SECOND FEATURE -

SUPERGRAPHICS GS

Use these powerful ampersand commands in
your Applesoft programs and take control of
the IIGS’s graphics screen in Super Hi-Res
mode. Use complete palette control to achieve
animation and other dazzling effects.

he Apple IIGS has features that fulfill many users' dres
Super Hi-Res graphics. advanced sound g
6-bit central processor chip. But unless you're an assembly
language programmer, much of the 1IGS's power is locked away
in its ROMs. Applesoft cannot access the IGS Toolbox, which con
tains the code for the [IGS's advanced features.

SuperGR allows you to use the power of the [IGS’s Super Hi-Res
EFIpHS from YOur own AFpIEsof prograns. using ammpersind (&)
commands for ull machine <d. itives
2 en, its

alttes, soft switches, and viewports Yol o e, many of
SuperGR's commands are similar o Applesoft’s: if you've worked
with Hi-Res graphics in BASIC before, you'll eam SuperGR quickly.

USING srprm R

S ampersand commands: those not based on existing
Applesoit plaki quivalent 1o Toolbox commands or come
from using other compaters. Here's a description of each command
and its syntax

&HGR
This command displays the Super Hi-Res screen using 320 X 200
coordinates, tarms on shadowing, clears the screen to color 0 (black),
< the standard [1GS color table. It also sets up a view

port the same size as the screen, 320 X 200.

&TEXT

Turn off Super Hi-Res graphics with this command. But ther
1o guarantee you'llbe retrncd t text, since an addiiom] sof switch
is involved (see &DRAW and &XDRAW)

&RECA
You can dnyh\ the Super Hi-Res sereen without crasing it with
this command

&CLEAR color

You can clear the enrire screen 10 a olor. The color
parameter must be numbered in the range 015, This command is
ot affected by the viewport command.

&HCOLOR= color

This command sets the current drawing color. The color parameter
specified must be numbered in the range 0-1. Ul be used by the
following commands: HPLOT, FILL, CIRCLE. RECTANGLE. The
default colors are shown in Table 1

TABLE 1: Default Color Table

Number Value Name
0 000 Black
1 m Dark Gray
2 841 Brown
3 72C Purple
4 0OF
5 080 Dark Green
6 F10
7 D00
% FAO
9 FFO Yelow
A 00
B 4DF LIA.II( Blue
c DAF ilac
D T8F Panwnkk Blue
E ccc Light Gray
F FFF ‘White

&P, palette

Sets the current palette number with this command. Palette must
fall in the range 0-15. All other commands work only with the current
setting. For example, HCOLOR = sclects a color from the current
palette and DEF defines colors in the current palette. You must be



very careful when using different palettes, because only one palette
can be used per line on the screen. All drawing commands affect
the paletie setting for the appropriate lines. For example, a vertical
line drawn from row 10 to row 15 will change the palette number
on those six screen lines to the current palette. If different palettes
have been used on these lines, they will be changed and the old colors
will be replaced by colors contained in the current palette. I recom
mend that you wait to use this command until you become familiar
with the program.

&DEF color,red.green, blue

Here, you can set the red, green, and blue parameters of color.
Color, red. green, and blue must be in the range 0-15. The lowest
value (0) is the darkest and gives you no intensity for that color,
whereas the highest value (15) is a very high intensity. Seuing all
three colors (red. green, bluc) to high intensity (15) will create whit.
Also, if all three colors are set to the same level, you will get a gray
scale. Keep in mind that mixing colors using light is different from
mixing paints. For example. yellow and orange are both obtained
by mixing red and green, but using different values. Since there are
16 values (intensities) of each color, you can choose from a total
of 4,096 different color combinations.

&VOLYD.(2,¥2)

“This command lets you define the current viewport clipping rec-
tangle. Any drawing outside of this rectangle will not be displayed
The upper eft comner is del'ned by the coordinates 17,/ and the
lower right comer by x2,32. The viewport must be on the screen.
A Vahics O 22 32 sl e Gredes tn 51,31

&HPLOT [TO] xLy! [ TO 2,32 |

1f a coordinate is given by itself, HPLOT will simply plot a dot
in the current color. If it is then followed by a TO x.y. a line will
be drawn to the next point. The only limit to the number of TO's
that can appear is the length of the program line. A TO may also
immediately follow the HPLOT statement. In this case, a line is drawn
from the last plotted point. Remember that this point is modified by
FILL, CIRCLE, RECTANGLE, READ, and VIEWPORT in addi-
tion 10 HPLOT. Lines will only be drawn within the viewport. but
you may plot the coordinates to lic off the screen if you wish.

&F(x,y),border

“This command fills an area of the screen with the current color.
“The fill starts at the point x.y: the region to be filled is bordered
by the viewport and the color border. For example, if the point
100,100 lies inside a circle drawn when the drawing color was 12,
the command &F(100,100). 12 would fillthe circle with the current
drawing color. The fill coordinate must fall within the viewport, or
no fill will be made.

&C(v,y),radius

Draws a circle in the current color centered at x,y with a size of
radius, where radius is equal 10 half the diameter you want the cir-
cle o be. The circle can lie outside of the screen or viewport.

&RGA¥1),(2,52)

Draw a rectangle in the current color with this command, using
1.yl s the upper-left coordinates and x2.y2 as the lower-right coor-
dinates. The rectangle may lic outside of the viewport.

&READ (x,y),color%

‘This command allows you to read the color located at coordinates
x.y and pass it back (0 color%. Colorf must be a variable of type
integer. The coordinates must be on the screen, but they are not
affected by the viewport. The paletic number is not returned.

&XDRAW
This command lets you turn off memory shadowing of Super Hi-
Res graphics. When shadowing is turned off, the current screen is

locked and any drawing command following it will not be displayed.
“This allows a semi-page flipping mode, in conjunction with the
&DRAW command.

&DRAW

Tum shadowing back on with this command, and display any
changes made since XDRAW. Shadowing is also disabled when Super
Hi-Res is not being displayed. If you wish to draw while displaying
4 text message (see demo), be sure to exceute 4 DRAW afier a
RECALL.

ENTERING THE PROGRAM

SuperGR was written using the Merlin Pro assembler and may
require some changes for other assemblers. If you do use another
assembler, be sure it allows 65816 or 65802 opeodes or has a macro
library to emulate them. The SuperGR source code can be found
in Listing 1.

If you do 1ot have an assembier, you'll be required to enter the
monitor and type in the hexadecir odes for the program from
Listing 2. To sove SuperGR emer the folowing:

BSAVE SUPERGR,A$8E00,L$6E0

In lines 142-157 and elsewhere throughout Listing 1, the hex op-
codes and operands were entered manually into the object file with
the HEX directive, because this version of the assembler could not
handle 24-bit address
Listings 3 and 4 contain Applesoft programs that demonstrate the
use of SuperGR commands. Type in the program in Listing 3 and
save it with the command:
SAVE SUPERGR.DEMO1

Type in the Applesoft program in Listing 4 and save it with the
command:

SAVE SUPERGR.DEMO2

For help with entering Nibble listings. see the Typing Tips sec-
tion in this magazine.

To use SuperGR,, simply place the following program line at the
beginning of your program:
PRINT CHRS(4);" BRUN SUPERGR ': HIMEM: 35328
This Ime will set up the & vectors only. You must execute an &HGR
he screen. The HIMEM will protect SuperGR from any

variables used in your Applesoft program and leaves room for
ProDOS buffers.

SUPERGR TECHNIQUES

Many special effects can be created by changing the color defini-
tions. Animation and fade-outs can be created by changing the in-
tensity. For example, a detailed drawing using several colors will
be rendered invisible if all colors are defined to have the same value
If the color intensities are slowly adjusted, the picture will magi-
cally appear (sce Listing 3). Animation can be performed by dra
ing each animation frame in a separate color and then “cyclin
them one by one. as in this short program:

108 HoR: FOR I« 1 TO 15: & DEF 1.0.0.0. & HOOLOR:
1.4 C(160,100) .1 * 11

20 FOR 1 =170 15: &DEFI7SI5 FOR J = 1 TO 80
NEXT: & DEF 1,0 0,0: NEXT: GOTO 20
Meny special effects can also be ereated by changing the view-

port. For example, to ereate a semicircle. ry the following

& HGR: & HCOLOR= 15: & V(8.0), (160,160): & C(160
100) .99

Carel sy of the demonsiruion n Lisings 3 a4 should bl
you in becoming familiar with the numerous commands

HOW THE PROGRAM WORKS
‘The pixel data for Super Hi-Res graphics begins at location $2000



in bank SEI. When memory shadowing is on, you must write to
$2000 in bank $01, which contains the fast RAM. Every time a value
s stored in bank S01 in Super Hi-Res memory, the same value is

LISTING 1: SUPERGR

stored in bank SE1. When the &XDRAW command is invoked, this
shadowing is stopped, which means that the data is stored only in
bank SO1. not in bank SEI thercfore, changes are not displayed on
the screen

The Apple TIGS's Super Hi-Res graphics use 2 linear-mapping
method for storing the scanfines (a scanine is simply a single row

. A a17az

on the graphics display). Linear mapping means that cach line follows

ihe previous one in memory. Each line consists of 160 (SAD) byts,
2 pixels per byte in 320 mode and 4 pixels per byte in 640 mode.

n now find the location of any scanline memory. For exam-

ple. line 0 begins at $2000, line 1 begins at S20A0, and so forth.

DEF <col> <1<t
BeLo el o 6 e coo.ers1

The last line, line 199, is located from $9C60 10 S9CFF. o
Following the pixel data, from S9D00 to $9DC7, are the Scanline e G
Control Bytes (SCB). There is one byte per scanline and these bytes o
contain information concerning all pixels of the entire line. Bits 0-3 D Vs
of the SCB byte contain the number of that line’s color table. There [ areiitingig
i

arc 16 different color tables (paleties) (0 choose from. Bit 4 is al-
ways 0. Bit 5 determines whether the fill mode is on or off; a value
of one is on and zero is off. Bit 6 determines whether an interrupt
will be generated when the scanline is refreshed by the CRT, and
bit 7 determines the number of pixels in the scanline (0=320,
1=640). For standard graphics work in 320 mode. the SCB should
be sct to zero.

Following the SCB in memory (S9E00-SOFFF) are the color ek & 30076

ocls

tables. Each table is 32 ($20) bytes long. Fach color is represented Cwcls fu  soese
by 2 bytes, which are stored in reverse order. typical for assembly Cncou tou soeae
language storage of 16-bit values. Bits 0-3 contain the blue inien- Shem i doees
sity, 4-7 contain green, and 8-11 contains red. All other bits arc sct ’.Xm.. o s
10 zero o dm

oo

Now that we know how data is stored, how do we display it? Loca-
tion SC029 (banks $00. $01. SEO, and SE1) controls the display atri-

s of the Super Hi-Res graphics. Bit 7 is set to enable Super Hi-Res
and bit 6 is set (o allow linear mapping. It is also important to note
that $C029 overrides all other video modes. Thus, when Super Hi-
Res is turned off. the computer will return to the state specified by R T
the other soft switches, such as text, Lo-Res, or Hi-Res. -

Variabie

?  wcnos
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LISTING 2: SUPERGR

START:8£00 LENGTH: 6EQ
BE |8E00:A9 4C 8D 5 03
7F |8E08:20 A9 12 8E 8D
95|8EL0:FB 60 A2 OE DD
D3|BEL8:15 CA 10 F8 4C
28|8E20 8D 89 B8 93 92
80 |8E28:94 95 56 87 52
F5|8E30:00 8A OA AA 7C
80|8E38 :8E F9 8E 2C 8F
89 |BE30:90 8B 92 32 8F
04|8E48:93 38 8F 55 8F
62|BES0:8F 14 90 92 92
50 8E58:A9 C1 8D 29 CO
28|8E60:29 E7 80 35 CO
8E |8E6 00 8F 00 20
43|8E70:20 A0 01 20 A9
BA[8E78:01 01 AB A9 3F
BE [8E80:64 E5 A9 C7 00
95 |8E88:E9 9C DE 94 E2
F6 [8E90:BD D9 8E OF 0O
BF |8£98:20 9E 01 9F 40
3F [8EAQ:60 OE 01 OF 80
4C |8EAB:AD 9E 01 9F CO
DA|8EBOEQ 9E 01 9F 00
EC(8EB8:20 9F 01 9F 40
02|8EC0:60 9F 01 9F 80
EB|SECE A0 9F O1 OF CO
59(8EDO:EQ 9F O1 CA 10
63/8£08:60 00 00 77 07

1es 3012000,

953 saver  rqu
9% BAsECOL £Qu
957 Ao
958 STACK  £Qu
959

960 X0 o
91 ¥ £ou
962 Tewe  fou
063 CenTERx  £Qu
64 centeRy £Qu
965 RACIUS €0
966 Cinck  €qu
367 ciner  ta
568 DELTA  £Qu
969 Loe EQU
910 x2 £
971 v 2
072 .

o3 FIN 0y

END OF LISTING 1
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KEY

BEEQ:07 OF
BEES:0D A9

04 AF 00
EF8-OF 20

(0 0A
8:00 20
A2 00
7 54
c;

E 20

swvenz

PERFECT 5.0
RUN ON
SUPERGR.

00 86 00 70
OF FG OF EQ

F8 90 C2 30
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94 38
80 EE
00 €0
20 3€

10 REM
REM
REM
REM

* SUPERGR.DEMO1
+ SUPERGRAPHICS GS

&
&

REM
REM
REM
REM
PRINT
ONERR  GOTO
HiEw; 35328
HOME

o ist & Db

=

H
52

3

biH

s

3

3

3

ST 1

160 1-12.zv:z

(1=15) + 80
160 "8 F(i6a - x 1on | ).
¥).15: & F(160 + X.100 +
X.100 + Y).15
170 NEXT

029188
05(9190:
379198 €6

14
F1

CHRS (4) "BRUN SUPERGR"
600

HTAB 20: PRINT P

1
2 6o 1005 1

).l

P12 & cqaso

1:x>|59wsux—|
14)
15 & F(160°+ x.100 -

15: & F(160

AD EE 94 BE(9340:80 EA 94 AD £2 94 85 EO
94 30 E9 36/9348:20 AA 94 CD E8 94 FO 05
94 ED EQ CF 9350:CD DA 94 DA OD E6 E0 AS
0B AE E2 €5 9358:E0 CO ED 94 90 EA FO E8
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38 A9 00 CF 9368 :F0 OE CO DA 93 FO 09 E6
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A5 A6 EO BE (94C8.60 A9 00 00 E2 20 BF 00
E3 8E E6 £4/94D0 20 81 20 OF C2 30 AO 89
E8 FO 02 a0/9408:94 60 60 00 00 00 00 00
AE E6 93

E3 E9 90 TOTAL: 5892

88 92 68

END OF LISTING 2

180 VIAB 11: HTAB 18: PRINT "Press any key to
& DRAW

start SET 28 18_RECALL
190 FOR 1 =070 15 FOR J = 0 T0 I: 8 DEF J.
T - 4.1 - J.0: NEXT : FOR K = 1 TO 100 NEX
0 TO 15:P = 15 -
0 NEXT : FOR K
J=1T015P = -1

FOR K = 1 TO 100:

El
N
220 FOR 1 =0 TO
170 200 NEXT
230 & CLEAR 0

15 & DEF 1,13,7,3: FOR J =
NEXT

240 & WOLOR= 1. & HPLOT 90,160 TO 158.160 T
2.

60.72 10 166,60; & F(166.70) 2
280 2 HCOLOR- HPLOT 142.96 T0 154,120 T
0"130.320 To 143,96



CC | 290 & HPLOT 150,80 TO 170,120 TO 158,120 TO 1
44.92 T0 150,80
26 | 300 & HPLOT 166,80 TO 186,120 TO 174.120 TO 1
0 166
F6 | 310 2 OR= 3: & F(140,110).4: & F(150.100)
.4: & F(170,100) .4
€7 320 FOR 1 =070 3:'4 DEF 1151415 NEXT
| 5U8 OR J = 14 T 8 STEP - '1:
& DEF Travre015: NEXT | GosB
FOR J = 14'T0'4 STEP - 1: FOR
1=07T03: & DEF 1,8,14,J: NEXT : GOSUB 6
10: NEXT
CA | 330 FORL=137To 10 STEP - i FORJ =0 T02
| & DEF J.8.1.4: NEXT : GOSUB 610: NEXT :
| FoR 12 770 1 STer L 1 CFoR s 6 To 2
B J.1.10.4: NEXT : GOSUB 610: NEXT
33 | 340 & DEF 0,0.10,4: & DEF 1,0,10.4: GOSUB 61
0: FOR I TO 6 STEP - 1:'& DEF 0.0.1.4
& DEF 1,0.1,4: GOSUB 610: NEXT
€9 | 350 FORL=s'TO3STEP - 1 & DEF 0.0.1.4:
| ohite'sio’ ex
i2 | 360 FOR 11 To 2000 NEXT : & OEF 5.0.2.3
48 | 370 & V(9 24).(226.160 HCOLOR= 5: FOR 1
100 e Nea- 00y 1. Next
5
or | 300 & “oEF in15.0.15: & MoOLOR= 1: & V(0.0).
| 30 212:100)
6 | 390 160: Fou THETA . i n 64283 STEn <1250
b (THETA) + 160:Y = (100
LR, sm iRy 100 8 SRy R
3
35 | 100 "&'v(0.101).(319.199): FoR 1 = 100 To 0 STE
Py "ol & SUGe i00) 1 NEXT
‘nr 410 & DEF 2.3.3.15: & DEF 3,0.0.12
c1 |20 & v(eo, a) (260.199)
73 | 430 FOR I = 070 200 STEP 4: & HCOLOR- 2
HPLOT 0,100 T0 319.1: & HCOLOR= 3:
‘ &, HPLOT 0.1 To 319.100: NEXT
A9 440 & HCOLOI =170 1000: Next
o 350 For 1= 10070 0'sTer 1 e RG1E0 - 1.10
' 0-1). (zsoalwa‘n NEXT
|4 460 & cLEAR 0
88 | 470 FOR X = 0 10 15: FOR ¥ = 0 70 15: & P.Y
& DEF X.X.Y.(X + Y) / 2: NEXT : NEXT
4F | 480 P = 0: FOR Y = 0 TO 199
09 490 IF P > 15 THEN & P.31 - P: GOTO 510
60 500 &P.P
76 510C=0 =0 10 319
3F | 520 IF C > 15 THEN & HCOLOR= 31 - C: GOTO 54
DG | 530 & HCOLOR= C
AA | 580 & HPLOT XY
03 550 C=C+ 1: IF C = 32 THEN C =
77
00 IF P = 32 THEN P =
Fr
o1
12 : HOME : PRINT “SuperGR Demo Termi
nated.”: END
DI | 610 FOR Z = 1 TO 300: NEXT : RETURN
TOTAL: BCSE

END OF LISTING 3

KEY PERFECT 5.0
SUPERGR .DEMO1

CODE-5.0  LINEW - LINEY
8626857¢ 10 - 100
20238055 110 - 200
8DAADIEF 210 - 300
ADIFIEAT 310 - 400
26062CFE 410 - 500
50412697 §10 - co9
05488744 - 610
S7ABSDE = PROGRAR TOTAL -

LISTING 4: SUPERGR.DEMO2

37 |10 REN - .
CO | 20 REM - SUPERGR.DEMO2 N
B9 | 30 REM « BY TIM MEEKINS .
AE | 40 REM - COPYRIGHT (C) 1988 «
CB | 50 REM + MICROSPARC, .
24 | 60 REN - CONCORD. WA 01742 -
45 |78 REN ecvvomsersmossccencs
7C |8 PRINT CHRS (4):"BRUN SUPERGR
25 |90 FOR Y = 0 T0 15: FOR X =
& DEF X.X.V.0: & HeoLo
9E | 100 X1 = X » 20:X2 = X1
TV 1) e R
5F | 110 NEXT : NE
ED |120 & HCOLOR= 0
16 | 130 s
64 | 140 070 15: & X
28 | 150 x TO 15: FOR Y
& DEF X.X.Y,I: NEXT : &
NEXT
CF | 160 & DRAW
ac | 170 NEXT
c3 | 180 GET 2s: & TEXT
TOTAL: 64A9

END OF LISTING 4

KEY PERFECT 5.0
SUPERGR . DEMO2

CODE-4.0

9 T0 15: & P.¥:

"
=070 15: &
HPLOT 0,12 -

CODE-5.0  LINE# - LINEY
23EBCO94 10 - wu
C52E22F8 110 -
SAAEDA03 = PROGRAN TOTAL =

CODE-4.0

HIMEM: 3532

ot e vvz ey
& F(X1.Y1).15



Supergraphics GS (Vol. 9/No. 2):
Sometimes SuperGR will erroncously
jump back to Applesoft while still in the
65816's native mode.

1If you have an assembler. insert the
two lines
SEC
XCE
before line 337 in Listing 1, and change
line 454 10

EVALERR SEC

Also, insert the lines

Xce
JWP [LLERR
before line 455.

f you don't have an assembler,
BLOAD the SUPERGR file and enter
the following commands from  the
monitor
seee ac £0 %4
90E7.4C E5 9
S4E0 35 Fe 4c 76 00 38 F5 ac
94E8 E1 99
BSAVE SUPERGR,ASBEDOD,LS6EA



