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Abstract:

Unil recently, most computer graphics systems have been oriented toward the display of line
drawings. contlnually refreshing the screen from a display list of vectors. Developments such
as plasma panel displays and rapidly declining memory prices have now made feasible raster
graphics systems, which instead assoclate some memaory with each point on the screen, and display
points according 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
displays, such as reading directly from the screen as well as writing it, and manipulating two
dimensional areas as well as vectors. Conceptual differences between pregramming for raster and
vector systermns are illustrated with a description of the author’s TV Turtle, a graphics system for
raster scan video display terminals. This system i3 Imbedded in Logo, a Lisp-like interactive
pregramming language designed for use by kids, and is based on Logo's furtle 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,
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The TV Tartle
A Logo Graphles Bystem for Raster Displays

Honry Lisherman
Loge Group
MIT Actificial Intelligence Lab

Untl recently, most compuer graphics sysiems have been
oriented toward the dephy of lne deawsngs, continually
refreshing the screem from a  display list of  wesors.
Developrnents such a1 plsma panel disphys and sapadly
dechining memoary prices have now made Tesuble raster
graphics systems, which instead associate wame miemary with gach
point on the screen, and display poants according (o the contenis
of fthe memory, This paper ducusses the advantiges and
Hendcations of such systemd. Raster symems permil operatsons
which are noc feasible on wector dioplays, such an reading
directly from the sreen as well a5 wrinng & and mangpulaong
two dimensicnal areas a3 well g3 vestars, Concepioal differences
between programming Tof fasber and  vector gystems afe
ilbustrated with & desription of the authoes T Turtle, a
graphics system for raster scan wideo display termimals. This
system is imbedced in Loge. & Lup-like interactive programming
language designed for use by kids, and i based en Lago's
purtle geomotry sppreash o graphss Loge provedes
powerful ideas for wing graphics wheh are easy for kids o
learn, yet generalize nacurally when acvanoed capabiliteess such
as primatives for anmmasion and color sre added o the system.

Drawing with tortles

The fundamemtal concept of the Loge approach to computer
griphics it the turtle. A wrnle is an imagmary reamre which
Tewes an e displiy screen. It has & pesition on the screen and
& hesding the directon in which the wurte i facing, The
tuftle. alto has 3 pen whith n be sicher up oe down The
commands FORWARD and BACKE change rhe rumles posisan,
meving it along the direction af the heading. I the pen 15 down
whien the turle moves, 2 bine i3 drawn betwesn the ald and new
pasitions. LEFT apd RIGHT change the heading. {Ses Fagur: I

This scheme is generally much maore convenient for imeractive
graphics  rthan the conventsonal agproach  uking absoluce
carteslan coordinates, and it mathematieal emplicasions lead
naterakly toward & new veew of georetry called  purtle
Beometry. The Logo graphics philosoghy and rurtle geoenetry
are discuseed cin deeail i [0 (2L aed (30 The cwrile s
rarmally represented vissally on the sereen by a trangh shaped
LUrsT pounting in che direcisan of the heading, although any
Pture can be subsbured for thes puspese Any number of
Rurthes cam be creased, #ach with ot own losl sape

These basic turtle commands are commen to 2 varsery of Logo
sysems for creating pictures using several dafferent types of

devices. In addition to the raser sysiem, chese are geaphics
systems which operale uiing weoor cuplay lis displays, such as
tneé DEC M0 and GTH0 [8]  Ancther verson uses chamacier-
anly dizsplay termanais, whare the urtle 5 oasramed o mave
about a recanzulir gnd of characers B30 The same ot
commands an ale be uted to contmal 3 rebal turile, whech
draws pictures on the floor wah a Fel ep pen (4]

2, Veotors versus video

Raster graphict systsms such at rhe TV Tustl TEQIELRY 3
significant depariuse from the vecior dusply st approach
which has characterized most previous graphics symems. Since
the primicive capabilities of raster sysiems differ From thase
of fered by vector displuy last sysrems, rasier iyitems encourage a
new owtleak on graphics, and strengly anflusnce the siple of
graphics programming.

O aspect of This is illustrated by an analogy wirh the cantras
bBerween  compilers and  incespreens  Sor general - purpoas
pregamming anguages. The primary component of maw vecar
display list systems o5 & display Lst compiler which (empiles
graphics commandi into a display NSt s o of metruchons for
a display processce. Raster syimems elrminale the duoalay lis,
making the display lat compiler wnneccessary. As a resuly, rasoer
pyscemns take on mare of the flavor of am incerpesiar, The
advantages n geperabity, simplicoy, and eaze of srerachon
offered by interpreters are especially important for systems lie
Logo, which are designed for use by begmners and are highly
interacive. Although the exira concepiual complexicy impoied
by a compilation process can be minimices by & clever compiber
when programs are simple, it becomes roublesame when an
atcempt @8 macde oo onclude mose sephiicited Gpabisies.

The display kst compiler found in most present graphics spsoems
is mecessary because the processar contmalleng che displays in suth
systema Bkd primetive nsrucians which doplay wisile objecs
Auch i vecors momentarily. [n order fara PACTUre (0 FEMain
Of the soreen, the proesser rmus repeatedly execate a locp
COnAInEng Che INWRUCLONS to draw the picure, el sishang the
screen when the image fades The uier would normally like to
have cammands which cauis b et drawn 1o stay on che acreem
rather than fhsh and disppess. Thi o scomplsned by
having graphics commands aperaie by insiructing a display ha
campiler to compile the user's requests mio che inEREEnGRy
undersosd by the display processar, Toe global display L
representing the picure i then edited fo imsers the compibed



CLERRSCREEN

Figure La. This is the irdlial etale. The turbe, represssied by
a Briangular curgor, starls oul al sls home af The fesler ol the
screen. [ls heading points upward The soware al the cenber
of the lurlle indales ils pon i Oown
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t

Figure Ib. The furtle moves 100 stepd in 1ka dirschion ol tha
headirg, Wnen the turlls moved with the pen dawr, il draws a
lime. .

RIGHT &8

Figura Je. The heading i turred B degres,
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r‘?

Figure id. The lurile now soves o Phe direclios ol Ine new
Faadng.
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7

g

Figure le. When the pen e up, the furile does mal dras a
Tireh wiied B s moved.

TO POLY :SIDE :RNGLE
18 FORWARRD :SIDE

28 RIGHT :ANGLE

38 POLY :S5IDE :RAMGLE
POLY 488 lié

Figure 1. & typical procedure far drawing polygons. Role
fhal the recursicsn does mob lermonale, and the prosedura
must e stopped by heagd,



instructions into the refresh loon, This refoesk loop w4
Lrphrale procest running f parallel webo the wier's program.
The display lsc compiber usuaily mast have the abilay fo
camnplle incrementally, so that when the picrure o chafzed i1 s
nod pecetsary to recampile all of it The reperaice of vinible
nl:-_]ﬂ:li available in the inttrucison sec af mast display pracessors
typically includes vecrors, peanss, and text In addisies, mamy
.-ﬂltphj processart have the capability o call subroitine, so rhas
a sequendis of didplay instrucnons may be used Frem many places
In the display hst Vesar dlsph:,l s syseerss and dusplay list
cormpibers are disoussed mn demil |5 71

In raster systeemd like the TV Turle all graphict coenmands
cauwse changes o the duplay sreen derecily by modilying the
memory asdodiated with each point on the scresn Hardware
indepencently refreshes the screem from rhe conlenis of rhe
memory, 0 the software need not concern el with
MAINLEIRINE 2 separale process o relresh ihe siresrs. The
primitive operiien n a Faster graphecs sysiem s to display &
visible object which persists om the screen wneil i is explicicly
erasen or mocilied Since changes are made directly 1o the
Sisplayed wisual images, there &5 no nesd for 2 hidden data
dtruciure like a display kst and no need for a display I
compiber. The wisible #ffec; of & command soours Enmedianely as
the command is interprened.

Incerpretive systems only require 2 naive user 1o urdersmnd the
kemantice of the source language, Compilers nd to farce the
uzer fo expleatly censider the semantc of the arge language,
and the process of transkiing programs from ane language into
the other, Thus, graphics sysems based an ditplay ke tompilers
Ay Féquire the user to know about the duplay processar's
Instructions and think of commands in cerms af haw they
compile inio dosplay Esw With cofnpilers, the wier mast alsp
understand the efferts of declrations as well as imperalive
commands; for exampbe, declaratsant o 2 Eraphics compiler o
“open” ¢ “closs” & display fisz [7L Compiler systems are much
bess  Flexible  than  interpreters @ anceracrive debuggmng.
Examining compiled represencations suck a4 display liszs 45
usually lucle hedp in debugzing, and preblems may arise because
of dixrepancies betwesn source and compied vernons af 3
program. The comgliation precesd frequencly loses impeetan
Infarmation about the origiral program. The user mus colerats
the delay of compile cime, during which inended changes va the
program become effecive. Local changes to a program ofen
RECEsLitate &xtenaive recompllation. As raler sysoem InLErpre
rather than compile graphics commands, they are able ro wvoid
many &f these problems suscated with compilers.

Ruster systems also permiz & greater degres af flexibilicy in the
chowe of data strucures used to represent picuses. Graphic
dystems of the vecior display liw type provice & YEry RFGAg
Inducement far the user to conceplualize pictures 3z comsiniAg
solely of sets of lines. In many such systemy, if the descriplion of
the plctwre i very complex in terms of the vesior rEpTEsENCaIaN,
the display will seart o [licker obpectionably, as the display
processar will not be able to interpre! all the mstructicns rapudly
encugh to refresh the screen. Curved lines are Approximaced by
many short veciors and tend 19 require large dusplay lase Very
few wector type systems can disphy a selficeent mumber of
YECIORS f0 make shading areas feasible The rastr system,
hawever, i5 nat limaed by the comgiexity of the picture. It will
nos flicker, even if the picure consisti of a large number of
VeLors, Xt points, curved, or filled in aress Raster graphics

ENCOUFAEE]  experomentation  with @ greater  vanely of
representitions  for  vesual  informaneon,  Pecoores  can b
represented &l sets of  podnds, vectars, run length  coded,
procedures, or other sEernatives

8. Erasin g pictures

In raster graphics syseems, Peumis, vecors and orher viuble
ob j#is can be erased aar as easly at they are drawn, by urning
©fF buts in the screen memory inead of wrmng them on We
Lan supply the wirle with an afaser in sddimen o a peEn When
the eraser is down, points aleng the ture's path are eraied. pust
as they are drawn when the Jurtle pass over them wich the peEn
daown. Alteraatively, thit can be thought of a5 drawing in the
same color Cink” as the background, causing previously drawn
peciures to disappear. [See Figure 20
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Figura 2o The turtle draws & square with 1R pEn down,

ERASERDOLN
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Flgure 2b. The turtle erases part of one side &l e souare
By going Gwer it wiih Mg Braser cowr,

In vecior display list sywem, erasing a piciure us actomplished
by deleting the instrucieans which 2raw @ from the relresh loop
of the display processor. This is in many respecis less {lexshie, a3
Ehé Structure of &n obecr oo be deleted masr correspond exactty



3 an object drawn. The dedision 1D enable erasing an object
aust be rmade when the display e is compiled, whereas in
asier gystems this decision can be made at any tme dursng the
wecution of & program. [ s generadly na pezsible in dusplay
~pstems 1o erase only part of a vewor of vesiar subrauiing
o wiously desplayed :

Tine thﬁ:m with using ghe lusile's ETasEr 10 [EMOEE pICure
raem the screen o5 that it often does nol behave as ex peoied Tar
sictures thar are considered 1o overlap on the scres. When
.ansidering two dimentional pICtuTEs A TERTELETIANGAL af rhee
Lymensional objpecis, an ppaque eb ject prevents objeo behind
-rom -being seen by an ohisrver Ii the opague obpl i
emoved, ohsoured objecls which were beenanad it reappear. Thuas,
& is expected that drawing an ob ject and erasing & will leave 3
scture wndisturbed, The wemantcd of the erase comifand
iesired, then, i3 to erase an objeci bul reitors whalever was
isible behind it befare the ob jest was drawn, In veclor diphy
lisr sysiems, instructions far displaying =0 Inferiecting Vecions
il result in displaying rhe intersection poist tawice during The
ref resh eygle, 50 that removing ane of the wectars will nod cause
‘he imtersection point o go AwWay, ai i will be displayed by the
instrucson Tor the remasning vesor. In the TV Turtle, if
intersecting lines are drawn with the pen down. antd onz ling s
srared by backing over it with the erater dowm, the poin: of
iniersection will be turned off a3 well When a picture is drawn
aver ancaher, the obscured picture is nol saved, and 30 05 not
restored when anather picure paising through the same painis
15 eFased.

e mechanism for solving this problem iz 1o explicidy save a
portion of the o picure before drawing a new picure oeer
“=hat the cld picture @n be rescsed when the new picure is
. #d, This complicates programs which do frequent display
and erasing of overlapping pictures, Mare elaborate hardware
could provide a “rwo-and-a-half dimensapral feature, In a
system with several biss per paint, where each bis iz assigned 3
plane and hardwars determines the visibilicy of each poond
according 1o it plane [B]

In additon to the pen and the eraser, the wrie is alio squipped
with an exclosive OF (XOR) mede. In this mode, the wrile
complements the state of poins 35 §F paissl over thers, WSming
on poinis whicth were previously off anc turming efl point
which were on This mode i often wselul with simple
gverlapping pictures, where display of Che interisciing arex is
not eritical, bus it is imporant 1o aveid diserbing a background
picture while some other piciure i drawn and then erazed.
Using XOR maode, a picture can be drawn srd wubsequently
erated using the same procedure, transparent (o any previously
existing picture. Tt is also very useful when a partacular plmre
should remain distinely visible, even agains backgrounds of
heavily shaded pictures. For these reasons, XOR meade s used 19
display the triangle cursar which marks the stare of the turile on
the screen. :

4. Rending the screen

Another imporant conceprual extension permuated by rascer
.

phics is that the Lredn remembers what s drawn upan ik
e 45 possible to read froen the scresn ad well a8 wiige on I.
Individual peints on the sereen can be teed 1o 3se il chey are
an o off. This allows programs 1o perceive what 5 on the

gerespn &% well a3 modify it A wersion al the FORMWARD
cammand fan sauly be delined which will stap 8 10 the e
hits any displayed “obauacies™ s path. A Tseming eye tusile
ean report evidence of vikble abjects in the direcion af the
rurckes heading. The erle can be programmed 1o tend o =ay
out of mates or navigaie around cbstacles. The shading Tacility
alio depends in an essential way upon being able 1 rad the
sereen 1o pearch for the boundaries of a regisn.

In almos every veotor dispfay list aysiem, i 5 opodsble o
examing a display lis afer ot i created 1o denermng What (Fan
the screen. Disglay bists ars usually made adcesisble onty Trom
machine language, and pequire knoWieg che forrmatl of the
display processor insfruction set Even If this infarmation wers
available, Tiguring out whethér & parncular paini on She screen
was on would be 3 kngthy compuiation, as it would invalve
examining all the display lsts exising an the sysoem. Pragrams
which need (6 know what has been drawn mas inisead maintiin
SOrTeE .u::;l,l.ir-r dala strucure 1o recoed changes ta the Lireem,
and modify that structure whenever a duplay command is
issued. Instead of using diplay lats as the primary cata
structure for pioures, in raster systems the user deals direcly
with the stresn memory, and an thenk af seasing and
displaying points as simply reading ar writiig Che scresn,

&. War and plictures

Al interaction with the system involving text, such a§ command
input, program editing, and error messages OI0URS on (he s2me
display screen used [or graphics This has the advantage of
concentrating The atention of the user on @ single streen, rather
than dividing it between & graphic display and tex3 cerminal An
auxiliary processor is employed 1o speed up the drawing af l=sl
on the screen during normal character inpur and cutput. One
gan, however, uie the graphics cammands to display text as weil,
perhaps to prand using a differ=nt font than the sytem’s defauln
For convenience, 3 split screen mode 1 normally used in which
the top area of the sereen it reservec for graphis owipat, and the
bosom for typen and typeout. The sies of the text and
graphics sections are easily ad justable so that, for example, the
text area can be erpandsd while edineng the text of & program,
or the graphics area enlarged while waiching picwres being
drawn, Text and graphics can interazt Flexibly, and the wer can
prin: labels or caprions on pictursd, of draw picluse o
accompany text. Printed copy of bech wxr and graghic i
avaikable.

8. Bhading areas

Faster style graphics systems ensble the user 1@ rthink abour
arpas as picture components 2y well a5 just linss anc points.
Thaz allows the user @ fully exploat the two dimensional farure
of the display screen, In the TV Turcle, primitives are provided
for construciing, namang and manipalating areas,

The cancept of the wrrle's pen which draws lines is readily
generalized to thar of a brush which s=#eps out areis. An
arbitrary picture may be designazed a3 the furrles orush, and
that pitufe (& swept a¢rods the path aleag whizk the turie
froves, This parmils the mrile draw o¢ ezase lines of any
thickpess, as well as lnes normally one paat wide o



lﬁl:l"lj.lrll‘_':.'lh.‘l with npul From & cevice sk &3 4 moase ar tablet,
the brush can be wsed for painting regeons freshiznd,

For programs, however, the brush mode i ast completely
satitfactory. 'Pr-ug'r:rn:. Tor constrcting Filled im areas with even
smple geometric shaped quickly become complicaced. To allow
easy creaticn of shaded regeons, the system pm\l.}dn & SHADE

cammand, A closed curve it drawn weth the peni iy, I:Iul.llmng
the region ta be filled in, anc the tusile i placed ot any inceier
peing of the region before jasueng the tommand. The system
then scand the screen to Tend the boundares of the region and
fills is. The area t be shaded may b of any shaps or L An
argument can be given m SHADE o speily a shading
" pattern, which tefls the turde how f6 [l the ares. The delasilt
shading partern, SOLID, tiirms on avery poant in the region. The
ayiem also P"“""d'“ a pet of prtﬂ:l‘lnn:l shading patterns, whach
are sulfickent for cypical wses of thes Feacure, lke distangusshing
between & few necghboring regont Thewe pesform funcoicns
sach as Filling areas with morizanzal ar vertical Hnes. The user
alsa has the epuan of using any sawed pICIUre 38 & paiern, in
which case the region i filled with that pecture, repeating it
'w..“p. F"-'f' siyle i NECELEATT. Alrernatively, the user can :upply a
Function ta decide how to shade the ares, (See Fogure 3)

SNOW 3 28

Figurs 32 The turtle ie inside a "snowPlake curve®

SHADE *HORIZLINES

Figure Ab. The curve iz liled in with horizenial lnes.

PEACOCK

=

Figure 3¢, & paclurg erealed usmg sivacal cifferent shudieg
patierns,

In the color wersion of the sptem described below the dhading
f:.::li.ll::f is ﬂ;p-n:u.ldr uzeful mn !'llllng areas with different coloss

T« Animation

For real time animateon, it is important that the user be able @
create, display. erase and sransform picnares rapidly encugh to
give the appearance of moton Meicher the vernor display luag
Aor rasler graphict sydemd are udually Fasr enough o make
feasible 1o draw each frame [rom  siracgh,  dynamically
computing the transformations af the paciure from one frame to
che mext In vector display list symems, the Iimaanes s assally
nat the speed of the disply processce, but the speed ol rhe
display list compuler. [mstead, movies are woally made by
drawing frames or key componenis of frames, and saving them
in some bewer bevel Tarm which i Tasier o redisplay, erase, and
move than resxecuting the origenal procedure thal deew rthe
pheture. In the case of weclor displays, this iow  level
representation for pictures is 2 display bst

In the TV Turtle SYSIEm, [l pnn.::lpal dats srructuse used Toc
this purpose is called & window. A windpw b an array of
poin representing the picture in a recangular area on the
iereen, It can be I:hmugh.l. of a1 a 'phmn-g'r:.p‘h' of that par al
the sreen within a given recangular “veewlinder™. Onece created,
4 windeow can be displayed or erased at any kecaton on the
scresn. (Ses FIE“R 4.

Redisplay of a window is implementes smply by tramelerring
the contenti of the window array inéo the icreen memaory, whith
iz a wery fas operaton. Transformations such as retatson
refleciion, and scaling of windows are carrendly R proviced as
primizives, but may be programimed by the user o a syRems
programmer. Shawing a movie by displaying pectures daved in
windows i3 uiually much faster 1han SXECUnIng Procecurel 12
draw each picture, Windows alic provide & means of cippang
plstures, as any partion of the pictune outside the rectangular
area will be excluded from the windas,
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Figure da. A piclure 6f a ball is saved in 8 windsw,

HWIPE "BALL
RIGHT 98
FORMARD 228
DISPLRY *BALL

O

Figure 4k, The ball s moved 200 sieps lo the righl of it
orignal posilian.

The speed of displaying windows depeads only upan how mish
aréa the picture occupies. It B tctally insensiive 1o the
complexity of a3 picure within a region, unlice display liss, The
window represenialion is therefore ideal for animation an which
most changes happen wizhin amall areas of the screen, bus mast
h‘-FPﬂ" wery fay, An Example 13 2 gams like Space war, where
objects thar mave, appear and dissppear (ships and rorpedes)
miaght be complex picured, but are smabl relacive 1o the size of
the kcreen, and meed 1o be changed rapidly, Windows may tend
to be somewhat space consuming for wome appleatans This
problem ould be reduced by converting tooa rum bergLh
encoding scheme, at the cosl of increasng the amount of tme
necRaATy 0 redioplay & windaw. It s abo pessible 1o conatruc
other types of kow bevel represencation foe peciures, optimized for
pictures with pariscular known charsenistics

A disadvantage of the window commands as they currendly exis
is that the area saved m a window must be specified a5 a
recangular area. Thi may make il inappropriace for saving
pletures  with  irregularly  shaped boundaries. Savang  the

entlosing rectangular arex may save in the window porieons of
some oiher wunwanoed plciare 1dp.cm: Lo i or a1t leas wawe
space saving empry area. Overlappeng pactuses are 1l & wuse
of difficulty, making o dfficuk to ashign separale rames 10 the
cuiput of two procedures if the picures they dras Gan oeelip
on the screen. Erasing a window also erases the picbure “bebund™
In, = prnhlqln abso encoumered when mEing the ericer mode of
the fwirthe, &3 didcuiied above, AL with the ératéi made thid
prdhhm can ke alleviated o some extent by wsng XOR maode,
o n;p!l.:u!:,' SAVING And FERCRINE Piciunes Ramcion and x:illng'
tramifarmations are more dif ficulk 1o spply 1o paiires uling the
window represenlalion Than o the cawe wath vectar dosplay I,

In I,J;lgi;l :mpkrnzrll:uum far wecior dnp‘h.g,':: wuch as those
desceled in [4] and [5] the basie piclure saving capabilay s
pm‘ull;l:d by the SNAP command, This command saves a pecture
{usually the entire screen) ad a display NSl subroutme. A snap <an
subseguently be redisplayed anywihere oo the screen by mserting
& call to that subroutine g the ourrent display e, Remaving
the call erased the picture saved in the snap (rom the cresn. The
implementation desribed in [5] proviges such apabalines as
copying snaps, nd.ll:mg' them by IFPI.'HI:'-II'I:’ mstrucisons {6 the
wbroutine, and redricng the soape af the pooune aved (A 2
snap to the dosplay |t output by 2 particular paece of spures
code.

A probbem with saving pactures s diaplay hit subnoutines wiing
the SHAF command w5 ihat the relavonship betwesn pictures
wisible on the sceeen and plotures sawed in snaps iaonon always
chear. This is especially 1rue when mulnple cepies of snags may
exist, when snaps- €an be ediied, and when there 8 exiemnmve
[II'I'Hll,PFH'I! af picTures, There i no way 1o resirict the extent of
a snap fo a pi:!it-l.l"lil: area of the sefesn Windowl, however,
hawe the propesiy that what you see iz whal Pou get
I.u'qr]'ﬂplng wisibie wiahan the :pﬂ:ll’:ﬁd arez wall be ancluded in
the window, regardless af whar caused o to appear, ncluding
WeImars, [EKT, points, shaded areas and oher displayed wandows.
Windowi allow sleceng & pasisulae regaon of the screen o be
saved, whereas snaps allow selectivily with respem o the nmss ar
which the pleTurE wWal drawn. Another p.rnblrrrl with snaps is
that they cannod be examined i any reasonable way, and must
remain somewhat mysteriows b0oa naeve wses, The insernad
struciure of a window, howewer, 15 smply an krray of pain,
and cmn u:llr be examined and modiled by the uter ar by

progETams,
8. Color

I addizion to the black and white system, ancther version of the
TY Turtle duisplays Full cofor pectures on an Advent propion
televizion screen. The color version undersands mow of the
same cormmands i the black and whate versson, with additiorial
extensions For creating and manipulaning solors. The spsem
supplies a st of colors snatally, buat the wuser may define few
colors using the MAKECOLOR oenmand, which oreaes a new
calor from a specified mix af the primary calors ned. Freen, and
blue. The turtle’s perr has a pen color. and all drawsngs dane
I:,I thie furile appear on the ireen in the currently selected pen
color.  The sysem alie keepa orack of e color of the
backpround againg which peres ane drawn, Ficzures are
erazed by redrawing them with the eraser down, umng tha
background colar, called the eraser cofor. CLEARSCACEN ils
the streen with the eraser color, thereby erasing everghing on
the wreen.



The screem memory for the color syoem wees several bus o
describe the ssase of fach point These bits address an array
exlled the paletre which helds 1 sel of currently avaibible
eolors. A& pont may be displayed in any color which it a member
of this set. The colors chosen for the palee may be changed at
any time. Thus, any number of wolars may be defined, but the
number af colars acoually visivde an the screem at any pasticular
time i8 limited By the capaoty of the palete. Whenever a
PEHCOLOR command & owued, the paleite it searched @ fied
the mew pen color. [f i i pressnn that color a5 selected. 1T nee,
the new color 13 mseried smio the next availsbie space m che
palette. CLEARSCREEN deletes all the colers fram the paleme
exfefd [of the current pen and eraver colors. Thus, the user nesd
think aonly in serma of symbaolecally ramed colors rather tham
nanmerical indices into the pabeoe, and will only get an error if
the limet an she number of different cobors in use smulaseously
is excesded. The palette can, however, be explicly accessd if
desired.

Tt i wery easy (o change the color o which a panicular numbsr
representing  the st of 2 poind Sorresponds, simaly by
modifying  the palee. This has  the wisual effes af
I-II'I'I-I.I1I'.II'|MI.H-'I:|' changing all poanis an the sreed @ othat color. A
REPLACECOLOR primitive i supplied, which given rwe colorcs,
Changes a1l pictures on the icreen in one fodar bo another. This

Operation i much faster than schieving the same effea by
, redrawing the pecture in ancther colar, Using this, i€ is easy to
program piychedelic effects by rapidly changing colors randomly
& mulicslored picture. Tt is alse possible o explois this Festure
for animalion. so that a picure could be made 1o appear or
disappear wery quickly by using REFLACECOLOR to change it
from the background tolor to some contrasting color and back

ngain,

B8 ementation

The TY Turtle is a package of funcions written in the
MacLisp dialecc of Lisp for the POPIO (8] 1t can be wsed
either durecrly from Lisp or from our Lup implemencason of
Logo [51 A similar graphic symem s currensly being
simplemented for the POPIEY in assembly language, Both the
black and white and the coler duplays are compatible wish
sandard broadaast ielevision, allowing the use of smrdasd TV
maniiars or videormpe equipment. Resolunion i3 approximanely
575 points horizonially by 454 points werneally. The black and
wWhite system hes ohe bit per point dno gray levelsl The olor
system has Four bats per paint, allowing up fo sioeen different
colars to appear on the screen af once. Mardware (e the black
and white sysem was designed by Tom Knight, for the color
systemn by Fon Lebel
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