédown picture. parsing,-
'techniqueéﬁf as, proposed by . Shaw, the ‘analysis can be nsed‘,
i'for structured plctures as well. e ‘

For recogxftdon of function- ~transformed plctures, the

D

process can proceed in a 51m11ar fashlon. The procedure can

’ become very clumsy and 1mpract1cal if too many varlables are~

- used and the transformatlon 1s non-llnear. However, 1fﬂthe

transformatlon 1s llnear,~ theu‘analysis can _ be ksgmilarly

S
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“For example, to detect a rotated squdre as defined in the

last section, there are at: least  +two conStraints to be

satisfiéd, i.e. the angle of rotation THETA and thé length;
’ o , o & . .
of the sides X, assﬁming'that the.starting point (A,B) can

]

. be located. However, sihce the squére can be rotatedito'any

angle, if only the end points'of'th@ sguare are noted the
reiations as indicated_by the description’ may not beffound.
Two approaches can be  taken to test whether the

relationships are satisfied. "~ Either a rotation

transformation can be performed on the end points, or the
. - : 1

end points .can be used to calculate - the angle of rotation

z . . :
and the lengths .of  the sides. "The second approach 1is

PrOH%bly more suitable in this.case. S Y

The 'fecognizer will’ start searching from the X-axis in a
. . [}

"counter-clockwisé direction, say, until a line is detected.

: 5 ’
- The slope and length .0f  the 1line are noted. These two

#alueé will beAused,as fhe'/;onstraihfs ‘that have +to be’
sétisfied ’in searéhingi fdr'the:rem;ining sides.. Thus, if
the anélé of the first side is found to be 30 degreés, then
the second side muét bé at 120 degrees, and the third and

fburth sides must be'at 210 and 300 -degress respectively.

From the above discussion, , it cAin be seen -“that the

anélysis‘ requires only a meanS of detecting straight 1limes,

. and calculating their lengths and slopes. If- polar '
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coordinates are used in the «:scriptiong, the scheme jis even
. ’ ' K]

simpler. ‘ L

]_ ’ b

6.3. A Comparison with Shaw's. PDL

]

shaw's PDL32 is essentially a language for describing

line drawings which can .be represented as connected graphs.

Use _ of blank primitives alsb alloﬁs,déscription of pictures

which have disconnected ‘parts. Each primitive has a head
and a tail whiC@-can'be concatenated to..other primitives. 1
number of operators are provided for various head and/or

- TSN

tail concatenat:ous. . T
. ’ . '-v\ .

In PDL; the pasic'éompénents'afe the pfipitives‘whiéh,.by
definition, cén'be.virtua'Ay any‘piétufe. PIt is‘ iﬁportant
thét such primitives be chosenvproéerly 1est'¢héfbicturés
cannot be described, d ue té 3the limifed ’ péssible
con;atenations, \The;structu;% of the description §chéme,is
also tree-like. Although trénsfprmation spéCificationsx arte’
’ihqluded. in thevofiginélldefinition of,theAiangqége24;:theyv-
have beeﬁ-;ﬁuSed' to . a very"'ffﬁﬁ¢ed . éx£ént ‘Bnly;
e.g. translation of  pictures in picturér' géﬁeration

(George?®).

v

PDL hasebeen used successfully for'papéing.pictures "such-
' C , b - : D
as .1n = Spark f%hamber Film Analysis32. A number of
interesting giamples of picture generation have also been.

"demonstrated. The main .concépt used is :hat if a head or
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. .
tail of a picture can be found, it can be used as the
reference locatioh. for further searches, since all picture

*

parts are connected. : .

The r-esent Picture'Descriptioh Scheme (hereafter refer

.

» as PDS in this chapter) differs from,EDL in that explicit

v
coordinate spepificetions are used. Nevertheless, although
PDL allows. the coordinates,of head and teil_of pictures to
be epecified abstractly, the coordinates do exist thsically‘
when the primitives are . defined. Structerally, the two
languages are'basically the same. 1In fact, sim;lation of
PDL can be carried out 1n PDS and the varlous concatenatlons
are demonstrated in . Fig. 6.1. ‘Part (a) shows the actual
drewing, part (b) givesS the description in PD!”end part (c)
ZEEES the correspohding desefiption fn PDS. There'is_little

doubt that PDL 'providgs‘ a ‘more compact specification.

However, the description in PDS is very general and covers a

wide class  of pictu:es..vThefquestion of compatibility ,of

primitives . does not arise, . and it can also be seen that

similar pictures (such as case 4 and case 5) are described

.in 'a uniform manner in, PDS-while the description.in- PDL

differs widgly-

" To glye a more reallq ic example, con51der the use of the
two schemes to descrlbe the Engllsh letter "A". . In PDL,
this can be deSbffgea as: R

“A"=(af((b-*(a*c)‘)"c_))-
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o
where. 1'a?', '*b' and 'c' are the prim%ﬁ;jgsjasfshown in Figi
6.2. . o | 44

In PDSﬁ&the same picturé céh be deScribed as (Fig. 6.3):

T A ? . . '
"A" = V1(0,0) + V2(0,0) + V3(-X,-Y).
where V1 = J(=2%X,-2%Y) ‘

Y (2%X,-2%Y) - o 1%%

"y (2%X,0)

V2

V3

and the origin is taken to be the top of the character.

Y S
I » N
Altepnatively,'it can @e described in terms <¢f the
. . 5 . ~
. 4
primitive V alone as:

.

WAM =V (=2%X,-2%Y] + V(-X,-Y,blanked) + V(X,Y)

+ V(0,0,blanked) + V(2%X,-2%Y)

.
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x4 |
@ ; -
'-Yb o - . L
a+b  AGO + BXY)
.,\ .
axb  AWQO + B0
a-b A0+ BUV ¥
| o ROTATE(-ALP) -
, | : . where 9
L o - ~ ALP-THETA+TAN " (V/(X-U)
Cde 4 . .
! R
| 'm - atb MO0+
o & B(0,0 * ROTATE(THETA) »
" Case 5+ . where THETA tan 1y bX)
m C o (awb)ita A0O &
©0 @ .Y BXY) * ROTATE(THETA)

fa) Actual Picture (b POL Description ~(c) PDS Descnptlon )
’M Fig._6.] Slmulatmn of PDL usmg PDS |

L -

e
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Fig. 6.2. PDL Description of "A" . (0,0

(0,0 1

| | [ e
(X, Y/ SN

IIAH‘= Vl(o. 0) + V2
VL VX 2P

(0,0) + \(3‘

(X.-Y)

Vysvesx,2y Y

2 o 00 @0
V, = VX, 0 S | |

- Fig. 6.3. PDS Description of "A"



Although 'the description’ in PDL is again moredcompact[

the PDS offers‘a'more user-oriented aud general description.~
. i :

In fact, the description is made in the same way as it is'

usually hand—writteu. There is no liuit on the size of the

pioture. Also, it does not matter what the values of X, and

........

Y are. So long as the constralnts are satlsfled the shape

"AY will be recognized.
} :

6.4. A PDS Grammar

\.

,For the purpose of desoribing olasses of plctures,' thek
descripti n is best expressed as a picture grammar. Since
”PDS deséribes pictures u51ng-explicit position attributes,
picture grammar5~in PDS can be'quite involved. However, for

pictures wlth regularltles, the descrlptlon 1s often falrly
A

stralghtforward For .example,f:the' class of R4C' filter
stages -(see Rig.'6.u) can be expressed in a PDS grammar as:
FILTERSTAGES::=tFILTER(O 0) | FILTER(0,0) + FILTERSTAGVS(X Y)

FILTER::= RESISTOR(O 0) + CAPACITOR(X,Y) + LI¥K(U,V)

-,

where FILTER is as shown in Fig. 6.04.

~For picture classes that do not have such regularities,

the grammar‘is much more oomplex, and the choice 'of picture

Y

parts and orlglns may play an 1mportant role. The power and

v ’

11m1tatlons of PDS for plcture analy51s purposes will depend
. ’v‘
on - how such problems can be handled, and”;s.an'area for -

future researchl,
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Fig. 6.4. R-C Filter Stages
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6.5. Diseussion

————— e — s i e

From the discussion in this chapter, it can be seen that
the present PDS can be easily extended to describe classes
of pictures. ' The extended Vpicture' description schéme,

’togéther "Wwith "the éonstraints formed by 'the position -
éttributes,' can be suitaﬁly used for pict&re analysis

_puﬁ?oses.

v
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Chapter VII

Conclusion

c

7.1, Summary of Results

The design and iﬁplemeﬁtation of a graphics facility has
beenapresented in this thesis. Two impgrtant results are
revealed. Eirst,.a éonveniént ana useful graphics language
has been désigned and implemented. Second, the Concept of a

Universal Graphiés Faéiiity has been presented and partially
LN N .

impleménted.

The specificatioﬁs of theﬁgraphics flanguagé are 'simple

and modular. Five types cf graphics statements are used:to

handle the diffetent aspects of interactive graphics. = The#’

picture description scheme is powérful. Automatic indexing

,of the picture components provides much flexibility and easy

identification. Picture components can be easily modified -

fusing; the picture component selecfié%'feature. The concept

of atfribute hiera:chy allows'easy construction of copies of;
the same pictﬁre'whichnhaie.different _hardware‘,attfibutes.
Specification  of “transformation - within pictﬁ;e definition
éfatements élgo provideé'é more‘user—drienfed desCtiptioﬁ of

pictures. ‘ . : .

\ ' . -

) ) - . v ’ - . . ‘ v | 3&"
The overall design-and implementation of GRKF  are aimed
at providing a graphics software suppdrt system that is as’

~

_display-hé:dware wipdependent as possible. The 3Wayv the

[y
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W o N ' \
display files are handlngprovides a canonic transformation~__.

of structu:ed displﬁ?ifiles to éeQuential, displaf» files.

The construction is-such that the display.file software is
ST : g , : :

o —
4

at a levelvciose’to hardware and replaceabfe by -hardwéfe

when reqﬁired. The DECODE, RETRIEVE ahd.FUNCTION statements

have ' also been implemented so- that they can be easily

extended when new hardware is added to the system or when
\ . o ) . .
Usage warrants it.

~

- The concept of Universal Graphlcs Faclllty prov1des a

more sultable env1ronment for the . graphlcs appllcatlon

~

pfogrammersu Less effort is requlred from them 81nce they

have tc¢ learﬁ‘only the.graphmcs statements. It is eqhally

~béneficial to the graphics—software de51gner since it is not

opefations have to be taken care  of, independent  of the

pfoperties ofy%ny hast language,_ _ N\ | L

e . N i .o R - B Lee

7.2. P_;gge Hor k_ . - : BN

'neceesary> to<modify the hcst‘1n~any way. vOnly the graphics

GRAF has only been made regdy for ‘use recently. _Although -

the author has found it easy to se, 1ts:1mpacf on the-user
remains to be seen. More appllcatlon Drograﬁs have to be
written before the extent of usef lness of the fac111ty can
be. Getermined. Be51des, hore preprocéessors for other host
lanéuages Heve to ‘be 1mplemented before ‘a truly Unlversal

Graphlcs Fac111ty is. fully achleved



N

The main drawback of GRAF at present is that the .

'gdst/graphics“ interfdce is produced in assemblér‘language.

' /
Assembly of the 1nterface is the most ineffiCient phase of

the system. Tt 'is desirable that this 1nterface be produced

in machine code -directly. Apart from the overhead in

preprocessing, GRAF‘operates with good efficiency i’ spite

of repeated reconstructiOn in- the course of 1mplementatiom

Tbis can bejattributed to the SimpliCity of the GRPF systemf

Fowever, there is still room .for improvement Some-/;e"
P - :
organization of the software routines, and in particular the.

i

various tables, would definktely prov1de better effiCiency

Some 1mprovement in the transm1551on of the directory
routines to' the GRID would help to’ prov1de better response
at the display terminal At present, all the “directo:y

routines are . transmitted' each time the display file is

4

updated. More transformation functions, snch as HlﬂdOWlng,
2 M .

‘

- for such applications.

etc., and retrieve routines would . also ﬂrqv1de betterv_

fac1lit1es to the user.émWelaxation of’ the restriction that

variables. must be of 1nte%%r type‘is also desirable..

: . f / . ~ . . - PR
Finally, <the application of the picture/ X cription

scheme to analyse pictures is an area for future «s&search.

- The - discussion 'in . Chapter 6 indicates that the picture”

description scheme appears extenSible for pPicture analysis '’

purposes.' Large classes of picthres,J and in particular

pictures with disconnected garts, are. suitabqulcjndidates

)

s
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APPENDIX I Syntax SgeCification of the Graphics Lanquage

1. The Graphics Language’
: angpag

<pict prim>

<gfaphics statemenfﬁj :i= <pictdef  statement>

| <draw statement>
| <decode statement) -
g@:.. » |‘<retpieve statement>

-~

| <fct decl statement>

i

Picture Qéfinition Stateméh# ;‘
<pic£def statément> v:f= <pict Qar) = <pict e£p>
<pict 7at>.v:c= <{pictname> | <pict selector>
<pictname> ' ::= <alpha>'jl '<§ictname>-<a1phanumefi¢>

<pict selector> - ::= <pictnamed . <selectord>

<selector> ::= <integer> f <integer'variable>‘__“
<pict ex£> HHES ><pict‘¢omp>,\| <pict éxp) + <pict compﬁ
‘}{pict comp$ zz= .<pict var> | <valuated pict> o
| <pict prim> ( <attri2> ) é
| NULL ' ) L ﬁ%

<valuated pict> ::= <pict var> (_<attri1> )

| <valuated pictd> * <transform>

= P 4V 1 s | L | T
<attrii1> = (péé iﬁtri> ’ <aisp1ay'attri>'
<pos éttri> i= x>, <y>, <pos> o
{display attri)r»::=‘ <z> | <display attri> , <z>
<x> - :‘= {va;iébié} ” |

-
s
et ¥
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<y> 1

<variable> g : ‘4

<z> T

il

01 1 2
<at§ri2> 1= }iSt of attributes for primitivésli'
<transform> . ::1= <fct name> ( <para> )
éfct;name> S '<alpha> 1 <fct name> <alphanumeric>
<para> 1= “<va;iabie>-'| <para> ,'éQariabie>
:%ﬁinteger> 1= ﬁgnumeric> | <integer> <pumeric>

<{integer variablé>..::ﬁ' <alpha>

[
.
2

T _<intéger variable> <alphanumefic>
<va£iable> P value or_ﬁariéble“kno#n fo-hést-lénguage
<alpha> ::¥ A | B |-C j DC{ E-| F 1.G‘{\H |“I.| J

| K L | M l_N oy 21 Q01 RISIT

IRERARE SR
<numeric> ::= 0 |1 |;2 f 3‘].4Aj_5‘| 6l|‘7 (-8 {9
<alphanu@efic>» :i:.v<alph@5 1 <ﬁﬁmeric>

3. Picture Output

# <draw stafement> i= DRAW';( <output device> ,

| | <attri pict> ) - ’
<output device> ::= <integer>. i l<integgr'variable>,
(attfi pict> 5:= ‘<pict.var> | .<pict var> ( <at£ri3>l),_
* . . | 4 | <at£ri pict>.* <trénsform>
<attri3> ‘&}= <attrii> |‘;<aﬁtrii> ;. <page coord>
<pagé coorad> 1= <lower“iiﬁi£§ ; <uppe; limit$

<lower limit> <x> , <y>

Y]
Il

<upper limit>: = <x>, <y>
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Decoding Interrupts

<decode statement> ::= DECODE ( <intno> , <dev> ,

<inform> , <pictname> , <x> , <y> , <tf>)

<intﬁo{ ::= <Jinteger> | <integer variable>

<dev> v::= LPEN | FKEY |v KEYB&D | VECTOR |, ....
<inform> ::= <variable> : | "
<tf> ::=  <variable>

N.B. For LPEN, <pictname> is replaced by <id vector>.
<id vector> ::= <variable> |
Retrieval of Information - _ . -
<retrieve. statement> ::= RETRIEVE ( (pict vér> ’

| <informa$i, <var> ) |
<jar> :;=. <variable>

<informa>  ::= <alpha> | <informa> <aiphanumeric>

X

Function Declaration.Statemengu

<fct decl statement> ::= FUNCTION <fct name> ( <para> )
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APPENDIX IT  Position Attributes of Picture Componenys.
. .o - g

The position aftributee consist of
<x> ; <y> , <pbs>

.where

<x> and.<y> epecifyithe X an& Y coordinates, -

<pos> épecifies whetheb . the coordinates afe taken as
e relative or°absolute. : R o~
‘if <pos> = O (or blank) or 1, then <x> and <y> are taken* es_
the absolute coordinates with respect to the_orlgin of the
picture specified on the ,left-hand ‘side of.ethe pict&re—'

definitiof statement.

If .<pos> = 2, then <x> and <y> are the relatlve coordlnates[

with respect to the current position of the draw1ng device.

. -
oy

After plotting a picture, fhe beam is returned {blanked) to
the pieture origin. , After drawlng a prlmltlve, the beam is

left at the current positicn.

The acfions“'takeﬁ by . the~.draw1ﬁg device for diffefebt
plcture components are as follows*
{1 Plcture -- the specefled.picture is.drewn atvlocation
(<x>,<y>). YHV B T .f
f?)‘DfaWing priﬁitives:
(a) Point -~ a pciﬁt is, drawn at 1ocat10n (<x> <y>)
(b) Vector --'a vector is drawn from ~the current pOSltlon

of the draw1ng dev1ce to location (<x> <y>)

[
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-f(c) Symbol -- the symbol specified is drawn at location

C(<x>,<y>) ..

(d) Line -- a  series of vectors is-drawn through the

-y

points specified. For Line type 1, the coordirates of

‘the points are taken from <vx> and <vy> (see Appendix

I1I1) . For Line type 2, the coordinates of the points . -

‘are taken segquentially from the striag specified.
<pos1> spécifies\zfe positioning of the first vector.
<pos2> specifies Che positioning of . the Temaining

vectors. ,

J

(e) Text --= a Specified sequence of symbols is drawn
3 P _ sSeq » : _

staffing , at location (<x>,<y>). For Text type 1, the
f . . . . ‘ R . '
symbols @Ie,taken from <sx> (se€ —Appendix IIT) . For

Text type 2, the symbols are taken from the specifiéam

string.
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-
' APPENDIX IIT  List of Attributes as Implemented
1. Display attributes for picture
<lpdet> , <blink> , <blank> . : *

2. P primitive _
kx) ,‘<y> ¢ <pos> , <lpdet> r <blink> ; <blank>
3. v priﬁitivé ; |
<i> ¢ <Y> , <pps> . (lpdet>:, {blink) v <biank> , <dash>
4. s primitiﬁe |
x>, <y> , ' <> ', <pos> , <lpdet> , <blink> ,
 <blank> , <size> , <orient> |
5. 'L primitive
Type 1 > .
| <vx> , <vy> , <num> ) <po§1; s <posZ> ,v<lpdet> ’
<blink> , <blank> , <dash> |
Type 2 . | ‘ S
<num> , <x1>ﬁ;><y1} x>, <y2> gl <xn> o, <ym> ot
<pos1}'; <pos2> ;'<1pdet>‘,‘<blink> . <blank> , <dash>
‘6. T primitive N | |
Type 1 ‘
<x> , <y> , <num> , <sx> , <p95> ¢ <lpdet> , <blink> ,

<biank> s <size> , <orient>

- R .
- . ~

 Type 2"

<x> , <y> , <num> , ' <text> ' , <pos> » <lpdet> ,
<blink> , <tlank> , <size> , <orient>

- - ‘\:\.‘

e

: d -
- B K .

Wk
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(@) <x>, <y> are X and v coordinates.
(b) <pos5 r <posi> indicate absolute or relative pos1tlon1ng

(c). <posZ> indicates . positioning of the vectors ‘With respect

‘e

to the first vector of [, prlmltlve(

N . | ;*

(d) <vx>., <vy> are vectors of X and v coordinates.

)

(e) <xi>, <yi> are the actual coordlnatejvalues.)

V(f), <num> is the number of vectors or symbols. ! '

(3) <sx> is the location where the symbols are taken.
Symbols are assunmed to be packed four to a 360 word

(h) <text> is the actual tekt to be plotteg;

(1) <s> is the actual.symbol’plotted. o L ®

{3) A1l other attributes are in <z> format (see Appendlx I)

Detailed descrlptlons of the attrlbute values are given

in Appendix Iv. g

Pt
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<dash> : v "

140

{

a
e

<pos>.,4<po$1> , <pos2>

16=>,absolute“positioning (w.r.t. picture origin)
‘ -

"2 => relative positioning (w.r.t. last beam position)

'

<lpdet>

7 I ’ .(J)

1 => light pen detactable

2 > not light pen detactable

<blink>

1.=> not blinking

2 => blinking

.<blank>

1 => not blanked"i
2 => blanked SRERE T
‘ : T
1 => solid plotting of vector
=> dashed plotting :of vector

<sizé5 7{. f 

1 =>/Ed;pa;,éize symbols

"9 => large symbols

<orient>

1 o=> normal orientation for symbols : s

2 => symbols plotted at 90 degress
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APPENDIX V A Sample Program

‘l ’ . N
aaoaoaoaooaaan

THIS PROGRAM ALLOWS THE USER T0 DISPLAY SQUARES - AND.
TRIANGLES ON THE SCREEN. THREE COMMAND WORDS, 'SQUARE',
*TRAANGLE' AND 'DELETE', ARE DISPLAYED INITIALLY ON THE
SCREEN.
TO DISPLAY A SQUARE(OR TRIANGLE), FIRST PICK 'SQUARE' (OR
'TRIANGLE') USING THE LIGHT PEN, THEN PICK A POTINT ON THE
SCREEN AND FOLLOW BY HITTING- THE SEND KEY. TO DELETE ALL
SQUARES(OR TRIANGLES), FIRST HIT 'DELETE', THEN,HIT
BARE' (OR 'TRIANGLE') USING THE LIGHT PEN FOLLOWED BY
HITTING THE SEND KEY. TO END THE PROGRAM, PRESS ANY
%yamus AND FUNCTION KEY, FOLLOWED BY THE SEND KEY. -
Co ‘ B \
IMPLICIT INTEGER(A ) A
’ COMMON ST (10) ,M,N,.¥, ¥ o
C INITIALIZE THE VARIABLES USED IN THE GRAPHICS STATEHENTS
C ' o : :
# - COMNON ST (10) ,M,N,X, ¥
c .
C DEFINE THE PICTURES PICT, SQ, TRIAN, COMMAND AND ERROR . -
C INITIALIZE THE PICTURES SQS, TRS, DUMMY -AND D
C R g
# PICT = COMMAND + SQS + TRS + D
# SQ =L (4,'0,200; 200,200; 200,0; .0,0')
# TRIAN = L(3, 1200, 0; 100, 2005 0,0 ) _
# COMMAND = T(S 850 6,'DELETE') + T7(5,900,8, 'TRIANGLE')
# + T (5,950, 'SQUARE')
# -80S = NULL .
# TRS. = NULL
# DUMMY = NULL
# D = NULL S SN
# ERROR = T(5005900,16,'ERROR-~-TRY AGAIN')
10 'CONTINUE v i
C R ' '
C DISPLAY PICT ON SCREEN . : .
el o . ’ . : ’
% DRAW (1, PICT)
# D = NULL
¢ CHECK IF THE PIRST INTERRUPT IS FRO¥ FKEY
C. ‘ ’ .
# 'DECODE(1, FKEY, M, DUHMY X,Y,N) : _ . :
IF (N.EQ.D0) GO TO 100 : :
o ' N
c CHECK IF FIRST INTERRUPT s a LIGHT PEN HIT
c
#

DECODE(1 LPEN M,ST, X Y,N) .

~

:



#=ANN0

a

L

IF (N.EQ.0) GO TOo 30- -~ '~ -
15 CONTINUE ; S -

SET ERROR MESSAGE TO BE DISPLAYED ;
D ERROR(O 0)
~~ GO TO 10 ‘ o
30 IF (ST(3).NE.1) GO TO 15 S .
0 IF (ST (4).NE.1) Go To 50
C .
C “FIRST INTERRUPT IS A LIGHT DEN HIT ON ‘*DELETE!'
C"CHECK IF SECOND INTERRUPT IS FROM LIGHT PEN
c ,‘.‘~.
# 'DECODE(Z LPEN,M,ST,X,Y, v

IF(N.NE.0) GO o 15

IF(ST(3) .NE. 1) GO TO 15

IF (ST (4)-EQ:3) GO TO 45
c : g
¢ 28D INTERRUPT IS LIGHT DEN HIT ON 'TRAINGLE'
C DELETE ALL TRAINGLE: OJISPLAYED ON THE SCREEN
c - ' » o
#

A

TRS = NULL
.60 TO 10 | & - .
45 CONTINUE . . I L '

C ) , : -

C 2ND INTERRUPT IS LIGHT PEN HIT ON 'SQUARE!
C. DELETE ALL SQUARES DISPLAYED ON THE SCREEN

# SQS = NULL i B o
GO TO 1Q-
50 .CONTINEE,
c ‘ ‘ ' .
'C "CHECK IF 2 NTERRUPT IS POINT PICK
C
# : Dﬁ?OD (2 PO NT,M,DUMMY X,Y,N) | -
NJNE, 0) 0.%9 15 o SR
- C
ol ) '
# TRS = TRSL+ @&?ﬂ@(x,Y)
. GO TO 10 oot R
60 CONTINUE _ »

. : .

CADD 2 SQUARE ON THE SCREEN
c - o

#

. 505 = SQS + SQ(X, Y)

GO TO 10 , i

100 CONTINUE. | 5
C a

.C STKTUS AND FUNCTION KEYS PRESSEL

C SEND FAREWELL MESSAGE

J
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SHONOR-_I . Nol

PICT = T (500,500,8, ' FARERELL')
DRAW (1,PICT)

~

ROUTINE EXIT1 RELOADS GRID BOOTSTRAP

CALL EXIT1?T :°
STOP.
END

R

143
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APPENDIX VI . A Logic Circuit Application Progranm

oNeNeNe!

H o W R H I

SN O OO e 3k e A A

QOO #3330 00

/

THIS PROGRAM ALLOWS ONE TO BUILD LOGIC CIRCUITS ON THE SCPEFN{C .

MODIFY THE CIRCUIT, AND ANALYSE THE CIRCUIT

J

IMPLICIT INTEGER (B-2)
COMMON/BLK/IN (100, 3)

- COMMON ST(11) 4,¥,X,Y,SEL,VAL, SELM A,B, NUH, RX(100) RY (100)

INTTIALIZE THE PICTURES TO BE DISPLAYED

N
[\

INTTIALIZE TABLE FOR ANALYBIS

IN (I,1) INDICATES THE FIRST INPUT OF I-TH GATE

FPIGURE

\ re H

‘CQﬁMON'ST(11),M,N,X,Y,SEL,VAL;SEIM,A,B,NUM,RX(100);RY(100f

MENU = T(5,950,7,*ANDGATE') + T(5,900,6,'ORGATE") -
+.7(5,850,7,"NOTGATE') + T (5, 800 6,'DELETE')4; L —
+ T(5,750, 6,'ATTACH') + T(5,700,5,'INPUT) - : —
+ T(5,650,6,"00TPUT') + T(5,600,7,'RESTART') C—
+ T(S,SSO,S,'ERASE') ‘ ;

LEAD = V (20,0) o g - :

TRIAN =%V (20,20) + V(0,40) + V(0,0)

TRIAR(0;") + S(10,20,'+7")

DEFINE A SEMI-CIRCLE

RADIUS = 20
ATHETA = 300/RADIUS
‘NUM .= (180/ATHETA) + 0.5
" ATHETA = 180/NOUM
DO 22 I=1,NUM ' ' - : .
ANGLE = ATHETA * I * 3.1416 / 180 . Sy ‘

RX(I) = RADIUS * SIN (ANGLE+0.0)

RY(I) = RADIUS * (1 - COS(ANGLE+0.:0) )
CONTINUE

SEMI = L(RX,RY,NUM) + V(0,0)

"NOT = LEAD(0,0) + LEAD(0,10,0,:0,0,2) . ) . _
+ TRIAN (20,-20) + LEAD(40,0) SR p

OR = LEAD(0,10) + LEZD(0,-10) + FIGURE(20,-20) + LEAD(40,0)
AND = LEAD(0,10) + LE&D(0,-10) + SEMI(20,-20) + LEAD(40,0) -
PICT = MENU + GATES + LEADS + D + INPUT + OUTPUT

CONTINUE
INPUT = NULL
OUTPUT = NULL
DUMMY = WULL
D'= NULL
GATES = NULL
LEADS = NULL

A

’ c



C
C
C

AC

e
C

el
~

IN(I(Z):INDICATES THE SECOND INPUT OF I-TH GATE
“(NOT APPLICABLE TO NOT GATE)
IN(I,3) INDICATES THE TYPE OF THE GATE
1 => AND’ 2 => OR 3 => NOT
INPUT 0 => -1 o1 => =2
B i * ‘
‘NUMBER = 0
LM‘,Q,R I=1,100
S" <« J::‘[i '§ . T
iN(I J)ﬁf'—ﬂOOO

10 CONTINUE
DRAW (1, PICT)

. D = NULL - - ‘
- DECODE (1, FKEY, M, DUMMY, X, Y, N)
IF(N.EQ.0) GO TO 90 .
‘DECODE (1,LPEN,M,ST,X,¥,N)

IF (N.EQ.0) GO TO 30

15 CONTINUE

Aaoana

‘#‘

D = T(500, 900 16, 'ERROR-—TRV "AGATINY)
GO TO 10
30 IF (ST(B)QNE 1) GO TO 15

DUM = ST (4) L

.GO.TO (100, 100 100, 200 300,400,500, 600 700)
a GO TO 15

IF FIRST LIGHT PEN HIT IS AND , OR ,NOT GATE
. AND SECOND INTERRUPT IS POINT PICK
. THE GATE IS DISFLAYED AT THE SELECTED POSITION
100 CONTINUE
DECODE (2,POINT,M,DUNNY,X,Y, N)
‘IF(N.NE.0) GO TO 15
NUMBER = NUMBER + 1
GO TO (110,120, 130),DUM"

’,

110 CONTINUE

IN(NUMBER,3) = 1 -
GKTES. = GATES + AND (XgY)
GO TO 14

120 CONTINUE v T R

IN(NUMBER'3) =2 .
 GATES '= GKTES + OR(X Y)
. GO TO 1uo , S

130 CONTINUE - S R

. IN(NUMBER,3) = 3 T e

" GATES = GATES + NOT(X Yy o
140 CONTINUE B
‘ OUTPUT = NULL

f .
~ GO.TO 0.

0 CONTINUE

UM

Q@

145
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DECODE (2,LPEN,M,ST,X,Y,N)

IF(N.NE.O) GO TO 15 B
IF( (ST(3).NE.2) .AND. (ST(3). NE. 3) ) GO TO 15
IF (ST (3) .EQ.3) GO TO 250 .

DELETE THE GATE_.

SEL = ST (4), S i ST e,
II = SEL + 1 > S ' Lo

DO 210 I = ITI, NU BBk ‘ : S
TN(I-1,1) = I§(I,1)

::(I 1,2) = IN(I,2) -
{I-1,3)= IN(I, ,;3)
21, “HTINUE .

LN (NUMBER,1) = -1000
IN(NUMBER,2)= =-1000
IN(NUMBER,3) = -1000
NUMBER = NUMBER - 1} ey
DO 220 I=1,NUMBER - \ s
DO 220 J=1,2 ° C
IF(IN(I,Jd).EQ. SEL) IN(I,J)=-1000
220 CONTINUE - :
: GATES.SEL = NULL,
GO TO 140 ' o A
250 SEL = ST(4) ' % ' ‘ b
SELM = ST(4) - 1 . - , ' L
LEADS.SEL = NULL B
LEADS.SELM = NULL S
GO TO 140 . . Coa

PROCESS ATTACH COMMAND

300 CONTINUE. , .
DECODE (2,LPEN,M,ST,X,Y,N)
IF(N.NE.O) GO TO 15
IF (ST (3).®E.2) GO TO 15 °
IF(ST(5).GT.2) GO TQ 15
INGATE = ST (4)
INLEAD = ST (5)
SEL = ST (4)
RETRIEVE (GATES.SEL, X,A)

~ RETRIEVE (GATES.SEL,Y,B)
. IF(IN(INGATE,3).EQ.3) GOTO 301

IF(INLEAD.EQ.1) B = B+10
IF (INLEAD. EQ. 2) B= 8- 10

301 CONTINUE ‘ , B
DECODE (3, LPEN,H, ST, X, 1, N) S
IF(N.NE.O) GOTO 15 S
IF(ST (3) .NE.2) GOTO 15
VIF(ST(5).NE.U4) GO TO 15
OUGATE = ST (U)
'OULEAD = ST(5)



- IF.(IN (INGATE,INLEAD) .NE.-1000) GO TO 15
“IN(INGATE,INLEAD) = OUGATE
 SEL = ST (4) '
A + ‘RETRIEVE (GATES.SEL,X,X)
T4 RETRIEVE (GATES.SEL,Y,Y)
X = X +60

# . LEADS = LEADS + V(A E,,,,2) + V(X,1)
N 60 TO 140 -

Cc PROCESS INPUT COMMAND

aoo CONTINUE
# . DFCODE (2,LPEN,H4,ST,X,Y,N)
_ IF(N.NE.O) GO TO 15 .
"4IF(ST(3).NE.2) GO TO 15
IF(ST(5) .GT.2) GO TO 15
¢ INGATE = ST (4)
.. INLERD = ST(5)

SEL = ST (4)
RETRIEVW(GATES.SEL,X,X)
» RETRIEVE (GATES.SEL,Y,¥) |
. IF(IN(TNGATE,3).NE.3) GO To 42n
Y =Y + 4 '
7 GO TO 430 - e
» 420 IF(INLEAD.EQ.1) Y =
IF (INLEAD. EQ.2) Y =Y -6
*,, U430 CONTINUE ,
# 0 DECODE (3, KEYBRD,M,DUMMY,A,B,N)
IF(N.NE.Q) GO TO 15 .
VAL = INTCVT (M,1,E) )
IF((VAL FE.O) .AND. (VAL.NE.1)) GO TO 15
(VAL.EQ.1) GO TO 450 o

Hogy Lt

IN(INGATE INLEAD) = -1
# INPUT = INPUT + S(X, . 0')
_ .GO. TO 140 SR T
450 IN(INGATE,INLEAD) = -2

o # ° INPUT = INPUT + S(X,Y,'1')

GO g‘O }1‘40

PROCESS OUTPUT

NeNe Kol

" 500 CONTINUE R

# DECODE (2,LPEN,M,ST,X,Y,N)
IF(N.NE.O) GO TO 15
IF(ST(3).NE 2) GO TO 15
IF(ST (5) .NE.4) GO TO 15
OUGATE = ST (4)-
OULEAD = ST (5)
SEL = ST (4) . ‘

CALL-ANALYS (OUGATE, VALUE)

# RETRIEVE(GATES SEL,X,X)

IF(IN (INGATE, INLEAD) .NE.-1000) GO TO 15

147
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¥ RETRIEVE(GATES.SEL,Y,Y)

Y=Y + 10
X=X + 60
IF(VALUE.EQ.-2) GG. TO 550
# OUTPUT = OQUTPUT + S(X,Y,'0")
GO TO 10 ’
550 CONTINUE
I OUTPUT = OUTPUT + S(X,Y,'1?%)
GO TO 10 . .oy 3
C w é? .
C PROCESS RESTAE&*QQMMAND“
600 CONTINUE
# DECODE (2, END, M DUMMY xﬁ& N) o
‘ IF(N.NE.0) GO.-TO 15 ) .
GO TO 1+
C i
C PROCESS ERASE INPUT COMMAND
C

700 CONTINUE
# DECODE (2,LPEN,M,ST,X,Y, N)
“IF(N.NE.O) GO TO 15
IF(ST (3) .NE.2) GO TO 15
INGATE = ST(4)
LD = ST(5)
. IF(LD.GT.2) GO TO 15 °
# DECODE (3,LPEN,H,ST,X,Y,N)
: ©  IF(N.NE.O) GO TO 15 -
IF(ST (3) .NE.5) GO T © 15
SEL = ST (5)
. IN(INGATE,LD) = -1000
# INPUT.SEL = NULL
GO TO 140
90 CONTINUE . -
# PICT = T (500,500,8,' FAREWELL')
# ‘DRAW(1,PICT) '
©2CALL EXIT1
STOP
END PRICEN
- SUBROUTINE ANALYS%?WPUT NOUT)
IMPLICIT INTEGER(A-2Z)
COMMON/BLK/IN (100, 3)

. _-DIMENSION STACK (100) ~
C . . a
C _ THIS SUBROUTINE DOES THE LOGIC ANALYSIS '
C . R ' '

PT = 1 ;
STACK (PT) = INPUT R
11 “IF((STACK(PT) .LT.0) . AND. (PT.EQ. 1)) GO TO 1999
. IF(STACK (PT) .GT. 0) G0 TO 199 - =

IF(STACK (PT-1).LT.0) GO TO 299,

GATE = STACK (PT~1)

-
-



15

IF(VAL.EQ.-2) STACK (PT)

20

100

299
300
301

- 310

305

320
330

350

" IF(GATE1.LT.0) GO TO 15 2 Gy
IF ( (IN(GATE,3).EQ.3) .AND.- 1IN(GATE1 3) .NE. 3) ) GO
GO TO 11
STACK (PT-1) = STACK (PT)
STACK (PT) = GATE
GO TO 11 ’ o
IF (STACK (PT-2).GT. 0) GO TO 310, '
WRITE (6,301)
FORMAT (1X, 'ERROR"') ' [
RETURN - :
GATE = STACK (PT-2) L
IF (IN(GATE,3).EQ.1) GOTO 350 . - >
IF((STACK(PT).EQ -2) .OR. (STACK (PT-1}. EQ.-2)) GOTO 320 - -
STACK (PT-2) -1
g0 70 330 7 .
STACK (PT-2) = =2 . ’
PT = PT - 2 .
GO TO 11 : : -
IF ((STACK (PT) . EQ.-2) -AND. (STACK (PT-1) .EQ.~2)) GO TO 320
GOTO 305 . NS , CoR

199

200

1999

5 ey -
l/“".J‘, orY 5. { SRS
‘,,4 0 P wm W . :‘ " . .
IF (IN (GATE,3) .NE.3) GO T0%100 . = % %}.
IF(PT.GE.3) GO TO 20 B L

VAL = STACK(PT)
PT = PT - 1
IF(VAL.EQ.-1) STACK(PT)

IF(PT.LT.3)GO TO 11
GATE STACK (PT-1)
GATE"1 STACK (PT-2)

GATE =STACK (PT)

IF (IN (GATE, 3).NE 3) GO TO 200"
PT = PT +1 :
STACK (PT). = IN(GATE,1)

GO TO 11 ‘

STACK (PT+1)
STACK (PT +2)
PT PT + 2
GO TO 11
NOUT STACK(PT)
RETURN

END

IN(GATE,1) .
IN(GATE,2)

(N

B
Gk

-‘H
-
LayNey \.»»r

Ca
4

C

TO 100



