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INTRGIUCTICN

Approachirg a computer graphics system like the Eally Arcade,
the user shoula uncerstsnc the basic contrecictior inkerent ir this
machinre--while it offers rich options conceptually, it also produces

poor graphlcs » 8t least compared to state-of the art ccmputer graphics.
So you shouldn’t expect this small computer to gererate close to
real-life images with srooth shading, hidden surfaces, simulated high-
" lighting enc the like. Instead, you will have to tuy the pixels ,

those blocky constituents of every raster system which most people try to
hide. Once you become &cquairted with the reedlepoint effect all the
Fally images show, you cap go ahead appreciating the smart cesign ot

@ personal ccmputer system which is a major step towards a computer-
literate society rather thar a computer cortrolled one.

The manufacturer of the Arcade, Bally Corporatiorn, gained its
experierce buildinrg interactive &nd easy to use slot and pinball
machines playec ty milliors of people, regardless of their age or X
previous knowledge. Continuing their oriertation towards mass
extertairment, Bally started designing a microprocessor controlled
home video game in 1¢75. Tke result is the Bally Arcadce, whose extreme
low cost and TV orientation has placed computers in over 1¢u,¢¢€¢ homes.

The system ircludes the computer, a calculator keypad four
rand controls, ar interface for stor1n6 programs on an audio-cassette
recorcer, a modulator to hook up to ary TV and a RCM with the Bally
Basic language. Its price of $35¢ makes it a» affordable perso:ial
and educational tool. Like a portable typewriter, the Arcade offers
acyore the opporturity to create their owr reality instead of simply
corsumirng it.

Ar entire commurity of Bally users exists irn Chicago, who
coulc otherwise never affora, because of finances or little
computing background, to work with computer graphics. Computer
art classes are beirg taught at toth the University of Illinois and
the Art Institute of Chicago using the Bally. Since you see what
you ere programming, a small graphics computer like this is especially
educaticnal for beginners.

EARDWARE
The electronic heart of the Arcade, the CPU(Central Processing

Urit), consists of & Z-82 microprocessor and three chips --cata,
address, and I1/0(Input and Output), that were designed for the
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vtnit. These custom chips allow the Arcade to produce sournds
and pictures displayed on TV. They also allow the Bally to
produce a recordable NTSC video signal, a feature
appreciated by video communicators and not yet provided by
most home computers.

The data chip sends out pixel informatiorn, looks up
its color out of 25€.choices, and provides the TV sync. The
address chip then sequences the information and
serds it to the proper locatior in the frame bduffer.

The I/0 chip scans all inputs enabling
interactive use of the hand controls and keypad. It
also contains the circuitry to make music.

The memory cf the system is also located in the CPU. 8X of
ROM(Read Cnly Memory) is set up permanently to run the video games.
2K of RAM(Pead Write Memory) with a resolution of 162*88 pixels, holds
the frame tuffer, which stores one frame of the TV screen in memory.
The screen is divided into a grid of discrete picture
elements called pixels. Each pixel corresponds to a particular place
ir memory. The frame buffer lets images be moved quickly on
the screer, producing fast action video games in 8 colors.

ELZCTRONIC TOY TURNS CREATIVE COMPUTER

- With the addition of a programming language the small

entertainment box is transformed from an electronic toy to a

creative tool. Jay Fesnton, the programmer of the Arcade, took
TINYBASIC, a simple language designed to teach computing
ard i- use on most home computers, and erhanced it with sensible
graphics commands to create a flexible user-orientec language,

EALLY ERASIC. .

The change begirs with the insertion of the 4K BALLY BASIC

EOM. The Basic divides the RAM formerly used entirely as & screen
tuffer for the game into three sections: screen, program and fixed
variable storage. The Bally Arcade now offers 180¢ tytes of memory
space 1o store prcgrams.

Eard cortrols, formerly used as paddles in the games now can be scanned
unrder program cortrol. The keypac,convertedc with a plastic overlay which
lists the 16 main BALLY BASIC commands, lets you enter a command
with one keystroke. As a trade-off in this expansion, EALLY BASIC loses the
videogames s ability to use & colors on the screer &t once. Only 2
cclors at a time, foreground and background color, remain .
£11 of these tra-sformatiors are accomplished without

kardware mcdification of the standard videogame. So with the

ni-imal cost of a 4K ROM cassette you have turned your game into a
programmable computer.

GRAPHICS COMMANDS

BALLY BASIC takes up the cerntral problem of persoral computing, that
is providirg a sersitle yet open minded programming language to
ron—-experts. Two main graphics commands, LINE ard EOX , as well as the
four optioral drawirg modes provide its visual power. To define a
LINE statement only three arguments are recessary: LINE X,Y,C.
X and Y specify the coordirates the line should be drawn to, from
the location of the last line. LINE simulates the method people
use when drawing, cornecting the end of one line to the next one.
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Since it is a raster system the assemdbly larguage routine
urderlying the LINE commana has to figure out which

discrete pixels to turn on in order to draw as approximate a
straight line as possible without bothering the user with this
task. The BOX statement functions similarly, with a description
of the width and height of the box as additional information:
ECX X,Y,A,B,C. Again, the calculatior of the field of pixels
teing filled is done by the assembly language routine, speeding
up this procedure as well as enabling the user to concentrate

on the design. Since the box command, already used by the

video game to paint large areas of the screen, is fairly quick,
many users gravitate to the playing field of rectangular shapes.

For both commands four different drawing options are at hand:

1. Draw in foreground color

2. Draw in background color

3. Exclusive-or--checks what value the pixel to be drawrn

currently has and reverses that

4. Just move the pen to the next location without drawing
We will later see how a conscious choice or even change of the drawing
mode can effect and enhance the image. Al1l images are plotted
on the screen using the cartesian coordinate system with the origin
(2,2) at the screen center.

The fixed variables of the system irterface with the lower
level assembly language giving the user access to options routirely
used ty the operating system. Jay’s philosophy is: -

if the system uses it, let the user control it too.
For example the variable PX checks if a pixel is currently set orn or off.
The video game uses PX to check for object bourdaries. Mary

irteractive design programs depend on this feature to read a

vattern from the screen and store it.
Other fixed system variables allow cortrol over musical rnotes anud timiung,
positiorn of text printirg, and feedback from the kand controls.

INTERACTIVE PRCGRAMS

One approach to using a graphics computer is to simulate pen and paper.
A drawing program developed by Dan Sardin lets the user be urcorcerned
about programming. ILines are drawn or 2rased just triggering the hand control.
Pictures can also be stored or recalled from audio tape by the press
cf a button on the keypad. Putting a major drawing program into a tiny
18¢¢ bdbyte memory space is a major feat.
Dan’s main trick to save space lies ir packing the X ard Y coordinates
of the end points of a line, as well as the information about the
drawi-g mode beirg used, 1into a sirgle byte (which is the smallest
urit of memory.)

QA = (X+100)*100+Y+50
CA is a one-dimersional array provided by Bally BASIC for storage of data.
50 that the X and Y cata stay separated and positive, the X coordinate
is multiplied ty 19¢. It changes into a large number which
is stored ir tne high end of the byte. The Y ccordinate stays a small
rumber in the low end of the same byte. To redraw the image, this
this procedure is reversed: dividing by 120 and subtracting 100 to
get the X back ard retrievirg Y from the remairder, RM-5¢. If the
nurber changes into a negative one, it tells the crawing program that
this line gets moved and not drawn.

Another program giving easy graphic access to the computer was
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developed by Patti Harrison and Dan Sadowski. Their program
uses mathematical symmetry operations to create intrinsic desigrs.
Eand controls are the drawing input here too. The whole screen becomes
a drawirg grid on which the user creates a basic design. The X and Y
coorcinates of the pattern are stored much like the previous drawing
program. A menu then lets you choose the scale and ordering of
the firal design.
These miniatures by Copner Giloth first show one basic cell
undergoing two different symmetry transformations, and then two
cells with different trarsformation patterrs.
The interplay between one person and the computer

Las been extended to include groups of people acting together to
create computer graphics and music. At an evernt titled, A
Test of the Interactive Eroadcast System , the Arcade turned into a
two-way communication system resembling the QUEE cable system in
Columbus Ohio. “What we’re trying to prove here is that you doc”t
reed all that sophisticated technology to do interactive two-way TV,
said Dan Sandin. 22 homemade response boxes, acting like hand controls
were lirxed together and wired irnto the I/0 chip of the Arcade. The
low cost computer tabulated the results in less than A second and: fea
them into graphics ard music programs. This polling was dore by user writter
assembly language precgrams which considerably sped up the process of
evaluating the responses of the audierce. '

- The programming tasks were to write programs that created
pleasing images o matter what the input ard moreover to give
enocugnh feedback to the audience so they knew what they were
co:trolling. This graphics program ty Zsuzsanna Molrar uses four-
fcld symmetry with boxes and overlays a fifth overlaid box to produce
a variety of images. The audience jointly defined the vertical
arc¢ horizortal growth rate of the toxes. Large numters createa
the tlockier patterns on the left.[note images a,c]

IMAGE GENERATION

Insteac of drawing with the joysticks, of course it is
rossible to generate images by descritirg the coordinates of a
picture entirely with a program. A number of c¢ifferent approaches
to picturemaking are possible whether you start with a design ard
then program a succession of coordinates or you
cevelop an abstract programming concept which then procduces certain images.
Mark McKernin used an Algerian carpet design as the tasic figure
for his program GEO. Ee measured its dimernsions on graph paper and
incorporated tkese coordinates in the drawing section of his prograr ,
carefully emphasizirg the sequence of the line draws in order to
eccomplish the pseudo 3-T effect. OCnce the image was cocmpleted,
he cortinued overlaying it with boxes of decreasing size, thus
cheugirg the appearance of the basic pattera.
while Mark”s program doesn’t have to calculate anything
but follows explicitly given LINE statemernts, Julie Boren sets up
a much shorter program, SUN, containing three loops to compute
the rumerous lines composing this complex image. She scans the
whole screer with lires arranged like the teams of the rising sun.
K=ep1ng the middle of the btottom line as a fixed starting point
for all of the lines, she computes the secord poirt of each lire by
feedirg the loops all cf the possible coordirnates in a clockwise
movemrent from left side tc the upper side and finally to the right
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screen boundary.

Ad jacent lines have some pixels in common, which means that some

lines get drawrn several times. GEecause Julie uses the exclusive-or
drawirg mode, the firal picture visually represents the results of

the line drawing algorithm enabled by the LINE statement.

The set of patterns shown here demonstrate the use of various ircrements
used to step through the basic loops. It is worth mentioning that it
takes only a couple of seconds to complete one of these pictures.

Dar Sardin needs about 15 minutes to finish a single one of these MOD
images, corsistirg of circles which seem to be mapped onto globes.

MQD 2
CLEAR
D=5
FOR Y=43 to -44 STEP -1
D=D+2
FOR X= -8¢ to 79
M= (X*X+Y*Y) /D /2
IF RM = @ EOX X,Y,1,1,1
NEXT X
NEXT Y
STOP

-

Some of the important aspects of this compact 1¢ line program are:

1. Orly two nested loops create the basic structure which scans .the
whole screer

2. The computation of X and Y squared for each pixel ard the RM
command which returns the remainder of a division, makes
it possitle to-generate circles even in an integer
basic.

Z. The size of the circles deperds o the value of the divisio: factor--D.
Their growth is controllec by incrementing D after one vertical
line is scanned, thus also gernerating the 3-D effect. Wwithcut
ircremertirg D the result would be a regular pattern of
circles of tkbe same size.

CONTROLLZD RANDOMNESS

Sirce the early cays cof computer graphics the use of rancom
numbers has teen a standara method to_ achieve images which are not
predictable in detail a:rd thus cheat the usual precisiorn of tae
machine ana its aesthetics of overall visual regularity. The main problem
wnen workinrg with rardom numbers is to set up a program which generates 2ot
totally entropic or noisy 1images, but ones structured by recognizetle
parameters. One examrple of our experiments in this area is the NEAR
NEIGEBOR program by Lan Sardin. The program consists of three gparts:
first a coordinate inside the screen boundaries is choser by the random
rurber generator of the Arcade. Then the program checxks
wvhether anry of the surrourdirg pixels of the randomly picked coordirate
have already teen drewr. This is done by looking up the PX values cf
the reighbors. If there are ro surrounding pixels, the program
executes its final task and plots a rixel-wice box at the rarndonmnly
determined coordinate. Otherwise it returns without drawing and
gets arother coordinate. Two differernt versions of the program exist:
ore checks the four positions along the sices, the other checks the
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corners of the pixel. HRick Frankel elaborated on this concept by
proceeding in two steps. He starts filling the screen with larger
toxes and then contirues printing small ores. Both versions output
distinctly different visual entities.

Another interesting case of controlled rarndomness has been
written by the computer film animator Larry Cuba. His SCROLL
programs present the structured concept of adding more loops to an
existing basic program to create more complex images.

SCROLL #1

S = 4 + RND(4)

C= RND (S-1)

FOR 4 = -72 to 7@ STEP S
30X &,-39,C,8,1

NEXT A

PRINT

The tottom lire of the screen is always cleared by the PRINT statement
which causes the image to scroll 8 pixels up the screen. All boxes are
now being drawr i-to that lize with exactly the same height, sirce

the Y coordinate and the height of the boxes are kept constant. Only
the step S of the loop cortrolling the scan along the X-axis varies
randomly anrd-is correlated at the same time to the width of the boxes,
so there is at least a space of one pixel left between two boxes.

SCROLL #Z2

+ RN
ND (S
R A = -72 to 79 STEP S
T = RND (3) +1
FOR B = -43 to =36 STZP T
80X A,B,6,1,1

4 + RND(4)
R (E~11

= QW
O
-~

)

NEXT E
NEXT A
PRINT

The inclusion of a nested loop using B, also being randomly determined,
ard slightly different argumerts for the

BCX command in ar otherwise unchanged program are responsible

for the visual difference of SCROLL #2. Each time an X coordinate has
teen evaluated, the program enters a secord loop, where it randomly
chooses Y coordirates all lying within the range of the bottom scroll
lire. With every rew Y value a box will be drawn that is oxly one

pixel high but is as wice as the boxes of SCROLL #1. The final version,
SCROLL #3 merges both #1 and #2 into cne program, executing first

the loop of #1 ard then the two nested loops of #2. The outcome looks
like a superimposition of the images of tke first two programs.

Since larry switches to the exclusive-or drawing mode for the second scan
along the X-axis, rew patterns emerge from the overlay. All three
programs produce highly structurea, yet in part random visual output
changirg through time due to the upward movement of the scroll.

ANIMATION
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To animate computer generated images requires a lot of
computing power dedicated to calculate the transformations for
each object. Most computer animation films are procuced
by shooting single frames, each of which needs considerable
time to be computed. Currently only expensive ard specialized
computer systems which feature hard-wired matrix computation for
the updating of the vector lists are suited for real-time
animation of 3-D objects. If we talk about real-time animation
done on the Bally Arcade, it is therefore assumed that as a low-
cost system it can ornly handle the gradual change of images in
time. So we would consider Larry Cuba‘’s programs, discussed above,
as animation. Sue Fornmer also uses scroll as the major means
of arimating her Jewel-like patterns representing statistically
weighted randomness. She encorporates the algorithm RND (RND (8@))),
which tends to give numbers around @é. Then four-fold symmetry plots
the poirnts. Orce an image is complete, it is 1lifted upwards by
the scroll and more points are printed toward the right and left
screen boundaries. Thus, a rocket-like effect originates.

‘A very different approach is followed by Steve Wengerski
when he lets a bundle of arrows wander across the screen. Each
time he draws a new one, he erases the last one by simply drawing
over it in the exclusive-or mode. By superimposing two bundles
of arrows going in opposite directions, delicate patterns emerge,
slowly changing in time. The great variety he achieves out of this
fairly-simple set-up is due to the fact that the program switches
tetween the plop ard exclusive-or drawing modes.

A similar method is used by Frank Lietrich who overwrites
three different versions of one basic tessellation in the frame
tuffer. The program ARABESQUE consists of only five parts: the
drawing subroutine produces a package of eight boxes, a subroutine
cecrementirg the size.of the boxes and three routines specifyirg
number, size and coordinates of the sets of the eight boxes. A
counter switches the sequerces ir which the routines are executed
so all possible permutations of the basic aesign are generatec.

The most interesting animation effect--the movement of replacing
ore set of boxes by another set ard the gradual reduction of a
the superimposition of all three sets to a single one--car’t be
reproduced by these still photographs.

Considering the restricted resources of the system, it is
astourcing enough that even these limited animation options exist.
These examples demonstrate one more time our cverall thesis, that this
system represents a quite powerful ard succeessful desigr enabling
the creative use of a computer originally built as a video game just
offering repetitious and in the long run boring cheap thrills.
Sometimes the machine still shows its game heritage wher it

flakes ocut , playing its own visual games and leaving the
vrogrammer dazzled by tke beauty of these pictures s/he could
l.ever program.

Note: TFor the past three years ar extension of the Bally
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Arcade has been urder development by the Electronic Visualization
Laboratory, a collaboration between electronic artists and computer
engireers. The rew system, the UV-1

ZGrass Computer System has more memory,64K, and further

expands on the principle of an easy-to use interactive graphic language.
An article describing the system will be published in the

hovembey 1980 issue of EYTE magazine. Written bty Tom DeFanti, it is
titled Larguage Control Structures for Easy Electronic Visua11zation.

PIX LIST
1 a Amateur TV
b - Buffalo

By Jane Veeder and Phil Morton

2 a-d - Miniatures
by Copper Giloth

3 a-d Z-Boxes
by Zsuzsarna Molnar

e . s . o — —————————— . T —— ———— —————— — —— ———— ——— — —————— ——— — — —— =~ {————— —— —— —

4 a,b Geo
ty Mark McKernin

o e e~ — — ———— ————— ——— ——— ——— — ———— {— — _——— ——— — — — ————— — — —— — —— > —— ——f————— ——

3 a-c SUN
by Julie Boren

€ a,b MCD 2
bty Dan Sandin  *¥¥¥already sent to youwk**
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a Near Neiéhbors, Corner Check
b Near Neighbors, Side Check
by Rick Frankel
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8 a SCROLL #1

b SCROLL #2

¢ SCROLL #3
by Larry Cuba

S a Cheap Thrills
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