




































































































































































































































































































































































































































6 Advanced Graphics Techniques 

GRAPHICS 8 In Four 
Colors Using Artilacts 
David Diamond 

A painless, no-POKE lIlethod for mastering Atari high resolution, 
four-color graphics from BASIC. 

Contrary to what the Atari BASIC Reference Manual states, 
GRAPHICS 8 is a true four-color mode (five colors if you count 
the border). Other articles have shown you how to obtain 16 or 
128 colors by PEEKing, POKEing, and using machine language 
subroutines to fake out the operating system. This article is 
different. You can paint with four colors using simple, 
straightforward BASIC programming. 

You probably have noticed that patterns drawn in 
GRAPHICS 8 often contain spurious colors. Atari sketches your 
television's resolution to its limits and the extra bues do sneak 
111 . 

The spurious colors seem random. because tbey are ap­
pearing within a random pattern. They are, however, well­
bebaved. They can be harnessed, controlled, and used for bril­
liant displays. 

Before I get into the details, try the following demonstration 
program: 

10 GRAPHICS ~:COLOR 1 
15 R=50 
20 FOR X=-R TO R STEP 2 
30 Y=SQR(R*R-XtX):REM Formula for a c 

ircle 
40 PLOT 100+X.I00+Y:DRAWTO 100+X~100-

Y:REM Circle #1 
50 PLOT 151+X~100+Y:DRAWTO 151+X~100-

Y:REM Circle #2 
60 NEXT X:FOR 1=1 TO 350:NEXT I 
70 FOR C=O TO 15 
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80 SETCOLOR 2~C~4:SETCOLOR 4~15-C~8 
85 FOR 1=1 TO 350:NEXT I 
90 NEXT C 

Surprise! You h ave five vivid, solid colors on th e screen at the 
sam e time . Now le t's take a look at that program: 

Line 10 - Straight GRAPHICS 8. Sta ndard color defaults. 
Line 15 - "R" is the radius of a circl e. 
Line 30 - This is the formula for a circle: X2 + y 2 = R2. ("R*R" is 
a little faster than "R A 2"). 
Line 40 - This draws the firs t circl e . It is vertica lly cross-hatched 
to fill it in with a solid co lor. 
Line 50 - This draws th e second circle. Bllt why is it n different 
color from the first ci rcl e? 
Line 20 - Ah, here begi ns th e sec re t: "STEP 2". Before readin g 
further, change it to "STEP I" and rerun the program. 
Lines 40,50 - Here is the second ha lf of the sec re t: "100 + X" is 
an even offset. "151 + X" is a n odd offset . Change both occur­
rences of " 151" to "150" o n lin e 50, and see w hat happe ns. 
(Remember to set line 20 back to "STEP 2".) 
Lines 70-90 - These lines s how you th e wide range of co lor 
combination s available. Of course, w hen you are varying the 
luminance leve l, there will be even ITlOre. 

Alternating Colored Fields 
Without any additiona l prog ramming lines, th e circles can easi ly 
be changed into beach balls with a lte rnating bands o f color. 
Make sure that line 20 says "STE P 2" , and change lines 40 a nd 
50 as fo ll ows: 

40 PLOT 98+X ~100+Y:DRAWTO 101+X~100-Y 

:REM Ci ..... c:le #1 
50 PLOT 147+X~100+Y:DRAWTO 150+X~100-

Y:REM Ci ..... c:le #2 

Changing the slope of th e cross-hatching by a si ng le horizo nta l 
point wi ll add or ren,ove one band of colo r. Increm ent the 
DRAWTOs by one ho ri zonta l point, and see w ha t happe ns: 

40 PLOT 98+X~100+Y:DRAWTO 102+X~100-Y 
:REM Ci ..... c:le #1 

50 PLOT 147+X~100+Y:DRAWTO 151+X~100-
Y:REM Ci ..... c:le #2 
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Although the q uirk tha t p rov ides us wi th the ex tra colors 
seems somewha t magica l, the reason for the varied so lid colors 
is no t. Remember tha t th e "colo red-in" areas are rea lly com­
p ri sed of finely separa ted , ve rti ca l lines. To be tter see w ha t is 
happening, spread those lines out into a large grid for easier 
inspec tion: 

10 GRAPHICS 8 : COLOR 1 
20 FOR X=10 TO 160 STEP 15 
3 0 PLOT X,I:DRAWTO X, 160 
40 PLOT I , X: DRAWTO 160 , X 
50 NEXT X 

This iso la tes yo ur three co lors . Th e even column vertical 
lines are one color. Odd column vertical lines are a second color. 
Horizo ntal lines are the third color. (Th e backgro und is the 
fourth , and the border is the fifth. ) 

Line 20 controls the colors. Try "FOR X = 10 TO 160 STEP 
14" a nd try "FOR X = 9 TO 160 STEP 14". 

When two adj ace n t lines touch each o the r ("FOR 
X = .. .sTEP 1" ), the two co lo rs blend into the officia l color for 
gra phics mode 8. Anothe r way to look a t it is tha t there a re no 
longe r sepa ra te lines w hen they touch, but ra ther a solid field 
of pixe ls. 

The Alternating Color Phenomenon 
The beach ball di splay, w ith its a lterna ting ba nd s of co lor, takes 
adva ntage o f the fac t tha t, w ith a pixel ma trix, on e cann ot draw 
nea rly verti cal p ure d iago nal lines . Ins tead a series o f shorter 
ver tica l lines are draw n, as shown below: 

As programmed: As actually d raw n: 

(1 03, 0) (103,0) 

I 

,I 

(101,50) (101,50) 

You ca n see tha t the three verti ca l line segments a re drawn on 
od d , even , and odd co lumns, res pec ti ve ly, thu s alterna ting col­
ors. 

205 



6 Advanced Graphics Techniques 

Why Multiple Colors 
The ho ri zontal resolutio n limit of a telev is ion set is about 160 
unique points. This is because on a nyone line of th e te levision 
tube surface there are 160 se ts of phosphor points which emit 
light when struck by th e sca nning electron beam. Each set ac­
tually conta ins three separa te ph osphor points - o ne that g lows 
blue when s truck, one tha t glows gree n, and one tha t g lows 
red. Conlbinations of these d ots in variou s intensities create 
th e m y ri ad of colo rs ava il able. 

Ata ri , in order to provide finer resolutions th a n 160 bytes 
across, plots 320 points across th e screen - two for each se t of 
co lor d o ts . (This is refe rred to as a half color cycle, or a half color 
clock.) Thus, even-column points will turn on the left portion of 
the three color phosphors, a nd odd-column points will turn on 
th e right portion, producing alte rn a ting co lo rs. The e ffect is 
re ferred to as artifacting. 

Diagonal Lines 
Diagonal lines, ranging from vertical to a lmos t 45 d egrees, con­
tain ve rtical compo nents, a nd are th erefore subj ec t to the arti­
factin g effec ts d esc ribed above. However, when these lines 
are drawn on top of a " .. .sTEP 2" solid colo red fi e ld (such as 
d e monstra ted in th e above progra ms) , much of th e spurious 
color effect is minimized , so th a t the "official" co lo r for graphics 
mode 8 will be seen. If th e backg round is d a rk, a medium 
intensity line will appear li g ht (whitish). If th e background is 
bright, a medium intensity line wi ll appea r dark (often a rich 
chocola te brown). 

The bold splas hes of multiple solid co lo red sha pes can 
thu s be combined with th e more de lica te effec ts o f intersec ting 
diagonal lines, as in the following demo ns tra tion prog ram : 

10 GRAPHICS 8:COLOR 1 
20 SETCOLOR 4.15 , 10:SETCOLOR 2 , 0,15 
30 FOR A=20 TO 140 STEP 2 
40 IF A=100 THEN A=101 
50 PLOT 65.20:DRAWTO A,1:DRAWTO A.A:D 

RAWTO A+30.70 
60 DRAW TO 65.A:DRAWTO 30.A+40:DRAWTO 

65.20 
70 NEXT A 
80 FOR 1=1 TO 350:NEXT I 
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90 FOR COLOR=O TO 15 
100 SETCOLOR 2~COLOR~5:SETCOLOR 4~15-

COLOR~10 

110 FOR 1=1 TO 350:NEXT 1 
120 NEXT COLOR 

MOire Patterns 
No di scussion of multiple colors would be complete without 
mentioning color moire pa tte rns. There a re two types of moire 
patterns . One type is the seconda ry pa ttern produced by the 
intersection o f di agonal lines, such as is illus tra ted by demon­
stra ti on Program 2, above . This typ e is not dep endent on color 
for its e ffect. Th e second ty pe is the subtl e and delicate designs 
produced by shi fts in color along diagona l lines. Thi s type is 
depende nt on th e a rtifac ting effect and is illu s tra ted in the fol­
lowing program: 

10 GRAPHICS 8:COLOR 1 
20 FOR A=O TO 319 STEP 3 
30 PLOT 0~159:DRAWTO A~O 
40 PLOT 319 ~ 0:DRAWTO 319-A~159 

50 NEXT A 

Noti ce tha t the pa ttern is whites t in the center, where the 
lines are no t as s teeply sloped , and also toward the upper right 
and lower left corne rs, where the lines a re closes t toge ther. In 
addition to the w hite and the two artifac ted colors, you may 
notice a fo urth and fifth color alo ng the top and bottom sec tions 
of the pa ttern. These ex tra colors are formed by a visual blending 
of the two artifacted co lors. It is ca used by the fac t tha t the al­
ternating colored areas are so close toge ther that the eye has 
difficulty resolving them (a trick used by the Impressionis ts). 

You can combine the va ri ous effec ts discussed in this articl e . 
Expe riment with different color a nd intensity combinations . 
Blend in some d ynamic co lor changes . You have a p ale tte that 
any arti s t would en vy . 
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Part I: 

Atari Video Graphics 
And The New GTIA 
C raig Chambe rla in 

In this, the first of 17 three-pl7rt series all the illner workings of Atnri 
~mphics, the I7l1thor reviews tIle COlllplifer's SljS felll of screell 11ll7lll7 ge­
Inent nnd defin es several illi portallt tenlls inci llding color clock, C 

play fi eld , mod e line, alld display li s t. TIl e lIext article illcllldes 
techniques for II sing color indirec tion , a powerful graphics tool, nlld 
explores the new GTIA chip ill detail . The fillnl nrticle del1lonstrates 
tIle capabilities of the GTI A. This new chip costs 1I0tllillg if your Atari 
is stillllllder warmnty . If .'10 11 hmle all older lliacliille, the ll Cl7 rest 
allthorized service cellter Cl7 11 install it fo r .'1011. 

The GTIA is a n exciting new gra phics chip now being shipped 
in Atari 4001800 computers. Among its special fea tures are a 16-
color mode with a reso lution eight times be tter than th e Apple's, 
and the capability of ge nera ting 256 co lor va riati ons . The GTIA 
chip provides three new graphics IT'IOdes in additi on to the nor­
mal 14, to tally different, full- screen modes. Thi s articl e d efin es 
a few terms relating to g raphics, explains th e no rni al graphi cs 
modes, the n introduces the new mod es provided by the GTTA. 

ANTIC Is A Busy Chip 
We all know that the A tari 400 a nd 800 have superior graphi cs 
ca pabilities. This has been achieved by des igning special chips 
to handle vid eo di splay tasks, taking tha t burd en off the ma in 
microprocessor. In Ata ri compute rs these specia l chips are 
known as ANTIC and CTIA. 

The ANTIC chip is ac tua lly an adva nced DMA (direct mem­
ory access) controll er tha t qu alifi es as a tru e microprocesso r. it 
ha s an ins tru ctio n se t (mode lines a nd " loa d memory scan" 
operati on) , a progra m (the good 'o le di sp lay li s t) , and da ta (di s-

208 



6 Advanced Graphics Techniques 

play memory and character se ts). 
This special chip is a rath er bu sy fellow. Its responsibilities 

include doing DMA for th e di s play list, the di splay data 
(playfields) , the character se t, and player/missil e memory. Be­
sides that, it sets the playfie ld width , controls h orizonta l and 
vertical fine scrolling, keeps track of the vertical position of the 
sca n beam , and handles non-maskable interrupts. It also sup­
ports a light pen. 

The GTlA: Three New Modes 
The o the r chip is the CTlA , o r Compute r Tel evision Inte rface 
Adapted integra ted circuit. This is the chip which handles all 
color and luminance (bri ghtness) information to se nd to the 
television screen . Thi s is a co mplica ted process, but the chip 
designers a t Atari go t ca rried away and crea ted whole n ew 
functions w hich we know as th e player/missil e graphics system. 
It is the CTIA which processes the horizo ntal position , s ize, 
prio rity, and co lor o f the playe rs . The CTIA a lso wa tches for 
player/playfi e ld colli sions, joys tick triggers, and console keys. 
Like th e ANTIC, it is a busy chip . 

The new GTIA chip re places th e CTIA. Rumor has it that 
th e " G" s tand s for Geo rge. Appa re ntly some fe llow na med 
Geo rge was s till no t sati s fi ed w ith all the special function s of 
the CTIA, and gave it th e ab ility to gene rate three to tally new 
graphics mod es. Whe n yo u find out what these new mod es 
ca n d o, I think yo u w ill apprec ia te "George" and hi s GTIA . 

The three new mod es a re 9,10, and 11. The ope rating sys­
tem and, there fore, Ata ri BASIC, suppo rts these new lT1Odes. 
But be fore describing a ll th e fea tures of these new m od es, I 
wa nt to d efine a few esse nti a l te rm s and rev iew the normal 
grap hics modes 0 throu g h 8. 

In o rd er to full y und ers tand Ata ri graphics, o ne mu s t ha ve 
a solid concept of how a te levis ion di splay is ge ne ra ted . And 
no di scussion o n " telev is ion theo ry" wo uld be comp le te without 
a definition of th e "colo r cl ock ." Th e te rm c%r clock d e rives 
from the fact that the re is a p roblem in m eas uring di s tances on 
a te lev is ion screen. Diffe rent te lev is ion se ts have different 
scree n s izes, w ith 9",13" a nd 19" being common diago na l 
measurements . A ll te levision se ts, however, have a scanning 
bea m w hich trans lates a signa l fro m the compute r (or a TV s ta­
tion) into a picture o n th e sc ree n . 
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The signal coming from the computer contains two charac­
teris tics . It has a frequ ency, which defines a color, and it has an 
amplitude, which defines the IUlllinnllce of tha t color, often re­
fenoed to as the brightness or intensity. Th ese qu alities of the 
computer signal affec t the way in which the sca nning beam 
shoots electrons a t the phosphors on a television screen . This 
electron shoo ting process is d one h orizontall y, one line a t a 
time, but it is don e so quickly tha t it is not noticeable to the 
human eye . 

Wh en drawing a line, the scanning beam s tarts a t the left 
edge of the screen and proceeds to the right edge, shoo ting 
electrons the whole time. Since the beam h as a finite amount of 
time it can spend drawing one lin e, the bea m will seemingly 
have to move fas ter to cove r more area on a larger screen . Thus 
the problem of trying to measure horizontal di stances is furth er 
complicated by the fac t tha t diffe rent scanning beams not only 
travel different dis tances, but a lso at different ra tes. O ur unit of 
measu rement cannot really be a dis tance; it mus t be a unit of 
time. The hint I gave a moment ago was tha t the sca nning bea m 
has a certain amount of time it ca n spend on one sca n line. How 
fas t or how far the bea m travels is insigni fica nt. 

Understanding Color Clock 
The fact that our unit of measurement is ba sed on tim e ex plains 
the word clock in the te rm color clock. A color clock is the amount 
of time the computer needs in order to sufficiently change the 
frequency of the s ignal it genera tes so as to produce a diffe rent 
color. Wha t a m o uthful! This is m y own pe rsonal definiti on; it 
has worked for m e, but some people may not agree with it. 
H ere's another d efiniti on. A sca n line is the hori zonta l pa th of 
the sca nning bea m from th e left edge of the screen to the ri ght 
edge. 

Sca n lines ex tend horizonta ll y across the screen , but it takes 
a lo t of them stacked vertica lly to fill up the screen from top to 
bottom. Therefo re, horizontal resolution is usua lly expressed 
in terms of color clocks w hil e ve rtica l reso lution is expressed in 
scan lines . Of co urse, on different television se ts the actual 
lengths will differ, but the resolution hori zonta lly to verti ca lly 
is always proporti ona te . It turn s out tha t, on any screen , one 
color clock appea rs to be equal in length to two sca n lines. 

Now we have to get even more technica l fo r a moment. 
The scanning bea m s tarts a t th e upper left corner of the screen 
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and travels horizontally to the right. By the tim e it hits the right 
edge it has drawn one sca n line tha t is 228 color clocks w ide. 
The beam then shuts off for a shor t period w hile it re turns to 
the left ed ge, only on e scan line lower. This p eriod is called the 
" hori zontal blank" for obviou s reason s . The beam then turns 
on aga in and s tar ts drawing the nex t sca n line. Thi s sequ ence 
of drawing scan lines co ntinu es 262 tim es. A t that p oint, the 
sca nning bea m , a t the lower ri ght corne r o f the screen , shuts 
off and re turns to the upper left corner of the screen d uring a 
period known as the (g uess w ha t! ) "verti cal blank." 

This w hole process of drawi ng 262 sca n lines, each of 228 
color clocks, plu s the bl anking peri ods, constitutes one "fra m e." 
The te levisio n draws 60 of these fra mes eve ry second , because 
your home power line is 60 Hz (cycl es). The nanle given to thi s 
di splay me thod is "ras te r scan." The fac t tha t your A tari fo llows 
a broa d cas t s tan dard refe rred to as "NTSe" m akes it one of the 
few ho me comp uters tha t ca n be video ta ped witho ut special 
equipment. 

Ju st beca use the sca nning bea m gen erates a ll those scan 
lines and co lor clocks d oes n' t mea n tha t the co mpute r is gener­
ating tha t much display d a ta. Eve n if th e com p uter did, yo u 
wouldn ' t see the w hole image since mos t te lev ision se ts di splay 
a little less than 200 sca n lines of about 170 color clocks . Th e 
part where the tru e p icture ex is ts is ca lled the p layfi eld , and 
now it's time for a no th e r de fini tion . 

Playfields And Mode Lines 
The playfie ld is th e porti on of each sca n line fo r w hich d a ta 
read from m em ory ca n p rodu ce co lors and luminan ces. Th e 
background exis ts a t the ends of each sca n line; the playfield is 
in the middl e . Fro m th e viewpoint o f o ne fra m e, the playfield 
appears as a rec tangular region w hich ex tends to the sides of 
the screen. 

Two things control the s ize of thi s p layfie ld area . The height 
in sca n line is controlled by the d isplay li s t as you w ill see in a 
mome nt. Reca ll tha t th e w idth in co lor cl ocks is set by the DMA 
control regis ter o f the ANTIC. 

SO MCTL 
DMACTL 

05 

$022F 559 shadow 
$0 400 54272 h ard w are 

1 di splay li s t OMA e nabl e 
o di splay li s t D MA d isa ble 
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01,00 00 
01 
10 
11 

playfield OMA disable (no playfield) 
narrow playfield (128 color clocks) 
standard playfield (160 color clocks) 
wide playfield (192 color clocks) 

The operating system screen handler always uses a stan­
dard width playfield. The advantage of the narrow playfield is 
that less DMA is required, so progra ms execute faster. Unfor­
tunately, the screen handler routines do not work properly 
when the playfield width is othe r th a n th e stand ard. The wide 
playfield generates more data than the te lev ision can display; 
its uses are rather limited. It's even possible to turn off the 
playfield completely, in which case ANTIC fill s the screen with 
scan lines of the background color. As will be shown in a mo­
ment, the playfield also requires a "displa y lis t," so bit five 
must be set for any playfield type to be generated. 

Remember tha t a byte is made up of eight binary "bits." If 
playfield and display li st DMA is enClbl ed, bits I1l ClY be read 
from the computer memory during the course of one scan line. 
The bit pattern determines the frequ ency a nd intensity dlClnges 
of the scanning beam, with the result being different colors/ 
luminances. The same bit pattern mClY be repeated for seve ral 
scan lines. And th e bit pattern can be inte rpreted in different 
ways. This leads us to ye t anothe r definition: 

A mode line is a contiguous group of scan lines for which 
display m emory is read only once. 

There are two main types of mode lin es . In direct mem ory 
map modes, th e bit pattern produces the sa me image o n each 
scan line. Text modes are a more co mpli cated mode type which 
use a character se t. 

The ANTIC knows how to ha ndle 14 different kinds of 
mode lines. Each mode line corresponds to a different n, e thod 
for inte rpre tin g a bit pattern. A full sc reen g raphics mode is 
actually just a series of id en ti ca l mode lin es . 

The display li s t is merely a seq uence of bytes in memory 
tha t, among other thin gs, tell s ANTIC the proper sequence of 
mod e lines for one screen. 

Whenever the screen is opened (accomplished in Atari 
~ASIC with the GRAPHICS s tatement), the screen hand ler 
es tablishes a display li s t of many mode lines to produ ce a screen 
of the desired mode. Modes ca n be mi xed by manuall y cha nging 
the display list. Display li sts produced by the sc reen handle r 
always contain th e prope r number of mode lines for exactl y 192 
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sca n lines of playfie ld . Alterin g th e display li s t ca n affec t th e 
total numbe r of sca n lin es, w hich is how th e ve rticCl I size of the 
playfie ld is co ntro ll ed . 

The dis play li s t also hCl s othe r functions, such CIS contro l of 
fine sc rollin g, ho ri zo ntal blClnk interrupts, a nd loadin g the me m­
ory sca n co unter of th e ANTIC so it knows w here to s tar t read ing 
me mo ry. 

A mode line d ivided into seve ra l parts form s pixe ls, w hich 
are s ingle p lotti ng poi nts so mewhe re w ithin th e p layfield area. 
A pixel's ve rti ca l reso lution is th e sa me CIS th e m od e line in which 
it is displa yed, so th e re ca n be jus t as many p ixe ls ve rti ca ll y as 
mod e lin es in th e displCly list. The numbe r of color clocks over 
which on e pixe l is s pread is a lso de termined by th e mode line. 
H e re is a littl e cha rt to s how yo u th e pixel size for th e primary 
mapping modes : 

MODE COLOR 

3 
4,5 
6,7 

CLOCKS 

4 
2 

SCAN 
LINES 

8 
4 
2 

RESOLUTION 
(full/split screens) 

40 by 24/20 
80 by 48/40 

160 by 96/80 

Note that each time the wid th of a pixel is reduced, its height 
also decreases, so a single pixe l appears to be square in shape 
regardless of th e graphics nlOde. 

Some Observations About Memory 
Now to ta lk abou t me mory . In th e o ne-color modes, o ne pixel 
is re prese nted in me nlOry by o ne bit. If th e bit is O il , pIay fi e ld 
zero s hows . If th e bit is off, th e background s hows . Mod es four 
a nd s ix are th e o ne-co lo r modes . Fo r more co lo r, modes three, 
fiv e, and seven a ll ow three co lors. The trade-off is th a t a si ngle 
bit is no longer s uffici e nt. Two bits, a pair, are required. The 
tota l va lu e of th e two b its se lec ts e ith e r o ne of three playfie ld s 
or th e background: 

BIT PATTERN COLOR PLA YFI ELD TYPE 

00 0 bilckg round 
01 1 pli1yfield zero 
10 2 p layfield one 
11 3 plilyfie ld two 

P layfie ld ze ro is th e same thin g as COLOR 1 in A tari BASIC. 
Playfie ld o ne is rea ll y COLOR 2, and so o n , w ith COLO R 0 
being the ba ckgrou nd . 
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Although modes four a nd fiv e both have the sa me reso lu­
tion, or pixel size on the screen, mode fi ve will require twice as 
much memory. In the lower reso lution modes which require 
littl e 111emory in the first place, the additional mem o ry need ed 
is rather insignificant. You mi ght have no ticed that mod e three 
had no single color counte rpar t. Consider that in a 48K sys tem 
it is poss ible to have about 150 different mode 3 sc ree ns in mem­
ory simultaneously . The chip d esigners probably decided it 
wasn't worth the effort or mem ory sav ings to provide a one­
color mod e with such low resolution. 

Therefore, the size of a pixel on the screen is de te rmined 
by two things : h ow many sca n lines high, and how many color 
clocks wide. The amount of memory required for a mod e is 
also d ete rmined by two things: how ma ny separate pixels to 
one mod e line, and how ma ny co lo r possibilities per pixe l. The 
only real connection between pixe l size on the scree n a nd s ize 
in memory is that bigger pixels fill up a scree n faster , so th ere 
are fewer of the m, and less memory is needed . 

Now, three colors mea ns two bits mus t be used . Does that 
m ean we are always s tuck with onl y three colors w hich can ' t 
be changed? No . The CTlA is capable of generating 128 color/ 
luminance varia tion s . It ca n produ ce 16 different co lors, each 
in eight different deg rees o f luminance. But 128 possibiliti es 
means seven bits wou ld be required, and , in ITlOSt cases, seven 
bits per pixel is simply no t feasib le. There is a limit to how much 
memory can be devoted to a screen. The solution to thi s problem 
is a sort of compromise, but it a lso presents so me powerful and 
flexib le advantages, too. The solution is to use color il/directiol/. 
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Part II: 

Atari Video Graphics 
And The New GTIA 
C ra ig C hambe rl a in 

!-low to get 256 colors oul of YOllr Atari . The previolls article in this 
three-part series opel/cd with a discussiol1 of Atari grnphics. Part II 
examines techniques involvil1g color indirec tion and looks at the new 
GTIA chip il1 detail. 

Next, this series cO l/chides with several programs which put GTIA 
through its paces. 

Using Color Indirection 
With colo r indirection, th e numbe r of diffe re nt playfie lds is 
limited according to th e number o f bits p e r pixe l, but th e actual 
co lo r/lun,inance of each play fi e ld ca n be o ne of the 128 pos­
s ibiliti es. The d a ta bits a re Ll sed as a n index o r offse t into 
playfie ld co lo r regis ters: 

COLO RO $02C4 708 
play field zero color regi s ter 

COLO R} $02C5 709 
playfield one 

COLO R2 $02C6 710 
playfield two (used in modes 0 and 8) 

COLO R3 $02C7 711 
playfield three (used in color tex t modes ) 

CO LOR4 $02C8 712 
background color regi s ter 

These playfie ld color regis te rs use seven bits to se lec t the 
color and lumina nce, as fo ll ows: 

07,06,05,04 
0 3,02,01 

DO 

co lor 
lumina nce 
not used 
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BITS VA LUE COLOR 
0000 0 gray (no colo r) 
0001 1 light orange 
0010 2 orange 
0011 3 red orange 
0100 4 pink 
0101 5 purple 
0110 6 purple blue 
0111 7 blu e 
1000 8 blue 
1001 9 li ght blue 
1010 10 turquoi se 
1011 11 blue g reen 
1100 12 green 
1101 13 ye llo w green 
1110 14 ora nge gree n 
1111 15 ligh t ora nge 

A ta ri BASIC a ll ows yo u to se lect a playfie ld co lor to d raw 
in by us ing th e CO LO R s ta tem e nt. The co lo r regis ter th a t 
co rrespo nds to th a t playfie ld ca n be cha nged by us ing 
SETCOLO R. 

Colo r indirec ti o n is a tool th a t s hould not be overl ooked . It 
is possib le to draw a de ta il ed fi g ure o n th e sc ree n w ith o ne 
p lay fi e ld , and th e n change th e co lo r o f th e e ntire fi gure w ith 
jus t o ne comma nd . For exa mple, a printed message ca n fl as h 
in co lo rs to a ttrac t a ttenti o n . A "glow in g" e ffec t ca n be created 
by ra pidl y cha nging th e lumina nce of a p lay fi eld w hil e main­
ta ining th e sa me co lor. O r, the playfie ld co lo rs ca n all be se t to 
the sa me color/luminance as th e backg round . Fig ures drawn 
w ill no t a ppea r until th e pl ayfie ld colo r regis ters are cha nged . 
By cha ng ing th e regis te rs o ne a t a tim e, a n a nima ti o n e ffec t ca n 
be crea ted . Color ind irec ti o n m ay s till not so lve th e problem of 
hav ing man y colo rs o n the scree n a t th e sa me tim e, but it d oes 
a fford poss ibi liti es th a t o th erw ise wo uld be diffi cult to achieve. 

In specia l ins ta nces, playfield co lo r reg is te rs ca n be changed 
during the hori zonta l bl a n k, in w h ic h case a ll 128 co lor va ria ti o ns 
ca n be show n in o ne fra me. T hi s req uires th e use o f m ac hine 
la ngu age a nd s till does no t so lve th e proble m o f ma ny co lo rs 
on on e sca n line . Fo rtun a te ly, ex pe ri e nce has sh own th a t, fo r 
ma ny app li ca ti o n s, three p layfie ld co lo rs w ill be s uffic ie nt. 
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Multiple Colors 
Neverth eless, th ere a re times w hen m a ny co lors would be d e­
sirable. This is w he re th e GTIA s te ps in. It sho uld now be ap­
parent that 16 co lors w ill require four bits pe r pixe l. This is very 
expensive in terms of m em o ry, so e ither pixel s ize or di splay 
memory will have to increase. Beca use ANTIC has a limit on 
how mu ch m e m ory it ca n access during one horizo ntal sca n 
line, we have a limit o n how much m e mo ry ca n be d evo ted to a 
screen . Therefore, reso lutio n w ill have to s uffe r. 

Before we see w ha t th e me mo ry limit is , we should m e ntion 
th e two mod es w hich a re exceptio ns to th e above rul es. Three 
thin gs di s ting ui s h m od es ze ro a nd eight from th e normal 
mod es. Eac h pixel is a half co lo r clock wide; a s ide e ffect of thi s 
is artifact ing . Th e bac kgroun d co lor n ow becomes the bo rd er, 
a nd th e main part of th e scree n is filled with playfie ld two . 
Fi na ll y, s ince th e w ho le sc ree n is now play fi e ld two, th e bit no 
longer te ll s w hi ch play fi eld to u se, but w hich IlIIlIillnllce to u se . 

MODE BIT LUMIN ANCE REG ISTER 

0,8 
0,8 

1 
2 

playfield one 
p layfie ld two (n o image) 

The co lor part of p layfie ld o ne is ig no red ; o nly th e lumi­
na nce data is used. If th e lumina nce va lu es of playfie lds o ne 
a nd two are th e sam e, th e w ritin g d isa ppea rs. Modes ze ro a nd 
eight use thi s spec ia l " ha lf co lo r cl ock, o ne pla yfie ld colo r, two 
brightn ess" a rra nge m e nt. Both modes ha ve 320 distinct po ints 
of lig ht ho rizonta lly and have s ing le sca n line reso lution . The 
on ly diffe ren ce be tween mode zero and mod e e ig ht is that the 
firs t is a tex t mod e a nd th e second is a direc t ma pping mode. 
Mode ze ro uses a char<lcter se t a nd the reby saves me mory; 
abou t lK is required for this mode. Mod e e ig ht does n ' t u se a 
character se t, and req uires app rox im a te ly 8K. T ha t is o ur di splay 
memory limit. T he A tari 400/800 is not ca pa bl e of doing DMA 
to much more me mo ry tha n th e memo ry rep rese nted by o ne 
te lev isio n frame. 

Since th e " ha lf co lo r clock, o ne co lo r, two bri ghtness" m od e 
is Ll sed by g raphi cs m odes ze ro a nd e ig ht, a ll th e GTlA rea ll y 
d oes is provide three va ri at io ns o n thi s mod e. They a ll use the 
max imum me mory a lT<l nge me nt used by mod e e ight, so each 
of th e three new modes requires 8K . A ll of th e ne vv m od es use 
four-bit pixels, so th e horizo nta l reso lutio n goes from 320 (half 
colo r clock) to 80 (two co lo r clock, as in m od es four a nd fi ve). 
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