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The Atari ST*

Compatible with ST, 1000s of software titles available.
New
Extended color palette of 4096 colors, from 512
Hardware support for horizontal and vertical scrolling
Ready for external GENLOCK
Stereo 8 bit PCM sound
Light gun, paddle and new joystick ports.
256K ROM from 192K includes
Move as well as copy files
Rename folders
Autoboot GEM applications
New file selector
Faster desktop
Large palette support
Fast hard-disk support
Folder limitations lifted
Memory management improved
Keyboard reset




STE Developer Addendum

This addendum is a set of documents that allows the ST developer to
use the new features of the STE. These new features are in the areas of
graphics, sound and interface ports.

The STE has a palette of 4096 colors compared to the ST palette of 512
colors. Also the STE has hardware support for vertical and horizontal
scrolling. Support has also been added for external GENLOCK.

Sound on the STE has the ST sound as well as 8 bit stereo DMA sound
with variable playback frequencies.

The STE also has two new controller ports that allow for new joysticks
as well as a light gun and paddle controllers.




Genlock and the STE

The ST (and STE) chip set have the ability to accept external sync.
This is controlled by bit 0 at FF820A, as documented in the ST Hardware
Specification. This was done to allow the synchronization of the ST video
with an external source (a process usually known as GENLOCK). However,
in order to do this reliably the system clock must also be phase-locked {or
| synchronized in some other way) to the input sync signals. No way to do this
| was provided in the ST, as a resuit the only GENLOCKs availabie are internal
| modifications (usually for the MEGA).
|

The STE allows this to be done without opening the case. To inject a
systemn clock ground pin three (GPO) on the monitor connector and then inject
the clock into pin 4 (mono detect). The internal frequency of this clock is
32.215905 MHz (NT5<) and 32.084988 MHz (PAL). Note: DO NOT
SWITCH CLOCK SOURCE WHILE THE SYSTEM IS ACTIVE.

As a resuit of this GPO is no longer available.
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FF8204
Fr8206
FF8208

FFe20C

FF820E

FFB8240
through
FF825E

FFB264

Video Madifications

{High)

BENNEN T TTTTTH (Low)

Video Address Countet,

Now read/write. Allows update of the video reiresh address during the frame. The

eilfect is immediate, therefore it shouid be reloaded careiully (or during blanking} 1o
provide reliable resutts.

Low byte of the video base address. This register completes the set on ST
Allows positioning screen on word boundaries and thus vertical scrolling.

I B |

Ofisetl to nexl ine.

Number ol words from end of line 1o beginning of next line minus one. Allows virtual

screen to be wider than physical screen. Acis like an ST when cleared. Cleared al
reset.

a1 2 1110312101312 1]
Red Green Bilue

Color Pallele.

A fourth bit of resolution is added to each color. Note that the least significant bit is
added above the old most signilicant bit 1o remain compatible with the ST.

Horizontal Bit-wise Scroll.
Delays the start of screen by the specified number of bits.
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How to Implement Fine Scrolling on the STE.

The purpose of this document is to describe how to use the capabilities of the STE to achieve
bit-wise fine-scrolling and vertical split screens. Horizontal and vertical scroiling are
discussed and an example program is provided. Split screen effects are discussed and an
example program with muitiple independent scroiling regions is provided.

Three new registers are provided to implement fine-scroiling and split screen displays:

1) HSCROLL - This register contains the pixel scroll offset. If it is zero, this is the
same as an ordinary ST. If it is non-zero, it indicates which data bits constitute the
first pixel from the first word of data. That is, the leftmost displayed pixel is selected
from the first data word(s) of a given line by this register.

2) LINEWID - This register indicates the number of extra words of data (beyond that
required by an ordinary ST at the same resolution) which represent a single display
line. If it is zero, this is the same as an ordinary ST. If it is non-zero, that many
additional words of data will constitute a singie video line (thus allowing virtual
screens wider than the displayed screen). €A U7/0N- In fact, this register contains
the word offset which the display processor will add to the video display address to
point to the next line. If you are actively scrolling (HSCROLL <> 0), this register
should contain the additional width of a display line zzizus one dats fefch(in low
resolution one data fetch would be four words, one word for monochrome, etc.).

3) VBASELO - This register contains the low-order byte of the video display base
address. It can be altered at any time and will affect the next display processor data
fetch. It is recommended that the video display address be altered only during vertical
and horizontal blanking or display garbage may result. .
These registers, when used in combination, can provide several video effects. In this
document we will discuss oniy fine-scroiling and split-screen displays.

Fine Scrolling: : ' ,
Many games use horizontal and vertical scrolling techniques to provide virtual playfields
which are larger than a single screen. We will first discuss vertical scrolling (line-wise), then
horizontal scrolling (pixel-wise) and finaily the example program "neowall.s” which
combines both.

Vertical Scroliing: .
To scroll line-wise, we simply alter the video display address by one line each time we wish
to scroll one line. This is done at vertical blank interrupt time by writing to the three eight-
bit video display address registers to define a twenty-four-bit pointer into memory.
Naturally, additionai data must be available to be displayed. We might imagine this as a tall,
skinny screen which we are opening a window onto for the user. The video display address
registers define where this window will start.

Horizontal Scroiling: ‘ )
To scroll horizontally we might also adjust the video display address. If that was all we did,
we would find that the screen would jump sideways in sixteen pixel increments. To achieve
smooth pixel-wise scrolling we must use the HSCROLL register to seiect where within each
sixteen pixel block we wish to start displaying data to the screen. Finally, we must adjust the
LINEWID register to reflect both the fact that each line of video data is wider than a single
display line and any display processor fetch incurred by a non-zero value of HSCROLL. All
this is done at vertical blank interrupt time. Naturally, additional data must be available to be




displayed. We might imagine this as an extremely wide screen which we are opening a
window onto for the user. These registers define where this window wilil start.

For Example:

The program "neowall.s" reads in nine NEOchrome™ picture files, organizes them into a
three by three grid and allows the user to scroll both horizontally and vertically over the
images. The heart of this program (the only interesting thing about it actually) is the vertical
blank interrupt server. This routine first determines the pixel offset and loads it into
HSCROLL. The LINEWID register is now set to indicate that each virtual line is three times
longer than the actual display width. If we are actively scrolling, this amount is reduced to
reflect the additional four-plane data fetch which will be caused by the scrolling. Finally the
video display address is computed to designate a window onto the grid of pictures. This
twenty-four-bit address determines where the upper-left comer of the displayed region
begins in memory. Thus, every frame an arbitrary portion of the total image is selected for
display. The speed and resolution of this scrolling technique is limited only by the dexterity
of the user.

Split Screen:

In many applications it is desirable to subdivide the screen into several independent regions.
On the STE you may reload some video registers on a line-by-line basis {using horizontal
blanking interrupts) to split the screen verticaily into multiple independent regions. A single
screen no longer need be a contiguous biock of storage, but could be composed of dozens of
strips which might reside in memory in any order. The same data could be repeated on one
or more display lines. Individual regions might each have their own individual data and
scrolling directions.

For Example: .

The program "hscroll.s" reads in a NEOchrome™ picture file and duplicates each line of the
image. This, combined with the proper use of LINEWID, effectively places two copies of the
same picture side-by-side. Next, both vertical and horizontal blanking interrupt vectors are
captured and the horizonta! blanking interrupt is enabled in counter mode. To prevent flicker
caused by keyboard input, the IKBD/MIDI interrupt priority is lowered below that of the
HBL interrupt. Note that the program ‘main loop’ doesn’t even call the BIOS to check the
keyboard, since the BIOS sets the IPL up and causes flicker by locking out horizontal
interrupts - this may cause trouble for programs in the real world. The screen 1s effectively
divided into ten regions which scroll independentiy of one another. There are two ten-
element arrays which contain the base address of each region and its current scroll offset. At
vertical blank interrupt time we compute the final display values for each region in advance
and store them into a third array. We then initialize the display processor for the first region
and request an interrupt every twenty lines (actually every twenty horizontal blankings).
During each horizontal interrupt service, we quickiy reload the video display address
registers and the HSCROLL register. This must be done immediately - before the display
processor has time to start the current line or garbage may result. Note that horizontal blank
nterrupts are triggered by the display processor having finished reading the previous data
line. You have approximately 144 machine cycles to reload the HSCROLL and video display
registers before they will be used again by the display processor. Finally. the LINEWID
register is set, this need only be done before the processor finishes reading the data for the
current display line. We then pre-compute the data we will need for the next horizontal
interrupt to shave few more cycles off the critical path and exit.




AD €0 ~J O LN e bt RS

42
43
4
45

46
47

48
8

Si
93

80000000
200608002
aooseans
2aee8ssc
geagas1e
ggefnel14
aeeges1s
8808081E

288008428
ag0aesz2
aoeaeezd

29080826
8990024

geedea2c

08006038
08088432
08600036
10000038
E800083A

0800003C
Lo

00000884A
88080a4E

08000954
at8oeess

08002054

0888025C
809008SE

06008062
00000066

«FFFF3200
~FFFF826F
*FFFF8265

08800070
00000118
=20800120

AAF
2E7CxIxxMaxx
2A500004
20200809C
DeADaBl 4
ooaDeeLC
DésCogooelas
2800

2ree
2F8D
4267

IFICRB4A
4E4L

DEFC966C

4207
JF3Coeze
4€41

SCAF
FN

SFICON2F
AE4)

suar

84
DSFCOSLE

JF3Ce008
2F3CRaxaxXXX

IF3CAR4E
4E4L

S04F

4748
6880xuxx

JFiCoses
2FeC

hscratl

- e

start:

i Page 1

HSCROLL.S
THE ONE LINE VERSION

18:18:32 am 2-May-1989 Madmac 1.88 (Atart ST)

Horizontal Scrolllng Oemo

Copyright 1988 ATARI CORP.

Started $/12/788 ..

. text
.include atarl
.list

HARDHARE CONSTANTS

= $fiffi26d
. SFE£1820¢
= SfE1£8265

SYSTEM CONSTANTS

= $7¢
a sus
= $128

LOCAL CONSTANTS

System Initlalization

move.l a?.aS
move.| Smystack,a?
move.l 4(aS5).a5
move.]l TEXTSI(aS).de
add.l  DATASZ(aS),.do
add.l  B9552(a5).d@
add.l w$109,d8
sove.]l do.d4
Msheink 45,49
move.l d@,-{(sp)
move.l a5.~(sp)
clrm -(s3p)
Gemdos $4a,12
move.n #%4a,-(sp)
trap | 1

If $c <= 8
addg "$c,sp

.else
ad.m  ¥%c,sp

.endif

Other Initlialization

Super

cle.l  -(sp)
mgve.n #5280, -(sp)
trap %l

addq %5, sp
msove.l d@.-(sp)

Foetdta

adda 30, a4
Fafirst Sneafile.nd
sove.n WS, -{sp)
sgve.l Gneofile,-(sp)
Gemdos $4e.8

ave.n WSde, -(sp}
trap L}

1F $8 ¢v 8

addq 8, sp

.else

ade.m H%8,3p
.endif

tst -]

bal abort
fopen ad ud

move.n #88, -(ap)
mgve.l ad.-(sp)

Rob ldybel

i Video Base Address (log)
| Hidth of & scan~-line (Hords, ainus 1)
1 Horlzontal scroll count (@ .. iS5}

System VWilank Vector
IKBD/MIDI (6858) Vector
Horizontal 8lank Counter (583@1) Vector

Get Qur Own Local Stack
a5 * basepage address

RAM req'd = textebssedata+BasePagelength
dd4 = RAM req'd
Return Excess Storage

i enter supervisor mode

1 WARMING - 01d 55P saved on stack.

i a4 = Fllename ptr

; IF (Mo NEO flles) ABORT




99
71

108

00080070
00880072

908080876

9088087C
00880082
Woeess

9480884
[ 3

80808094
80008896

0000894

858000M0
20008844

B88EEAAE
3000484
sooonett
S080008C
H0888C2
080886C4
sedseece

4e988aca
60008CE
86880604
900080804
90880880E
9a0gese?2
606808E6
660806ES
0868808EL
088806EE

AOR0ABF2
090800F 8
0660800FE
090001084
segeales
seesatec
feBea16E
sg0eal1?

9898116
000801 1E

900088126
seeea12E

08800136

08600L3E
80009144

08009144

B808014E
88088152

06888154

JF3Ce83D
AEAL

SO4F

4A48
£808xxxx

J3COxEXRXXAXX

2F3Caxxxxxxs
2F3Coe8p7080
IF80

IFICOR3IF
4E4L

DEFCBRSC

4AB9
6888xxxx

IF39xxxRxARX

IF3CA83E
4E4L

S84F

440
[1..:F35 ¢

ASFOxxxAKXXX
41FR8240
AJF9xxnnxxxx
lelCesef
3208

380A
S1CEFFFA

383JC8BAR
41FIxxxXXREE
ASF9zxxxxxIx
J4a3cescC?
323C0827
21918880
2809
SICIFFF8
Dace
S1CAFFEE

41F9xxxxxaxx
A3F9xxxxxaxx
4SF9xxxxRXTX
lg1ce8e9
J2FCe888
28CA
D4FCL908
SI1CEFFF4

23FBRL18xxxxNTxX
21FCxxxxxxxx8688

25FBea70xxxxxxxX
21FCxxxxxxxx@680

21FCxxxxaxxx0088

08FBAABBFALY
88FB80096FAB7

JFiceeaz

3F3Ce801
4E4D

S84F

hscroll.s Page 2 18:18:32 am 2-May-1989 Madmac 1.00 (Aterl ST)
Gamdos $3d.8 B anials
maove.n 883d,-(sp)
trap 81
df $8 ¢<= 8
addq [T
.else
add.m  WSE,5p
endit
tst [ ]
bai abort i IF (Error opening f1le) ABORT
aove d8.handle
Fread od,u32128, Sneobutff
sove.l Snegbutf, -(sp)
move.] W$7d80,-(sp)
msove.n o8, -(sp)
Gamdos $3f1,12
msove.n 483f ~{sp)
trap ul
if $¢ <= 8
addq s, 5p
.else
odd.m WEc.sp
.endif
tst.l  dé
bmi abort i IF (Flle Read Error) ABORT
Fclose handle
move.w  handle,-(sp)
bamdos $3e. 4
ague.n WSle, -{sp)
trap 1
If $4 <= 8
addq w54, sp
else
add.m W4, 5p
endl {
1st dé
bl abort ¢ IF (Error Closing a file) ABORTY
lea nepbuff+d, a2
lea palette, sl
lea oldpal . al
sove %15,08
.plaop: move.m (al),(al)+ i save old color palette
move.n {a2)+, (a@)« i create new coior palette
dbra de., .pioop
nove w168, d8 ; Doubie each display line
lea bigbuff,ab
lea neobutf+128, al
|ove #199.d2
dinilp: eove 239,41 i FOR (286 Lines) DO
.gublp: move.)l (al),.(ad, d@) i duplicate line
move.l (al)e+ (a@)+
dbra dl, .dublp
adda de ., af
dbra d2..linlp
les baseaddr, ad
lea noffset,al
lea blgbuff, a2
sove %9 da
.SIrip: move "9, (al)+ : FOR (19 Strips) DO Init base and offset
move.l aZ, (a@)e
adda u320%28, al
dbra de, .strlp
move.! ikbdvec,oldikbd
sove. |l #ikbd, ikbdvec : IPL 5 hack for IKBD/MIDI
move.l vblvec, oldvb!
move.l #vbl,vbivec ; Capture System UBlank Interrupt
move.l ®hbl hbluec ; Capture HBlank Interrupt
bset.b %@, imrs
bset.b %8, iera : Enable Hblank
H Scrolling Demo loop
navelp:
Bconstat CON : Keybpard Polling
move.w  MCON, -(sp)
Bios 1.4
move.n 31 -(sp)
trap 813
if $4 ¢= 8
adda w84, 5p
.else
add.w  B%4,sp
.endif
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00088156  4A40 tst de
i?g 20008158 6700xxxx beq noexit ; IF (Keyboard Input Available) THEM
Bconin CON
aeNa15C JFICesRz L] move.m  MCON, -(sp)
] Bios 2.4
0080160 1FICEQ02 ® move.n ¥$2,-(sp)
20086164 4E40 L] trap 3
[ Af 84 (= 8
00MR816E SBAF [] addg 54, sp
L] .eise
- add.w %4 sp
111 - .endif
112 DMMO8168 BBICRGAJ cmp.b WL -64,d0
113 oSNIEC GE7@8xxxx beq enit ; CTRL-C =w»> EXIT
114 noexiti
115 00886178 6808 bra Navelip
116 exitt
117 i
113 ! Systes Tear-Oomn
119 i
128 0NNAL72 O8DE0G0OFAT beclr.b #3,{era
121 OODDNLTS OSB3BBOSFALY belr.b 89, imra i Disahle Hbhlank
122 OBBMMLTE 21F9xxxxxxxxg9ed move.l oldikbd, ikbdvec ; Restore Systes IKBO/MIDI Interrupt
123 00008186 21F9xxxxxzzxPO89 sgue.l oldvbl.vbivec  Restore System VBlank Interrupt
124
Gettime
[ ] Xbios $17,2
S000018€ IF3Ce8i7 ] move.n ¥817,-(sp)
9980192 4EAE ] trap ul4
* Af S2 <= 8
G0NN194 S44F [ ] addg %2.sp
] .else
- add.m #S$2 sp
135 - .endif
126 800M0196 23C@xaxxzazs move.l 40.vbitemp : Get IKBO Date/Time
Tsettiae 0B
299881SC IFpd e aove da, ~(sp)
[ ] Gemdos $24.4
6MGO19€ 3F3CE820 ] sove.n ¥52d,-(sp)
900001A2 4£4] ) trap 13
® Af $4 (= 8
ODBRALIA4 SB4F [ addq u$d, sp
] .else
- add.w  ®S4.sp
127 - .endif
Tsetdate vbitemp : Set GEMDOS Tlae and Date
POINO1AG6  IF39xxxxxxxa ] agve vbltemp, - (sp)
[ ] Gemdos $2b.4
UMGAIAC IF3Ceaze ¢ move.nw w52b, -(sp)
BB0GAIBA 4EAL [ ] trap L3}
[ ] Af $4 <= 8§
00009182 S84F ] adda o$4,3p
[ ] .else
- add.m WS4 sp
128 - .endif
129
130 00080184 4LF9xaxxuxxx lea oldpal . ad
131 o00041DA 43F88240 Tea paiette,al
132 OBSSQLBE I83CedeF move %15,dé
133 omeedlC2 3208 .unplp! move.m {(al)+, (al)+
g; SO008LC4 SICSFFFC dbra da, .unplp : restare old color palette
abortt: User i return to user aocde
® Gemdos $20.6
000084CE 3F3CER20 [ ] sove.n  #520,.-(sp)
MIMNLCC  4E4) [ ] trap nl
[ ] Af S <= 8
MNICE SCaF [ ] addq w$6, sp
[ .tlse
- add.w ¥$6,3p
136 - endif
Ptersd | return to GEMOOS
1D 4267 ] cle.w  -(sp)
WIN0102 4EAL [ ] trap ul
137 o8089104 4AFC L] {liegal
138
139 H
i:: H VBL Vertical-8lank Interrupt Server
142 vbl1
{3 WON8106 48E7CRES moven. | d8-di/a8-a2. -(sp)
145 DORO810A ALF9xxxxxxxx lea video.ad i a8 = Display list (scroll.base)
146 O0OO0LEA  A3F9xaxxxaxx lea xoffset,al ;al = Xotfset llst
147 SROOLEE  ASF9rxxxxxxx lea baseaddr, a2 ; al = Base address list
148 OO0GO1EC 323CPBB9 ague 29.d1
149 .reglp: ; FOR (18 scrglling regions) 00
158 OB0GELFO la11 mave (al),d8 ; d8 = current Xoftset
151 SeNNIF2 Qseldcee btst.l ud.dl
152 SN0681F6 66Q0zxux bne . odd
153 OO0BOLFA S48 addq 1!, de ; EVEN --> Increment




898881FC
egeea200
89600204
00480206
88000264
eeoe826C
oeees218
oeseezl4
20900216
068080218
08000021€
f0088228
aeeea222
a80eaz24
00808228
0080224
6808822C

86800210
086800216
00684218
2069023C
f0esazee
68008244

898680248
gae8e24c
0980824E
096068252
89698254

60008258
46080254
060e625C
8060808262

86080268
09080026E
90e00274

8066027A
2868827E
fegeezse
£80RE254

82908286

egseazss
20080287
2009028E
00800292

0098a294
Bepeszs6

60880298
8009823C

99008823E

868008242
068080248
208A02AC
faeec286

6edg0284
gegaaee
B82082BA
oaeeazce
gaesa2c4

088002CA
o968e202
8eeea202
00808204
00080204

0000802€8
ge0082c4
689002EA

BB7CAOAG
5D089xxxx
7009
5088xxXx
5348
6C88xxxx
383C969F
288
E£248
CBPCO0BBFFFE
D@sA
2088
3019
Caz7CeaeF
1088
Ses8
S1C9FFC2

UF9xxxxxxX
la18
11088265
11p8820S
11088297
11088209

32300050
4A00
E788xxxx
5941
11C1820F

a1e
€198
23CAxxxnzxxx
23C8xxxxxKxX

11FCOG0BFALD
11FCOBLAFAZL
11FCO208FALS

ACDFB703
4EF9
bpéoRGee
4AFC

3Fee

48C8
Ca7LFBFF
887C8580
4608

J0LF
4EF9

sga00e08
4AFC

4BE78080

203%uxxnxNKX
41F88285
11€08285
piceeese

4009
6788xxx2
LIFCae4cs2er
6888xxxx
11FCRRSAB2RF

2079xxxxRAXR
20818
€193
23CBnxxnxxRx
23C8xxxrxXAX

4Corelel
B8080000FAGF
4E73

hseroll.s

oldvbl:

H

1kbd:

oldikbd:

1
hbil:

.Zero:
Join:

agven. ]
.de.n
.dc.1
I1legal

Ix80

move

move
and
or
move

move
.dt.m

.de.l
I1legal
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8160, d8

.join

%8, dé i Hrap-up
. join
%i,dé

. join
#159,d8
dé, (al)
%1, dé
wsaff48, da
{a2)+, dB
di, (a8)
(ak)+,dé
#3081, d@
da, (ab}
ne, a8

dl, .reglp

00D --> Qetrement

Wrap-domn
New Xctfset

d8 = byte offset mithin line
d8 = Regions video base

-

d8 = Regions horlzontal scroll count

videna,al
{a@d)+,d@

da8, hscroll
(ad)+,vcounthi
(al)+, ucountaid
(a@)+,vcountlo

30,41

dé

.Iero

w4 d1
dl.linenid

Initialize first reglon

Double norsal ST line midth

IF (non-zerp scroll count) Reduce 1lne wmidth

{aB)+, dé
u8.d0
d0,videodats
aB,videoptr

Init next llnes data
Init display list ptr

»A, ther
u28, tbdr ; Interrupt every tmenty HBlanks
%8, ther

(sp)+,dé-di/ab~a2
$4et9

L M (01d-Vblank)

IKBO/MIRI Iaterrupt Server

.

00, -(sp)

sr,dd

rsfaff, d@

©$504, de

de, sr ; Set IPL domn ta S

(sp)+. d@
$4ef9

8 1 JMP (01d-IKBO)

#ONE LINE® Horizontal-Blank Interrupt Server

d8/a8, - (sp) H (44+28=72)
videodata, dd ;i d@ = veount/scroll 20
veounthi , ab i a@ = mguep base (8)
d8.hscroll I set HScroll {12)
de, (af) ; set VideoBase (24)
i (total = 136+ cycles)
dé
.zerQ 3 1F (non-zero scroll count) Reduce Line midth
%76, 11nenid
. Jotn
888, ) inemid
videoptr, a@
(a8)+, d&
#8.d8
d@,videodatas ; Inlt next regions data
88, videopr

aovem.l (sp)e d0/a8

belr b
rte

%9, isrs Clear In-Service bit

DATA STORAGE




245
246
247
248
249
258
51
252
253
254
255
256
157
258
259
268
261
262
263
264
%65

%7
68
169
i7e
71
a2
73
274
278
276
277
i
Feg)

m
m2
28
284
285

898092€C
69808068

069666

906aeg80
80020848

80920842
£000006A
6800047E
680888A6
0089804

9008290AE
86007E2€

8801782E
88017832
eae17cs2

2A2EGEGSEFBS

=gggeea1e
=26890801

=0680000A
=8600080A
=80008904
+gogeaeal
=80060841

=8a807088
=3068FADD

=gegonta)
=2oaenl16
=jgeeaqn)

hseroll.s

' .data
neofile:
.de.b

. even

bss
cldpal:

handle:
.ds.n

baseaddr:
.ds.1
roffset:

video:
videoptr:

uldeodati:
.ds. |

neobuffi
.ds.b

higbhuff:
.ds.b

vbltemp:
.ds.1

Page 5

RANOOM DATA STORAGE

19
1@
i8

J2128
2%32008

56
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HEQO filename search string

Orjginal color palette

Active Handle )

Inage Base address for each strip
Pixel-offset for each strip

HScroll and Video Base address for zach strip
Display 1ist ptr

Next reglons display info

NEQ-Image Buffer

: Mega-Jeage Buffer .

Vblank Temporary Storage

(stack body)

Local Stack Storage




Symbol Table

.dublp GOO0OEE2
. join DBORE214
. Join BOOON2CA
Linlp 0000680DE

.odd 00008204

.ploop 000042

.reglp DOORAIFS

.strip 00008188
unplp 000081C2
.zera D0OBS254
.zero DOO0B2CA

A 80900001

BBASE 20000010

DATASZ p8asonld
DBASE 0000010
DLEN Bogsaeld
DSIZE 88200086
DTA 00800628
ENVIR 80f0882C
FILE_ID 80000000
HEADSIZE 9988881C
HITPA 80800084
IKBD 96600084
LF 9008008A
LOUTPA BA00£080
MID1 e06oBde3
MYDTA bd608024
PARENT Boeaesa24
PRT 86000408
RALCOK 60090885
SSI1E DOBBAANE
TAB d8ogases
TBASE 00000088
TEXTS51 d008808C

TSIZE 60000882
XXXi eaepseli2

XXX2 ooegeeie
XXX3 9Q6BRG1A
XXXX peoope2s
——md BBBB4IE
-aytopath BBBBOACA
_bootdev BOGBAME
_bufl 09088482
—tmdload 99600432
~drvbits 800084L2
-dskbutp 8000B4CE
~frclock 08808466
_fverity 00000444
hz_200 8E00048A
-membot 90890432
aeatop 00989436
ntlops G0BEB4AE
pri_cnt BBGBOEEE
priabt GDBROO4AFE
—shell_p 886884F6
~Sysbase 800024F2
=tiar_as §0008442
v bas_ad 0000B44E
wbclock G08084G2
—wbl_llst DEBOOACE
~vblqueue 88828456
abort BoesalCs
aer FFFFFAR3
baseaddr 98299842
bigbuff BOEATEZE
cndreg 00606880
colorptr 06B2BASH
constate S00904A8
conterm 98000484
criticrer BOBOBABA
datareqg 00068086
ddr FFFFFABRS
defshifimd 80000444
diskct] FFFFB604
dmshi FFFF3699
dealo FFFFRGED
dmamid FFFFBGMB

N
NN R N N N N N

ed
ed
e
[ 1]
ea
L 2]
3
e
ea
e
3
3

(1}
L1 ]
[ 1]
[ 1]
ta
e
ta
L1 ]

t
ed

b

b
[ 1]
(1]
ea
ea
(1]
e
ea
ea
€a
LT ]
ea
L2 ]

dir $0890010 ea
erci_ns G08884FA ea
etv_critic 08090404 aa
etv_term 00806408 2
etv_timer 00000408 ea
ety_xtra 880BA4IC ea
exec_os QOOBB4FE ea
exit 00008172
fito FFFF3666 ea
flock 8098843E ea
glasmp 80800808 ea
glbamp G0G00009 22

gicamp BGGBBIGA ea:

gicrnvip 0089088C ea
giflenwip B000000B ea
gialxer 00000807 ea
ginoise ROOBDNGE o2
giports GRO80BEE e
giportb BBGGEABF ea
giread FFFFE800 ea
giselect FFFFB800 ea
gitoneac BO00O80L ea
gitoneaf 0BGBGOEE ¢a
pitonebc 00000903 ea
gitoneb! 86000882 ea
gitonecc 00600885 ea
gitonect 08000004 ea
ginri . FFFF8802 ea
gpip FFFFFAQL ea
gpo BEHAOGAD sa
handle BBE0BE4E b
hbl 6898829E t
hblvec 2808008128 ea
hdy_boot BARBB4TA ea
hdv_bpb 6600472 ea
hdv_init 83900467 ea

hdv_mediach BBEBA4TE ea

hdv_rm BBBEO4TE ea
hscroll FFFFB265 ea
tera FFFFFAB7 ea
Lerb FFFFFABY ea
Lkbd 080088286 t
tkbdvec B8BOOL1E oa
imra FFFFFALY ea
imrb FFFFFALS ea
ipra FFFFFABB ea
iprd FFFFFABD ea
tsra FFFFFABF ea
isrb FFFFFALL ea
keybd FFFFFCBZ ea
keyct] FFFFFCOD ea
linenic FFFFB20F ea
semcntir 68000424 ea
memcont FFFF8BE1 ¢a
wemvall B8BARAIA &
semval id 68000428 ea
mfp FFFFFAGE wa
midi FFFFFCB6 ea
midictl FFFFFCO4 ea
systack 80617C32 b
neobuff BROGBOAE b
neofjle 80080888 d
noexit 88880170 t
nvbls 00088454 ea
oldikbd 80868298 ¢t
oldpal B2O28GEEE b
olovbl BORES2BE t
patette FFFFB240 ea
palmode D0080448 ea
phystop 8800B4A2E e
pru_aux 00008512 e
prv_auso BBGAESPE ea
pru_lst BBBEASHA ea
prv._lsto 86800566 ea
resvalid B000B426 ea
resvector B000042A ea
rezmode FFFFB268 ea
rsr FFFFFA2E ea

sav_context BAGOBAAE ea

save_rom BBRRGAAL ea
savptr B68B04A2 ea
scr FFFFFA2? ea
scr_dump 00068502 ea
screenpt 2800045 ea
secreg BOOOROGSA ea
seekrate DOBBOA4E ea
<shiftmd 806BB44C ea
start BEBROEE t
strpbe 98088020 ea
swy_vec 0BRO0AGE ea
syncmode FFFFB28A ea

18:18:32 am 2-May=-1989 Madmac 1.99

tacr FFFFFALS ea
tadr FFFFFALF ea
tbce FFFFFALE 2
tbdr FFFFFA2L ea
teder FFFFFALD ea
tedr FFFFFA2Y o2
tddr FFFFFA2S ea
thend S000043E ¢a
trkreg 09668082 o2
trpidret 00888486 ea
tsr FFFFFA2D ea

ucr FFFFFA2S &

uir FFFFFAXF ea
vbaseht FFFF8201 ea
vbaseio FFFF2680 ea
vbasamid FFFFE203 aa
vbl BOO01D6 t
vhisem 00006452 ea
vbltemp 9801782 b
vblvec 80000070 esa
veounthl FFFFEZES ea
veountio FFFFE289 ea
vcountald FFFFE287 ea
video BORGRA7E b
videndats 008086AA b
videoptr 000888A6 b
vr FFFFFAL7 ea
navelp 8000014A ¢
xoffset 8DBBEBGA b
xrts BBO6OEBS es

(Atari ST)




WD OO N U B P

43
M

4%

geggease
00a0eae2
gegesges
g69008eC
Bosegale
oageant4
oaepeals
6880641E

aleageza
geoagez2
deoees24

98098026
£080802A

eegesszc

08068838
00664032
09088436
oatoesls
0090083A

eesgsasc
0000940

a0ee0a44
608086046
00406047

g80ea04C
eegeeass

608000956
69909854

asg988sC

~FFFF8200
SFFFFE28F
*FFFFO265

=ggaseare

~FFFFFFCE
<FFFFFOAG
<FFFFFOAB

104F
ZETCxxxxxxxx
akDaee4d
2620088C
Daa0a014
DBADRALC .
Desceesaaled
2800

2Fod
2F80
4267

IF3IC804A
4EAL

DEFCR@EC

AZA7
JF3Co8z0
4E41
SCAF
irm

IF3Cae2f
4E4L

S44F

1848
O8FCOQLE
1808
IF3C0080
2F3CRazaxzxx

JF3Ca84E
4E4)

S84F

4/48
6888xxxx

.0 i oSoSSess

neomal 1

vbaselo
Linentid
hscrell

vblvect

cur_Xx
.y

K] Page 1 10:18:04 am 2-May-1989 Madmac 1.88 (Atarl ST)

NEOMALL.S Horizontal and Vertical Screlling Oemo
Copyright 1988 ATARI CORP.
Started 10/18/688 .. Rob Idybel

.tent
.include atari
1ist

HARDHARE CONSTANTS

= $ff¢f820d ; Video Base Address (lo)
. $EE€£820¢ ! Hidth of a scan-line (Hords. ainus 1)
" SFE£48265 1 Horizontal scroil count (8 .. 15)

SYSTEM CONSTANTS

- 570 ¢ System VBlank Vector

L -58 1 LineA Mouse-Motion Vector offset
. -682 i LineA Current mouse Xpos

= -600 i LineA Current mouse Ypos

LOCAL CONSTANTS

System [nitialization

move.l a7.aS

move.l MWeystack,al ; Get Our Own Local Stack
move.l 4(a5),aS a5 = basepage address
sove.l TEXTSI(aS).dd

add. | DATASZ(aS).d8

add.l BSSSZ(aS5).de

add.] s$160@.d8 ! AAM req’d = textebssedatarBasePageLength
sove.l dé,d4 ; dd = RAM req’'d

Mshrink a5,de Return Excess Storage
move.l d0,.-(sp)

move.) aS5,-(sp)

clrm  -(sp)

Gemdos $4a. 12

sgue.n  ¥$4a, -(sp)

trap ui

Af $¢ <= 8

addq w$e, 3p

.else

add.m WS, Sp

.endl f

Other Inltialization

Super 1 enter supervisor mode
cir.l  -(sp)
sove.n 528, -(sp)
1w L]}

addq NG, sp
mgve,] d8,-(sp) | HARNING - 01d S5P saved pn stack.
Foatdta

bGamdos $2f,2

move.n WS2f, -(sp)

trap 2]

AfS2 0 8

addq i, sp

.else

add.m  #$2.3p

.endif

move.l d6.ad

adda 130,24 i a4 = Filename ptr

moveq RO, .d4 ; d4 = Loop Count

Fefirst Wneofiles, #d

sgue.m  #3$8,-(sp)

aove.l ®neofiles.-(sp)

OCemdos $4e.8

nove.n  WSde,-(sp)

trap L33

if S8 ¢« B

addq us8, sp

.else

add.m  1$8 sp

.endi f

.neoloop: ; FOR {Mine NEO Files) DO

st d8
bei abort : IF (Mo more NEQ files) ABORT
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<
Fopen a4.948 F—
00000064 IFICHOEH [ ] move.n W$8, -(sp) e
0000068 2FBC [ ] move.! a4, -(sp)
L] Gemdos $34.8
@ 00006A IFICM3D [ ] move.n ®$3d,-(sp)
SO00006E  4EA]L trap al
if 8 <= 8
PORROETE SO4F ] Sdd e, 5p
[ ] .else
- ad.n  WSE sp
5? - .endif
58 00000872 4Ad0 st de
59 00800074 6B80xxxx bmi abort : IF (Error opening & flle} ABORT
60 00000873 A1FSxxaxzixzaz lea handlist,ad
61 OONOGRTE 31884080 move a8, (s, 0d) i Save the Nandle
62 00000882 S444 addq u2,dé
63 00000084 QETCHNIG cmp 16, d4
64 DOBONOES GEBBNxxx bgt .gotnine
Fseek 0128,d0.88 t Skip NEO Header
0000NSC 3FICONNE [ move.n 58 -(sp)
M08 IFR0 [ ] msove.w dd, -(sp)
0008092 2FICE0086080 ® mgve.]l WS89, -(sp)
] bemdas $42,18
20000098 IFICRB42 [ ] agve.n ¥542,-(sp)
090003C 4E4) [ trap 1
[ ] AfSac<= 8§
- a0dq wha,sp
- .else
S880069E OEFCHABA ¢ add.»  %Sa,sp
65 [ ] .endi¥
66  BO0GE0A2 4ASE tst.l  d8
&7 000000A4 EBEOXXXX bai sbort 1 IF (Flle Seek Error) ABORT
Fsnext
L ] bemdos $4f,2
0000GAS IFICABAF [ aove.w WS4f,-(sp)
000086AC 4E4L [ ] trap L 11
[ ] Af 2 <= 8
BOBBBBAE S44F ] addq "$2.sp
[ ] .else
- add.w %82 sp
&8 - .endif
69 99990080 6BAC bra .neoloop
7 .gotnine!
Fread d8,%128, sbigbuff
‘; A 00009682 2FICxxxXXXRX [ ] move.l Wbighuff,-(sp)
' 00000008 2FICEGE00BBE ] move.i WSBd, -(sp)
000000t JFOE L] move.n 00,-(sp)
e Gemdos $3f,52
9000000  IFICOOIF [ ] sove.n H#33f, -(sp)
00886C4 4EAL [) trap L1
[ ] AfF S = 8
- addg wSc.sp
- .else
sofBdece DEFCAOOC L] add.m  ¥Sc,Sp
7t . .endif
72 090838CA 4A30 tst.1 dd
73 000086CC 6808xxxx bmi abort i IF (File Read Error} ABORT
74 09000000 ASFIXKXEZAXIX lea bigbutff+d, a2
15 9800e806 41F88248 lea palette,af
76 008R000A AJFIxxxxXNXX iea oldpal.al
71 0Q8808EE 3IG3ICE00F agve %15,d6
78 000080E4 32D8 .plocp: move.x (28], (81)+ i save old color palette
79 GQUSRSREE JODA move.n  (a2)+, laB)+ ; create nem color palette
80 GOGO0NBES SI1CEFFFA dbra de. .ploop
81
B2 DOBOBREC 23FCaxxaNEXXREXNIEXL agve.l #bligbuff, buffptr
25 MMROFE 7ENB moveq %9.d7 t d7 = Rom Count
84 O0OGOBOF8 A9FSxxxxxxxx .roslp: lea threebuf, ad ; FOR (Three roms) 00
55 098Q66FE 4BFIxxxXXKXX lea handlist,aS
86 90800104 0AL7 adda d7.a5
87 00008186 3CICRE82 move a2,d6 + d5 = Column Count
.redlp: Fread (aS)+,%3208@,a4 : FOR (3 Files) DO Read into temp buff
sagealda 2F8C | ] apve.l ad, -(sp)
08080106C 2F3C00087DHO ] move.l W$7dee -(sp)
satenl1? 3IFL1D [ ] move.n  (25)+, ~(sp)
] bemdos $3f.12
@B0a6114  IFICOE3F [ ] move.m  W$3f, ~(sp)
00080118 4EA) ] trap %1
e it $c <7 8
- addq ¥$c.sp
- .else
pegasilA DEFLOeBC [ ) add.n WC . sp
88 e .endif
8% QO0RA1IE 4ABRG tst.} dé
99 00000120 6BBBxxxx bmi abort ; IF (File Read Error) ABORT
9] 8968124 DBFCIDee adda 32000, a4
92 @eMed128 SICEFFER dbra dé. .redlp
93
94 968088120 A4IF9axaxxaxa lea thresbuf . al
95 00888132 ASF9xxrxxaxzax lea threebut+32008. a2

96 Q0BAB138 47Fxnxmxxxx lea threebuf+64200, 2]




97

98

99
188
184
182
163
164
165
186
187
188
189
118
151
112
113
114
115
118

117
118
119
128
121
122
123
124
12§
126
127
128
128
130
131

132
133
134

135
136
132
138
139
148
i
i
143
144
145

ta
148
149
1se
151
152
153

154

eepaatlE
0880144
gogea14s
8800014C
26800814€
88688152
00080156
88908158
9aeaa15C
gaede168
a0eee162
£6000166
80088164
geqeai’e
28088172
080684176

a000a178
8e88817A
ggoae18e

96090184
poegnies

0800818A

ga98e18C
98€6018E
80889192
00080194
08880196

as8eeLsc
000801A4

888881AC

osaqelse
0088104

ggeeaLse

geegelss
D08A0LEA

2880418E

eeqe81c2
gaeee1Cce

099691C8

200881CA
eagMaICE

03088102

08890104
8888010C

200601€2
Ba8901ER
g608801EC
geesaLFa
608d91F2

299001F6
888001FA

888281FC

2079 xxaxRAX
3ciceec?
3A3CE827
2009
S51ICOFFFC
JAICE827
26804
SICOFFFE
3A3C0827
26808
S1COFFFC
SICEFFER
23CBxxxxxXLX
SCA7
BE7CEB8C
13:1]

7810
49F9xxaxXXXX
JF344000

IF3Ce83E
4€41

S84F

40
6800xxxx
5544

GAEA
AEBYxxxaxXRX

23F80078xxxxxxxx
21FCaxnxxxxx@@ee

IF3Coeaz

IF3Ce001
4E4D

S84F

4A40
6700xxxx

JF3caaez

JF3CR082
AEAD

SB4F

803CE003
B7@8xxxs

21F9xxxxxxxx0088
AEBIxExaxxxx

4A1F9xxaxxxRX
43FR8240
193Co0eF
3208
SICAFFFC

JFiCeaze
4E41

SCAF

neagrtall

.linlg:
Ll

L12:

13

.close!

;avelp:

noexiti

exity

.unplp:

abort:

.5 Page 3
move.l buffptr, al
nave 2199, d6
mave u39,d5
move.l (all+, (a@)+
dbra 45, .tl

move #39,d5
move. ! (a2)e, (aB)e
dbra ds, .t2

nove n39,d5
move.l (al)+, (af)e
dbra ds, .t3

dbra dé, . linlp
move.! a8, buffptr
adda u6,d?

wep »2,.47

ble .ronlp
moveq R16.d4

lea handlist, ad
sove (ad,d4) .~ (sp)
Geados $le.4
aove.n ¥$3e.-(sp)
trap "

At $4 <= 8

adde  ¥$d sp
.else

add.m w84, sp
.endlf

tst de

baj abort

subq 2,44

bpl .close

jse inltasus
move.l vblvect,oldubl
move.l Wbl vblvect

Scroliing Oemo Loap

Bconstat CON
agve.n  NCON, -(sp}
Blos 1.4

mgue.m  ¥S1, -(sp)
trap [}

It %4 = 8

addq w$4, sp
.else
add.m  HS4, sp
.endif

tst de

beg noexit
Bconin CON
move.n  BCON. -(sp)
Blos 2.4

move.n "2, -(sp}

trap %13

f $4 <= 8

addq w4, sp
.else

sd.n  w§d, sp
.endif

cap.b  #'C'-54,d0
beq exit

bra navelp

Systam Tear~Oomn

move.l oldvbl.vbivect
jsr UNRMUS

lea oldpal a8
lea palette.al
agve 115.40
mave.n (aB)e, (al)+
dora 48, .unplp
User

Gemdos $%$20.6
move.n  W$28,-(sp)
trap alL

Lif $6 <= 8

addq 6. sp
.else

add.m %6, sp

.endif

19:18:04 am Z-May-1989

d6 = Scan Line Count
FOR (200 Lines) 0O
Copy & line from screend

Copy a line from screenl

Copy a line from screenl

FOR (Nine files) U0 Close all
Fclose

IF (Error Clasing & file) ABORT

Install our omn mouse handler

Capture System UBlank Interrupt

Keyboard Polllng

IF (Keyboard Input Available) THEN

CTRL-C ==> EXIT

Restore System VBlank Interrupt

Restore System mouse handler

restore old color palsatte

; return 10 user mode

Hadmac .68

(Atary ST)




08001 FE
00080204
0080202

9080208

00000212
008216
0000218
edez1C
ween22z
00008225

9008022C
09004232
Il
9000023C
0423
0000244
weeezie
00006244
0800824C
00000252
99008254
90060262

08608264
$900026E
20008270
88000274

80000276
egeeaz7e
08800280
peonezes
88800298
06089258

866890254
000400240
80000246

088682A8
000082AC

4267
4E4
SAFC

ABETRREE
30¥9xxxxxxnx

1C00F
11C08265
4A06

6680 xxx
11FCO0ABB26F
6008xxxx
11FCOR9CR2EF

A3F9axzNXXXX
3039 xxRXXAXX
COFCOLER
[1}{m ]
3839xxxxRIXX

23C8XxxAXXKX

11F9nxxxxxxxB8088
11F91xxxxxxn80Q0
11F9xxxxxxxx8800

4COF8lel
AEF9
ospendte
4AFC

U1
JIEBFDABRXEXX2XX
JYEBFOABRXXEKXRX
23EBFFCExERXIRAXX
217Caxxxxxxx0088
4E75

J3CexxxxmENX
33CixxxnaxRX
AEF

eeeaaees
4AFC

Mouse and button vectors restored 10 system

neowal).s Poge 4 10118104 an 2-May-1%89 Madeac 1.08 (Atari 5T)
Ptermd 1 return to SEMDOS
[ ] cie.n  ~(sp)
] trap "l
[ ] 11legal
; VBL Vertical-Blank Interrypt Server
vbi !
movenm.| d8/a8, -(sp)
move moyse, ¢8
and s, do
move.b dB hscroll i Xpos MOD 16 = Scroll count
tst.b dé
boe .fond 3 IF (Scrolling) THEN 4 mord offset
msove.b #1608, ]inemid
bra .Join
.ponB1 move.b %156.1linemic
.Joine
lea blgbuff, el
aove ,d8
aylu R3168,00 t Ypos & Linawid = Vertical offset
adda.l d8.a6
[ xmouse, 4
asr a1,d8
and St148,d8 1 B%(Xpos DIV 16) = Line offset
adda dag, a8 } a8 = Video Base Address
move.l ad,vblitemp
move.b vbltamp+l,vcounthl
move.b vbltempt2, vcountmid
move.b vbltemp+3, vcountlo
moves.] (sp)e+, di/a@
Jdo.m $efd
oldubl: .dc.l @& 1 JMP (D1d-Viblank)
illagsl
I
H MOUSE HANDLING
; INITMAUS  Capture systes souse
; Biven:
H Control
3
H Returns:
H With motion and button vectors captured
; Register Usage:
H destroys dB-d3 and aB-al
; Externals:
1 none
initmaus:
.de.n $ad00 i Line—h Trap
[ ] cur_x{a8) , xmouse
move cur (a8}, ymouse
aove.l wavec(aB) . soldvec
sove.|l Spursaus, movec (28) ; Take guer mouse motion
ris
1
t Mouse Motion Interrupt
;Ufl‘u!:
|ove dd, xmouse
msove dl, geouse 1 Save new mouse position
.ac.m $def9
soldvec:
.de. 8 ; JMP (0ld motion vector)
11legal
‘: UNMAUS  Restore mguse ta system
H biven:
H Control
; Returns:

Register Usage:
destroys d@-d3} and abB-al

Externals:
none




241
244
245
246
47
248
249
50
251
252
253
254
255
256
297
258
59
260
261
252
263
264
265

287
68
269
278
271
272
273
74
75
276
277
78
7%
288
281
282
283
284
285
86

608002AE
geeea2ee
26888288

806068264
geesnede

oeegge48
6e000a52
/3000956
08846556

8ea50Cse

88850C5A
88050C5C
88050CSE
8865EQSE

AgeY
2179008082ABFFCE
4E75

2AZEGESSEFER

*dee8a0e10

«§8888009
=geadassl
=90046500
*968817760

=@088aa01

=060800a1
*86688001
=aeea0100
=deseeedl

neowall.s Page S
.dc.n Sadee H
move.l ngldvec, moveciaB)
rts

; 0ATA STORAGE

' .data

neafiles: H
.de.b  “"#.neg”,8
. 2ven

; RANDOM DATA STDRAGE
.bss

cldpal:
.ds.1 16 P

handlist: H
ds.m 9

butfptr1 :
.das.1 L

blghuéfs H
.ds.b  9%32868

threebuf: T
.ds.b  3%32088

vbltemp: '
.ds.1 1

mouse: H
.ds.m 1

ymguset H
.ds.m i
.ds.1 256 :

aystack: )
.ds.l 1 i

.end

10:18:84 am 2-May-1989 Hadmac 1.88 (Atari SI)

Line-A Trap
; Restare mouse motlon

NEO filename search string

Original color palette

Array of Active Handles {9)
Load ptr for blgbuff
Mega-Image Buffer

Temporary Triple-Image Buffer

Ublank Temporary Storage

Latest mouse Xposn

Latest mouse Yposn

(stack body)

Lacal Stack Storage

Bt S




Symbol Tabie

.close 000G9188

.linlp 00000148
.neoloop DOOBRESE
.non8 DO008226
.ploop SODBMSEA
.redip 00000104
.remip G0000OFS
,t1 o00ed14C

.12 00000156

.13 10000164
.unpip 00000LF0
AUX 08000001

BBASE 60000013
BLEN ogaesell

BP5Z 90000108
BSIZE 90500004
85551 8080001C
CHOLINE 00000038
COM 00008002

CR 00008080
CURS_BLINK 00008082
CURS_GETRATE 88008885
CURS_MIDE 00060806
CURS_NOBLINK G0B0088)
CURS_SETRATE 000800864
tursS_sH(s 600086801
DATASI seoggald
DBASE BeBoRR10
OLEN 09680014
DSIZE aeoesse

074 90068420
EWIR 00009420
FILE_ID 92600000
HEADSIZE 80068091C
HITPA 00000004
IKBD seaegeed

LF 8809800A

LOHTPA BBBDGERG
MIDI 09688603
HYDTA eeDBe82e
PARENT 008808024
PRT geseeens
RALUICON 80880885
SSIZE 0880888E

TAD Beasebas

TBASE 86026088
TEXTSZ e8g8e8eer
TLEN 0086068C
T1SIZE Boegoea2
XXX) espegel?

XXX2 aeeaealé
XXx3 eenaeain
XXxX eeggenzg
—nd B80QR4SE
_autopath B88JGACA
_bootdey 80088446
_bufl 809808482
—cadload 90290482
~grvbits 882884C2
-dskbufp B0AAO4CE
frclock 80080466
~fverify 00808444
-h2_286 B00304BA
membot 88900432
seatap 90800436
_nflops BBOOB4AE
pri_cnt 008004EE
~prtabt 808884Fe
—shell_p 200884F6
~sysbase 680804F2
~timr_ms 00808442
_v_bas_ad BOBOBALE
~vbelock €90008462
_vbl_list BBOOBACE
vbigueue BBBBOASE
abort 88QB81F6

aer FFFFFAB]
bigbuff 88888856
buffptr 86808052
cmdreg 009008080
calorptr 90008458
constate B06004AR
conterm 80008484
triticret B000048A
cur_x FFFFFDAG
cur_y FFFFFOAB
datareg 00BPOBEE
ddr FFFFFABS
defshifimd 00000448
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diskctl FFFFB684 ea
daahl| FFFFRGEI ma
dmalo FFFFRSE0 ea
deanid FFFFEGOE ea
dtr 00000018 <&
end_os DOORNAFA a2

etv_critic BOOBBAN4 w2

etu_tern DOOODAEE w2
ety_timer 00000408 o2
etv_xtra GOORS4EC o2
exec. os SO00OAFE o2
exit MOOOALD4 t
fifo FFFFEGE6 o2
flock BOORGA3E sa
giaamp S0000008 ea
pibamp 00000069 ea
gicamp 0000DOGA w2
gicernwlip 000MOEC ea
giflenvip S000NGOE aa
gimixer 00000007 o2
ginoise 00000086 ea
giporta GOO00EE o2
giporth SO0MGSF ea
giread FFFFRE00 w2
giselect FFFFR80E aa
gitoneac 00000001 a2
altoneaf 0OMNEIEE ea
yitonebc 06006083 ea
gitonebf 96000862 ea
gitonecc 98600685 ea
gitonect 60088064 ea
ginrite FFFFE802 ea
gpip FFFFFARL ea
opc G8800048 a2
handlist S9000048 b
hdv_boot B00004TA 22
hdv_bpb S8008472 e»
hdv_init 80000464 o2

hdv_medlach S08H04TE ea

hdv_rw 88008476 ea
hscroll FFFFE26S ea
iera FFFFFAB? o2
ierty FFFFFABS ea
imra FFFFFALY ea
imrb FFFFFALS ea
Initeaus BEBBO276 1t
tpra FFFFFASE ea
iprb FFFFFABD ea
L1sra FFFFFAOF ea
isrb FFFFFALL ea
keybd FFFFFCO2 ea
keyctl FFFFFCEO ea
linemid FFFF320F ea
moncntlr 08888424 ea
memcont FFFFBBOL ea
menval? 000B043A ea
memvalld 80000420 ea
ufp FFFFFABE ¢a

midl FFFFFCB6 ea
midict] FFFFFCB4 ea
mo0ldvec B0Q082A8 1t
aguec FFFFFFCE ea
aystack 8085E05E b
neoflles B8GOON0E d
noexit 008008102 ¢
nvbls 00008454 ea
oldpal 02000260 b
nldvb] 906880278 t
ourmaus 80800294 t
palette FFFFE24O ea
palende 00006448 o2
phystop BQBBAAZE ea
pry_aux 68008512 ea
pru_suxo 0808058E ea
prv_ist 98088504 ea
prv.isto BB8BE5SEE ea
resval id 68080426 ea
resvector 89080424 ea
rezmode FFFFB26D ea
rsr FFFFFAZB ea

sav_context GBPABAAE ea

save_rom BOBROAAC ea
savptir 0088B4AZ ea
scr FFFFFA27 ea
scr_dump 906808582 ea
screenpt BBOBBASE ea
secreg 800608884 ea
seekrate 00800448 ea
sshifted BEQGB4AC ea
start 00088068 t
strobe 66800820 ea

18:18:04 an 2-May-1929

swv_vec DGOBOAGE ea
syncmode FFFFE2BA ea
tacr FFFFFALY ea
tadr FFFFFALF ea
ther FFFFFALE ea
tbar FFFFFA2L ea
teder FFFFFALD ea
teor FFFFFA2S ea
tadr FFFFFA2S ea

trireg 00000082 ea
trpidret 90000486 w2
1sr FFFFFAZD ea

ucr FFFFFA29 ea

wdr FFFFFA2F 2a
unsaus BRBBAZAE 1t
vbasehl FFFF8201 ea
vbaselo FFFFE200 ea
vbasamid FFFFE2E3 ea
vbl 80804204 1t
vbisen 00000452 «»
vbltenp #9950CS6 b

vblvect 0008070 ea

vcounthl FFEFEZES5 wa
veountio FFFFE209 ea
veountmld FFFFS207 ea
ur FFFFFALT ea
navelp DOB00IAC t
wmouse 90850C5A ©
xrts 00080008 ea
ymouse 88050C5C b
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STE Digitized Sound
Developer information

The Atari STE™ family of computers is equipped to reproduce digitized sound using DMA
(direct memory access: that is. without using the 68000). This document provides the
information required to understand and use this feature.

OVERVIEW

Sound is stored in memory as digitized samples. Each sample is a number, from -128 to
+127. which represents displacement of the speaker from the “neutral” or middle position.
During horizontal blanking (transparent to the processor) the DMA sound chip fetches
samples from memory and provides them to a digital-to-analog converter (DAC) at one of
several constant rates, programmable as (approximately) S0KHz (kilohertz), 25KHz,
12.5KHz, and 6.25SKHz. This rate is called the sample frequency.

The output of the DAC is then filtered to a frequency equal to 40% of the sample frequency
by a four-pole switched low-pass filter. This performs "anti-aliasing” of the sound data in a
sample-frequency-sensitive way. The signal is further filtered by a two-pole fixed frequency
(16kHz) low-pass filter and provided to a National LMC1992 Volume/Tone Controller. _
Finally, the output is available at an RCA-style output jack on the back of the computer. This
can be fed into an amplifier, and then to speakers, headphones, or tape recorders.

There are two channels which behave as described above; they are intended to be used as the
left and right channels of a stereo system when using the audio outputs of the machine. A
monophonic mode is provided which will send the same sample data to each channel.

The stereo sound output is also mixed onto the standard ST audio output sent to the monitor's
speaker. The ST's GI sound chip output can be mixed to the monitor and to both stereo
output jacks as welil.




DATA FORMAT

Each sample is stored as a signed eight-bit quantity, where -128 (80 hex) means full negative
displacement of the speaker, and 127 (7F hex) means full positive displacement. In stereo
mode, each word represents two samples: the upper byte is the sample for the left channel, and
the lower byte is the sample for the right channel. In mono mode each byte is one sample.
However, the samples are always fetched a word at a time, so only an even number of mono
samples can be played.

A group of samples is called a "frame." A frame may be played once or can automatically be
repeated forever (until stopped). A frame is described by its start and end addresses. The end
address of a frame is actually the address of the first byte in memory beyond’ the frame; a
frame starting at address 21100 which is 10 bytes long has an end address of 21110.

Before continuing, please familiarize yourself with the DMA sound chip register set:

REGISTER DESCRIPTIONS

FF8900 ---- =r—== —-—== == cc RW Sound DMA Control

cc:

00 Sound DMA disabled (reset state).

01 Sound DMA enabled, disable at end of frame.
11 Sound DMA enabled, repeat frame forever.

FF8902 ---- ---- 00xx XXX RW Frame Base Address (high}
FF8904 ---- -=-- XXXK XXXX RW Frame Base Address (middle)
FF8906 ---- -=-- xXXX Xxx0 RW Frame Base Address (low)
FF8908 ---- ---- 00xx xxxx RO Frame Address Counter (high)
FF890A ---=- =---- XXXX XXXX RO Frame Address Counter (middle)
FFB890C ---- =-===- xxXX Xxx0 RO Frame Address Counter (low)
FF890E —---- ---- 00xx XXxx RW Frame End Address (high)
FF8910 ---- --=-- XKXXX XXXX RW Frame End Address (middle)
FF8912 ---- -=-- xXXX XXX0 RW Frame End Address (low)

FF8920 0000 0000 m000 00rr RW Sound Mode Control

rr:

00 6258 Hz sample rate (reset state)
01 12517 Hz sample rate

10 25033 Hz sample rate

11 50066 Hz sample rate

m:
0 Stereo Mode (reset state}
1 "Mono Mode

FFB8922 XXXX XXXX XXXX XXXX RW MICROWIRE™ Data register
FFB8924 XXXX XXXX XXXX XXXX RW MICROWIRE™ Mask register

Note: a zero can be written to the DMA sound control register at any time to stop playback
immediately.




The frame address registers occupy the low bytes of three consecutive words each. The high
bytes of these words do not contain anything useful, and it is harmiess to read or write them.
The frame address counter register is read-only, and holds the address of the next sample word
to be fetched.

PROGRAMMING CONSIDERATIONS

The simplest way to produce a sound is to assemble a frame in memory, write the start address
of the frame into the Frame Start Address register, and the end address of the frame into the
Frame End Address register, set the Mode register appropriately (set stereo or mono, and the
sample frequency), and write a cne into the Sound DMA Control register. The frame will
play once, then stop.

To produce continuous sound, and link frames together, more elaborate techniques are
required.

The DMA sound chip produces a signal called "DMA sound active” which is one when the
chip is playing sounds, and zero when it’s not. When a frame ends in the repeat mode (mode
3). there is a transition from "active” to “idle” and back again on this signal. The signal is
presented as the external input to MFP Timer A. You can put Timer A into Event Count
mode and use it to generate an interrupt, for example when a frame has piayed a given number
of times. Because of the design of the MFP, the active edge for this signal must be the same
as the input on GPIP 14, which is the interrupt line from the keyboard and MIDI interfaces. It
is, and the Active Edge Register is already programmed for that, so you need not worry about
that if you use Timer A to count frames. '

The DMA Sound chip’s mode 3 (repeat mode) ensures seamless linkage of frames, because
the start and end registers are actually double-buffered. When you write to these registers,
what you write really goes into a "holding area”. The contents of the holding area go into the
true registers at the end of the current frame. (Actually, they go in when the chip is idle,
which means right away if the chip was idle to begin with.)

If you have two frames which you want played in succession, you can write the start and end
addresses of the first frame into the chip, then set its control register to 3. The first frame will
begin playing. You can then immediately write the start and end addresses of the second
frame into the chip: they will be held in the holding area until the first frame finishes, then
they'll be copied into the true registers and the second frame will play. The interrupt between
frames will still happen, so you can tell when the first frame has finished. Then, for instance,
you can write the start and end registers for the start of a thzrd/frame, knowing that it will
begin as soon as the second frame has finished. You could even write new data into the first
frame and write its start and end address into the chip; this kind of ping-pong effect is rather
like double-buffering of a graphics display.

Here is an example of using Timer A in Event Count mode to play a controlled series of
frames. Suppose you have three frames, A, B, and C, and you want to play frame A three
times, then frame B five times, and finally frame C twice. The sequence of steps below will
accomplish this. Numbered steps are carried out by your program; the bracketed descriptions
are of things which are happening as a result.

1. Set Timer A to event count mode, and its counter to 2 (not K))




2. Write Frame A's start & end addresses into the registers.

3. Write a 3 to the sound DMA control register. [Play begins.] Go do something else
until interrupted.

(At the end of the second repetition of Frame A, the timer’s interrupt fires. At the
same time, frame A begins its third repetition.}

4. Write Frame B’s start and end addresses into the DMA sound chip. These values
will be held until the third repetition of Frame A finishes.

5. Set Timer A's count register to 5, then go away until interrupted

{When the current repetition finishes, the start & end registers are loaded from the
holding area, and Frame B will begin playing. The end-of-frame signai will cause
Timer A to count from 5to 4. At the end of Frame B's fourth repetition, its fifth
will start, the timer will count down from 1 to 0, and the interrupt will occur.}

6. Write frame C's start & end addresses into the registers, and program Timer A to
count to 2. Go away until interrupted.

(When the current repetition (B's fifth) finishes, the start & end registers are loaded
from the holding area, and Frame C will begin playing. The end-of-frame signal
causes Timer A to count down from 2 to 1. When Frame C finishes its first
repetition, Timer A counts down from 1 to 0 and interrupts.)

7. Write a 1 to the DMA Sound Control Register to play the current frame, then stop.
Disable Timer A and mask its interrupt. You're done.

As you can see, you program the timer to interrupt after one repetition /essthan the number of
times you want a frame to play. That is so you can set up the next frame while the DMA
sound chip is playing the last repetition of the current frame. This ensures seamless linkage of
frames.

INTERRUPTS WITHOUT TIMER A

Besides going to the external input signal of Timer A, the DMA-sound-active signal, true
high, is exclusive-ORed with the monochrome-detect signal, and together they form the GPIP
17 input to the M68901 MFP. The intent of this is to provide for interrupt-driven sound
drivers without using up the last general-purpose timer in the MFP. Itisa little trickier to use,
however. For one thing, it causes the interrupt at the end of every frame, not after a specified
number of frames. For another, the "interesting" edge on this signal depends on what kind of
monitor you have.




On an ST. monochrome monitors ground the mono-detect signal, so when you read the bit'in
the MFP you get a zero. Color monitors do not ground it, so it reads as a one. When the
DMA sound is idle (0), this is still the case. However, when the sound is active (1). the mono-
detect signal is inverted by the XOR, so the bit in the MFP reads the opposite way. (The one
place where the OS reads this bit is at VBLANK time, to see if you've changed monitors.

The ROMs on any machine with DMA sound are appropriately modified, so you need not
worry about this.)

If you want to use the mono-detect /| DMA interrupt signal, you have to set up the active-edge
register in the MFP to cause the interrupt at the right time. The interesting edge on the DMA
signal is the falling edge, that is, from active to idle; this happens when a frame finishes. If
you have a monochrome monitor, this edge is seen as a transition from 1 to 0 on MFP bit I7.
However, with a color monitor, the edge will be seen as a traasition from O to i. Therefore,
you have to program the MFP's active-edge register differently depending on which monitor
you have. Make sure the DMA sound is idle (write a zero to the control register), then check
MEP I7: if it's one, you have a color monitor, and you need to see the rising edge. If it’s zero,
you have a monochrome monito~ and you need to see the falling edge.

The DMA sound active signal goes from "active” to "idle” when a frame f{inishes. If it was
playing in mode 1, it stays "idle" and the control register reverts to zero. If it was playing 1n
mode 3, the signal goes back to "active” as the next frame begins. In this case. the signal is
actually in the "idle” state for a very short time, but the MFP catches it and causes the
interrupt, so don’'t worry.

Additional Considerations

Regardless of how you manage your interrupts, there is more you should know: the signal
goes from "active” to “idle” when the DMA sound chip has /efc/ed'the last sample in the
frame. There is a four-word FIFO in the chip, however, so it wiil be eight sample-times (four
in stereo mode) before the sound actually finishes. If you are using mode 1. you can use this
time to set up the chip with the start and end addresses of the next frame, so it will start as
soon as the current one ends. However, if the interrupt should be postponed for four or eight
sample-times, you could miss your chance to start the sound seamlessiy. Therefore, for
seamless linkage, use the pre-loading technique described above.

MICROWIRE™ Interface

The MICROWIRE™ interface provided to talk to the National LMC1992 Computer
Controlled Volume / Tone Control is a general purpose MICROWIRE™ interface to allow the
future addition of other MICROWIRE™ devices. For this reason, the following description of
its use will make no assumptions about the device being addressed.

The MICROWIRE™ bus is a three wire serial connection and protocoi designed to allow
multiple devices to be individually addressed by the controller. The length of the serial data
stream depends on the destination device. In general, the stream consists of N bits of address,
followed by zero or more don't care bits, followed by M bits of data. The hardware interface
provided consists of two 16 bit read/write registers: one data register which contains the actual
bit stream to be shifted out. and one mask register which indicates which bits are valid.




Let's consider a mythical device which requires two address bits and one data bit. For this
device the total bit stream is three bits (minimum). Any three bits of the register pair may be
used. However, since the most significant bit is shifted first, the command will be received by
the device soonest if the three most significant bits are used. Let’s assume: 01 is the device's
address, D is the data to be written, and X's are don’t cares. Then all of the following register
combinations will provide the same information to the device.

1110 0000 C00C 0000 Mask
01DX XXXX XXXX XXXX Data

0000 0000 0000 0111 Mask
XXXX XXXX XXXX X01D Data

0000 0001 1100 0000 Mask
XXXX XXXO0 1DXX XXXX Data

0000 1100 G001 0000 Mask
XXXX 01XX XXXD XXXX Data

1100 0000 0000 0001 Mask
01XX XXXX XXXX XXXD Data

As you can see, the address bits must be contiguous, and so must the data bits, but they don’t
have to be contiguous with each other.

The mask register must be written before the data register. Sending commences when the data
register is written and takes approximately 16psec. Subsequent writes to the data and mask
registers are blocked until sending is complete. Reading the registers while sending is in
progress will return a snapshot of the shift register shifting the data and mask out. This means
that you know it is safe to send the next command when these registers (or either one) return
to thieir original state. Note that the mask register does not need to be rewritten if it is already
cotrect. That is, when sending a series of commands the mask register only needs to be
written once. '

Volume and Tone Control

The LMC1992 is used to provide velume and tone control. Before you go and find a data
sheet for this part, be warned that we do not use all of its features. Commands for the features
we do use are listed below.

Communication with this device is achieved using the MICROWIRE™ interface. See
MICROWIRE INTERFACE the section for details. The device has a two bit address field,
address = 10, and a nine bit data field. There is no way to reading the current settings.




Volume / Tone Controller Commands

Device address = 10
Data Field

011 DDD DDD Set Master Volume
000 000 -80 dB
010 100 -40 4B
101 XXX 0 dB

101 XDD DDD Set Left Channel Volume
00 000 -40 dB
01 010 -20 dB
10 1XXx 0O dB

100 XDD DDD Set Right Channel Volume
00 000 -40 dB
01 010 -20 dB
10 1Xxx 0 dB

010 XXD DDD Set Treble
0 Q00 -12 dB
0 110 0 dB (Flat)
1 100 +12 dB

001 XXD DDD Set Bass
0 000 -12 dB
0 110 0 dB (Flat)
1 100 +12 dB

000 XXX XDD Set Mix
00 -12 4B
01 Mix GI sound chip output
10 Do not mix GI sound chip output
11 reserved

Note: The volume controls attenuate in 2 dB steps. The tone controls attenuate in 2 dB steps
at S0 Hz and 15 kHz (Note: These frequencies may change).




Using the MICROWIRE™ Interface and the
Volume/Tone Control Chip

The MICROWIRE™ interface is not hard to use: once you get it right, you'll never have to
figure it out again.

The easiest way to use it is to ignore the flexibility, and just use one form for all commands.
Since the Volume/Tone chip is the only device, and it has a total of 11 bits of address and
data, your mask should be SO7ff. If you're picky, you can use ${fe0, because the high-order
bits are shifted out first, but it adds conceptual complexity. With a mask of $071f, the lower 9
bits of the data regsiter are used for the data, and the next higher two bits are for the address:

Mask: £0000 0111 1111 1111
Data: $xxxx x10d dddd dddd

Replace the d’s with the command code and its data. For example, this combination sets the
master volume to $14:

Mask: £0000 0111 1111 1111
Data: Lxxxx X100 1101 0100

The other important concept you must understand is that the bits shift out of these registers as
soon as you write the data, and it takes an appreciable time (16 psec) to finish. You can’t
attempt another write until the first one is finished. If you read either register while it’s being
shifted out, you will see a "snapshot™ of the data being shifted. You know the shifting is
complete when the mask returns to its original value. (This theory is wrong if you use a mask

which equals its original value sometime during the shifting, but $O7ff never does.)

Assuming you write $O7ff into the mask register ahead of time, the following routine can be

- used to write new data from the DO register to the volumeltone control chip:

MWMASK equ Sffff8924
MWDATA equ Sffff8922

mwwrite:
cmp. W #$07ff  MWMASK ; wait for prev to finish
bne.s mwwrite - loop until egual
move.w d0 ,MWDATA . write the data
rts : and return

The purpose of the loop at the beginning is to
is at the beginning of the routine, not the end,

wait until a previous write completes. This loop
because waiting at the end would always force

at 16 psec delay, even if it's been longer than that since the last write.
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