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APPLE-11 HI-RES GRAPHICS SUBROUTINES

The APPLE-II computer comes with a high-resolution (hereafter
'*HI-RES') color graphics display mode of 280 horizontal by 192
vertical resolution. Because 8K bytes of RAM are dedicated solely
to maintaining the HI-RES display, a2 minimum 12K byte system
(configured for HI-RES) is required to use this mode. For practical
reasons, 16K bytes is the strongly recommended minimum. A 6502
machine language subroutine package has been developed to simplify
efficient use of the APPLE-II HI-RES display for assembly language
and BASIC programmers. The routines for initializing the HI-RES
display, plotting points, drawing lines, and drawing shapes are

described herein.



USING THE HI-RES SUBROUTINES

Despite the fact that HI-RES graphics commands are not built
into APPLE-II BASIC, a convenient scheme for referencing the sub-
routines and their parameters by name has been devised, as illus-

trated below.

TRADITIONAL METHOD

OF CALLING
MACHINE LANGUAGE SUBROUTINES IMPROVED METEHOD
> POKE 800, X MOD 256 > X0 = X
> POKE 801, X / 256 > Y0 =Y
> POKE 802, Y > COLR = C
> POKE 812, C (color) > CALL PLOT
> CALL 2834

The first statement of a program using the HI-RES subroutines

should be as follows

0 X0 = YO = COLR = SHAPE = ROT = SCALE

The purposes of this statement are to cdeiine 2 line number O
(necessary when later appending the EI-RIS PREFIX program) and to
enter the first 6 BASIC variable names in the symbol table in a
fixed sequence. When executed, each of the 6 parameters will be
assigned storage at fixed locations relative to the address contained
in the BASIC ‘'start of varizbles' pointer, LOMEM, maKing them readil:

accesszble by the HEI-RES subroutines.



Different parameter names may be used provided that they retain
the same number of characters. This is necessary to insure that
the storage locztions for each relative to LOMEM do not change.

For example, the name XX could be used in place of X0 but XCOORD

could not.

The parameters SHAPE, ROT, and SCALE are used only by the HI-RES
shape draw subroutines and may be ommitted from programs using only
the PLOT and LINE features. Ommitting unnecessary variazble definitions
is one method of enhancing the overall performance of some BASIC

programs on the APPLE-II and is thus desirable.

FIRST LINE OF PROGRAMS NOT USING
THE SHAPE DRAVW SUBROUTINES

0 X0 = YO = COLR

After the parameter names have been defined, the HI-RES subroutine
names themselves may be defined and assigned corresponding subroutine
entry addresses as values. Calling subroutines by name is preierzble
to calling them by entry address- because the entry addresses may
vary in future versions of the HI-RES subroutines, and names are

better self documenting.



Absolute CALL CALL by name

5 INIT = 2048

100 CALL 2048 100 CALL INIT

200 CALL 2048 200 CALL INIT

In the above CALL by name example, should the INIT subroutine
entry address change to -12288, only line 5 need be changed.
In the absolute CALL example, lines 100 and 200 (and any others
referencing the INIT subroutine) will have to be changed. The

self documenting advantage of the CALL by name example should

be zpparent.

The following statement lists 2all HI-RES subroutine entry
initializations available to BASIC programs. Other names may be

vsed at the programmer's discretion.

2048 : CLEAR = 2062 : BXGND = 2865

5 1INIT =
POSN = 2809 : PLOT = 2830 : LINE = 2836
DRAW = 2871 : DRAW1l = 2874 : XDRAW = 2884

XDRAW1l = 2887 : FIND = 25536



The allowable color specification values may also be referenced
by name, if the initialization statement below is included in your
program. Note that 'GREEN' is preceeded by 'LET' to avoid a syntax

error due to confusion with the GR command.
7 BLACK = 0 : LET GREEN = 42 : VIOLET = 85 : ¥YHITE = 127

If your APPLE-II has been modified for additional HI-RES colors,

the following assignments are also valid.

8 ORANGE = 170 : BLUE = 213 : BLACK2 = 128 : WHITE2Z2 = 255

Unnecessary variable definitions should be avoided as they
will slow some programs. Therefore, a program should not define
VIOLET = 85 unless it uses the color VIOLET. The example below
illustrates condensed initialization statements for 2 program using
only the INIT, PLOT, and DRAW subroutines, and the colors GREEN

and WHITE.

0O X0 = YO = COLR = SHAPE = ROT = SCALE
5 INIT = 2048 : PLOT -= 2830 : DRAW = 2871

7 LET GREEN = 42 : WHITE = 127



In extreme cases any of the following techniques will further

enhance program performance.

(1)

(2)

(3)

Omit the color and subroutine name initializations.
Refer to colors and subroutines by value, not name.

This does not apply to the parameter references.

Define the most frequently used program variable names
prior to the subroutine ‘name and color name initializations
(lines 5 and 7 in the prior examples). The.example below
will speed up programs extensively referencing variables

I, J, and K.

0 X0 = YO = COLR = SHAPE = ROT = SCALE

5 INIT = 2048 : CLEAR = 2062 : BXKGND = 2865
POSN = 2808 .......... etc

7 BLACK = 0 : LET GREEN = 42 : . ......... etc.

Use the parameter names as program variazbles when possible.
Because they are defined first, the parameters are the most

guickly accessed BASIC variables.
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INITIALIZATION SUBROUTINES
The normal HI-RES display consists of 2 280 horizontal by 160

vertical grid above 4 lines of text and is initiated with the

BASIC command below.
> CALL INIT
The INIT subroutine also clears the HI-RES display and initialize:
other HI-RES subroutines. After calling INIT the programmer may

eliminate the 4 line text display, extending the HI-RES display

to a 192 vertical resolution, with the:following command:
> POKE -16302,0
The 4-line text display may be restored at any time as follows:
> POKE -16301,0
Valid X-coordinates vary from 0 (leftmost) to 279 (rightmost)

Valid Y-coordinates vary from O (topmost) to 152 or 191 (bottommost)

depending on whether or not the 4 line text display is enabled.

At 2ny time after INIT has been called, the entire HI-RES

display may be cleared with the CLEAR subroutine as shown below.

> CALL CLEAR



The HI-RES display may be quickly set to any background color
with the BKGND subroutine. BDGND expects a2 color specification.
in the BASIC variable COLR. The example below turns the entire
HI-RES display green.

0O X0 = YO = COLR
5 INIT = 2048 : BKGND = 2865
LET GREEN = 42
10 CALL INIT
20 COLR = GREEN
30 CALL BKGND

40 END

Only the colors previously mentioned (BLACK, GREEN, VIOLET,
and WHITE) may be specified in COLR. Do not make up your own,

For exzmple, COLR = YELLOW is not allowed.

If COLR is greater than 255 when BKCND is called then a2 range
error will occur. The message '(beep) *** RANGE ERR' will be

displayed and the program will halt.
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POINTS AND LINES

The PLOT subroutine is used to plot a2 single point of the
HIQRES display in a specified color. COLR must be less than 255,
X0 must be O to 279, and YO must be O to 191 when PLOT is called
or a range error will result and the program will bhalt. The program
below plots one white dot 2t X-coordinate 35, Y-coordinate 55

(35,55) -and one at (85,80).

0 X0 = YO = COLR

5 INIT = 2048 : PLOT = 2380 : WHITE = 127
10 CALL INIT
20 COLR = WHITE

30 X0 = 35 : YO 55 : CALL PLOT

]

40 XO 85 : YO = 90 : CALL PLOT

50 END

Connecting any two coordinates with a straight line is z2lmost
2s easy as plotting points. After plotting one endpoint as shown
in the example above, the other endpoint is specified in X0 and YO
2and the the LINE subroutine is eazlled. As with the PLOT subroutine,
COLR must be less than 256, X0 must be O to 279, and YO must be
0 to 181 or a range error will result and the program will halt.
The following example draws a white line from (35,40) to (170,100),
2 green line from (270,10) to (5,145), and a2 violet line irom

(20,70) to (190,110).
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0 X0 = YO = COLR
5 INIT = 2048 : PLOT = 2830 : LINE = 2836
LET GREEN = 42 : VIOLET = 85 : WHITE = 127

10 CALL INIT

I
n

20 COLR WHITE : X0 = 35 : YO 40 : CALL PLOT
25 X0 = 170 : YO = 100 : CALL LINE
30 COLR = GREEN : X0 = 270 : Y0 = 10 : CALL PLOT

35 XO

S : YO = 145 : CALL LINE
40 COLR = VIOLET : X0 = 20 : YO = 70 : CALL PLOT

45 XO 190 : YO = 110 : CALL LINE

50 END

The following example illustrates that the parameter variables
may be used as FOR loop indices. Horizontal violet lines are

drawn on a green background at every tenth vertical coordinate.

0 X0 = YO = COLR

5 INIT = 2048 : BKGND = 2865 : PLOT = 2830
LINE = 2836 : LET GREEN = 42 : VIOLET = 85

10 CALL INIT

20 COLR = GREEN : CALL BXGXND

30 COLR = VIOLET

40 FOR YO = 5 TO 155 STEP 10

50 X0 = 10 : CALL PLOT : X0 = 270 : CALL LIXE

60 NEXT YO : END
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Multiple lines which are connected endpoint to endpoint may be
drawn without intervening PLOT calls. In the example below, =z
white line connects (10,20) to (250,70), and green line connects

(250,70) <o (20,150), and a violet line connects (20,150) to (260,30).

0 X0 = YO = COLR
5 INIT = 2048 : PLOT = 2830 : LINE = 2836
42 : VIOLET = 85 : WHITE = 127

LET GREEN
10 CALL INIT
20 COLR = WHITE : X0 = 10 : YO = 20 : CALL PLOT

30 X0 = 250 : YO = 70 : CALL LINE

40 X0 = 20 : YO = 150 : COLR:= GREEN : CALL LINE
50 X0 = 260 : YO = 30 : COLR = VIOLET : CALL LINE
60 END

CAUTION

Do not attempt to draw a line prior to the first PLOT.
Because the first endpoint has not been defined, the line may
be drawn in random memory locations, not necessarily restricted

to the screen memory.



DRAWING SHAPES

Up to 255 different shapes may be defined, edited, and saved
on a2 single tape
After loading the HI-RES subroutines such a 'shape tape' (containing
a2 'shape table') may be read as follows.
1. Position shape tape in recorder.
2. Load shape tape with the BASIC command:
> CALL 3001
3. Start recorder (PLAY).
The above command immediately begins
feading tape.

4, Vait for two beeps.

Shape tables always load beginning at address $C00 with the
HI-RES subroutines in locations $800-SBFF. Upon loading a shape
table, the BASIC 'start of variables' pointer LOMEM is set to
contain the address of the location immeciaztely following the

last shape table byte.

I1f not enough free memory is available to contain the shape
tzble then the message '(beep) **x MIM FULL ERR' will be displayed.
1f no beep is heard when loading a2 shzpe tape then something is
probably wrong with the tape connection and you will have to hit
RESET and type CC (Control-C) to reenter BASIC. 1If you hear z single
beep and then the system hangs it mezas rour shape tape 1is probably
22d and after hitting RESET anc ivping Cv vou may have to resiore

-ne LOMEM setting to SCO0 (3072) zs Iollzws.

g e —
> LOMEM 072



The DRAW subroutine is used to display any of the predefined
shapes included in the current shape tazble. The origin or 'beginning
point' of the shape is specified in X0 and YO and the color is speci-
fied in COLR as with PLOT. The shape number desired is specified
in SHAPE. For example, SHAPE = 3 specifies that the third shape
of the current shape table is to be drawn. A sczale factor is speci-
fied in the variable SCALE and a rotation in ROT. A scale factor
of 4 implies a shape 4 times the defined size. A scale factor

of 0 is always interpreted as 256.
Rotations

ROT=0 (no rotation)

ROT=48 (270 deg. CW) < \\\l/// > ROT=16 (90 deg. C¥)

ROT=32 (180 deg. CW)

COLR must be 0 to 255, X0 must be 0 to 279, YO must be 0O to
191, ROT must be 0O to 255 (due to MOD 64 arithmetic, ROT=64 is
eguivalent to ROT=0), SCALE must be O to 255, and SHAPE must be
greater than zero and less than or equal to the current number
of shape table shapes or else a range error will result when
DRAW is called and the program will halt. 1In other words, the

programmer will always be notiiied if HI-RES subroutines are czlled

with any invalid parametiers.



The following program example draws shape number 3 in white
at a 90 degree clockwise rotation and scale factor of 2. The origin
is at (140,80). It is assumed thzt a shape table with at least

3 shape definitions has been loaded.

0 X0 = YO = COLR = SHAPE = ROT = SCALE
S5 INIT = 2048 : DRAW = 2871
7 WHITE = 127

10 CALL INIT

20 XO = 140 : YO = 80 : COLR = VWHITE

30 SHAPE = 3 : ROT = 16 : SCALE = 2

40 CALL DRAW

50 END

The XDRAVW subroutine is identical in operztion to the DRAW
subroutine except that the defined shape is exclusive-ored (EX-OR'4d)
onto the screen. The EX-OR operation complements zll screen
memory bits of the shtape, O's become 1l's and vice-versa. No color
need be specified. A unique property of XDRAW is that 2 successive
calls with identical parameters will first czuse a shape to be
drawn (in white) and then erased. The following program example
czuses the rotation of shape number 3 to track paddle 0. XDRAW
is used for both the draw and erase operztions. Although the
color is not optional, the variable COLR may not be ommitied Irom
the parameter declarations (line 0) or the SHAPE, ROT, and SCalZ
perameters will not be assigned stcrzze In their stiandarc locztiions

relative to LOMEM.



0O X0 = YO = COLR = SHAPE = ROT = SCALE
S5 INIT = 2048 : XDRAVW = 2884
10 CALL INIT

20 XO 140 : YO = 80 : SHAPE = 3 : SCALE = 2

30 R=0 : GOTO 60 : REM DRAW FIRST SHAPE
40 R = PDL(0) : IF R = ROT THEN GOTO 30

50 CALL XDRAW : REM ERASE AT OLD ROT

60 ROT = R : CALL XDRAW : REM DRAW AT NEW ROT
70 GOTO 40 : REM CHECK FOR ROT CHANGE

80 END

DRAW1l and XDRAW1l are identical to DRAW and XDRAVW respectively
except that the most recently plotted (or drawn) point serves as
the shape origin and the current color is not updated. ~Thus

X0, YO0, and COLR are not specified.

If you draw a shape and then wish to draw a line from the
final plot position of that shape to 2 fixed coordinate, you may
do so. After drawing the shape, however, you must call FIND
prior to calling LINE. The FIND subroutine determines the X-Y
coordinates of the final shape plot position (or current plot
position if used after other subroutines) and uses it zs the
beginning endpoint of the following c2l11 to LINE. The féllowing
program example draws a shape and then z violet line from the

final plot position of the shzpe 1o (10,2Z2).
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20
30
40

Overlapping shapes define points of '‘collision'.

X0 = YO = COLR = SHAPE = ROT =
INIT = 2048 : LINE = 2836 : DRAW
VIOLET = 85 : WHITE = 127

X0 = 140 : YO = 80 : COLR = WHITE
SHAPE = 3 : ROT = 0 : SCALE = 1
CALL FIND

X0 = 10 : YO = 25 : COLR = VIOLET
END

COLLISIONS

SCALE

2871 FIND = 2556

CALL DRAW

CALL LINE
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The DRAVW and

XDRAY¥ subroutines return a collision count in the absolute location

$32A (810 decimal).

The cotlision couu. will be constant for a

fixed shape, rotation, scale, and background, provided that no

collisions with other shapes are detected.

The difference between

the 'stazndard' collision value and the encountered value (while

drawing a shape) is a true collision indicator.

100 CALL DRAW

110 COUNT = PEEK (810)
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APPENDING THE HI-RES PREFIX

The HI-RES PREFIX program may be permzrently zppended to any

BASIC programs you write, making a 2-step LOAD unnecessary. If

you have the APPLE-II RENUMBER/APPEND program then treat the user-

written program 2s the one with greater line numbers (despite the

fact that it begins with line 0) and the HI-RES PREFIX program as

the one with smaller line numbers. If you don't have the RENUMBER/

APPEND program then the APPEND may done manually as follows:

>

>

LOAD
POKE
POKE
POKE

POKE

(user program)
0, PEEK (76)
1, PEEK (77)
76, PEEK (202)

77, PEEK (203)

(user program is now hidden)

3. > LOAD
4. > POXE

> POKE
5. > SAVE

(BI-RES PREFIX program)
76, PEEK (0)
77, PEEX (1)

(combined program)
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SUMMARY
Subroutine Calling address Parameters
INIT 2048
CLEAR 2062
BKGND 2865 COLR
POSN 2809 X0, YO, COLR
PLOT 2830 X0, YO, COLR
LINE 2836 X0, YO, COLR
DRAW 2871 X0, YO, COLR, SHAPE, ROT, SCALE
DRAW1 2874 SHAPE, ROT, SCALE
XDRAW 2884 X0, YO, COLR, SHAPE, ROT, SCALE
XDRAW1 2887 SHAPE, ROT, SCALE
FIND 2556
SHAPE .LOAD 3001
For NO TEXT display -----—----- >POKE -16302,0
For mixed GRAPHICS/TEXT -----=-- >POKE -16301,0
Select secondary screen display —------- >POKE -16299,0
Select primary screen display -—-—=--—--- >POKE -16300,0
Select secondary screen plotting ------ >POKE 806,64
Select primary screen plotting ----—--- >POKE 806,32

(Defaults are GRAPHICS/TEXT, primary screen display,
and primary screen plotting)

Collision detect (shape draw only) —-------- DZEK (810)



HI-RES PREFIX LOAD

AFTER LOAD

PV, LOMEM ——
(normally $800)

USER AREA
PP ——————
{start -of BASIC
program) (1 page)
HI-RES SUBR'S
(4 pages)
BASIC
(1 page)
USER PROG
(if any)
HIMEM ———
(end of
program)

Note: A 'page' is 256 bytes.

page <1

AFTER RUN

$800—

$BFF—

HI-RES SUBR'S

PV, LOMEM=~
($C00)

PP ——

USER AREA

HINEM —

APPLE-II BASIC POINTERS

USER PROG '
(execution initiated
2t line 0)

LOMEM (in $4A, S4B)--eeee- Contains 'start of BASIC variables"'
address.

2V (SCC, SCD)---—mmmmm e = End of BaSIC verizhies. 3Sgugl to LOWEN
if no zctiive variztles

7P {%CA, SCB)--mmmmm e - Start of 2ASIC frograo zzual o HIMIM
if ma peegres

HIHEM ($4C, $4D)j------mmm- Tng of
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HI-RES PARAMETER LOCATIONS
(bevond -LOMEY)

Parameter Locations bevond LOMEM
X0 $05, $06
YO $OC, $OD
COLR $15, $16
SHAPE $1F, $20
ROT 327, $28
SCALE $31, $32

Note: Each parameter is two bytes in length. The
low-order byte is storecd in the lesser of the

two locations assigned.
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HI-RES SUBROUTINES SEGMENT AP

CODE $800-SSES8

DATA §$9ES-S$SFB

CODE S$9FC-$BFF



SHAPE TAPE

Record #l -——=—-e—- Contzins length of record #2. Two bytes long,

low-~order first.

Record Gap -=-===-- Minimum of .7 seconds.
Record #2 -—-e-w--- Shape table (see below).
k'
START sreectee 0-255
(in $328, $329) \ n = number of shapes
Unused
. h
ngggoésbset low index to shape
Y > definition #
LOAD subr. begl J refatave to
low ) index to shape
% definition #n
high J relative to START
SHAPE DEF
#1
SHAPE DEF
#n
LOMEM
BASIC
VARIAELEZS

|

i
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SHAPE DEFINITIONS

first shape byte

.

final shape byte

$00 —~— 'end of shazpe’
mark
SHAPE BYTE
MSB LSB
XYIPXYPXY
. f X
Third vector First vector

Second vector

X Y Vector

0O O i

0o 1 -+ P = 0 Move without plot

1 O + P =1 Plot, then move

11 « Third vector is move without plo

ZEROES ARE IGNORED--If the remaining one or iwo vectors oi

a shape byte are zeroes then they are

ignored.



(plot-prior-move vettors are circled)

SAMPLE SHAPE BYTES

@ CIC] % CIC,
N X O\ [\
00 100 100 00 101 101 00 110 110 00 111 111
third first
$24 $2D $36 $3F
® > e~ /*@@
00 000 100 00 000 001 01 101 101 11 111 111
$04 $01 $6D SFF
G . +
i K /)[\
K v
10 101 100 01 100 110 01 101 001 10 010 010
SAC $66 $698 $92
INVALID SHAPE BYTES
+ 4+ - ignored
4 % o
+ 4 4 ®
ignored ignored ignored

1} ignored
eee ®

to0O many



1.

SCREEN MEMORY

HPAG (in location $326) contains the high-order byte of the
starting address of the current HI-RES display memory in

which plotting is being done.

Primary screen memory plotting —----- HPAG = $20
($2000-$3FFF)
Sécondary screen memory plotting ---- HPAG = $40

($4000-$5FFF)

HBASL and HBASH (in locations $26 and $27) contain the BASE
ADDRESS corresponding to the current Y-coordinate. The
BASE ADDRESS is the address of the leftmost display byte of
the current line. HBASL and HBASH will track 211 plotting

and drawing ‘'on-the-fly'.

Current HPAG Current Y-Coordinate
P Q R O O 0 0 © A°B C D E F G H
MSB LSB MSB ~ LsB
HBASH HBASL
P Q R F G H C D E A B A4 B 0O O O
MSB LSB MSB LSB

HNDX (in location $325) contains the byte index from the
BASE ADDRESS to the current plot bvte znd is 2 function of

the current X-coordinate.

HNDX = X / 7 (integer divide with truncate)



HMASK (in location $30) contains z bit mask corresponding to
the current bit position within the current plot byte and is
2 function of the current X-coordinate. The high-order bit

is always set.
X MOD 7 HMASK

(leftmost) $81
$82
$84

0
i 8
2
3 $88
4 $90
5 $AOQ
6 (rightmost) $CO

HCOLOR (in location $1C) is the HI-RES 'on-the-fly' color
mask. The low-order seven bits are rotated one bit position
for odd values of HNDX. The high-order bit selects one of

two color sets on systems modified for extra HI-RES colors.

HCOLOR

COLOR EVEN HNDX ODD HNDX

BLACK 000O0OO0O0O0O: 0000O0O0O0CO
GREEN 00101010 01010101
VIOLET 01010101 00101010
WHITE 01111111 01111111
BLACK2 10000000 10000000
ORANGE 10101010 11010101
BLUE 110101071 1010101220
WHITEZ 11111111 111131111311



HI-RES INTERNAL VARIABLES

SHAPEL, SHAPEHR ($1A, $1B) On-the-fly shape pointer,

HCOLOR1 ($1C) On-the-fly color byte.

COUNTH ($1D) High-order byte of step count for LINE.

HBASL, HBASH ($26, $27) On-the-fly BASE ADDRESS

HMASK ($30) On-the-fly BIT MASK.

QDRNT ($53) 2 LSB's are rotation gquadrant for DRAVW,

XOL, XOH ($320, $321) Most recent X-coordinate. Used for
initial endpoint of LINE. Updated
by PLOT, LINE, and FIND, not DRAWV.

YO ($322) Most recent Y-coordinate (see X0L, XOE).

BXSAV ($323) Saves 6502 X-Register during HI-RES czlls
from BASIC.

HCOLOR ($324) Color specification to PLOT, POSN.
HNDX ($325) On-the-fly byte index from BASE ADDRESS.
HPAG ($326) Starting page of plot memory. Normally
$20 for plotting in primary HI-RES
display memory ($2000-S3FFF).
SCALE ($327) On-the-fly scale factor for DRAVW.
SHAPXL, SHAPXH ($328, $329) Start of shape table pointer.

COLLSN ($324) Collision count from DRAW, XDRAVW.



L4150, PoeMe,

127271917

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
20
4ql
42
23
K4
a5
46
a7
48
49
S0
>
a2
53
S4
55
S6
57
S8
SS9
60

SHAPEL
SHAPEH
HCOLORI
COUNTE
HBASL
HBASH
HMASK
AlL
AlR
A2L
A2K
LOMEML
LOMEMH
DXL
DXH
SHAPEX
DY
QDRNT
EL

EH

PPL
PPH
PVL
PVH
ACL
ACH
XOL
X0H

YO
BXSAV
HCOLOR
HNDX
HPAG
SCALE
SHAPXL
SHAPXK
COLLSN
SHSTRT
HIRES
KIXSET
TXTCLR
MEMFULL
RANGEZRR
ACADR
RD2BIT
READ
READX |

HI-RES

EPLZ
EPZ
EPZ
EPL
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EPZ
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQURILD

S1A
s1iB
s1C
s1D
$26
s27
$30
$3C
$3D
$3E
S3F
S4aA
s4B
$50
sS1
$51
552
$53
554
$S5
SCA .
sc3
sCC
sCD
sCE
SCF
$320
s321
$322
$323
$324
$325
$326
$327
5328
5329
$324
$CO00
SC057
$C053
$C050
SE35B
SEE68
SFIIE
SFCFA
SFEFD
SFFO2

PAGBE Y 2
POINTZR TO
SYAPEL L1ST
RUNNING COLOR MASK.

BASE ADR FOR CURRENT
HI-RZS PLOT LINEZ.

MONITOR Ale.
MONITOR A2

BASIC 'START OF VARS®

DELTA-X FOR HLIN, SHAP
SHAPZ TEMP.

DELTA-Y FOR HLIN, SHAP
R0T QUADRANT (SHAPE).
ERROR FOR HLIN.

BASIC START OF PROG.PX
BASIC END OF VARS PTR.
BASIC ACC.

PRIOR X-COORD SAVE

AFTER HLIN OR HPLOT.
HLIN,HPLOT Y-COORD SAR
X-REG SAVE FOR 3aSIC.
COLOR FOR HPLOT, HPOSY
HOR1Z OFFSZT SAVE.
HI-RZS PAGES (520 NORMA
SCALE FOR SHAPZ, MOVE.
START OF

SHAPZ TABLE.
COLLISION COUNT.
START OF SHAPE TABLE.
SWITCH TO HI-RES VIDE®
SELECT TEXT/GRAPKICS K
SELECT GRAPHICS MODE.
BASIC MEM FULL ERROR.

BASIC RANGZ ERROR.
e~BYTE TAPE READ S2T0»
TWO-EDGE TAPZ SZINSE.

TAPE READ (A1.A2).
READ VITHOUT HIADER.



G:SO Po”v'

N800
JB02:
0B80S 1
OB0DS:
OBEOB
080Z:
0810
o8l12:
08151
OBl17:
08191
O8I1B:
081iD:
OBLlF
0822:
0823:
0825
0827
0829
0828
082D

A9
8D
AD

A%
85

85
A0
84
AS
o1
20
cs8
DO
E6
AS
29

DO

60

127271977

20
26
57
S3

"$D

00
1C
26
1B
00
1A
1C
IA
A2

Fé
1B
IB
1F
EE

03
co
co
co

03

o8

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

t 3

* RAM VERSION $800 TO sBFF

3

SZTHRL

HCLR
BXGNDO
BKGND

BXGND1

ORG
LDA
STA
LDA
LDA
LDA
LDA
STA
LDA
STA
LDY
STY
LDA
STA
JSR
INY
BNZ
INC
LDA
AND
BNE
RTS

$£800
7520
HPAG
HIRES
MIXSET
TXTCLR
£350
HCOLORI
HPAG
SHAPZXH
£S0
SHAPEL
HCOLOR1
(SRAPELD,Y
CSHFTZ2

BXGND!1
SHAPEZH
SHAPEH
£S1F

BKGNDI1

PAGE: 3

INIT FOR $2000-3FFF
H1-RZS SCREEN MIMORY.
SET HIRES DISPLAY MODZ
WITH TEXT AT BOTTOM.
SET GRAPHICS DISPLAY ¥

SET FOR BLACX BKGND.
INIT H1-RES SCREEN ¥Z¥

FOR CURRENT PAGEI, NORX
$2000-3FFF OR 54000-SF

(SHAPEL,H) WILL SPECIF
32 SEPARATE PAGES
THROUGHOUT THE INIT.

TEST FOR DONE.



&850 PQHOI

O0B2E s
0831:
08341
085371
08381
OB83A:1
O83C:
083D
O83E:
0840
0842:
08431
0845
08461
0847
0848:
084At
0848t
084D:
084% 1
08501
08s52:
0854:
0857
0859
08SA:
08SC:
O85E:
08601
08621
08631
0865
0867

086A:

0863
O86E ¢
0870
0871
08721t
0B75:
08577
0879:
087 A1
037D:
O87F:
C381:
08E&31
08es:
DEBT7:

8D
B8E
8C
48
29
85
44
4A
05
85
68
85

OA
0A
CA
26
0A
26
OA
66
AS

29
0D
85

A
Cco
Fo
A0
69
c8
E9S
BO
8C
AA
BD
8S

98
4A
AD
85

BO
60
20
AS

Sl

25

S

9l

60

127271977
22 03 ¢0
20 03 91
21 03 92

°3
CcCo °4
26 @S
96
97
26 98
26 99
100
27 101
102
103
104
27 10S
106
27 107
108
26 109
27 110
lF il
26 03 112
27 113
114
00 115
0S 116
23 117
04 118
119
07 120
FB 121
25 03 122
123
EA 08 124
30 125
126
127
24 03 128
1C 129
29 130
131
2E 08 132
1C 133
26 134
30 135
26 136
26 137
138

HI-RES GRAPHICS POSITION AND PLOT SUBRS

139

HPOSN

HPOSN1
HPOSN 2

HPOSNJ

RPLOT
HPLOTI

STA
STX
STY
PHA
AND
STA
LSR
LSR
ORA
STA
PLA
STA
ASL
ASL
ASL
ROL
ASL
ROL
ASL
ROR
LDA
AND
ORA
STA
TXA
CPY
BEQ
LDY
ADC
INY
SBC
BCS
STY
TAX
LDA
STA
TYA
LSR
LDA
STA
BC'S
RTS
JSR
LDA
EOR
AND
EOR
STA
RTS

YO0
XOL
XO0R

#s5CO
HBASL
A

A
HBASL
HBASL

HBASH
A

A

A
HBASH
A
HBASH
A
HBASL
H3ASH
FSIF
BPAG
HBASH

£sS0
HPOSN2
£s23
£54

37
HPOSNI
HNDX

MSKTBL-$F9.,X

HMASK

A
HCOLOR
HCOLOR!
CSHFT2

HPOSN
HCOLORI
C(HBASL),Y
HMASK
(¥BASLY,Y
(HBASLY,Y

PAGZt &
ENTER VITH Y 1IN A-RZG,
XL IN X-EZG,
AND XH IN Y-REG.

FOR Y-COORD = OOABCDEZ¥
CALCULATES BASE ADSE
IN HBASL, HBASK FOR
ACCESSING SCREEN ME
VIA (XBASL)>,Y ADDRE
MODE.

CALCULATES
HBASH = PPPFGHCD.,
HBASL = EABAB0O0O

VHERE PPP=00! FOR 5208
SCREEN MEM RANGE AND
PPP=010 FOR $4000-7R

(GIVEN Y-COORD=ABCDEIFK

DIVIDE X0 BY 7 FOR
INDEX FROM BASE ADR
(QUOTIENT) AND BIT
YITHIN SCREEN MEM 3E
(KASK SPEC'D BY REME

SUBTRACT OUT SZVENS.

¥YORKS FOR X0 FROM
0 TO 279, LOV-ORDZIR
BYTE IN X-R=G,
HIGH IN Y-REG 4w ENT®

IF ON ODD BYTE (CARRYE
THEN ROTATE HCOLOR 5§
BIT FOR 180 DEGRZEZ 8
PRIOR 70 COPYING TOE

CALC BIT POSN IN HZ2ASE
HENDX, AND KMASK FROM
Y-CO0RD IKN A-REG,
X-COORD IN X,Y-RZGS.

FOR ANY *1I* BITS 0OF HE
SUBSTITUTE CORRZSPOG

BIT OF HCOLORI.



£150 P.M., 127271977

PSBB; 10 24 142 LFTRT BPL RIGHT USE SIGN FOR LFT/RT SE£
08BAt1 AS 30 143 LEFT LDA HMASK
088C: &A 1a4 LSR A SHIFT LOV-ORDEZR
088D: BO 05 145 BCS LEFT! 7 BITS OF HMASX
ng8r: 49 CO 146 EODR ¢SCO ONE BIT TO LS3.

391t 85 30 147 LRI STA HMASK
0893: 60 148 RTS
08%4a: 8B 149 LEFTI DEY DECR HORIZ INDZX.
0895: 10 02 150 BPL LEFT2
0B97: A0 27 1S1 LDY #s27 WRAP AROUND SCRZEN.
089%: A9 CO 152 LEFT2 LDA #SCO HZW HMASK, RIGHTHMOST
0893: 85 30 153 NEWNDX STA HMASK DOT OF 3YTE.
089D: 8C 25 03 154 STY HNDX UPDATE RORIZ INDEX.
08BA0: AS 1IC 155 CSHIFT LDA HCOLORI!
08A2: O0A 156 CSHFT2 ASL A ROTATE LO¥-ORDER
08BA3: C9 CO 157 CKP f£sSCQ 7 BITS OF HCOLOR!
0B8RSt 10 06 158 BPL RTS! ONE BIT POSK.
OBA7: AS 1IC 159 LDA HCOLORI!
08BA9: 49 TF 160 EOR #S7F ZXYXYXYX =-> ZYXYXYXY
08AB: 85 1iC 161 STA KCOLORI
OBAD: 60 162 RTSI RTS
GBAE: AS 30 163 RIGHT LDA HMASK
088B0: OA 164 ASL A SEIFT LOV¥-0ORDER
08Bl: 4% 80 165 EOR #£S80 7 BITS OF KMASK
0833: 30 DC 166 B4I LRI ONE BIT TO MSB.
88BS: A9 81 167 LDA 581
0887: CB8 168 INY NEXT BYTE.
08B8: CO 28 169 CPY #¢528
Ng83A: 90 DF 170 BCC NEVWNDX

88C: A0 00 171 LDY ¢SO0 YRAP AROUND SCRZEN IF¥

0O8BTZ: BO DB 172 BCS NEWNDX ALWAYS TAKEN.



£4:50 P.M.,

C8CO:
08C1:
0BC31
08C5S s
- {or
9B8C9:
OBCB
OBCD1
O8CF 3
0O8D2:
0ED4s
OBD6 ¢
O8DEs
08D?1:
OEDB!¢
O8DD:
08DrF ¢
OBE 1l
O8E3
OBES ¢
0Bz 7:
OBEA:
OBEC:
DEEE:
08FQ0:
O8F2:

OBF&:
I8F6 s
O8F7:
O6F9:
OBFBs
O8FC:
O8FZ:
0901
09033
090S:
09071
O%0A:s
090G
090= 3
090r 3
0911
09131
colat
0916
0918:
O%lA:

18
AS
29
FO
A9
25
31
DO
EE
A%
25
10
18
AS
29
FO
Bl
{5
25
DO
ZE
Sl
A
RS
65
29

ceo
6A
BO
30
18
RS
2C
DO
06
BO
2C
FO
69
38
20
69
48
A5
69
80
69
85
68
BO
69
66
59

127271977

51
04
27
1F
30
26
1B
2R
1F
30
12

Sl
04

QF

26
1C
30
03
2R
26
26
51
S3
03

02

8F
30

217
EA
22
26
A
F3
0S
IF

12
23

26
BO
02
FO
26

02
r
26

FC

03

03

09

o8

175

176
177

178
179
180
181

182
1683
184
185
186
187
188
189
190
191

192
193
194
19S
196
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
22Q
221
222
223
224
225
226
227
228

L AR Y AL VAP A

LRUDX1
LRUDX2

LRUDI
LRUD2

LRUD3

LRUDA

EQ3

LRUD
UPDWN
upP

UEl

UPS

up2
UP3
UPA

cLC
LDA
ARD
BEQ
LDA
AND
AND
BNE

INC

LDA
AND
BPL
CLE
LDA
AND
BEQ
LDAa
EOR
AND
BNE
INC

EOR
STA
LDA
ADC
AND
EQU
CHMP
ROR
BCS
BM1

cLC
LDA
BIT
BNE
ASL
BCS
BIT
BEQ
ADC
SEC
BCS
ADC
PHA
LDA
ADC
BCS
ADC
STA
PLA
BCS
ADC
ROR
ADC

et tT w s e — —

SHAPEX
254
LRUD&
#STF
HMASX

CHBASL),Y

L. RUD3
COLLSN
#£37F

HMASK
LRUD3

SHAPEX
$84
LRUD4

CHBASL)Y,Y

HCOLOR!
HMASK
LRUD3
COLLSN

C(HBASL), Y
CHBASL), Y

SKAPEX
QDARNT
2753
*=|
82

A
LFTRT
DOVN&

HBASH
EQIC
UP4
HBASL
upP2 =
EQ3

UPl
£SIF

UP3
2523

HBASL
€530
UPS
£3F0
HE2ASL -

UPrP3
£SIF
HKBASL
FSFC

PAGE: 6
ROT (X-0R).

-~ -

Lo

NO 90
IF B2=0 THZN NO PLOT.
FOR EX-0OR INTO SCRZEINK

SCREEN BIT SET?

ALWAYS TAKEN.
NO 90 DZG ROT.

1F B2=0 THZR NO PLOT.

SET HI~-RES SCRZERN BIT
TO CORRZISPONDING HC®
IF BIT OF SCREEN CHANSB
THEN INCR COLLSN DZE

ADD QDRNT TO
SPECIFIED VECTOR
AND MOVE LFT, RT,
UP, OR DVN BASED
ON SIGN AND CARRY.

SIGN FOR UP/DVN SELECT
CALC BASE ADDRESS
(ADR OF LEFTMOST 2VYX
FOR NEXT LINZ UP
IN (REBASL,HBASHK)
VITH 192-LINZ VYRAPAR
*x*xx BIT MAP ==xrx
FOR ROV = ABCDZIFGE.,
HBASL = EABA3000

HBASH = PPPFGHCD

VHERE PPP=Q0O!I
HI-RES PACE

FOR PRIR
($2000-C



Q"so Po Hl 2

0627 ¢
0929,
092A1t
0%¢221
~92D13

0%92F ¢
0932
09341
09361
0938:
0%¢3A:
D93B!
093E s
0%940:
0942
DP&4;
09461
09481
0%4As
094C 1
094&F:
0951
0953
0955

85
60
18
RS
69

2C
DO
06
90
69
18
ec
FO
AS
69
49
FO
49
85
AD
50
69
66
90

12/2/71977
217 229
230

231

27 232
04 233
23%

EA 09 235
F3 236
26 237
19 238
£0 239
240

2z 0% 241
§3 242
26 243
S50 244
FO 245
o2 246
FO 247
26 248
26 03 249
0} 250
EO 251
26 252
DO 253

St F VP WP AT w s bW W d Ve T

UPDVWNI

DOWN
DOWN4&

EQ4

DOWN3

DOWN]
DOWN2

STA
RTS
cLC
LDA
ADC
EQU
BIT
BNE
ASL
BCC
ADC
cLC
BIT

BEQ

LDA
ADC
EOR
BZQ
EOR
STA
LDA
BCC
ADC
ROR
BCC

HBASH

HBASH
54
Ll
EQtC
UPDWNIL
HBASL
DOWN1
FSEQ

EQ&
DOWN2
BBASL
#$50
f3SFO
DOWNZ
fSFO
HBASL
BRPAG
DowWN2
FSED
HBASL
UPDVWN 1

PAGEsr 7

CALC BASE ADR FOR NEXE
DOWN TO (HBASL,HBASX

VITH 192-LINE WRAPAR



_150 P.KM.,
0957 48
0958t A9
095A: 8D
09SD: 8D
9601 8D
09631 68
0964t &g
0965: 38
09661 ED
096%9: 48
096A: 8A
096B3s ED
096Es: 85
0970 BO
0%72: 68
0973t 49
0975: 69
09773 48
09781 A9
097A: ES
097C: 85
O%7E: 8S
098Dt 68
0981: 8S
09831 85
098S: 68
0986: 8D
0989: 8%
$8C: 98
098D 18
098t ED
0%91s %0
09933 49
0995: 69
0997: B85
0999: 8C
099Cs:s 66
09%=s 38
09%9F: ES
O0%Alt AA
0%K2: A9
09423 ES
09A5: 85
094851 AC
O0AZ: BO
09ADs OA
0%AZs 20
093l:1 38
0GE2: AS
0%34: 65
09=5: 85
S9E85: AS
C9ZA: =9

05zC1

€5

1272719717
256

00 257
20 03 258
21 03 259
22 03 260
261

262

263

20 03 264
265

266

21 03 267
53 268
0A 269
270

FF 271
ol 272
273

00 274
53 275
st 276
ss 277
278

50 279
54 280
281

20 03 282
21 03 283
282

28s

22 03 286
04 287
FF 288
FE 289
52 290
22 03 291
53 292
293

S0 294
205

FF 296
51 297
1D 298
25 03 299
05 30Q
301

88 08 302
303

54 304
52 305
54 306
ss 307
00 308
55 309

Hl-RES GRAPHICS

HLINRL

HLIN

HLINZ

HLIN3

MOVEX

MOVEX2

HCOUNT

PHA
LDA
STA
STA
STA
PLA
PHA
SEC
SBC
PHA
TXA
SBC
STA
BCS
PLA
ECR
ADC
PHA
LDA
$8C
STA
STA
PLA
STA
STA
PLA
STA
STX
TYA
cLC
SBC
BCC
EOR
ADC
STA
STY
ROR
SEC
S8C
TAX
LDA
SBC
STA
LDY
3CS
ASL
JSR
SEC
LDA
ADC
STA
LDA
s8C
STR

LINL UDXAXY D>UDZND

PAGZ: B
#350 SET (XOL,XO0E) AND
XO0L YO TO ZZRO FOR
XOK REL LINE DRAV
YO0 (DX, DY).
ON ENTRY

XLs A-REG
XOL XH¥: X-REG

Y: Y-REG
X0H
QDRNT CALC ARS(X-X0D)
HLIN2 IN (DXL.DXH)
§SFF X DIR TO SIGN BIT
£51 OF QDRNT.

0=RIGHT (DX POS)
S0 I=LEFT (DX NEQ)
QDPNT
DXH
EH INIT (ELLEH) TO

ABS(X-X0>
DXL
EL
XO0L
XO0OH
YO CALC -ABS(Y-Y0)-1!
HLIN3 IN DY.
FSFF
¢FSFE
DY ROTATE Y DIR INTO
YO QDEINT SIGN BIT
QDRNT (B0=UP, 1=DOWN)
DXL INIT (COUNTL,COUNTH).

TO =~ (DEZLTX+DELTY+ )
ISFF
DXHK
COUNTH
HNDX KORIZ INDEX
MOVEX2 ALYAYS TAKERN.
a MOVE IN X-DIR. USE
LFTRT QDRNT 85 FOR LFT/RTE
EL ASSUMEZ CARRY SET.
DY (EL,ER)-DELTY TO (EL,H¥
TL NOTZt: DY IS (-2ZLTY)-]
£Y CARRY CLR IF (ZL,ZH).
S0 GOEZS N:ZIG-.
£



4150, PeMeo,

0%==1
09C0:
0%9C2

?C4 3
U9C6s
09CE81s
09C9t¢
09C3:
0%CD:
O09CFs
0%D1 s
09D31
09D6s
09D7s
0%D%
09DB:
O9DD:
O%DF
O%E1l ¢
0%E3s
0O%E4:
OSET1:
O%ES?
0%zZA
O9EB}¢
O%ZE ¢
Norls

72F4qt
O9F7:
O9FAt

Bl
45
25

Sl

gl
EB
DO
E6
FO
AS
BO
20
18
AS
65
85
RS
65
5Q
81
82
90
co
i1C
FF
Fa
D4
Al
61
18

127271977

26
IC
30
26
e6

04
{D
6B
S3
DA
F9

S4
SO
S4
58
S1
D9

84
AQ

FE
EC
CsS
8D
k9
FF

o8

88

FA
El
Bj
78
31

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

334

335

HI-RZS GRAPBICS

HLIN4

MSKTBL

EQIC

cos

LDA
EOR
AND
EOR
STA
INX
BNE
INC
BEQ
LDA
BCS
JSR
cLC
LDA
ADC
STA
LDA
ADC
BVC
DBT
DBT
DBT
DBT
DBT

DBT

DBT

LINE DRAVY SUBRS
PAGES - 9

(HBASL),Y SCREEN BYTE.
HCOLORI1 PLOT DOT OF HCOLORI
HMASK CURRINT BI1T MHASK.
(HBASL).,Y
(KBASL)Y,Y

DONE (DELTX+DEZLTY)
BLINS DOTS?
COUNTH
RTS2 YES, RETURN.
QDRNT FOR DIRECTION TEST,
MOVEX IF CAR SET, (EL,EH) P8
UPDVWN IF CLR, NEZG, MOVZ YR
EL (EL,EZH)+DELTX
DXL TO (EL.ER)Y.
EL
ER CAR SET I1F (EL,ER) GOB®
DXH
HCOUNT ALWAYS TAKEN.
s8l1 LEFTMOST BIT OF BYTE.
$82,584,588
$90,SA0
$CO RIGHTKOST. BIT OF BYTZ.
s$i1C

$A1,358D,8$78,S



4130 P.X.,

¢oFC:
O9FE:
O9FF:
~q0l s

A03:
OAD4:
OADG6 3
CAROT7 12
OAOQB8:
OAD%:
QAOC:
OAQOE ¢
0AOF ¢
OAlD:
Bal2:
OAl5:
OAl1 81t
ODAlB1:
OAlIC:
DAlF:
0A20:
0A21)s
0A22:
DA24:
OCA26t
0A273s
0A28 3
“42A4
_A2D:
OA2E ¢
0A2F 3
DAR32:
0A34:
0A37:
CA3A:

AS
0A
AS
29
2A
oS
OA
A
0A
8D
As .
kA
4A
29
0D
8D
AD
3723
6D
04
AR
Ca
AS
29
£8
QA
DO
8D
8A
18
6D
S0
EE
8D
60

127271977

26

27
03

26

22
27

a7
22
22
25

2s

30
1

FC
21

25
03
21
20

03

03
03
03

03

63

03

03
03

HI-REZES GRAPHICS COORDINATE

338
339
340
341!
3s2
343
344
345
346
347
348
3Kk9
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372

HFIND

HFIND|

HEFIND2
RTS2

LDA
ASL
LDA
AND
ROL
ORA
ASL
ASL
ASL
sTa
LDA
LSR
LSR
AND
ORA
STa
LDA
ASL
ADC
ASL
TAX
DEX
LDA
AND
INX
LSR
BNE
STA
TXA
GLC
ADC
BCC
INC
STa
RTS

HBASL
A
HBASH
83

A
HBASL
A

A

A

Y0

HBASH
A

A
’s7
YO
YO
HNDX
A
HNDX
A

HMASK
£STF

A
HFIND!
XOH

HNDX
HKFIND2
X0H
XO0L

RESTORL

susn
PAGE: 10

CONVERTS BASE ADR
TO Y-COORD.

FOR HBASL = EABABOOO
HBASH = PPP{GHCD

GENZIRATE
Y-COORD = ABCDZFGH

(PPP=SCRIZEN PAGE.,
NORMALLY 001 FOR
$S2000-S3FFF
H1-RES SCRZEN)

CONVERTS HANDX (INDIX
FROM BASE ADR)
AND HMASK (BIT
KASK) TO X-COORD
IN (XOL,XOH)
(RANGE $0-%$133)

CALC HNDXx7 +
LOG (BASE 2) HMASK.



43150 PeX., 127271977
375
376
377
378
379
OA33: 86 1A 380
OA3D1 B4 1B 381
OA3F: AA 382
QA40: 4a 383
OA4&l:1 &A 384
QA&2: 4A 385
DA&31 4A 386
DA44: B85 53 38T
OA46: B8A 388
0A47: 29 OF 389
OA&9:3 AA 390
OAZAT BC EB 09 391
0A4D: B4 SO 392
OA4F: 49 OF 393
OAS1lt AA 394
OAS2: BC EC 09 395
OASS cs8 396
0aASE6s 84 52 397
0ASB: AC 25 03 398
OASBt A2 00 399
OASDt BE 2A 03 400
0A60: Al 1A 401
“pa62: 85 51 {02
JAGA: A2 80 403
0A66: B6 54 404
0as68: 86 S5 405
BAGAT AT 27 03 406
OAG6Dt AS 54 {407
OA6F: 38 408
CA70:1 65 50 4309
BAT7T2: B85 54 K10
OATw: 90 04 41!
0A7?76¢: 20 DB 08 4&12
0A791 {8 413
OA7At AS SS {14
OATC: 65 S2 41S
0A7Et 85 5SS 416
GAEBOt %0 03 &17
OAE2t 20 D9 08 418
0R85: CA 419
pag6: DO ES 420
04B83 AS 51 521
DABAsT &A 422
OA8B1  &A {23
OABC: A&A 424
0A8D: DO D3 425
JAEFs E6 1A 426
0A®l: DO 02 427
OA%3: £6 13 428
4150 P.%., 127271977
OA95:1 Al 1A K29
04971 DO C9 430
NAQQ » AD 431

DRAV7

HI-RZS GRAPHICS SHAPE

SHAPE
R =0
SCALE

DRAW
TO 63

(w28 SR 2 2 BN )

RAV STX
STY
TAX
LSR
LSR
LSR
LSR
STA
TXA
ARD
TAX
LDY
STY
EOR
TAX
LDY
INY
STY
LDY
LDX
STX
LDA
STA
LDX
STX
STX
LDX
LDA
SEC
ADC
STa
BCC
JSR
cLC
LDA
ADC
STA
BCC
JSR
DEX
BNE
LDA
LSR
LSR
LSR
BNE
INC
BNE
INC

DRAVW1

DRAV2

DRAVW3

DRAV 4

DRAVWS

DRAWE

LDA
BNE
RTS

SHAPEL
SHAPEHR

FSTF

Ccos, X
DXL
#SF

COoS+t.,X

DY
HNDX
£30
COLLSN
(SHAPELL XD
SHAPEX
£580
EL

ER
SCALE
EL

DXL
EL
DRAVS
LRUDI!

EH
DY
ER
DRAVES
LRUDZ2

DRAVA
SHAPZX
A

A

A
DRAVW3

.SHAPEL

DRAV?
SHAPZH

(SHAPZL,X)
DRAV3

DRAV

SUBR

PAGE: 11

FACTOR USED (1=NORMAL)

DRAV DEFINITION
POINTER.

ROT (30-S3F)

QDRNT O=UP, 1=RT,
2=D¥N, 3=LFTe.

SAVE COS AND SIN
VALS IN DXL AND DY.

BYTE INDZX FROY
KRI1-RES BASZ ADR.

CLEAR COLLISION COUKT.

1ST SBAPE DZF BYTE.

EL,EH FOR FRACTIONAL
L,R,U,D VECTORS.
SCALE FACTOR.

IF FRAC COS OVFL
THREN MOVZ IN
SPECIFIZD VEZCTOR
DIRZCTION.

IF FRAC SIN OVFL
TEEN MOVE IN
SPECIFIED VECTOR

DIREZCTION +%0 DEG.

LOOP ON SCALE
FACTOR.

NEXT 3-BI!T VEZCTOR
O0F SHAPZ DIF.
NOT DONZI THIS. BYTZ.

BYTIZ OF

SIFINITION.

NEZXT
SHAPZ

DONE IF ZZIRO.
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0ARA1L
CASC:
OASE :
OA9F2
OAAOD:
OAAl:L
0AA2:
OAA3:
QAAS t
BAAG?
0AAB:
DAA9s
QAAC:
OAAY:
0OABQ
DAB 11
OAB4
OABS ¢
OAB7:
OABRA ¢t
0ARBRC:
DARF:
OAC1!:
OAC3:
OACS
OAC7:
0aAC9:
DACCt
QACE s
CACF s
OAD1:
OAB 31
0ADS
0ADS8s
OAD%¢
OAD31t
0OADD:
OADF
OAE 1
CAE 42
DAZS ¢
QAE 7:
OAES1:
QAZ A
OAZ B!
QAZC ¢
DAZZ
CAFO:
OarF2:
0AF & ¢
OAF 6 ¢
OAFS8:

86
84

4A
QA
LA
KA
85
8A
29

BC
84
49
AA
8C
C8
84
AC

8%
Al
&5
A2
86
86
AE

38
65
85
90
20
18

65
85
S0
20
CA
DO

aA
]A
&a
DO
£6
DO

E6
Al

LA
IB

53
OF

EB
SO
OF

EC

52
25
o]¢
2A
A
51
80
54
sS
4 §
S4

50
54
(e]}
co

SS
o2
SS
03
D¢

ES
S1

D3
LA
o2

IB
1A

DO C¢9

60

09

09

03

03

03

08

08

434
435
436
&37
438
439
840
441
{42
L43
444
445
{46
447
448
449
4SQ
451
452
453
454
4558
456
457
458
459
460
K61
462
RE3
464
465
466
467
468
{69
470
471
24723
K73
Q74
475
{76
{77
278
&79
480Q
481
482
483
484
485
486
487

488
489
490
491
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XDRAV

XDRAV|

XDRAV2

XDRAVW3

XDRAV4

XDRAVS

XDRA¥6

XDRAW?7

EX-OR SHAPEZ

ROT = 0 TO 3 (QUADRANT
SCALE 1S USED

STX
STY
TAX
LSR
LSR
LSR
LSR
STA
TXA
AND
TAX
1LDY
STY
EOR
TAX
LDY
INY
STY
LDY
LDX
STX
LDA
STA
LDX
STH®
STX
LDX
LDA
SEC
ADC
STA
BCC
JSR
cLC
LDA
ADC
STA
BCC
JSR
DEX
BNE
LDA
LSR
LSR
LSR
BENZ
INC
BNE

INC
LDA
BNE
RTS

INTO SCRZEN.

SKAPEL
SHAPZK

#SF

cos,X
DXL
#SF

CO0S+1.,X

DY
HNDX
£50
COLLSHN
(SHAPEL, X)
SHAPEX
£580
EL

EH
SCALE
EL

DXL

EL
XDRAWS
LRUDX1

ER

DY

ER
XDRAWVE
LEUD2

XDRAVA
SKBAPEX
A
A
A
XDRAW3
SHAPIL
XDRAY 7

SHAPEH
C(SHAPEL, %)
XDRAWV3

PAGZ: I3

ONLY)

SHAPZ DEFINITION
POINTER.

ROT (SO-S3F)

QDRNT 0O=UP, 1=RT,
2=D¥N, 3=LFTe.

SAVE COS AND SIN
VALS IN DXL AND DY.

INDEX FROM HI~RES

BASE ADRe

CLEAR COLLISION DETZCT

1ST SHAPE DEF BYTE.

EL,EH FOR FRACTIONAL
L,R,U,D VECTORS.
SCALE FACTORe.

I1F FRAC COS
THZN HMOVE
SPECIFIED
DIRECTION

ovVFL
IN
VECTOR

I1F FRAC SIN OVFL
THEN MOVE 1IN
SPECIFIED VECTOR
DIRZECTION +90 DEG.

LOOP ON SCALE
FACTOR.

3-81T VECTOR
SHEAPE DIF.

NEXT
OoF

NEXT BY7TZ OF

SHAPE

D?‘
Ll .



ENTRY POINTS FROM APPLE-I11 BASIC
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0AF9: 20 90 0B 492 BPOSN JSR PCOLR POSN CALL, COLR FROM R
CA¥C: 8D 24 03 a9S STA HCOLOR

OAFF: 20 AF 03 496 JSR GETYO YO FROM BASIC.

~702: 48 497 PHA

--031 20 9A 03 498 JSR GETXO X0 FROM BASIC.

0B06: 68 299 PLA

0807: 20 2E 08 S00 JSR HPOSN

OBOA: AZ 23 03 soO! LDX BXSAV

080Dt 60 502 RTS

CBOZ: 20 F9 OA 503 BPLOT JSR BPOSN PLOT CALL (BASIC).
OBl1is 4C 7D 0B 504 JM¥P HPLOT!

OBl4: AD 25 03 50S BLIN! LDA HNDX

0Bl7t &A S06 LSR A SET BCOLOR! FROM
0318: 20 90 0B 507 JSR PCOLR BASIC VAR COLR.
O0Bl1By 20 75 08 508 JSR EPOSN3

OBIE: 20 9A 0B 5Q% BLINE JSR. GETXO LIRE CALL, GET X0 FROEC
0321: BA S10 TXA

CB22: 48 Sl PHA

0B323: 98 512 TYA

0B24t AA 513 TAX

0B2531 20 AF OB S14 JSR GETYO YO FROM BASIC

0B283 AS8 S15 TAY.

0B29: 68 S16 PLA

OB2A: 20 64 0% 517 JSR HLIN

022Dt AZ 23 03 S18 LDX BXSAV

0B3D0: 60 S19 RTS

0231: 20 90 OB 52Q BGND JSR PCOLR BACKGROUND CALL

334: 4C 10 08 S521 JMP BKGKDO



S0 PueM., 127271977 PRLG=ZT 10O

G337~ 20 F9 OA 524 BDRAVI JSR BPOSV
0B3A: 20 51 0B S25 BDRAV Jsr BDRAVX DP]AV CALL FROM BASIC.
033D: 20 38 DA S2¢ JSR DRAV
0840: A= 23 03 S27 LDX EXSAV
rmR3; 60 se8 RTS

443 20 F9 DA 529 BXDRVI JSR BPOSN
08473 20 51 0B S30 BXDRAV JSR BDRAWX EX-0OR DRAY
OB4&At 20 YA OA 53! JSR XDRAV FROM BASIC.
084D; AE 23 03 532 LDX BXSAV
0B50: 60 533 RTS
OBS1: B8E 23 03 534 BDRAVX STX BXSAV SAVE FOR BASIC.
0254: A0 32 $35S LDY #s532
08S6: 20 $2 0B 536 JSR PBYTE SCALE FROM BASIC.
0OB5%: 8D 27 03 S37 STA SCALE
0B5C: A0 28 538 LDY ¢sS28
OBSEL: 20 92 OB 539 JSR PBYTE ROT FROM BASIC.
08617 48 54Q PHA SAVE ON STACKe
0B62:1 AD 28 03 54t LDA SEAPXL
036531 B85S 1la 542 STA SHAPEL START OF
0B&671 AD 29 03 543 LDA SHAPXEH SHAPE TABLE.
0B6AT 85 1B 544 STA SHAPEK
0B6C: A0 20 545 LDY #S20
OBSE: 20 92 0B 546 JSR PBYTE SHAPE FROM BASIC.
0871: FO 39 547 BEQ RERR!
0873: A2 00 S48 LDX #S0
0375: Cl 1A 549 CHP (SKAPEL,X) > NUM OF SHAPES?
0377: FO 02 550 BEQ BDRwX!
0379: B0 31 551 BCS EER=1 YES., RANGE ERR.

378t OA 552 BDRWXI ASL A
«87C:1 90 03 553 BCC BDR¥X2
OB7E: E6 1B sS4 INC SHAPZH
0380: 18 555 cLC
0BBlt AE 556 BDRVX2 TAY SHAPZ NO. = 2.
0382¢ Bl 1A 557 LDA (SBAPEIL)Y.,Y
OB8a: 65 1A 558 ADC SHBAPZL
0BB61 AA 559 TAX ADD 2-8YTE INDEX
03673 C8 560 INY TO SHKAPS TABLE
o388: Bl 1A 561 LDA (SHAPZL),Y START ADR
0OB8Ar 6D 29 03 562 ADC SRAPXH (X LOW, Y RID.
0BBDt A8 563 TAY
OBSS: 68 564 PLA ROT FROM STACK.

0B8r: 60 565 RTS



BASIC PARAM FETCH SUEBR'S

<358 PeM., 127271977 PAGE: 17
CB%01 A0 16 S68 PCOLR LDY f#S16
0892: Bl aa 69 PSBYTE LDA (LOMEML)Y,Y
OB%2: DO 16 srQ BNZ RERR] GST BASIC PARAM.
c~961 88 571 DEY (ERR. IF >255%5)
L 27t Bl aa 572 LDA (LOMEML),Y
0899: 60 573 RTSB RTS
03%A: 8E 23 03 S74 GETXO STX BXSAV SAVE FOR BASIC.
089D: AQ 0S 515 LDY ¢s5
OB$F: Bl 4A S76 LDA (LOMEZML),Y X0 LOW-ORDER BYTE.
0BAl: AA 577 TAX
OBA2: C8 578 INY
0OBA3: Bl 2A 579 LDA (LOMEML),Y  HI-ORDER BYTE.
OBAS: ASB SBQ TAY
03a6t EO 18 581 CPX #518
OBA8: E9 01 582 SBC #s1 RANGEZ ERR IF >279.
OBAA: 90 ED 583 BCC RTSB
OBACt 4C 68 EE 584 RERRI JMP RANGERR
OBAF: AD OD S85 GETYO LDY #sSD OFFSET TO YO FROM LOMX
OBBl: 20 92 OB 586 JSR PBYTE GET BASIC PARAM YO.
as34a3 C9 CO 587 CMP #5CO (ERR IF >191)
OBBS&: BO Fa 588 BCS RERRI
0B38: 60 589 RTS
SHAPE TAPE LOAD SUSROUTINE
O P.M., 127271977 PAGE: 18

B9: B8E 23 03 S92 SHLOAD STX BXSAV SAVE FOR BASIC.
188C: 20 IE F1l 593 JSR ACADR REZAD 2-BYTZ LINGTK INTO
03BF: 20 FD FE 5%a JSR =E=AD BASIC ACC (SCELCF).
# WARNINB:t OPERAND OVERFLOV IN LINE 59S
03C2: A% 00 595 LDA #SHSTRT
03C4: 85 3C 596 STA AlL
08C6; 8D 28 03 597 STA SRAPXL
03C%: 18 S98 CLE
03CAT 65 CE 599 ADC ACL
0ECC: A8 600 TAY
0%TD: A9 OC 601 LDA ¢SHSTRT/256
OBCF3 85 3D 602 STA AIR
03DiI¢ 8D 29 03 603 STA SHAPXH
0BD4: 65 CF 604 ADC ACH
03D6: BD 25 605 BCS MFULLI1 NGT ENOUGHR MEMORY.
03D8t €& CA 606 CPY PPL
08DA: 48 607 PHA
OBDB: ES5 CB 608 SBC PPH
08DD: 68 6Q9 PLA
03D=: BO 1D 610 BCS MFULLI1
03£0: 84 3E 611 STY A2L
03=2: B85 3F 612 : STA A2H
OBZ4: C8 613 INY
0825t DO 02 614 BNE SHLODI1
03=7: 69 0! 615 ADC £S5
ORE9: B84 4A 616 SHLODI STY LOMEXL
AI=B; B85 4B 617 STA LOMEMH

Dy 8a CC 618 STY PVUL
0B=ZF: B8S CD 619 STA PUH
08BFl: 20 FA FC 620 JSR RD2BIT
03rai1 A9 03 621 LDA ¢S$3 +S SECOND HZADER.
08F6: 20 B2 FF 622 JSR READX1
03F9: AE 23 03 623 LDX BXSAV

02FCt 60 624 RTS



