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ABSTRACT,
This' discussion of the,advantageS and limitations of,-

raster graphics systeas pints odt:that until recently, most computer
graphics systems, have been oriented toward the display of line
drawings, continually refreshing the screw from a display list of
,vectors.'llevelopments such As plasma panel displays and rapidly'
'declining memorr prices have now lade feasible raster 'graphics
systess,.which instead associate some*aemory with each point on the
screen gand display points according to theAcosteniwof the memory. It .

is explained-that raster systems permit operations which are-not
feasible onvector displays, such as`-reading diredtly froa the screen
as "sell as .writing on it, and nanipulating two-dilensiohal areas gild.
vectots. Conceptual differences betieen Prograsmitg for raster and
vector systems are illustrated with a description of tde TV Turtle, a
graphics system for raster scan video ,aisplay terminal's. This sydtp
is imbedded in LOGQ, a Lisp-like inierallive grograpaing languag,e,
_designed for use by,children, and is based on'LOGOIlls turtle geosetry
approach to- graphics. LIMO, it is noted, provides powerful ideas for
using graphics which are easy for children to learp, yet generalize '

raturallythen advanced Oapatilities such as primitives *,or ahisation
rand -cocir ate added to tt'e isybtem. (Author/LDS)
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Abstract:

I

Until recentljk most computed graphics syitems have been oriented toward the display of line
drawings, continually refreshing the-screen from ai display list of vectors Developments such
as plasma panel displays and rapidly declining memory prices have now made feasible raster

'gr4ehics systems, which instead associate some memory with each point on the screen, and display
points according to the contents of the memory. This paper discusses the advantages and
limitations of tuchsystems. Raster systems permit operations which are not (easible on vector
displays, such as reading directly from the screen ,a: well ai writing it, and manipulating two
dimensional areas as -weld as vectors. Conceptual differences between programming' for raster and

',vector systems ate illustrated with a description of the-author's TV Turtle, a graphics tystem for
raster scan video display terminals. This system is imbedded in Logo, a Lisp-like interactive

/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 afire easy for kids to
*am, yet generalize naturally, when advanced capabilities such as primitives for animation and

are added to the system.

The work reported In this paper was supported In pan by the National Science FlundatIon under grant mote; EC407011X and

conch/otod at thevArtlficialintelligence Laboratory, Massachusetts Institute of Testnology, Cambridge, Mass. Tilsit views and

conclusions contained In this se of the author and should not be interpreted as necessarily representing Ow

offir.iel policies, either impressed or impli of the National Science FOundation or the United States Government.
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A 1.06(0 GrapLios System for Raster Displays

Henry Lieberman
Ldgo Group

MIT Artificial Intelligence Lab
F

401.01 recently, most computer graphics systems have been
oriented tows:o the display of line draWings, connutilly
refreshing the %screen from a diSplay 'list rot sectors
Developments suoh as plasma 4panel diplays and rapidly
dectining- memory, prices have now made feasibil Master
graphics systems, which instead associate some memory with each
point on the scre*, and display points according to the contents

`of -thegmemory This paper discusses the advantages and
linietations of such systems gaster systems permit operations /
which are not feasible on vector displays, such as reading
directly from the screen as well as writing it, and manipulating
two dimensional areas asshILisaectors Conceptual differences
between prOgramming for raster and vector systems are
illustrated with' a description of the author's TV Turtle, a
graphics. system for 'raster scan video display terminals This
system is anbedded in Logo. a Lisp-like interactive programming
linguage designed for use by kids, and is based on Logo's
turtle geometry approach to-"'graphics Logo pl.ovltes
powerful Ideas for using graphics which are easy,for kids to
learn, yet generalize naturally where advanced capabilmd sach
Ke primitives for animation and color are added to the system,

o. I

Drawinz with turtles
"The fundamental concept of the' Logo alproach to computer
graphics is the turtle. A turtle is an nap ry creature which

on the display screen It has a position on the screen and
a heeding, the direction in which the turtle is facing The
turtle also has a pen which an be enhei up or down. The,
commands FORWARD and BACK change chi-turtles position,

, eitiving It along the direction of the heading If the pen 'is down
when Ott beret moves, a line is drawn between the old and new
positios. LEFT ancfRIGHT change the h'ea'ding (See Figure I)

This. ;chem.! it generally much more convenient for interactive
graphics thin the conventional approach using absolute
[artesian coordinates, and Its mathematical implications leadnaturally towlard a new view of geoeietry called turtlegoonOtry The Les raphies philosophy and turtle geometry
are discussed in dame in (B. M. and En The turtle i
noirdallTrepr, nted ',dually on the. screen by e triangle shaped
cursor poletin in the titr/tion of she heading, although any
picture can be substituted for this purpose Any number of
tanks can be cr ted, each with its Own local stare

These basic Curt'
Systems for crea

.7'

cornmandt a're common *sa variety of Lo,,,o
ng pictures using several darerek types of

6,

devices In additidn to 'the raster system there are graphics
systems which operate using vector If list displast. suot as

. the DEC 3i0 and GT-i0 (51 Apothe, v'ersion uses chaac:r-
,only display terminals, where the turtle constrained to mo.e
about a rectangular grid of characzet.s The kameltortle
commands can also beiwised to control a robot turtle which
draws pictures on the floor with a felt tip pen (41

2. Vectors versus video

Raster graphics systems such al the TV Turtle represent a
significant departure from this. vi(cr ddplay list approach
which has characterized most previous graphics systems Since
the primitive -capabilities of raster systris ds ?fer from those
o'fered by vector display list systems, raster estoms encourage a
flesh outlook on graphics, anb strongly inflience the style of
graphics. progrimming

One aspect of this is illustrated by an analogy with the contrast

,

between compeers and interpreters for general purpose
progamming languages. The primary component of most vector
display list'systems is a display list compiler which compiles
graphics commands into a display,list, a set of instructions for
a display processor Raster, systems eliminate the display list,
making the diiplayllst compiler unneccessary As a result, raster
systems take on more of, the flavors of an interpreter The
advantages' in generalitf, simplicity, and ease of interaction
offered' by interpreters are especially-important for systems like
Logo, which are designed for use by beginners and Ire highly
interactive. Although the extra' conceptual corwlexity imposed
by a compilation process can be minimized by a clever compiler
when programs are simple.It becomes troublesome when an
attempt is made to include more siphisticated capabilgies

The display list compiler fouird in most present graphics.systems
is necessary because the procelsor contollinglthe displays in such
systems has primitVeonstraTons which display/Wee objects

.,such as vectors momentarily In &der for a Naomi° rernag,?
on tht screen, the professor must repeatedly 'execute a loop
containing the instructions to draw the picture! refreshing the
screen when the image fades The user woul& normally like to
have Cpallhands which cau* objects drawn to stay on the screen
rather than flash and disappear This is accomplished by
having graphics commands operate by instructing a display list
compiler to compile the user's requests into the instructions
understood by the display proctssor 11 he global display list
representing the 'picture is then edited to insert the cornpikr.1

IV
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-CLEARSCREEN

-

A.

Figure la. This is the initial state. The turtle, represented by
is triangular curse*, starts out at its home at the center of the
screen. Its heading points upward. The square at the center
Of the turtle indicates Its pen is down.

FORWARD 188

-Figure lb. The turtle moves too steps in the direction of Anis
hoading. When the turtle.moves with the pen down, it draws a

-RIGHT 68

Flu(' lc. The heading is turned AO degrees

FORWARD 188

Figure Id. The turtle now moves ,n the direction Of the new'
heeding.-

PENA
FORWARD 188 ''

=le. When the pen is up,'the turtle does not draw a
hen it is movtd.

TO-POLY :.SIDE :ANGLE
18 FORWARD :SIDE
28 RIGHT :ANGLE
38 POLY :SIDE E
POLY 488 144.

. -
4

Figure If. A typical procedure for drawing polygons. Note
that the recursion does not terminate, and the peocedure
must be stopded by hand. .
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instructioniF into' the refresh loop This refresh loop is a
separate process running in parallel with the users programThe compiler usually must have the ability to
Compile incrementally, so that when the picture is changed it is
not necessary to recompile all of it The repertoire of .visible
objects available in the instruction'set of most display processors
typically lir des vectors, points, and text In addition, many
disptay pros sots have the capability to call subroutines, so that
a Sequence of display lila4c ruct tons may beiused frdm-morplaces
in the disp y list Vector display list systems and 'display list
Compilers are discussed in detail in M.

In raster retems like the TV Turtle. all graphics commands
cause ,changes to the display screen- dectly by modifying the
memory ,associated with each point on the screen Hardware
independently refreshes the screen 'from the contents of the
memory, so, the Software need not concern itself with
Maintaining a separate process to refresh the screen The
primitive operation in a raster graphics system is to display a
visible object which 'persistl on Oiescreen until it is explicitly
erased or modified Since changes ere made directly to the
displayed visual images, there' is no need for a hidden data
structure ike a display list, and no need for a display' list
compiler he visible effect of a command occurs immediately as
the command is interpreted

Interpretive systems only require a naive user so understand the
semantics of the source language .Compilerl`tend to Corce the
user 10 explicitly conside the semantics of {he target language,
and fhe process of translating programs, from one language into
tlie other Thus, graphics systems based on display list compilers
max require the user to knows about the display processor's
Instructions and think of commands in terms of how they

. 7 compile into display lists. With compilers, the user must also
understand' the effects of declarations as well as imperative
commands; fot example. declarations to a graphics compilektp
open' or 'close" a display list r71. Compiler systems are much

lest flexible than interpreters in
such

debugging. Exams cortfpiled representations such as display lists is
usually little in debugging, and problems may arise because

'of discrepancies between source and compiled versions of a
program TRe compilation process frequently loses impfrnant

. irlfosmation about the priginalProgram The user must tolerate
the delay of compile dime. during which intended changes to the
program become effective Local chadges .to a progyn often
necessitate extensive recompilation As raster systemPinterpret

'rather. than compile graphics commands, they are able to aveid
mantof theyeprobleonsassociated with compilers

Ratueesystems \lisp permit a greiter degree of flexibility in the
.

choke of data structures used to represent pictures Graphics
systems of they vector display list type provide, a very strong
indscement for the user toionceptualite pictures as consisting
-$01ely of sets of lines' In mAy such systems, if the description of
the pkture is very complex in terms of the vector representation,
the display will start to; f ticker objectionxbli as the disptay
processor will not be able to interpret all the ihkructions rapidly
enough to refresh the screen Curved lines are approximated by
-many short vectors anditlisd to require large display list; Very
few vector sloe systeml can- display a suffecient number of
vectors to .majke shidi areas feasible The raster system
howeyer, is not lime the complexity of the picture It will
not flicker, even if the cture consis's of a large number of
vectors, text, points, csaryes, or filled in areas Raster graphics

I 5

encourages experimentation with a greater variety of
representations visual Information Pictures, can be
represented as sets o points, v e tors, run length codes,..procedures, or other alternatives .

. 3. Erasing pictures

In raster graphics systems. points, vectors and othei visible
objects can be erased just as easily as they are drawn, by turning
off sits in the screen memory instead of turning them on We
can supply the turtle with an eraser in addition to a pen. When
the eraser is down, points along the turtle's path are erased. just
as they are drawn when lie turtle passes over them with..the pen
down. Alternatively, this can be troughs of as drawing in the
same color "Irak" as the background. causingpreviously drawn
pictures to disappear (See Figure 2)

PENOOWN

REPEAT 4 FO 388 RT 98

,' Figure 2a. the turtletpraws a square with the pen dOveri-

Figure 2b. ,The turtle erases parr tit oneis of the [squire
by going dyer it with the tas*. down.

In vector display list systems, erasing picture is accomplished
by deleting the instructions which draw n from the refresh Itioe,
of the display processor This ism many respects less fleasole. as
the structure of an object to be deleted must correspond exactly
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PP an *Or:: drawn The decision.. to enable eras object

must to made when the )41;play list is compel whereaa. in

,raster systems this decision 'can be made at any ti epiluring the

execution of a program It is generally no: possible in display
list systems to erase only pail of a vector or vector subroutine'

previously displayed II

One problem with iising tfie turtle's eraser to remove pictures
f WM the screen is that it often dues not behave es ehr1tra tor.
pictures that are consideeed to overlap on ate icren When
considering two dimensional pictures as representations of !hire
dimensional oblectsean opaque object prevents object% behind it

from being seen by Jr) observer If the opaque object is

removed, obscured objects which' were behind it reappear Thus,

it is expected that drawing an objtct and erasing is will least a

picture undisturbed The semantics of the erase command

desired, 'then, is to erase an object, but restore whatever was
visible behind it before the object was arawn' In vector display

list systems, instructions for displaying two intersecting vectors

will result in displayalsg the intersection point twice during the
refresh cycle, so that re/mowing one of 'the vectors will not cause
the.inersection point to go away, as it will be displayed by 'the

instruction for the renaming vector In the TV Turtle, if
Intersecting lides'are drawn with the pen down, and one line is

erased by backing oiler it with the eraser dawn, the point of

intersection will be turned off as well When a picture is drawn

over anther, the obscured picture is not saved, and so is not

restored Ashen another pictu,te passing throu.sh the same,points
,

is erased.

One mechanism for saving this problem is to expliiitly savea

portion of the old ptctiare before drawing 'a eleture over it,

so that the old picture can be restored when the new picture is

erased. This complleates programs which 'do frecInt display

and erasing`' f overlapping prams More elaborate hardware

Could provide a -twd-and-a-half dimensional- feature, in a

sfsternwith several bits tier point,,where each bit its aisigned a

plane and hardware determines the 'visibility of each point

according to its plane [83
. -

In addition to the pen' and the eraser, the turtle is also %pipped

with an exclusive OR (XOR) mode In this mode, the' turtle

complements the state of points as it passes over them, turning

on points which were previously off and turning off points
which were on This mode is often useful with sirirple

overlapping pictures, where display '\ the intersecting area is

not critical, but it is impOrtant to avoid disturbing a llackgeround

picture while some other picture as drarn, and then erased

Using XOR mode, a. picture an be drawn and subsequently

erased using the Same procedure. transparent to any previously

ealstme picture It also very useful when a particular picture
should remain distinctli visible, even against backgrolinds"'oC

heavily shaded pictliro,s For these reairs. X.OR mode is used

display th triangle cursor which mairs the state of the turtle on

the screen

4_ Reading the screen
-

Another importa;it conceptual extension permitted b?' /ave-

crap/11c% is that the green remembers what d'ra...enup);) it,

it is possible to rev: from the screen as we'l wrc
Indas r'n11,pulnr' 1,9 the screen r,an be tee `i.);

on or oil This i" 1):02,rams to pPrecive:144r )s 'he

59

screen, as well as modify it A version ot. the Fpfll.VARD
command can easily be defined which will stop if it thealk:-;',.._,
hits any displayed, 'obstacles" in its path A 'seeing eye ;,;_
can report evidence of snob objects in the direct,Jri o: the

turtle's heading The turtle c be Programmed to find its way
out of mazes or navigate ar n I:n(4es The shatling facility
also depends, in an ,essential ay upon being able to vad the
screen to seatch for the bound.* s ref a region

In almost every vector displ ay list ygeni, it 45 n 11 to

PA.Iffline displ my list after it is (re wt to determine whit is or'

the srreen Display lists are irsua made accessible orris from

111.1.1140e the fLY1 1,,
display processor instruct do set ,Even sif this informatton were
available, figuring out whether a particular point cn the screen
was on would be a. lengthy computation, as it would .involve

examining all the display lists existing in the system Programs

t.hich-rieed to know what has been drawn must instead maintain
some' auxiliary data structure to regrd changes jQ the green,
and modify that structure whenever a display command is

issued .Instead of using display lists as the primary data
structure for pictures,em raster systems. the user deals dectly
with the screen memory, and can think of sensing and

displaying points as simply reading or writing the screen.

5. Words and pictures

All interaction with, the system involving ;ext, sucg(as command

input, program editing, and error messages occurs on the same
display screen used for graphics This has the adva,rgage of
concentrating the attention of thV user on a single screen, rather
than dividing it between aegraphic display and text terminal An
auxiliary processor is employed to speed up the drawing of text
on, the screen during normal character 'input and output One

can, however, Use the graphics commands to display tent as well,

perhaps to print using a different font than the system's..defAulL
For convenience, split screen mode is normally used in which
the top area of e screen is reserved for graphic output, and the

bottom for peas and typeout The sites of the teal and
graphics sections are easily adjustable so that, for eaample, the
text area can be expanded while editing the text of a program,
or the graphic's area enlarged, while watching pictures being

drawn Text and graphics can interact flexibly, and the user can
print labels or captions on pictures, Or dr pictures :o

accompany text Printed copy of both te and aphi.s
available

6. Shading isetr.s

- Raster style graphics systems enable the user to think about
areas as picture components as well as just lines and po.nts
This allows the user to fully exploit tie two-dimensional n.:t.e
of the display screen In the TV Turtle, primitives are provided
for constructing, naminwd manipulating areas

111

The concep of the turtle's p* which draws lines is

generalized to that of a brush which sweeps ow areas
,izhitrary picture may be designated as the turtle's crush and
that picture islept actors the path glen wh-rr the ,L,-,Te
moves Thts permits the turtle to drl. or erase Imes c my
thic'nr.ess, as well as lines normally one pc-) In.

4

7,
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'con junction with input froth a device such as a or tablet,
the brush can be' used for paloting regions freeha

For programs, however; the brush mode is not completely
satisfactory. Programs for constructing filled in areas with even
singsle geometric shapes quickly become complicated. To allow
'as, creation of shaded regions, the system provides a SHADE
Command. A closed curve is drawn with the pen down, outlining
the region to be f died in, and the turtle is placed at any interior
point of the region before issuing the command The system
then sans 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 speffy a shading
pattern, which tells the turtle how to fill the area The default
shading pattern. SOLID. rurns.on every point in the region The
system also provides a set of predefined shading patterns, which
are sufficient (of-typical uses of this feature, like distinguishing
between a few neighboring regions These perform functions
such as filling areas with h zontal or vertical lines The user
also has the option of usin any saved picture as a pattern. in
which case t6e rev& isi lied with thaypicture, repeating it
`wallpaper" style if necessar Alternatively, the user can supply a
function to decade how to shade the area (See Figure 3.)

Figure 3a. The turtle is inside s 'snowflake curve*.

Figure' The curve is filled in with hdilzontal lines.3O

'7

, Figure 3c. A picture created using several different shadingpatterns.

In the color version of the system described below the shading
facility is especially useful in filling areas with different colors,---

.

7. Animation

For real time animation, it is important that the user be able to
create, display, erase and transform pictures, rapidly enough to
give the appearance of motion Neither the vector display list
nor raster graphics systems are usually fast enough to make it
feasible to draw each frame from scratch. 'dynamically
computing the transformations of the picture from one frame to
-the next. In vector display hat systems, the limitation is usually
Mt -the speed of the display processor, but the speed of the
display list. compiler, Instead, movies are usually made by
drawing frames or key components of frames. and saving them
in some lower level form which is faster to redisplay. erase, and
move than re-executing the original procedure that drew the
picture. In the case of vector displays, tftiiis low' level
representation for pictures is a duplay,hu

In the TV Turtle system, the principal data structure used for
this psirpo4e is called a window A window is an array of
points rqresenting the piiture An a rectangular area on t
screen. It can be thought of as a -photograph' Of that part
the screenpwithin a given rectatitular "viewfinder" Once mated,
a window can be displayed or erased at any location on the
screen. (See Figure 4)

Redisplay of a window is implemented simply by transferring
the 'contents of the window array into-the screen memory, which
is a very fast operation Transformations iuch as rotation.
reflectitm, and scaling of attiwlows aFe currently not provided is
prim yes, but may be programmed by the user or a systems
program er. Showing a movie by displaying pictures saved in
windows i usual y much faster than 'executing Procedures to -
diaw each pi e. Wtnditws also provide a means of clipping
pictures, as anyportion of the picture outside the rctangular
area will be excluded fromathe window t

olb
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CIRCLE 58
MAKEWINOOW 'BALL

O

Figure 4a. A picture of a ball is saved in a window.

WIPE 'BALL
RIGHT' 98
FORWARD 288
DISPLAY 'BALL

O

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

The speed of displaying vqndows depends dedy upon how much
\arta the picture occupies. It is totally insensitive to the

complexity of a picture within a region, unlike display lists. The
window representation is therefore ideal for animation in whit%
Most changei happen within small areas of `the screen, but must
lappen very fait. An example is a game like space war, where
objects that move, appear and disappear (ships and..,torpedos)
might be complex pictures. but are small relative to the site-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 convening to a,' run length
encoding scheme, at the cost of increasing' the amount of time
necessary to redisplay a window It is also possible to construct
Other types of low level, representation for pictures, optimized for
pictures with particular known characteristics.

A disadvantage of the window commands as they currently exist
is that the area saved 'in a window must pe specified as 'a
rectangular.area. This may make It inappropriate for biting
pictures with irregularly shaped boundaries. Saving the

.

enclosirig rectangular area may save in the window portions of
some other unwantid picture adjacent to it, or at least waste
space saving empty'area Overlapping pictures are also a source
of difficulty, making it difficult to assign separate names to the
Output of two procedures if the pictures t4gx draw can overlap
on the screen. Erasing a window also erases the picture 'behind'
it. a problem also encountered when using the eras--erinda e of
the turtle, as discussed above. As Lith the eraser mode, this
problem can be alleviated to,some extent by using XOR mode,
or explicitly saving and restoring pictures Rotation and ahng
transformations are more difficult to applg to pictures us ng the
window representation than is the case with vector display is

In Logo implementations for vector displays suchss those
described in (4) and f5i the basit picture saving capability is
provided by the SNAP command This command saves 'a picture
(usually the entire screeh) as a display list.sugroutine A snap can
subsequently be redisplayed anywhere on tie screen by inserting
a call to that subroutine into the current display list Reinoving
the all erases the picture saved in the snap from the screen. The
implementation des6lbed in (5) provides such capabilities as
copying 'snaps, editing them by appending instructions to tilf
subroutine, and restricting the scope of the picture saved inu5
snap to the display list output by a particular piece of source
code.

A problem with saving pictures as display list subroutines using
the SNAP command is that the relationship between pictures
visible on the screen and pictures saved in snaps is riot always
clear. This is especially true when multiple copies pfisnaps may
exist. when snaps can 6e edited, and when there is extensive
overlapping of pictures. There is no way to restrict the extent of
a snap to a particular area on the screen Windows, however,
have the property that what you see Is what you get
Everything visible within the specified area will be included in
the window. regardless of , what caused it to appear, inclining
vectors, text, points, shaded areas, and other displayed windows

'Windows allow selecting a particular region of,the screen to be
saved. whereas snaps allow selectivity with respect to the, time at
which the picture was drawn' Another problem with snaps is
that thy cannot be examined in any reasonable way, and must
remalp somewhat mysterious to a naive user The internal
structure of a window, however, is simply an array of points,
and can easily'te examined and modified by the user or by
programs.

8. Color

In addition to the black and white system, another version 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 additional,
extensions fol creating and manipulating colors The system
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 turtle's 'pen has a pen 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 this
background color, called the eraser color CLEARSCREEN (ills
thy 'screen with the eraser coloe thereby erasing everything on
the screed.
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The screen memory for the color system uses several bus to
describe the state of each point These bits address an,array
called the palette, which holds a set of currently available
colors. .A point may be displayed in any colgr which is a member
of this set. The colors chosen for the palette may be cpranged at
any time. Thus, any number of colors may be defined, but the
numbfr oil colors actually visible on the scfeeh at any.particuld
time ss limited by the capacity of the Palette Whenever a
PENCOLOR command is issued, the palette is searched to find
tnex..) pen color If it is present, that color is selected If not,
the new color is inserted into the next available space in the
palette GLEARSCREEN deletes all the colors from the palette

rept for the current pen and eraser colors Thus, the user need
th k only in terms of symbolical* named colors rather than

'nu erica' indices into the palette, and will only get an error if
the-ternit on the numlber of different colors in use simultaneously
is eeded. The palette can, however, pe explictly accessed if
des ed

It is very easy to change the color to which a particular number
representing the state of a point corresponds, simply by
modifying the palette This has the visual effect of
simultaneously changing alt points on the ;creen in that color A
FIEPLAGECOLOR primitive is supplied, which given two, colors,
changes all pictures on the screen in one color to another This
,operation is much faster than achieving the same effect by
redrawing the picture in ohlt her color Using this, u is easy to
program psychedelic effectspy rapidly changing. colors randomly
In a pulticolored picture It is also possible to exploit this feature
for 'animation., so that a picture could be made to appear or
disappear very quickly by using REPLAGECOLOR to change it
frail the 'background color to some contrasting color and .tack
again.

9. Implementation

The TV Turtte is a package of functions written in the
MacLisp clialt of Lisp for the PDPIO (91 It can be used
either directly from Lisp or from our Lisp implementation of
Logo (5]. A similar graph*? system is currently-/being
imelemented for the PDP11/45 in assembly language Both he

black and white and the color displays are compatible with,
standard broadcast television, allowing the use of standard TV
monitors or videotape equipment Resolution is' approximately
575 points horizontally by 454 points vertically The black and
white system has one bit per pbint (no gray levels) The color
system has four bits per point, 3llovii4 up to sixteen different
colors to appear on the screen at once Hardware for the black
and white system was designed by Torn*Knight, for the color
system by Ron Lebel.
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