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This discnssion of the advantages and limitations of

. raster graphics systeas .pints oult ‘that until receatly, most conputer

graphics systeas. have been oriented tovard the display of liae

,drauiags, continually refreshing the screen froa a display list of

.vectprs. Developments such as plasama panel displdys and rapadly

."declining mesmory prices have now sade feasible raster graphics

systeas,-vhich instead associate some ‘memory with .each point on the
screen gnd displsy points according to theacontents’of the memory. It
is explained. that raster systems permit operations which are not ‘
feasible on -vector displays, such as reading directly froa thé screen
as well as .writing on it, and manipulating two-dimensichal areas an
vectotrs. Copceptual differences betveen progralligg for raster an

vector systems are illustrated with a description of the TV Turtle, a

graphics system for raster scan video.@isplay terlinafb. This systel
is imbedded in LOGO, a Lisp-1like imera’ive progr aRing language‘,

-.designed for use by children, and is based on'L0GO turtle geonetry

approach to graphics. L0GO, it is noted, provides powerful ideas for
nsing graphics vhich are easy for children to learpn, yet generalize '
pa*urally*vhen advanced capabilities such as primitives for anilation
gand~co?or are added to the syktel. (Author/LLS)
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Abstric't:

Until recent® most compute} graphics systems have been oriented toward the display of line
drawings, cantthually refreshing the-screen from a display list of vectors Developments such
as plasma panel displays and rapfdly declining memory prices have now made feasiblé raster
P 'gr*hlcs systems, which Instead associate some memory with each point on the screen, and dlsplay
‘ points atcording to the contents of the memory. This paper discusses the advantages and
limitations of Such systems. Raster systems permit operations which are not feasible on vector
Y displays, such as rezding directly from the screen.a: well a3 writing it, and manipulating two
dimensional areas as well as vectors. Conceptual differences between programming for raster and
* vector ystems-gte illustrated with a description of the author's TV Turtle, a graphics system-far *
raster scan video display terminals. This system is imbedded in Logo, a Lisp-like interactive
. v /programming language designed for use by kids, and is based on Logo's turtle geometry
approach to graphics. Logo provides powerful ideas for using graphics which are easy for kids to
learn, yet generalize naturally. when advanced capabilities such as primitives for animation and
color are added to the system. _ . . t ¢

P

v

-

' . ’
The work reported in this paper was spported In part by the National Sclence Foundation under grant rumber EC0708X and
conducted at m"MIﬂchl'mollloonco Laborstory, Massachusetts Instilute of Toy{noloqy. Cambridge, Mass. The views and
oonc.ﬁnlom contained in this Mo\those of the author and should not be lnmprogod as nocoua\vlly representing the
official policies, sither exsressed or impiieY, of the National Sclence Foundation or the United States Govenment. :

-

- RooF 673

> + MASSACHUSETTS INSTITUTE or‘zcmosv- e



E

LA v 7o povidea oy eric

LA - R Ny - *
) c ~ N . N . v * \
‘ e The TV Turtle . .S

L. , ' A _Logo Grag‘hios anéteg!‘ for Raste!-' Displays . ' .

‘- Henry Lieberman \ e
. . . Ter s -« Lsgo Group ’ -, ) .
o, MIT Artificial Intelligence Lab .. '
. - N ‘ k ' * ’
N . 1) , - . PYEER v
. .7 v , -

recently, most computer” graphics systems have been
oriented tow3ra gthe display of line draiwings, continually
refreshing the screen from 2 duSplay list of weciors
Déveloprents such as plasma ,panel ¢uplays and rapidjy
dechining: memory: prices have "now made feas) raster
graphics sysiems, which instead associate some memory with each
« point on the scré?h and display points according to the conteris
‘of -theymemory _This paper discusses the advantages and

r
Wmuations of such sysems Raster systems permit operations /

which are not feasible on vector displays, such as reading
directly from the screen as well as wring i, and magipulating
two dimensional areas as_ weil.4s vectors Concepiual differences
between programming for raster and vector systems are
tlustrated with"a description of the author’s TV Turtle, a
graphics. syscem for rasier scan video display terminals This
_ Bystem s imbedded in Logo. a Lisp-like interactive programming

language designed for use by kids, and 15 based on Logo's *

“turtle geometry approach to~graphics Logo phovifles
powerful ideas for using graphics which are easy.for kids to
learn, yet generalize naturally when advanced capabilite? sych

, 3 primitives for animation and color are added to the system,

. ’ .

1. Dra;ving with turtles

"The fundamental concept of the’ Logo approach to computer
graphics is the curtle. A twrtld is an Imagigry creature which
" lives on the display screen It has 2 positioa on the screen and

2 heufl‘ug, the direction tn which the wirtie 13 faang The ~

turtle also-has 2 pea which can be eher up or down The.

sommands FORWARD and BACK change e turtle’s position,
foving it along :he direction of the heading i the pen 15 down
when the tyrtle moves, a line 15 grawn between the old and new

positiorig. LEFT and RIGHT change the healding (See Figure 1)

This. ;chcqui generally much more gonveniept for interactive
graphics thin the conventional approach using  absolute
carteslan coordinates. and ks mathemancal implications lead
nawrally toward 2 néw view of geodetry called turtle
geométry The Logo raphics philosophy and turtle gdometry

in d an’ in {1 2] and (3] The rwrde 1v
nted visually on the. screen by & triangle shaped
n the 'dtrﬂguon of the heading, although any
picture can bel subsututed for this purpos# Any number of
ted, each with #s pwn local state

commands ate common @ra variety of Loyo
Ng pictures using several diifereM types of
¢ . f
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devices " In addition to the raster system thera are graphics
systems which operate using vecior msp,a‘/ st display suen as
» the DEC 340 and GTi0 (5] Another "version uses characier-
ronly display terminais, where the turile Js consirained :0 mo.e
about a rectangular 3rid of characiers ‘6. The tame Wurtle
commands can also bewused fo contol a robor :ur:le which
draws pictures on the floor with a felt ap pen(4)

' ’ ‘ . | /. .

2. Veotors versus video

' ‘Bastsr graphics systems such ag the TV Turtle represent a

sigmficant departure from they véCor display st apgproach
which has characterized most previous graphics systems Since
the primitive capabilittes of raster sysipris duffer from those
offered by vector display hist systems, raster sgstems encourage
new outlook on graphics, and strongly mi’ence the siyle of
graphics programming f

One aspect of this 1s |llux'mY¢-d by an ;nalogy with the contrast
between compHers: 1nd inlerpreters for general purpose
progamming languages. The primary component of mos: vector
display hstsystems i3 a display list compiler which compiles
graphics commands into a gisplay list, a set of Inst:uctions for
"a display processor Raster systems enminate the display hist,
making the difplay list compiler unneccessary As a result, raster
systems take on more of the flavor of an wnterpreter  The
> advantages’ in generamf simphaty, and ease of Inferaction
offered by interpreters are especially amportant for sysiems hike
Logo, which are designéd for use by beginners and 3re highly
interactive. Although the extra’ conceptudi complexity imposed
by a compilation process can be minimized by a clever compiler
when programs are simple, it becomes troublesome when an
attempt 13 made (o include more sophusticated capabilites , -

The display list compiler foufd 1n moxt present graphics systems
13 necessary because the procetsor contplling Xhe displays in such
systems has primuive,instructions which cuphy’vmbk ob jecis
.such as vectors momentarily In draer for a pjcture jo remain_,
on "1’ screen, the protessor must repeatedly rxecuu a locp
containing the instructions to draw the picture; refreshing the
screen when the image fades The user would normaily hike to
have cpfnands which cau® ob jects drawn to stay an the screen
, rather than flash and disappear  This 13 .accomplished by
having graphics commands operate by instiucting a display hst
compiler to compile the user's requests inio the instructions
understood by ;I)e dusplay procgssor  The global display hist
representing the picture 13 then edited to inert the compiied

-
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Figure la. This is the initial state. The turtle, represented by
a trianguler cursor, starts out at its home at the center of the
screen. ts heading points up\nrd. The square at the center

ot the turtle mdualn 1ts pen is down,
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’Fo;uro 1b. The turtie moves roo tupa n the drection of h
heading. When the turtie s moves with the pen down, it draws a
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Figuce 1c. The heading is turned §0 dn;us
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Figure' 1d. The turtle now maves in the direction of the new'
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le. When the pen s up. the turtie dou not dnw )

h.n i is movgd.
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Figure 11. A typicel procoduu for duwm' polygons. Note

that the recursion coes not mmmtc. and the procedure

must be clopﬁog by hand, .




. In raster gystems lLike the TV Turtle, ali

- ‘erased or modified Since changes fre made

instructiong into’ the refresh loop  This refresh loop 15 a ~

Separate process running in parallel wah the yser's program
The display- hist compiler usually muit have the ability to
“compile incrémentally, 5o that when the picturt s changed it s
not necessary to recompile all of The repertoire of wisible
objects avaitable in the instruction’ set of most display processors

© typically Qc des vectors, poinis, and text In addiugn, many

display procepsors have the capability to calf subroutines, 5o that
A $equence of display gstructions may be”used frdm-many-places

In the display Iist  Vector display hist systems and “display hist

compilers are discussed in detail in [7]

caum changes to the display screen’ ddecily by modifying the
memory associated with each point on the screen Hardware

. independently refreshes the screen:from (e contents of the
memory, so

the software need not concern iself  with
maintaining a sepatite process © refresh the screen The
Primitive operation in a raster graphucs system 1s to display a
Visible object which ‘persists on {he screen unti! 1t s expliatly
directly to the
displayed visual images, there' 1s no need for,a htdden dana
structure Aile a display list, and no need for a display® list
compilerfThe visible effect of a command occurs immediately as
the command is interprered

Xmer‘pretiv.e $yStems only require a naive user w understand the
semartuics of the source language ,Compileritend to force the

user o explicitly consideér the semanucs o Ahe target language, -

and (he process of translating programs. from one language into
tKe other Thus, graphics systems based on display list compulers
May require the user to know about the display processor's
instructions and think of ommands in terms of how they
compile 1nto display hists. With compilers, the user must also
understand the effects of declarations as well as imperative

'

graphics, commands

commands; fot ex'ampre, declarations to a graphics compiler, to |

“open® or “close” a dusplay hst 7] Compiler systems are much
less  flexible than interpreters in - interaCtive  debugging
Exami corffpied represendations such as display hists s
usually little in debugging, and problems may arise because
‘of discrepancies\between source and compiled versions of a
Program - The compilatios process frequently loses impprtant
ifnfoemanon about the priginal program The user must tolerate
the delay of compile zjme, during which intnded changes to the
Program become effective Local chabges o a program often

. Decessitate extensive recompilation As raster systems interpret

‘rather.than compxli graphics commands, they are able to a:vend
manLor theje probleens associated with compilers
\ -

+ Rastef systems \iso permit 2 ‘grn‘(er degree of Texibility in the

choce of data structures used to represent pictures Graphics

systems of they vector display hist type provide a very strong

Inducement for the user to zonceptualize piciures as consinting
‘sojely of sets of ines” In mafy such systems, if the déscription of
the picture s very compk'{( tn terms of the VeCIor representation,
the display will start 10, flicker ob jectionbly. as_the display
processor will not be able to interpret all the instructions rapidly
enough to refresh the screen Cusved lines are approximated by
‘many short vegtors andyignd to require large display list; Very
few vector tjpe syuem\ can- display a sufficient number of
areas feasible The raster system
the complexity of the picture it will
cture consis's 6f a large nwmber of

vectors to .make shadi
howeyer, 13 not Limite
not flicker, even if the

- vectors, text, points. curves, or filled in areas Rjster graphics

R . n

&

’
.

encourages - experimentation with a greater variety of

represenmlons,Jm_\v;iual information  Pictures, can  be

represented as sets ol points, vegiofs, run length codes,

procedures, or other alternarves . '
¢

3. Erasing pictures . -

In raster graphics systems, points, vectors and other visible
objects can be erased just as easily as they are drawn, by turning
off bits 1n the screen memory instead of turming them on We
can supply the turtle with an eraser in addition to a pen. When
the eraser 13 down, points along the turtle’s path are erased, just
as they are drawn when (Juq turtle passes over them with-the pen

* down. Akernatively, this can be thought of as drawing Jn ihe

same color “iIRk" as the background, causmg‘prevnous!y drawn
pictures to disappear  (See Figure 2)

PENDONN
REPEAT 4 FD 388 RT 98

. ——

.

i

,” Figure 25, Ibe turtiq draws a square with the pen down.

.| efASerooWN .
FORWARD 158 * -

S

> .

Figure 2b. The turlie ersces port b omddc—:i the vquare
by going dver it with the o7 a38¢ down. -

-

In vector display list systems, erasing a picture 13 accomphished
by deleting’ the instructions which draw it from the refresh

of the déplay processor This issn many respects less flexible, as
. the sgructure of an objgect 1o be deleted must correspond exacily

N 4
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2 an 6dpc Zrawn The decision to engble erasyg™ obJeci
must te made when the display hist 1s comp:leﬁr{;}a in
_raster sysiems-this decision ‘can be made at any 1 eﬂurmg the
execution of a program It 1s generaily not possible in display

list $ystems to erase only parz of a vector or vecior subroutine’
previously displayed - o

n "

N .,

One problem with iising the turtle's eraser to remnove pitures
{rom the screen 15 that it often does not hehave as Pxpr((r':} 1on
pictures that are considered v uverlap un the sreen When
considering’ two diinensional picures 43 repretentations af three
dimensional ubjrcis 1N opaque ob ect prevents object behind it
from being seen by an observer If the opaque obct is
removed, obscured objects which were behind it reappear Thus,
i 15 expected that drawing an objbct and erasing it will leave 2
picture undisturbed The semanucs of the erase command
desired, 'then, 15 to erase Zn object. but restore whatever was
viuble behind it before the object was drawn ' 1n vector dusplay
List sysiems, instructions far duplaymg two Intersecfing veciors
will result 1n displayihg the intersection point tw ice during the
refresh cycle, so that r ing one of the vectors will not cause
the.ingersaction point to g0 away, as it will be dusplayed by the
snstruchién far the rerhaining vector In the TV Tudle f
intersecting Tines are drawn with the pen down, and one line is
erased by backing over it with the eraser down, the paint of
sntersection will be turned of f as well When a picture 13 drawn
over angther, the obscured picture is nor saved, and 50 13 not
restored when another pictife passing through nx‘ume.pomts
i3 erased. : .

. .
- .
. ,

One mechanism for solving this problem 15 to explicitly save-a
portion of the ol piciure before drawing angw picture over it,
so that the old picture can be restored when the new picture 1s
- erased. This complicates programs which “do frequent display
and eraung™Qf overlapping pictures More elaborate hardware

could provide a “twd-and-a-half dimensional” festure, in a

system_with several bils ger point, where each bit 15 adsigned a
plane and hardware determines the wisbility of each poin:
according to its plane (8] , )
. - *
In addition to the pen‘%nd the eraser, the tuitle is also eqyipped
with an exclusive OR (XOR) moce In this mode, the"turile
complemen:s the siate of points as 1t passes over them, iurning
on points which were previously off anc turning off points
which were on This mode 15 often useful with sif ple
overlappmé prctures, where dlsh!ay ﬁ\the intersecting area 1s
not criticat, but 1t 15 impdreant to'avoid disturbing a Background
picturg while some other picfure 13 drawn, and then eras"d
Using XOR mode, a pictyre can be drawn and subsequently
erased using the same procedure, transparent to any’ previously
existing picture 1t 15, also very wseful when a particular picture
should remain distinctl; visible, even agamst backgrounds ol
heavily shaded pictorgs For these re:'ns. XOR mode 15 usedto
display the triangle cursor which Sn}' s the state of (He turtle on
the screen T ’
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4. Reading the screen , .

. ~ e
Apcthe: 1mportaht conceptual extension permitied off rase-
graphics 1s that the screen remembpers what 1t drawnupun i,
17 14 possible to read from the screen as we' :\s;w“'.- cn
Incav il paAnt- on the scresn can be raced {0 com RETAYRY: Y
on or otf This 11w programs to percerve what 18 un “he

Q - [
ERIC . - v SN
- . i .
o v B8 . R :

[N
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screen, as well as modify it A versih o the FPRWARD
commang can easily be defined which will stop 1f 1t thesu-ite
hits any displayed “obstacles” 1n uts pith A Tseeing eve

can report evidence of visble objecs in the directiun OF the
turtle’s heading Thé turtle cgAbe prograinmed to find its way
out of mjzes or navigate ar bstacles The shading faciiy
also de¢pends, in an essenual Way upon bLeiny able tu rrad the

- screen to sexrch for the boundangs of a Eegmn

- v

In afinust cvc}y vectur displiy Tt Jystenn, it 48 anpooshle to
exarmine a disphiy hst after it s cre
the screen Displuy Lists are usua
nu.h’xw Taguage IS e
display processor instruction set Even &f this nformation were
available, figuring out whether a particular point on ‘he screen
was on would be a lengthy computation, as it would .involve
examining all the display Tisis exjsung in the system Programs
which need to know what has been dravn must instead maintain
some’ auxiliagy data structure to reford changes {Q the screen,
and modify that: structure whenever a diplay command 1s
issued JInstead of using dusplay hists as the primary daia
sfructure for pictureswin raster Systems.the user deals dicecily -
with the screen memory, and can think of sensing and
displaying points as simply reading or writing the screen.
' ‘-

4

i 1o deterrune what (s un
made accessible only froim

Vtgiwiig the foriay a0 ne

5. Word4 and pictures

y 1
All intetaction with, the system involving rext, suc{as command
input, program editing, and efror messages occurs on the same
display screen used.for graphics This has the advaniage of -
concentrating the altention of the user on a single screen, rather
than dividing 1t between asgraphic display and text terminal An
auxiliary processor is employed to speed up the drawing of text
on, the screen during normal character anput and cuiput  One
can, however, tse the graphics comeands to display text as well,
perhaps to print using 2 differsnt font than the system's defaul
For convenience, a spht screen mode 15 normally used i1n whico
the top area ofAhe screen is reseryed for graphic Gu:put, and the
bottom for typein and typeout The sizes of the text and
graphics sections are easily ad justable so that, for example, the
text area can be expanded while edirsng the téxt of 1 program,

. or the graphics area enlarged, whiie walching pictures being
drawn Text and graphics can interact flenibly, anc the user can

print labels or captions on piclures, or dr piciures ‘o
« accompany text Printed copy of both teﬁ:‘. graphics |
ayailable '

v
- .

6. Shading aPeas .
Lo 1 . v
~Raster style graphics sysiems enable the user to think abour
areas as picture components as well as jusl Tings and po.nis
This aliows the user to fully exploit the :wo dinensiona! nalL-e
of the d#play screen In the TV Turtle, primicives are provided
}for constructing, :ammwd manipulating areasy
The concep” of the turtle’s which draws lines 1s readily -
generilized to that of a brm which Sweeps oy’ areas 2n’
atbiirary piciure may be devignated as the turile’s orush dnc
that plctufe i p: ac0ss the path a_lcn's wh..n the (e
moves Thrs permits the turile o draw or erase lines o* any
thichr.ess, as ey

well as lines normally one po s w.ae

; y
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.
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ERIC

Aruitoxt provided by Eic:
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the brush can be used for Padling regigns freeh

'oon junction with nput frot a device such asa r?u or tablet,
g
a .

For programs, however’ the brush mode s not completely .

nt(slactory. Programs for constructing filled In areas with even
simple geometric shapes quickly become complicated. To allow
€asy creation of shaded regions, the system provides a SHADE

command, A closed curve 13 drawn with the pen down, outhning

the r to be fiiled 1n, and the turtle is placed at any interior
point of ghe region before 1ssutng the command The system
then‘scans the screen to find the boundaries of the region and
fills it. The area to be shaded may be of any shape or size An
argument can be given to SHADE to speflly a shading’
pattern, which tells the turtle how to fill the area The default
shading parterh. SOLID, turns.on every point in the region The
aystem also provides a set of predefined shading patterns, which
are sufficient fof typical uses of this feiture, like dutinguishing
between a few neighboring regiops These perform functions
such as filling areas with hgruontal or vertical lines  The user
also has the-opuion of using any saved picture as a pattern, 1
which case the regidn 1s/fjlled with that/picture. repeating 1t
“wallpaper” style if necessary Alternatively, the uset can supply a
function to deyde how to shade the area (See Figure 3)
’

SNOW 3 28

Figure 3a. The turtie 18 inside a "snowflake curve®,
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Figure'3t\ The curve is filied in with hdrizontal lines.
-
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Fi.gurc 3¢. A picture created using several dt{loren; shading
patterns. * . .

In the color version of the sysw?n described below the shading
facility 13 especiaiiy usefut in filling areas with diffegent colors_~

. -

Z.‘ Animation

For real time animation, 1t 15 impertant that the user be able to
create, display, erase and transform pictures, rapidly enough to

. give the appearance of motion Neither the vector display hist

nor raster graphics systems are usually fast enough to make it
feasible to draw each frame- from scratch, ‘dynamically
computing the transformatiofis of the picture from one frame to

" not- the speed of the display processor, but the speed of the

display hut compiler Instead, movies are usually made by
drawing frames or key components of frames, and saving them
in some lower tevel form which 13 faster to redisplay. erase, and
move than re-executing the original procedure that drew the
picture. In the case of vector duplays, this low level
representation for pictures 15 a display hist

-~ 1

In the TV Turtle system, the principal data structure used for .
this purpose is called a window A window 1 an array of
Points representng the picture-in a recrangular area on t
screen. It can be thought of as a “photograph” of that part

"-.the next. In vecior dusplay list systems, the imitation i usually - °

the screen Svithin a given rectafigular “viewfinder" Once created, -
2 window can be displayed or erased ar any location on the
\ ! 5.

screen. (See Figure 4)

¥
i

Redisplay of a window is implemented simply by transferring -

the ‘contents of the window array mto-the screen memory, which

i3 a very fast operation Transformauons such as rotasion,

reflectbn, and scaling of wygdows afe curréntly no(‘prov»ded as

programmer. Showing a movie by d'uplaymg' pictures saved in
gsually much faster tham executing procedures to
dhw each pidwfe. Windqws also provide a means of clipping

plctures, as any--portion of the picture outnde the regtangular

* area will be excluded fromathe w.mdow - .

3
-

- ’
- . »

",

ves, but may be programmed by the user or a systems .

4
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CIRCLE 58
MAKEWINDOW ’BALL

. ~

’ b

.Figure 4a. A'picture of a ball is seved in a window,

HIPE ’BALL e
RIGHT S8 ‘
FORWRRD 286 ‘
OISPLARY ’BALL

: 3
L]

Figure 4b. The ball is moved 200 steps to the right of its
original position, ",

The speed of displaying wyndows depends o"ojy upon how much

\area the picture occuples. It is totally insensitive to the

y

.

complexsty of a picture within a region. unhke display lists. The
window representation 15 therefore ideal for animation In which
most changei happen within small areas of “the screen, but must
Rappen very fay. An example 15 a game like space war, where
obpcts that move, appear and disappear {ships and. torpedos)
might be complex pictures. but are small relauve to the size -of

the screen, and need to be-changed rapidly. Windows may tend:
to be somewhat space ‘consuming for some applications. This'

" problem could be reduced by converting to a'run length

E

RIC "

encoding scheme, at the cout of increasing’ the amount of tme
necessary to redisplay a window It 1s also possible 1o construct
other types of low level representation for pictures, optimized for
pictures with parucular known characteristics.

A disadvantage of the window commands as they currently exist
15 that the area saved 'in 2 window mum pe specified as 2
rectangular-area. This may make Wt inappropriate for fving
pitures  with urregularly shaped boundaties. Seving the

2

Q

Aruitoxt provided by Eic .

N 4

. ’ 4 . -«
enclosing rectangular area may save 1n the window persions of
some other unwantdd picture adjacent to it, or at least waste
space saving empty area  Qverlapping pictures are also a source
of difficulty, making u difficult o assign separate names to the
output of two procedures if the pictures tw draw can overlap
on the screen. Etasing a window also erases the picture "behind”
it, a problem also encountered when using the eraser mbde of
the turtle, as discussed above. As With the erasgr mode, this
problem can bg alleviated to some extent by using XOR mode,
or exphicitly saving and restoring pictures Rotation and pcaling
transformations re more difficult to applgto pictures using the
window representation than 1s the case with vector display Hsts

a

In Logo implementations for vector displays such ™23 those
described in (4] and [5] the basit picture saving capabiliy 48
provided by the SNAP command This command savesa picture
(usually the entire screeh) as a display hist, sulfroutine A snap can
subsequently be redisplayed anywhere on the screen by inserting
a call'to that subroutine into the current display list Removing

the call erases the picture saved in the snap from the screen, The

implementation described in [5) provides such capabiliies as
copying 'snaps, editing them by appending instructions to thé
subroutine, and restricting the scope of the picture saved in

snap to the duplay hist output by a particular piece of source

code. Lo Y

A problem wm: saving pictures as display st xu’brounngx usag

the SNAP command 1s that the relatiocnship between pictures

visible on the screen and pictures saved in snaps 15 fot always

clear. This is especially true when muluple copies 9f snaps may

exist, when snaps can be edited, and when there i etensive
overlapping of pictures. There 1s no way o restrict the extent ot
2 snap to a particular area on the screen Wiridows, however,

have the property that what you see is twhat you get

Everything visible within the specified area will be included 1n

the window, regaraleu of .what caused it to appear, inciuding

VECLOTS, text, points, shaded areas; and other diiplayed windows

‘Windows allow selecting a particular region of the screen to be
saved, whereas snaps allow selectivity with respect to the ume at

which the picture was drawn’ Another problem with snaps 1s

that tr.ey cannot be examined In any reasonable way, and must

remain somewhat mysterious to a naive user The internal

structure of a window, however, 1s $imply an array of points,
and can easily examined and modified by the user or by

programs. /

8. Color : 3

In addition to the black and white system, another versidn of the
TV Turtle displays full color pictures on an Advent projection
television screen. The color version understands most of the
same commands as the black and white version, with 3dditional
extensions fog creating and manipulating colors The ‘sysiem’
supplies a set of colors initially, but the user may define new
colors using the MAKECOLOR command, which creates a new
color from a specified mix of the primary colors red, green. and
blue. The turtie’s pen has a pea color, and all drawings done
by the turtle appear on the screen in the currently selected pen
color. The system also keeps track of the color of the

. background against which - pictures are drawn Pictures are

erased by redrawing them with the eraser down, using thu
background calor, called the eraser color CLEARSCREEN filis
the ‘screen with the eraser colo(thereby erasing everything on
the screeri. - . - .

-

~
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. called the palette, which holds a set of

A\l

The screen rﬁemory for the colar system uses several buts to
desaribe the state of each point These buts address an.array

ag:emly available
colors. A point may be displayed in any colgr which 15 a member
of this set. The colors chosen for the paleite may be chranged at
any ume. Thus, any number of colors may be defined, but the
number of colors actually visible on the screeh at any particul

time s Jimited by the _capacity of the palete Whenever a
PENCOLOR command 1s issued. the palette 1s searched to find
:@new pen color If it is present, that color is selected If not,
the new color s inserted into the next available space in the
palette CLEARSCREEN celetes all the colors from the paletre
cept for the current pen and etaser colors Thus, the user need
thigk only in terms of symboticall} named colors rathet whan

“nuglerical indices into the palette, and will only get an error if
Zhe-tfmit on the num‘ier of different colors tn use simultaneously

eeded. The palette can, however, be explictly acgessed 1f
desied .
It 15 very egsy to change the color to which a particular number
Tepresenting “the state of a point corresponds, simply by
modifying the palette  This h3s the visual effeq of
simultaneously changing alt points on the screen in that ®lor A
REPLACECOLOR primiive 1s supphied, which given twa colors,
changes all pictures on the screen in one color to ancther This

Operation 1s much faster than achieving the same effect by
redrawing the picture in #Sther color Using this. ¢ 15 easy to
program psychedelic effects by rapidly changing colors randomly
in a,nwlucolored picture [t 15 also possible to exploit this feature
for animation: so that a picture could be made 1o appear or
disappear very quickly by using REPLACECOLOR to change it
fram the 'ba.cl\ground color to some contrasting color and Back

again.

-

e
9. Implementation

The TV Turtke 15 a p'ackage of funcjions written in the
Macbisp dialect of Lisp for the PDPIO (9} It can be used
either directly from Lisp or from our Lisp implementauon of
Logo (51 A similar graph¥ sysem 15 currently. ~being
implemented for the PDPII/45 1n assembly language Both the
black and white and the color displays are compatible wh\
standard Broadcast television, allowing the use of standard TV
monitass or videotape equipment Resolution 1f approsimately 4
575 points horizontally by 454 paints vertically The black and’
white system has one bit per pbint (no gray levels) The color
system has four bits perpoint, allowidg up to sixteen different
colors to appear on the screen at once Hprdware for the black
and white system was designed by ToméKnight, for the color

system by Ron Lebel. ' w
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