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Abstract——In this paper, a Programmable TV Game System, which has been designed and implemented on the
Motorola M6800 micro-computer, is described. The design of the hardware is based on the M6800 microcomputer
and the MTX-256**2 TV interface. The desipn of the software is centered on a Graphic FORTRAN language. It is
a FORTRAN language with the addition of Graphic Statements for facilitating the description of a graphic entity
such as a point or aline. Thus graphic-oriented statements are provided and the full capabilities of FORTRAN language

are preserved in the Graphic FORTRAN language, and it is not difficult to write a Graphic FORTRAN program to
specify a TV game. The structure of the Programmable TV Game System and its implementation method are
presented in this paper. Some samples of TV game program and their running results are given for references.

LIntroduction

A host of TV game, many using microcomputers, promises the public more stimulating fun on leisure time [1].
The Electronic Industries Association estimates that some 10 million TV games were sold last year. With figures like
these, integrated ‘circuit chip suppliers such as General Instrument, Texas Instruments, National Semiconductor,
and Rockwell are hard pressed just to keep up with this anticipated demands. Most games provide a host of devices
to make them more interesting, such as different paddle sizes, choice of ball speeds, etc. The major consideration
here is to minimize eventual boredom. A new generation of TV games will surely overcome this boredom: pro-

grammable TV games.

Fairchild Camera and Instrument developed programable TV games at end of 1976 with its “Viedo Entertain-
ment”, Here, one inserts what appers to be a tape cartridge (actually it is a solid-state circuit that contains game
programs on ROM) into a slot on the game machine to select a particular game or games on TV receiver. Other
leading manufacture on TV game is the General Instrument. The General Instrument game repertoire offers game
manufactures a choice of approaches to the marketplace: GIMINI dedicated game chips and the GIMINI casseite
programmable game set. The programmable game set based on a variant of Gl's CP1600, an advanced 16 bit single
chip microprocessor, provides maximum flexibility in implementing a programmable system. But how can we de-

velop the program for a TV game?

In this paper, we describe and provide a language,which is easy and flexible to be used in developing the program
for a TV game, for the user. This language is called Graphic FORTRAN language. It is a FORTRAN language with
the addition of Graphic Statements for facilitating the description of a graphic entity such as a point or a line. In
Section I, we describe the system hardware and the design of related hardware interface. In Section III, we pre-
sent the software flowchart of the system and discuss the methods used to implement the system including graphic
primitives and preprocessor design. In Section IV, we present three sample Graphic FORTRAN programs and their

running results. Finally, Conclusion is made.

II. System Hardware Implementation
27
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The system hardware we used to develop a TV game is shown in Fig. 1. The central part of the system is an M6800
microcomputer which has been attached by three standard peripherals: console, printer, and floppy disk [2]. These
peripherals are provided for facilitating the development of user programs. In addition to these I/O devices, there are
other devices attached to the microcomputer. These devices are a TV display, a speaker, a pair of control knobs and

shot buttons, a reset button, and a timer.
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Fig. I Hardware Environment

The TV display is attached to the microcomputer via a MTX-256**2 interface. The MTX-256**2 is a modular
system designed specifically for microcomputer graphics applications [3,4]. Fig. 2 shows the block diagram of the
MTX-256%%2,
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Fig. 2 Block Diagram of MTX-256%*2
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The speaker is used as an output device for generating sound. To let the TV game have a realistic effect, the
system has a sound generator. It can be implemented as in Fig. 3. The software program can set 3 output bits of

PIA and salect one of the 8 sound generator circuits via a 4051 decoder. With reference to Electronic & Radio TV

Technic [5]. we implement two sound generators; one sounds like “whistle” of a police car, and the other one

g=meratss the sound of “boo-boo™.
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Fig. 3 Sound Generator Circuit

Control knobs are in pairs to allow for two players. Set values of the control knob can be read into the micro-
computer by calling appropriate subroutines. A cheapest and handiest conversion circuit is shown in Fig. 4(a), where
LM311 is a voltage comparator. PBO and PB2 are assigned as output pins of PIA1, while PB1 and PB3 are assigned
as input, The operation principle of the circuit can be understood by referring to Fig. 4(b): the timing diagram
of V, ,PBO, and PB1. The width of the pulse on PBO indicates the value of Vin

In general, a TV game system should provide interrupt functions. It can be used in many cases. For example, the
proceeding submarine is shooting torpedo suddenly; the game is reset; or the graphic symbol (e.g., a ball) is moved
one step. Thus, we design four external interrupt request circuits. They are: reset, A shot, B shot, and timer in-

terrupt.
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All the specially designed devices are attached to the microcomputer via a Peripheral Interface Adapter (PIA) chip.
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Fig. 4(b) Timing Diagram of Vc, PBO and PB1

Il. System Software Implementation

The software block diagram of the Programmable TV Game System is shown in Fig. 5. The Graphic FORTRAN
program includes FORTRAN program and Graphic Statements. The Preprocessor is used to translate Graphic
FORTRAN program into FORTRAN source which is compilable by the Resident FORTRAN Compiler. The re-
sult of the compilation is a FORTRAN object.

Since some operation is easier to be done in assembly language, part of this system program is written in assembly
language. The assembly language source is translated by the macro assembler into assembly language object. This
object is then linked with FORTRAN object and FORTRAN library to generate executable game program. This
program, after running, will display the graphic symbol on TV and accept the control from the external control
cireuits: control knob. shot button, reset button, and timer.
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Fig. 5 System Block Diagram

In order to understand the details of the Preprocessor, let us describe the Graphic FORTRAN language first. It
is a FORTRAN language embedded with Graphic Statements [6]. The Graphic Statements which we have designed
for the system have the following formats :

1) *POINT (x,y)[.int]

Plot or erase a point at location (x,y) depending on intensity ‘int’ to be 1 or not. ‘int’ has a default value of 1.
The addressable points of the display are [0,0] to [255, 255].

2) *LINE (x0,y0), (x1,y1) { (s, yi)} [.int]

Draw line segments from (x0, y0) to (x1, y1), then from (x1, y1) to (x2, y2), and so on, if any. There are a num-

ber of methods to draw a line segment. We choose a method derived from Jordan’s algorithm [7].

3) *DASHLINE (x0, y0), (x1, y1), d1, d2 [.int]
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Draw a dash line segment from (x0, y0) to (x1, y1) by repeating the operation of displaying d1 points and blank-
ing d2 points.

4) *STRANS sx, sy, rotate

User can transform a graphic symbol by including this statement. For example, if we choose sx=sy=2, rotate=60,
then the symbol is to be enlarged to twice its original size, and rotate 60° clockwise about the origin of the coor-

dinate system.
5) *RTRANS

The “*STRANS sx, sy, rotate” statement effects on all the graphic symbol(s) which are described by following
statements. The effect stops when the statement “*RTRANS” appears. In other words, *RTRANS is equivalent
to *STRANS 1,1,0.

6) *DISPLAY pic AT (x,y)

The ‘pic’ is a predefined picture (graphic symbol) name. The picture ‘pic’ will be displayed on the TV screen at
location (x,y).

7) *ERASE pic AT (x,y)
The picture *pic’ which is located at (x,y) will be erased from TV screen.
8) *VECLINE (x,y), dir,n [.int]

Draw a line segment of n points from (x,y) with direction ‘dir’, ‘dir’, which has a value of 0 - 15, specifies one of
the eight directions [3].

Now we can describe the Preprocessor. The function of the Preprocessor is to translate a Graphic FORTRAN pro-
gram into a compilable FORTRAN source program. A simplified flowchart of the Preprocessor is given in Fig. 6.
In the “Game File Selection” block, user can select the desired TV game by keying its corresponding file name on
the console. The Preprocessor will then read in from the file one line at a time for preprocessing. If an end of file
is encountered, we have finished the generation of FORTRAN source. If it is not an end, the Preprocessor will go
to check whether the input line is a Graphic Statement, or not. If it is not a Graphic Statement, then it must be
a standard FORTRAN Statement, we just copy it into the FORTRAN source file to be generated. If it is a Graphic
Statement, then the input which is identified by *6*’ on its columns 6 and 7 should be preprocessed as follows:

Firstly, SCANNER subroutine is called. It just parses the statement, recongnizes the basic elements and calls
appropriate action routines. If there is anything wrong, error messages will be displayed on console; otherwise, a new
line will be created to FORTRAN source file. The preprocessor then goes back to read in next Graphic FORTRAN

statement.

The function of the Scanner is to create a symbol table (SYMT) by parsing the Graphic FORTRAN statement ;
recognizing , the basic element; then Jjumping to appropriate action routines, For example, the symbol table created
for the statement. “DISPLAY BALL AT (x,y)” is shown in Fig. 7.
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The basic elements or tokens are delimited by blanks, comma, period, left parenthesis or right parenthesis. Fig 8

shows the block diagram of the Scanner, where I is the entry index of the symbol table, J is the character index of the
symbol table, and K is the input buffer index.
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Fig. 8 Flowchart of Scanner
Graphic Statements of the. Graphic FORTRAN program can be recognized by noticing a blank and * in column 6
and 7 of that statement. When it is recognized, a corresponding action routine is entered. Since the first entry of
SYMT tells us the type of the Graphic Statement, according to the type we can decide which of the four action rou-
tines generates CALL statement of the following form:

CALL name (ay, a,, a3,..., a,,, int)

where: name is the name of subroutine subprogram. ay, a,, ax,..., a_ are the actual arguments that are being supplied
name Spir ety
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to the subroutine subprogram, int is intensity.
The CALL statement(s) are saved in an output buffer and then written to the FORTRAN source File. For examples,

Grapaic Statements Results of Preprocessor

* POINT (30, 1Y) CALL POINT (30, IY 1)

* LINE (X1, Y1), (X2, Y2), (X3, Y3) CALL LINE (X1, Y1, X2,Y2, 1)
CALL LINE (X2, Y2, X3,Y3, 1)

*VECLIN (100, 25), 3, 50,0 CALL VECLIN (100, 25, 3, 50, 0)

* DISPLAY BAT AT (X, Y) CALLBAT (X, Y, 1)

* ERASE BALL AT (220, IY) CALL BALL (220, 1Y, 0)

* STRANS 2,2,0 CALL STRANS (2, 2, 0)

* DISPLAY SCORE AT (5, 30), IASCORE CALL SCORE (5, 30, IASCORE, 1)

IV. Operation and Results

After having described the Graphic FORTRAN language and tne Programmable TV Game System, we can now
present three sample programs and their results to illustrate the usage of our system [8].

(1) Sample One — SEAWAR

A typical TV screen display for the SEAWAR Game is snown in Fig. 9(a). One player controls tie horizontal
movement of the destroyer and the other player controls the horizontal movement of the submarine. Tae cargo ship
moves across the upper part of the screen at a fixed speed. One player controlling the destroyer must protect tie
cargo ship and depth charge the submarine while the submarine controller tries to torpedo tie cargo ship or the de-
stroyer. Only one torpedo will appear on the screen at any time, rising from the submarine to eititer strike a snip
and cause an explosion or disappear. Only one depth charge will appear on the screen at any time, falling from tie
destroyer to explode on the submarine or disappear when hitting the sea bottom. The submarine player fires tor-
pedoes to score 2 points for hitting the cargo ship and score 3 points for hitting the destroyer. Tie destroyer player
drops depth charges at the submarine and scores 5 points for hitting an area close to the submarine or a hit on tie

submarine.

A hit of the torpedo on the cargo ship or the destroyer or a hit of the depth charge on tne submarine will cause
the symbol of explosion displayed on TV and will cause an explosive sound. In Fig. 9(b), tite screen shows tiat tne
destroyer is exploded when hit by the torpedo. In Fig. 9(c), the ships are not hit by the torpedo and the water pillar
appears. The game is over when either player scores 30 points. Tne main program of SEAWAR game is given in
Appendix for reference.

Fig. 9(a)

The Cargo Siip

is Exploded When
Hit by Torpedo.
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Fig. 9 (b)
The Destroyer
is Exploded.

Fig. 9(c)

The Ships are not
Hit by the Torpedo
and Water Pillar
Appears.

(2) Sample Two — TENNIS

With thie tennis game the symbol on the television screen would be similar to Fig, 10(a), with one *bat’ per side, a
top and bottom boundary, and a center net. The individual scores are counted and displayed automatically in the
position shown. The speed of tie ball and the length of the bat depend upon the selection of the options as entered
from console. After the reset button has been applied, the scores will be 0, 0 and the ball will serve from one side
at arbitrary angle by depressing one of the shot buttons. If the ball hits the top or bottom boundary, it will assume
tie angle of reflection and continue in play. The player being served must control his bat by knob to intersect the
patn of the ball. When a ‘hit’ is detected by the program, it will assume the angle of reflection and continue too.

Fig. 10(a)

The Original
Screen of
TENNIS Game.
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The ball will then traverse towards the other player, reflecting from tie top or bottom as necessary until tue
other player makes his ‘hit’. This action is repeated until one player misses the ball. Tune program taen detects a
‘score’ and automatically increments the correct score counter and updates the score display. Tae ball will then be
served by the player who nas just won. This sequence is repeated until a score of 15 is reaciied by one side, where-

.upon the game is stopped. The ball will not be served again. While the game is in progress, two audio tones are

output by the system to indicate top and bottom reflections and bat hits. Fig. 10 (b) and Fig. 10(c) show the small
bat and the large bat, respectively.

Fig. 10 (b)
The Size of Bat
is Selected by
Player.

Fig. 10 (c)
A Larger Bat
is Selected.

(3) Sample Three — BREAK OUT

BREAK OUT is a one player game which utilizes only one bat as siown in Fiz. 11. Tne left counter displays
the score of the player while tiie right counter suows tie maximum score of the previous game. Tiere are 8 rows
and 8 columns of bricks. The player controls the horizontal movement of the bat. Wien the player pushes tie
shot button, the ball will serve arbitrarily from one side at an arbitrary angle. The ball will then traverse towards
the bat, reflecting from tae end boundary wien necessary, until the player makes his ‘hit’. When a *hit” is detected,
the section of the bat which made the nit is used to determine the new angle of the ball. A score is made waen tae
ball hits a brick. 1 point is for hitting the 2 lowest rows, 3 points for hitting the taird and fourth row, 5 points for
the next two rows, and 7 points for the uppermost two rows. Then tie ball will reflect back. Tais action is repeated

until the player misses the ball. Tiere are three balls for éach player.
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Fig. 11 (a)
The Original
Sereen of
BREAK OUT,

Fig. 11 (b)

The Speed of the
Ball Varies witn
the Score.

Fig. 11 (c)
After the Ball
Hits Tenth
Brick, the Bat
Becomes Smaller

Automatically,

V. Conclusion

A programmable TV game is a new tendency. But how can we develop the program of a TV game? In this paper,
we present an easy method to reaci this goal by designing and implementing a Programmable TV Game System. In
tue respect of software, we desigh a Grapiic FORTRAN language. In the respect of hardware we design a simple
interface for tie player(s) including tiie low speed but low cost ADC,

Tae Programmable TV Game System aas been implemented and applied to three TV zames: SEAWAR, TENNIS
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and BREAK OUT. In considering about the speed, the result is satisfactory for these games. However, for a more
complicated TV game, tie result may not be tolerable. In considering about the memory requirement, Fig. 12
illustrates the program size of the three games. The total program size of BREAK OUT game is 8779 bytes among
which 4206 bytes are shared with another 2 games. Therefore, to implement this game only needs a main program

of 3799 bytes and 744 symbol generation program.

Unit: Byte
Main Graphic FORTRAN Assembly TOTAL
Program Symbol Subroutines Subroutines
SEAWAR 2429 2955 3365 841 9590
TENNIS 2398 308 3365 841 6912
BREAK OUT 3799 774 3365 841 8779
Fig. 12
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Appendix

FACE 88l SE o

C

C MRIN FROGEARM OF SERKAR GRME
7

COMMON ITTN. ITY. 155, ISY, RO
COMAAON [HICH

CRLL REMIRE

CHLL MTXINT

RESET

LS 'l

838 *EFRASE ALLERA
+RTRANS
#LINE 83,890,259, 88)
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1SSCOR=8
IDSCOR=8

*STRANS 2,2,8

*DISPLAY SCORE AT (50, 350, [SSLOR
*DISPLAY SCORE AT ¢ 185,35 ), IDSCOR
[S5HOF=]

IDSHOF=]

JXD=R

JKS=@

10C=-5

ITT=8

1G6=a

DISPLAY CHRGO SHIP

INC=IRRNDS 166, 260 )
*DISPLAY CARGO AT CINC, &%)
JRC=IXC

Loor

| THICH=9
§ CALL ASMCLI
CALL ASMSEI _
JFCINICH EQ. 9> GO TO 2
GO T (888,52,57%, 54,99, INICH
2 IXDb=JVRC [ )
IXS=JYR(E )
ITCNT =8
TFCIXD ER . JXD)Y GO T 3
¥ERRSE DESTRO AT CJXD. (0D
IFCIXD. 6T, 289 08 IS0 LT &) 60 T 3
¥DISFLAY DESTRG AT CIND, 188 )
JXD=LXKD '
3 JFCIXS EQ.JXS)Y GO TO 4
*ERASE SUBMAR AT (JXS.268)
FFCIXS . GT. 208 . 0F INS.LY. &) GO TO 4
*DISPLRY SUBMAR AT ¢ IXS,864)
JNS=1KS
4 *RTRANS
*LINE (@,88).(255,80)
GU 70 §

c

c 888, RESET  IWICH=|

PARSE £82 SE LY R

G2, SUBMRRINE SHOUT TORPEDD

93, DESTROYER SHOOT DEPTH-UHARGE
dd4, TIMER INTERRUET LARGA. TORPEDD, DESTH-CHARG S Mo

a0

OG0

a2
38 IWICH=9

68 IFCINS.GT 208 OR.INS LT.8)Y GO TO o
TESHOF =~
LET=IN5+25
IYT=|%53
*¥DISFLRY TORPED RT CINT. IVT
JET=1RT
JHP=IYT
ITT=-2p
CHLL RSMSNDC 3. 2)
ua o 2

Goagoac
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N

53

Lol o

=3

[ -x3

oo0n

O0O5

S43

47

DESTROYER SHOT DEFTH-CHARGE

RIcG=2

IFC TDSHOF 239, 99,63
FECISD.OT. 200 OR.IND.LT. @) G0 TO &
IDSHOF=-]

JEG=1KD+3E

IyG=114a

*DISFLAY DEFCHA AT CIXG, IYGD
JHG=IXG

JYG=1YG

I55=48

CALL RSMSNDC4.2D

GooTn 2

TIMER INTERRUET: MOVE LARGD, TORFEDD, DEFTH-LHARGE i

IWHIGH=9

IRC=JRC+ 0T

TFCLRC. GT. 0 G0 10 S4¢
1¥C=[9a

#ERASE CARGLD AT (JXC, 630
*DISFLAY CARGO AT CIXNC.€93
JHC=IKC

HOYE TORFERO. RAND TEST

IFY TSSHOF Y542, 55, 55
I¥T=dYT+ITT

IFCIVY. LT. 88 60 T0 G468
IFCIVT. LT, L1 GO 10 543
*ERASE TORPED AT CJXT,IYT
*DISFLAY TORPED AT CIKT.IVT
JET=IXT

dyT=1rT

G Yk 538

THOMN=1RI+50

TECIST. BT, IND, AND ., IXT LT, IXPHX) G0 TD 544
GO T G449

FRGE Ba3  SE SR
Sde INCMN=TRC+E8

&t
=i

S48

TECINT . GF. INC.8ND IRT.LT. ISCHE) G010 545
FERRSE TOSRFED AT CJET JIYT A

FOISELAY TORPEZ BT (INT.IYT?

CRLL ASNSNDCY,2)

ISSHOF=1

F+ERASE TORFEZ AT LINT.IYTS

g ro 858

*DISPLAY EXPLOR HY CJSD, (882

CRLL BSHSND{d, 32

155HaE=1

ISSCOR=]5500R+2

FETRANS & £
*DISPLAY SCORE AT (59.35) IS5COR
FERASE TORFPED AT ¢JINT.JYT)
*ERHSE EXPLOR AT Pl 1R
FERASE RESTRO BY CJXDE, (8008

GO T 548

SOISPLAY EXPLOR AT CINC. 65D

CALL RSMSNGC S, 3D

IS5HOF=]
ISSCOR=SsCOR+E
FETRANS 2.2, 4
*DISPLAY SCUSE BTSN, 35 2 [RE008
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$ERASE ENPLUR AT ¢JSC, 693
SERASE CARGO AT CJNC.69)
*ERASE TOKPED AT CJXT.JYT)
GO TH S48

S48 JFCISSCOR. LT .30) GO TO 5%
ISSHOF=0
IDSHOE=8
CALL ASMSNDC 4,52
G0 TO 2

C
C 38 MOVE DEPTH-CHRRGE AND TEST
C

55 IFC IDSHOE Y551, 99, 99
Gal IYG=JYG+ 150G
INSMY=1X5+65 .
TECIXG. GT. NS AND, ING LT, INSHX) GO 1O S8
G54 JFCIVG. GT.250) GO YO 583
*ERRSE DEPLHR AT ¢JXG.JYG)
*DISPLAY DEFCHA RY CING, 1¥G)
JRG=ING
JYG=1Y6
GO T 89
SE3 KERRSE DEPCHA AT NG, JYG)
DALL RSMSKEC 4, 2)

1DSHOF=|
5O TO 99 .

Ja2 IFCIYE. LT 288) GO TO 554
FDISPLAY EXPLOR AT ¢JXS.208)
CALL RSHSNDC 4,32
TOSE0OR=] DJ:TL'-”CIR +5
FLTRANS 20 2.0
#DTSPL H‘r' 51 UPF AT (185,35, [pSEOR
1DSHOF=
FERHSE EXPLOR RT ¢.JNS. 208 )

FAGE 084 SE LSH:

¥ERASE SUEBMAR RT (JXS.288)
*ERASE DEFCHAR AT (JXG, JYG»
IFCIDSCOR.LT.38) 50 1O 99
1D5SHOF =6
IS5HOF=R
CALL ASMSNECH, &)
Goorm 2

2 60 1o »

L0 T2

ST0F
c
& END OF SEAWAR GAME MAIN FROGRAM
&

END

In this program, we use some utility subprograms. These subprograms are provided for a user to develop nis TV
game program. The subprogram names and their functions are:

ASMCLI A subroutine subprogram which enables the interrupt.
ASMSEI A subroutine subprogram which disables the interrupt,
ASMSND (X,Y) A subroutine subprogram which generates sound.
X for sound selection,
Y for sound duration.
JVR (D) A function subprogram which returns the value of control knob of player I. Its range is [0, 255].
IRAND (A, B) A function subprogram which returns random number of [A, B].
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ASMIRQ A subroutine subprogram which initializes P1O’s,
MTXINT A subroutine subprogram which initializes MTX-256%*2 interface.
ASMSND (1, J) A subroutine subprogram which selects tine Ith sound generator and generates tiie sound for a time

interval depending on J.

A simplified flowchart for this SEAWAR GAME is shown in the following figure. To understand the flowchart, it
is important to notice that there is an interrupt service routine which updates the COMMON variable IWICH ac-
cording to the types of interrupt. Depending on the value of IWICH, different routes of tne flowchart are taken.
For example, when a timer interrupt (IWICH=4) occurs, cargo ship, torpedo, and depth charge should be moved. To
move a cargo ship means to erase it and then display it again at other position.

SEAWAR

Initialize
Hardware
l 5 Erase
B SUBMAR
Initialize
Screen 1
i Display
| IwicH=9 ] SUBMAR
1
——l@abe Interrupt] Display
{ LINE
LDBubie]niHTqu !
Interrupt
Service
Erase RESET |A shot B shot |Timer
DESTRO
i -
Display lIWICHq IWICH=2| [IWICH-3 [IWICH =4
DESTRO :

Return
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