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GAME DESCRTPTION AND OPERATTNG INSTRUCTIONS

In James F. Fixx's, "Games for the Super
Intelligent”, he describes a game called
"Matches in Rows", This game goes by many names
and there are several variations but usually the
object of the game is to force your opponent to
take the last stick.

STIX is an electronic adaptation of one
version of this game. With STIX the object is
s5till to "stick” your opponent with the last
stick. However, your opponent is the computer.

The game begins with three rows of sticks
displayed on the video monitor. ROW A contains 7
sticks, row B contains 5 sticks, and row C
containg 3 sticks. On each turn a player must
take at least 1 stick but cannot take more than
3 Sticks. Sticks can be taken from any row The
player taking the last stick loses.

After the program is loaded the computer is
placed in the run mode. The video monitor
displays the three rows of sticks and a question
mark appears in the lower left corner of the
screens Either player may start the game.

If the Elf is to go first, enter FF thraugh
the hex keypad amd press the I key. The
question mark disappears and after a short delay
the computer emits a beep sound and the E1f
eliminates its choice of sticks.

If the person is first, enter 00 ard press
the T key. The question mark will be replaced
with a P. Whenever the P is displayed the
person's move can be entered through the hex
keypad. For example; if you wish to take 2 from

row A, press the 2 key and the A key. The hex
display will show 2A Press the I key and if 2
from A is a valid move (row A contains 2 or more
sticks) the computer will take 2 sticks from row
A If the move is imvalid (row A contains less
than 2 sticks) the computer will squawk ard a
question mark replaces the P. The question mark
will remain until a valid move has been entered
The computer will consider as inmwalid any take
request greafer than 3 or any row request other
than AB, or G It should be noted that if the I
key has not been pressed the keypad entry can be
changed. This allows mistakes to be corrected

The E1f and the person alternate turns
until only one stick remains. If it is the Elf's
turn, and only one stick remains, a W will
appear to signal that the person has won If it
is the person's move, and only one stick
remains, the progam waits for the person to take
the last stick and then an L is displayed to
signal that the person has lost. The W or the L
will remain for a short time ard then a new game
will start. Pressing the I key when the W or the
L is displayed will immediately start a new
game. To start a new game at any other time;
restart the program at location 00 0O

PROGRAM OPERATION

STTX is loaded into the first four pages of
memory. The main program occupies all of page
zero except the last thirty—one locations. These
thirty-ore locations contain the video interrupt
routine. Page 3 is the display area and pages 1
and 2 contain the various sub routines amd the

data tables, Execution of the program begins at
location 00 0OG,
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It appears that the game is played on the
video monitor, but actual play takes place in
registers A and B. The video display merely
reflects the current status of the A and B
registers. High order register A contains the
stick count for row A low register A contains
the comt for row B, and row C coumt is stored
in high register R

Each stick displayed is represented by a
bit set in a row's respective register. For
example; when row A displays seven sticks, high
order register A contains 7F. If row A displays
5 sticks, high order register A contains 1F. To
eliminate sticks the program simply shifts off
to the right the desired mumber of bits. To take
2 sticks from row A, high register A is shifted
right 2 times. The print routine is called and
the display area is updated to show the new row
comt, Since time is cheaper than memory, the
print routire doesn't determime which row was
changed, It simply updates all three rows. If a
bit is a zero, the routine clears that bit's
respective position in the display area. If a
bit is a one, the routine loads a stick in that
bit's respective position in the display area.
The print routine is also used to load the
display area with sticks at the beginning of
each game.

The person's move doesn't require any. —

special programming. The person's move is
entered through the hex keypad. The move is
checked for validity, and if it is valid, the
requested mmber of sticks (bits) are shifted
from the selected row. The print routine is
called and the display area is updated to show
the results of the person's mowve.

After the person's move, the program checks
to see if the person has won or lost. If a win
or a lose is found the appropriate letter is
displayed. If no win or lose is found the Elf
takes a turn.

The Elf's turn is a little more complex.
The 7-5-3 row arrargement presents 192 (8xbx4)
possible configurations. There are 72
configurations, of the 192, for which no
effective commter move exists. On each one of
its turns the Eif will attempt to establish one
of these 72 "HIT" positions. Once the E1f has
left his opponent with one of these hits, no
matter what move the opporents makes, the Elf
can re—-establish a new hit on each of its
succeeding moves. If a hit is not found after
trying all possible moves, one stick is taken
from a randomly selected row.

It should be noted that when the Elf starts
the game, the E1f will take one stick from a
random row. This is the only time that the ELf
does mot look for a hit.
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Play continues until a win or a lose is
detected. After an appropriate delay to display
the W oar the L the program jumps to STPLA (00
2A). Here the A ard B registers are loaded with
the 7-5-3 stick arrangement, print is called,
and the computer waits for the keypad to
determine who is first,

STIX - Asslgnments

i/0 Assignments

A, Input Key Status EF%

B. Hex Keypad Input INP &
C. Hex Blaplay Output Ut 4
0. ¥ideo Display Om oT 1

Lf0 Instructionz' Memory Locationa

% 29 [ Turn on Video
@D 38 60 64 - Read Xeypad and Dlsplay
ap 3F —— Branch if I key is not pressed
n 37— Branch until I key is released
# BD IF — Ses ahove
BF -

See mbove

#2 CA 6C Bl -~
5}
cF 37 —

flegiater Assignments

RP DMA X XX

Rl ¥YIDEO @ E3 (Yro) —
R2 STACK @2
R3 STIX

DHA Pointer -
V¥ideo Interrupt Routine Pointep
Stack Potnter

MAIN} Maln Program Counter

@
R4 FPRINT #l PTR Print Routine Pointer
RS STATS @2 STA Status Reutine Polnter
R PERSK @2 FER Person's Move Routine Pointer
7 ELFGO @ g ELF Elf's Move Routine Pointer
A8 SUBAT @2 General Sub Routine Pointer
RS DAFT d xx Data Area Pointer -
RA RA XX XX Row A and B Count
RB RE X xx Aow ¢ Count
RC CTR X xx Ceneral Counter
RD TiMp @2 ¢1 Temporary Storage Poilnter
RE RTCE XXX Real Time Clock
RF LINK ¢33 XX Displey Area Pointer

= X X = 4 o ¢ X
n xx XX xx X xx 1.8 FX
x X XX X xx xx X X
Ix x o8 XX XX v 8 r x XX
X xx bs g = XX x XX XX
Ix X X XX xx IX XK 20000
4.4 X p 24 XX XX X XX X XX
X 4.4 x xx xx XX x o ¥x
X pi 4 XX i X
= iX XX xx X 0000
x xx X o4 XX o Xx
=X XX = xx x X XX
¥X x x XX pe d psdsd
b3 4 XX X o XX XX XX
jo i o XX 0 xx X XX
xx 4.8 XX x X 0000
XX XX .54 xr
X XX X X XX JERX
Xx XX i i XX
XX o = x oo
X XX XX = xX
*x )¢ o xx X o
X XX XX XX
X¥ ¥x X XX 0TXX

VIDED DISPLAY AT THE ERGTHNNING OF THE GAME
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3TIX - Page P¢
MAIN Program {225)

STIX - Page {1

Execution begine mt @3 B3 ELF 3ub Routine {112}

@ INIT FS ¢¢ Bl B} Initialize registers @ EXELF D3 Return to Main program
gl?; E‘% 28 A.B(MAIN) A3 gﬁ ELF F8 B9 A.@(HIT) AD Polnt SUBRT to HIT routine
TA
MAIN  FB 21 B4 B7 BY AD g5 ARDW 94 32 BROW If row A la empty go to row B
{E F8 @2 Bz BS BE B8 BD A2 e FA B4 %g' Take 1 frow row A and check for hit
16 8 T3 A Q(VDO) Al Rl ia Video interrupt pointer 2B 51 _g EXELF If Q@ set hit wes found - return @ sat
13 ] ABIPTR) Ak R4 1g Print routine pointaer #D 3A %g 1TOA No hit - 1f row & empty - restors A
1 ¥B A BILSTA) A5 RS ia 3tatus routins pointer ig Fb BA Taks 1 more from A mnd check for hit
1F FB A.B(PER) AB RE ia Peraon routine polnter 13 31 EXELF If 4 set hit was found - return O set
22 F8 A.BLELF) A7 R7 ia Elf routines pointer 15 SA 32 22 2TOA o hit - 1f row 4 empty - restore 4
25 Fg A.LIDSP) BF RF ia Diaplay link 18 6 Ba TF Take 1 more from A and check for hit
28 b TEMP L stac 1B 31 §3 EXELF If @ set hit was found - return G set
29 6é A E{\u‘ﬂlm gideo 10 Ty gg
2h STPLA FB 7F oW - 1F 3TOA F9 @1 FE Put 1 in A
2D F8 1F AA Row B = § 22 2TOA  F9 ¥l FB Put 1 in &
39 F& §7 BE Row C = 3 25 1T0A  F9 @1 BA Put I in A
33 D4 Frint 28 BROW  8A 32 4B CROW If row B 15 enpty &0 to row C
34 F8 %1% A.B(T) A DS Status = 7 2B Fo a4 T8 Teke 1 from row B and check for hit
8 INA &C &5 2D If input is @9 Person im first 2E 31 gg If & set hit was found ~ return Q set
3B 3F INA If input is FF E1f is first 3¢ En 58 1108 No hit - if row B empty - restore B
3 32 33 prest 2 8 128 Set hit was_found - resurn a 56
an was fo - return @ aset
41 3] A.@#(BLK) A9 D5 Elf 1a first - blank atetus 3g 8A %g' 45 270D No hit ~ if row B empty - restore %
45 RAND OF FR 93 5D Uss Real Time Clock to 3p TG Ak Take 1 more from B end check for hit
49 FB #1 32 65 CTK Find rendem row A% 3 g EXELF If & set hit wae found - return { set
4D F3 FB @2 BTE 4@ B4
52 F# FB @3 34 45 RAND  If RICK not &, B, or €, try again 4z 3TOR  F9 #1 FE Put 1 in B
A R G U Ty KT T ek b from row g L SR % ma: -
a0 teke rom Tow 1TOR F9 ¢l t n
gf BTK gg ?\i b SANEELAY geid%m ro: ;a % }rif B = g try again EB CROW gg 3z % EXELF %rkroY g ila ernpt%r rﬁl:lurn 4] ngt Bet
a0 take O row E F&6 BR aka Toft row a chack for hit
gg CTK gg gg 45 ger;d;m ;m;a‘tc: <1: Er:é :f:‘o; g try again g% g% g_g E}é}:ﬂm rﬁf rau:et ﬁt wascfourl;g - re‘tugn Q (a:et.
El -] - row O empty - reators
GA DELAY FPB §@ AR Short Delay 56 F& BB D8 Take 1 more from C and check for hit
6D TIM BE FF 44 34 B0 TIM 59 71 EXELF If O set hit was found - return Q set
72 BEEF F8 35 AC Make Baep 5B 1) gg B8 2ToC No hit - if row C empty - restore C
75 MORE 7B FR 53 SE ) Taka 1 more from C and check for hit
;g oM $i % ig J5 oN 21 31 @@ EXELF If Q et hit wes found - return Q set
3 9B FE
7F QFF FF $1 3A 7F OFF &5 3TOC F2 @1 FE Put 1 in C
a3 2C 8C 3A MORB , &8 2T0C 3 $1 FE Put L In C
ay D4 Frint E1f'a move 6B 1TOC  F3 @l BB Put 1 in €
gg P:%SE g% g?.- g A 8B PTH Short Pause 6B 3¢ @@ EXELF Return with Q not set
gg EAFST F9 2B A.@(7)7A9 D5 ?:;gsp;rzm,a nove PTR Sub Routins (37)
35 31 C3 IRVD If @ set Person'a move is invalid 78 EXPTR D3 Return to Main program
- FT D4 Move valid -~ print Person's move 71 TR FA 14 A @EDORY AS Poipt SUBRT to DOR routins
98 LWH SA 3D 82 i‘; a?NQE Fi gzeck _f:r gama over h Fa A.B{LSP) AF 5D Point LINK to row A
SF FF 01 32 A3 recn has won A A e Print row A
A3 38 Bl LOSE Farscn has loet 3‘3 g&l 6 A.@(ROB) AF SD Point LINK to row B
AR b7 Game ia not over - Elf takes turn 7F Ak AE DB Print row B
A& 9 fga RAND Hit wes not found - take random az %] % A@CROC) AF SD Point LINK to row C
AR TA 64 DELAY Hit was found - print Elf's move 86 GH 4 Frint row C
AB WIN  FS BB A.f(W) 45 D5 Statua = W 85 3@ 74 EXPTR
AF i WAIT
BL LOSE F8 53 A.9(L) A3 D5 Status = L
BS WAIT Fg AE aTPLA wWalt for time up or for I key
o war SR % rps 84 STP STIX - Page $1
*
g{ ;g 5 STPLA Data Table (112}
€3 IWD P8 4.8(2) A9 DS Statua = 7
07 ZAP Fa g A5 Make Zap Sound 8B ¥ C3 L3 C3 C3 DB FF E7 C3
CA RPT FB 28 AC 93 L & 63 60 6 60 6 6@ TE
¢0 SET 7B SB P 7E 66 €6 66 TE 6 6@ 6@
s da Bl GEEkERSE
D@ CTD 2B BB 3A Dff CTD 83 noT
LT BEE g E e o
gg Eé BC 34 CE SIT 59 g’-" 7F g'%
B 29 89 34 CR RPT BC 53 gF ga
oF 3 94 PRMV & 2 ir o1
€5 HIT1 iF 1P 81
¥IDEO Interrupt Routine (31) ‘& aF oF o¢
Bl EXVDO 72 70 This routine pointa DMA to g g
E3 ¥YDO 22 78 22 52 Ch C4 C4 Display ares e g3 1® 917
EA FB Jl.lEDSPg B o % ar o3
Eo FS 2 A.0(DSP) A D7 HITZ 1F 7F @7
g crr o 89 DA @F *F @3
Fe 152 20 A¢ oE g7 1F g1
£s 12 29 A Ed #3 §F fg
Fa YE2 29 A@ E3 ¥l 7F @7
FR §3C Fg cTI BB
£D iF Bump Resl Time Clock 5 wirs 44 x gg
FE 3@ El EXYDO EC gF 7° 7
EF #7 @F
F2 @3 1F 21
F5 @l 3F 23
F8 8 7F @7
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STIX - Paga @2
Femporary Storage (&)
#¢ TEMS O #0 o0 20
STA Sub Routine (21)
B4 EXSTA ED
25

D3

@6 STA FE Cff A B{ROC) AF

#a ES

BA AC

@b AGK 72 S5F 2C AC

11 32 ph EXSTA

13 8F FC @8 AF 39 D AGN

DOR Sub Routlne (54}

z
:
E

1A DOR FB @7 A9 BB FE

IF CKBT FE 4B 33 33 DOSTK

23 BLANK F& ¢£8 AC

26 CLH 8 @ SF 2C 8C

2B 12 % SEVN

20 aF @8 AF 3@ 26 CIR
33 DOSTK 75 g8 AC

36 5TK Fa Cfl 5F 2C BC

3B 32 }:% SEVN

in arF #8 AF 3¢ 36 STX
4% SEVN 29 B9 32 51_2 Exnéﬁ

47 #D FC 91 5D AF

[ 8B 3} 1LF CKET

TAK Sub Routine {56)

4F EXTAK Db

5@ TAK 1D PD FA F@ 5D

75 FR 28 32 78 153

59 a0 FB 2¢ &D 152
SE 90 ¥B 1@ 3A BL 1
6% IS1 BB FP ¢1 3B BL INV
&8 88 F& AB 3¢ LT EXTAK
6D IS2 B2 FF g3 3B BL Inv
72 8B P& PR AB

76 3@ 4F EXTAK

78 183  AB TF @#7 3B B4 INV
70 A8 FG 76 FG AR

a2 W 4F EXTAK

B4 INV 7B 30 4F EXTAK

HIT Sub Routina (62}

87 EXHIT 31?::
89 HIT 9B FB @7 32 A4 FQ3
HE 98 FR {3 32 B2
33 9B FP @1 32 EQL
98 EGP F8 B3 A.R(HITE)
9k 38 SEST
9C Fal F& % A P{HIT1)
9E ] SEST
Ag EQ2 A % A B(HITZ2}

3¢ 36 SEST
&4 EQ3 P2 E5 A.@(HIT3)
AB SEST A9
A7 E9
AR 8 @6 AC
AB NTHT @A F3 3A BC BNC
AP 6@ 9A F3 32 BY HITT
Bh4 6 SA F3 3A EXHIT
B9 HITT 7B 3¢ 8
BC BNC &@
BF 1€ 8C 3A AB NTHT
cs 3 87 EXHTT

PER Sub Routine {5%)

Ll P
: ] A.P{TAK) AR

c9 7B 4

CA KYB &C 64 2D

[} 3F CA KYB

CF IFEF *

Dl 2D Fa @F 5D

o4 74

né FB @a 32 EB ROWA

DA ¢ FP @B ROWE

DF P OFB @c 32 ROWC

[ 1D 7B 34 C5

ES ROWA  GA AB DB

EB E3 % EXFER

ED BA 5 EXFER

F$ ROWE  BA AR

F3 3 %

FS AL €5 EXPER

F8 ROWC 9B AB

FB 31 C5 EXPER

FD BB CS5- EXFER

This is Steck and Texmp storage sres

TEMP 13 stack

Return to Main program

LINK pointe to status position
DAPT 1a stack

CTR = 8

Store character pointed to by
DAPT in atatus poaiticn of
Display arsa

Return to PTH =sub routine
Sat countara for 7 sticka
If bit i3 1 make a stick
If bit ix @ blank a atick

If row is dene reaturn

If not done polnt to next stick

Return to FER aubk routine
Mask for number to take
Take = 3

Take = 2

If take J 1 teke ia invalld

If row ¢ 1 or more take i3 invalid

Takea 1 and return

If rovw ¢ 2 or more take 1s invalid

Toke 2 and
Return

1f row £ 3 or more take is invalid

Take 3 and
Raturn
Sat O to aignal invalid

TEMFP ia stack

Return to ELF sub routine
Row C = 3

Row C = 2

Row C = 1

Hit list ie &
Hit 1fet is 1
Hit liat ix 2

Hit liet is 3

Hit 1ist to DAPT

DAPT is atack

CTH = 6

Row & doea not compare

Row B and A compare - aet hilt
Row B and A do not compare
Set O and return

Bump stack to nsxt set

411 done - hit not found

Return o Main pregres
Potnt SUBRT to TAK routins

Input Feraon's move

Temp = Row
Temp + 1 = Take

Take from row A

Teke from row B

Teke from row C

Row -ig lnvalid

Check row A for valid take
Take invalld - de not save
Take valid - pava teke
Check row B for valid take
Take invelid ~ dco not gave
Take valld - save take
Check row C for valld take
Take invelid - do not save
Teke valid - save take
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STIX - Page @3

Display Area (256}

5§ ROB

g

@ ROC

JIRERE

STIX - Hex Listing

LR SRR A AR R R R SRR R AT
SRR I R R SR RS IRS

E7

SEEERROFLIRIEIES
SERBLLRAEESERRERE

ey

3
y

L3RR TR R IR R A I ]
B RS T PR R TR

R R E R AR R S SRR R RN
R LR S R RSN SN
ER2REIERT TR RE R EsEnREEy
EEAEESNNE S+ 13 R R I S b AL

Th 9A 32 28 FG BA DB
@@ 9n 32 22 F6 B4 DB
FE F3 @1 BA 84 32 4B
AA DA 31 ar 32 45
FE F2 @1 FE F9 #1 Ak
32 6B Fb BB 02 i §g
FE F% @1 FE F9 {1 FE
F8 §3 AF 5D 9A AB DB
AF 5D 9B AB D8 3¢ 78
&3 60 6@ of 6¢ &¢ TE
&6 18 e M 18
{F €3 ¢F 1F #1 87 7F
1 IF 1F @1 @F BF 3§

F ¢p LF 7F @7 PF
7F @7 @0 3F 3% 1F 3F
f1 @1 3F @3 o VF §7

FD D3 F8 o¢ AF EQ FS
FC AF 3P @D T4 FA
@8 AC F8 pg YF 20 80
g8 AC FB C¢ SF 2C 8¢
29 %2 19 @D FC 1 5D
5D FR 3 32 78 BD FB
FF §1 38 B4 8B F& AR
F6 AR 3@ 4F BB FF 7
7B 3@ 4F ED D7 9B FB
FB €1 32 9C F8 B3I 3%
F8 EY A9 EY F8 P6 AC
63 OA F3 34 87 78 3¢
87 D3 FA 5@ A8 7R EC
50 74 FB @A 32 EA MY
1D 7B 3 C5 94 AB D&
C5 Ad 34 C5 S8 AB D8

9B

BSSRNRAOBIE

BA 3
BB 3 ¢S

P.0. Box 4430, Santa Clara, CA 95054
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TVT-4K

David Crawford

Uses improved Chip—8 graphics
gystem (64 by 64)

TVT 4K was designed for the RCA Cosmac Vip
for any wer wishing to have the capabilities of
a cheap TVT when inputting information It was
designed for a system with 4k of memory and the
use of an ASCII keyboard through a machine
language sub-routine which you write yourself,

The character, after being picked up, is
first checked to see if it is a command
character. (see list of command functionsh If
the character is mot a command character it is
stored in screen memory and then comverted to
its 4 by 7 bit pattern which is displayed on
screen, Since all characters are stored in
nemory the user is able to use these characters
in his programming, (Certain command characters
are mt stored, see Hst of command functions)
Variable C is not changed so it is possible for
the user to detect certain characters ard even
write a high-level languages

The screen is divided into 8 lines of 13
characters per line, the last character of which
is reserved for a return. Screen memory will
hold all of the characters which are on screen
plus two lines which are off screen, reserved
for scrolling,

The amrsor condition consisting of white on
black or black o white characters is changed by
certaln command codes which are shown in the
list of command functions.

The command characters for the TVE &K are
as follows:

Cursor controls:

tab right
backspace left

N\ up

lirne feed dowm

control R or @ reverses Cursor

conditio white on
black ar hlack on
white.
@ is stored in
SCYEEen memory corr
trol R isn't.
control E erases screen and
SCYeen memorya
return stored in screen
memory brings cur—
sor to next line.
space stored in screen
memory increments
cursor by ore.

delete -deletes previous
character

backslash deletes fran cur—
sor to begiming

QUESTDATA COSMAC CLUB

control W

Scrolling:

of line, excluding
cursor position.
cursor to begim
ning of screen,-
excluding aursor
position.

deletes from cur-
sor to end of
screen, excluding
cursor position.

If cursor is at Onreéeipt of a line
bottam of screen feed or at return, the

last line in ASCIX
memory is brought into
view., The top line is
stored as the first
line in ASCTT memory
(out of view). The
cursor will always end
up at the lower left-
hand corner of the
screen.

If cursor is at On recelpt of a \ the

top of screen.

FEOoOOmkw o

first lire in ASCII
memory is moved into
view, The bottam
line is stored as the
last line in ASCIT
memory (out of view).
The cursor will always
e up at the upper
left corner of the
SCYEEN.

Variable Map
scratch

scratch

X

Y

contains ASCII character
pointer in screen memory
cursor condition flag

Terms

SCreen memory — memory used to store

ASCIT characters that
are being displayed on
screen. (2 lines re—
served for scrolling)

display memory memory used by Chip—8

ASCIT memory

in its graphics mode.
512 bytes.

used to store
ASCIT character
patterns.

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



0200
0202
0204
0206
0208
020A
0zoC
020E

0210

0212
0214
0216
0218
021A
621C

ADDR
0220
0222
0224
0226
0228

022A
02zC
022

0230
0232
0234
0236
0238
023A
023C
023E
0240

0242
0244
0246
0248
024A
024C

024E
0250

0252
0254
0256
0258
025A
025C

025E
0260
0262
1264
1266
0268

J26A
026C
Y26E

CODE COMMENT

12 02 Initlalize

6A 00 X

68 00 Y

6D CD memory polnter

6E 00 cursor flag

00 &0 erase display

2D 08 display cursor (X,Y)

12 10 goto 210
Walt for keyboard input

6C 00 VC contains ASCII
character

AD FC I =0DFC

0D 38 check keyboard for input

G 00 (user's subroutine)

12 10 no-branch to 210

ZA B4 yes-gosub (AB4

12 AD goto 2A0
(beginning of user
programs)

Subroutine to display all characters

In screen memory, excluding first and
last |ines.

CODE COMMENTS

0D 60 erase display

6A 00 X=00

68 00 ¥=00

6D 0D pointer=0D

22 9% gosub 29Q(sub. to read
character

40 CD from scresn memory).

12 46

40 00 check for nondisplay-
able characters

12 46 00, space, @, return

40 20 '

12 46

40 40

12 10

39 00

20 08

AD fO 1=DFQ

0o 10 gat ASC1| character
pattern

AD 30 1=D30

DA B7 display character

4A 37 check if end of line

12 50 yes-goto 250

TA 05 no-Increment X by 05

70 o1 increment pointer VD by
)

12 28 oto 228

m 02 ncrement pointer VD by
02

6A Q0 set X to 00

48 38 check !f bottom of screen

12 5C yes—goto 25C

78 08 no—-Y+08

12 28 goto 278

6A 00 At bottom of screen so:
X=00

3C 80 check ¥C 1¢ 60

12 A8 no-goto 268

60 1A yas-¥D=1A

68 08 ¥=08

12 6C goto 26C

6D 5B ASCI1 char, not 60 so;
VD=5B

68 30 Y=30

2D 08 display cursor

a0 EE return

QUESTDATA COSMAC CLUB

Software switch used To reverse character

condition, Used only in previous subroutine,
ADDR CODE COMMENT
0270 39 00 ¥9 is character condi-
tion flag
0272 69 FF Va=FF
0274 79 Ot VRO
0276 12 46

Program block to erase first or last line in
screen memory.

ADDR CODE COMMENT

027A AA 00 {=A00--antrance to
erase first line

027C 6D 00 YD=00

027e 4D 0D check pointer VD if OD

0280 12 20 yes-goto 220(sub. ¥o
display atl ASCII1 char-
acters.,)

0282 &0 00 no—¥0=00

0284 FD 55 YO=M|

0286 70 01 ¥D+01

0288 12 7€ goto 27t

028M AA 76 |=AT6~—entrance to
erase last llne

028C 12 7C goto 27C

Subroutine to read a character from screen
memory according to pointer YD, VO=char{MI}

ADDR CODE COMMENT
0290 AA 00 1=0A00
0292 FD 1E 1=1+¥D
0294 FO 65 Yo=M1

0296 00 EE return

Subroutine to write a character into
screonmemory according to pointer YD.
char . (M| )=VQ

ADDR OODE COMMENT
0298 AA 00 t=0A00
029A FD 1E 1=1+VD
029C FO 55 MI=V0
029E 00 EE return
Beginning of user programming space.
ADDR CODE COMMENT
02A0-08BFF
Temporarktly:

ADDR CODE COMMENT
02A0 12 10 goto 210
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ASCl1 Character Patterns
(0900-09FF)

The following character patterns are stored in memory
In elght byte blocks, with each byte being split in
halt to represent different characters. For example:
AF the A represents the high hatf-byte and the F
representing the low hal f-byte.

Memory Address Character Pattarn
H L

0900 space @ 00 Q0 G0 00 0O Q0 00 00
0908 t A 00 26 29 2F Q9 29 00 00
0910 " 8 50 5E 05 07 0% OE 00 00
0918 ! c 00 67 FB 68 F8 67 00 00
0920 3 D 60 7E 85 65 15 EE 60 (0
0928 3 E 00 9F 38 6E CB 9F 00 00
0930 ) F 00 OF 08B OE 08 08 00 00
0938 ' G 40 47 08 0B 09 07 00 00
0940 { H 20 4A 4A 4AE 4A 4A 20 OO
0948 3 | 40 2E 24 24 24 2€ 40 00
0930 * J 00 0t 51 29 59 06 00 OC
0958 + K 00 09 2A 7C 2A 09 00 0O
0960 s L 00 0B 0B 08 48 4E 8C 00
0968 - M 00 09 OF 7F 09 09 00 00
0970 . N 00 09 OD OF 0B 49 00 00
0978 / o 00 16 39 69 9C 86 00 OO
0980 0 P 00 FF 99 9F 98 F8 00 OC
0988 1 Q 00 26 6% 29 2B 76 00 00
0990 2 R 00 EF 19 6F 8A F% 00 00
0998 3 ] 00 E7 18 76 11 EE 00 00
09A0 4 T 00 AE A4 F4 24 24 00 0O
09A8 5 ] 00 F9 89 F9 19 F6 00 QO
0980 6 V 00 FA BA FA 9A F4 00 GO
0988 7 W 00 F9 93 1IF 1IF 19 00 00
09C0 8 A 00 6A 9A 65 9A 6A 00 00
os%ce 9 Y 00 FA 94 F4 14 F4 00 OO
0500 : z 0C 07 41 02 44 07 00 0O
0%08 ; [ CE 08 48 08 48 48 BE 0C
09E0 < \ 00 20 40 80 40 20 00 00
0%E8 = ] OE G2 F2 02 F2 02 OE 0O
09F0 > ¢ 06 49 20 10 20 40 00 00
09F8 7 _ 00 60 90 20 0O 20 00 0O
DADO-0AB3 SCreen memory

Control Character detection ladder.
{ASC11 character contalned in ¥C}

ADDR CODE COMMENT

0AB4 4C 09 check |f vC=09 TAB

0ABG 1A £4 yes=-goto AE4

0AB8 4AC 08 no-check if VC=08
BACKSPACE

OABA 1A F2 yes-gofo AFZ

0ABC 4C 60 no-check if VC=60 %\

OABE 1B 00 yes-goto BOO

0A90 4C OA no—check if VC=0A
LINE FEED

0AG2 1B 10 yas-goto B0

0AS4 4AC 40 no-check if YC=40 @&

0A% 1B 20 yes-goto B20

CA98 AC 12 no-check if ¥C=12
CONTROL R

QA9A 1B 28 yas-goto B28

OASC 4C 05 no-check [f YC=05
CONTROL E

DASE 1B 30 yes~goto B30

OAAD AC OD no-check §if YC=0D RETURN

0AAZ 1B 50 yes-gato 850

OAA4 4C TF no~check if VC=7F OELETE

0AAG 1B 70 yes-goto B70

0AAB 4C 5C no-check if YC=5C

0AMA 1B 96 yas-goto B9

QAAC 4C 11 no-chack if VYC=t1

QUESTDATA COSMAC CLUB
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CONTROL Q
OAAE 1B AD yas=-goto BAO
0ABO 4C 17 no—check 1# ¥C=17
CONTROL W
0ABZ 1B BO yas-gotoc BBO

no-continue on to AB4

Program block to display character, Uses sub-
routine at AD6 to store character in screen

MEMOTY «

ADDR CODE COMMENT

0AB4 4p 3C check 1f end of llne

0AB6 00 EE no-raturn

0AB8 2A D6 yves=store character in
screen memory

DABA AD F9 I=DF9 (Y9 In Chip~8)

GABC 0D 10 MLS to get ASCI) character
pattern

DABE AD 30 1=03G{temporary storage for
pattern)

0ACO DA BY erase old character

DACZ 4E GO check cursor condition

0AC4 20 08 O=turn on cursor;l-leave
cursor off

OAC6 AD FC |=DFC(VYC in Chip-8)

DACB 0D 10 ML5 to get ASCII char,. pattern

GACA AD 30 |=D3Q(temporary storage for
pattern)

OACC DA B7 display new charactar

DACE 7A (5 X405

0ADO 2D 0B display curscr

0ADZ 00 EE return

Subroutine to plck up old character in screen
memory and put in new one. V¥9=oid, VC=new

ADDR CODE COMMENT

0ADE 22 90 stbh.=plck up character
0ADS B9 00 Y9=vD

DADA B0 CO YO=NC

0ADC 22 98 sub.-put in new character
OADE 70 01 VD+(1

OAED 00 EE

The following program biocks contain program-
ming for the different contro! keys.

TAB
ADDR COCE COMMENT
0AE4 4A 3C check if end of tine
OAE6 00 EE yes~return
OAES 2D 08 no~-erase cursor
OAEA 7A 05 X405
GAEC 2D 08 display cursor
OAEE 7D O1 YD+01
OAFQ 00 EE return
BACKSPACE
ADDR CODE COMMENT
QAFZ 4A 00 check if beginning of line
CAF4 00 EE yes-return
0AF6 2D 08 no—erase cursor
CAF8 7A FB X-05
OAFA 2D 08 display cursor
OAFC 7D FF VD-01
OAFE 00 EE return
0BQO 4B 00 check if top of screen
0B0Z 2B EA yas-gosub BEA{screoll down)
0Bd4 20 08 no-erase cursor
0B06 7B 8 vB-08B
0BO8 2D 08 dispiay cursor
OBDA 7D F3 vD-0D
0BOC 00 EE return

P.0. Box 4430, Santa Clara, CA 95054
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LINK FEED
ADDR CORE COMMENT ADDR CODE COMMENT
OB10 4B 38 check if hottom of screen 0B82 49 0N chect (f YO=0D
0812 28 N4 yes-gosub BD4({scrol| up) CB&4 1R BA yes—goto REA
OR14 2D 08 no-erase cursor 0B86 AD 30 no={=N30
DR16 78 08 V3408 0BBB DA R7 erase character
0B18 20 08 display cursor 0BBA 2D 08 display cursor
OB1A 7D GD VD+0D OBBC AaF 00 chork if ftan YE=00
0BI1C 00 FE return 0B8E 1B 92 yes—gota B9?
08B0 20 08 no-erase cursor
@ or COMTROL R OB92 7D FF Y¥D-01
ADDR CODE COMMENT 0B94 00 EF return
0B20 4A XC chack |If end of line 0B9% 4A 00 check if beginning of |ine
0822 00 EE yas-return 0B98 00 EE yes—return
0824 2A D6 no-store ¥C 1n screen memory 0B9A 2B 70 no-gosut BY0 DELETE
0B26 7D FF vD-01 089C 1B 96 goto B96
0828 3E 00 check cursor flag--entrance
for C.R. CONTROL @
0OB2A 6F FF - VE=FF ADDR CODE COMMEMT
oB2c 7E 01 0- VE+01 OBAD 2B $6 gosub 89%6
OBZ2E 1A E4 goto AE4 TAB 0BA2 4B 00 check if top of screen
0BA4 0OC EE yes=-return
CONTROL E CBAG 2D 0B no~erasae cursor
ADDR CODE COMMENT 0BAB 7B f8 Y-08
0B30 0OC 60 erase display 0BAA 6A 41 X=41
0B32 BA 00 X=00 DBAC 2D 08 display cursor
0834 6B Q0 Y=00 OBAE 1B AD goto BAQ
D836 6€ 00 YE=00
0B38 6D Q0 ¥D=00 CONTROL W
OB3A 60 00 ¥0=00 ADDR CODE COMMENT
OB3C AA Q0 1=0A00 0BBO 3A 3C check if end of line
OB3E 4D 84 check §f YD=84 0BB2 1B CB no-goto BCB
0B4G 1B 48 yes—goto B48 0BB4 3B 38 yes-check if bottom of
0B4Z FO 55 no=M | =¥0p s&raen
0844 7D O1 vD+01 0886 18 CO no-goto BCO
OB46 18 3 goto B3E . 0BB8 2D OB yes~arase cursor
0B48 60 0D VvD=0D 0BBA 6A 3C X=3C
CB4A 2D 08 display cursor 0BBC 20 08 disptay curser
0BAC 00 EE return 0BBE 00 EE return
0BCO 2D 08 arase cursor
RETURN 0OBC2 6A FB X=FR
AUDR CODE COMMENT GBC4 7B 08 Y408
0OB50 2A D6 store ASCI) In screen OBCs 2D 08 display cursor
memory 0BC8 2D 08 erase cursor
0B52 70 FF ¥D-01 0BCA 7A OA X+0A
0854 4B 38 check if bottom of OBCC 70 ™1 ¥D+O1
screen 0BCE 28 78 gosub B7B DELETE
0B56 7B D4 yos-gosub BD4({scroll up) 0BDC 18 BO
0B58 2D 08 no-srase cursor
0BSA 70 01 ¥D+01 Program block to scrall up screen memory,
ORSC 78 08 ¥B+08 ADDR CODE COMMENT
OBSE 4A 3C check it A=3C 0BD4 2D 08 erase cursor
0B60 1B 68 yes-branch to B68 0BD6 6D FF VD=FF
oB62 7A 05 no~VA+05 0BD8 7D OE VO+0E
0B64 70 01 VYD+01 0BDA 40 84 check If ¥D=84
OB66 1B 5E goto BSE 0BDC 12 8A yes-goto 28A
0868 6A 00 X=00 OBDE 22 90 no-gosub 290(sub. to
0B&A 2D 08 display cursor ' read ASCII char. from
DBEC 00 EE return screen memory)
0BEO 70 F3 ¥D-0D
DELETE OBEZ 22 98 gosub 298(sub, to write
ADDR CODE COMMENT ASCII char, into screen
0870 44 00 chack if beginning of line memor y )
0872 00 EE yes-return s 0BE4 B D8 goto BD8
0B74 20 08 no-erase cursor
0876 0 FF vO-01i
OB78 6C 0O ¥C=00
OBTA 24 D6 store character in screen
memory
oB7C A FB X-05
OBTE AD F9 | =DFQ
OB8O OD 10 MLS to get ASCIY char.,
pattern

QUESTDATA COSMAC CLUB P.O. Box 4430, Santa Clara, CA 95054



Program block fo scro!l down screen memory,

ADDR CODE COMMENT

OBEA 2D 08 erase cursor

0BEC 6D 84 V=84

OBEE 7D F2 V¥D-0E

OBFCG 4D FF check 1f YD=FF

OBFZ 12 7A yes-goto 27A

0BF4 22 90 no-gosub 290(sub, to read
ASCll char, from screen
memory )

0BFe D OD YD+00

OBF8 22 98 gosub 298(sub. to write
ASCI} char, Into screen
memory}

OBFA 1B EE goto BEE

Subroutine to turn cursor on or off,

ADDR CODE COMMENT

ODOG F8 FB cursor pattern

0D02 F8 F8

0D04 FB F8

0006 F8 00

oD0s AD 00 1=D00-~entrance to sub-
rout ing

0DOA DA B7 display cursor pattern at
(A,B)

0Doc 00 EE return

Note: page C (0CO0-OCFF) has been left avaliable

for user programming In Chip-8 or machine language,
Location 0200 has been left blank for the use of a
jump instruction iIf needed.

Awmotated Bibliography Additions

by
John Guarind

The following article references are to be
additions to the Annotated Bibliography
published in Questdata Volume 2, Issue 4.

1. Bregoli, Larry "The MM57109 Number Cruncher™,
Kilobaud Magazine, #33, Pg. 38 (September 1979)_.

2. Chealrs, Steven L. "Nom Card for the 1802", Part
I, Radio-Electronics, pg. 45 (December 1978).

3. Cheairs, Steven L. "Nom Card for the 1B02", Part
Il, Radio~Electronics {January 1979).

4. Crawford, Tom "Tiny Basic Square Root Routine”,
Kilobaud/Microcomputing, #38, pg. 172 (February
1980).

5. Duntemann, Jeff "“The Cosmac Doodler", Byte

Magazine, Volume %, #5, Pg. 214 (May 1980).
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Machine Language Subroutine to get ASCII
character pattern.

ADDR COOE COMMENT

0D10 F8 09 ASCIt character pattern
page #

0Di2 BC

oD13 92

0D14 BE

ani5 F8 30 paragraph # for temporary
storage of

0017 AE ASC! | character pattern.
Must be

0D18 OA In page D regardless of
the position

0019 FE of this subroutine,

001A FE

0D1B FE

0DIC AC

001D 4C

ODIE 33 26 branch fo: 26

0020 FA

oD21 OF

0D22 FE

0D23 FE

0024 FE

0025 FE

0026 FA

0027 FO

0D28 5E

0029 1E

OD2A BE

0D28 FB 37 stoppling point for temp,
storage of ASCil char,

oD2D 34 1D branch to: 1D

0D2F D4 return

Machine language subroutine you-write-yourself +o
sea [f there ls an input from an ASCI} keyboard. If
there is, then the ASCHI character is put into MI, |
Is already set. OD38-CD3F

6. RCA Publication MPM-202. "Timesharing Manual for
the RCA CDP 1B02Z Cosmac Microprocessor®.

7. RCA Publication MPM-203. "Evaluation Kit Manual
for the RCA CDP 1802 Cosmac Mlcroprocessor',

8. RCA Publicaion MPM-206. "Binary Arithmetic
Subroutines for RCA Cosmac Microprocessors”.

9. RCA Publication MPM-208. "Operator Manual for the
RCA Cosmac Development System".

10. Strope, Gerald "Machine-Language Techniques for
the 1802", Kilobaud/Microcomputing, #46, Pg. 192
(Octcher 1980).

NOTE: In the Anmotated Bibliography printed in
Questdata Volume 2, Issue 4, part of a lire was
deleted from one of the references. 1In the
article reference by Paul Wasserman titled “A
Floating Point Subroutine Package for the 1802",
the last line should have read, "Typo: The
second calling address in Fig. 3 should read
02E9. We apologize for this ommission

P.O. Box 4430, Santa Clara, CA 95054
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PARTIAL DISPLAY SUBROUTINES

Ken Mantei

The graphics test program displaying the
Enterprise Spaceship (Popular Electronics, pg.
42, 44, July 1977, and in Netronics Assembly
Manual) also shows the program bytes. If the
graphic-modifying MATN subroutine is mot needed,
space becomes avallable for modified INTERRUPT
subroutines which display only the graphic.

Running from O0050-00FF, the graphic
consists of 22 8-byte rows. Each row 1s scanned
4 times for a total of 88 desired graphic scans.
To hlank the screen during the first 40 (=128~
88) scans, two 8-byte rows of zeros must be
scanned 20 (=14 in hex) times. These are
coweniently supplied in the original programs
at 0040~004F; they could however appear anywhere
on the same page as the graphie.

In the Top Blank program, the INTERRUPT
subroutine puts half the number of blank scans
in an wused register which Is decremented and
tested during blank scans. When this register
reaches zero, the program jumps to load the
graphic display address into RO, Two zero rows
seem to be necessary since the decrementing,
comparing, and repointing of RO takes more time
than is available in one betweern—scan period.

To display the graphic with umsed lines at
the hottom blanked, it Is necessary to place the
graphic memory so that it can be immediately
followed, on the same page, by an B-byte row of
zero bytes. The graphic, ordginally at 0050-
00FF, must be moved to 0048-00F7. O0OF8-00FF
must be zeros to be repeatedly scanned during
blanking.

Program Bottom Blank implements this. A
minor complication arises, due to the fact that
during the last four scans the video chip mulls
the display status lire low. In the orignial
program, the 3C instruction semsed this only as

the last 4 scans were completed. In Bottom
Blank this "almost—done” signal is sensed with 3
scans still to go. So the FOUR subroutine is
added to keep repointing RO to zeros until the
display status lire again goes h, signal
thgl::: the display windowgis f?.jnifly closjéré%
Without FOUR, the bytes. following the zero row
get displayed

Once the logic of these modifications
becomes clear, one should be able to write
interrupt routines to blank the screen at the
top, bottom, or top and bottom. Of course,
users with more than one page of memory can
dedicate ore page for display, blank anywhere
easily with =zeros, and use the standard
interrupt routine.

Top Blank

ADDR CODE LABEL

COMMENT
0000 90 B BZ B3 B4

B4 unnecessary

In this mod,
*Address changes
from PL.E,
origina}! Graphics
Test Program

0005 F8 39% A3
0008 F8 3F* A2
000B FB 11 Al D3

D00F 72 70 RETURN

0017 22 78 22 52 INTERRUPT

0015 C4 C4 C4
Bytes from 0018
to 003F are
different from
origitnal Graphics
Test P

C018 F8 14 A5 Mooone

#Blank scans/2
{in hex} To R5,0
Address of ? zero
lines to RO

001B FB 00 BO

QUESTDATA
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ADDR CODE

O01E FB 40 AD
=== DMA zero row 1
0021 25 85 32 27

—==— DMA zaro row 2
0025 30 IE

-==—~ DMA zero row 2
0027 F8 50 AD

Q02A E2

-~—- DMA Scan 1

0028 EZ 20 AO
-—- DMA Scan 2
COZE EZ 20 AD
wwe—— DMA Scan 3
003t E2 20 AQ
---— DMA Scan 4
0034 B0 3C 2A
0037 30 OF

0039 E2 69 30 38
0030 XX XX XX
0040 00 00 00 etc.

0050 78 DE 0B etc.

LABEL
BLANK

PIC
REFRESH

MAIN

ZERO
GRAPHIC

Bottom Blank

ADDR CODE :
0000 90 B1 BZ B3 B4

0005 F8 39% A3
0008 F8 3F* A2

0o0B F8 11 A1 D3
000F 72 70

0011 22 78 22 52
0015 C4 C4 C4
0018 F&8 00 BO
O01B F8 48 AO E2

001F 80

 LABEL

RETURN
INTERRUPT

REFRESH

COMMENT

Countdown blank
scans by 2 and
Jump on zero to
PIC to display
graphlcs beginning
at 0050

Scan each 8-byte
| Tna

four times as In
orlglinal
Graphics Test
Program

Check for end of
display window,.
Do-pothlng MAIN
toop

3D to 3F 1s stack
area

Bytes 0040 - QOFF
contalning
graphic same as
original P.E.
Spaceship Program

COMMENT

B4 unnecessary In
this mod,
¥Address changes
from P.E.
original Graphics

Test Program

Spaceship graphic
moved to

begin at Q048 in-
stead of 005¢

ADDR

0020

0023

0026
0029
0028

00Z0

002E

0030

0032

0036
0039
003D

0048

00F8

CODE

DMA scan 1
E2 20 AD
DMA scan 2

LABEL

E2 20 AD

DMA scan 3
E2 20 AO

DMA scan 4
FB FO

38 1F

80

DMA zero row
20 AQ BLANK
3C 2E

DMA zerc row
20 AD 34 32 FOUR
DMA zero row

30 OF 00

E2 69 30 3B MAIN

W XK XX

7B DE DB etc,

GRAPH|C

00 0 00 etc. ZERO

COMMENT

Scan each 8-byte
| ine

four times as in
orlginai
Graphics Test
Program

Makes D=0 if tast
fine,

Get new display
line if Dot = 0
Save in D address
of B zero

bytes that must
Immediately fo!low
last 1ine of
graphic,

Repoint to zero
row until

EFI shows we're in
last 4 scans.

Repoint to zero
row until

EF) shows last 4
scans done.

Do-nothing MAIN
loop.

3D to 3F Is stack
area,

40 to 47 is unused
Bytes 0048-00F7
contain graphic -
found as 0050-COFF ~ >
in ariginal.
zaro row for
blanking.
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