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CRT CONTROLLER

TAMES 1861 VIDEO

By Stephen P, Clark -

A (RT controller (CRTC) is a mechanism used to
place characters on a display screems Computer
terminals, television typewriters (TVIs), and
most specialized (RT devices employ some type of
CRIC to produce messages on a screen.

This article describes two software routines
which provide 1802/1861 microprocessor systems
with the capabilities of a CRIC, including
cursor control, line scrolling, reverse video,
and character generations The software occupies

two pages of memory (including screen refresh.

routine), and displays four pages (1K bytes).
It produces 21 lines of 16 characters on the
screen.  Hardware requirements are:

1., 1802 gystem with 1861 video display chip

2. 1 3/4 K of RAM (7 pages)
The routines may be called from application
programs, may be combined with an input routine
(provided below), or may be*used to print
prestored MESSAgEes.

Functions of a CIRC

A CRTC must do three things:

1, Produce a video sigmal.-. .

2. Generate characters. RN

3. Control the cursor.
mst be produced by hardware
(the 1861 chip in-Elf systems), but the other
two functions may be provided by hardware,
software, or some combination. Single chip
(hardware) CRTCs are available today, and have
several advantages over the software approach:
they leave the CPU free for other functions,
they generally give higher regolution character
sets, and they are easier to use with
application programs. However, some hardware

-display systems do not allow for graphics, have

fixed character sets, and completely isolate the

display from the application programe Before

purchasing a video display system (video board),

it is important to decide what functions it will
be required to performs If character printing
will be the main application, a serial interface
to an RS-232 termimal will be sufficient, If
graphics capability is required, you will need a
bit-mapped display, or some cther arrangement
which gives access to the character set and/or
display memory.

The routines given here simulate the operation
of a terminal with the 1802/186] hardware. Each
routine will te discussed below, along with its
function in a CRTC.

Character Generator, OGEN

The second function of a CRIC, character
generation, 1s performed by the routine CGEN
uging the character pattern table CTABIE. Fach
character iIn CTABLE occupies three bytes, Each
byte of the pattern is split into two four-bit
halves and stacked in the display memory area,
left half over right half. Characters are thus
four bits wide and six bits higha Some clarity
1s lost with the four-bit width, since spacing
mast be included, but it is not that noticeable.

The ASCII characters space (hex 20) through
upper—case Z (hex 5A) are included in CTABLE,
three bytes each, thus CTABIE is 177 (decimal)
bytes long, As an example,,the character A
(upper-case A) was designed’ in the following
manner:

» 0100 4

. . 1010 A byte 1 = 44
eee 1110 E
.. 1010 A byte 2= = FA ' . ™~
. « 1010 A
0000 @ byte 3 = AD

Both CTABLE and CGEN reside on RAM page 2, and

together they occupy the entire page, addresses

-
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0200-02FF. The details of CTABLE may be
obtained by following the reverse of the above
procedure,  When CGEN is entered, registers RC-
RF hawe been set up by the calling routine.
CGEN operates in the following mamer {refer to
the listing for CGEN):
CGRN-CONT: Sets up a mask of FO or OF to clear
: the display memory, deperding on the
switch in RF high. Stores the mask
in WORK! (work area in the calling
program; see (RIC L5 discussion)
NEXTC: Gets the next byte from CTABLE,
breaks it into two four-bit
patterns, left justifies them, and
stores them in WORKZ and WORK3.

RIUST: If switch (RF high) is not zero, .

right justifies WORKZ and WORK3.

DISP: Takes a byte from the display area, :

ANDs it with WORK! to clear it, ORs
it with WORKZ to put the pattern in,

then replaces it in the display.:

Then moves down eight bytes on the
display and does the same operations
with WORK3, Thus, two half-bytes
are placed on the screen.

CHEK: Checks loop counter in RF low If
zerg, exit. If mot zero, move down
eight bytes on the display and go
to NEXIC.

CEN must be called with the MARK/SEP method.

Registers RC through RF are destroyed by CGEN

(see further details below).

Cursor Control, (RIC 1.5
The cursor is more than a character on the

screen (see reference 2). It is a whole-

subsystem for determining what happerns on the
display. The routine CRTC L5 performs the
foellowing actions listed as essential for cursor
operation in reference 2:
l. Shows the operator the next position on
the screem.

2. Updates and enters a new character when
it arrives,

3. Advances one character after update.
4. Returns to home (upper left screen)

5. Returns to beginning of next line
{carriage returnk

6. Frases the display (fills with blanks).

»f;,. also performs these operations, listed as
op. mal by reference 2:

7. Backspace.

8. Scrolls upwards.

¥
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RHERE:  Return

9. Emphasizes parts of the display
(reverse video) Refer to the CRIC 15
listing for the labels used in the
detailed discussion below:

CRTC: loads cursor locations from storage
at HDISPL, LDISPL and SWITCH, and
sets up registers RB through RF. No
special. setup 1s required for
calling CRTC L.5. It expects the
character to be in the accumulator
(D register) upon entwy, and should
be called with qkhe MARK/SEP
technique. .

CKSP: Checks the character for one of the
special characters:

(R{(D)-carriage return/line feed
DEL(7F)—clears the screen
ESC(1B)-reverse video
BS(08)~backspace, control-H

These characters were selected for

ease of use with a particular ASCII
keyboard, and can be easily changed.

CAP: Converts lower case to upper Case.
VALID: Computes CTABLE address for valid
characters. The formula is:

{character minus 20 hex) times
three, This is done by storing the
subtraction in WORKl, shifting left
{multiply by two) and adding the
5or1ginal. Then call CGEN. (Note:
Som;z irvalid characters will sneak
by.

from CGEN call. Re—
establishes registers, then begins

cyrsor update.

UPSW-NUBYT: Updates the leftlrighth switch, and
+. checks to see if a new display byte
is needed for the “next cursor
position. If a*-.*,[pw.'display byte is
needed, it alsocachecks for end of
line. Since all lines end in 7 or
F, the last three bits may be
examined for this.

CRET: Performs carriage returh/ lige feed
The line feed is done first by
adding 30 hex (six lines), then the

return is accomplished -by zercing -
the lower three bits (all linesic

beginn with O or 8 in the lower half-\
byte).
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SCROLL:

Check for cursor off the screenn TIf
too low, go to HOME. 1If not too
high, go to RPLCUR. 1If too high,

pass through SCROLL.

Moves the entire screen up 30 bytes
(hex), clears the bottom line (see
CLEAR), and sets the cursor on the
bottom line at SETL. (Note: The
routine does not scroll wntil there
is a attempt to place the cursor on
Page Seven.)

Replaces the cursor and left/right
switch at HDISPL, 1DISPL, and
SWITCH.

If CURON {s mot zero, this section
writes the cursor on the screen.
The @ (at sign, hex 40) in CTABLE
locations 0260-0263 is used., It is
set as ant uderline.

Clears the screen and homes the
cursor. The screen is cleared by
taking the first byte of the space
from CTABLE, location 0200, and
writing it over the entire display
area. If you are using reverse
video, the screen will be all white
(see REVRS)L

Sets the cursor to the top of the
screen, location 0310 with SWITCH
set to zerow' There are 128 rows of
dots on the screen, and we use 6 for
each line of characters, giving 21
lines of characters with 2 rows of
dots left over. These two rows are
at the top, 0300-0307 and 0308-030F.

Backspaces by resetting the switch
ard decrementing the cursor display
location if necessary. This will
not backspace from the begimning of
a lines, Control-H (hex 08) is used
for backspace.

Gives reverse video. This 1is
accomplished by reversing the
character set in CTABIE, rather than
the display. This was dore so the
system can be reversed at any time,
allowing individual lines or
characters to be .reversed for
highlighting, Typing ESC (escape,
hex 1B) will reverse the character
set from whatever it was before, so
once the screen Is reversed, to set
it back type ESC again. If you
alternately reverse and clear ESC,
DEL, ESC, DEL), you will see the
screen go alternately light and
dark.
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CURIN: Cursor on/off. This should be set
when the program is entered, or by
the monitor. If zero, ne cursor
will be written but all other
functions will be the same.

HDISPL: Storage for the high byte of the
current cursor (display) address.
Should start at Q3.

LDISPL: Low byte of the cursor address.

Should start at 10,

SWITCH: Left/right cursor address.
' Determines which half byte of the
cursor location to write to

WORKI-WORKS :Work area used by the routines.

The routine CRTC L5 is located at the
beginning of page one, locations OlO0-OlEE It
must be called with the MARK/SEP technique, with
its address in one of the registers R3-RA
inclusive, and the character in the accumulator
(D register) in ASCII hex representation. The
registers RB-RF will be destroyed after CRIC L5
and CGEN finish, so the contents of these in the
calling program should be saved ard restored if
needed after the call, Between calls, however,
RB-RF may be used for any purpose. Since
scratch registers are often required, I suggest
RB-RF be used for temporary storage, and R3-RA
for (relatively) permanent values such as
subroutine address, data pointers, etc. (RIC
L5 initializes the registers RB-RF each time,
and need mot be saved by the calling program.

Display Refresh Routine, REFR

The screen is refreshed by the routine REFR.
It is located on page one after CRIC 1.5, at
addresses QlEF-0IFF. This is the standard 1 K
byte display routine for 1802/1861 systems; it
requires that R2 point to a stack location, and
Rl must contain the REFR address, OQlEF. These
must be set up by the user's program (see

 below). REFR sets RO to point to 0300, the

begimming of the display area.
Changing the Routines
These routines are designed to reside on pages
ome and two, ard to display pages three through
six To move them, changes must be made to CRIC

L5 and REFR.  These locations require changing
in RTC 1.5;

Page vhere (RTC 1.5 resided: 0105

Page where CGFN/CTABLE are: 0112

Beginning of display: 0i6B,0174,01B6,01C7 -
End of display: 0170,0182,0187,0191,01C3
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In REFR, change location F9 to begiming display

page. Alternate character sets may : References —
be placed in CTABLE. OGN is "pure” " N
subroutine (does not modify itself), 1. taas, Bob, "Single Chip Video Controller,
and no changes are required to move Byte, May, 1979, page 52 .
it. .
| 2. Lancaster, Don, TV TYPEWRITER COOKBOOK,
If other special characters are desired, you Howard W Sems and Co., 1976, pages 104-105.
will need to make room on the CRTC 1.5 page .
(page one) for the code. The REFR routine could Reglsters Used
be moved 1if desired. ‘ Keybogrd Read CRTC 1.5 REFR CGEN
E 2 E
Using the System g 3 Daﬁ ! B
1 Interrupt PC
The keyboard read routine listed below 2 Stack Stack
demonstrates use of the system. My gystem has 3 PC
an ASCII keyboard at parallel input port 7 (6F A Addr. of PC
instruction) attached to the EF3 lina. To use CRTC 1.5
the hex keyboard, change locations: B CGEN PC
C Character Character
19 from 3E to 3F D Cursor Pointer Peinter
IB from 6F to 6C ; Mata et

21 from 36 to 37
Keyboard Read
You may then type the ASCII code on the hex

This program reads an ASCI! keyboard, 3See text for
keyboard ard press the input switch. details.
The instructions at 00000018 are used to set ADDR CODE LABEL  CPCODE OPERAND COMMENT
up the registers for display:
. : 0000 3003 BEGIN BR SETUP seassnsassflrst 3
RO = used by screen refresh 0002 Ca NGP bytes open —
512 f screle{n rifrESh routine, OlF1 0003 90 SETUP  GHi v Set up page pointers
= stack polnter 0004 B2 PHI 2 Stack oh page 0 :
R3 = main program counter (arbitrary) 0005 B3 PHI 3 MAIN on page 0
RA = CRIC 1.5 address, 0103 (arbitrary) 0006 FBO1 LDt #01
008 B1 PHI 1 REFR on page 1
Register RB-RF will be destroyed after calling 0009 BA PHI A CRTC 1.5 on page |
CRIC L.5, but may be used between calls, or 000A F8F1 LDI REFR
saved and tored ¢ooC A1l PG 1 R1=REFR address
Vv restoreds 0000 FBFE LDI #STACK
X ) o D00F A2 PLO 2 R2=STACK
. Since the display refresh routine is located 0010 FB17 LDI AN
with CRIC L5, it need not be entered with the 0012 A3 PLO 3 R3=MAIN address
main program. The system should be called with 0013 F803 LDi  HCRTC
the instructions at (O1E-0020: 0015 AA PLO. A RAGCRTC 13
: address
0016 D3 SEP 3 Change prog.
MARK : counter
SEP X Call oMm7 E2 MA N SEX 2 Set x=R2
DEC 2 Return here from call 0018 69 INP 1 Turn TV on
cO19 3019 WAIT1  BN2Z WAIT! Wait for keyboard
. 001B &D INP 5 Read ASCI| keyboard
where X is some register R3-RA. 001C 64 ouT 4 Send to LEDs
After entering the main program, type several 001D 22 DEC 2 Reset stack for
characters in order to become familiar with the ouT 4%
character set. Try alternating reverse and gg}g g: "s"égK A Call CRTC 1.5
clear, ESC, DEL, ESC, DEL. You can draw block 0020 22 DEC 2 Return, decrement
pictures by spacing over, reversing, spacing stack
some more, then reversing again, and spacing to 0021 3521 WAIT2 - B2 .WAIT2Z Walt for keyboard up
erd of line. 6023 3019 BR WAIT1  Go get another input
Having 21 lines of 16 characters means you can *The OUT 4/DEC 2 send the input character to the hex
get emough text on the screen to display several display LEDs. This is for demonstration only, and not .=
, messages, or several names and addresses. required by the CRTC 1.5 system., Remove these two

Instructions for most applications, -
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Follow Ing

is a

CRTC 1,5

listing of the subroutinpe CRTC

1.5,

This routine generates the cursor, performs character

conversion,

and handles special

characters. 14

resldes at the beglnning of page one,

ADDR
0100
G101
0102
0103
0104
0106
0107

0109
010A
010B
o10C
10D
O10E
010F
(VAR
o1l
o113
0114
o5
ony
o118
alg
o118
orin
OME
0120
... 0122
0123

0125
0127
0128

012A
¢12c
0120
012F

0131
0132
0134
0135
0136
0138
0134
0138
013C

013D
013€
0140
AL
0142
0143
0144
0146
0147
0148
0149
014A
0148
1140
014€

CODE

EZ2
12
70
AC
FBx
BE
FBE9

AE
EE
72
8D
72
AD
72
BF
Fao2
BB
BC
FaB4
AB
8C
FBOD
325A
BC
FBTF
3285
8C
FB1iB

3209
8C
FBOS

3260
8C

FD5A
3335

8c
FF20
AC
8C
FF20
3800

LABEL
EXITT

CRTC

CKSP

CAP

YALID

RHERE

UPsSw

OPCODE OPERAND COMMENT

SEX
ING
RET
PLO
LDI
PHI
LDI

PLO
SEX
LDXA
PHI
LDXA
PLO
LDXA
PHI
LD1
PHI
PHI
LD
PLO
GLO
XRI
BZ
GLO
AR1
BZ
GLO
XRI

BZ
GLO
xR

BZ

GLO
5Dt
BPZ

GLO
SMI
PLO
GLO
SMi
BM
STR
SHL
ADD

PLO
LD
PLO
MARK
SEP
DEG
LD
PLO
LDXA
PHI
LDXA
PLO
LDX
XR)
BNZ

2
2

c
#01
E

#HD | SPL

E
E

#HDSPL
E

D
D

#1
CSMI

QUESTDATA COSMAC CLUB

Raturn
to
Catter
Save character
Current page
to RE
Cursor address
pointer
tco RE
Set X=RE
Cursfor tocation
t+o RD

Switch {left/right)
to RF
Character page
to RB
and RC
CGEN address
to RB
Get saved charactar
Check for CR (return}

Check for DEL (c¢lear)

Check for ESC
(reversa)

Check for BS
{backspace)

SA=char, {(Z)
Already upper case,
branch

Make upper case

Char.-20 {space)
Inval id, go exit
Save in WORK1
Multiply times 2
Plus original
(= 3 times)
Table address to RC
Loop counter

to RF

Call CGEN
Return here
Relcad RD, RE, RF

Reload cursor

Switch

Reset switch

Same byta, go set
cursor

ADDR

0150
0151

0153
0155

0157

0158
0154
G158

015D
015E
015F
0161

0162
0163
0165
0166
0168
0169
016A
0160
O16E
016F
0171

0173
0175
0176
0177
0179
G174

0137C
017D

017€
C17F
0180
0181
0183
0185
0186
0188
0184
018C
0180
018E

0190
0192
0193
c185
0196
0198
0199

0198
G19C
0190

019E
019F
CG1AD
01A1
01A2
O1A3
01A5
O1A7
01A8

CODE

8D
FAQY

FBOT
325A

FC30

3200
F860
AC

FB803

LABEL
NUBYT

CRET

CsM3
CSM1
CURSET

SCROLL

SLINZ

LOOP 1
LO0P2

SETL
RPCM4
RPCM3
RPLCUR

WRCUR

Page &

OPCODE OPERAND COMMENT

GLO
ANI

XR!
BZ

INC

BR

GLO
ABI

PLO
GHI
ADCI
PHI
GLO
ANI
PLO
LD!
PHI
GHI
SM|
BM
GHI
501
BPZ

LD}
PHS
PHI
LD
PLO
AD!

PLO
LDA

STR
INC
GH1
SDt
BPZ
GHI
sDt
BM

LDI
PLO
LD
B8R

LDI
PHI
LDI
PLO
LD}
PHI
LD}

PLO
GHI
STXD

GLO
STXD
GHI
STXD
LDX
BZ
LDt
PLO
LDI

D
¥07

#07
CRET

D

CsM3
D
#30

)]

D
#00
D

o
#F8
D
#00
F

D
#03
HOME
D

#06
RPLCUR

#C3
D
F
#¥10
D
#30

F

F

D

D

F
#06
LOCP1
D
#06
SETL
#00
c

c
LOCP2

#06
D
#D0
)]

#00
F

#SWITCH

E
E

EXITT
#60

c

#03

New byte

Take low three
bits

Check for 111
Yes, do carriage
return

No, increment
display

Go sat cursor
Carriage return
Next line, add 30
hex

tor [ine feed

Remove low 3 bits
Clear the switch

Set cursor
Page-3
Too low, go home

6-~page

On screen, go
replace cursor
Scrofl up

Flrst line starts

One |ine be!ow
flrst

(RF greater than
RD)

Load from RF,
advance

Replace to RD
Advance RD
Check RF for end
6 - page

Repeat if on screen
Check RD for end
& - page

End of screen

First tbyte of space
Repeat, clear
bottom

Set bottom line

Clear switch

Replace cursor/
switch

Get switch In RF
Replace switfch in
memary

Replace cursor
Load CURON
Cursor off, exit

Cursor character

Loop count
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ADCR
01A4
01AB
O1AC
01AD
Q1AF
0180
0Bt

CQODE
AF
9B

F8EC
AE
79
DB

1Bz 22
01B3 3000
0185 F803
0187 8D

0188
01BA
01BB
018C

C1BD
GI1BE
O1BF
o1co
a1c1
01Ccz
01C4
01C6
01C8

F800
AD
AC
oc

AF
8F
5D
0
o0
FDO6
33BE
FBO3
BD

01c9
01CB
01cD
01CE
o100
0101
0103

F810
3095
9F

3A96
8D

FAQ7
3200

0105 2D
0106 9F
0107 304C
01D9 F8BO
010B AC
01DC EC
010D FO
O1DE FBFF
01E0 73
O1E}
01E2
01E4 3ADD
01E6 3000
o1es O
O1ES
O1EA 10
01EB 00
O1EC 00
01ED 00
G1EE 00

FCO1

Following is
REFR.

ADDR

Q1EF
01FQ 70
01F 1
01F2

Q1F3
01F4
GIF5
01F6
O1F7
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LABEL

RHERZ
CLEAR

LOOPC

HOME

BKSP

REVRS

LOOPR

CURON
HDISPL
LDiSPL
SWITCH
WORKI
WORK2
WORK3

OPCODE OPERAND COMMENT

PLO
GHI
PHI
LDI
FLO
MARK
SEP

DEC
BR
LDl
PH!
LDI
PLO
PLO
LDN

PLO
GLO
STR
INC
GHI
L]
BPZ
LDI
PHI
LDI
BR
GHI
BNZ
GLC
ANI
BZ

DEC
GHI
BR
LDI
PLG
SEX
LDX
XRi
STXD
GLO
AD}
BNZ
BR
#01
#03
#10
#00
#00
#00
#00

F
B
c
FWORK1
E

B

2
EXITT
#03

#00

ooomm™m

#06
LoCPC
#03

#10
RPCM4

RPCM3
M)

#07
EXITT

UPSHW
#80

#FF

#01
LOOPR
EXITT

REFR

CGEN page
Point to WORKI

Call CGEN for
cursor

Return here
Exit

Clear screen

Load 1st byte of
space
Save in RF

6 - page
Repeat
Home the cursor

First line

Go place cursor
Backspace

I¥ not zero, go set

Chack low 3 bits
Cannhot bksp, from
beglinning

Set back 1 byte
Get switch again
Go replace cursor
Reverse char, sot

Comp 1 ement
Replace, decrement
Chack for end
Compensate for end
Repeat

Exit

Cursor on (O=off)
Cursor address

Switch (Q=left)
Work area

a listing of the display refresh routine,

LABEL
EXITR
REFR

OPCODE OPERAND GOMMENT

LDXA
RET
NOP
DEC

SAV
DEC
STR
SEX
SEX

MR R R

Restore D
Return to caller
Timing no-op.
Decrement stack
pointer

Save T Register
Decrement stack
Save D on stack

ADDR CODE

C0IF8
G1FA
OlFB
O1IFD
O1FE

The character pattern table, CYTABLE, is

through upper-case Z,

F803
BO
F800
AO
30EF

bytes.

Addr

0200
0210
0220
0230
0240
0250
0260

"0270

0280
0290
02A0
02B0

LABEL

Contaents

0000
4810
0004
EAAA
62E0
0004
0000
C8EO
EOAA
EAES
AAEO
EO

0044
OFg99
E400
EQ44
48EA
0480
FO4A
ESCS
CAAD
BOEA
AAAA

4040
FO88
0004
4440
EQEA
2484
EAAD
80OES
8888
AAFQ
40AA

onto the display.
following the character pattern table,

- ADDR

0281
0282
0283
0284
0ZB5
02B6
0288

OZBA
028C
02BE

02BF
02C0
02Cc2
0203
02C4

02C5
02C6
o2C7
02C8
02C9
Q2CA
02C8
02CC
G2CE
02CF
0200
0201
0202
0203
02D4
0205

LDt #03 Display page
PHI ] to RO
LDI #00
PLO ¢
BR EXITR Exit
CTABLE
located at
addresses 0200-02B0, and includes the characters space
Each . pattern occupies threse
AADD OQAE AEAD ECOE 4092
G000 4888 4042 2240 A4AD
8000 EQOO 0QCO0 4012 4800
E248 £OEZ 62E{) 8AEZ 20E8
2220 EAAA EOEA E220 0404
200E OEQC 8424 BOEA 2020
EACA EO068 8860 CAAA COES
AAEQ AAEA ADE4 44E0 Z22A
ECAE AARAC 9DBS 90EA AAEC
EACA 90ES EZEQ E444 AQAA
AEADQ AA4A AQAA 4440 £248
Characters designed by June Clark,
CGEN
. This routlne stacks the four-blt character patterns
It is located on memory page 2,
—
OPCODE OPERAND COMMENT
SEX 2 Return
INC 2 to
RET Caller
SEX E
GHI F Get Switch
BZ SLEFT  Switch=left
LBl #FQ Display clear
right
BR CONT
LDo #OF Display clear left
STR E Save clear in
WORK 1
LON cC Load char, pattern
ANI #FO Get laft half
INC E Point to WORK2
STR E Save left half
LDA c Load again,
increment
SHL Shift {eft 4
SHL
SHL
SHL
iNG E Point to WORK2
STXD Save right half
GH1 F Get switch
87 DISP If left, branch
LDX Justify right
SHR
SHR
SHR
SHR
5TR E Repiace WORKZ -
{NC £ Point to WORKS
LDX Load WORK3

CODE

£2
12
70
EE
SF
328C
F8F0

30BE
F8OF
5€

oc
FAFO
1E
5E
4C

FE
FE
FE
FE
iE
13
9F
3208
FO
F&
Fb
F6
Fb
5E
1E
FO

LABEL

EXITC

GGEN

SRYT

SLEFT
CONT

NEXTC

RJUST

OPCODE OPERAND COMMENT
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ADDR CODE LABEL  OPCODE OPERAND COMMENT

0206 F6 SHR

Q02D7 F6 SHR

0208 F6 SHR

0209 F6 SHR

Q2DA 75 STXD Replace

0208 2E blsp DEGC E Polnt +o WORKI

Q20C 0D LDN D Load byte from
display

0200 F2 AND Clear wlth WORKI1

’ mask

02DE 1E INC E Point +o WORK2

02DF F1 OR Put char, In

02EQ 5D 5TR D Repiace disptay

02E1 2E DEC E Point to WORK1 again

02E2 1D INC D Move display down 8

02E3 1D INC 0] y

02E4 1D INC D

02e5 1D INC D

0ZE€ 10 INC D

02£7 1D - INC D

02€E8 1D INC D

02£9 1D INC ]

0ZEA 0D LDN D Lead byte from
display

02EB F2 AND Clear wlth WORKI
mask

QZEC 1E ING E Point to WORK3

02ED IE INC £

02EE F1 OR Put char. in byte

O2EF 5D STR D Replace display

02F0 2E DEC E Polnt to WORKI1

0ZF1 2E DEC E

G1F2 2F DEC F

D2F3 BF CHEK GLO F Check end of loop

02F4 3281 B2 EXITC  Done

0ZF6 10 INC D Move dlisplay down 8

02F7 1D INC D

02F8 1D INC ¥

02F9 1D INC D

0ZFA 1D INC D

0ZFB 1D INC D

0ZFC 1D INC D

02FD 1D INC D

0Z2FE 30BF BR NEXTC  Repeat iocop
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0000 3003 C490 B2B3 F801 B1BA FBF1 AIF8 FEA2
0010 F817 A3F8 Q3AA D3EZ 693D 196D 6422 79DA
0020 2235 2130 1900 000C 0000 QOO0 0000 QOO0
0030 0000 0000 0000 000G 0CQ0 G000 Q000 0000
0040 000C Q000 DOCO 0000 0000 0000 0000 0000
0050 0000 0000 0000 G000 Q000 0000 DOOO 0000
0060 0COC 0000 0000 0000 0000 0000 00CO 0000
0070 00GO 0000 0000 Q00O 0000 0000 0000 0000
0080 00CO 0000 000G 0000 0000 0000 0000 0000
0090 0000 0000 0COO 0000 D000 000C 0CGA Q000
00A0 0000 0000 00CO 0000 0000 000G QGCC 0000
O0BO 0OCC 0000 0COO 0000 HN00 000C 0COC 0000
Q0CO 0000 0000 0CO0 0000 0000 0000 0000 0000
00D0 0000 0000 0GOO 0000_0000 000C 0000 0000
Q0EQ 000C 0000 0GCO G000 0000 0000 0000 000D
00F0 0000 0000 000G G000 0000 0000 Q000 000D
0100 E212 70AC F801 BEF8 E9AE EE72 BD72 AD72
-0110 BFF8 02BB BCF8 BAAB B8CFB 0D32 5A8C FB7TF
0120 3285 BCFB 1B32 D98C FBOB 32CD 8CFD 5A33
0130 358C FF20 ACBC FF20 3BOC SEFE F4AC FB803
0140 AF79 DB22 F8ES AE72 BD72 ADFO FBO1 3A68
0150 8DFA Q7FB Q732 5A!D 3066 BDFC 30AD 9D7C
0160 00BD BDFA FBAD FB8Q0 BF9D FFO3 3BC6 90FD
0170 0633 99F8 O3BD BFF8 10AD FC30 AF4F SDID
0180 9FFD 0633 7D9D FDO6 3B90 FBOQ ACOC 307E
0190 F806 BOF8 DOAD F800 BFFS EBAE 9F73 8D73
01A0 9D73 FO32 OOF8 60AC F803 AF9B BCF8 ECAE
01BO 79DB 2230 O0OF8 C3BD FB800 ADAC OCAF 8F5D
01C0O 109D FDO6 33BE FBG3 BDF8 1030 959F 3496
0100 8DFA 0732 0020 9F30 4CF8 ROAC ECFO FBFF
01EQ0 73BC FCO1 3ADD 3000 Q103 1000 0000 0072
01FQ 70C4 2278 2252 EZ2E2 FBO3 BOFB Q0AD 30EF
0260 0000 0044 404C AAQD ODAE AEAD ECBE 4092
0210 4810 OF99 FOB8 0000 4888 4042 2240 A4AD
0220 0004 E400 0004 8000 E000 0000 4012 4800
0230 EAAA E044 4440 E248 EOEZ2 62E0 BAE2 20E8
0240 62E0 48EA EOEA 2220 EA4A EQEA EZ20 0404
0250 0004 0480 2484 200E QEQQ 8424 80EA 2020
0260 0000 FO4A EAAD EACA E068 8860 CAAA COESB
0270 CBEO EBCS 80ES AAEQ AAEA AOE4 44EC 227A
0280 EOAA CAAQ 8888 EQAE AAAD SDB9 90EA AAED
0290 EAES 80EA AAFO EACA Q0ES EZEQ E444 40AA
02A0 AAED AAAA 4DAA AEAD AA4A ACAA 4440 E248
0280 EOE2 1270 EESF 32BC F8F0 30BE F8OF 5E0C
02CO FAFQ 1E5E ACFE FEFE FEIE 739F 320B FOF§
0200 F6F6 F65E 1EFC FB6F6 F6F6 732E QDF2 1EF!1
0ZEC SD2E 1D1D 151D 1DID 101D ODF2 1EIE F15D
02FQ 2EZE 2F8F 32B1 1D1D 1D1D 101D 1DID 30BF

BEAT THE MACHINE

by
Mike O'Rourke

I originally built this game as a digital
project using discrete ICs. It tock eleven ICs
ard although it had a variable delay it was not
automatics. It also did mot play the two notes
at the erd of the game. When I got my Super EIf
I decided to program it to play my games Using
a microprocessor system you not only get a
better more flexible game, but it takes only
four ICs.

To play the game, load the program in at
page O, Press Run ard the data displays will
show 88 Press Input and whatever the computer

QUESTDATA COSMAC CLUB

displays you must press the corresponding keys.
If you press the right keys and in time, the
computer will award you ore point. Your score
will be displayed for three seconds then the 88
again. Press Imput for another romd If you
are incorrect you will be buzzed and the score
will be displayed. Pressing the Input then
starts a rew game

Incidentally, each time you are right the
computer gets a little faster. If you are good
try putting in combinations like DB, BD, etc.
instead of AA, BR

This program las been written so it will
work on expanded as well ag unexpanded memory,

P.O. Box 4430, Santa Clara, CA 95054
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Registers Used:
X=6 or 0 or 3
0=Entry PC
2=Pginter to Player's tnput
3=Pointer to Flayer's Scare
4=Pointer to Delay Value
5=Delay Counter
6=Pointer to Secret Data
E=Delay Counter

InTtia

lizatton

[
r

-
-

F=Tone Counter

Beat The Machlne Listing

¥

Randomly
select
data

Delay

Did
Flayer
Push right
button

Add one

to players

5COre,

Display for

3 seconds,
Lower

ADDR CODE COMMENT

0000 90 B2 B3 B4 B6 Initialize tops of registers,
0005 F8 90 AZ

Q008 F8 92 A4

0C0B F8 90 54 Initial ize bottom of reg-
Q00E FB 93 A6 isters and memory focations.
0011 F8 91 A3

0014 90 53

0016 F8 AA 56 Store AA in memory.

0019 64 AA Display.

0018 37 32 Check for | key.

001D F8 BB 56 Store BB in memory.

0020 64 BB Display.

0022 37 32 Check for | key.

0024 F8 CC 56 Store CGC in memory,

0027 64 CC Display.

0029 37 32 Check for | key,

Q028 F8 DD 56 Stora DD in memory,

002E 64 CD Display.

0030 3F 16 Check for | key,

0032 37 32 Wait for | key release,

0034 E2 7B

0036 04 B5 25 95 Load detay.

C03A 3A 38 7A

003D 6C Input data.

O03E E6 F5 Check for match,

0040 32 79 If & match go to 78.

0042 E3 64 If not a match display score,

0044 78 FB8 05 AF
0048 2F BF 3A 48
004C 7A F8 04 AF
0050 2F 8F 3A 50
0054 F8 01 BE

0057 2E SF 3A 44
0058 78 F8 FF AF
COSF 2F 8F 3A SF
0063 7A FB FA AF
0067 2F BF 3A 67
0068 F8 01 BE

C06E 2E 9E 3A 5B
0072 3F 72 37 74 EC 30 00 Restart.

Play first note.

Play second note,

0079 E3
007A £8 01 F4 53 Add one to players score.
007€ 64 23 Display.

0080 F8 FF AE BE
0084 2E 9E 3A B4
0088 E4 F8 10 F5 54
008D EO

00BE 30 16

00%) Player Input
0091 Player score
0092 Computer delay
0093 Computer input

For three seconds,.
Decrease computer delay,

Go to beglnning.

QUESTDATA COSMAC CLUB

1 computer

delay,.

Display 5Score,
Sound two
notes,

YES

0000 s0B2
0010 AGF8B
0020 64BB
0030 3F16
0040 3279
005G ZF8F
0060 BF3A
0070 3A5B
0080 FBFF

B3B4
91A3
3732
3732
E364
3A50
SF7A
3F72
AEBE

P.O.

B6FE S0AZ FB92 A4F8 9054 FB93
9053 FBAA 5664 AA3T 32F8 BB56
F8CC 5664 CC37 32F8 DD56 640D
E27B Q4B5 2595 3A38 7AGC E6FS
TBF8 OSAF 2F8F 3A48 7AFS OAAF
F801 BE2E 9E3A 447B F8FF AFZF
FBFA AF2F BF3A 67F8 O1BE 2E9E
3774 E030 OOE3 F801 F453 6423
2ESE 3AB4 E4FB I10F5 S4EQ 3016

Box 4430, Santa Clara, CA 95054
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by
Gary Gehlhoff

The Cosmac Cowboy Target Game displays a
g fighter and a repeating descending target as
shown on page 8 of the program When the input
key is depressed a bullet travels from the erd
of the gun to the right, to location 00B/. 1If a
hit is mot detected the shot displays will be
incremented and the target will continue to
move. If a hit is detected (corresponding
values in both the shot and target registers)
the target is broken apart showing a hit and a 3
second delay is executed before incrementing the
hit and shot display and resumption of the
target movement. After 15 shots have been fired
the program halts until the Input is depressed.
The score is then cleared and the target
movenment again resumes.
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- COSMAC COWBOY

Two delay subroutines are required to keep
the target moving at the same speed when the
shot routine is both active and inactive. While
the shot subroutine is active, control is shared
among the shot routine, delay routine, and the
main programe

This program is designed to operate from
the monitor. At location 0340, or from 0000 via
the Q" button thru 0002,

0110 GUIE 011F 013C
Start o
Reglster - Yideo
Set-Up - tnterrupt
Go fo Main
! Page
0160 0190 0101 0000-00FF
Main € Delay
Target
] Movement » Sub
Controls
0191 O01AA Speed of target
01EE Q1FD
Depressed Shot 4’ Dgi;y
Q=ON Movement| u
Controls Speed
. of targst &
shot tegether
0200  022A 01AB_A 01C! 128 O1ED
tnc Shot YES Hit
Counter Display
& - target
Display Break-up
02728 0237 0300 033C
Test tor :::r‘_’ :“’ «
15 shot Display

|

0238 ¢0257 0260 O2FF R(E)
Walt for Numera |
I clear Display
Shot &
HItT
Display

P.0O. Box 4430, Santa Clara, CA 95054
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Registers Used:

ADDR

0000
0008
0010
0018
o020
0028
0030
0038
0040
0048
0050
0058
0060
0ces
0070
0078
0080
0088
0090
oo9s
00AD
00A8
0080
0CB8
0CCOo
oocs
00DOo
00D8
0CED
0OEB
00F0
GOFB

P=3
X=A or 2
0=DMA
I=Interrupt
2=5P

3=PC

4={sed
S=felay Counter
6=Used
7T=Used
8.1=temporary storage
9=lsed
A=5P

B=Used
C.0=Used
D=lsed
E=llsed
F=Used

co

co
00
FC
co
FC
0c
FC
00
c3
c3
FF
c3
c3
00
00
3F
FF
3F
3F
3E
3F
0c
3F
3F
3F
3
3F
oc
oc
oc
oc
OF

DE

01
0o
00
(0
cc
FC
cc
o0
30
oo
33
30
30
o0
0]
00
co
00
80
0o
00
00
oF
FC
0o
00
00
oo
00
0G
0o
00

SET-

10
00
00
00
FC
cc
FC
00
G0
00
FO
co
co
00
00
00
0o
00
00
0o
00
Y
oo
oC
00
0o
0o
oo
0¢
oo
00
oG

TARGET ONLY -
ADOR CODE
0101 D3 B9 F8
0108 3A 05 99

P

00
oo
00
00
FC
30
30
00
Q0
00
00
0o
00
oc
o0
0o
00
by
00
oo
oc
a0
00
00
00
o0
00
oG
00
0o
00
0.0]

60
00
00
00
00
oo
00
00
co
00
0o
00
00
00
00
oo
00
0o
00
00
00
00
o0
00
00
00
0o
00
oo
00
0o
00

DELAY

cc
30

AS
ey

00
4]
00
o0
o0
oo
0o
oo
0o
0o
00
00
4]
00
00
00
00
00
a0
00
0o
o0
00
0o
o0
00
oo
o0
oG
0o
00
oo

SUBROUT INE

25

REGISTER SET-UP
ADDR CODE
01106 F8 01

00
00
00
00
00
00
o0
0o
[014]
oo
00
o
00
00
o0
00
0o
00
00
00
00
Qo
00
a0
00
QG
0o
00
00
00
a0
o0

85

00
00
oh
00
00
o0
00
00
00
00
($]
00
00
a0
00
00
00
00
00
00
00
00
oo
00
00
00
oo
00
00
co
0c
o0

B1 B2 B3 FB 30 A3
0118 F8 Cb A2 FB 21 A1 D3

QUESTDATA COSMAC CLUB

REG!STER CHART

R(1) Interrupt Q121
R{2} Stack ocy
R(3}) Main 013D
R(4) Delay Counter in hit display
R{5) Delay Counter in both delay subroutines
R{&}) Number of Shot pesitions QU006
R{7)} Starting Address of shot (00B2)
R{8) Delay Subroutines

a} Targst Only 0101, ENTRY = 0102

b} Target & Shot O1EE, ENTRY 1= O1F1,

ENTRY 2 = D1EF

R{9) Accumulater Saving & other counters
R(A) Target starting address (0007)
R{B} No of target positions {0020)
R{C} RI(C).0 shot display location
R{D) Shot subroutine (0191), ENTRY = 0192
R{E} Numerai display
R(F) R{F).0 shot count R(F),1 Hit Count

VIDED DISPLAY INTERRUPT
ADDR CODE

O11F 72

0120 70 C4 22 78 22 52 F§ 00
0128 BO F8 G0 AD C4 C4 80 EZ
0130 £2 20 AD E2 20 AC E2 20
0138 AD 3C ZE 30 IF

MAIN (TARGET SECTION)
ADDR CODE
013D 61 EA F8
0140 01 B4 B5 BB BC BD F8 00
0148 B& B7 BF AF BA BB F8 07
0150 AA F8 20 AB FB 92 AD F8
0158 02 A8 F8 B2 A7 F8 06 A6
0160 37 63 38 DD F8 (3 5A DB
0168 BA FC 08 AA FB 03 F5 8A
0170 FF 08 AA D8 FB 00 5A D8
0178 8A FC 10 AA 37 81 3t 81
0180 38 DD F8 03 5A D8 BB FF
(0188 0% AB 3A 6F F8 00 5A 30
0190 4E

SHOT SECTION
ADDR CODE
0191 D3 7B F8 F! AB FB 80
0198 57 AE DB D3 BE F6 3A 98
01A0 57 17 86 FF 01 A6 3A 9
01A8 FB 00 AB

HiT DETERMINATION
ADDR CODE
01AB BA FF BF 32 C8
Q1BO FF 08 32 CB FC 10 32 C8
0188 7A F8 B2 A7 F8 06 A6 CO
0ico 0z oo

HIT DISPLAY (TARGET BREAK-UP)
ADDR COQE

0I1C3 BA FF 08 AA FB OC 5A BA
0100 FC 08 AA F8 30 5A BA FC
G108 08 AA F8 OC SA 7A F8 40
O1EQ B4 24 94 3A E1 F8 B2 AV
O1ES F8 06 AB CC 03 QO

TARGET & SHOT - DELAY SUBROUTINE
ADDR CODE

O1EE DD 38

OIFD D3 B2 FB AA AD 25 85 3A
01FB F5 95 31 EE 30 FO

P.O. Box 4430, 5anta Clara, CA 95054



SHOT NUMERAL & DISPLAY

ADDR CODE

0200 F8 00 BC F8 14 AC F8 02
0208 BE F8 60 AE IF 8F FF 01
0210 A9 8E FC 0A AE 89 3A OF
0218 F8 05 A9 4E 3C 1C 4E 5C
0220 1C 1C 1C 1C ¢ 1C 1IC 29
0228 89 3A 18 BF FF OF 32 33
0230 CO 01 91 2E F8 00 BF AF

SCORE CLEAR
ADDR CODE
0238 3F 38 37 3A FB OB A9 FB
0240 14 AE FB 00 BE 5E 1E SE
0248 1E 1E IE 1E '€ IE 1E 89
0250 FF 01 A9 3A 42 CO 01 91

HIT COUNTER & DISPLAY

ADDR CODE

0300 F8 02 BE F8 60 AE F8 OO
0308 BC FB 44 AC 9F FC 01 BF
0310 FF 01 B9 B8E FC OA AE 99
0318 3A 10 F8 05 A9 4E 5C 1C
0320 4E 5C 1C 1C 1C 1C 1C 1T
0328 1C 29 89 3A 1D SF FF OF
0330 32 35 CO 01 B8 2E FB 00
0338 BF AF CO 01 B8

ALTERNATE ENTRY PCINT FOR SUPER MONITOR
0340 F8 0t BO F8 10 A0 E3 70 00

NUMERAL DISPLAY R{E}=0260
ZERD (0260) O003F 0033 0033 0033 O0OQ3F
ONE  (026A} 003C 000C 000C 0©Q0C 003F
TWO  (0274) D0O3F 0003 003F 0030 OQOQ3F
THREE(G27E) OQ03F GO03 0QCOF 0003 O03F

.FOUR (0288} 0033 0033 OQO03F 0003 0003

FIVE (0292) O003F 0030 O003F 0003 OO03F
SIX (029C) OO3F 0030 O0Q3F 0033 O003F
SEVEN(D2A6) Q03F 0033 0003 0003 0003
EIGHT (0260} QO3F 0033 O0Q3F 0033 OQO03F
NINE (02BA) O0O03F 0033 003F 0003 G003
TEN (02C4) 3C3F 0OC33 0C33 0C33 3F3F
ELEVEN{O2CE} 3C3C 0COC 0COC O0COC  3F3F
TWELYE(02D8) 3C3F 0OC03 OC3F 0C30 3F3F
THIRTEEN

(02E2) 3C3F 0003 OCOF  0CO3  3F3F
FOURTEEN

(0ZEC) 3C33 0C33 OC3F 0CO3 3FO03
FiFTEEN

(G2F6) 3C3F 0C30 OQOC3F 0C03> 3F3F

IMPROVIQIG CHIP-8

David Crawford

The graphics system used by Chip-8 is
perfectly adequate for many applications:
games, numeric display, graphs.. Many times,
though, one would like to be able to have larger
and finer graphics just for the sake of holding
more information on the screen.

The Chip—8 graphics system uses a 64 by 32
format and uses 256 bytes of memory. The
following modifications and additions to Chip-8
will improve the graphics capabilities of Chip—8
to a 64 by 64 format with the use of 512 bytes
of memory. The additional memory needed is
located in the page previous to the former

display pages
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0000 CO01 1000 0000 N000 0000 0000 0000 0000
0010 FCOQ 0000 0000 0000 COO0 0000 0000 0000
0020 FCOC FCFC 0000 000G QCFC CC30 0000 0000
Q03¢ FCCC FC30 0000 0000 G600 0000 0000 0000
0040 C330 0000 0000 000C C300 0CO0 0000 0000
Q030 FF33 FOOO 0000 CCOO C330 CO00 0000 0000
0060 C330 CO00 0000 N0OC 0000 0000 0000 0000
0070 0000 0000 GOOO NOOC 3FO0 (0000 0000 0000
0080 FFCO 0000 0000 D000 3FO0 0000 0000 0000
0090 3F80 0000 0000 D000 3E0C 0CGO 0000 0000
00AQ 3FO0 0000 Q00O 00CO OCOC GOOC 0000 0000
00B0 3FQF 0000 00CC 0000 3FFC QOO0 0000 0000
0CCO 3FOC 0000 0000 0000 3FOD 0000 0000 0000
00DC 3FQC Q000 0000 0000 0CO0 0000 DDOD 0000
QOEQ OCO0 0000 0000 0000 0CO0 0000 0000 0000
Q0F0 0CO0 000G 0000 Q000 OFO0 0000 000C 0000
0100 00D3 B9F8 CCAS 2585 3A05 9930 O1BB BCF8
0110 FBO1 BIBZ B3F8 3DA3 FBC6 AZFB 21A1 D372
0120 70C4 2278 2252 F800 BOFB 00AQ C4C4 B80E2
0130 E220 AQEZ2 20A0 E220 AQ3C 2630 1F61 EAFR
G140 0184 8588 BCBD F800 B6BT BFAF BABB F807
0150 AAFB 20AB F892 ADFS8 02A8 F8B2 ATFS 06A6
0160 3763 380D F803 5ADB BAFC 0BAA FB03 5A8A
0170 FFO8 AAD8 F800 5ADB BAFC 10AA 3781 3181
0180 380D F303 5ADB 8BFF Q1AB 3A6F F800 5A30
0190 4ED3 7BF8 F1A8 F880 S5TAE D8D3 BEF6 3A98
01A0 5717 86FF 01A6 3A91 FBOO ABBA FFBF 32C8
01BO FFO8 32C8 FCI0 3208 7AF8 B2A7 FBO6 AGCO
01C0 0200 8ABA BAGD 18B8A BAFF QBAA FBOC SASA
0100 FCOB AAF8 305A BAFC 0BAA FBOC SATA F840
Q1E0 B424 943A EIFB B2A7 FBO6 AGCD 0300 DD38
O01F0 D3BS FBAA A525 853A F599 31EE 30F0 1020
0200 FBOC BCF8 14AC FB02 BEF8 G60AE 1F8F FFOI1
0210 AS8E FCOA AEB9 3AQL F805 A%4E 5CIC 4ESC
0226 1C1C 1CIC 1C1C 1C29 893A 1BSF FFOF 3233
0230 COO1 S12E FBOO BFAF 3F38 373A F80B AOFSB
0240 14AE F800 BESE TESE 1E1E 1E1E 1EIE 1E89
0250 FFOT A93A 42C0 0191 G000 0000 0000 Q00O
0260 003F 0033 0033 0033 003F 003C 000C COOC
0270 000C QO03F 003F 0003 OD3F 003D Q03F GO3F
0280 0003 Q00F 0003 Q03F 0033 0033 003F 0003
0290 0003 0Q03F Q030 003F Q003 003F QO3F 0030
02A0 CO3F 0033 003F 003F 0033 0003 0003 0003
0280 0O3F 0033 003F 0033 003F 003F 0033 003F
02C0 0003 0003 3C3F 0C33 QC33 0C33 3F3F 3C3C
Q200 0COC OCOC 0COC 3F3F 3C3F 0C03 OC3F Q030
02EC 3F3F 3C3F OC03 OCOF QCO3 3F3F 3C33 0033
02FC OC3F OCO3 3F03 3C3F 0C30 OC3F 0CO3 3F3F
0300 FB802 BEFB G0AE F800 BCF8 44AC 9FFC 0OIBF
0310 FFO1 B98E FCOA AE99 3A10 FB05 AQ4E 5CIC
0320 4E5C 1CIC 1CIC 1C1C 1C29 893A 1D9F FFOF
0330 3235 COC1 BB2E FBO0 BFAF CO01 B8

R R R R R A A A A R R A R R A A R P N R R P R O N PP BTy

GRAPHICS

Since the display now occupies the last two
pages of memory, the Chip—8 workspace and
variables must be relocated one page earlier at
0Z which is 05 for a 2k gsystem or OD for a 4k
system. This is done immediately upon start up
by changing locations 0000 through OO0E to those
in table A

The display interrupt routine which
controls the display must be modified. This
program was relocated from the operating system
ROM at address 8143 to BAM at 0Z73 through 0Z98
This code is shown in table B Each of the 64
lines of 8 words is displayed twice, using 2
pages, 512 words, of memory. When the standard
4 by 5 block hex characters are displayed, they
will appear the same width but half as tall.
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The increase from 32 to 64 displayed lines
necessitates modifying the DXYN command to allow
Y to go from 31 to 63. To find space for the
necessary modifications, the program jumps from
page (0 to 0Z by switching the program counter.
*ake the modifications to the Chip-8 interpreter
shown in table C and add the code shown in table

D.

Since the erase subroutine at OOEO only
erases the first page of the display, a new
machine language subroutine, located at 0Z60,
was made to erase both pages. See tahle E

The tollowing are modifications to Chip-8,

Table A
Set pointer locations.
ADDR CODE COMMENT
0000 N gat last page of memory.
0601 FF subtract 1
0002 01
0003 BB set high address of display
pointer.
0004 FF subtract 1
0005 01
0006 &1 set high address of interrupt
pointer,
0007 B2 sat high address of stack
pointer,
0008 B6 set high address of vX pointer,
0009 F8 set low address of stack
000A CF pointer,
0008 AZ
0Q0C F8 set low address of interrupt
QoD 76 polnter,
COOE Al
TableC
Modify show command DXYN
ADDR CODE COMMENT
0070 F8 branch to area containing
modified show command,
0071 QZ-——=wsme—mo=—o- Z=5 for 2k systems
0072 BF Z=D for 4k systems
0073 F8
0074 40
0075 AF
0476 DF change program counter.
0077 00
0078 3B test for overrun of disptay.
0079 B3
007A 9C
0078 FC
oo7C Ot
0070 BC
007E FB
007F KX————mmm——————— 08 for 2k, 10 for 4k
0080 32
oost D9
0082 30
o083 B3
0084 00
0085 00
0007 30 new location for cverrun fest,
o0D8 78 branch o 0078,
Table B

interrupt service routins.

Substituting for
through 8160,

operating system code & 8143

ADDR CODE COMMENT

0Z73 TA tone off

0274 42

0275 10 return to main program.

entry from main

QUESTDATA COSMAC CLUB

b
0z77
0278
0779
0Z7A
0278
0Z7C

ADDR
0Z70
0Z7E
0Z7F
0280
0281
0zZ8z2
0z83
0784
0285
0Z86
0zZ87
0Z88
0Z89
0Z8A
0Z8B
07 8C
0Z8D
0Z8E
0Z8F
0290
0291
0292
0293
0294
0295
0296
0297
0298
0799

0Z9A
0798
0Z29C
0Z90
0z 9t

ADDR
0Z 40
0241
0Z42
0Z43
0244
0245
0246
0Z47
0Z48
0Z49
0Z4A
0Z4B
0Z4C
0Z40D
0Z4E
0Z4F
0250
0Z51
07252
0253

22
78
22
52
Cc4
19
F8
Table B
CODE
1]
AQ
9B
BO
E2
E£Z
g0
€2
20
AQ
EZ
3C
a3
80
E2
20
AQ
EZ
34
8A
98
32
98
AB
28
a8
B8
88
32

73
7B
28
30
74

Table D

store main program counter
on stack,

synchronlze timing.
Increment random number.
set DMA pointer,

COMMENT

two page dispiay program block.

show the first 60 |ines repeating
each |lIpe twice until EF1 flag
goes high,

show iast 4 lines

service timer and tone,

test timer-go to tone if zero.
-e8!se decrement timer,

test tone, if 0- go to
"tone otff",

- else turn tone

on and decrement

tone counter,

branch to

74,

Continue modifications to show command

CODE
06
FA
07
BE
06
FA
3F
F6
F&
Fé
2z
52
07
FA
3F
FE
FE
FE
F1
AC

COMMENT
get X positicn
mask

- with 07

store bt poslition
get X position
mask

with 63

divide by 8

store on stack
get y position
mask

with 63
multiply by 8

combine to form address

P.0. Box 4430, Santa Clara, CA 95054



0Z54 %8
CZ55 3B
0Z256 59
0Z57 FC
0Z58 M
0Z5%9 BC
0Z5A 94
0Z58 B3
0Z5C F8
0Z5D 86
0Z5E A3
0Z5F D3

next page.

return to 0086

SOUNDS OF

by
Mark Wendell

The COOSMAC computer is truly a versatile
instrument, and this program only further proves
this point. I have written up a serles of five
programs that fit into the music algorithm on
page 11 of QUESIDATA Vol, 1 Issue 7, but these
are not music programs—they'rewwell.different.
Trey demonstrate not only the flexibility of the
machine, but also the flexibility of such a
relatively simple program.

COMAC FROG
If you enjoyed, back in QUESTDATA 7, a
short program called the COSMAC Cricket {by
yours truly), then this little routire ought to
be of interest to youw It's called the Cosmac
Frog, First, load the music algorithm, putting

QUESTDATA
P.0O. Box 4430
Santa Clara, CA 95054

Payment:
O Check or Money Order Enclosed
Made pavable to Quest Electronics

if carry then address is on

Page 13

Tablet .
Machine language subroutine to erase 2 pages
of display,
ADDR CODE COMMENT
0Z60 98 sat RF Yo polnt to start of
0Z61 BF display page.
0Z62 94 get a 0
0Z63 AF
0Z64 5F store 2 O's In memory
0Z65 1F
0266 5F
0z67 IF repeat
0Z568 94 get O
0Z69 SF store 3 0's
DZ6A tF
0Z6B 5F
0Z6C 1F
0Z6D .5F
0Z6E IF
0Z6F 8F
0Z70 3A branch until address equals
0771 68 zero,
0Z72 D4 . return

COSMA

an 04 in location 10, ard an 04 in location 3D
(these provide tempo and the short interval
between notes). Next, load the program in Table
1 starting at location 45 Check for errors and
run. You may notice that this is actually a
tonally lowered and slowed version of the
Cricket.

SPECIAL, NOTE— I have replaced the small
speaker provided with my E1f with a larger,
eight ohm speaker and the sound quality has
inproved temr-fold.

TELEPHONE

This program emulates the sound of an old-

fashioned, crank telephone ring, Location 10

must be changed to 03, and location 3D to 05.
Load the tone values and rum.

NAME

A 12 iesue esubscription to QUESTDATA, the publication devoted
entirvely to the COSMAC 1802 is 812.
(Add $6.00 for airmail postage to all foreign countries
except Cavada and Mexico.)
Your comments are alwaye welcome and
be your 1802's best friend.

ectated. We want to

O Master Charge No.
(J Bank Americard No.
O Visa Card No.

ADDRESS

Expiration Date:

Signature

CITY

STATE ZIP

U0 Renewal [ New Subscription

o e - N o wk S e e ke e AR S
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R - D2 TABLE ONE TABLE FOUR
- Mo soud of the all COSMAC FROG MYSTERY TUNE
s program makes S0 0 -
too—popular robot, R2-D2 Change location 10 to ADDR CODE ADDR CCDE -
0A and location 3D to 03 Load the tone values ggﬁ gg 2:‘; gg:g g: g;
and run (amd check the cover of @ 5k 0049 03 47 0049 01 03
0048 03 47 004B D1 04
MYSTERY TUNE 004D 03 47 004D 01 05
1 haven't named this one yet = but its 004F 03 47 004F 01 06
interesting and leaves open a lot of room for 0051 03 47 0051 01 07
experimentation. For best results, leave 3053 03 47 8853 0: Og
locations 10 and 3D the same as Program 3 - Ogg; gg :; 003? 81 gﬁ
although play around with different speeds. 0059 03 43 _ 0059 01 OB
Simply load and’ rum. 0058 03 43 0058 01 OC
0050 03 43 005D 01 0D
LASER BLAST 005F 03 43 005F 01 OF
This program creates quite a realistic ggg; gg :g ggg; g} g;
laser hlast when Input is-pressed. In erder to 0065 03 43 0065 01 D
have the program enabled only when "I" is 0067 O3 43 0067 01 0C
pressed, the following modifications have: to be 0069 O3 43 _ oce9 0t 08
made: change location 02 to 47; at location 43, 006B 03 43 006B 01 OA
put in 37 04 30 & 43 Locations 10 and 3D must 006D 03 43 006D 01 09
both be 01, Load the tone values, run, and gg_?f gg f;g ggg:—* g: gg
;iresi. 'I.Q?Notice that the tone values begin at 0073 00 00 0073 01 06
ocation 47. 0075 01 05
You may find this form of experimentation ?E?IE-EHS:E gg;; 811 8;
both fun ard rewarding, Try different patterns 0078 01 02
(1 hope you've caught the patterns in Programs 4 ADDR CODE 0070 00 00
+ 5), ard change the values in locations 10 and 0045 04 OF
3D - satisfaction guaranteed. 0047 04 08 TABLE FIVE
repeat 4-byte sequence LASER BLAST
above 30 times {(who said
TABLE THREE programming was fast?) ADDR CODE -
R2-D2 : at the end of which, put Q047 09 09 -
in the data: 0049 0A OA
ADDR CODE ADDR CODE ADDR CODE OOFF 4C 90 4C 004B OB 0B
0045 07 1B 005D 06 1B 0075 19 06 00 00 004D 0C OC
0047 04 33  o05F 05 28 0077 OB 3F 004F 0D OD
0049 05 2A (Qos! 04 38 0079 04 4C 0051 OF OF
0048 09 14 Q063 03 43 0078 03 4B ' 0053 OF OF
004D U3 47 0065 06 4C 007D 05 4C 0055 10 10
004F 05 20 0067 08 17 C07F 00 00 0057 11 11
0051 08 15 0069 06 19 0059 12 12

0053 07 1B 0068 04 33 oG58 00 00
0055 OB 4B 006D 0B 4C '

0057 05 4C 006F 06 1F

0059 0A 08 Q071 09 14

0038 04 4C 0073 10 CA

COSMAC CLUB COSMAC CLUB COSMAC CLUB COSMAC CLUB COSMAC CLUB COSMAC

7 QUESTDATA RAT
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