























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































190VESIAL PUe OZOZESW.L 2 3uts) uoneuawolduy soydeln v €7

6£9

GRAPHIC
TMS32020 -

80055
80056
80057
80058
80059
B0060
80061
80062
80063
B0064
80065
80066
80067
80068
80069
80070
80071
80072
80073
80074
80075
B0076
80077
80078
80079
80080
80081

004F
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
005A
00S8
005C
00SD
00SE
00SF
0060
0061
0062
0063
0064
0065
0066
0067
0068

0069
006A
0068

006C
006D
006E
006F
0070
0071
0072
0073
0074
0075
0076

0077
0078
0079

007€
007F
0080
0081
0082
0083
0084

32020 FAMILY MACRO ASSEMBLER

TMS34061 DEMONSTRATION

60E0
6CE0
CA02
60E0
68E0
CA00
60E0
6BED
CA00
60E0
68E0
CA1O
68E0
60E0
CA20
68E0
60E0
CA00
60E0
68EQ
CA20
60E0
68E0
CA00
60E0
68E0

CA00
FEBO
040C

CA00
5588
0000
0200
CBFF
60A0
CBFF
60A0
C063
cBIC
60A0

CAO1

SACL
SACH
LACK
SACL
SACH
LACK
SACL
SACH
LACK
SACL
SACH
LACK
SACH
SACL
LACK
SACH
SACL
LACK
SACL
SACH
LACK
SACL
SACH
LACK
SACL
SACH

LACK
CALL

ZAC
LARP
LRLK

RPTK
SACL
RPTK
SACL
LARK
RPTK
SACL

LACK
LDPK
SACL
LALK

TBLR
ADD
TBLR
ADD

"0+

*0+,4
>0002 .
0+

0+

>0000 .
»04

.0+

>0000 .
"0+

0+

>0010 .
*0+

04

>0020 .
.04+

0+

>0000 .
"0+

0+

>0020 .
"0+

.09

>0000 .
*0+

"0+

>0000
CLEAR .

ARO
ARO, >0200

255 .

~
@
-

H

-

YMAX

-

AMAX

AMIN
ONE6
BMAX

PC 1.0 85.157

15:17:30 12-05-85
PAGE 0003

load Display Update Register

load Display Start Register

load Vertica! Interrupt

load Control Register 1

load Control! Regfster 2

load Status Register

load X-Y Offset Register

load X-Y Address Register

inftialize VRAMs

initfalize Block BO

inftialize Block Bl

initfalize Block B2

load pixel processing constants
maximum.X address (TIPC = 719)
maximum Y address (TIPC = 299)

ellipse demo constants

GRAPHIC 32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157  15:17:30
THS32020 - TMS34061 DEMONSTRATION PAGE
80109 0085 002E ADD ONE6
BO110 0086 5842 TBLR  BMIN
80111 0087 CAO3 LACK 3
80112 0088 6043 SACL  THREE6
80113 0089 CAOS LACK 5
BO114 008A 6044 SACL  FIVE6
80115 0088 CAD9 LACK 9
80116 008C 6045 SACL  NINE6
80117 008D FF8O 8 PARSER
008E 008F
0003 COPY  PARSER.ASM

12-05-85
0004
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I=) TMS32020 - TMS34061 DEMONSTRATION PAGE 0005
C€0002 .
0003 T .
C0004 * The PARSER routine controls the demonstration of the
C0005 * graphics display system by reading the control! data table
C0006 * and routing execution to the appropriate function. A
C0007 * synchronization word, 32020, must occur at the beginning
C0008 * of the command table and between each command. The parser
C0009 * uses this synchronization word to recover from errors in
Cco010 * entry of data in the command table. Following the
Ccoot1 * synchronization word, the command word is read and used to
Co012 * select one of the appropriate functional routines. In the
coo13 * event that the command word fs not within the command
coot4 * sequence, searching continues until the next
C0015 * synchronization word is found and the process repeats.
C0016 * When a valid command word s identified, execution is
coot7 * transfered to the appropriate routine which must read all
coois * data from the list appropriate to that routine.
C0019 " . annanas ensnnunn
o020 .
Co0021 008F PARSER EQU $
C€0022 008F C800 LOPK 0 * set-up to access Block B2
€0023 0090 DOOI LALK BEGIN * top of command table

0091 0898

C€0024 0092 606C SACL CMDADR  * save current table address
C€0025 0093 C800 PLOOP  LDPK 0 * set-up to access Block B2
C0026 0094 D000 LRLK ARO,32020 * load synchronization word

N 0095 7014

. €0027 0096 5589 LARP AR1

> €0028 0097 206C LAC CMDADR  * get current table address

g? C0029 0098 5869 SYNC TBLR SYNCH * read word; expect a sync value

5 C0030 0099 0062 ADD ONE

= C0031 009A 3169 LAR AR1,SYNCH

] €0032 0098 55D0 MAR *0-

— €0033 009C FB90 BANZ SYNC * test for sync value

E 0090 0098

& c003a | .

% C0035 009E 5868 TBLR CMND * read word; expect a valid command

E C0036 009F 0062 ADD ONE

=3 C0037 00A0 606C SACL CMDADR  * save current table address

g C0038 00A! CA17 LACK CMDLEN

I C0039 00A2 1068 sus CMND

@ C0040 00A3 F280 BLEZ PLOOP * verify command is valid

I 00A4 0093

o C0041 .

8 €0042 00A5 D001 LALK  CMDTBL

o) 00A6 00AB

< C0043 00A7 0168 ADD CMND, 1 .

b4 C0044 00A8 CE24 CALA * go execute selected command

S C0045 00A9 FFBO B PLOOP

S 00AA 0093

- €0046 .

2

e

-

4

4

B

=

=

GRAPHIC
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C0048
C0049 00AB
00AC
C€0050 00AD
00AE
C00S51 00AF
0080
C0052 00B1
0082
C00S3 0083
0084
C0054 0085
0086
C005S 0087
00B8
C0056 0089
00BA
C0057 0088
00BC
0058 608D
00BE
C0059 00BF
0oco
C0060 00CI
0o0c2
C0061 00C3
00C4
C0062 00C5
00C6
C0063 00C7
00c8
C0064 00C9
00CA
C0065 00CB
0occ
C€0066 00CD
00CE
C0067 00CF
0000
C€0068 0001
0002
C0069 0003
00D4
C0070 00D5
0006
C0071 0007
0008
C0072
0073

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

.

FF80 CMDTBL B

0022
FF80
00DC
FFB0
00F7
FF80
0100
FF80
010F
FF80
0008
FF80
0120
FFB0
0008
FF80
0008
FF80
0158
FF80
0169
FF80
010D
FF80
0212
FF80
0008
FF80
0008
FF80
0009
FF80
0280
FF80
0281
FF80
02FC
FF80
0343
FF80
03BF
FF80
0450
FF80
08FC

0017 CMDLEN €QU
.

® ® ® ® O ® ® ® ® 0 T D O O P DD D DD D

INIT
DELAY
CLRSCR
PIXELC
LINEC
DUMONE
POLYC
DUMONE
DUMONE
FELPSC
SPIN
ELPSET
WELPSC
DUMONE
DUMONE
SsToP
DEMOO
DEMO!
DEMO2
DEMO3
DEMO4
DEMOS

CUBER

-

.

.

.

$-CMDTBL/2

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
000A
0008
oooc
0000
000E
000F
0010
0011
0012
0013
0014
0015
0016
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TMS32020 - TMS34061 DEMONSTRATION 0007 TMS32020 - TMS34061 DEMONSTRATION PAGE 0008
C€0075 - C0126 0108 5804 TBLR COLOR * read word; expect a color value
C0076 0009 FFBO STOP B STOP C€0127 0109 C800 LDPK 0
00DA 0009 C0128 010A 0062 ADD ONE .
C0077 00DB CE26 OUMONE RET C0129 0108 606C SACL CMDADR  * save current table address
coo7s . C0130 010C FEBO CALL LINE * plot the point
C0079 . TIME DELAY CONTROL 010D 0524
cooso . C0131 010E CE26 RET
C0081 000C 206C DELAY LAC CMDADR  * get current table address Cco132 .
C0082 00DD 586A TBLR TIMDLY  * read word; expect a time value Co133 . LINE DRAWING CONTROL
C0083 00DE 0062 ADD ONE Co134 .
C0084 00DF 606C SACL CMDADR  * save current table address C0135 010F 206C LINEC LAC CMDADR  * get current table address
C0085 00EO 306A DELAY! LAR ARO, TIMDLY C0136 0110 C806 LOPK 6
C0086 O0E! C168 LARK AR1,THPL C0137 0111 5800 TBLR X1 * read word; expect x1 coordinate
C0087 00E2 5588 LARP ARO C0138 0112 002€ ADD ONE6
C0088 00E3 FF80 8 DECOLY C0139 0113 5801 TBLR Y1 * read word; expect yl coordinate
00E4 00F4 C0140 0114 002E ADD ONE6
C0089 00E5 C808 WAITI  LDPK >0008 * VSC register page C0141 0115 5802 TBLR X2 * read word; expect x2 coordinate
C0090 00E6 CAOl LACK 1 C0142 0116 002E ADD ONE6
C0091 O0E7 2060 LAC VSBLL * read Vertical Start Blank C0143 0117 5803 TBLR Y2 * read word; expect y2 coordinate
C0092 00E8 0868 ADD VSBLH,8 C0144 0118 002 ADD ONE6
C0093 00E9 6080 SACL L ‘C0145 0119 5804 TBLR COLOR * read word; expect a color value
C0094 00EA C809 LDPK >0009 * VSC register page C0146 011A C800 LDPK 0
C0095 00EB 6020 SACL VINTL * load Vertical Interrupt C0147 011B 0062 ADD ONE
C0096 0OEC 2888 LAC *,8,0 C0148 011C 606C SACL CMDADR * save current table address
C0097 00ED 6828 SACH VINTH C0149 0110 FE8BO CALL LINE * plot the line
€0098 OOEE 2050 LAC STATL 011E 0524
C0099 00EF 2050 WAITD LAC STATL * wait for vertical interrupt C0150 011F CE26 RET
C0100 00FO DOO4 ANDK >0001 Co151 .
00F1 0001 co152 . POLYGON DRAWING CONTROL
C0101 00F2 F680 BZ WAITD Co153 . *
00F3 0OEF C0154 0120 206C POLYC LAC CMDADR  * get current table address
C0102 00F4 FB99 DECDLY BANZ WAITL,*-,1 * decrement delay counter C0155 0121 C806 LDPK 6
00FS5 00ES C0156 0122 5830 TBLR NPOINT  * read word; expect # polygon sides
C0103 00F6 CE26 RET C0157 0123 002 ADD ONE6
co104 . C0158 0124 5804 TBLR COLOR * read word; expect a color
Co105 . CLEAR SCREEN CONTROL C0159 0125 002E ADD ONE6
Co106 . C0160 0126 3030 LAR ARO,NPOINT
C0107 00F7 206C CLRSCR LAC CMDADR  * get current table address C0161 0127 5588 LARP ARO
C0108 00F8 5868 TBLR THPL * read word; expect a color value C0162 0128 FB9O BANZ POLY1
C0109 00F9 0062 ADD ONE 0129 012C
CO110 OOFA 606C SACL CMDADR  * save current table address C0163 012A FF80 8 POLYD
COl11 OOFB CAFF LACK >00FF 0128 0154
CO112 0OFC 4E68 AND THPIL Ccol64 ’
CO113 0OFD FE80 CALL CLEAR * initialize the VRAMs C0165 012C 7030 POLYI  SAR ARO,NPOINT
00FE 04DC C0166 012D 5822 TBLR XA * read word; expect x1 value
CO114 OOFF CE26 RET C0167 012E 5824 TBLR X8
Co115 . C0168 012F 002E ADD ONE6
colle . WRITE PIXEL CONTROL C0169 0130 5823 TBLR YA * read word; expect yl value
co17 . CO0170 0131 5825 TBLR \L:]
COl18 0100 206C PIXELC LAC CMDADR  * get current table address CO171 0132 C800 LOPK 0
C0119 0101 C806 LDPK 6 C0172 0133 0062 ADD ONE
C0120 0102 5800 TBLR X1 * read word; expect x coordinate C0173 0134 606C SACL CMDADR  * save current table address
C0121 0103 5802 TBLR X2 C0174 0135 FF80 B POLYN
C0122 0104 002E ADD ONE6 0136 0145
C0123 0105 5801 TBLR Yl * read word; expect y coordinate C0175 .
C0124 0106 5803 TBLR Y2 C0176 0137 7030 POLYL  SAR ARO,NPOINT
C0125 0107 002E ADD ONE6 C0177 0138 C800 LOPK 0
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co178
Co179
co180
coi81
€o182
co183
cois4
co185
Co186
€0187
co188

coi89
C0190
co191
Co192
€0193
C0194
C0195
o196

0197
co198
C€0199
€0200
€o201

€0202
€0203
C0204
€0205
0206
€0207
C0208
0209
co210
coz211
co212
€0213
o214
o215
co216
co217
co218
co219
€0220
€0221
€0222
co223
C€0224
0225

C0226
o227
0228
0229
C0230

0139
013A
0138
013C
013D
013E
013F
0140
0141
0142
0143
0144

0145
0146
0147
0148
0149
014A
0148
014C
014D
014E
014F
0150
0151
0152
0153

0154
0155
0156
0157

0158
0159
015A
0158
015C
015D
01SE
01ISF
0160
0161
0162
0163
0164
0165
0166
0167
0168

0169

32020 FAMILY MACRO ASSEMBLER PC 1.0
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206C
C806
5802
5824
002E
5803
5825
€800
0062
606C
FE80
0524

€806 POLYN
2024
6000
2025
6001
3030
FB90
0137
2022
6002
2023
6003
FEB0
0524
CE26
.
€800 POLYD
0062
606C
CE26

»
.
.
206C FELPSC
€806
5810
002€
5811
002E
5812
002E
5813
002E
5804
€800
0062
606C
FEBO
0688
CE26

.
-
-

206C SPIN

LAC

LDPK
TBLR
TBLR
ADD

TBLR
TBLR
LOPK
ADD

SACL
CALL

LOPK
ADD
SACL
RET

CMDADR

-

ARO, NPOINT

POLYL

ONE
CMDADR

-

load

read

read

save
plot

x(n)
y(n)

last

85.157 15:17:30 12-05-85
PAGE 0009

current table address

word; expect next x value

word; expect next y value

current table address
the line

= x(n+l)
= y(n+l)

point ?

x(n+l) = x(1)

y(n+l) = y(1)

plot

save

the line

current table address

FILLED ELLIPSE DRAWING CONTROL

LAC
LDPK
TBLR
ADD

CMDADR
6

XC
ONE6
YC
ONE6
A

ONE
CMDADR
FELIPS

-

get current table address

read

read

read

read

read

save
draw

SPINNING FILLED ELLIPSE

LAC

CMDADR

word; expect center x value
word; expect center y value
word; expect horizontal axis
word; expect vertical axis
word; expect a color

current table address
a filled ellipse

DRAWING CONTROL

* get current table address

GRAPHIC
TMS32020 -

Co0231
C0232
C0233
C0234
0235
0236
€0237
0238
C0239
C0240
Co241
C0242
€0243
C0244
0245
C0246
€0247
C0248
C0249
0250
€0251
C0252
C0253
C0254
C0255
C0256
€0257
€0258
€0259
€0260
Cco26t

C€0262
€0263
C0264
C0265
C0266
C0267
C0268
C0269
€0270
€0271
o272
€0273
€0274
€0275
€0276

0277
o278

€0279
C0280
cozst

€0282
C0283

016A
0168
016C
0160
016€E
016F
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
017A
0178
017C
0170
017€E
O17F
0180
0181
0182
0183
0184
0185

0186
0187
0188

0189
018A
0188
018C
018D
018E
018F
0190
0191

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85
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€806
5822
002€
5823
002E
5824
5832
002E
5825

€800
0062
606C
2162
606A
€806
2831
6833
CAOF
4E31
6031
2032
CBOF
4734
6032

3032
FF80
01A0

702F
2022
6010
2023
6011
2024
6012
1034
6024
2025
6013
2031
6004
FEBO
0688
€800
FEBO
00E0
C806
CA00
FEBO
04DC
302F

SPINO

SPINI

LOPK
TBLR
ADD

TBLR
ADD

TBLR
TBLR

CALL
LAR

5588 SPINIE LARP

6
XA .
ONE6
YA .
ONE6
X8 .
SAVEA
ONE6
Y8 *
ONE6
SAVCLR  *
ONE6
SPEED .
0
ONE
CMDADR  *
ONE, 1
TIMDLY
6
SAVCLR, 8
CLRSAV  *
>000F
SAVCLR
SAVCLR  *
SAVEA .
15
SPEED
SAVEA
ARO,SAVEA
SPINIE
ARO, SAVARO
XA
XC .
YA
YC .
X8
A .
SPEED
X8 .
Y8
B .
SAVCLR

OR .
FELIPS *
DELAYLI *
6
CLEAR .
ARO, SAVARO
ARO

PAGE 0010

read word; expect center x value
read word; expect center y value

read word; expect horizontal axis

read word; expect vertical axis
read word; expect the colors

read word; expect rate of change

save current table address

load time delay constant

seperate colors : back side

: front side
# cycles = a / delta

load center x value

load center y value

load horizontal axis value
a = a - delta

load vertical axfs value
load color

draw a filled ellipse

wait a while

clear the screen
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coz84

0285
0286
0287
Co288
0289
C€0290
C0291
0292
C0293
C0294
0295
0296

C0297
C0298

C€0299
C0300
co301

C€0302
C0303
C0304

C0305
C0306
€0307
Co308
C0309
Co310
Co311
Co312
Co313
0314
€0315
o316
Co0317
C0318
Co319

C0320
€0321

C0322
C0323
Co0324

0325
C0326
€o0327

Co328
C0329
C0330
C0331

01Al
01A2

01A3
0tA4
01AS
01A6
01A7
01A8
01A9
01AA
01AB
01AC
01AD
O1AE
O1AF
0180
0181
01B2
0183
0184
0185

01B6
0187
0188

0189
01BA
0188
018C
018D
01BE
01BF
o1co
otlCt
01C2
01C3
01C4
01C5
01Cé
01C7
oice
01C9
01CA
o1cs
olcc
01CD
0ICE
0ICF
0100
01D1
0102

0103
0104
0105

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
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FB90
0189

2022
6000
6002
2023
1025
6001
0125
6003
2031
6004
FEBO
0524
€800
FEBO
00EO
€806
CA00
FEBO
04DC

3032
FF80
0100

702F
2022
6010
2023
6011
2024
6012
0034
6024
2025
6013
2033
6004
FEBO
0688
€800
FEBO
00E0
€806
CA00
FEBO
040C
302F
5588
FB90
0189

4031
4933
6833

SPIN2

SPIN2E

BANZ

LAC
SACL
SACL
LAC
sus
SACL
ADD
SACL
LAC
SACL
CALL

LDPK
CALL

LDPK
ZAC
CALL

LAR
B

SAR
LAC
SACL
LAC
SACL
LAC
SACL
ADD
SACL
LAC
SACL
LAC
SACL
CALL

LDPK
CALL

LDPK
ZAC
CALL

LAR
LARP
BANZ

ZALH
ADDS
SACH

SPIN1

0
DELAY1
6

CLEAR

ARO, SAVEA

SPIN2E

ARO, SAVARO

0
DELAY!
6

CLEAR

ARO, SAVARO

ARO
SPIN2

SAVCLR
CLRSAV
CLRSAV

.

15:17:30 12-05-85
PAGE 0011

X1 = XC
X2 = XC

Yl =YC -8B

Y2 =YC +8B

color
the line

Toad
plot

wait a while

clear the screen

load center x value

load center y value

load horizontal axis value
a = a + delta

load vertical axis value
1oad color

draw a filled ellipse

wait a while

clear the screen

swap colors : front and back

GRAPHIC
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0332
€0333
C0334
C033s
C0336

C0337
C0338
C0339
C0340
C034!
C0342
C0343
C0344
C0345
C0346
C0347
C0348
C0349
C0350
C0351
€0352
C0353
C0354
C0355
CC356
C0357
C0358
C0359
0360
C0361
C0362
C0363
C0364

C0365

C0366.

0367
0368
0369
€0370
C0o371
C0372
€0373
C0374
C0375
0376
0377
0378
0379
0380
co3s1
€0382
0383
C0384

0385

01D6
0107
0108
0109
010A
0108
o10C

0100
010E
01DF
O1E0
[13)
01E2
Ol1E3
OlE4
01ES
01E6
01E7
0lE8
01E9
OlEA
01EB
OlEC
01ED
OIEE
OLEF
0lF0
01IF1

01F2
0IF3
0IF4

01F5
01F6
01F7
01F8
01F9
OIFA
01F8
01FC
01FD
OIFE
OIFF
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
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6031
2025
112E
6025
F180
0186
CE26

206C
C806
5822
002E
5823
002E
5824
002E
5825
002E
5831
002E
5835
002E
5836
002E
5832
€800
0062
606C
€806

3032
FF80
020E

T02F
2022
6010
2023
6011
2024
6012
0035
6024
2025
6013
0036
6025
2031
6004
002E
6031
132€
F380
0208
202E

ELPSET

SETEOD

SETE!

SACL
LAC
suB
SACL
BGZ

RET

FILLED ELLIPSE SET

LAC
LDPK
TBLR
ADD
TBLR
ADD
T8LR
ADD
TBLR
ADD
TBLR
ADD
TBLR
ADD
TBLR
ADD
TBLR
LDPK
ADD
SACL
LOPK

LAR
B

SACL
BLZ

LAC

SAVCLR
Y8
ONE6, |

YB .

SPINO

CMDADR  *
6

XA .
ONE6

YA .
ONE6

X8 .
ONE6

Y8 .
ONE6
SAVCLR  *
ONE6

DA .
ONE6

o8 .
ONE6
SAVEA .
0

ONE
CMDADR  *
6
ARO,SAVEA
SETEIE
ARO, SAVARO
XA

XC .
YA

YC ’
XB

A .
DA

X8 .
A(:]

B .
0B

Y8 .
SAVCLR
COLOR .
ONE6
SAVCLR  *
ONES6, 3
SETE2
ONE6

15:17:30 12-05-85
PAGE 0012

b=b-2

DRAWING CONTROL
get current table address
read word; expect center x value

read word; expect center y value

read word; expect horizontal axis

read word; expect vertical axis

read word; expect a color

read word; expect horizontal delt

read, word; expect vertical delta

read word; expect # of ellipses

save current table address

load center x value

load center y value

load horizontal axis value
a=a+da

load vertical axis value
b=Db+db

load a color

color = (color + 1) &8 7
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TMS32020 - TMS34061 DEMONSTRATION PAGE 0013 TMS32020 - TMS34061 DEMONSTRATION PAGE 0014
C€0386 020A 6031 SACL SAVCLR  * {f color = 0 then color = | C0440 023E 6024 SACL X8 *a=a+da
C0387 020B FEBO SETE2  CALL FELIPS * draw a filled ellipse C0441 023F 103F sus AMAX

020C 0688 C€0442 0240 F180 BGZ WELP2 *a)> amax ?
C0388 020D 302F LAR AROQ,SAVARO 0241 0246
C0389 020E 5588 SETEIE LARP ARO C0443 0242 003F ADD AMAX
C0390 020F FB9O BANZ SETE1 C0444 0243 1040 suB AMIN

0210 OIF5 C0445 0244 F180 BGZ WELP3 * a < amin?
C0391 0211 CE26 RET 0245 0249
C€0392 . C0446 0246 2035 WELPZ LAC DA
€0393 . FILLED ELLIPSE DEMONSTRATION CONTROL C0447 0247 CE23 NEG
C0394 . C0448 0248 6035 SACL DA * da = -da
C0395 0212 206C WELPSC LAC CMDADR ¢ get current table address C0449 0249 2025 WELP3  LAC YB
C0396 0213 C806 LDPK 6 C0450 024A 6013 SACL B8 * load vertical axis value
C0397 0214 5822 TBLR XA * read word; expect center x value C0451 0248 0036 ADD -]
C0398 0215 002E ADD ONE6 C0452 024C 6025 SACL Y8 *b=>b+dbd
C0399 0216 5823 TBLR YA * read word; expect center y value C0453 024D 1041 SuB BMAX
C0400 0217 002E ADD ONE6 C0454 024E F180 BGZ WELP4 * b > bmax ?
C0401 0218 5824 TBLR XB * read word; expect horizontal axis 024F 0254
€0402 0219 002E ADD ONE6 C0455 0250 0041 ADD BMAX
C0403 021A 5825 TBLR Y8 * read word; expect vertical axis C0456 0251 1042 SuB BMIN
C0404 021B 002E ADD ONE6 C0457 0252 F180 BGZ WELPS * b < bmin ?
C0405 021C 5831 TBLR SAVCLR  * read word; expect a color 0253 0257
C0406 021D 002E ADD ONE6 C0458 0254 2036 WELP4 LAC 0B
C0407 021E 5835 TBLR DA * read word; expect horfzontal delt C0459 0255 CE23 NEG
C0408 021F 002E ADD ONE6 C0460 0256 6036 SACL 08 * db = -db
C0409 0220 5836 TBLR 0B * read word; expect vertical delta €0461 0257 2022 WELPS LAC XA
C0410 0221 002E ADD ONE6 0462 0258 6010 SACL (o * load center x value
C0411 0222 5805 TBLR ox * read word; expect center x delta C0463 0259 0005 ADD [
C0412 0223 002E ADD ONE6 C0464 025A 6022 SACL XA * xc = xc + dx
C0413 0224 5806 TBLR oy * read word; expect center y delta C0465 0258 103B suB XMAXA
C0414 0225 002E ADD ONE6 C0466 025C F180 BGZ WELP6 * xc > xcmax ?
C0415 0226 5832 TBLR SAVEA * read word; expect # of ellipses 025D 0262
C0416 0227 C800 LOPK 0 C0467 025E 0038 ADD XMAXA
C0417 0228 0062 ADD ONE C0468 025F 103C SuB XMINA
C0418 0229 606C SACL CMDADR  * save current table address C0469 0260 F180 BGZ WELP7 * xc < xcmin ?
C0419 022A C806 LOPK 6 0261 0265
C0420 022B 2037 LAC XMAX C0470 0262 2005 WELP6 LAC [2
C0421 022C 1024 sus X8 C0471 0263 CE23 NEG
C0422 022D 6038 SACL XMAXA * xcmax = xmax - a C0472 0264 6005 SACL DX * dx = -dx
C0423 022E 2038 LAC XMIN C0473 0265 2023 WELP7  LAC YA
C0424 022F 0024 ADD XB C0474 0266 6011 SACL YC * load center y value
C0425 0230 603C SACL XMINA * xcmin = xmin + a C0475 0267 0006 ADD oy
C0426 0231 2039 LAC YMAX C0476 0268 6023 SACL YA * yc = yc + dy
C0427 0232 1025 sus Y8 C€0477 0269 103D sus YHMAXB
C0428 0233 603D SACL YMAXB * ycmax = ymax ~ b C0478 026A F180 BGZ WELPB * yc > ycmax ?
C0429 0234 203A LAC YMIN 0268 0270
C0430 0235 0025 ADD Y8 C0479 026C 003D ADD YMAXB
C0431 0236 603E SACL YMINB * yemin = ymin + b C0480 026D 103E suB YMINB
0432 . C0481 026E F180 BGZ WELP9 * yc < yemin ?
C0433 0237 3032 WELPO LAR ARO,SAVEA 026F 0273
C0434 0238 FF80 8 WELPIE C0482 0270 2006 WELP8 LAC oy

0239 027C C0483 0271 CE23 NEG
C0435 * C0484 0272 6006 SACL oy * dy = -dy
C0436 023A 702F WELPI  SAR ARO,SAVARO €0485 0273 2031 WELP9  LAC SAVCLR-
C0437 0238 2024 LAC X8 C0486 0274 6004 SACL COLOR * load a color
C0438 023C 6012 SACL A * load horizontal axis value C0487 0275 002E ADD ONE6
C0439 023D 0035 ADD DA €0488 0276 D004 ANDK >0007
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C0489
C0490

C0491
0492
C0493

C0494
C0495
0004

0277 0007
0278 6031
0279 FEB0
027A 0688
0278 302F
027C 5588
0270 FB90
027 023A
027F CE26

WELPIE

32020 FAMILY MACRO ASSEMBLER PC 1.J 85.157
THS32020 - TMS34061 DEMONSTRATION

SACL
CALL

LAR
LARP
BANZ
RET

CcoPY

15:17: 30 12-05-85
PAGE 0015

SAVCLR  * color = (color + 1) & 7
FELIPS * draw a filled ellipse
ARO, SAVARO

ARO
WELP1

LOEMOS.ASM

GRAPHIC
THS32020 -

00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037

00038
00039
00040

00041
00042
00043

00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
D0054
00055

0280

0281
0282
0283
0284
0285
0286
0287
0288
0289
028A

0288
028C
0280
028E
028F
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
029A
0298
029C
0290
029E
029F
02A0
02A1
02A2
02A3
02A4
02AS
02A6
02A7

02A8
02A9
02AA
02AB
02AC
02A0
02AE
02AF
0280
028!
0282

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

CE26

C806
CAFO
6022
CA64
6023
CAO0
6024
6025
CA01
6031

COEE
T02F
2022
6000
002€
6022
2024
6002
0043
6024
2023
6001
2025
6003
2031
6004
002E
6031

062

6000

.
DEMOO
.

DEMO1

oILl

DILIA

RET

LINE DRAWING DEMONSTRATION #1

LOPK
LACK
SACL
LACK
SACL
ZAC

SACL
SACL
LACK
SACL

LARK
SAR
LAC
SACL
ADD
SACL
LAC
SACL
ADD
SACL
LAC
SACL
LAC
SACL
LAC

LAC
SACL
CALL

LAR
LARP
BANZ

LARK
SAR
LAC
SACL
LAC
SACL
LAC
SACL
ADD
SACL
LAC

6

240

XA .
100

YA M
X8 .
\(:] .
1

SAVCLR  *
ARO, 238
ARO, SAVARO
XA

X1 .
ONE6

XA .
X8

X2 .
THREE6

X8 .
YA

Y1 .
Y8

Y2 .
SAVCLR
COLOR .
ONE6
SAVCLR  *
ONE6, 3
DILIA
ONE6
SAVCLR  *
LINE *
ARO, SAVARO
ARO

o1l

ARO, 98
ARO, SAVARO
XA

X1 .
X8

X2 .
YA

Y1 .
ONE6

YA .
Y8

15:17:30 12-05-85
PAGE 0016
x1 = 240
y2 = 100
x2 =0
y2 = 0
color = |
toad x1 coordinate value
x1 = xl + 1
load x2 coordinate value
x2 =x2 +3
load yl coordinate value
load y2 coordinate value

load a color

color = (color + 1) & 7

if color = 0 then color
plot the line

load x! coordinate value

load x2 coordinate value

load yl coordinate value

yl

=yl +1
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TMS32020 - TMS34061 DEMONSTRATION PAGE 0017 TMS32020 - TMS3406! DEMONSTRATION PAGE 0018

00056 0283 6003 SACL Y2 * load y2 coordinate value 00107 02EA 2025 LAC v8
DO057 02B4 0043 ADD THREE6 D0108 02EB 6003 SACL Y2 * load y2 coordinate value
00058 0285 6025 SACL Y8 *y2=xy2+3 00109 02EC 1043 sus THREEG
DO059 0286 2031 LAC SAVCLR DO110 02ED 6025 SACL Y8 *y2=y2-3
00060 0287 6004 SACL  COLOR  * load a color 00111 O2EE 2031 LAC SAVCLR
D0061 0288 102€ SuB ONES * color = (coior - 1) 8 7 00112 02EF 6004 SACL COLOR * Joad a color
00062 0289 F180 86Z oiL2A 00113 02F0 102€ SuB ONE6 * color = (color - 1) 8 7
02BA 02BC DO114 O2F1 F180 BGZ DIL4A
00063 0288 CA07 LACK 7 02F2 02F4
DO064 02BC 6031 DIL2A  SACL SAVCLR  * If color = 0 then color = 7 00115 02F3 CAO7 LACK 7
D0065 028D FEBO CALL LINE * plot the line 00116 02F4 6031 DIL4A  SACL SAVCLR  * if color = 0 then color = 7
02BE 0524 00117 02F5 FEBO CALL LINE * plot the line
00066 028F 302F LAR ARQ, SAVARO 02F6 0524
D0067 02CO 5588 LARP ARO 00118 02F7 302F LAR ARO, SAVARO
D0068 02C1 FB9O BANZ oIL2 00119 02F8 5588 LARP ARO
02C2 02A9 00120 02F9 FB9O BANZ DIL4
00069 . 02FA 02E1
00070 02C3 COEE LARK ARO,238 00121 02F8 CE26 RET
DOO071 02C4 702F DIL3 SAR ARO, SAVARO D0122 .
00072 02C5 2022 LAC XA 00123 . LINE DRAWING DEMONSTRATION #2
D0073 02C6 6000 SACL X1 * load x1 coordinate value 00124 .
00074 02C7 102€ SuB ONE6 D0125 02FC C806 ODEMO2  LDPK 6
00075 02C8 6022 SACL XA *xlo=xl-1 00126 02FD CAOO ZAC
00076 02C9 2024 LAC XB 00127 02FE 6022 SACL XA *xl =0
00077 02CA 6002 SACL X2 * load x2 coordinate value 00128 O2FF 6023 SACL YA *yl =0
00078 02CB 1043 sus THREE6 00129 0300 2037 LAC XMAX
D0079 02CC 6024 SACL X8 *x2=x2-3 D0130 0301 002E ADD ONE6
00080 02CO 2023 LAC YA 00131 0302 6024 SACL X8 * x2 = xmax + 1
00081 02CE 6001 SACL Y1 * load y! coordinate value 00132 0303 2039 LAC YMAX
D0082 02CF 2025 LAC Y8 00133 0304 002E ADD ONE6
D0083 0200 6003 SACL Y2 *® load y2 coordinate value 00134 0305 6025 SACL Y8 *y2 = ymax + |
00084 0201 2031 LAC SAVCLR 00135 0306 202€ LAC ONE6
D0085 0202 6004 SACL COLOR * load d color 00136 0307 6031 SACL SAVCLR  * color = |
00086 0203 002E ADD ONE6 00137 .
00087 0204 6031 SACL SAVCLR  * color = (color + 1) & 7 00138 0308 CO4F LARK ARO,79
00088 0205 132€ suB ONE6, 3 D0139 0309 702F D2L1 SAR ARO, SAVARD
00089 0206 F380 BLZ DIL3A 00140 030A 2022 LAC XA
0207 020A DO141 0308 6000 SACL X1 * load x1 coordinate value
00090 0208 202€ LAC ONE6 D0142 030C 0045 ADD NINE6
00091 02D9 6031 SACL SAVCLR  ® if color = 0 then color = | 00143 0300 6022 SACL XA *xt=xl+9
D0092 020A FESO DIL3A  CALL LINE * plot the iine D0144 030E 2024 LAC X8
020B 0524 D0145 030F 6002 SACL X2 * load x2 coordinate value
00093 02DC 302F LAR ARQ, SAVARO 00146 0310 1045 sus NINE6
00094 020D 5588 LARP ARO D0147 0311 6024 SACL X8 *x2=x2-9
00095 02DE FB90 BANZ DIL3 00148 0312 2023 LAC YA
020F 02C4 DO149 0313 6001 SACL Yi * lJoad y! coordinate value
00096 . 00150 0314 2025 LAC A{:]
D0097 02E0 C062 LARK ARO,98 DOIS1 0315 6003 SACL Y2 * load y2 coordinate value
00098 02E1 702F DIL4 SAR ARO, SAVARO 00152 0316 2031 LAC SAVCLR
D0099 02E2 2022 LAC XA DO153 0317 6004 SACL COLOR * load a color
00100 02E3 6000 SACL X1 * load x1 coordinate value 00154 0318 002E ADD ONE6
00101 02E4 2024 LAC x8 D0155 0319 6031 SACL SAVCLR  * color = (color + 1) &8 7
D0102 02ES 6002 SACL X2 * load x2 coordinate value D0156 031A 132E suB ONE6,3
00103 02E6 2023 LAC YA DO157 031B F380 BLZ D2L1A
D0104 02E7 6001 SACL Y1 * load yl coordinate value 031C 031F
D0105 02E8 102E sus ONE6 00158 0310 202E LAC ONE6
00106 02E9 6023 SACL YA *yl=yl-1 D0159 031E 6031 SACL SAVCLR  * {f color = 0 then color = |
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D0160

00161
00162
Do163

00164
00165
00166
00167
DO168
00169
Do170
00171
00172
00173
00174
00175
00176
00177
00178
00179
D0180
po18!
Do182
00183
Do184

00185
00186
pois7

00188
00189
00190

00191
Do192
00193
00194
00195
DO196

00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
Do210

031F
0320
0321
0322
0323
0324

0325
0326
0327
0328
0329
032A
0328
032C
0320
032E
032F
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
033A
0338
033C
033D
033E
033F,
0340
0341
0342

0343
0344
0345
0346
0347
0348
0349
034A
0348

034D

034
034F
0350
0351
0352

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

FE8O
0524
302F
5588
FB90
0309

€038
T02F
2022
6000
2024
6002
2023
6001
0044
6023
2025
6003
1044
6025
2031
6004
002E
6031
132€
F380
033C
202E
6031
FEBO
0524
302F
5588
FB90
0326
CE26

C806
D001
0168
6022
6024
CA00
6023
CA96
6025
CAO1
6031

co1D
T02F
2022
6000
2024

D2L1A

p2L2

o2L2A

DEMO3

o3L1

CALL

LAR
LARP
BANZ

LARK
SAR
LAC
SACL
LAC
SACL
LAC
SACL
ADD
SACL
LAC
SACL
sus
SACL
LAC
SACL
ADD
SACL
suB
BLZ

LAC
SACL
CALL
LAR
LARP
BANZ
RET
LINE

LOPK
LALK

SACL

LINE

ARQ, SAVARO
ARO

o2L1

ARG, 59

ARO, SAVARO

ONE6
SAVCLR
LINE

-

AROQ, SAVARO

oaL2

15:17:30 12-05-85
PAGE 0019

plot the line

load x1 coordinate value
load x2 coordinate value
load yl coordinate value
yl =yl +5
load y2 coordinate value
y2 =y2 -5
load a color

color = (color + 1) 8 7

if color = 0 then color = 1
plot the line

DRAWING DEMONSTRATION #3

6
360

XA
xB

YA

150
Y8

1
SAVCLR

ARO, 29

ARO, SAVARO

XA
X1
X8

x1 = 360
x2 = 360

yl =0
y2 = 150

color = 1

load x1 coordinate value

GRAPHIC
TMS32020 -

00211
00212
00213
00214
00215
00216
00217
00218
00219
00220
00221
00222
00223
00224
00225

00226
00227
00228

00229
00230
00231

00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250

00251
00252
00253

00254
D0255
00256

00257
00258
00259
00260
00261

0353
0354
0355
0356
0357
0358
035

0353
0358
035C
0350
03SE
035F

32020 FAMILY MACRO ASSEMBLER

TMS34061 DEMONSTRATION

6002
0243
6024
2023
6001
0044
6023
2025
6003
2031
6004
002E
6031
132
F380
0365
202€
6031
FEBO
0524
302F
5588
FB90
034F

cotp
T02F
2022
6000
2024
6002
1243
6024
2023
6001
0044
6023
2025
6003
2031
6004
102E
F180
037F
CAD7
6031
FEBD
0524
302F
5588
FB90
036C

co10
702F
2022
6000

D3L1A

03L2

03L2A

03L3

SACL
ADD
SACL
LAC
SACL
ADD
SACL
LAC
SACL
LAC
SACL
ADD
SACL
sus
BLZ

LAC
SACL
CALL

LAR
LARP
BANZ

LARK
SAR
LAC
SACL
LAC
SACL
suB
SACL
LAC
SACL
ADD
SACL
LAC
SACL
LAC
SACL
suB
BGZ

LACK
SACL
CALL

LAR
LARP
BANZ

LARK
SAR
LAC
SACL

PC 1.0 85.157 15:17:30 12-05-85
PAGE 0020
X2 * load x2 coordinate value
THREES, 2
X8 *x2=x2+ 12
YA
Yi * load yl coordinate value
FIVE6
YA *yl =yl +5
Y8
A\ * load y2 coordinate value
SAVCLR
COLOR * load a color
ONE6
SAVCLR  * color = (color + 1) & 7
ONE6, 3
D3L1A
ONE6
SAVCLR  * if color = 0 then color = 1
LINE * plot the line
ARO, SAVARO
o3Lt
AR0,29
ARO, SAVARO
XA
X1 * load x!1 coordinate value
XxB
X2 * load x2 coordinate value
THREES6, 2
XB *x2 =x2 - 12
YA
Y1 * load yl coordinate value
FIVE6
YA *yl =yl +5
YB
Y2 * load y2 coordinate value
SAVCLR
COLOR * load a color
ONE6 * color = (color - 1) & 7
D3L2A
7
SAVCLR  * if color = 0 then color = 7
LINE * plot the line
ARO, SAVARO
03L2
ARO,29
ARO, SAVARO
XA
X1 * load x| coordinate value
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00262
00263
00264
00265
00266
D0267
00268
00269
D0270
00271
00272
00273
00274
00275
00276
00277

00278
00279
00280

00281
00282
00283

00284
00285
00286
00287
00288
00289
D0290
00291
00292
00293
00294
00295
00296
00297
00298
00299
D0300
00301
00302

00303
00304
D0305

00306
00307
00308

00309
00310
00311
00312

038A
0388
038C
038D
038E
038F
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
039A
0398
039C
0390
039€
039F
03A0
03A1
03A2

03A3
03A4
03AS
03A6
03A7
03A8
03A9
03AA
03AB
03AC
03AD
03AE
03AF
0380
0381
0382
0383
0384
0385
0386
0387
0388
0389
03BA
0388
038C
038D
038E

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30
TMS34061 DEMONSTRATION PAGE 0021
2024 LAC ]

6002 SACL X2 * load x2 coordinate value
1243 sus THREE6,2
6024 SACL X8 *x2 =x2-12
2023 LAC YA
6001 SACL Y1 * load yl coordinate value
1044 sus FIVE6
6023 SACL YA *yl =yl -5
2025 LAC Y8
6003 SACL Y2 * load y2 coordinate value
2031 LAC SAVCLR
6004 SACL COLOR * load a color
002E ADD ONE6
6031 SACL SAVCLR  * color = (color + 1) & 7
132€ suB ONE6,3
F380 BLZ D3L3A
03%0
202€E LAC ONE6
6031 SACL SAVCLR  * if colot = 0 then color =
FEBO D3L3A  CALL LINE * plot the line
0524
302F LAR ARO, SAVARO
5588 LARP ARO
FB90 BANZ D03L3
0387
.
colo LARK ARO,29
702F D3L4 SAR ARO, SAVARO
2022 LAC XA
6000 SACL X1 * load x! coordinate value
2024 LAC X8
6002 SACL X2 * load x2 coordinate value
0243 ADD THREE6, 2
6024 SACL XxB *x2 = x2+ 12
2023 LAC YA
6001 SACL Yi * load yl coordinate value

1044 sus FIVE6
6023 SACL YA *yl =yl -5
2025 LAC Y8
6003 SACL Y2 * load y2 coordinate value
2031 LAC SAVCLR
6004 SACL COLOR * load a color
102E suB ONE6 * color = (color - 1) & 7
F180 BGZ 03L4A
0387
CA07 LACK 7
6031 D3L4A  SACL SAVCLR  * if color = 0 then color = 7
FEBO CALL LINE * plot the line
0524
302F LAR ARO, SAVARO
5588 LARP ARO
FB90 BANZ D3L4
03A4
CE26 RET

.
. LINE DRAWING DEMONSTRATION #4

12-05-85

GRAPHIC
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00313 038F
DO0314 03CO
00315 03C!
00316 03C2
00317 03C3
00318 03C4
D0319 03CS
00320 03C6
00321 03C7
00322 03C8
00323 03C9
D0324 03CA
D0325 03CB
00326 03CC
00327 03CD
D0328 03CE
00329 03CF
D0330 0300
00331 0301
D0332 03D2
00333 0303
00334 0304
D0335 0305
D0336 0306
00337 0307
00338 0308
00339 0309
D0340 03DA
00341 0308
030C
00342 0300
D0343 03DE
00344 030F
03E0
D0345 03E1
D0346 03E2
00347 03€3
03E4
D0348
00349 03E5
00350 03E6
00351 03E7
03€8
D0352 039
00353 03EA
00354 03EB
D0355 03EC
00356 03ED
D0357 03EE
D0358 03EF
00359 03F0
00360 03F1
00361 03F2
00362 03F3
D0363 03F4
D0364 03FS
D0365 03F6

32020 FAMILY MACRO AS!
TMS34061 DEMONSTRATION

C806 DEMO4  LDPK
CA00 ZAC
6022 SACL
6024 SACL
6025 SACL
CA96 LACK
6023 SACL
CAOl LACK
6031 SACL
COIE LARK
702F DAL SAR
2022 LAC
6000 SACL
2024 LAC
6002 SACL
0243 ADD
6024 SACL
2023 LAC
600! SACL
1044 sus
6023 SACL
2025 LAC
6003 SACL
2031 LAC
6004 SACL
002E ADD
6031 SACL
132€ sus
F380 BLZ
03DF

202€ LAC
6031 SACL
FEBO D4L1A  CALL
0524

302F LAR
5588 LARP
FB90 BANZ
03C9

.

2037 LAC
6022 SACL
0001 LALK
0167

6024 SACL
CA00 ZAC
6023 SACL
6025 SACL
COlE LARK
702F D4L2 SAR
2022 LAC
6000 SACL
2024 LAC
6002 SACL
0243 ADD
6024 SACL
2023 LAC
6001 SACL

SEMBLER PC

SAVCLR  *
ARO, 30
ARO, SAVARO

x
-

x
@
-

<
>
.

Y8

Y2
SAVCLR
COLOR
ONE6
SAVCLR
ONE6, 3
D4L1A

ONE6
SAVCLR
LINE

.

ARO, SAVARO
ARO
D41

XMAX
XA .
359

X8 .

YA .
YB .
ARO, 30
ARO, SAVARO
XA

X1 .

X
THREE6, 2
X8
YA
Yl .

1.0 85.157 15:17:30 12-05-85
PAGE 0022
xl =0
x2 =0
y2 =0
yl = 150
color = |

load x! coordinate value
load x2 coordinate value
x2 = x2 + 12
load yl coordinate value
yl =yl -5
load y2 coordinate value
load a color

color = (color + 1) 8 7

if color = 0 then color = 1
plot the line

x1 = xmax
x2 = 359
yl =0
y2 =0

load x1 coordinate value

load x2 coordinate value

" x2 = x2+ 12

load yl coordinate value
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00366 03F7 0044 ADD FIVEE DO0417 042E DOOL LALK 360

D0367 03F8 6023 SACL YA *yl =yl +5 042F 0168

00368 03F9 2025 LAC Y8 00418 0430 6024 SACL X8 * x2 = 360

D0369 03FA 6003 SACL Y2 * load y2 coordinate value D0419 0431 2039 LAC YMAX

D0370 03FB 2031 LAC SAVCLR D0420 0432 6023 SACL YA * yl = ymax

D0371 03FC 6004 SACL COLOR * load a color D0421 0433 6025 SACL Y8 * y2 = ymax

00372 03FD 102E suB ONE6 * color = (color - 1) 87 00422 0434 COIE LARK ARO, 30

D0373 03FE F180 BGZ D4L2A D0423 0435 702F D4L4 SAR ARO, SAVARO
03FF 0401 D0424 0436 2022 LAC XA

D0374 0400 CAO7 LACK 7 D0425 0437 6000 SACL X1 * load x! coordinate value

00375 0401 6031 D4L2A  SACL SAVCLR  * if color = 0 then color = 7 D0426 0438 2024 LAC X8

D0376 0402 FEBO CALL LINE * plot the line D0427 0439 6002 SACL X2 * load x2 coordinate value
0403 0524 D0428 043A 1243 sus THREE6,2

00377 0404 302F LAR AROQ, SAVARO D0429 0438 6024 SACL XB *x2 =x2 - 12

D0378 0405 5588 LARP ARO 00430 043C 2023 LAC YA

00379 0406 FB90 BANZ 04L2 D0431 043D 6001 SACL Yt * load yl coordinate value
0407 03EE D0432 043E 1044 sus FIVEE

00380 . 00433 043F 6023 SACL YA "yl =yl -5

00381 0408 2039 LAC YMAX D0434 0440 2025 LAC Y8

00382 0409 6025 SACL Y8 * y2 = ymax 00435 0441 6003 SACL Y2 * load y2 coordinate value

D0383 040A CA9S LACK 149 00436 0442 2031 LAC SAVCLR

D0384 0408 6023 SACL YA *yl = 149 D0437 0443 6004 SACL COLOR * load a color

00385 040C 2037 LAC XMAX 00438 0444 102E sus ONE6 * color = (color - 1) & 7

00386 040D 6022 SACL XA * x1 = xmax D0439 0445 F180 8GZ D4L4A

00387 040E 6024 SACL X8 * x2 = xmax 0446 0448

D0388 040F COIE LARK ARO, 30 00440 0447 CAO7 LACK 7

D0389 0410 702F DA4L3 SAR ARO, SAVARO D0441 0448 6031 D4L4A  SACL SAVCLR * if color = 0 then color = 7

D0390 0411 2022 LAC XA D0442 0449 FEBO CALL LINE * plot the line

D0391 0412 6000 SACL X1 * load x! coordinate value 044A 0524

00392 0413 2024 LAC X8 D0443 0448 302F LAR ARO,SAVARO

00393 0414 6002 SACL X2 * load x2 coordinate value D0444 044C 5588 LARP ARO

D0394 0415 1243 sus THREES6,2 00445 044D FBYO BANZ D4L4

D0395 0416 6024 SACL X8 *x2 =x2 - 12 044E 0435

D0396 0417 2023 LAC YA D0446 044F CE26 RET

00397 0418 6001 SACL Yl * load y! coordinate value D0447 *

00398 0419 0044 ADD FIVE6 00448 - LINE DRAWING DEMONSTRATION #5

D0399 041A 6023 SACL YA *yl =yl +5 00449 .

D0400 041B 2025 LAC Y8 00450 0450 C806 DEMOS  LDPK 6

00401 041C 6003 SACL Y2 * load y2 coordinate value D0451 0451 CAOO ZAC

D0402 041D 2031 LAC SAVCLR 00452 0452 6022 SACL XA *xl =0

00403 041E 6004 SACL COLOR * load a color 00453 0453 6023 SACL YA *yl =0

00404 041F 002E ADD ONE6 00454 0454 DOOI LALK 360

00405 0420 6031 SACL SAVCLR  * color = (color + 1) &8 7 0455 0168

00406 0421 132E suB ONES6, 3 00455 0456 6024 SACL x8 * x2 = 360

00407 0422 F380 BLZ DAL3A 00456 0457 CA96 LACK 150
0423 0426 D0457 0458 6025 SACL AL:] * y2 = 150

00408 0424 202E LAC ONE6 00458 0459 CAOl LACK 1

D0409 0425 6031 SACL SAVCLR  * {f color = 0 then color = | D0459 045A 6031 SACL SAVCLR  * color = 1

00410 0426 FEBO D4L3A  CALL LINE * plot the line D0460 .
0427 0524 D0461 0458 CO1D LARK ARO,29

D0411 0428 302F LAR ARO, SAVARO D0462 045C 702F DSL1 SAR ARO, SAVARO

D0412 0429 5588 LARP APO 00463 045D 2022 LAC XA

D0413 042A FB9O BANZ 04L3 D0464 045E 6000 SACL X1 * load x1 coordinate value
0428 0410 D0465 045F 0243 ADD THREES6,2

00414 * D0466 0460 6022 SACL XA * xl = x1 + 12

D0415 042C CAOO ZAC D0467 0461 2024 LAC X8

D0416 0420 6022 SACL XA *xl =0 00468 0462 6002 SACL X2 * load x2 coordinate value
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00469 0463 0243 ADD THREE6, 2
D0470 0464 6024 SACL X8 * x2 = x2 + 12
D0471 0465 2023 LAC YA
D0472 0466 6001 SACL Y1 * load yl coordinate value
D0473 0467 0044 ADD FIVE6
D0474 0468 6023 SACL YA *yl =yl +5
00475 0469 2025 LAC YB
00476 046A 6003 SACL Y2 * load y2 coordinate value
D0477 0468 1044 sus FIVEE
D0478 046C 6025 SACL Y8 *y2=y2-5
00479 046D 2031 LAC SAVCLR
00480 046E 6004 SACL COLOR * load a color
00481 046F 002E ADD ONE6
D0482 0470 6031 SACL SAVCLR * color = (color + 1) & 7
00483 0471 132€ suB ONES6, 3
D0484 0472 F380 BLZ D5L1A
0473 0476
00485 0474 202E LAC ONE6
00486 0475 6031 SACL SAVCLR  * if color = 0 then color = 1|
00487 0476 FEBO DS5LIA  CALL LINE * plot the line
0477 0524
00488 0478 302F LAR ARO, SAVARO
00489 0479 5588 LARP
D0490 047A FB9O BANZ DsL1
0478 045C
00491 .
D0492 047C CO1D LARK ARD, 29
00493 047D 702F DSL2 SAR ARO, SAVARO
D0494 047€ 2022 LAC XA
D0495 047F 6000 SACL X1 * load x! coordinate value
00496 0480 0243 ADD THREESG, 2
00497 0481 6022 SACL XA *xlo=xl 412
00498 0482 2024 LAC X8
D0439 0483 6002 SACL X2 * load x2 coordinate value
00500 0484 1243 sus THREES, 2
DOS01 0485 6024 SACL XB *x2=x2-12
00502 0486 2023 LAC YA
00503 0487 6001 SACL Y1 * load yl coordinate value
00504 0488 0044 ADD FIVEE
D0505 0489 6023 SACL YA *yl=yl+5
00506 048A 2025 LAC Y8
D0507 048B 6003 SACL Y2 * load y2 coordinate value
00508 048C 0044 ADD FIVEE
00509 048D 6025 SACL Y8 *y2=y2+5
00510 048E 2031 LAC SAVCLR
DOS11 048F 6004 SACL COLOR * load a color
00512 0490 102E suB ONE6 * color = (color - 1) &8 7
DO513 0491 F180 BGZ D5L2A
0492 0494
D0514 0493 CA07 LACK 7
D0515 0494 6031 DSL2A  SACL SAVCLR  * if color = 0 then color = 7
D0516 0495 FEB0 CALL LINE * plot the line
0496 0524
D0S517 0497 302F LAR ARD, SAVARO
D0518 0498 5588 LARP ARO
D0519 0499 FBYO BANZ 05L2

049A 047D

GRAPHIC
TMS32020 -

00520
00521
D0522
00523
00524
00525
00526
00527
00528
00529
D0530
00531
00532
00533
00534
00535
D0536
00537
D0S38
00539
00540
00541
D0542
00543
D0544

00545
D0546
00547

00548
00549
00550

00551
00552
D0553
00554
00555
00556
00557
00558
D0559
00560
00561
00562
D0563
D0564
D0565
D0566
00567
00568
00569
00570
D057t
00572
00573

0498
049C
0490
049E
049F
04A0
04A1
04A2
04A3
04A4
04A5
04A6
04A7
04A8
04A9
04AA
04AB
04AC
04AD
04AE
04AF
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
04BA
0488

048C
048D
04BE
04BF
04Co
04C1
04C2
04C3
04C4
04C5
04Cé
04C7
04cs
04C9
04CA
04CB
04CC
04CD
04CE
04CF
0400
04D1

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

»

Co10 LARK ARO,29
702F D5L3 SAR ARO, SAVARO
2022 LAC XA
6000 SACL X1 *
1243 sus THREESG, 2
6022 SACL XA .
2024 LAC X8
6002 SACL X2 .
1243 sus THREES, 2
6024 SACL X8 o
2023 LAC YA
6001 SACL Y1 .
1044 sus FIVEE
6023 SACL YA .
2025 LAC Y8
6003 SACL Y2 *
0044 ADD FIVEE
6025 SACL Y8 .
2031 LAC SAVCLR
6004 SACL COLOR .
002 ADD ONE6
6031 SACL SAVCLR  *
132E suB ONES, 3
F380 BLZ D5L3A
0486
202€ LAC ONE6
6031 SACL SAVCLR  *
FEBO DSL3A  CALL LINE -
0524
302F LAR ARO, SAVARO
5588 LARP ARO
FB90 BANZ 05L3
049C

.
Cco1D LARK ARO,29
702F D5L4 SAR ARO, SAVARO
2022 LAC XA
6000 SACL X1 o
1243 suB THREES, 2
6022 SACL XA »
2024 LAC XB
6002 SACL X2 *
0243 ADD THREES, 2
6024 SACL xB *
2023 LAC YA
6001 SACL Y1 .
1044 suB FIVE6
6023 SACL YA -
2025 LAC YB
6003 SACL Y2 »
1044 suB FIVEE
6025 SACL YB .
2031 LAC SAVCLR
6004 SACL COLOR .
102E sus ONE6 -
F180 BGZ D5L4A

15:17:30 12-05-85
PAGE 0026

load x1 coordinate value
xl = x1 - 12
load x2 coordinate value
x2 = x2 - 12
load yl coordinate value
yl =yl - 5§
load y2 coordinate value
y2 =y2 -5
load a color

color = (color + 1) 8 7

if color = 0 then color = 1
plot the line

load x1 coordinate value
xl = x1 - 12
load x2 coordinate value
x2 = x2 + 12
load yl coordinate value
yl =yl -5
load y2 coordinate value
y2 =y2 -5

load a color
color = (color - 1) & 7
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00574
D0575
D0S76

00577
00578
00579

00580
0005

0402
0403
0404
0405
0406
0407
0408
0409
04DA
0408

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS34061 DEMONSTRATION

04D4
CA07
6031
FEBO
0524
302F
5588
FB90
048D
CE26

DSL4A

LACK
SACL
CALL

LAR
LARP
BANZ

RET
CoPY

15:17:30 12-05-85
PAGE 0027
7
SAVCLR  * if color = 0 then color =7
LINE * plot the line
ARO, SAVARO
ARO
D5L4
CLEAR.ASM

GRAPHIC

E0002
E0003
E0004
E0005
E0006
£0007
E0008
E0009
E0010
E0O011
E0012
E0013
£0014
€0015
E0016
E0017
E0018
E0019
£0020
E0021
£0022
E0023
£0024
£0025
E0026
E0027
E0028
£0029
E0030
E0031
£0032
E0033
E0034
E0035
E0036
E0037
£0038
E0039
E0040
E0041
E0042
£0043
E0044
£0045
E0046
E0047
E0048
E0049
€£0050
E00S1
€0052
E0053
E0054
E0055
E0056
E0057
£0058

040C
0400
04DE
040F
04E0
04E1
04E2
04E3
04E4
04E5
04E6
04E7
04E8
04E9
04EA

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS32020 - TMS34061 DEMONSTRATION

04DC
7860
€809
C263
558A
60A0
2030
60A0
2038
60A0
2040
60A0
2048
60A0
CABC
6040

15:17:30 12-05-85
PAGE 0028

ROUTINE: CLEAR

This routine is called with the display color to be used
to clear the display screen in the least significant byte
of the accumulator. The following approach is taken:

1. The present control register contents are read and
saved.

2. Control Register 2 is modified to allow eight pixels
to be written with each indirect access through the X-Y
register.

3. The last row of the display memory (off screen) is
filled with the display information. Each write access
fills eight pixels. Each row of display memory
corresponds to two lines of CRT data.

4. The Vertical Start Blank register is read to determine
the size of the active display and to update the Vertical
Interrupt register to generate a vertical interrupt at the
next vertical sync.

5. The Status Register is read and tested until the
vertical interrupt occurs.

6. Screen refresh and the display are disabled.

7. The VRAM shift registers are loaded from the last row
of VRAM memory.

8. The rows in VRAM memory corresponding to the active
display area are loaded with the data in the VRAM shift
registers.

9. Screen refresh and the dispiay are re-enabled for

normal operation.
RN RN RN R TR ERR RN R R AR

P I L T R T B R I R Y

CLEAR  EQU $
SST STSO * save current data page pointer
LDPK >0009 * VSC register page

LARK AR2,FILLC * internal mem on DP=0
LARP AR2

SACL *+ * save fill/clear color
LAC CTLRIL  * save Control Register 1
SACL *+

LAC CTLRIH

SACL *+

LAC CTLR2L * save Control Register 2
SACL 5

LAC CTLR2H

SACL *+

LACK >008BC * X-Y mode RAS override
SACL CTLR2L  * load Control Register 2
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E0059 04EB CAFF LACK >00FF * row 255 of VRAM 0006 CoPY LINES.ASM
E0060 04EC 6870 SACH XYADRL * load X-Y Address Register
E0061 04ED 6078 SACL XYADRH
E0062 04EE C263 LARK AR2,FILLC
E0063 04EF 2090 LAC .-
£0064 04F0 CB10 LOPK >0010 * X-Y indirect control page
E0065 04F1 CBFF RPTK 255
E0066 04F2 6008 SACL XINC * write 8 pixels 256 times: 2 lines
E0067 04F3 C808 LDPK >0008 * VSC register page
E0068 04F4 2060 LAC VSBLL * read Vertical Start Blank
E0069 04F5 D004 ANDK >00FF
04F6 OOFF
E0070 04F7 0868 ADD VSBLH, 8
E0071 04F8 00AO ADD *+ * increment to one line below last
E0072 04F9 6080 SACL *
E0073 04FA CB09 LDPK >0009 * VSC register page
E0074 04FB 6020 SACL VINTL * load Vertical Interrupt
E0075 04FC 2880 LAC *,8
E0076 04FD 6828 SACH VINTH
E0077 04FE 2050 LAC STATL
E0078 04FF 2050 WAITI LAC STATL * wait for vertical interrupt
E0079 0500 D004 ANDK >0001
0501 0001
E0080 0502 F680 BZ WAITI
0503 04FF
E0081 0504 2030 LAC CTLRIL  * turn screen refresh off
£0082 0505 D0OS ORK >0020
0506 0020
£0083 0507 6030 SACL CTLRIL
E£0084 0508 2048 LAC CTLR2H * blank display
£0085 0509 D004 ANDK >000F
050A 00DF
E0086 0508 6048 SACL CTLR2H
E0087 050C 2080 LAC . * load display line count
E0088 0500 CE19 SFR * divide by 2: update 2 lines/write
E0089 050E 6089 SACL *,0,1 * save for repeat count
E0090 050F D100 LRLK ARL,>2BFC
0510 2BFC
E009! 0511 608A SACL *,0,2 * load shift register from memory
E0092 0512 C004 LARK ARO, 4
£0093 0513 D100 LRLK AR1,>2000
0514 2000
E£0094 0515 4BA9 RPT *+,1 * load loop count for screen clear
£0095 0516 60E0 SACL "0+ * load memory from shift register
£0096 0517 60EC SACL *0+
E0097 0518 558A LARP AR2
E0098 0519 20A0 LAC *+
E0099 051A 6030 SACL CTLRIL  * load Control Register 1
E0100 0518 20A0 LAC "+
EO101 0S1C 6038 SACL CTLRIH
£0102 051D 20A0 LAC +
£0103 051E 6040 SACL CTLR2L  * load Control Register 2
E0104 051F 20A0 LAC +
E0105 0520 6048 SACL CTLR2H
€0106 0521 C800 LDPK 0
€0107 0522 5060 LST STSO * restore data page pointer
E0108 0523 CE26 RET
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F0002
F0003
F0004
F0005
F0006
F0007
F0008
F0009
F0010
F0O011
F0012
F0013
FoOol14
F0015
FO016
F0017
Fo018
F0019
F0020
Foo21
F0022
F0023
F0024
F0025
F0026
F0027
F0028
F0029
F0030
F0031

F0032
F0033
F0034
F003S
F0036
F0037
F0038
F0039
F0040
Fo041

F0042
F0043
F0044
F004S
F0046
F0047
F0048
F0049
F0050
F0051

F0052
F00S3

F0054
F0055
F0056
F0057
F0058

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS32020 - TMS34061 DEMONSTRATION

15:17:30 12-05-85
PAGE 0031
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ROUTINE: LINE

This routine is called with the following information
located in the 5 consecutive words on page 6 labeled as
X1, Y1, X2, Y2, COLOR. The following approach is taken to
draw a line of the color specified from one of the
specified points to the other following Bresenham’s Line
Algorithm.

octant \ #3
definition \

\ #8
\
#1\

-
-~

1. Determine the values for dx and dy, swapping the
points if necessary to assure that dy is positive.

dx = x2 - xl

dy = y2 - yl

This maps octants 5 through 8 onto 1 through 4
respectively and reduces the code correspondingly. Each
octant is coded seperately to simplify the decisions in
selecting between pixels.

d c c
(o] 0 o]
!
'
!

OCTANTS 1 8 2 OCTANTS 3 & 4

~
~
o xT-—--—-0a

2. Since the data bus is eight bits wide and addresses
two pixels at a time, it is necessary to determine whether
the first pixel of the line is the left or right pixel of
the pair (BFLAG). For each of the four octants there are
at least two cases depending on the location left/right of
the pixel that is to be modified.

OCTANT | OCTANT 2

00?200} {0002 ! } 0202, 00} }| OO0? 070 !}

1 X0?,001 10X} 02} 1X0}100}10X}{00}

OCTANT 3 OCTANT 4

1020100} 100?00

1 0202, 00 | | 002 0720

GRAPHIC
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10X100t 100} X0} 102X} 001} 1002 X0}

F0060
F0061
F0062
F0063
F0064
F0065
F0066
F0067
F0068
F0069
F0070
F0071
F0072
F0073
F0074
F0075
F0076
F0077
F0078
F0079
F0080
Fo081
F0082
F0083
F0084
F0085
F0086
Fo087
Fooss

F0089
F0090
F0091
F0092
F0093
F0094
F0095
F0096
F0097

F0098
F0099
FO100
FO101
F0102
FO103
F0104
FO105
FO106

FO107
Foi08

F0109
Fol10
Fo1t1

0524
0525
0526
0527
0528
0529
052A
0528
052C
0520
052E
052F
0530
0531
0532
0533
0534
0535
0536
0537
0538
0539
053A
0538
053C
0530
053E
0S3F
0540
0541
0542

0524
7860
C806
coo08
D100
04E0
5589
2004
600A
6408
0404
600C
2003
1001
F480
053D
4001
4903
6803
6001
4000
4902
6802
6000
FF80
052F
6006
F680
066A
2002
1000
6005

3. Octants | and 2 are seperated from octants 3 and 4 by
determining whether dx is positive or negative (ASIGN).

4. Octant | can be seperated from octant 2 by determining
whether the absolute value of dx is greater than dy
(octant 1) or less than dy (octant 2). Correspondingly
octant 3 is seperated from octant 4 by determining whether
the absolute value of dx is less than dy (octant 3) or
greater than dy (octant 4). (ABSIGN)

5. Within the coding for each octant, processing
oscillates through two basic blocks (unique for each
octant). These blocks assume the pixel to be modified is
the left or right pixel of a pixel pair and determine
where the next pixel in the line is located.

6. Two special cases of horizontal and vertical lines are
isolated to speed up the processing for those cases.

* s 2 s s s e et EEETEESE

D Y Y Y R TR P Y Y AT
"

LINE EQU $
SST STS0 * save current data page pointer
LOPK 6
LARK ARO,8 * set-up access to VSC registers
LRLK AR1,VSCREG+>0080+XYOFFL
LARP AR1
LAC COLOR
SACL COLORL
SACL COLORH, 4
ADD COLOR, 4
SACL COLOR2
DELTA  LAC Y2 *dy = y2 -yl
SuB Y1
BGEZ POSY * test for positive dy
ZALH Y1 * negative dy : swap y2 and yl
ADDS Y2
SACH Y2
SACL Yl
ZALH X1 . swap x2 and xl
ADDS X2
SACH X2
SACL X1
8 DELTA
POSY *SACL DY * positive dy
BZ HLINE
LAC X2 *dx = x2 - xl
SUB Xi
SACL DX
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FO112
FO113
FO114
FOI115
Fol116

FO117
FO118
FO119
F0120
FO121
F0122
F0123
FO124
FO125
F0126
Fo127

0
FO128

FO129
F0130
FO131
Fo0132
FO133

FO134
FO135
FO0136
F0137
FO138
F0139
F0140
FOl41
Fo142
FO143
FOl44
FO145

0
Fo146

Fo147
FO148

FO149
F0150

FO151
FO152
FO153
FO154

FO0155

FO156
Fo157

0543
0544
0545
0546
0547
0548
0549
054A
0548
054C
054D
054E
054F
0550
0551
0552
0553

0572
0573
0574
0575
0576
0577
0578

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

CA20
60E0
2F00
6000
DF04
0006
68E0
2000
6800
2701
0000
60E0
2F01
6880
2005
680E
F680
06A2
F180
0558
CE23
6005
1006
680F
F480
0561
4005
4906
6806
6005
2106
6008
1005
6007
1005
6009
3005
D100
0800
D200
0820
200F
F380
058C
200E
F380
061D

0300
0828
0400
0808
2000
F380
0592

POSDX

OTEST

O10R4

ocT1

LACK
SACL
LAC

SACL
ANDK

SACH
LAC
SACH
LAC
ADD
SACL
LAC
SACH
LAC
SACH
BZ

DRAW
LRLK
LRLK

LAC
BLZ

15:17:30 12-05-85
PAGE 0033

>0020 * load X-Y Offset Register (lo byte
*0+
X1,15
BFLAG * bit flag for even/odd bit (0/1)
>0006,15 * mask for next 2 lsb’s of x1
*0+ * load X-Y Offset Register (hi byte
X1,13 * seperate 7 msb’s of xI
X1
Y1,7 * add 1sb of yl to xI
X1
*0+ * load low byte of X-Y Address Reg
Yi1,15 * seperate 8 msb’s of yl
- * load high byte of X-Y Address Reg
DX
ASIGN * sign of dx (+/-) (0/-1)
VLINE
POSDX
DX
oY * ldx} - dyora-b
ABSIGN  * sign of jdx| - dy (+/-) (0/-1)
OTEST
DX * negative |dx| - dy : swap dx & dy
oy or swap a and b
oY
DX
oY,1 * dy corresponds to b
INCR1 * incrl = 2b> 0
oX * dx corresponds to a
1] *d=2b -2
oX
INCR2 * incrz = 2b-2a <0
ARO,DX * ARO = # of pixels in line = a
AR1,XYIND+XYNOP
AR2,XYIND+YINC
ABSIGN
020R3
ASIGN
0CT4
A LINE IN OCTANT #1
AR3,XYIND+X1Y1
AR4 XY IND+XINC
BFLAG
OCTILO

GRAPHIC
TMS32020 -

FO158
FO159
F0160
FO161
FOl62
FO163
Fol164
FO165
Fo166

Fol67
Fo168
FO169

Fo170
FO171
F0172
FO173
Fo174
FOIL75
FO176

FO177
F0178
Fo0179
F0180
Fo181
Fo182
Fo183

FO184

F0185
FOi86
FO187
F0188
Fo189
F0190
FO191
FO192
F0193

F0194
F0195
FO196
F0197
FO198
F0199
F0200

F0201

F0202
F0203
F0204
F0205
F0206

0579
057A
0578
057C
057D
0S7E
057F
0580
0581

0582
0583
0584
0585
0586
0587
0588
0589
058A
0588
058C
058D
058E
058F
0590
0591

0592
0593
0594
0595
0596
0597
0598
0599
059A
0598
059C
059D
0

0S9F
05A0
05A1
05A2
05A3

2007
F480
0588
0008
5588
FB9B
05A9
5589
6007
CAOF
4E80
4008
6080
FF80
0667
0009
6007
CAOF
4EBA
4008
6088
FB99
0592
FFB0
0667

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85
TMS34061 DEMONSTRATION PAGE 0034
.
. +- +
. 1002, 00 ¢
* OCTANT 1 (LEFT PIXEL) Y
. X021 00!
* B e +
»
OCTIHI LAC 0
BGEZ O1INC2
ADD INCR1
MAR *0
BANZ OCTIHL,*-,3
MAR ",
SACL 0 *d=d+ incrl
LACK >000F * write left pixel only
AND *
OR COLORH
SACL »
8 DONE
O1INC2 ADD INCR2
SACL D *d-=d+ incr2
LACK >000F * write left pixel only
AND "2
OR COLORH
SACL *,0,0
BANZ OCTILO, *-,1
8 DONE
-
. e +
. 1 020 }
* OCTANT 1 (RIGHT PIXEL) 4mmmmm +
. 1 020 ¢
. S +
.

2007
F380
059F
0009
6007
CAFO
4E8B
4D0A
6088
FB99
0579
FF80
0667
0008
6007
CAFO
4E8C
4D0A

OCTILO LAC ]

BLZ OlINCI
ADD INCR2
SACL D *d=d+ incr2
LACK >00F0 * write right pixel only
AND *,3
OR COLORL
SACL *,0,0
BANZ OCTIHI,*~,1
B DONE
O1INCI ADD INCRI
SACL D *d=d+ incri
LACK >00F0 * write right pixel only
AND "4
OR COLORL
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TMS32020 - TMS34061 DEMONSTRATION PAGE 0035 TMS32020 - TMS34061 DEMONSTRATION PAGE 0036
F0207 05A4 6088 SACL *,0,0 F0251 0502 6007 SACL *d=4d+ incr2
F0208 05A5 FB99 BANZ OCTIHI,*-,1 F0252 0503 FB99 BANZ 0CT2L0,*~,1
05A6 0579 05D4 05D7
F0209 05A7 FF80 8 DONE F0253 0505 FF80 B DONE
05A8 0667 0506 0667
F0210 05A9 F480 OCTIHL BGEZ OIXIY1 F0254 *
05AA 05B4 F0255 * e e +
F0211 05AB 0008 ADD INCR1 F0256 » 1 002} 070 }
F0212 05AC 6007 SACL 0 *d=d+ incr! F0257 * OCTANT 2 (RIGHT PIXEL) o ot
F0213 05AD 200C LAC COLOR2  * write both pixels of the pair F0258 . 10X100 ¢
F0214 05AE 558C MAR *,4 F0259 - o e +
F0215 05AF 6088 SACL *,0,0 F0260 .
F0216 05B0 FB99 BANZ OCTIHI, *-, 1 F0261 0507 2007 OCT2L0 LAC 0
0581 0579 F0262 0508 F480 BGEZ 02x1Y1
F0217 0582 FF80 B DONE 0509 05E4
0583 0667 F0263 0SDA 0008 02X0Y1 ADD INCR1
F0218 0584 0009 OIXIYI ADD INCR2 F0264 0508 6007 SACL D *d=4d+incrl
F0219 0585 6007 SACL ] *d=4d+ incr2 F0265 050C CAFO LACK >00F0 * write right pixel only
F0220 0586 200C LAC COLOR2  * write both pixels of the pair F0266 050D 4EBA AND "2
F0221 05B7 6088 SACL *,0,0 F0267 0SDE 4DOA OR COLORL
F0222 0588 FB99 BANZ OCTIHI,*-,1 F0268 0SDF 6088 SACL *,0,0
0589 0579 F0269 0SE0 FB9I9 BANZ 0CT2L0,*-,1
F0223 05BA FF80 B DONE 0SEl 0507
058B 0667 F0270 05E2 FF80 B DONE
Fo224 * 05E3 0667
F0225 058C 200E O20R3  LAC ASIGN F0271 O5E4 0009 O2XIYI ADD INCR2
F0226 058D F380 BLZ oCcT3 F0272 0SE5 6007 SACL D *d=d+ incr2
05BE OSEE F0273 05E6 CAFO LACK >00F0 * write right pixel only
F0227 . F0274 05E7 4E8B AND "3
F0228 * DRAW A LINE IN OCTANT #2 F0275 0SE8 4DOA OR COLORL
F0229 . F0276 0SE9 6088 SACL *,0,0
F0230 05BF D300 OCT2 LRLK AR3, XY IND+XIYI F0277 0SEA FB99 BANZ OCT2HI,*-,1
05Co 0828 05EB 05C4
F0231 05C1 2000 LAC BFLAG F0278 OSEC FF80 B DONE
F0232 05C2 F380 BLZ ocT2L0 0SED 0667
05C3 0507 F0279 *
F0233 . F0280 . DRAW A LINE IN OCTANT #3
F0234 » e S + Fo281 .
F0235 * 1 0702} 00} F0282 OSEE D300 OCT3 LRLK AR3, XY IND+XDY1
F0236 * OCTANT 2 (LEFT PIXEL) + 0SEF 0830
F0237 * 1 X0100 F0283 0SF0 2000 LAC BFLAG
F0238 * - 4= + F0284 O5F1 F380 BLZ 0CT3L0
F0239 . 05F2 060A
F0240 05C4 CAOF OCT2HI LACK  >000F  * write left pixel only F0285 .
FO241 05C5 4EBA AND 2 F0286 . PO PO +
F0242 05Cé6 4008 OR COLORH F0287 * 1 00?2 020 }
F0243 05C7 6088 SACL *,0,0 F0288 * OCTANT3 (LEFT PIXEL) o S
F0244 05C8 2007 LAC 0 F0289 . 1001 X0}
F0245 05C9 F480 BGEZ 02INC2 F0290 . tomm— +ommm e +
05CA 05D1 F0291 .
F0246 05CB 0008 O02INCI ADD INCR1 F0292 05F3 2007 OCT3H! LAC 0
F0247 05CC 6007 SACL o] *d=d+ incrl F0293 0SF4 F480 BGEZ 03XDY1
F0248 05CD FB99 BANZ OCT2HI,*-,1 05F5 0600
05CE 05C4 F0294 05F6 0008 O03X0YI ADD INCR1
F0249 05CF FF80 8 DONE F0295 05F7 6007 SACL 0 *d=d+ incri
0500 0667 F0296 0SF8 CAOF LACK >000F * write left pixel only
F0250 0501 0009 O02INC2 ADD INCR2 F0297 0SF9 4EBA AND "2
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TMS32020 - TMS34061 DEMONSTRATION PAGE 0037 TMS32020 - TMS34061 DEMONSTRATION PAGE 0038
F0298 05FA 4008 OR COLORH F0343 . B

F0299 05FB 6088 SACL  *,0,0 F0344 .

F0300 0SFC FB99 BANZ  OCT3HI,*-,1 F0345 0624 2007 OCT4HI LAC 0

0SFD 05F3 F0346 0625 F480 BGEZ  04XDYI
F0301 OSFE FFB0 B DONE 0626 0631

05FF 0667 F0347 0627 0008 O04XDYO ADD INCR1
F0302 0600 0009 O3XDYI ADD INCR2 F0348 0628 6007 SACL D *d=d+ incri
F0303 0601 6007 SACL D *d=d+ incr2 F0349 0629 CAOF LACK  >000F  * write left pixel only
F0304 0602 CAOF LACK  >000F  * write left pixel only F0350 062A 4E8C AND "4
F0305 0603 4E8B AND "3 FO351 0628 4D0B OR COLORH
F0306 0604 4D0B OR COLORH F0352 062C 6088 SACL  *,0,0
F0307 0605 6088 SACL  *,0,0 F0353 062D FB99 BANZ  OCT4LO,*-,1
F0308 0606 FB99 BANZ  OCT3LO,*-,1 062E 0638

0607 060A F0354 062F FF80 B DONE
F0309 0608 FF80 ] DONE 0630 0667

0609 0667 F0355 0631 0009 04XDY! ADD INCR2 .

F0310 . F0356 0632 6007 SACL D *d=d+ incr2
FO311 . F0357 0633 CAOF LACK  >000F  * write left pixel only
F0312 . F0358 0634 4E8B AND *3

F0313 * OCTANT 3 (RIGHT PIXEL) F0359 0635 4D0B OR COLORH

FO314 . F0360 0636 6088 SACL  *,0,0

FO315 . F0361 0637 FB99 BANZ  0CT4LO,*-,1

F0316 . 0638 0638

F0317 060A CAF0 OCT3LO LACK >00F0 * write right pixel only F0362 0639 FFB0 B DONE

F0318 060B 4E8A AND .2 063A 0667

F0319 060C 4D0A OR COLORL F0363 .

F0320 060D 6088 SACL  *,0,0 F0364 .

F0321 060E 2007 LAC 0 F0365 M

F0322 060F F480 BGEZ  O3INC2 F0366 * OCTANT 4 (RIGHT PIXEL)

0610 0617 F0367 . 102X 100!
F0323 0611 0008 O3INCI ADD INCR1 F0368 . Aot
F0324 0612 6007 SACL D *d=d+ incrl F0369 .

F0325 0613 FB99 BANZ  OCT3LO,*-,1 F0370 0638 2007 OCT4LO LAC 0

0614 060A F0371 063C F480 BGEZ  O4INC2
F0326 0615 FF80 8 DONE 063D 064A

0616 0667 F0372 063E 0008 ADD INCR1
F0327 0617 0009 O3INC2 ADD INCR2 F0373 063F 5588 MAR *0
F0328 0618 6007 SACL D *d=d+ incr2 F0374 0640 FBIC BANZ  OCT4HL,*-,4
F0329 0619 FB99 BANZ  OCT3HI,*-,! 0641 0654

061A 05F3 F0375 0642 5589 MAR "1
F0330 0618 FF80 8 DONE F0376 0643 6007 SACL D *d=d+ incrl

061C 0667 F0377 0644 CAFO LACK  >00F0  * write right pixel only
F0331 . F0378 0645 4E80 AND .

F0332 . DRAW A LINE IN OCTANT #4 F0379 0646 4DOA OR COLORL
F0333 . F0380 0647 6080 SaCL  *
F0334 061D D300 OCT4  LRLK  AR3,XYIND+XDYI F0381 0648 FF80 ] DONE

061E 0830 0649 0667
F0335 061F D400 LRLK  AR4,XYIND+XDEC F0382 064A 0009 O4INC2 ADD INCR2

0620 0810 F0383 064B 6007 SACL D *d=d+ incr2
F0336 0621 200D LAC BFLAG F0384 064C CAFO LACK  >00F0  * write right pixel only
F0337 0622 F380 BLZ 0CcT4L0 F0385 064D 4E8A AND "2

0623 0638 F0386 064E 4DOA OR COLORL
F0338 . F0387 064F 6088 SACL  *,0,0
F0339 . e F0388 0650 FB99 BANZ  OCT4HI,*-,1
F0340 . 100200} 0651 0624
F0341 * OCTANT 4 (LEFT PIXEL) e Ao + F0389 0652 FF80 ] DONE
F0342 . 1002 X0} 0653 0667



190VESINL PUe OZOZESINL W Suisny uonewawaldury sotydesn v "€z

LS9

GRAPHIC

TMS32020 -
F0390 0654
0655
0656
0657
0658
0659
065A
0658
065C
0650
065E
065F
0660
0661
0662
0663
0664
0665
0666

F0391
F0392
F0393
F0394
F0395
F0396

F0397

F0398
F0399
F0400
F0401
F0402

F0403

F0404
F0405 0667
F0406 0668
F0407 0669
F0408
F0409
F0410
Fo411
F0412
Fo413
Fo414

066A
0668
066C
066D
066E
066F
0670

F0415
Fo416
F0417 0671
F0418 0672
F0419 0673
F0420 0674
F0421 0675
F0422 0676
F0423 0677

0678
F0424 0679
F0425 067A
F0426 0678
F0427 067C
F0428 067D
F0429 067E
F0430 067F
F0431 0680
F0432 0681
F0433 0682

0683
F0434 0684
F0435 0686
F0436 0687

0688

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS34061 DEMONSTRATION

F380 OCT4HL BLZ

065F
0009
6007
200C
5588
6088
FB99
063B
FF80
0667
0008
6007
200C
6088
FB99
0638
FF80
0667

€800
5060
CE26

041INC1

HLINE

DXPOS

ADD
SACL
LAC
MAR
SACL
BANZ

8

ADD
SACL
LAC
SACL
BANZ

LDPK
LST
RET

DRAW

LAC
suB
SACL
BGEZ

NEG
SACL
LAC
SACL
LACK
SACL
LAC
SACL
ANDK

SACH
LAC
SACH
LAC
ADD
SACL
LAC
SACH
LAR
LRLK

LRLK

LAC
BLZ

15:17:30 12-05-85
PAGE 0039

04INCI

INCR2

D *d=4d+ incr2

COLOR2  * write both pixels of the pair
"3

*,0,0

0CT4LO, *~, |

DONE

INCR1
0 *d=d+ incri
COLOR2  * write both pixels of the pair
*,0,0

OCT4LO,*-,1
DONE

0

STSO * restore entry data page pointer

A HORIZONTAL LINE

X2 *dx = x2 - x1

12 *
X2

tdx}
& x2 :

save
swap x1

draw left to right

X1

>0020 .
"0+
X1,15
BFLAG

load X-Y Offset Register (1o byte

-

bit flag for even/odd bit (0/1)

>0006,15 * mask for next 2 Isb’s of x1
*0+ * load X-Y Offset Register (hi byte
X1,13 * seperate 7 msb’s of x1
X1
Yi,7 * add 1sb of yl to x!
X1
*0+ * load low byte of X-Y Address Reg
Y1,15 * seperate 8 msb’s of yl

* load high byte of X-Y Address Reg
ARO,DX * ARO = § of pixels in line

AR1,XYIND+XYNOP
AR2, XY IND+XINC

BFLAG
HOZLO

GRAPHIC
TMS32020 -

F0437
F0438

F0439
F0440
F0441
F0442
F0443
F0444

F0445
F0446
F0447

F0448

F0449
F0450
F0451
F0452
F0453
F0454

F0455

F0456
F0457
F0458
F0459
F0460

F0461

F0462
Fo463
F0464

F0465
F0466
F0467
F0468
F0469

F0470
F0471
F0472
F0473
F0474
F0475
F0476

0007

0689
068A
0688
068C
068D
068E
068F

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS34061 DEMONSTRATION

5588
FB9A
0693
5589
CAOF
4E80
4008
6080
FFB0
0667
200C
6088
FB98
068A
FF80
0667
5589
CAFO
4EBA
4D0A
6088
FB98
068A
FF80
0667

HOZHI

FILL2

HOZLO

VLINE

VRTHI

VRTLO

LARP
BANZ

LARP
LACK
AND
OR
SACL
8

LAC
SACL
BANZ

B

LARP
LACK
AND

SACL
BANZ

ORAW

LAR
LRLK

LRLK

LARP
LAC
BLZ

LACK
AND
OR
SACL
BANZ

LACK
AND
OR
SACL
BANZ

CoPY

15:17:30
PAGE 0040

ARO
FiLL2,*-,2

AR1
>000F
.

* write left pixel only
SOLORH
DONE

COLOR2

*0,0
HOZHI, *-,0

* write both pixels of the pair

DONE

AR1

>00F0 * write right pixel only
.

A VERTICAL LINE

ARO,DY * ARD = # of pixels in line
AR1,XYIND+XYNOP

AR2,XYIND+YINC

AR1
BFLAG
VRTLO

>000F
*2

COLORH
*,0,0
VRTHI,*-, 1

* write left pixel

DONE

>00F0 * write right pixel

FELIPS2.ASM

12-05-85
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TMS32020 - TMS34061 DEMONSTRATION PAGE 0041

G0002 .

G0003 wenns e eue

G0004 * ROUTINE: FELIPS

G000S * This routine is called with the following information

G0006 * located in 5 words on page 6 labeled as XC, YC, A, B,

G0007 * COLOR. Using this information, a solid filled ellipse of

G0008 * the specified color is drawn centered at (xc,yc) with

G0009 * x-axis intercept a and y-axis intercept b. A four-way

GOo10 * stepping algorithm is used to determine the boundaries of

GOO11 * the ellipse. The x coordinate value of the first quadrant

G0012 * end point of each horizontal line used to construct the

G0013 * ellipse are stored in consecutive locations on internal

Goo14 * data ram pages 4 and 5.

G0015 »

G0016 unan anan wenne

G0017 .

Goo18 06BB FELIPS EQU $

GO019 06BB 7860 SST STSO * save current data page pointer

G0020 06BC C809 LDPK >0009 *'VSC register page

G0021 06BD C264 LARK AR2,SAVREG * internal mem on DP=0

G0022 06BE 558A LARP AR2

G0023 06BF 2030 LAC CTLRIL  * save Control Register |

G0024 06CO 60A0 SACL A

G0025 06C1 2038 LAC CTLRIH

G0026 06C2 60A0 SACL +

G0027 06C3 2040 LAC CTLR2L  * save Control Register 2

G0028 06C4 60A0 SACL 5

G0029 06CS 2048 LAC CTLR2H

G0030 06C6 60A0 SACL "+

G0031 06C7 C806 LOPK 6

G0032 06C8 D100 LRLK AR1,>0200 * set-up access to data stack
06C9 0200

G0033 06CA 5589 LARP AR1

G0034 06CB 2004 LAC COLOR

G0035 06CC 600A SACL COLORL

G0036 06CD 6408 SACL COLORH, 4

G0037 06CE 0404 ADD COLOR, 4

G0038 06CF 600C SACL COLOR2

G0039 *

G0040 . CALCULATE CURVE DRAWING PARAMETERS

G0041 .

G0042 06D0 3212 LAR AR2,A * first stack value

G0043 06D1 3CI2 LT A * square horizontal axis value A

G0044 06D2 3812 MPY A

G0045 06D3 CEl4 PAC

G0046 06D4 6814 SACH TIH * Tl = A**2

G0047 06D5 6015 SACL TIL

G0048 0606 CE15 APAC

G0049 06D7 6816 SACH T2H * T2 = 2*T1

G0050 0608 6017 SACL T2L

G00S1 06D9 3C13 LT B * square vertical axis value B

G0052 06DA 3813 MPY B

G0053 06DB CE14 PAC

G0054 06DC 6818 SACH T3H * T3 = B**2

G0055 06DD 6019 SACL T3L

GNO56 06DE CE1S5 APAC

G0O57 06DF 681A SACH T4H * T4 = 2*73

GRAPHIC
TMS32020 -

G0058
G0059
G0060
G0061

G0062
G0063
G0064
G0065
G0066
G0067
G0068
G0069
G0070
G0071

G0072
G0073
G0074
G0075
G0076
G0077
G0078
G0079
G0080
G008!
G0082
G0083
G0084
G0085
G0086
G0087
Gooss

G0089
G0090
G0091
G0092
G0093
G0094
G0095
G0096
G0097
G0098
G0099
Go100
Go101

G0102

G0103
G0104
G0105
G0106
G0107
Go108
G0109
GO110
Go111

06E0
06E1
06E2
06E3
06E4
06E5
06E6
06E7
06E8
06E9
06EA
06EB
06EC
06ED
O6EE
06EF
06F0
06F |
06F2
06F3
06F4
06FS
06F6
06F7
06F8

0715

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS3406! DEMONSTRATION

6018
3C12
3818
CEl4
CBOF
CEl8
3819
CEIS
681C
601D
691E
611F
CA00
6020
6021
4014
4915
4818
4919
CEI9
CEI9
441C
4510
6826
6027

T2A0
2026
F480
0718
4020
4921

4816
4917
6820
6021

4826
4927
6826
6027
T2A0
2026
F380
06FD
FF80
0718
401E
491F
441A
4518
681E
601F
CE23
4826
4927

STEPY

LOOPX

SACL
LT
MPY
PAC
RPTK
SFL
MPY
APAC
SACH
SACL
SACH
SACL
ZAC
SACL
SACL
ZALH
ADDS
ADDH
ADDS
SFR
SFR
SUBH
SuBS
SACH
SACL

T4L
A
T3H

T6H, |
TéL, 1

TH
TIL
TIH
TIL
T3H
T3L

T5H
TSL
DH
oL

15:17:30 12-05-85
PAGE 0042

T5 = T3*A
T6 = 2*T5
T7 =0

D= (TIL +73)/4 -T5

CALCULATE ELLIPSE BOUNDARY FOR ONE QUADRANT

SAR
LAC
BGEZ

ZALH
ADDS
ADDH
ADDS
SACH
SACL
ADDH
ADDS
SACH
SACL
SAR

LAC

8Lz

B

ZALH
ADDS
SUBH
SUBS
SACH
SACL
NEG

ADDH
ADDS

AR2,*+
DH
STEPX

TH
T
T2H
T2L
TTH

-

T7 =771 + T2

D=0D+T7

save x-value on data stack

T6 = T6 - T4
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32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85

TMS32020 - TMS34061 DEMONSTRATION PAGE 0043
G0112 0716 6826 SACH DH *D=D-~-Té
GO113 0717 6027 SACL oL
G0114 0718 2026 LAC DH
GO115 0719 F380 BLZ STEPY
071A 06F0
G0116 071B 558A STEPX LARP 2 -
GO117 071C FB99 BANZ LOOPX, *~, 1 * continue until X at origin
0710 0700
GO118 O71E 712C PLOTI  SAR AR1,PIXCNT
GO119 071F 2013 LAC ]
G0120 0720 6046 SACL SAVEB
GO121 0721 092E ADD ONE6,9
G0122 0722 102C SuB PIXCNT
G0123 0723 F380 BLZ PLOT2 * plotting stack = b ?
0724 0728
G0124 0725 602C SACL PIXCNT
G0125 0726 322C LAR ARZ,PIXCNT
G0126 0727 CAOO ZAC
GO127 0728 60AA NILPT  SACL *+,0,2 * zero remainder of stack
G0128 0729 FB99 BANZ NILPT,*-,1
072A 0728
G0129 .
G0130 . DRAW "SHORT"™ HORIZONTAL LINES FOR UPPER HALF
GO131 .
G0132 0728 D400 PLOT2 LRLK AR4, VSCREG+>0080+XYOFFL
072C 04€0
G0133 0720 558C LARP AR4
GO134 072E CA20 LACK >0020
G0135 072F 6089 SACL *,0,1 * load X-Y Offset Register(lo byte)
G0136 0730 3213 LAR AR2,B * number of values on data stack
GO137 0731 D300 LRLK AR3, XY IND+XYNOP
0732 0800
G0138 0733 5590 MAR .~
G0139 0734 7213 LOOPI  SAR AR2,8
G0140 0735 2010 LAC XC
GO141 0736 1080 SuB .
GO142 0737 F480 BGEZ OSCRX1
0738 073A
G0143 0739 CAOO ZAC
GO144 073A 6000 OSCRX1 SACL X1 * Xl =XC~-X>0
GO145 0738 2010 LAC XC
GO146 073C 009C ADD *-,0,4
GO147 073D 6002 SACL X2 * X2 = XC + X
G0148 073 2002 LAC X2,13 * seperate 7 MSBs from 3 LSBs (X2)
GO149 073F 682A SACH X2H
GO150 0740 D004 ANDK >FFFF
0741 FFFF
GO151 0742 6C2B SACH X2L,4
GO152 0743 2000 LAC Xi,13 * seperate 7 MSBs from 3 LSBs (X1)
GO153 0744 6828 SACH X1H
G0154 0745 D004 ANDK YFFFF
0746 FFFF
GO155 0747 6C29 SACH XiL,4
GO156 0748 202A LAC X2H
GO157 0749 1028 SuB XIH
G0158 074A FS80 BNZ WIDE * endpoints in same 8 pixel group ?
0748 0797

GRAPHIC
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G0159
GO160
Go16!

GO162
GO163
GO164
G0165

G0166
GO167
Go168
GO169
G0170
GO171
G0172

074C
074D
074E
074F
0750
0751
0752
0753
0754
0755
0756
0757
0758
0759
075A
0758
075C
075D
075€
07SF
0760
0761
0762
0763
0764
0765
0766
0767
0768
0769
076A
0768
076C
0760
076E
076F
0770
0771
0772
0773
0774
0775
0776
0777
0778
0779
077A
0778
077C
0770
077E
077F
0780

0781

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85

TMS34061 DEMONSTRATION PAGE 0044
2011 LAC YC * "short” line
1013 Sus B
F480 BGEZ OSCRY1
0751
CA00 ZAC
6001 OSCRY! SACL Y1 *YI=YC-Y)>=0
coo8 LARK ARO,8 * set-up access to VSC registers
D400 LRLK AR4,VSCREG+>0080+XYOFFH
04E8
558C LARP AR4
2E29 LAC X1L,14  * load XY coordinates for upper 1in
68E0 SACH *0+
2701 LAC Y1,7
0028 ADD XIH
60E0 SACL *0+
2F01 LAC Y1,15
6888 SACH *,0,0
2F28 LAC Xa2L,15
1F29 SuB XIL, 15
682C SACH PIXCNT  * § pixels = X2 - X1
302C LAR ARO,PIXCNT
D400 LRLK AR4, XY IND+XINC
0808
9129 BIT XiL,1 * start on an odd pixel ?
F980 BBNZ SLHIU
0776
5588 LARP AR3
CAFO SLLOU  LACK >00F0 * pixel in Isnibble only
4E8C AND 4
4D0A OR COLORL
6088 SACL *,0,0
FB90 BANZ SLHIU
0776
FF80 B DONE 1V
077¢C
558C SLHLU LARP AR4
200C LAC COLOR2  * pixel pair
6088 SACL *,0,0
FB90 BANZ SLHIV
0776
FF80 8 DONE 1U
077C
FB9B SLHIU BANZ SLHLU,*-,3
076F
CAOF LACK >000F * pixel in msnibble only
4EB0 AND .
4008 OR COLORH
6080 SACL .
558A DONEIU LARP AR2
FB99 BANZ LOOP1,*-,1
0734 ’
FF80 8 PLOT3
07CD
-
. DRAW "LONG" HORIZONTAL LINES FOR UPPER HALF
.
7213 LOOP2  SAR AR2,8
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G0205
G0206
G0207

G0208
G0209
G0210
G0211
Go212
G0213
G0214
G0215

G0216
Go217
G0218
G0219

G0220
G0221
G0222
G0223
G0224
G0225
G0226
G0227

G0228
G0229
G0230
G0231

G0232
G0233
G0234
G0235
G0236
G0237
G0238
G0239
G0240

G0241

G0242
G0243
G0244

G0245
G0246
G0247
G0248
G0249
G0250

G0251
G0252

0782
0783
0784
0785
0786
0787
0788
0789
078A
0788
078C
0780
078E
078F
0790
0791
0792
0793
0794
0795
0796
0797
0798
0799
079A
0798
079C
0790
079€
079F
07A0
07A1

07A2
07A3
07A4
07AS
07A6
07A7
07A8
07A9
07AA
07AB
07AC
07AD
07AE
07AF
0780
0781

0782
0783
0784
0785
0786
0787
0788
0789
07BA

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS34061 DEMONSTRATION

2010
1080
F480
0787
CA00
6000
2010
009C
6002
2002
682A
D004
FFFF
6C28
2000
6828
0004
FFFF
6C29
202A
1028
112E
6020
2011
1013
Fa80
079€
CA00
6001
coos
0400
04€8
558C
2E29
68E0
2701
0028
60E0
2F01
6888
D000
04C0
0400
0808
CA00
6088
D001
0878
0029
CE24
CABC
608C
2020
F380
078C
200C
4B20

OSCRX2

WIDE

0SCRY2

LAC
sus
BGEZ

ZAC
SACL
LAC
ADD
SACL
LAC
SACH
ANDK

SACH
LAC

SACH
ANDK

SACH
LAC
suB
sus
SACL
LAC
SuB
BGEZ

ZAC

SACL
LARK
LRLK

LARP
LAC
SACH
LAC
ADD
SACL
LAC
SACH
LRLK

LRLK
ZAC
LALK
ADD
CALA
LACK
SACL
LAC
BLZ

LAC

15:17:30 12-05-85
PAGE 0045

Xt * Xl =XC-X>>0

X2 * X2 =XC + X
* seperate 7 MSBs from 3 LSBs (X2)

* seperate 7 MSBs from 3 LSBs (XI)

* "long" line
* # 8 pixel groups

Yi *Yl=YC-Y)>=0
ARO,8 * set-up access to VSC registers
AR4, VSCREG+>0080+XYOFFH

AR4
XiL, 14
04
Y1,7
XIH
0+
Y1,15
*,0,0
ARO, VSCREG+>0080+CTLR2L

* load XY coordinates for upper 1in

AR4, XY IND+XINC

*,0,3
LSBASE

* load Control! Register 2

* write pixels left of blocks
X-Y mode RAS override
load Control! Register 2

-
&

PAXCNT  * fill 8 pixel blocks

GRAPHIC
THS32020 -

G0253
G0254
60255
G0256
G0257

G0258
G0259

60260
G0261
G0262

G0263
G0264
G0265
G0266

G0267
G0268
G0269
G0270

G0271
G0272
G0273
G0274
G0275

G0276
G0277
G0278
G0279
G0280
G0281

G0282
G0283
G0284
60285

G0286
G0287
G0288
G0289
G0290
G0291
G0292
G0293

G0294
G0295
G0296
G0297

G0298

0788
078C
078D
07BE
078F
07Co
07C1
07C2
07C3
07C4
07C5
07C6
07C7
07C8
07C9
07CA
07CB
67¢cc

07C0
07CE
07CF
0700
0701
0702
0703
0704
0705
0706
0707
0708
0709
07DA
0708
07DC
0700
07DE
070F
07€0
07€E1
07€2
07€3
07E4
07ES
07€6
07E7
07e8
07E9
07EA
07€8
07EC
07€D
O7EE
O7EF

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS34061 DEMONSTRATION

6080
5588
CAOO
6080
0000
04E8
6080
0000
04F0
2080
608C
0001
0888
0028
Ce24
558A
FB99
o7et

D400
04£0
558C
CA20
6089
3246
0300
0800
S5A0
55A0
2011
0046
6011
FF80
0824
7213
2010
1080
F480
07€2
CA00
6000
2010
00AC
6002
2002
682A
0004
FFFF
6C28
2000
6828
0004
FFFF
6C29

G0299 07F0 202A

RIGHT1

PLOT3

LOOP3

OSCRX3

SACL
LARP
ZAC

SACL
LRLK

SACL
LRLK

LAC
SACL
LALK

ADD

CALA
LARP
BANZ

DRAW
LRLK

LARP
LACK
SACL
LAR

LRLK

MAR
MAR
LAC
ADD
SACL

SAR
LAC

BGEZ

ZAC
SACL
LAC
ADD
SACL
LAC
SACH
ANDK

SACH
LAC

SACH
ANDK

SACH
LAC

15:17:30 12-05-85
PAGE 0046
.
ARO
- * load Control Register 2
ARQ, VSCREG+>0080+XYOFFH
.
ARO, VSCREG+>0080+XYADRL
.
*,0,4
RSBASE
X2L
* write pixels right of blocks
AR2
LoOP2,"~, 1

"LONG" HORIZONTAL LINES FOR LOWER HALF

AR4, VSCREG+>0080+XYOFFL

AR4

>0020
*,0,1
AR2,SAVEB
AR3, XY IND+XYNOP

* load X-Y Offset Register(lo byte)
* ¥ of values on data stack

4
s
YC
SAVEB
YC
LOOPE

AR2,B
XxC
.

OSCRX3

X1 * Xl =XC-X>0

X2 = XC + X

seperate 7 MSBs from 3 LSBs (X2)

X1,13 * seperate 7 MSBs from 3 LSBs (XTI)



G0300
G0301

G0302
G0303
G0304
G030S
G0306
G0307
G0308

G0309
G0310
GO311
G0312
G0313
G0314
G0315
G0316
G0317

G0318

G0319
G0320
G0321

G0322
G0323
G0324
G0325
G0326
G0327
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G0328
G0329
G0330
G0331
G0332
G0333
G0334

G0335
G0336

G0337
G0338
G0339

G0340
G0341
G0342
G0343
G0344

& Gco3ss

GRAPHIC
TMS32020 -

07F1
07F2
07F3
07F4
07FS
07F6
07F7
07F8
07F9
07FA
07FB
07FC
07FD
07FE
07FF
0800
0801
0802
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1028
F680
083D
112€
602D
2011
1013
6003
coo8
0400
04€E8
558C
2E29
68E0
2703
0028
60E0
2F03

0803 6888

0804
0805
0806
0807
0808
0809
080A
0808
080C
0800
080E
080F
0810
0811

0812
0813
0814
0815
0816
0817
0818
0819
081A
0818
osic
0810
081E
081F
0820
0821

0822
0823
0824
0825
0826
0827
0828

0000
04C0
0400
0808
CAO0
6088
D001
0878
0029
CE24
CABC
608C
2020
F380
0816
200C
482D
6080
5588
CA00
6080
D000
04E8
6080
0000
04F0
2080
608C
0001

0888
0028
CE24
558A
FB99
070C
FF80
086A

RIGHT2

LOOPE

suB
BZ

SuB
SACL
LAC
SuB
SACL
LARK
LRLK

LARP
LAC
SACH
LAC
ADD
SACL
LAC
SACH
LRLK

LRLK

ZAC
SACL
LALK

ADD
CALA
LACK
SACL
LAC
BLZ

LAC
RPT
SACL
LARP
ZAC
SACL
LRLK

SACL
LRLK

LAC
SACL
LALK

ADD

CALA
LARP
BANZ

X1H
NARROW

ONES6, 1
PAXCNT
YC

B

Y2
ARO, 8

PAGE 0047

* endpoints in same 8 pixel group ?
* "long" line
* # 8 pixel groups

"Y2=YCHY )
* set-up access to VSC registers

AR4,VSCREG+>0080+XYOFFH

AR4
XiL,14
"0+
Y2,7
X1H
*0+
Y2,15

*,0,0

* load XY coordinates for lower 1in

0,
ARO, VSCREG+>0080+CTLR2L

AR4, XY IND+XINC

*,0,3
LSBASE

XiL

»00BC
*.0,4
PAXCNT
RIGHT2

COLOR2

PAXCNT
"

ARO

* load Control Register 2

* write pixels left of the blocks
* X-Y mode RAS override
* load Control Register 2

* f111 8 pixel blocks

* load Control Register 2

ARO, VSCREG+>0080+XYOFFH

ARG, VSCREG+>0080+XYADRL

.
*,0,4
RSBASE
x2L

AR2

* write pixels right of the blocks

LOOP3,*~, 1

ALDONE

GRAPHIC
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G0346
G0347
G0348
G0349
G0350
G03S1

G0352
G0353
G0354
G0355
G0356
G0357
G0358
G0359

G0360
G0361
G0362
G0363

G0364
G0365
G0366
G0367
G0368
G0369

G0370
G0371
G0372
G0373
G0374
G0375
G0376
G0377
G0378
G0379

G0380
Go381

G0382
G0383
G0384
G0385
G0386
G0387

G0388
G0389
G0390
G0391
G0392

G0393

0829
082A
0828
082C
082D
082E
082F
0830
0831
0832
0833
0834
0835
0836
0837
0838
0839
083A
0838
083C
0830
083E
083F
0840
0841
0842
0843
0844
0845
0846
0847
0848
0849
084A
0848
084C
084D
084E
084F
0850
0851
0852
0853
0854
0855
0856
0857
0858
0859
085A
0858
085C
0850
085E
085F
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7213
2010
1080
F480
082F
CA00
6000
2010
00AC
6002
2002
682A
0004
FFFF
6C28
2000
6828
0004
FFFF
6C29
2011
1013
6003
€008
0400
04€8
558C
2€29

FF80

.
»

LooP4

OSCRX4

NARROW

SLLOL

SLHLL

ORAW "SHORT™ HORIZONTAL LINES FOR LOWER HALF

SAR AR2,B

LAC XC

SsuB .

BGEZ OSCRX4

ZAC

SACL X1 * Xl =XC-X»> 0

LAC XC

ADD *+,0,4

SACL X2 * X2 = XC + X

LAC X2,13 * seperate 7 MSBs from 3 LSBs (X2)
SACH X2H

ANDK SFFFF

SACH X2L,4

LAC X1,13 * seperate 7 MSBs from 3 LSBs (X1)
SACH X1H

ANDK YFFFF

SACH XiL.4

LAC YC * "short" 1ine

suB 8

SACL Y2 *Y2=YCH+Y

LARK ARO,8 * set-up access to VSC registers
LRLK AR4,VSCREG+>0080+XYOFFH

LARP AR4

LAC XiL,14 * load XY coordinates for lower 1in
SACH *0+

LAC Y2,7

ADD X1H

SACL "0+

LAC Y2,15

SACH *,0,0

LAR AROQ,PIXCNT
LRLK AR4, XY IND+XINC

BIT XiL, 1 * start on an odd pixel ?
BBNZ SLHIL
LARP AR3

LACK >00F0 * pixel in 1snibble only
AND "4

OR COLORL
SACL *,0,0
BANZ SLHIL
8 DONE 1L
LARP AR4

LAC COLOR2  * pixel pair
SACL *,0,0
BANZ SLHIL

3] DONEIL
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G0394

G0395
G0396
G0397
G0398
G0399
G0400

G040l
G0402
G0403
G0404
G0405
G0406
G0407
G0408
G0409
Go410
Go411
G0412
G0413
G0414
G0415
Go416
Go417

Goals
G419
G0420
G0421
G0422
G0423
G0424

G0425
G0426

G0427
G0428
G0429
G0430
G0431
G0432

0860
0861
0862
0863
0864
0865
0866
0867
0868
0869

086A
0868
086C
086D
086E
086F
0870
0871
0872
0873
0874
0875
0876
0877

0878
0879
087A
0878
087C
087D
087€
087F
0880
0881
0882
0883
0884
0885
0886
0887

0888
0889
088A
0888
088C
088D
088E
088F
0890
0891
0892
0893
0894
0895

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
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0867
FB98
085A
CAOF
4E80
4008
6080
558A
FB99
0829

558A
C264
€809
20A0
6030
20A0
6038
20A0
6040
20A0
6048
€800
5060
CE26

FF80
0898
FF80
08A0
FF80
08A9
FF80
O0BAF
FF80
0887
FF80
08BC
FF80
08C3
FF80
08C7

FF80
08cc
FF80
0802
FF80
08D5
FF80
08DC
FF80
08E0
FF80
08E8
FF80
08ED

SLHIL

DONEIL

ALDONE

LSBASE

RSBASE

BANZ

LACK
AND
OR
SACL
LARP
BANZ

LARP
LARK
LOPK
LAC
SACL
LAC
SACL
LAC
SACL
LAC
SACL
LDPK
LsT
RET

® O © o

* © ® © o

15:17:30

SLHLL,*-,3

>000F * pixe! in msnibble only
.

COLORH
.

AR2
LOOP4,*~, 1

AR2

AR2,SAVREG

>0009 * VSC register page
"
CTLRIL
-~
CTLRIH
“+
CTLR2L
"
CTLR2H
0

* load Control Register |

* load Control Register 2

STSO * restore data page pointer

LEO
LE1
LE2
LE3
LE4
LES
LE6

LE7

REO

RE1

PAGE 0049

GRAPHIC
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G0433

G0434
G0435
G0436
G0437
G0438
G0439
G0440
G0441
G0442
G0443
G0444
G0445
G0446
G0447
G0448
G0449
G0450
G0451
G0452
G0453
G0454
G0455
G0456
G0457
G0458
G0459
G0460
G461
G0462
G0463
G0464
G0465
G0466
G0467
G0468
G0469
G0470
G0471
G0472
G0473
G0474
G0475
G0476
G0477
G0478
G0479
G0480
G0481
G0482
G0483
G0484
G0485
G0486
G0487
G0488

0896
0897

0898
0899
089A
0898
089C
0890
089E
089F

08A0
08A1
08A2
08A3
08A4
08AS
08A6
08A7
08A8

08A9
08AA
08AB
08AC
08AD
08AE

0BAF
08B0
0881
0882
0883
0884
0885
08B6
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FF80
08F6

558C
200C
6080
6080
6080
6088
CE26
CE26

CAFO
4E8C
4D0A
6080
200C
6080
6080
6088
CE26

558C
200C
6080
6080
6088
CE26

CAFO
4E8C
4D0A
6080
200C
6080
6088
CE26

«x e x e

= x e s e

s x e

-]

WRITE 8

LARP
LAC
SACL
SACL
SACL
SACL
RET
RET

WRITE 7

LACK
AND
OR
SACL
LAC
SACL
SACL
SACL
RET

WRITE 6

LARP
LAC
SACL
SACL
SACL
RET

WRITE 5

15:17:30
PAGE 0050

RE7

PIXELS LEFT OF BLOCK

(0 UNWRITTEN PIXELS)

te ® % % % ow » w8 PIXEL BLOCKS!

AR4
COLOR2
.

»0,0

PIXELS LEFT OF BLOCK
(1 UNWRITTEN PIXELS)

COLOR2

*,0,0

PIXELS LEFT OF BLOCK

(2 UNWRITTEN PIXELS)

17 7% %% » w18 PIXEL BLOCKS!

AR4
COLOR2
*

*,0,0

PIXELS LEFT OF BLOCK

(3 UNWRITTEN PIXELS)

1222 % %% » % 8 PIXEL BLOCKS|
>00F0

*.4

COLORL

»

COLOR2

.

*,0,0

12-05-85
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G0489
G0490
G0491
G0492
G0493
G0494
G0495
G0496
G0497
G0498
G0499
G0S00
G0501
G0502
G0503
G0504
G0505
G0506
G0507
G0508
G0509
G0510
GO511
G0512
GO513
G0S14
GO515
G0516
GO517
G0518
GO519
G0520
G0521
G0522
G0523
G0524
G0525
G0526
G0527
G0528

08BC
088D
08BE

08CO
08C1
08C2

08C3
08C4
08C5
08C6

08C7
08C8
08C9

08CB

08CC
08C0
08CE
08CF
0800
08D1

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS34061 DEMONSTRATION

558C
200C
6080
6088
CE26

CAFO
4E8C
4D0A
6080
200C
6088
CE26

558C
200C
6088
CE26

CAFQ
4E8C
4D0A

CE26

5588
CAOF
4E8C
4008
6088
CE26

“ s e

WRITE 4

LARP
LAC
SACL
SACL
RET

WRITE 3

LACK
AND

SACL
LAC
SACL
RET

WRITE 2

LARP
LAC
SACL
RET

WRITE 1

LACK
AND

OR
SACL
RET

WRITE 1
LARP
LACK

SACL
RET

PIXELS LEFT OF BLOCK
(4 UNWRITTEN PIXELS)

12227**** 8 PIXEL BLOCKS!

AR4
COLOR2
.

*,0,0

PIXELS LEFT OF BLOCK
(5 UNWRITTEN PIXELS)

12217272 * " 8 PIXEL BLOCKS}

>00F0
"4
COLORL
.
COLOR2
*,0,0

PIXELS LEFT OF BLOCK

(6 UNWRITTEN PIXELS)

127222272 * " 8PIXEL BLOCKS!
AR4

COLOR2
*,0,0

PIXELS LEFT OF BLOCK

(7 UNWRITTEN PIXELS)
127272217177 * 8PIXEL BLOCKS!
>00F0

"4

COLORL
*,0,0

PIXELS RIGHT OF BLOCK
(7 UNWRITTEN PIXELS)
18 PIXEL BLOCKS i* 7222127217

AR3
>000F

15:17:30
PAGE 0051
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0802
08D3
0804

0805
0806
0807
0808
0809
08DA
0808

080C
080D
08DE
08DF

08EO0
08E1
08E2
08E3
08E4
08ES
08E6
08E7

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS34061 DEMONSTRATION

200C
6088
CE26

200C
6088
CAOF
4E8C
4008
6088
CE26

200C
6080
6088
CE26

200C
6080
6088
CAOF
4€8C
4008
6088
CE26

R

WRITE 2

LAC
SACL
RET

WRITE 3

LAC
SACL
LACK
AND
OR
SACL
RET

WRITE 4

LAC
SACL
SACL
RET

WRITE 5

LAC

SACL
LACK

SACL
RET

WRITE 6

LAC
SACL
SACL
SACL
RET

15:17:30 12-05-85
PAGE 0052

PIXELS RIGHT OF BLOCK
(6 UNWRITTEN PIXELS)

18 PIXEL BLOCKS {* * 22777212
COLOR2
*,0,0

PIXELS RIGHT OF BLOCK
(5 UNWRITTEN PIXELS)

18 PIXEL BLOCKS |* * * 22717 7}

COLOR2
*,0,3
>000F
"4
COLORH
*,0,0

PIXELS RIGHT OF BLOCK

(4 UNWRITTEN PIXELS)

18 PIXEL BLOCKS |* * * * 2 7 7 7}
COLOR2

»

*,0,0

PIXELS RIGHT OF BLOCK

(3 UNWRITTEN PIXELS)

18 PIXEL BLOCKS j* » » » » 2 72 72!
COLOR2

.

*,0,3

>000F

“.4

COLORH
*,0,0

PIXELS RIGHT OF BLOCK

(2 UNWRITTEN PIXELS)

18 PIXEL BLOCKS {* * » * = *» 2 7}
COLOR2

.

-

*,0,0
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G0603 . H0002 .
60604 . WRITE 7 PIXELS RIGHT OF BLOCK H0003 T T T T T P T P T T T LTI I T
G0605 . (1 UNWRITTEN PIXELS) HO004 * ROUTINE: CUBER
G0606 . HO005 .
G0607 . 18 PIXEL BLOCKS |* * * » « = » 2 HO006 * This routine controls the rotation and perspective
G0608 . HO007 * projection of a normalized cube. The cube is defined by
G0609 08ED 200C RE6 LAC COLOR2 H0008 * the vertices (0.5,-0.5,-0.5), (0.5,0.5,-0.5),
G0610 0BEE 6080 SACL . HO009 * (-0.5,0.5,-0.5), (-0.5,-0.5,-0.5), (0.5,-0.5,0.5),
GO0611 OBEF 6080 SACL . HO010 * (0.5,0.5,0.5), (-0.5,0.5,0.5), and (-0.5,-0.5,0.5). The
G0612 08F0 6088 SACL *,0,3 HOOI11 * cube is rotated about the z-axis at an angular rate equal
GO613 08F1 CAOF LACK >000F HOO12 * to R/128 degrees. i.e. The angle of rotation per display
G0614 08F2 4ESC AND .4 HOO13 * time is any one of 128 integral quantities determined by
G0615 08F3 4008 OR COLORH HOO14 * dividing P1/2 into 128 equal parts.
G0616 08F4 6088 SACL *,0,0 HOO15 .
GO617 08F5 CE26 RET HOO16 .
G0618 . HOO17 .
G0619 . WRITE 8 PIXELS RIGHT OF BLOCK HO018 .
G0620 . (0 UNWRITTEN PIXELS) HO019 .
G0621 » H0020 .
G0622 . 18 PIXEL BLOCKS {* * = * = » » ») H0021 .
G0623 . H0022 .
G0624 08F6 200C RE7 LAC COLOR2 H0023 .
G0625 08F7 6080 SACL . H0024 .
G0626 08F8 6080 SACL . H0025 .
G0627 08F9 6080 SACL . H0026 .
G0628 0BFA 6088 SACL *,0,0 H0027 .
G0629 08FB CE26 RET H0028 .
0008 CoPY CUBER.ASM H0029 *
H0030 .
H0031 .
H0032 .
H0033 .
H0034 * This routine loads (initializes) the matrices used in the
HO035 * rotation, scaling, and projection of the cube, initializes
H0036 * the vertices, and then controls the modification and
H0037 * display of the cube. The modification and display are
HO038 * actually two sections of a larger loop. In the first
H0039 * section, each point in normalized coordinates is rotated,
H0040 * scaled, and projected to determine the display
HO041 * coordinates. Once this has been completed for all
HO042 * vertices in the cube, the processing begins in the second
H0043 * section. The second section processing consists of
H0044 * selecting vertex pairs constituting edges of the cube and
HO045 * calling the line drawing algorithm to plot the line
H0046 * defining the edge.
H0047 .
H0048 R R R R R AR R AR RR AR R RN
H0049 .
H0050 0004 RATE EQU 4
HO051 biOD RPTCNT EQU >0400
H0052 .
H0053 . INITIALIZATION OF MATRICES
H0054 .
HO055 08FC CUBER EQU $
H0056 08FC D200 LRLK AR2,NRMPTS+DP6

08FD 0347
H0057 0BFE 558A LARP AR2
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HO058
HBO059

HO060
HOO061
H0062
HO063

H0064
HO065

H0066
HO067

H0068
HO069

HO070
HO071
H0072
H0073

HO074
HOO75S

H0076
H0077
HO078
H0079

HO080
HOO081
HO082
H0083
H0084

HO085
HO086

H0087
HO088
H0089
H0090
HOO091
H0092
H0093
H0094
H0095
H0096
H0097
H0098
H0099
HO100
HO101
HO102
HO103

08FF
0900
0901

0902
0903
0904
0905
0906
0907
0908
0909
090A
0908
090C
0900
090E
090F
0910
0911
0912
0913
0914
0915
0916
0917
0918
0919
091A

0918
091C
091D
091E
091F
0920
0921
0922
0923
0924
0925
0926
0927
0928
0929
092A
0928
092C
0920

092E
092F
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c817 RPTK 23
FCAO BLKP VRTICS, *+ * transfer the normalized
0873
. * points to data memory
0902 CUBER2 EQU $
558A LARP ARZ
D200 LRLK AR2,C11+DP4
0216
€808 RPTK 11
FCAO BLKP CMTRX, *+ * load the viewpoint matrix
0B8B
C804 LDPK 4
Doo1 LALK cosTeL
0AAD
6027 SACL Cos * initialize the COS address
DOO! LALK SINTBL
0A6D
6026 SACL SIN * initialize the SINE addres
CAD4 LACK RATE
6028 SACL THETA * load the rate of rotation
D200 LRLK AR2,VSX+DP4
0222
CB03 RPTK 3
FCAO BLKP SCALE, *+ * load the projection matrix
0897
€806 LDPK 6
2B2E LAC ONE6, 11
6071 SACL NUMRBR * numerator = >0800
D000 LRLK ARO,RPTCNT
0400
.
M CUBE MODIFICATION AND DISPLAY CONTROL LOOP
»
702F CTLOOP SAR ARO, SAVARO
D200 LRLK AR2,NRMPTS+DP6 * initialize indirect access
0347
0300 LRLK AR3,DSPPTS+DP6
035F
0400 LRLK AR4,NRMPTS+DP6
0347
coo7 LARK ARO,7
C804 LOPK 4
2027 LAC cos * update the rotation matrix
5812 TBLR RIl
5815 TBLR R22
2026 LAC SIN
5814 TBLR R12
CA00 ZAC
1014 suB R12
6013 SACL R21
Cc806 LDPK 6
558A LARP AR2
»
. MATRIX MODIF ICATION OF CUBE VERTICES
.
20A0 CLOOP! LAC 4+
6022 SACL X * fetch the x coordinate

GRAPHIC
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HO104
HO105
HO106
HO107
HO108
HO109

HO110
HO111

HO112
HO113
HO114
HO115
HO116
HO117

HO118
HO119
HO120
HO121
HO0122

HO123

HO124
HO125
HO0126
HO127
HO128
HO129
HO130
HO131

HO132
HO133

HO134
HO135
HO136
HO137
HO138

HO139
HO140

HO141
HO142
HO143
HO144
HO145

HO146
0009

0930
0931
0932
0933
0934
0935
0936
0937
0938
0939
093A
0938
093C
093D
093E
093F
0940
0941

0942
0943
0944
0945
0946

0947
0948
0949
094A
0948
094C
094D
094€
094F
0950
0951
0952
0953
0954
0955
0956
0957
0958
0959
095A
0958
095C
095D
095E
095F
0960
0961
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20A0
6023
20A0
6024
6027
FEBO
0962
FE8O
0973
FE8O
0993
5588
2000
60A0
2001
60A8
FB9A
092E

CA00
FE8B0
040C
FE80
0983

0918
CE26

*

DOCOS

NXTROT

LAC
SACL
LAC
SACL
SACL
CALL

CALL
CALL
LARP
LAC

SACL
LAC

SACL
BANZ
CuBE

ZAC
CALL

CALL

ROTATION MATRIX UPDATE

LOPK
LAC
ADD
SACL
SBLK

BLEZ
ADLK

SACL
LAC
ADD
SACL
SBLK

BLEZ
ADLK

SACL
LDPK
LAR

LARP
BANZ

RET
coPY

*+

A

"+

z

ZR
ROTZ

HTRX4
PRUCTN
AR3

xp

4

Yp

*+,0,0
CLOOP1,*-,2

DISPLAY

CLEAR

PLOT

4

SIN
THETA
SIN
ENDTBL
00COS
SINTBL
SIN
cos
THETA
cos
ENDTBL
NXTROT
SINTBL
cos

6

ARO, SAVARO

CTLOOP

ROTATEZ.ASM

*

PAGE 0056
fetch the y coordinate
fetch the z coordinate

z not affected by rotation
rotate the vertex

apply viewpoint matrix

project the vertex

store the X screen address

store the Y screen address
all vertices processed?

clear the screen

draw the cube

update sine angle address

reset to beginning of tabl

update cosine angle addres

reset to beginning of tabl

rotation sequence compiete
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10002 .
10003 e LLLTTTTI T EetusnastesnannrnRnEn
10004 * ROUTINE: ROTZ
10005 .
10006 * This routine is performs the function of rotation about
10007 * the z-axis. When the routine is called it expects that
10008 * rotation matrix, 2 x 2, is located on page 4 in
10009 * consecutive locations (R1l, RZl, R12, R22) and the data
10010 * point matrices are on page 6 in locations labeled X, Y,
10011 * XR, YR.
10012 .
10013 . +- -+
10014 . [XRYR])=[XY]®*™}RIl RI2Z!
10015 - ' R21 R22
10016 . +- -+
10017 b
10018 * This shortcut can be taken since we are defining a simple
10019 * rotation about the z-axis only and the object is assumed
10020 * to be located about the axis of rotation. This permits
10021 * reduction to a two-dimensional rotation and elimination of
10022 * the homogenous coordinate system for this operation.
10023 .
10024 * It is assummed that the points to be rotated are
10025 * normalized on a unit basis, with values in the range of
10026 * (~1,+1) and supplied in a Q15 format. The same assumption
10027 * is placed on the rotational values of cos O and sin 0. The
10028 * output points are therby also guaranteed to be in a Q15
10029 * format.
10030 .
10031 * It is also assummed that the data page pofnter is equal to
10032 * 6 and that the block B0 is configured as data memory
10033 * before the routine is called.
10034 .
10035 * This routine modifies the T-reg, P-reg, ACcumulator, and
10036 * Auxiliary Register 1.
10037 .
10038
10039 »
10040 0962 ROTZ EQU $
10041 0962 D100 LRLK AR1,R11+DP4
0963 0212
10042 0964 5589 LARP ARl
10043 0965 CA00 ZAC * zero the accumulator
10044 0966 3CAO LT +
10045 0967 3822 MPY X * X*RI11
10046 0968 3DA0 LTA 4
10047 0969 3823 MPY Y * Y*R21
10048 096A 3DA0 LTA 4+ * X*RI1 + Y*R21
10049 0968 6925 SACH XR, 1
10050 096C CA00 ZAC * zero the accumulator
10051 096D 3822 MPY X * X*RI2
10052 096E 3080 LTA .
10053 096F 3823 MPY Y * Y*R22
10054 0970 CE15 APAC * X*RI1Z + Y*R22
10055 0971 6926 SACH YR, 1
10056 0972 CE26 RET
0010 CoPY MATRIX4.ASM

GRAPHIC 32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85
TMS32020 - TMS34061 DEMONSTRATION PAGE 0058
J0002 *
J0003 R RN AR R E KRR R AR R ARG R R R AR S RN R R
J0004 * ROUTINE: MTRX4
J000S .
J0006 * This routine is performs the function of a combination
J0oo7 * (translations, rotations, scalings, etc.) of matrix
J00oos * operations on a three-dimensional point in a homogenous
J0009 * coordinate system. The computations executed by the
Jooi1o0 * routine are the matrix multiplication of a [1x4] x [4x4].
Joo11 * In actuality., since the last point is only the homogeneous
Jooi12 * coordinate, the matrix multiplication is reduced to a
Joo13 * [1x4] x [4x3].
Joo14 -
Joo15 * When the routine is called it expects that the combination
Joolé * matrix, 4 x 3, is located on page 4 in consecutive
Joo17 * locations (C11, C21, C31, C41, C12, C22, C32, C42, C13,
Joois * C23, C33, C43) and the data point matrices are on page 6
Joo19 * In locations labeled XR, YR, ZR, XC, YC, ZC.
J0020 -
Joo21 . +- -+
J0022 * [XYCZC1])J=[XRYRZR1 ] * |{CIl CI2 Ci3 0
Joo23 . 1 c21 C22 €23 0 |
J0024 . y C31 €32 C33 0
J0025 . i C4l Ca2 cCa3 o
J0026 . +- -+
Joo27 .
J0028 * It is assummed that the points to be manfpulated are
J0029 * normalized on a unit basis, with values in the range of
J0030 * (-1,+1) and supplied in a Q15 format. The combination
J0031 * matrix is assumed to be in a Q11 format, with values in
J0032 * the range of (-16,+16). The output points are thereby
J0033 * guaranteed to be in a Q11 format.
J0034 .
Joo3s * It fs also assummed that the data page pointer is equal to
J0036 * 6 and that the block B0 is configured as data memory
J0037 * before the routine is called.
Joo3s .
J0039 ®* This routine modifies the T-reg, P-reg, ACcumulator, and
J0040 * Auxiliary Register 1.
Joo41 .
J0042 -
J0043 .
J0o44 0973 MTRX4 EQU $
J0045 0973 D100 LRLK AR1,C11+0P4

0974 0216
J0046 0975 5589 LARP ARL
J0047 0976 CA00 ZAC * zero the accumulator
J0048 0977 3CAO LT "+
J0049 0978 3825 MPY XR * XR*Cl11
J0050 0979 3DA0 LTA -+
JO051 097A 3826 MPY YR * YR*C21
J0052 0978 3DA0 LTA -+ * XR*C1l + YR*C21
J0053 097C 3827 MPY 2R * ZR*C31
J0054 097D OFAQ ADD *+,15 * XR*Cl1 + YR*C21 + Cal
J0055 097E 3DA0 LTA + * XR*Cl1 + YR*C21 + ZR*C31 + C4l
J0056 097F 6910 SACH XC,1
J00S7 0980 CAOO ZAC * zero the accumulator
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J0058
J0059
J0060
J0061
J0062
J0063
J0064
J0065
J0066
J0067
J0068
J0069
J0070
J0071
J0072
J0o73
J0074
J0075

0011

0981
0982
0983
0984
0985
0986
0987
0988
0989
098A
0988
098C
0980
098E
098F
0990
0991
0992

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

3825
3DA0
3826
3DA0
3827
OFAQ
3DA0
6911
CA00
3825
30A0
3826
3DA0
3827
0F80
CE1S
6912
CE26

MPY
LTA
MPY
LTA
MPY
ADD
LTA
SACH
ZAC
MPY
LTA
MPY
LTA
MPY
ADD
APAC
SACH
RET
COPY

XR

*+

YR

.+

R
"+,15
"+
YC, 1

DR

15:17:30 12-05-85
PAGE 0059
XR*C12
YR*C22
XR*C12 + YR*C22
ZR*C32
XR*C12 + YR*C22 + Ca2

XR*C12 + YR*C22 + ZR®C32 + C42

* zero the accumulator

XR
"+
YR
+
R
15

2C,1

PRJCTN.ASM

XR*C13

YR*C23

XR*C13 + YR*C23

ZR*C33

XR*C13 + YR*C23 + C43
XR*C13 + YR*C23 + ZR*C33 + C43

GRAPHIC

K0002
K0003
K0004
K0005
K0006
K0007
K0008
K0009
K0010
K0O011
K0012
K0013
Ko014
K0015
K0016
K0017
Koo18
K0019
K0020
K0021
K0022
K0023
K0024
K0025
K0026
K0027
K0028
k0029
K0030
K0031
K0032
K0033
K0034
K0035
K0036
K0037
K0038
K0039
K0040
K0041
K0042
K0043
K0044
K0045
K0046
K0047
K0048
K0049
K0050
K0051
K0052
K0053
K0054
K0055
K0056
K0057
K0058

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS32020 - TMS34061 DEMONSTRATION

15:17:30 12-05-85
PAGE 0060

.
D T Y P T AT YRy

* ROUTINE: PRJCTN

This routine is performs the function of a projecting a
three-dimensional image onto a two-dimensional disptay
map. In general this involves the matrix multiplication
of a [1x4]) x [4x4]. Since this is the final operation to
displaying a point, the homogeneous coordinate column can
be deleted from the matrix. Also this is a scaling
(diagonal) and translation matrix, allowing the
computations to be further reduced by avoiding multiply
accumulates fnvolving the known zeroes.

When the routine is called it expects that the matrix
parameters to be located on page 4 in consecutive
locations (VSX, VCX, VSY, VCY) and the data point matrices
to be on page 6 in locations labeled XC, YC, ZC, XP, YP.

[ XPYPZP 1 ]J=[XCYCZC1 ] * | VeX O 0 0
0 vsYy" o 0

0 0 vsz' 0

1

VeX  vCY vCZ-

+emem e m 4
D e

VCX, VCY, VCZ are the location of the center of object on
the screen and, of course, VCZ = 0. VSX’, VSY’, and VSZ*’
constitute the scaling of the object to meet the display
size or resolution and to include the factor of the
projection of the z-coordinate onto the x,y-plane. Again
VSZ’ = 0 and VSX’ and VSY’ are given by the equations:
VSX’ = VSX/ZC and VSY’ = VSY/ZC
It is assummed that the points to be scaled and projected
have been provided in a Qll format as a result of a
combination matrix operation. It s furthered assummed
that the ZC parameter in particular has some integer
portion (either positive or negative). This is important
since we perform a division and expect to return the
result for additional computations as a Q15 number. The
scaling and centering values should be provided such that
the multiplication and addition generate a Q0 value as
output from the original Ql1 input value when retrieved
from the accumulator with a SACH <dma>,1. With a distance
to screen size ratio of 4 and a view point at (6,8,7.5),
the scaling numbers are represented in Q6 and the
centering values in a Q0 format.

It is also assummed that the data page pointer is equal to
6 and that the block BO is configured as data memory
before the routine is called.

This routine modifies the T-reg, P-reg, ACcumulator, and
Auxiliary Register |.

S % % 2 % s 4 % s E T 2T e L T R B A L LT B R E RN G R B AT LS LSRR e
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K0059 AR ERRERRRR RN R Ry e unnrnennnrunn L0002 »
K0060 . 10003 D T T T T T T P T
KoD61 0993 PRJCTN EQU $ L0004 * ROUTINE: PLOT
K0062 0993 2012 LAC zC L0005 -
K0063 0994 €814 SACH ZCSIGN * save sign of ZC L0006 * This routine controls the line drawing (plotting) required
K0064 0995 CE1B ABS L0007 * to display a wire-frame cube. The vertices are expected
K0065 0996 6012 SACL zc * save absolute value of ZC Looos * to be stored in a screen location table located on page 6
K0066 0997 4071 ZALH NUMRSR * load a Ql1 value equal | L0009 * beginning with the address DSPPTS. The line drawing
K0067 0998 CBOE RPTK 14 * divide by ZC Looto * routine is called to draw each of the 12 lines connecting
K0068 0999 4712 SUBC zc LoO11 * the 8 vertices and defining the edges of cube as shown
K0069 099A 6013 SACL ZC1 * save }ZC! inverse (1/)ZC!) L0012 * below.
K0070 0998 2013 LAC zCl1 * result is in QI5 format L0013 *
K0071 099C 4C14 XOR ZCSIGN  * sign adjustment L0014 .
K0072 099D 1014 suB ZCSIGN L0015 .
K0073 099E 6013 SACL ZC1 * save ZC inverse (1/2C) L0016 .
K0074 099F 3C13 LT zCl Loo17 *
K0075 09A0 3810 MPY XC * XC/z2¢ L0018 *
K0076 09A1 CEl14 PAC L0019 *
K0077 09A2 6910 SACH XCy1 L0020 »
K0078 09A3 3811 MPY YC * YC/ZC L0021 *
K0079 09A4 CE14 PAC L0022 -
K008O 09A5 6911 SACH YC, 1 L0023 M
K0081 09A6 D100 LRLK AR1,VSX+DP4 L0024 »
09A7 0222 L0025 *
K0082 09A8 5589 LARP AR1 L0026 -
K0083 09A9 3CA0 LT + L0027 .
) K0084 09AA 2FAC LAC *+,15 . vexX L0028 .
.. K0085 09AB 3810 MPY XC * XC’*VSX L0029 *
> K0086 09AC 3DAO LTA A2 * XC’*VSX + VCX L0030 * The routine proceeds by first drawing lines from points
©Q K0087 09AD 6900 SACH XPy 1 L0031 * 0-1-2-3-0. Next the lines using point pairs 0-4, 1-5,
.g K0088 09AE 2F80 LAC *, 15 . vey L0032 * 2-6, and 3-7 are drawn. Finally lines are drawn
. K0089 09AF 3811 MPY YC * YC’*VSY L0033 * connecting the points 4-5-6-7-4 in sequence.
& K0090 09B0 CE15 APAC * YC'*VSY + VCY L0034 *
= K009l 09B1 6901 SACH YP, 1 L0035 rannan aew » LT T T PP P TP P TTTIY
-_?_,_ K0092 09B2 CE26 RET L0036 .
o 0012 CoPY 0BJPLOT.ASM L0037 0983 PLOT EQU $
% L0038 09B3 CAOI LACK 1
5 L0039 09B4 6004 SACL COLOR * initialize color to RED
=3 L0040 09B5 D200 LRLK AR2,DSPPTS+DP6
s 0986 035F
oo L0041 09B7 20A0 LAC *+
E* L0042 09B8 6000 SACL X1 * fetch X0
13 L0043 0989 20A0 LAC +
5 L0044 09BA 6001 SACL Y1 * fetch YO
° L0045 0988 20A0 LAC .+
o L0046 09BC 6002 SACL X2 * fetch X1
E L0047 098D 6024 SACL X8 * save X| for next line
3 L0048 09BE 20A0 LAC +
=1 L0049 098F 6003 SACL Y2 * fetch Y1
S L0050 09CO 6025 SACL Y8 * save Y1 for next line
8 L0051 09C1 726F SAR ARZ, SAVARZ
o L0052 09C2 FEBO CALL LINE * draw line connecting 0 & I
= 09C3 0524
2 L0053 09C4 558A LARP AR2
4] L0054 09C5 326F LAR ARZ, SAVAR2
s L00S5 09C6 2024 LAC  XB
>

L0056 09C7 6000 SACL X1 * fetch X1
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L0057
L0058
L0059
L0060
L0061
L0062
L0063
L0064
L0065
L0066

L0067
L0068
L0069
L0070
L0071
L0072
L0073
L0074
L0075
L0076
L0077
L0078
L0079
L0080

L0081
L0082

Loo83
L0084
L0085
L0086
L0087
L0088
L0089
L0090
L0091
L0092

L0093
L0094

L0095
L0096
L0097
L0098
L0099
L0100
Loiol
L0102
Lo103
L0104
L0105
L0106

09C8
09C9
09CA
09CB
09CC
09CD
09CE
09CF
09D0
09D1
0902
0903
09D4
0905
0906
0907
0908
0909
09DA
0908
090C
090D
09DE
09DF
09EO
09E1
0SE2
09E3
09E4
09E5
09E6
09E7
09E8
09E9
09EA
09EB
09EC
09ED
09EE
09EF
09F0
0SF1
09F2
09F3
09F4
09F5
09F6
09F7
09F8
09F9
09FA
09FB
09FC
09FD
09FE
09FF
0A00
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2025
6001

20A0
6002
6024
20A0
6003
6025
T26F
FEBO
0524
558A
326F
2024
6000
2025
6001

20A0
6002
6024
20A0
6003
6025
T26F
FE80
0524
558A
D200
035F
2024
6000
2025
6001

20A0
6002
20A0
6003
726F
FE80
0524
D200
035F
D300
0367
558A
20A0
6000
20AB
6001
20A0
6002
20A0
6003
T26F
7370
FE8O
0524

LAC
SACL
LAC
SACL
SACL
LAC
SACL
SACL
SAR
CALL

LARP
LAR
LAC
SACL
LAC
SACL
LAC
SACL
SACL
LAC
SACL
SACL
SAR
CALL

LARP
LRLK

LAC
SACL
LAC
SACL
LAC
SACL
LAC
SACL
SAR
CALL

LRLK

LRLK

LARP
LAC
SACL
LAC
SACL
LAC
SACL
LAC
SACL
SAR
SAR
CALL

YB
Y1
A3
X2
X8
4+
Y2

YB
AR2,SAVAR2
LINE

AR2
AR2,SAVAR2

YB
AR2,SAVAR2
LINE

AR2
AR2,DSPPTS+DP6

Y2
ARZ,SAVAR2
LINE

AR2,DSPPTS+DP6
AR3,DSPPTZ+DP6

AR2

*+

X1

*+,0,3

Y1

+

X2

+

Y2
AR2,SAVAR2
AR3,SAVAR3
LINE

*

..

.

.

.

-

.

*
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fetch Y1

fetch X2
save X2 for next line

fetch Y2
save Y2 for next line

draw line connecting | & 2

fetch X2
fetch Y2

fetch X3
save X3 for next line

fetch Y3
save Y3 for next line

draw line connecting 2 & 3

fetch X3
fetch Y3
fetch X0
fetch YO

draw line connecting 3 & 0

fetch X0
fetch YO
fetch X4

fetch Y4

draw line connecting 0 & 4

GRAPHIC
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L0107
Lo108
Lo109
LO110
Lot11
Loli2
Lot13
Lo114
L0115
Lol1e
L0117
Lols
Lo119
L0120

L0121
L0122
L0123
L0124
L0125
L0126
L0127
Lo128
L0129
L0130
L0131
L0132
L0133
L0134

L0135
L0136
L0137
L0138
L0139
L0140
LO141
L0142
L0143
L0144
L0145
L0146
L0147
LO148

L0149
L0150
LOIS51
L0152

L0153
L0154
L0155
L0156
L0157
L0158
L0159

0AO1
0A02
0A03
0A04
0A0S
0A06
0AQ7
0A08
0A09
0AOA
0A0B
0AOC
0A0D
0AOE
OAOF
0Al10
0A11l
0A12
0A13
OAl4
0A1S
0A16
0A17
0A18
0A19
0AlA
0A1B
0AIC
0AID
OALE
OAIF
0A20
0A21

0A22
0A23
0A24
0A25
0A26
0A27
0A28
0A29
0A2A
0A28
0A2C
0A20
0A2E
0A2F
0A30
0A31

0A32
0A33
0A34
0A35
0A36
0A37

0A38
0A39
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326F
3370
558A
20A0
6000
20AB
6001
20A0
6002
20A0
6003
T26F
7370
FEBD
0524
326F
3370
558A
20A0
6000
20AB
6001

20A0
6002
20A0
6003
T26F
7370
FEB0
0524
326F
3370
558A
20A0
6000
20AB
6001

20A0
6002
20A0
6003
T26F

7370
FEBO
0524
CA07
6004
558A
0200
0367
20A0
6000
20A0
6001

20A0
6002

6024

LAR
LAR
LARP
LAC
SACL
LAC
SACL
LAC
SACL
LAC
SACL
SAR
SAR
CALL

LAR
LAR
LARP
LAC
SACL
LAC
SACL
LAC
SACL
LAC
SACL
SAR
SAR
CALL

LAR
LAR
LARP
LAC
SACL

SACL
LAC
SACL
LAC
SACL
SAR
SAR
CALL

LACK
SACL
LARP
LRLK

LAC
SACL
LAC
SACL
LAC
SACL
SACL

AR2,SAVAR2
AR3,SAVAR3
AR2

Y2
AR2,SAVAR2
AR3,SAVAR3
LINE

AR2,SAVARZ
AR3,SAVAR3
AR2

.23

X1

*+,0,3

Yl

"

X2

4

Y2
AR2,SAVAR2
AR3,SAVAR3
LINE

AR2,SAVAR2
AR3,SAVAR3
AR2

.

X1

*+,0,3

Y1

L2

X2

"

Y2
AR2,SAVAR2
AR3,SAVAR3
LINE

7

COLOR

AR2
AR2,DSPPTZ+DP6

L3
X1
"~
Y1
.
X2
X8

85.157 15:17:30 12-05-85
PAGE 0064

* fetch X1

* fetch v1

* fetch X5

* fetch Y5

-

.

-

.

.

draw line connecting 1 & 5

fetch X2
fetch Y2
fetch X6

fetch Y6

draw 1ine connecting 2 & 6

fetch X3
fetch Y3
fetch X7

fetch Y7

draw line connecting 3 & 7

initialize color to WHITE

fetch X4
fetch Y4

fetch X5
save X5 for next line
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TMS32020 - TMS34061 DEMONSTRATION PAGE 0065 TMS32020 - TMS34061 DEMONSTRATION PAGE 0066
L0160 OA3A 20A0 LAC + M0002 . SINE COSINE
L0161 0A3B 6003 SACL Y2 * fetch Y5 M0003 .
L0162 0A3C 6025 SACL YB * save Y5 for next line M0004 0A6D 0000 SINTBL DATA 0 * 0/360 degrees 270 degrees
L0163 0A3D 726F SAR AR2, SAVAR2 M000S OA6E 0324 DATA 804
L0164 OA3E FESO CALL LINE * draw line connecting 4 & 5 M0006 OA6F 0648 DATA 1608
0A3F 0524 MO007 OA70 096A DATA 2410
LO165 0A40 558A LARP AR2 M0008 0A7! 0C8C DATA 3212
L0166 0A4] 326F LAR AR2,SAVAR2 M0009 0A72 OFAB DATA 4011
L0167 0A42 2024 LAC xB MOO10 OA73 12C8 DATA 4808
L0168 0A43 6000 SACL X1 * fetch X5 MOO11 OA74 15E2 DATA 5602
L0169 0A44 2025 LAC Y8 M0OO12 OA7S 18F9 DATA 6393
L0170 0A45 6001 SACL Y1 * fetch Y5 MO013 0A76 1C0B DATA 7179
L0171 0A46 20A0 LAC *+ MOO14 0A77 IF1A DATA 7962
L0172 0A47 6002 SACL X2 * fetch X6 MOO15 0A78 2223 DATA 8739
L0173 0A48 6024 SACL X8 * save X6 for next line M0016 0A79 2528 DATA 9512
L0174 0A49 20A0 LAC " MOO17 OA7A 2826 DATA 10278
L0175 0A4A 6003 SACL Y2 * fetch Y6 M0018 0A7B 2BIF DATA 11039
L0176 0A4B 6025 SACL Y8 * save Y6 for next line MO019 0A7C 2E11 DATA 11793
L0177 0A4C T26F SAR ARZ, SAVAR2 M0020 OA7D 30FB DATA 12539
L0178 0A4D FES0 CALL LINE * draw line connecting 5 & 6 M002! OA7E 33DF DATA 13279
0A4E 0524 M0022 OATF 36BA DATA 14010
L0179 0A4F 558A LARP AR2 M0023 0A80 398C DATA 14732
L0180 0A50 326F LAR ARZ,SAVARZ M0024 0A81 3C56 DATA 15446
L0181 0AS1 2024 LAC X8 M0025 0A82 3F17 DATA 16151
L0182 0A52 6000 SACL X1 * fetch X6 M0026 0AB3 4ICE DATA 16846
L0183 0A53 2025 LAC Y8 M0O027 0AB4 447A DATA 17530
L0184 0A54 6001 SACL Yl * fetch Y6 M0028 0A85 471C DATA 18204
L0185 0A55 20A0 LAC 4+ M0029 0A86 49B4 DATA 18868
L0186 0AS6 6002 SACL X2 * fetch X7 MOO30 0AB7 4C3F DATA 19519
L0187 0AS57 6024 SACL xB * save X7 for next line MO031 0A88 4EBF DATA 20159
L0188 0A58 20A0 LAC *+ M0032 0A89 5133 DATA 20787
L0189 0A59 6003 SACL Y2 * fetch Y7 M0033 OABA 5398 DATA 21403
L0190 0ASA 6025 SACL YB * save Y7 for next line M0034 0ABB 5S5F5 DATA 22005
L0191 0ASB 726F SAR AR2,SAVAR2 M0035 O0ABC 5842 DATA 22594
L0192 0ASC FE80 CALL LINE * draw line connecting 6 & 7 M0036 0A8D 5A82 DATA 23170 * 45 degrees 305 degrees
0ASD 0524 M0037 OABE 5CB3 DATA 23731
L0193 0ASE 558A LARP AR2 M0038 0ASF SED7 DATA 24279
L0194 0ASF D200 LRLK AR2,DSPPTZ+DP6 M0O039 0A90 60EB DATA 24811
0A60 0367 M0040 0A91 62F1 DATA 25329
L0195 0A61 2024 LAC XB M0041 0A92 64E8 DATA 25832
L0196 0A62 6000 SACL X1 * fetch X7 M0042 0A93 66CF DATA 26319
L0197 0A63 2025 LAC Y8 M0043 0A94 68A6 DATA 26790
L0198 0A64 6001 SACL Y1 * fetch Y7 M0044 0A95 6A6D DATA 27245
L0199 0A65 20A0 LAC *+ M0045 0A96 6C23 DATA 27683
L0200 0A66 6002 SACL X2 * fetch X4 M0046 0A97 6DC9 DATA 28105
L0201 0A67 20A0 LAC "+ M0047 0A98 6FSE DATA 28510
L0202 0A68 6003 SACL Y2 * fetch Y4 M0048 0A99 T70E2 DATA 28898
L0203 0A69 726F SAR AR2,SAVAR2 M0049 0A9A 7254 DATA 29268
L0204 0A6A FEBO CALL LINE * draw line connecting 7 8 4 M0050 0A9B 73B5 DATA 29621
0A6B 0524 MOO051 0ASC 7504 DATA 29956
L0205 0A6C CE26 RET M0052 0A9D 7641 DATA 30273
0013 CoPY SINTBL.ASM MO053 OASE 776B DATA 30571
M0054 OA9F 7884 DATA 30852
MOO55 0AAO 7989 DATA 31113
M0056 0AAl TATC DATA 31356
MO057 0AA2 785C DATA 31580
M0058 0AA3 7C29 DATA 31785
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M0059
M0060
M0061
M0062
M0063
M0064
M0065
M0066
M0067
M0068
M0069
M0070
MO071
M0072
M0073
M0074
M0075
M0076
M0077
M0078
M0079
M0080
M0081
M0082
M0083
M0084
M0085
M0086
M0087
M0o088
M0089
M0090
M0091
M0092
M0093
M0094
M0095
M0096
M0097
M0098
M0099
MO100
MO101
MO102
M0103
MO104
MO105
MO106
MO107
MO108
MO109
MO110
MO111
MO112
MO113
MO114
MO115

0AA4
0AAS
0AA6
OAA7
0AA8
0AA9
0AAA
0AAB
OAAC
0AAD
0AAE
OAAF
0ABO
0AB1
0AB2
0AB3
0AB4
0ABS
0AB6
0AB7
0AB8
0AB9
0ABA
0ABB
0ABC
0ABD
0ABE
OABF
0ACO
0ACI
0AC2
0AC3
0AC4
0AC5
0AC6
0AC7
0AC8
0AC9
0ACA
0ACB
0ACC
0ACD
0ACE
OACF
0ADO
0AD1
0AD2
0AD3
0AD4
0ADS
0AD6
0AD7
0AD8
0AD9
0ADA
0ADB
0ADC
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TCE3
7089
7TE10
TE9C
TFO9
TF61
TFA6
7FD8
TFFS5
TFFF
TFF5
7FD8
TFA6
TF61
TF09
TE9C
TE1D
7089
7CE3
7C29
785C
TATC
7989
7884
7768
7641
7504
7385
7254
T0E2
6FSE
60C9
6C23
6A6D
68A6
66CF
64E8
62F1
60EB
SED7
5CB3
5A82
5842
S5F5
5398
5133
4EBF
4C3F
4984
471C
447A
41CE
3F17
3C56
398C
36BA
330F

COSTBL

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

‘DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

31971
32137
32285
32412
32521
32609
32678
32728
32757
32767
32757
32728
32678
32609
32521
32412
32285
32137
31971
31785
31580
31356
31113
30852
30571
30273
29956
29621
29268
28898
28510
28105
27683
27245
26790
26319
25832
25329
24811
24279
23731
23170
22594
22005
21403
20787
20159
19519
18868
18204
17530
16846
16151
15446
14732
14010
13279

* 90 degrees

* 135 degrees

15:17:30 12-05-85
PAGE 0067

0/360 degrees

45 degrees
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MO116
MO117
MO118
MO119
MO120
MO121
MO122
MO123
MO124
MO125
MO126
MO127
MO128
MO129
MO130
MO131
MO132
MO133
MO134
MO135
MO136
M0137
M0138
MO139
MO140
MO141
MO142
MO143
MO144
MO145
MO146
MO147
MO148
MO149
MO150
MO1S1
MO152
MO153
MO154
MO155
MO156
MO157
M0158
MO159
MO160
MO161
M0162
MO163
MO164
MO165
MO166
MO167
MO168
MO169
MO170
MO171
MO172

0ADD
OADE
OADF
0AEO
0AE}
0AE2
OAE3
OAE4
OAES
OAE6
OAE7
OAEB
0AE9
0AEA
0AEB
OAEC
OAED
OAEE
OAEF
0AFO
0AF |
0AF2
OAF3
OAF4
0AF5
OAF6
0AF7
OAF8
0AF9
OAFA
OAFB
OAFC
OAFD
OAFE
OAFF
0800
0801
0802
0803
0804
0B05
0806
0807
0808
0809
0BOA
0808
osoc
080D
0BOE
0BOF
0810
0811
0B12
0B13
0B14
0815
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30FB
2E11
2BIF
2826
2528
2223
IF1A
1cos
18F9
15€2
12¢c8
OFAB
ocsc
096A
0648
0324
0000
FcoC
F9B8
F696
F374
F055
ED38
EAIE
E707
E3FS
EOE6
D0DD
DAD8
D7DA
D4E!
DIEF
CFOS
ccay
€946
C674
C3AA
COE9
BE32
BB86
BBE4
B64C
B3C!
B141
AECD
AC65
AAOB
ATBE
ASTE
A34D
A129
9F15
900F
9818
9931
975A
9593

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

12539
11793
11039
10278
9512
8739
7962
7179
6393
5602
4808
4011
3212
2410
1608
804
0
-804
-1608
-2410
-3212
-4011
-4808
-5602
-6393
-7179
-7962
-8739
-9512
-10278
-11039
-11793
-12539
-13279
-14010
-14732
-15446
~-16151
~-16846
-17530
-18204
-18868
-19519
-20159
-20787
-21403
-22005
-22594
-23170
-23731
-24279
-24811
-25329
-25832
-26319
-26790
-27245

* 180 degrees

* 215 degrees

15:17:30 12-05-85
PAGE 0068

90 degrees

135 degrees
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TMS32020 - TMS34061 DEMONSTRATION GE 0069 TMS32020 - TMS34061 DEMONSTRATION PAGE 0070
M0173 0B16 93DD DATA  -27683 M0230 0BAF AAOB DATA  -22005
MO174 0B17 9237 DATA -28105 M0231 0B50 AC66 DATA -21402
M0175 0B18 90A2 DATA  -28510 M0Z32 0B51 AECD DATA  -20787
MO176 0B19 8FIE DATA  -28898 M0Z33 0852 B14l DATA  -20159
MO177 0BIA 8DAC DATA  -29268 M0234 0853 B3C! DATA  -19519
MO178 0BIB 8C4B DATA -29621 M0235 0B54 B64D DATA -18867
MO179 0BIC BAFC DATA -29956 M0236 0B55 BSE4 DATA -18204
MO180 0B1D 89BF DATA  -30273 M0237 0B56 BB86 DATA  -17530
M0181 OBIE 8895 DATA  -30571 M0238 0B57 BE32 DATA  -16846
M0182 OBIF 877C DATA  -30852 M0239 0B58 COE9 DATA  -16151
M0183 0B20 8677 DATA -31113 M0240 0BS9 C3AA DATA -15446
M0184 0B21 8584 DATA -31356 M0241 OBSA C674 DATA -14732
M0185 0B22 84A4 DATA  -31580 M0242 0BSB C946 DATA  -14010
M0186 0B23 8307 DATA -31785 M0243 0B5C CC21 DATA -13279
M0187 0824 831D DATA  -31971 M0244 0BSD CFOS DATA  -12539
M0188 0B25 8277 DATA  -32137 M0245 OBSE DIEF DATA  -11793
MO189 0826 BIE3 DATA  -32285 M0246 0BSF DA4E| DATA  -11039
M0190 0B27 8164 DATA  -32412 M0247 0B60 D7DA DATA  -10278
M0191 0828 8OF7 DATA  -32521 M0248 0B61 DADS DATA  -9512
M0192 0B29 809F DATA  -32609 M0249 0B62 DDDD DATA  -8739
M0193 0B2A 805A DATA  -32678 M0250 0B63 EOE6 DATA  -7962
M0194 0B2B 8028 DATA  -32728 M0251 0B64 E3FS DATA  -7179
M0195 0B2C 80uB DATA  -32757 M0252 0B65 E707 DATA  -6393
M0196 0B2D 8001 DATA  -32767 M0253 0B66 EAIE DATA  -5602
MO197 0B2E 8008 DATA  -32757 M0254 0B67 ED38 DATA  -4808
M0198 0B2F 8028 DATA  -32728 M0255 0B68 FO55 DATA  -4011
M0199 0830 805A DATA  -32678 * 270 degrees 180 degrees M0256 0B69 F374 DATA  -3212
M0200 0B3! 809F DATA  -32609 M0257 0B6A F696 DATA  -2410
M0201 0B32 80F7 DATA  -32521 M0258 0B6B F9B8 DATA  -1608
M0202 0833 8164 DATA  -32412 M0259 0B6C FCDC ENDTBL DATA -804
M0203 0834 81E3 DATA  -32285 0014 COPY  ROM.ASM
M0204 0835 8277 DATA  -32137

M0205 0B36 8310 DATA  -31971

M0206 0B37 8307 DATA  -31785

M0207 0B38 84A4 DATA  -31580

M0208 0B39 8584 DATA  -31356

M0209 0B3A 8677 DATA  -31113

M0210 0838 877C DATA  -30852

M0211 0B3C 8895 DATA  -30571

M0212 0B3D 89BF DATA  -30273

M0213 0B3E BAFC DATA  -29956

M0214 0B3F 8C4B DATA  -29621

M0215 0B40 8DAC DATA  -29268

M0216 0B41 BFIE DATA  -28898

M0217 0B42 90A2 DATA  -28510

M0218 0B43 9237 DATA  -28105

M0219 0B44 9300 DATA  -27683

M0220 0B45 9593 DATA  -27245

M0221 0B46 975A DATA  -26790

M0222 0BA7 9931 DATA  -26319

M0223 0B48 9B18 DATA  -25832

M0224 0B49 9DOF DATA  -25329

M0225 0B4A 9F1S DATA  -24811

M0226 0B4B A129 DATA  -24279

M0227 0B4C A34D DATA  -23731

M0228 0B4D A5STE DATA  -23170  * 305 degrees 215 degrees

M0229 OBAE A7BE DATA  -22594
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TMS32020 - TMS34061 DEMONSTRATION PAGE 0071 TMS32020 - TMS34061 DEMONSTRATION PAGE 0072
N0002 . 00002 .
N0003 Eresrennnnnnn ReaRRREsRRERERERERRS 00003 snenun e nune e
N0004 * ROM - RAM DATA INITIALIZATION 00004 .
N0QOS REARRARR R AR R RN AR R RN LT ETS 00005 - DEMONSTRATION COMMAND STRING
N0006 . 00006 .
NOOO7 0B6D 02CF ROMDAT DATA 719 XMAX 00007 * This file provides a series of data statements which are
NOOO8 0B6E 0128 DATA 299 YMAX 00008 * used to control the graphics demonstration for the
NO009 0B&6F 0095 DATA 149 AMAX 00009 * TMS32020-VSC system. The data statements are used to
NOO10 0B70 002A DATA 42 AMIN 00010 * arbitrarily select the various fundamental algorithms
NOO11 0B71 0061 DATA 97 BMAX 00011 * (pixel, lines, ellipses, fills, etc.) along with the
NOO12 0B72 0017 DATA 23 BMIN 00012 * appropriate data to generate a video graphics
N0O13 . 00013 * demonstration. The data word 32020 in decimal is used as
NOO14 0B73 4000 VRTICS DATA >4000 X0,Y0,20 00014 * a synchronization value at the start and between commands
NOO15 0874 C000 DATA >C000 00015 * to allow recovery from errors in entering the data
N0O16 0B75 C000 DATA >C000 00016 * sequence. The synchronization word is followed by a
NOO17 0B76 4000 DATA >4000 X1,Y1,21 00017 * single command word selecting the appropriate graphics or
NOO18 0B77 4000 DATA >4000 ooo018 * control function and as many words as necessary to provide
NO019 0878 C000 DATA >C000 00019 * all of the required information to the selected function.
N0020 0B79 C000 DATA >C000 X2,Y2,22 00020 .
N0021 0B7A 4000 DATA >4000 00021 bbb sensnnsas
N0022 0878 C000 DATA >C000 00022 .
N0023 0B7C C000 DATA >C000 X3,Y3,Z3 00023 0898 7D14 BEGIN DATA 32020
N0024 0B7D C000 DATA >C000 00024 0BSC 0002 DATA >0002 CLEAR SCREEN
N0025 0B7E C000 DATA >C000 00025 089D 0000 DATA >0000
N0026 0B7F 4000 DATA >4000 X4,Y4,24 00026 .
N0027 0B80 C000 DATA >C000 00027 0B9E 7014 DATA 32020 ROTATING CUBE
N0028 0881 4000 DATA >4000 00028 0B9F 0016 DATA >0016
N0029 0882 4000 DATA >4000 X5,Y5,7Z5 00029 .
N0030 0883 4000 DATA >4000 00030 0BAO 7014 DATA 32020
N0031 0B84 4000 DATA >4000 00031 0BA1 0002 DATA >0002 CLEAR SCREEN
N0032 0885 C000 DATA >C000 X6,Y6,26 00032 0BAZ 0000 DATA >0000
N0033 0886 4000 DATA >4000 00033 .
N0034 0887 4000 DATA >4000 00034 0BA3 7014 DATA 32020
N0035 0888 C000 DATA >C000 X7,Y7,27 00035 0BA4 000A DATA >000A SPIN FILLED ELLIPSE
N0036 0889 C000 DATA >C000 00036 0BAS 0168 DATA 360
NO037 0B8A 4000 DATA >4000 00037 0BA6 00AO DATA 160
N0038 . 00038 0BA7 006C DATA 108
N0039 0B8B E666 CMTRX  DATA YE666 C11,c21,C31,C41 00039 0BA8 003C DATA 60
N0040 0B8C 1333 DATA >1333 00040 0BA9 0201 DATA >0201
N0OO41 088D 0000 DATA 0 00041 OBAA 0010 DATA >0010
N0042 0BSE 0000 DATA 0 00042 .
N0043 0B8F 0885 DATA >0B85 C12,C22,C32,C42 00043 0BAB 7014 DATA 32020
N0044 0890 OFSC DATA >OFSC 00044 0BAC 0009 DATA >0009 FILLED ELLIPSE
N0045 0891 E666 DATA YE666 00045 0BAD 01F3 DATA 499
N0046 0892 0000 DATA 0 00046 OBAE 0090 DATA 144
N0047 0893 FC29 DATA >FC29 C13,C23,C33,C43 00047 0BAF 000C DATA 220
N0048 0B94 FAEI DATA dFAEIL 00048 0BBO 0073 DATA 115
N0049 0895 FB33 DATA >FB33 00049 0BB1 0005 DATA >0005
N0O050 0B96 6400 DATA Y6400 00050 .
NOOS | . 00051 0BB2 7014 DATA 32020
N0052 0B97 2880 SCALE  DATA 162*64  VSX 00052 0BB3 0009 DATA >0009 FILLED ELLIPSE
NO053 0898 0167 DATA 359 vex 00053 0BB4 01FD DATA 509
N0054 0899 1680 DATA 90*64 sy 00054 0BB5 0103 DATA 259
N0055 0B9A 0090 DATA 157 vey 00055 0BB6 00C8 DATA 200
0015 CoPY CONTROL . ASM 00056 0BB7 O01E DATA 30
00057 0BB8 0006 . DATA >0006
00058 .
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& TMS32020 - TMS34061 DEMONSTRATION PAGE 0073 TMS32020 - TMS34061 DEMONSTRATION PAGE 0074
00059 0889 7014 DATA 32020 00116 OBEB 0009 DATA >0009 FILLED ELLIPSE
00060 0BBA 0009 DATA >0009 FILLED ELLIPSE 00117 OBEC 029€E DATA 670
00061 0888 0118 DATA 280 00118 0BED 00AS DATA 165
00062 0BBC 00C7 DATA 199 00119 OBEE 0014 DATA 20
00063 0BBD 0064 DATA 100 00120 OBEF 000C DATA 12
00064 0BBE 001E DATA 30 00121 0BFC 0003 DATA >0003
00065 0BBF 0002 DATA >0002 00122 .

00066 . 00123 0BF1 7D14 DATA 32020

00067 0BCO 7D14 DATA 32020 00124 0BF2 0009 DATA >0009 FILLED ELLIPSE
00068 0BC! 0009 DATA >0009 FILLED ELLIPSE 00125 0BF3 02C6 DATA 710

00069 0BC2 0064 DATA 100 00126 0BF4 0089 DATA 185

00070 0BC3 0064 DATA 100 00127 0BFS 000A DATA 10

00071 0BC4 005A DATA 90 00128 0BF6 0006 DATA 6

00072 OBC5 0055 DATA 85 00129 0BF7 0003 DATA >0003

00073 0BCé 0001 DATA >0001 00130 .

00074 . 00131 0BF8 7D14 DATA 32020

00075 0BC7 7014 DATA 32020 00132 0BF9 0009 DATA >0009 FILLED ELLIPSE
00076 0BC8 0009 DATA >0009 FILLED ELLIPSE 00133 0BFA 006E DATA 110

00077 0BC9 00C8 DATA 200 00134 OBFB OOFA DATA 250

00078 0BCA 0028 DATA 40 00135 0BFC 0050 DATA 80

00079 0BCB 003C DATA 60 00136 0BFD 0020 DATA 45

00080 0BCC 001E DATA 30 00137 OBFE 0004 DATA >0004

00081 0BCD 0007 DATA >0007 00138 .

00082 . 00139 OBFF 7D14 DATA 32020

00083 0BCE 7014 DATA 32020 00140 0C00 0001 DATA >0001 DELAY

© 00084 OBCF 0009 DATA >0009 FILLED ELLIPSE 00141 0CO1 012C DATA 60*5

< 00085 0800 0154 DATA 340 00142 . *

N 00086 08D1 0258 DATA 600 00143 0C02 7014 DATA 32020

> 00087 0802 0032 DATA 50 00144 0C03 0002 DATA >0002 CLEAR SCREEN

9 00088 0BD3 001E DATA 30 00145 0C04 0000 DATA >0000

£ 00089 0804 0003 DATA >0003 00146 *

a-:’i 00090 . 00147 0CO5 7D14 DATA 32020

v 00091 0BDS 7D14 DATA 32020 00148 0C06 0008 DATA >000B FILLED ELLIPSE SETS

'§‘ 00092 0BD6 0009 DATA >0009 FILLED ELLIPSE 00149 0C07 0167 DATA 359

5, 00093 0BD7 01CC DATA 460 00150 0C08 0095 DATA 149

& 00094 0BD8 0055 DATA 85 00151 0C09 0018 DATA 24

2 00095 0809 0028 DATA 40 00152 OCOA 0096 DATA 150

E 00096 0BDA 0016 DATA 22 00153 0C0B 0006 DATA >0006

= 00097 08BDB 0003 DATA >0003 00154 0COC 0018 DATA 24

S 00098 . 00155 0COD FFF6 DATA -10

00099 0BOC 7D14 DATA 32020 00156 OCOE OOOF DATA 15

£. 00100 0BDD 0009 DATA >0009 FILLED ELLIPSE 00157 *

@ 00101 OBOE 0226 DATA 550 00158 OCOF 7D14 DATA 32020

5 00102 OBOF 0073 DATA 115 00159 0C10 0001 DATA >0001 DELAY

® 00103 0BEO 00IE DATA 30 00160 0C11 012C DATA 60*5

= 00104 0BE! 0012 DATA 18 00161 .

é 00105 0BEZ 0003 DATA >0003 00162 0C12 7D14 DATA 32020

9 00106 . 00163 0C13 0002 DATA >0002 CLEAR SCREEN

S 00107 OBE3 7Di4 DATA 32020 00164 0C14 0000 DATA >0000

S 00108 0BE4 0009 DATA >0009 FILLED ELLIPSE 00165 *

2 00109 0BES5 026C DATA 620 00166 0CIS 7D14 DATA 32020

& 00110 OBE6 008C DATA 140 00167 0C16 000C DATA >000C FILLED ELLIPSE DEMO

=~ 00111 OBE7 0018 DATA 24 00168 0C17 OI6F DATA 367

Z 00112 OBES 000E DATA 14 00169 0C18 0061 DATA 97

& 00113 0BE9 0003 DATA >0003 00170 0C19 0055 DATA 2%42+1

8 ool14 . 00171 OCIA 004A DATA 97-23

S 00115 OBEA 7014 DATA 32020 00172 0C18 0001 DATA >0001
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00173
00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00184
00185
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218
00219
00220
00221
00222
00223
00224
00225
00226
00227
00228
00229

ocic
0C10
OCIE
OCIF
0cz20

ocz1
oczz
0c23

0C24
0c2s
0c26

0cz27
0cz8

0C29
0C2A
oczs

ocac
0Cc20
0C2E

0C2F
0C30

0C31
0C32
0C33

0C34
0C35
0C36

0Cc37
0c3s

0Cc39
0C3A
ocsse

0c3c
0C30
0C3E

0C3F
0C40

0c4l
oc42
0C43

0C44
0c4s
0ca6

32020 FAMILY MACRO ASSEMBLER

TMS34061 DEMONSTRATION

0013 DATA
FFF5 DATA
0028 DATA
FFE9 DATA
0960 DATA
7014 DATA
0001 DATA
012C DATA
»
7014 DATA
0002 DATA
0000 DATA
.
014 DATA
001t DATA
.
7014 DATA
0001 DATA
012C DATA
7014 DATA
0002 DATA
0000 DATA
»
7014 DATA
0012 DATA
-
7014 DATA
0001 DATA
o12c DATA
»
7014 DATA
0002 DATA
0000 DATA
»
7014 DATA
0013 DATA
»
7014 DATA
0001 DATA
012C DATA
»
D14 DATA
0002 DATA
0000 DATA
.
7014 DATA
0014 DATA
-
014 DATA
0001 DATA
oi2c DATA
i .
014 DATA
0002 DATA
0000 DATA

19
-1
40
-22
300*&

32020
>0001
60"5

32020
>0002
>0000

32020
>0011

32020
>0001
60*5

32020
>0002
>0000

32020
>0012

32020
>0001
60*5

32020
>0002
>0000

32020
>0013

32020
>0001
60*5

32020
>0002
>0000

32020
>0014

32020
>0001
60*5

32020
>0002
>0000

PC 1.0 85.157 15:17:30 12-05-85

PAGE 0075

DELAY

CLEAR SCREEN

LINE DEMO 1

DELAY

CLEAR SCREEN

LINE DEMO 2

DELAY

CLEAR SCREEN

LINE DEMO 3

DELAY

CLEAR SCREEN

LINE DEMO 4

DELAY

CLEAR SCREEN

GRAPHIC
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00230
00231
00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
0255
00256
00257
00258
00259
00260

0016

0ca7
0c48

0C49
0C4A
0c4B

0c4c
0C4D

0C4E
0C4F

0C50
0cs1

0C52
0Cs3

0C54
0C55

0C56
0cs7

0Cs8
0Cs9

0C5A
0cse

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

014 DATA

0015 DATA
.

7014 DATA

0001 DATA

ol2c DATA
»

7014 DATA

0000 DATA
.

7014 DATA

0000 DATA
.

014 DATA

0000 DATA
-

7014 DATA

0000 DATA
»

7014 DATA

0000 DATA
.

7014 DATA

0000 DATA
»

7014 DATA

0000 DATA
.

7014 DATA

0000 DATA

COPY

32020
>0015

32020
>0001
60*5

32020
>0000

32020
>0000

32020
>0000

32020
>0000

32020
>0000

32020
>0000

32020
>0000

32020
>0000
RAMB2.ASM

15:17:30 12-05-85
PAGE 0076

LINE DEMO 5

DELAY

RESET

RESET

RESET

RESET

RESET

RESET

RESET

RESET



9L9

[90PES.L PUE OZOZESIWL a4 Bursn uoneswalduy somdesn v g7

GRAPHIC

P0002
P0003
P0004
P0005
P0006
P0007
P0008
P0009
POO10
POOI1L
P0012
P0013
P0014
PO015
POOL6
POO17
Poo18
POO19
P0020
P0021
P0022
P0023
P0024
P0025
P0026
P0027
P0028
P0029
P0030
P0031
P0032
P0033
P0034
P0035
P0036
P0037
P0038
P0039
P0040
P0041
P0042
P0043
P0044
P0045
P0046
P0047
P0048
P0049
P0050
POOS 1
P0052
P0053
P0054
P0055
P00S6
P0057
P00S8

0000

0000

0001

0002

0003

0004

0005

0060

0060

0061

0062

0063

0064

0065

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157
TMS32020 - TMS34061 DEMONSTRATION

0CcsC

0000

0000

0000

0000

0000

oocoo

0000

0000

0000

0000

0000

0000

15:17:30 12-05-85
PAGE 0077

. RAM - MEMORY-MAPPED REGISTERS AND BLOCK B2

L T T T Y T I

LEGEND FOR INTERNAL UTILIZATION

Initialization

Parser and demo setup routines
Clear screen routines

Line drawing routines

Ellipse drawing routines
Rotating cube routines

DMEOD—

b,
o

EQU $ I P C L E R

a0 s 2 s a2 e e e

DORG >0000

* Memory-Mapped Register #00
DRR DATA 0 * Serial port data receive register
.

* Memory-Mapped Register #01
DXR DATA 0 * Serial port data transmit registe
.

* Memory-Mapped Register #02
TIM DATA 0 * Timer register
.

* Memory-Mapped Register #03
PRD DATA 0 * Period register
.

* Memory-Mapped Register #04
IMR DATA 0 * Interrupt mask register
"

* Memory-Mapped Register #05
GREG DATA 0 * Global memory allocation register
»
.

OORG >0060

* RAM Location #0060 cC L E
STS0 DATA 0
»

* RAM Location #0061
STS1 DATA 0
.

* RAM Location #0062 [
ONE DATA 0
.

* RAM Location #0063 C
FILLC  DATA 0
.

* RAM Location #0064 C E
SAVREG DATA
.

* RAM Location #0065 C E
DATA 0

-

GRAPHIC
TMS32020 -

P0059
PO060
PO06!
P0062
P0063
P0064
P0065
P0066
P0067
P0068
P0069
P0070
POO71
P0072
P0073
P0074
P0075
P0076
P0077
P0078

0017

0066

0067

0068

0069

006A

0068

006C

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

0000

0000

0000

0000

0000

0000

0000

* RAM Location #0066
DATA 0

.

* RAM Location #0067
DATA 0

.

* RAM Location #0068

TMPI  DATA 0

.

* RAM Location #0069
SYNCH  DATA 0
.

* RAM Location #006A
TIMDLY DATA 0
.

* RAM Location #0068
CMND DATA 0
.

* RAM Location #006C
CMDADR  DATA 0
CopPY RAMBO.ASM

15:17:30 12-05-85
PAGE 0078
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32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

15:17:30 12-05-85

THS32020 - TMS34061 DEMONSTRATION PAGE 0079
Q0002 .

Q0003 sennune rnnens LTI TP TP PR T
Q0004 - RAM - BLOCK BO (PAGES 4 AND 5)

Q0005 S L T L T T LIy
Q0006 .

Q0007 0200 DORG >80%4

Qooos 0200 OP4 EQU $ 1 P C L E R
Q0009 .

Q0010 0000 DORG >0000 E
Q0067 .

Q0068 * RAM Location #0212 R
Q0069 0012 0000 RI11 DATA 0

Q0070 .

Q0071 * RAM Location #0213 R
Q0072 0013 0000 R21 DATA 0

Q0073 .

Q0074 * RAM Location #0214 R
Q0075 0014 0000 R12 DATA 0

Q0076 .

Q0077 * RAM Location #0215 R
Q0078 0015 0000 R22 DATA 0

Q0079 .

Q0080 * RAM Location #0216 R
Q0081 0016 0000 Ci11 DATA 0

Q0082 .

Q0083 * RAM Location #0217 R
Q0084 0017 0000 C21 DATA 0

Q0085 *

Qo086 * RAM Location #0218 R
Q0087 0018 0000 C31 DATA 0

Qooss .

Q0089 * RAM Location #0219 R
Q0090 0019 0000 C41 DATA 0

Q0091 .

Q0092 * RAM Location #021A R
Q0093 001A 0000 Cl2 DATA 0

Q0094 .

Q0095 * RAM Location #0218 R
Q0096 0018 0000 C22 DATA 0

Q0097 .

Q0098 * RAM Location #021C R
Q0099 001C 0000 C32 DATA 0

Qo100 .

Qotot * RAM Location #0210 R
Q0102 001D 0000 C42 DATA 0

Qo103 .

Q0104 * RAM Location #021E R
Q0105 O01E 0000 Cl13 DATA 0

Qo106 *

qQoto7 * RAM Location #021F R
Q0108 001F 0000 C23 DATA 0

Q0109 .

Qol10 * RAM tocation #0220 R
Q0111 0020 0000 C33 DATA 0

Qoli2 .

Qo113 * RAM Location #0221 R
Q0114 0021 0000 C43 DATA 0

GRAPHIC
TMS32020 -

Qo115
Qo116
Qo117
Qo118
Qo119
Q0120
Qo121
Qo122
Qo123
Qo124
Q0125
Qo126
Qo127
Qo128
Q0129
Q0130
Q0131
Qo132
Q0133
Q0134
Q0135

0018

0022

0023

0024

0025

0026

0027

0028

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

0000

0000

0000

0000

0000

0000

0000

* RAM Location #0222
VSX DATA 0
N

* RAM Location #0223
VCX DATA 0
.

* RAM Location #0224
sy DATA
-

* RAM Location #0225
vey DATA 0
.

* RAM Location #0226
SIN DATA 0
.

* RAM Location #0227
cos DATA 0
»

* RAM Location #0228
THETA  DATA 0

CopY RAMB1.ASM

15:17:30 12-05-85

PAGE 0080
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R0002
R0003
R0004
R0005
RO006
R0007
R0008
R0009
RO010
ROOL1
RO012
RO013
RO014
R0O15
ROO16
ROO17
ROO18
RO019
R0020
R0021
R0022
R0023
R0024
R0025
R0026
R0027
R0028
R0029
R0030
R0031
R0032
R0033
R0034
R0035
R0036
R0037
R0038
R0039
R0040
R0041
R0042
R0043
R0044
R0045
R0046
R0047
R0048
R0049
RO0S0
RO0S51
R0052
R00S3
R0054
R0055
R00S6
R0057
R0058

0300

0000

0000
0000

0001
0001

0002

0003

0004

0005

0006

0007

0008

0009

000A

0008

0o00C

000D

000E

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

0300

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

15:17:30 12-05-85

TMS34061 DEMONSTRATION PAGE 008!
.
wenssensnnsransennnn »e rnn wavenenun
. RAM - BLOCK BI (PAGES 6 AND 7)
L T T P T T T
.
DORG  >80%6
DP6 EQU $ I P C L E R
.
DORG >0000
.
* RAM Location #0300 P L & R
XP B8SS 0
X1 DATA o
.
* RAM Location #0301 P L E R
YP 8sS 0
Yl DATA 0
.
* RAM Location #0302 P Lt E R
X2 DATA 0
.
* RAM Location #0303 P L E R
Y2 DATA 0
.
* RAM Location #0304 P L E R
COLOR  DATA 0
* RAM Location #0305 P L
X DATA 0
.
* RAM Location #0306 P L
oy DATA 0
.
* RAM Location #0307 L
b DATA 0
.
* RAM Location #0308 L
INCRI  DATA 0
.
* RAM Location #0309 L
INCR2  DATA 0 :
.
* RAM Location #030A L E

0000

0000

0000

0000

0000

COLORL DATA 0
.

* RAM Location #0308 L E
COLORH DATA 0
»

* RAM Location #030C L E
COLOR2 DATA 0
.

* RAM Location #0300 L
BFLAG  DATA 0

.

* RAM Location #030E L
ASIGN  DATA 0

.

GRAPHIC
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R0059
RO060
RO061
R0062
R0063
RO064
RO065
R0066
RO067
R0O068
R0069
R0070
R0071
R0072
R0073
R0O074
R0075
R0076
R0077
R0078
R0079
R0080
R0081
R0082
R0083
R0084
R0085
R0086
R0087
R0088
R0089
R0090
R0091
R0092
R0093
R0094
R0095
R0096
R0097
R0098
R0099
RO100
RO101
RO102
RO103
R0104
RO105
RO106
RO107
RO108
R0109
ROLI0
ROIT1
RO112
RO113
RO114
RO11S

000F

o010

o011

0012
o012

0013
0013

0014
0014

0015

0016

0017

0018

0019

001A

ooiB

ootc

001D

001E

001F

0020

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

oooo

0000

0000

0000

0000

0000

0000

0000

* RAM Location #030F
ABSIGN DATA 0
-

* RAM Location #0310

XC DATA 0

.

* RAM Location #0311
Yc DATA 0

.

* RAM Location #0312
2C BSS 0

A DATA 0

.

* RAM Location #0313
zcl BSS 0

] DATA 0

* RAM Location #0314
ZCSIGN  BSS 0

TIH DATA 0

.

* RAM Location #0315
TIL DATA 0

.

* RAM Location #0316
T2H DATA o

.

* RAM Location #0317
T2L DATA 0

.

* RAM Location #0318
T3H DATA 0
.

* RAM Location #0319
T3L DATA 0
.

* RAM Location #031A
TaH DATA 0
*

* RAM Location #031B
T4L DATA 0
.

* RAM Location #031C
T5H DATA 0
.

* RAM Location #031D
T5L DATA 0
.

* RAM Location #031E
TéH DATA 0
.

* RAM Location #031F

TéL DATA 0

- .

* RAM Location #0320
TTH DATA 0

15:17:30 12-05-85
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6L9

GRAPHIC
THS32020 -

ROL16
RO117
RO118
RO119
RO120
RO121
RO122
RO123
RO124
RO125
RO126
RO127
RO128
RO129
RO130
RO131
RO132
RO133
RO134
RO135
RO136
RO137
RO138
RO139
RO140
RO141
RO142
RO143
RO144
RO145
RO146
RO147
RO148
RO149
RO150
RO151
RO152
RO153
RO154
RO155
RO156
RO157
RO158
RO159
RO160
RO161
RO162
RO163
RO164
RO165
RO166
RO167
RO168
RO169
RO170
ROIT1
RO172

0021

0022
0022

0023
0023

0024
0024

0025
0025
0025

0026
0026
0026

0027
0027
0027

0028

0029

002A

0028

002C

0020

002E

002F

0030

32020 FAMILY MACRO ASSEMBLER
TMS34061 DEMONSTRATION

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

* RAM Location #0321
T DATA 0
.

* RAM Location #0322
X

XA DATA 0

.

* RAM Location #0323
Y BSS 0

YA DATA 0

D

* RAM Location #0324
z B8SS 0

x8 DATA 0

)

* RAM Location #0325
XR BSS 0

XM 8SS 0
Y8 DATA 0

.

* RAM Location #0326
YR 85S 0
™ 8SS 0
DH DATA 0

-

* RAM Location #0327
R BSS 0
4] 8ss 0
oL DATA 0

.

* RAM Location #0328
X1H DATA 0
.

* RAM Location #0329
XL DATA 0
.

* RAM Location #032A
X2H DATA 0
.

* RAM Location #0328
xau DAT. 0
.

* RAM Location #032C
PIXCNT DATA
»

* RAM Location #0320
PAXCNT  DATA 0
.

* RAM Location #032E
ONE6 DATA 0

-

* RAM Location #032F
SAVARO DATA 0

.

* RAM Location #0330
NPOINT DATA 0
.

PC 1.0 85.157

15:17:30 12-05-85
PAGE 0083
€
R
R
R
R
E R
E R
E
E
E
E
E
E
R
R

GRAPHIC
TMS32020 -

RO173
RO174
RO175
RO176
RO177
RO178
RO179
RO180
RO181

RO182
RO183
RO1B4
RO185
RO186
RO187
RO188
RO189
RO190
RO191

R0192
RO193
RO194
RO195
RO196
RO197
RO198
RO199
R0200
R0201

R0202
R0203
R0204
R0205
R0206
R0207
R0208
R0209
RO210
RO211

RO212
RO213
RO214
R0215
RO216
RO217
R0218
RO219
R0220
R0221
R0222
R0223
R0224
R0225
R0226
R0227
R0228
RO229

0031

0032

0033

0034

0035

0036

0037

0038

0039

003A

0038

003C

003D

003E

003F

0040

0041

0042

0043

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

* RAM Location #0331
SAVCLR DATA 0
.

* RAM Location #0332
SAVEA  DATA 0
.

* RAM Location #0333
CLRSAV  DATA 0
.

* RAM Location #0334
SPEED  DATA 0

* RAM Location #0335
DATA 0

* RAM Location #0336
DATA 0

* RAM Location #0337

XMAX DATA 0

* RAM Location #0338
XMIN DATA 0

* RAM Location #0339
YMAX DATA 0

* RAM Location #033A
YMIN DATA 0

* RAM Location #0338
DATA 0

* RAM Location #033C

XMINA  DATA 0

* RAM Location #0330
YMAXB  DATA 0

* RAM Location #033E
YMINB  DATA 0

* RAM Location #033F
AMAX DATA 0

* RAM Location #0340
AMIN DATA 0

* RAM Location #0341
BMAX DATA 0

* RAM Location #0342
BMIN DATA 0
.

* RAM Location #0343
THREE6 DATA 0
»

15:17:30 12-05-85
PAGE 0084



089

190VESINL PUB OZOZESWLL o Burs uoneuswadwy sowydeln v '€7

GRAPHIC
TMS32020 -

R0230
RO231
R0232
R0233
R0234
R0235
R0236
R0237
R0238
R0239
R0240
R0241
R0242
R0243
R0244
R0245
R0246
R0247
R0248
R0249
R0250
R0251
R0252
R0253
RO254
R0255
R0256
R0257
R0258
R0259
R0260
R0261
R0262
R0263
R0264
R0265
R0266
R0267
R0268
R0269
RO270
RO271
R0272
R0273
R0274
R0275
R0276
RO277
R0278
R0279
R0280
R0281
R0282
R0283
R0284
R0285
R0286

0044

0045

0046

0047
0047

0048

0049

004A

0048

004C

004D

004E

004F

0050

0051

0052

0053

0054

0055

0056

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

0000
0000

0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0060

0000

* RAM Location #0344
FIVE6E  DATA 0
.

* RAM Location #0345
NINE6  DATA 0
.

* RAM Location #0346
SAVEB  DATA 0
»

* RAM Location #0347
NRMPTS  BSS )
XNOOO  DATA 0

.

* RAM Location #0348
YNOOO  DATA 0
.

* RAM Location #0349
ZNOOO  DATA 0
.

* RAM Location #034A
XNOO1 DATA 0
.

* RAM Location #0348
YNOOI  DATA 0
.

* RAM Location #034C
INOO!  DATA 0
.

* RAM Location #0340
XN0O0Z  DATA 0
.

* RAM Location #034E
YN0OO2  DATA 0
.

* RAM Location #034F
IN002  DATA 0

.

* RAM Location #0350
XNOO3  DATA 0

.

* RAM Location #0351
YNOO3  DATA 0
.

* RAM Location #0352
ZN0O3  DATA 0
.

* RAM Location #0353
XNO0O4  DATA 0
*

* RAM Location #0354
YNOO4  DATA 0
.

* RAM Location #0355
ZN0O04  DATA 0
-

* RAM Location #0356
XNOO5  DATA 0

GRAPHIC
TMS32020 -

R0287
RO288
R0289
R0290
R0291
R0292
R0293
R0294
R0295
R0296
R0297
R0298
R0299
R0300
R0301
R0302
R0303
R0304
R0305
R0306
R0307
R0308
R0309
RO310
RO311
RO312
RO313
RO314
RO315
RO316
R0O317
R0318
R0319
R0320
R0321
R0322
R0323
R0324
R0325
R0326
R0327
R0328
R0329
R0330
R0331
R0332
R0333
R0334
R0335
R0336
R0337
R0338
R0339
RO340
R0341
R0342
R0343

0057

0058

0059

005A

0058

00SC

0050

00SE

005F
00SF

0060

0061

0062

0063

0064

0065

0066

0067
0067

0068

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

* RAM Location #0357
YNGOS  DATA 0
.

* RAM Location #0358
ZNOO5  DATA 0
.

* RAM Location #0359
XNOO6  DATA 0
.

* RAM Location #035A
YNOO6 ATA 0
.

* RAM Location #0358
ZNO06  DATA 0
N

* RAM Location #035C
XNOO7  DATA 0
.

* RAM Location #0350
YNOO7  DATA 0
.

* RAM Location #035E
ZNOO7  DATA 0
.

* RAM Location #035F
DSPPTS  BSS

XD0OO  DATA 0

»

* RAM Location #0360
YDOOO  DATA 0

"

* RAM Location #0361
XD0OI  DATA 0
-

* RAM Location #0362
YDOOI  DATA [

* RAM Location #0363
XD002  DATA 0
-

* RAM Location #0364
YD002  DATA 0
.

* RAM Location #0365
XD003  DATA 0

* RAM Location #0366
YD003  DATA 0
.

* RAM Location #0367
DSPPTZ  BSS 0
XD004  DATA 0

0

* RAM Location #0368
YD004  DATA 0

»

15:17:30 12-05-85
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189

GRAPHIC
TMS32020 -

R0344
R0345
R0346
R0347
R0348
R0349
R0350
RO351
R0352
R0353
R0354
R0355
R0356
R0357
R0358
R0359
R0360
RO361
R0362
RO363
R0364
R0365
RO366
RO367
R0368
R0369

0019

0069

006A

0068

006C

006D

006E

006F

0070

0071

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157

TMS34061 DEMONSTRATION

0000

0000

0000

0000

0000

0000

0000

0000

0000

* RAM Location #0369
XD005  DATA
.

* RAM Location #036A
YD005  DATA 0
.

* RAM Location #0368
XD006  DATA 0

* RAM Location #036C
YDO06  DATA 0
B

* RAM Location #036D
XD007  DATA 0
.

* RAM Location #036E
YDOO7  DATA 0

* RAM Location #036F
SAVARZ DATA 0
.

* RAM Location #0370
SAVAR3 DATA 0
*

* RAM Location #0371
NUMRBR DATA 0
COPY DATAMEM.ASH

15:17:30
PAGE 0087

R

GRAPHIC 32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85
TMS32020 - TMS34061 DEMONSTRATION PAGE 0088
$0002 .

50003 rennn Iy B wnnnnun
50004 * External Data-Memory Allocations
50005 » I T R T P T T TPy
S0006 .

S0007 0400 DORG >0400

S0008 .

S0009 0400 VSCREG 8SS 0

S0010 *

S0011 0000 DORG 0 * data page 08
50012 *

S0013 0000 HESYL  BSS 8

50014 .

S0015 0008 HESYH  BSS 8

50016 .

S0017 0010 HEBLL  BSS 8

so018 .

S0019 0018 HEBLH  BSS 8

$S0020 .

S$0021 0020 HSBLL  BSS 8

50022 .

50023 0028 HSBLH  BSS 8

S0024 .

$0025 0030 HTOTL  BSS 8

50026 .

$0027 0038 HTOTH  BSS 8

50028 .

50029 0040 VESYL  BSS 8

S0030 .

S0031 0048 VESYH  BSS 8

$0032 .

$0033 0050 VEBLL  BSS 8

50034 .

$0035 0058 VEBLH  BSS 8

S0036 .

S0037 0060 VSBLL  BSS 8

S0038 .

S0039 0068 VSBLH  BSS 8

50040 .

50041 0070 VIOTL  BSS 8

50042 .

S0043 0078 VIOTH  BSS 8

S0044 .

S$0045 0000 DORG 0 * data page 09
50046 .

S0047 0000 DADUPL BSS 8

50048 .

50049 0008 DADUPH BSS 8

$0050 .

S0051 0010 DADSL  BSS 8

50052 .

50053 0018 DADSH  BSS 8

S0054 .

S0055 0020 VINTL  BSS 8

$S0056 .

S0057 0028 VINTH  BSS 8

50058 -
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GRAPHIC 32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85 GRAPHIC 32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85
TMS32020 - TMS34061 DEMONSTRATION PAGE 0089 TMS32020 - TMS34061 DEMONSTRATION PAGE 0090
S0059 0030 CTLRIL BSS 8 50090 .
50060 . 50091 0800 DORG >0800
50061 0038 CTLRIH BSS 8 50092 .
$S0062 . $0093 0800 XYIND  BSS L]
S0063 0040 CTLR2L BSS 8 50094 .
S0064 . $0095 0000 OORG 0 * data page 10
S0065 0048 CTLR2H BSS 8 50096 .
$0066 . S0097 0000 XYNOP  BSS 8
S0067 0050 STATL  BSS 8 50098 -
50068 . S0099 0008 XINC BSS 8
S0069 0058 STATH  BSS 8 50100 .
50070 . S0101 0010 XDEC BSS 8
S0071 0060 XYOFFL BSS 8 S0102 b
50072 . S0103 0018 XCLR 8ss 8
S0073 0068 XYOFFH BSS 8 S0104 .
50074 . S0105 0020 YINC 8ss 8
$0075 0070 XYADRL B8SS 8 50106 *
50076 . S0107 0028 XIY1 BSS 8
50077 0078 XYADRH  BSS 8 50108 .
S0078 . S0109 0030 XDY1 8ss 8
$0079 0000 DORG 0 * data page 0A S0110 *
$0080 . SO1i1 0038 XCY1 BSS 8
50081 0000 DADRL  BSS 8 S0112 .
50082 . S0113 0040 YDEC 8SS 8
$S0083 0008 DADRH  BSS 8 S0114 .
50084 . S0115 0048 X1YD BSS 8
50085 0010 VCNTL  BSS 8 S0116 .
$0086 . S0117 0050 XDYD 8SS 8
50087 0018 VCNTH  BSS 8 s0118 .
$0088 . S0119 0058 XCYD BSS 8
S0120 *
S0121 0060 YCLR BSS 8
50122 .
50123 0068 X1Yc 8sS 8
50124 d
50125 0070 XDYC 8SS 8
s0126 .
S0127 0078 Xcyc 8SS 8
0020

NO ERRORS, NO WARNINGS
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GRAPHIC
LABEL

A
ABSIGN
ALDONE
AMAX
AMIN
ASIGN
8

BEGIN
BFLAG
BMAX
BMIN
cit
ci12
C13
c21
c22
c23
C31
Cc32
C33
cal
ca2
C43
CLEAR
CLOOP1
CLRSAV
CLRSCR
CMDADR

CMDLEN
CMDTBL
CMND
CMTRX
COLOR

COLOR2

COLORH
COLORL

Cos
COSTBL
CTLOOP
CTLRIH
CTLRIL
CTLR2H
CTLR2L
CUBER
CUBER2

32020 FAMILY MACRO ASSEMBLER

VALUE DEFN  REFERENCES

0012 RO070 C0217 CO269 CO0312

000F RO060 FO132 FO147

086A  G0402 GO0344

003F R0216 BO104 C044] C0443

0040 RO219 BO106 C0444

000E RO057 FO126 FO149 F0225

0013 RO074 CO0219 C0273 CO316
GO139 GO160 G0204

0898 00023 C0023

0000 RO054 FO115 FOI56 FO231

0041 R0222 BO0108 C0453 C0455

0042 R0225 BO110 C0456

0016 Q0081  HO0063 J0045

001A Q0093

001E Q0105

0017 Qo084

001B Q0096

001F Q0108

0018 Qo087

001C Q0099

0020 QOl11!

0019 Q0090

001D Q0102

0021 Q0114

04DC  E0043 B0083 COl13 C0281

092E  HO102 HOI17

0033 ROI80 CO251 CO317 CO330

00F7  CO107  COOS51

006C P0078 0024 C0028 C0037
C0135 C0148 CO154
C0230 C0246 C0341

0017 C0072 CO0038

00AB  C0049  C0042 C0072

0068  P0075  C0035 C0039 C0043

0888 NO039  HOO065

0004 RO027 CO126 CO145 CO1S8
D0033 DO060 DO08S
00300 D0337 DO371
F0090 F0093 G0034

000C ROO51  F0094 F0213 F0220
G0328 GO390 G044l
G0552 G0561 GO574

000B RO048 FO0092 FO174 FOI8
F0467 G0036 GO196

000A RO045 F0091 FO198 F0206
F0473 GO035 GO184

0027 Q0132 HOO068 HO0B9 HO135

O0AAD  M0068  HO067

0918  HO083 HO145

0038 S0061 EO0051 EO101 GOO25

0030 S0059 E0049 E0081 E0083

0048 S0065 E0055 E0084 E0086

0040 S0063 E0053 E0058 EO0103

08FC  HO0S5  CO007!

0902  HOO61

PC 1.0 85.157

15:17:30

12-

05-85

PAGE 0091

C0372 C0438 G0042 G0043 G0044 GOO59

C0376 C0450 GOO5! GO052 GO119 GOi36
G0226 G0282 G0305 GO0348 GO0366

F0283 F0336 F0422 F0435 F0463

€0301

C0331

o081
co173
C0360

C0221
00112
00403
G0037
F0393
G0458
G0584
F0242
G0397
F0267
G0385
HO137

G0408
E0099
E0105
G0027

C0324

coos4
co178
C0395

0275
D0153
00437
L0039
F0400
G0470
G0598
F0298
G0543
F0275
G0456
HO141

G0023
G0029
G0240

HO122

coi07
cols7
coais

C0295
00180
00480
L0150
F0445
G0485
G0609
F0306
G0565
FO0319
G0483

G0406
G0412
G0317

colio
€0206

Co318
D0221
DO511

G0038
G0496
G0624
FO351
G0589
F0379
G0508

Go41io

colis
coz211

C0380
00248
00540

G0189
GO510

F0359
G0615
F0386
GO531

Cco129
C0224

C0486
00273
00571

G0251
G0520

F0442

F0452

GRAPHIC
LABEL

0

DiLl
DILIA
oiL2
DIL2A
DIL3
DIL3A
DiL4
DIL4A
o2t
D2L1IA
oaL2
D2L2A
o3L1
D3LIA
03L2
D3L2A
03L3
D3L3A
D3L4
D3L4A
DALl
DAL1A
D4L2
D4AL2A
D4aL3
D4L3A
D4L4
D4L4A
DSL1
DSL1A
D5L2
D5L2A
05L3
D5L3A
05L4
D5L4A

DADRH
DADRL
DADSH
DADSL
DADUPH
DADUPL

DECDLY
DELAY
DELAY1
DELTA
DEMOO
DEMOI
DEMO2
DEMO3
DEMO4

32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 15:17:30 12-05-85
VALUE  DEFN  REFERENCES PAGE 0092
0007 RO036 FO141 FO165 FO171 FO178 FO192 FO195 F0203 F0212 F0219

028C
02A2
02A9
028C
02C4
02DA
02E1
02F4
0309
031F
0326
033C
034F
0365
036C
037F
0387
039D
03A4
0387
03C9
03DF
03EE
0401
0410
0426
0435
0448
045C
0476
047D
0494
049C
04B6
048D
04D4
0035
0008
0000
oois
0010
0008
0000
0036
00F 4
000C
00E0
052F
0280
0281
02FC
0343
03BF

00019
00040
00046
00064
00071
00092
00098
oot1eé
D0139
DO160
00166
00187
00207
D0228
00234
00252
00259
00280
00286
00304
00323
D0344
00357
00375
00389
Do410
00423
D0441
00462
00487
00493
DOS15
00522
D0547
00553
D0575
RO186
$0083
50081
50053
S0051
50049
50047
RO189
C0102
coosl
€0085
F0095
00003
00007
D0125
00195
00313

F0244 F0247 F0251 F0261 F0264 F0272 F0292 F0295 F0303
F0321 F0324 F0328 F0345 F0348 F0356 F0370 F0376 F0383
F0392 F0399
00043

D0037

00068

D0062

00095

00089

00120

00114

00163

00157

00190

Do184

00231

00225

00256

00250

00283

00277

00308

00302

00347

00341

00379

00373

00413

D0407

00445

D0439

00490

D0484

00519

D0513

00550

D0544

00579

00573

C0353 C0373 C0407 C0439 C0446 C0448

C0355 C0377 C0409 C0451 C0458 C0460
cooss

coos0

C0278 C0298 C0321

Fol06

C0065

C0066

0067

C0068

C0069
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GRAPHIC
LABEL

DONEIL
DONE 1U
DPO
DP4
DP6

DRR
OSPPTS
DSPPTZ
DUMMY
OUMONE
X

DXPOS
DXR
oY

ELPSET
ENDTBL
FELIPS
FELPSC
FILL2
FILLC
FIVE6

GREG
HEBLH
HEBLL
HESYH
HESYL
HLINE
HOZHI
HOZLO
HSBLH
HSBLL
HTOTH
HTOTL
IMR
INCR1

INCR2

INIT
INTO
INT1
INT2
LEO
LE]
LE2

32020 FAMILY MACRO ASSEMBLER
REFERENCES

VALUE

0450
0026
0027
0952
0667

0867
077C
0CsC
0200
0300

0000
005F
0067
0020
0008
0005

0673
0001
0006

010D
086C
0688
0158
0693
0063
0044

0005
0018
0010
0008
0000
066A
068A
0699
0028
0020
0038
0030
0004
ooos

0009

0022
0002
0004
0006
0898
08A0
08A9

DEFN

D0450
RO139
RO144
HO135
F0405

G0399
G0198
P0C16
Qo008
R0008

P0021
R0313
R0338
A0042
Cc0077
R0030

F0419
P0024
R0033

C0341
M0259
Goots
coz211
F0445
P0OS51
R0231

P0036
S0019
S0017
S0015
S0013
Fo411
F0438
F0449
50023
S0021
$0027
$0025
P0033
R0039

R0042

B0O11
A0026
A0028
A0030
G0440
G0454
G0469

coo70
Goos1
G0082
HO132
FO176
F0278
F0397
G0388
Go187

H0063
H0056
L0194

H0085
L0094
A0026
C0054
Co411
FO140
Fo414

C0413
F0459
C0060
HO131
0225
0058
F0438
E0046
80114
00398
D0568
B0025

Fo108
F0447
F0436

80024
FO139
F0372
Fo143
F0382
A0024

G0417
G0418
G0419

G0087
G0096

Folga
F0301
F0403
G0393
G0192

H0073
HO0B4

L0040
L0152
A0028
C0056
C0463
Fo142

coa75

HO138
0276

E0062
00173
D0432

F0454

FOl167
F0398
FO177
F0391
C0049

G0095
G0098

F0201
F0309
F0444

10041
H0085

L0082
L0194
A0030
C0057
Co470
FOl44

C0482

co319

00177
D0473

PC 1.0 85.157

G0097
Got1l

F0209

F0326
F0448

J0045
H0086
L0093
A0034
C0062

C0472
F0413

C0484

0387

00216
00477

G0100
GO113

F0217
F0330
F0455

K0081
L0040

A0036
C0063
FolLl1
Fo4dl6

Fo107

C0490

00243
D0504

GO110 GO112

F0223 F0249
F0354 F0362
F0470 FO476

L0082 L0093

A0038 A0040

F0125 FO130
F0432

FOI31 FOI35

00268 00295
D0508 D0533

15:17:30

GOl14

F0253
F0381

L0094

A0042

FO134

FO136

00332
D0537
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05-85

F0270
F0389

L0152

F0137

FO138

00366
D0564

F0202 FO211 F0246 F0263 F0294 F0323 FO0347

F0194 F0218 F0250 F0271 F0302 F0327 F0355

GRAPHIC
LABEL

LE3
LE4
LES
LE6
LE7
LINE

LINEC
LOOP1
LOOP2
LOOP3
LOOP4
LOOPE
LOOPX
LSBASE
MTRX4
NARROW
NILPT
NINE6
NPOINT
NRMPTS
NUMRSR
NXTROT
O1INCI
O11INC2
O10R4
OIXIYI
0ZINCI1
02INC2
020R3
02x0YI
02X1YI
03INCI
031INC2
03xoY!
03XDY
O4INCI
041INC2
04XDY0
04xDY1
OoCT1
OCTIHI
OCTIHL
OCTILO
0CcT2
OCT2HI
ocT2L0
oCcT3
OCT3HI
OCT3LO
0oCT4
OCT4HI
OCT4HL
0CT4L0
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VALUE

0BAF
0887
08BC
08C3
08C7
0524

010F
0734
0781
070C
0829
0824
0700
0878
0973
0830
0728
0045
0030
0047
0071
095C
0S9F
0588
056F
05B4
05CB
0501
05BC
05DA
05€4
0611
0617
05F6
0600
065F
064A
0627
0631
0572
0579
05A9
0592
058F
0sC4
0507
OSEE
05F3
060A
061D
0624
0654
0638

DEFN

G0481
G0495
G0506
G0519
G0529
Fo084

Co135
GO139
G0204
60282
G0348
G0342
Go103
G0417
J0044
G0365
G0127
R0234
RO171
R0240
R0369
HO142
F0202
FO177
F0149
Fo218
F0246
F0250
F0225
F0263
F0271
F0323
F0327
F0294
F0302
F0398
F0382
F0347
F0355
FO154
FO165
Fo210
F0192
F0230
F0240
F0261
F0282
F0292
F0317
F0334
F0345
F0390
F0370

REFERENCES

G0420
G0421
G0422
G0423
G0424
Co130
00160
00442
L0106
C0053
G0199
G0266
G0343
G0400
G0281
Go117
G0244
HO110
G0301
Go128
80116
Co156
H0056
H0078
HO139
FO193
FO166

F0210

F0245
FO148

F0262

F0322

F0293
F0390
F0371

F0346

F0200
FO169
FO157

F0248
F0232
F0226
F0300
F0284
FO150
Fo388
F0374
F0337

C0149
ooig7
00487
L0120

G0321

D0142
Cco160
H0084
K0066

F0208
Fo183

F0277
F0252

F0329
Fo308

F0353

15:17:30 12-05-85
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C0188 C0201 C0296 D0040 DOO65 D0092 DOI17
00228 D0253 D0280 D0305 DO344 DO376 D0410
D0S516 D0547 D0S76 L0052 L0066 L0080 L0092
L0134 L0148 LO164 LO178 LO192 L0204

DO146
C0165 CO176 CO195
HO086

F0216 F0222

F0269

F0325

F0361 F0396 F0402
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GRAPHIC

LABEL
ONE
ONE6

OSCRX1
OSCRX2
OSCRX3
OSCRX4
OSCRY1
0SCRY2
OTEST
PARSER
PAXCNT
PIXCNT
PIXELC
PLOOP
PLOT
PLOTI
PLOT2
PLOT3
POLY1
POLYC
POLYD
POLYL
POLYN
POSDX
POSY
PRD
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VALUE

0062
002E

073A
0787
07€2
082F
0751
079E
0561
008F
0020
002C
0100
0093
0983
071E
0728
07CD
0t2Cc
0120
0154
0137
0145
0558
0530
0003
0993
0012
0014
0013
0015
0004
08CC
08D2
0805
08DC
08E0
08E8
08ED
08F6
0000
078C
0816
001A
0860
0962

DEFN
P0048

RO165

GO144
G0209
G0287
G0353
GO163
G0229
FO138
€0021
RO162
RO1S9
colis
€0025
L0037
Go118
G0132
G0270
C0165
C0154
C0204
Cco176
€0190
FO130
FO107
P0030
K0061
Q0069
Q0075
Q0072
Q0078
H0050
G0540
G0552
G0S61
G0574
G0584
G0598
G0609
G0624
A0024
G0254
G0331
A0036
N0007
10040

REFERENCES

80027
€0205
80098
Co140
Co218
C0346
C0398
Co487
00088
00158
00276
D0408
00572
Go142
G0207
G0285
G0351
Gol61
G0227
FO133
Bol17
G0224
Go118
C0052
C€0040
HO123

Go123
G0200
co162
C0055
Co163
Co196
Co174
Foi28
F0097
80022
HOL LI
H0090
H0093
H0096
HO091
HOO71
G0426
Go427
G0428
G0429
G0430
G0431
G0432
G0433

G0250
G0327

80099
HO109

C0030
Co223
80101
co142
C0220
0348
C€0400
00022
D0090
bo181
00278
00438
Go121

G0249
Go122

C0045

10041
H0095

C0036
€0245
B0103
C0144
C0233
C0350
C0402
00034
00105
00183
00301
00481
G0223

G0252
G0124

coo83
C0247
BO105
co157
€0235
€0352
C0404
00036
DO113
Do185
00338
00483
G0302

G0303
Goi2s

C0109
C0359
B0107
0159
C0238
0354
C0406
00038
00130
00222
00340
00485
HO077

G0326
G0176
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C0128 CO147
Ccoa17

80109 C0122
Co168 C0182
C0240 C0242
C0356 C0381
Cu408 C0410
00053 00061
00133 DO135
00224 D0226
00342 D0372
00512 DOS41

G0329
G0177 GO378

co172

Co125
C0214
C0334
Co0383
co412
D0074
D0154
D0249
D0404
D0543

Co186

0138
0216
0344
€0385
C0414
00086
00156
00274
D0406
00545

GRAPHIC
LABEL

RPTCNT
RSBASE
SAVARO

SAVAR2

SAVAR3
SAVCLR

SAVEA
SAVEB
SAVREG
SCALE
SETEO
SETE1
SETEIE
SETE2
SIN
SINTBL
SLHIL
SLHIU
SLHLL
SLHLU
SLLOL
SLLOU
SPEED
SPIN
SPINO
SPINIL
SPINIE
SPIN2
SPINZE
STATH
STATL
STEPX
STEPY
STOP
STSO
STSt
SYNC
SYNCH
TIH
TIL
T2H
T2L
T3H
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VALUE

0400
0888
002F

006F

0070
0031

0032
0046
0064
0897
01F2
0IF5
020E
0208
0026
0A6D
0861
0776
085A
076F
0852
0767
0034
0169
0186
0189
01A0
0189
0100
0058
0050
0718
06FD
0009
0060
0061
0098
0069
0014
0015
0016
0017
ool

DEFN

HOO051
G0426
RO168

R0363

RO366
RO174

RO177
RO237
P0054
N0052
C0363
C0366
C0389
Co387
Q0129
M0004
G0394
GO193
G0389
Go188
G0383
Go182
RO183
C0230
C0260
C0263
€0283
C0306
C0326
50069
50067
Gol116
G0089
C0076
P0042
P0045
0029
P0069
R0078
RO081
R0084
RO087
R0090

REFERENCES

H0079

G0262 G0339
€0263 C0282
00041 DO046
00166 D0188
00306 D0323
00462 00488
HO143

L0051 L0054
L0121 L0132
L0203

L0105 L0108
C€0241 C0250
C€0379 C0382
00039 00059
00152 00155
00227 00247
00336 00339
D0441 00459
00546 00570
€0237 C0255
G0120 G0274
G0021 G0403
H0075

€0390
C0364
C0384
HO070 HO0092
H0069 HO133
G0381 G0387
G0180 GO186
G0394
G0193

C0243 C0257
C0059
C0336
0284
C0261
0327
C0304

€0098 C0099
G0088 G0102
GO101 GOI1S
C0064 C0076
E0044 EOL07

C0033

€0029 C0031
G0046 GOO73
G0047 GOO74
G0049 G0091
G0050 G009%2
G0054 GO060

C0306
D0066
00207
00345
00493

L0065
L0135

Lo119
C0253
C0386
D0064
00159
00252
00343
00479
00575
C0258
G0279

HO128
HO140
G0392
G191

co270

£0077

Foo085

G0075

€0325 C0366 C0388 C0436
D0071 DOO93 DO098 DO118
00229 D0234 D0254 D0259
00357 D0377 D0389 D041l
D0517 DO522 DO548 DO553

L0068 L0079 L0091 LO104
L0146 L0163 LO166 LOLT7

L0122 L0133 L0136 LO147
C0254 C0274 C0294 C0329
C€0405 C0485 C0489 DOO16
D0084 DO087 DO091 DOII1
D0179 D082 D0186 D0204
00272 D0275 D0279 D0299
00370 D0375 D0402 D0405
D0482 D0486 DOS10 DOS15

€0260 C0303 C0357 C0363

HO0130 HO134

Co0313

E0078

F0406 GOO19 GO414
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C0491
DO139
D0281
00423
00577

Lo107
Lo180

C0332
00032
00116
00220
00304
D0409
00539

Co415

00019
00161
00286
D0443
H0083

Lotris
LO19t

C0351
00035
DO136
00223
D0321
00436
00542

C0433
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GRAPHIC
LABEL

T3L
T4H
TaL
TSH
TSL
T6H
TeL
TTH
TIL
THETA
THREE6

TiM
TIMOLY
TINT
THP1
TRAP
VCNTH
VCNTL
VveX
vey
VEBLH
VEBLL
VESYH
VESYL
VINTH
VINTL
VLINE
VRTHI
VRTICS
VRTLO
VSBLH
VSBLL
VSCIN
VSCREG

VSX
vsY
VTOTH
VTOTL
WAIT1
WAITD
WAITI
WELPO
WELPI
WELPIE
WELP2
WELP3
WELP4
WELPS
WELP6
WELP7
WELP8
WELP9
WELPSC
WIDE
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REFERENCES

VALUE

0019
001A
0018
001C
001D
001E
001F
0020
0021
0028
0043

0002
006A
0018
0068
001E
0018
0010
0023
0025
0058
0050
0048
0040
0028
0020
06A2
06AB
0873
0683
0068
0060
0033
0400

0022
0024
0078
0070
00ES
O0EF
04FF
0237
023A
027C
0246
0249
0254
0257
0262
0265
0270
0273
0212
0797

DEFN

R0093
R0096
R0099
RO102
RO105
RO108
RO111
RO114
RO117
Q0135
R0228

P0027

P0072

A0034

P0066
A0040
50087
50085
Q0120
Qo126
$0035
50033
50031

50029
$0057
50055
F0459
F0465
NOO14
F0471

$0039
50037
80029
$0009

Qo117
Qo123
S0043
50041
0089
C0099
£0078
€0433
C0436
C0492
C0446
C0449
C0458
C0461
0470
€0473
C0482
€0485
C0395
G0223

G0055
GO0S7
G0058
G0066
G0067
G0068
G0069
G0071
G0072
HO072
80112
00328
D0529

€0082

Coo086

€0097
C0095
Fo127
F0469
H0059
F0464
€0092
C0091

80032
G0308
HO0073

co102
colol
E0080

C0493
C0434
C0442
0445
C0454
C0457
C0466
C0469
C0478
0481
Coo61
G0158

G0064
GO105
G0106
G0079
G0080
G0103
Gol04
G0089
G0090
HO129
D0026
00362
D0556

0085
colo8

E0076
E0074

F0475
E0070
E0068

F0088
G0317
K0081
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G0076

Golo7
G0108
G0093
G0094
HO136
00057 D0078 DO109 D0212 D0239 DO264 D0291
00394 D0428 D0465 D0469 D0496 DOS00 D0525
D0560

C0248

cot12

GO132 GO165 GO231 G0240 G0257 G0259 GO270
G0334 G0336 GO0369

GRAPHIC
LABEL

X
X1

X1H
XL

X2

X2H
X2L
XA

X8

XC

XCLR
Xxcyc
XCYD
XCY1
XD000
XD001
XD002
XD003
XD004
XD005
XD006
X0007
XDEC
XoYC
XDYD
X0Y1
XINC
XINT
X1yc
X1YD
X1Y1
XM

32020 FAMILY MACRO ASSEMBLER

VALUE

0022
0000

0028
0029
0002

002A
0028
0022

0024

ool0

0018
0078
0058
0038
005F
0061
0063
0065
0067
0069
0068
0060
0010
0070
0050
0030
0008
0o01C
0068
0048
0028
0025

DEFN

RO120
ROO14

RO147
RO150

R0021

RO153
RO156
RO121

RO129

RO063

S0103
50127
S0119
SOt11
RO314
R0320
R0326
R0332
R0339
R0345
RO351
R0357
50101
S0125
s0117
50109
$0099
A0038
s0123
SO1tS
$0107
RO133

REFERENCES

HO103 10045
C0120 CO137
D0168 00209
D0464 D0495
FO119 FOti21
G0152 G0209
L0070 L0084
L0196

GO153 GO157
G0362 G0374
GO155 GO167
G0322 G0364
C0121 Col41
00145 DO170
00427 D0468
F0417 GO147
L0046 L0060
L0172 LOI8B6
G0149 GO156
GO151 GO174
Co166 C0197
C0461 C0464
D0127 DO140
D0315 D0324
00463 D0466
C0167 Col181
C0371 C0374
00027 D0049
00198 DO210
D0316 D0326
00418 D0426
D0530 D0558
LO1S9 LO167
C0213 C0265
G0283 G0288

F0335

F0282 F0334

10051
C0192
00236
00524
Fo412
G0217
L0097

Go170

GO175
G0371
co180
00211
00499
G0148
L0074
L0200
G0214
G0216
0232
00009
00143
00350
00494
co191
0401
D0076
00213
D0329
00429
00561
LO173
C0308
G0349

PC 1.0 85.157

Cco287
00261
D0555
Foa18
G0287
Lol

Go218

GO179
G0380
C0198
00238
00528
G0212
Looss

G0221
G0263
C0264
00020
00167
00358
00497
C€0236
0421
00079
00237
00352
D0455
L0047
Loisl
Co368
G0354

00021
00288
Fo102
F0421
G0295
Lo12s

G0222
G0220

C0288
00263
00559
G0213
Loiot

G0292
G0294
C0286
00023
00197
00386
00523
C0268
C0424
Do101
00240
00360
00467
L0055
L0187
C0462
J0056

00048 D0073
00325 00359
FO105 FOI110
F0425 F0426
G0353 GO0361
L0139 L0154

G0236 G0296
G0233 G0245

00025 D0050
00290 D0327
FO103 FO104
G0290 G0291
L0115 L0129

G0299 G0358
G0340 G0360
C0307 C0343
00047 00072
00208 00235
D0390 DO416
00526 DOS54
C0271 CO311
C0437 C0440
DO131 DO144
00262 00265
00363 D0387
00470 D0498
L0061 L0069
L0195

G0140 GO145
K0075 K0077

E0066 FO155 F0434 GO178 G0241 G0318 GO379

FO154 F0230
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00100
00391
Fol114
F0428
L0042
LO168

G0300

G0298

00077
00361
FO109
G0356
L0143

C0367
D0075
00260
00424
00557
Co314
00013
Do147
00289
00392
00501
L0075

G0205
K0085
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05-85

00141
00425
Fol18
GO144
L00S6
Lo182

G0313
Go310

00102
00393
Fo411
G0357
Loiss

C0397
00099
00287
D0452

C0347
00024
00169
00292
00395
00527
L0083

G0210
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GRAPHIC
LABEL

XMAX

XMAXA
XMIN

XMINA
XNOOO
XNOO1
XN0O2
XNOO3
XNOO4
XNOOS
XN0O06
XNOO7

Y2

YA

Y8

YC

YCLR

Y0000
Y0001
YD002
YDOO3
YD004
YD00S
YDO06
YDOO7
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REFERENCES

VALUE

0037
0038
0038
003C
0047
004A
004D
0050
0053
0056
0059
005C
0000
0025
0078
0070
0800

0000
0068
0060
0023
0001

0003

0023

0025

0011

0060
0060
0062
0064
0066
0068
006A
006C
006E

DEFN

R0192
R0204
RO195
R0207
R0241
R0250
R0259
R0268
R0277
R0286
R0295
R0304
ROO13
RO132
50077
50075
50093

50097
S0073
50071
RO124
RO018

R0024

RO125

RO134

R0066

S0121
RO317
R0323
R0329
R0335
RO342
RO348
RO354
RO360

80100
Co0422
C0423
C0425

HO113
10049
E0061
E0060
F0145
F0434
FO145
GO165
Fooss
HO10S
coiz3
00172
00472
F0427
Lo0s8
Lois4
Co124
00151
00435
G0312
Loi103
Cco169
C0473
Doi28
00266
00367
00474
col70
C0335
00014
00175
00355
00506
L0071
co215
G0304

o420
C0465

C0468

K0087
J0049

G0259
FOi46
F0460
F0433
G0231
GO132
10047
Co139
00215
00503
F0430
L0072
L0198
C0143
D0176
D0476
G0315
Loi17
o199
Co476
00148
00269
00384
00502
cois4
C0349
00030
00178
00368
D0509
L0078
C0267
G0365

DO0129 D0349 00385

Co467

J0058

G0336
FO154
F0461
F0460
G0257
G0270
10053
C0194
00242
00532
GO163
L0086

cols3
00219
00507
G0367
L0131
C0234
00011
00171
00293
D039
00505
Co193
C0375
00055
00202
00382
00535
L0085
Co310
J0065

J0067

FO1S5
GO137
G0137
G0308

C0291
00267
00563
GO169
L0099

C0200
00246
00536
G0373
L0145
C0266
00028
00174
00296
00399
00531
C0239
C0378
00058
00218
00400
00538
L0162
C0370
K0078

F0230
GO178
G0275
G0334

00029
00294
F0096
Go172
L0113

C0293
00271
00567
G0376
Lol61
C0289
00051
00200
00319
D0420
00534
C0272
C0403
00082
00245
00421
00566
Lo1e9
C0474
K0080

F0282
G0241

G0369

00052
00331
F0098
G0229
Lo127

00031
00298
F0095
L0049
L0175
C0309
00054
00214
00330
00430
00562
C0290
Co427
00107
00270
D0434
00569
L0176
G0159
K0089
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F0334
G0275

00081
00365
FO101
G0235
LO141

00056
00335
F0099
L0063
Loisg
C0345
00080
00217
00333
00433
00565
C0292
C0430
00110
00297
00457
L0050
Loi83
G0225

F033S
Go318

00104
D0397
FO120
G0238
L0156

00083
D0369
FO100
L0077
L0202
C0369
00103
00241
00354
00453

o315
C0449
00134
00317
00475
L0057
L0190
Go278
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05-85
99

F0433
G0379

DO149
D0431
FO123
L0044
L0170

00108
D0401
G0306
L0030

C0399
00106
D0244
D0364
00471

C0333
C0452
00150
00334
00478
L0064
L0197
G0280
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LABEL

YDEC
YINC
™
YMAX
YMAXB
YMIN
YMINB
YNOOO
YNOO!
YN0O2
YNOO3
YNOO4
YNOOS
YNOO6
YNOO?

YR

z

4o
2C1
ZCSIGN
™
ZN00O
2N001
ZN002
ZN003
ZNOO4
2N0OS
INO06
ZN0O7
2R
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VALUE

0040
0020
0026
0039
0030
003A
003E
0048
0048
004E
0051
0054
0057
005A
0050
0001
0026
0024
0012
0013
0014
0027
0049
004C
004F
0052
0055
0058
0058
005€E
0027

DEFN

S0113
S0105
RO138
RO198
RO210
RO201
RO213
R0244
R0253
R0262
RO271
R0280
R0289
R0298
RO307
RO017
RO137
RO128
R0069
R0073
R0077
RO143
R0247
R0256
R0265
R0274
R0283
R0292
RO301
RO310
RO142

REFERENCES

FO146

80102
Co428
C0429
C0431

HOL15
10055
HO107
J0074
K0069
K0063

HO108

Fo461

€0426 00132 D038! D0419
C0477 C0479

C0480

K0091
J00S1 J0060 J0069

K0062 K0065 K0068

K0070 K0073 K0074
K0071 K0072

J0053 J0062 JOOT1
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INTRODUCTION

Algorithms, software, and hardware for designing and
implementing a digital control system using the Texas
Instruments TMS32010 signal-processing microprocessor are
presented in this application report. Microprocessors, such
as the TMS32010, are increasingly being used to implement
algorithms for the control of feedback systems. The major
factors contributing to this trend are increased availability
and lower cost of suitable digital hardware.

Current and potential applications include servo motor
control, process control, robot arm and disk head controllers,
and temperature and pressure controllers. Military and
aerospace applications include stabilized platforms, flight
control and autopilot systems, inertial reference systems, and
general servomechanisms.

In meeting control system requirements, designers face
many alternatives. Cost, size, weight, power, and reliability
decisions are typically application dependent. This report
highlights the tradeoffs in developing algorithms, software,
and hardware for a digital control system.

DIGITAL CONTROL SYSTEMS

General Considerations

A digital controller is a signal processing system that
executes algebraic algorithms inherent to the control of
feedback systems (i.e., compensator and filter algorithms).
Together with the plant (system to be controlled) and signal-
acquisition circuitry, the digital controller makes up a digital
control system such as the one shown in Figure 1.

Note that the system requires analog-to-digital (A/D)
converters for the external (command) inputs and for the
state-variable feedback inputs to the digital controller. The
system also requires a digital-to-analog (D/A) converter for
the control outputs to the plant.

The advantages of the digital control approach over the
analog approach are:

1. Ability to implement advanced control
algorithms with software rather than special-
purpose hardware

2. Ability to change the design without changing
the hardware

3. Reduced size, weight, and power, along with low
cost

4. Greater reliability, maintainability, and testability

5. Increased noise immunity.

Microprocessor Selection and System
Development Cycle

Choosing an appropriate microprocessor is an
important factor in efficiently implementing a digital control
design. A class of special-purpose (as opposed to general-
purpose) digital signal-processing microprocessors has been
developed to enable fast execution of digital control
algorithms. The Texas Instruments TMS32010 provides
several beneficial features for implementing digital control
system elements through its architecture, speed, and
instruction set.

A prominent feature of the TMS32010 is the on-chip,
16 x 16-bit multiplier that performs two’s-complement
multiplication and produces a 32-bit product in a single
200-ns instruction cycle. The TMS32010 instruction set
includes special instructions necessary for fast
implementation of sum-of-products computations
encountered in digital filtering/compensation and Fourier
transform calculations. Most of the instructions critical to
signal processing execute in one instruction cycle. References
[1,2] give full details of the TMS32010 hardware and
software considerations.

Many system development tools are available and may
be used for digital control system design.3 Figure 2 outlines

INTERNAL
INPUTS + DIGITAL PLANT OR OUTPUTS
—— AD CONTROLLER »— D/IA |-»—{SYSTEM TO BE >
- CONTROLLED
AD <

Figure 1. Digital Control System
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IDEA/SYSTEM SPECIFICATIONS J

DIGITAL CONTROL SYSTEM DESIGN PHASE, DISCRETE TRANSFER FUNCTIONS.
STABILITY ANALYSIS, SIMULATION, ETC.
(DIGITAL FILTER DESIGM AIDS FOR THE TMS32010)

!

SYSTEM ARCHITECTURE DESIGN AND
EVALUATION OF PROCESSOR PERFORMANCE
(TMS32010 EVALUATION MODULE AND
ANALOG INTERFACE BOARD)

:

SOFTWARE CONFIGURATION
AND DEBUGGING
(TMS32010 ASSEMBLER/LINKER,
SOFTWARE LIBRARIES,
TMS32010 SIMULATOR)

!

SYSTEM BINDING PHASE., HARDWARE/SOFTWARE INTEGRATION
(TMS32010 EMULATOR (XDS)

HARDWARE CONFIGURATION
AND DEBUGGING
(TMS32010 EMULATOR (XDS))

Figure 2. Digital Control System Development Phases

the system development cycle and ties the development tools
to different project phases.

Among the non-TI development aids, an interactive
program called the Digital Filter Design Package developed
by Atlanta Signal Processors Incorporated, may be useful
in digital control system design. This program designs
various types of filters, compensators, and other structures.
It can be used when, for example, there is a need for several
notch filters to filter out unwanted frequencies in a digital
feedback loop.

DIGITAL COMPENSATOR DESIGN

Alternative methods exist for designing digital
compensators. This section outlines several approaches to
digital controller design and points out the analytical tools
useful in the design process.

Design Based on Analog Prototype

A commonly used method of designing a digital control
system is to first design an equivalent analog control system
using one of the well-known design procedures. The resulting
analog controller (analog prototype) is then transformed to
a digital controller by the use of one the transformations
described below.

The design of the analog controller may be carried out
in the s-plane using design methods such as root-locus
techniques, Bode plots, the Routh-Hurwitz criterion, state-
variable techniques, and other graphic or algebraic methods.
The purpose is to devise a suitable analog compensator
transfer function which is transformed to a digital transfer
function. This digital transfer function is then inverse z-
transformed to produce a difference equation that can be
implemented as an algorithm to be executed on a digital
computer. Two of the analog-to-digital transformation

692 24. Control System Comp

methods, the matched pole-zero and the bilinear
transformation, are described as follows:

1. The matched pole-zero (matched Z-transform)
method maps all poles and zeroes of the
compensator transfer function from the s-plane
to the z-plane according to the relation:

z = esT
where T is the sampling period.

If more poles than zeroes exist, additional
zeroes are added atz = — 1, and the gain of the
digital filter is adjusted to match the gain of the
analog filter at some critical frequency (e.g.,
at DC for a lowpass filter). This method is
somewhat heuristic and may or may not
produce a suitable compensator.

2. The bilinear (Tustin) transformation method
approximates the s-domain transfer function
with a z-domain transfer function by use of the
substitution:

-1
+1

N

g2
T

N

As in the matched pole-zero method, the
bilinear transformation method requires
substitution for s. Compensators in parallel or
in cascade maintain their respective structures
when transformed to their digital counterparts.
This substitution maps low analog frequencies
into approximately the same digital frequencies,
but produces a highly nonlinear mapping for
the high frequencies.

To correct this distortion, a frequency
prewarping scheme is used before the bilinear
transformation. The frequency prewarping
operation results in matching the single critical
frequency between the analog domain and the
digital domain. To achieve this result, the
prewarping operation replaces each s in the
analog transfer function with (wo/wp)s where
wp is the frequency to be matched in the digital
transfer function and

_ 2 woT
wp = T tan ]

Bilinear transformation with frequency prewarping
provides a close approximation to the analog compensatorS
and is the most commonly used technique. Other methods
for converting a transfer function from the analog to the
digital domain are: the method of mapping differentials!8,
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the impulse-invariance method6, the step-invariance
method!8, and the zero-order hold technique.6

The basic disadvantage of design based on an analog
prototype is that the discrete compensator is only an
approximation to the analog prototype. This analog prototype
is an upper bound on the effectiveness of the closed-loop
response of the digital compensator.

Direct Digital Design

The direct digital design technique is a design method
where a digital control system design is carried out from the
very beginning in the z-domain to produce a digital control
algorithm. Various pole-placement and relocation techniques
are used to position the poles and zeroes of the system’s z-
domain transfer function to yield the required system
performance.

The root-locus method in the z-plane is similar to the
root-locus design in the s-plane in that both are based on
observing the position of the closed-loop poles as a function
of the system gain. However, the effect of the locations of
the poles and zeroes on system performance is not the same
as in the s-plane. Knowledge of such correspondences in the
z-plane allows those familiar with continuous system design
to design digital compensators. For example, in stabilizing
an unstable system, the adjustable gain is used to move the
poles inside the unit circle instead of inside the left-half plane.
A phase-lead controller may be employed to shift the root-
locus to the left, which results in a system that responds
faster. A phase-lag controller may be designed to allow for
higher loop gain to produce smaller steady-state errors and
improved disturbance rejection. 10

The z-domain designer may also use pole-zero
cancellation. In this technique, some of the poles and zeroes
of the digital transfer function of the plant may be cancelled
by zeroes and poles of the digital compensator. The
compensator then introduces additional poles and zeroes at
locations that enable the designer to achieve the desired
performance characteristics. This method may affect system
stability due to ‘‘inexact cancellation’’. If the poles of the
plant that are to be cancelled lie close to the unit-circle,
inexact cancellation may cause the system root-locus to go
outside the unit circle at some point. This makes the system
conditionally stable or unstable.

In a system where fast response to the control input
is required, a ‘‘deadbeat’ approach may be taken. The
deadbeat controller cancels all the zeroes and poles of the
plant and introduces a pole at z = 1. The result is that the
system output reaches its steady-state value in one sampling
period with no overshoot. In practice, an ideal deadbeat
controller is difficult to implement because of inexact
cancellation. Although the output does not experience
overshoot, it may oscillate between sampling instants. The
design is ‘‘tuned’” in the sense that the system response may
be acceptable for a step input but not acceptable for other
inputs.

With z-plane design, conventional design techniques
can be used to place the closed-loop system poles exactly
where desired. The approximations associated with digitizing
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an analog prototype are thereby eliminated. The disadvantage
of this technique is the relative difficulty of visualizing the
effect of pole-zero locations in the z-plane on system
performance. To overcome the disadvantage of the z-plane
technique, the designer can use the w-plane or, better yet,
the w’-plane design technique.5 Both techniques transform
the design to a plane similar to the s-plane by means of the
same kind of substitution as in the bilinear transformation
described earlier. This procedure thereby allows the use of
the familiar s-plane and frequency-domain methods of
continuous-system design. The designer proceeds by first
transforming the continuous plant to the z-domain and thence
to the w-plane or w’-plane. The appropriate compensator is
then devised and transformed back to the z-plane, where it
is used to specify the corresponding computational algorithm.

State-Variable Design Methods

State-variable design methods can also be used,
including state-variable feedback and optimal control based
on quadratic synthesis.

In the state-variable feedback technique, all of the states
are measured and fed back through constant gains. This
allows all of the closed-loop poles to be positioned at any
desired locations in the z-plane, but does not affect the
positions of the system zeroes.

In a design based on quadratic synthesis, a performance
index or cost function is minimized by proper choices of the
control law or feedback compensator. In the most practical
design, the resulting compensator has the same form as that
resulting from the application of direct digital design
techniques.”

DIGITAL COMPENSATOR IMPLEMENTATION

Digital compensator algorithms execute on processors
that use finite-precision arithmetic. The signal-quantization
errors associated with finite-precision computations and the
methods for the handling of these errors are presented in this
section.

Fixed-Peint Arithmetic and Scaling

Computation with the TMS32010 is based on the fixed-
point two’s-complement representation of numbers. Each
16-bit number has a sign bit, i integer bits, and 15-i fractional
bits. For example, the decimal fraction +0.5 may be
represented in binary as

0.100 0000 0000 0000

This is Q15 format since it has 15 fractional bits, one
sign bit, and no integer bits. The decimal fraction + 0.5 may
equivalently be represented in Q12 format as:

0000.1000 0000 0000

" This number is in the Q12 format because it has 12
fractional bits, one sign bit, and three integer bits. Note that
the Q15 notation allows higher precision while the Q12

ion with the TMS32010 693



notation allows direct representation of larger numbers.

For implementing signal-processing algorithms, the
Q15 representation is advantageous because the basic
operation is multiply-accumulate and the product of two
fractions remains a fraction with no possible overflows during
multiplication. When the Q12 format is used, a software
check for overflow is necessary. The subsection,
OVERFLOW AND UNDERFLOW HANDLING, provides
a detailed analysis of overflow handling.

In the case where two numbers in Q15 are muitiplied,
the resulting product has 30 fractional bits, two sign bits,
and (as expected) no integer bits. To store this product as
a 16-bit result in Q15, the product must be shifted left by
one bit and the most-significant 16 bits stored. The
TMS32010 instruction SACH allows for this one-bit shift.

In the case where a Q15 number is to be multiplied
by a 13-bit fractional signed constant represented as a Q12
number, the result (to correspond with Q15) must be left-
shifted four bits to maintain full precision. The TMS32010
instruction SACH allows for the appropriate shift. The Q15
and Q12 representations are used in the example in the
section, DESIGN EXAMPLE: RATE-INTEGRATING
GYRO STABILIZATION LOOP.

When fixed-point representations are used, the control
system designer must determine the largest magnitudes that
can occur for all variables involved in the computations
required by the digital compensator. (Floating-point
representations allow larger magnitudes, but take more time
for the microprocessor to perform the required
computations.) Once these largest magnitudes are known,
scaling constants can be used to attenuate the compensator
input as much as necessary to ensure that all variables stay
within the range that can be expressed in the given
representation.

Several methods are used to determine bounds on the
magnitudes of the variables. One method, called upper-bound
scaling, provides a useful, although sometimes too
conservative, bound on the magnitude, yet it is
straightforward to calculate. Consider a variable y(n) that
is obtained as the output of a digital compensator H(z) when
the input is the sequence x(n). The bound on y(n) is given by

o

|Xmax| T
n=1

[h(m)|

Ymax =

where Xmax is the maximum value in x(n) and the sequence
h(n) is the unit-sample response sequence for the digital
compensator H(z).

Other methods for estimating the upper bound are Lp-
norm scaling, unit-step scaling, and the averaging
method.9,10

After ymax is determined, the scale factor can be
chosen as the multiplier that is applied to x(n) prior to the
compensator computations to ensure that y(n) remains within
the required bounds. In addition, the control system designer
may have knowledge concerning the bounds on the
compensator variables based on prior experience, the
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characteristics of the corresponding variables of analog
prototypes, and simulation results.

Finite-Wordlength Effects

All variables involved in the digital compensator — the
input, the compensator coefficients, the intermediate
variables, and the output — are represented as finite-
wordlength numbers. This restriction gives rise to errors.
Another source of errors is the truncation or rounding that
takes place when the 32-bit product of two 16-bit numbers
is stored as a 16-bit number. Both of these errors give rise
to the finite-wordlength effects discussed in this section.

The rep ion of the cc or input as a finite-
precision (quantized) number produces an input-quantization
error. The size of this error for a rounding scheme can be
anywhere from —(2-B)/2 to (2-B)/2 where B is the
number of bits in a word. The input-quantization error is
usefully modeled as a zero-mean random variable uniformly
distributed between its positive and negative bounds. A
techniqueS,10 is available to calculate the variance of the
corresponding error at the compensator output (its mean is
zero). In this manner, the designer can determine the effect
of input quantization on the compensator output.

Similar quantization errors are associated with the
multiplication process. Each multiplication is assumed to
produce the ‘‘true’’ product with an error that is a zero-mean,
uniformly distributed random variable. The variance of the
corresponding error at the compensator output can be
calculated in the same manner as for the error due to input
quantization. These individual variances are then added to
measure the total effect at the compensator output for each
truncation or rounding.

Another way to describe the effects of truncation or
rounding is in terms of ‘‘limit cycles’’ which are sustained
oscillations in the closed-loop system. These oscillations are
caused by nonlinearities within the loop. In this case, the
nonlinear quantizations are associated with the
multiplications. Limit cycles persist even when the system
input goes to zero, and their amplitude can be sizeable. No
general theory is available to treat this nonlinear
phenomenon. Bit-level simulations which model the
compensator and the complete closed-loop system are used
to ascertain their presence and effect on the closed-loop
performance.

When a digital compensator is implemented as an
algorithm to be executed on finite-precision hardware, a
problem arises with implementing the coefficients present
in the corresponding transfer function (see section,
TMS32010 IMPLEMENTATION OF COMPENSATORS
AND FILTERS). The infinite-precision compensator
coefficients must be rounded and stored using a finite-length,
fixed-point binary representation. Due to this coefficient-
quantization effect, the performance of the implemented filter
will deviate from the performance of the designed digital
filter.

The deviation in performance can be estimated by
computing the filter’s pole and zero locations and the
corresponding frequency response magnitude and phase for
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the compensator with the quantized coefficients. Coefficient
quantization forces the filter’s poles and zeroes into a finite
number of possible locations in the z-plane and is of most
concern for filters with stringent specifications, such as
narrow transition regions.

The designer must choose the filter structure least
sensitive to inaccurate coefficient representation. The choice
should be of a modular rather than a direct filter structure.
For example, a higher-order filter should be implemented
as a cascade or parallel combination of first-order and second-
order blocks. The reason for this choice is the lesser
sensitivity to coefficient variations of the roots of low-degree
polynomials in comparison with high-degree polynomials.
Several methods for selecting the filter structures least
affected by coefficient quantization are available.9

To quantitatively evaluate the effect of coefficient
quantization on the position of the poles or zeroes of a digital
transfer function, a ‘‘root sensitivity function’” can be
computed.6

Overflow and Underflow Handling

Digital control system algorithms are usually
implemented using two’s-complement, fixed-point
arithmetic. This convention designates a certain ber of
integer and fractional bits. The fixed-point arithmetic
computations may, at some point, produce a result that is
too large to be represented in a chosen form of fixed-point
notation (e.g., Q12). The resulting overflow, if untreated,
may cause degraded performance such as limit cycles and
large noise spikes at the filter’s output which may contribute
to the system’s instability. The system must be able to recover
from the overflow condition, i.e., return to its normal,
nonoverflow state.

Consider an example of the Q12 representation. The
number 7.5 multiplied by itself gives the result of 56.25, an
overflow in Q12. However, no hardware overflow occurs
in the accumulator; i.e.,

7.5 0111.1000 0000 0000
x 7.5 0111.1000 0000 0000
56.25 0011 1000.0100 0000 0000 0000 0000 0000

For the Q12 representation, the above 32-bit product
is shifted left four bits and the left-most 16 bits are retained:

1000.0100 0000 0000

The correct answer is 56.25, but the number stored in
the Q12 representation is —7.75.

The TMS32010 has a built-in overflow mode of
operation that, if enabled, causes the accumulator to saturate
upon detection of an overflow during addition when the
accumulator register overflows. During multiplication, an
overflow of the fixed-point notation may also occur even
though the hardware overflow of the accumulator register
does not occur. This is because the 32-bit result of a
multiplication of two 16-bit numbers must be stored in a

16-bit memory word in the form consistent with the chosen
fixed-point notation (see above example). To adjust the
location of the binary point, the storing operation requires
that the number in the accumulator be shifted left and
truncated on the right before storing. If the most significant
bits shifted out contain magnitude information in addition
to sign information, an overflow in the chosen fixed-point
notation results.

To track overflows associated with the number
representation, the control system software should contain
an appropriate overflow-checking routine in those places
where multiplications and additions occur. This routine
should not rely exclusively on the TMS32010’s overflow
mode to intercept and correct the overflow occurrences.

Two approaches may be used to handle overflows. The
first is to prevent the overflow from occurring by choosing
conservative scaling factors for the numbers used in
computations, as described in the subsection, FIXED-POINT
ARITHMETIC AND SCALING. These scaling factors are
used to limit the range of inputs to each of the basic building
blocks of the compensator, namely, the first- and second-
order filter sections. The scaling factor chosen reduces the
input r de and cc ly all other signal levels,
thereby enabling the compensator coefficients, the expected
inputs, and their products and sums, all to be represented
without overflow. The scaling must also maintain the signal
levels well above the quantization nois¢.

The second approach for handling overflow is to adjust
the sum or product each time an overflow occurs. To
accomplish this, an overflow checking routine must be
written and executed at certain points along the computational
path. The routine must check whether the number just
computed and residing in the 32-bit accumulator can be stored
without overflow in a 16-bit memory location in accord with
the chosen fixed-point notation. Once the routine detects an
overflow condition, it should replace the computed number
with the maximum or minimum representable two’s-
complement number. This scheme simulates a saturation
condition present in analog control systems. To prevent
overflow limit cycles, the saturation overflow characteristic
is preferred to the two’s-complement, ‘‘wrap-around’’
characteristic.?

An example of the overflow checking and correcting
technique for a first- and second-order filter subroutine is
provided in the section, TMS32010 IMPLEMENTATION
OF COMPENSATORS AND FILTERS. This Direct-Form
II implementation subroutine checks for overflow
occurrences upon computation of the filter’s intermediate
state variable and again upon computation of the filter’s
output.

In a digital control system, the first- and second-order
building blocks are either cascaded or connected in parallel
to compute a series of control algorithms. The first- and
second-order filter subroutine, called to compute each of the
control system’s elements, uses 16-bit memory locations as
storage media for its intermediate values, in which case it
is appropriate to check for overflow in each block.
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At the end of a computational chain — before the final,
computed digital output is ready for transfer to the analog
domain — it is necessary to check that the number being sent
to the digital-to-analog converter is within the range based
on the manner in which the converter is interfaced to the
processor data bus. For example, if a 12-bit converter is
wired to the 12 least significant bits (LSBs) of the 16-bit
processor data bus, then the 12 LSBs must contain both
magnitude and sign information, which may require that the
original 16-bit number be adjusted or limited before being
sent to the converter.

Underflow conditions, which can also appear during
digital control algorithms, are conceptually similar to
overflows in that the computed value contained in the 32-bit
accumulator is too small to be accurately represented in a
16-bit memory word in the chosen fixed-point notation. One
possible solution to this problem is to multiply the small result
by a gain constant to raise its value to a representable level.
The appropriately chosen gain constant may come as a result
of gain distribution throughout the digital control system,
whereby large gains from some of the building blocks get
uniformly distributed over a range of the system’s sections.

DIGITAL CONTROL SYSTEM
SOFTWARE DESIGN PHILOSOPHY

To maximize the manageability and portability of the
system software, a modular or top-down design technique
should be used. This section shows how the modular software
structure and the proper layout of system memory contribute
to the efficient implementation of a digital control design.

Modular Software Structure

The concept of modular software design is a technique
developed to make system software more manageable and
portable. Top-down design is used to break up a large task
into a series of smaller tasks or building blocks, which in
turn are used for structuring a total system in a level-by-level
form. At the end of a top-down design process, a number
of modules are linked together which, under the control of
a main program, perform as a complete system.

In addition to making the software-development and
software-modification processes more manageable, modular
design also enhances software portability. Digital control
systems use a number of standard functional blocks such as
compensators, notch filters, and demodulators. It is therefore
likely that a designer who already has access to one digital
control system will want to ‘‘borrow”” some of its functional
building blocks to quickly implement a new, different control
unit or reconfigure the existing one. The designer who has
access to these functional blocks or modules needs only
modify the main program by providing a different sequence
of subroutine calls. An initialization routine, a first- and
second-order filter routine, a roundoff routine, and an
overflow checking routine are examples of functional
building blocks.
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Each software module is written as a subroutine with
a clear and efficient interface (for parameter passing, stack
use, etc.) with the main program. In order to maintain the
general-purpose function of the module, the data used in
computations within a module (i.e., filter coefficients, state-
variable values, etc.) should be accessed using indirect
addressing rather than direct addressing. Only those variables
whose values remain unchanged should be addressed directly.

Layout of TMS32010 Data Memory

The layout of the TMS32010 data memory in a digital
control system implementation should be defined in
accordance with the requirements of the software modules
used in the implementation of the system. The procedure is
illustrated by the first- and second-order filter subroutine of
the section, TMS32010 IMPLEMENTATION OF
COMPENSATORS AND FILTERS. This subroutine
manipulates its pointer registers so that upon completion of
the computations in one filter section, the registers
automatically point to the set of coefficients and state
variables of the next filter section.

If the software designer arranges his filter coefficient
and state-variable sections in the order of execution of the
control-system algorithms, a sequence of compensators and
filters may be executed with a single subroutine call for each
element. This scheme enables faster execution of the control
algorithms since there is no need to /ﬁxplicitly reload the
pointers in order to match the requirements of the current
software module being called.

A designer must define all of the data memory locations
(set up a system memory map) at the beginning of the
program. An efficient way to accomplish this is to use the
TMS32010 assembler’s DORG (dummy origin) directive.
This directive does not cause code generation. DORG defines
a data structure to be used by the system; i.e., it generates
values corresponding to the labels of consecutive data
memory locations. Using the DORG directive, as opposed
to equating labels with data memory locations through the
EQU directive, provides flexibility when the data structure
needs to be modified. For example, when defining a number
of new data memory locations, the labels are inserted in the
middle of the ‘‘dummy’’ block and the assembler assigns
the values automatically. This function would have to be
performed manually if the EQU directive were used.

The software designer must also build a table in the
TMS32010 program memory that corresponds to the
previously defined data memory map. The table is then
loaded into the data memory by the initialization routine
during system startup.

These techniques are illustrated in the next section,
TMS32010 IMPLEMENTATION OF COMPENSATORS
AND FILTERS. Note that in the example program in
Appendix B, location ONE has to be the last location in the
table. Note also that the states and the coefficients of the
filters are defined in reverse order to the order in which the
filters execute. This is due to the way the initialization and
filter routines are written.
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TMS32010 IMPLEMENTATION OF
COMPENSATORS AND FILTERS

Design procedure and error handling for the standard
first- and second-order compensator and filter subroutine are
described in this section. Methods for implementing higher-
order structures, implementation tradeoffs, and examples of
typical compensators and filters are also given.

Standard First- and Second-Order Block
as a Subroutine

A standard first- and second-order compensator section
is a prime example of the building block philosophy discussed
earlier. The routine presented here computes first- and
second-order IIR filter sections using the Direct-Form II
network structure!2 and performs roundoffs and overflow
checking. The Direct-Form II, although it somewhat obscures
the definition of the variables, is chosen over the Direct-Form
I because it requires fewer ‘‘delays’’, i.e., data storage
locations, in its computational algorithm.

Consider the second-order transfer function:

_NO + N1z-! + N2z-2 _U@@
D@ = Diz-T+ D222 ~ E@

For Direct-Form II, the corresponding difference
equations are:

x(n) = e(n) — D1 x(n—1) — D2 x(n—2)
u(n) = NO x(n) + N1 x(n—1) + N2 x(n—-2)

The signal flowgraph for this transfer function is shown
in Figure 3.

ein] xin) NO uln]

5
-0

A
-D2

N2

xin —2]

Figure 3. Direct-Form II Compensator/Filter

The filter routine accommodates a scaling scheme as
defined on the main program level; i.e., the values can be
scaled by 215 or 212, The routine is written so that chain
implementation of a number of compensators and filters is
possible if the data structure, namely, the coefficient and
state-variable tables, are properly arranged (see the previous
section, CONTROL SYSTEM SOFTWARE DESIGN
PHILOSOPHY). The routine takes its input from the
accumulator and outputs the result to the accumulator so that
the main program can efficiently call for the successive
execution of the filter routine with a different set of
parameters each time.
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Two checks for overflow are made within the filter
routine. One is made upon computing the value of the
intermediate (state) variable and the other upon computing
the filter’s output. Each overflow check determines whether
the 32-bit computed result can be stored in a 16-bit memory
location under the adopted scaling scheme. If an overflow
condition occurs, the routine ‘saturates’’ the output; i.e.,
it returns the maximum or minimum representable value.

A drawback of overflow checking upon computing the
output is the loss of precision of the least-significant bits of
the accumulator, which are truncated during the accumulator
storing operation. This loss of precision is insignificant,
however, in comparison with the loss of precision due to an
overflow condition.

The first-order filter section is computed exactly like
the second-order section. The two coefficients N2 and — D2
that multiply the ‘‘oldest’” value of the intermediate (state)
variable, i.e., the bottom branch of the filter in Figure 3,
are equal to zero. This scheme reduces the second-order
digital filter to the first-order filter. An example program
that uses the first- and second-order filter routine to compute
several elements of a digital control system is given in
Appendix B.

Higher-Order Filters: Cascade Versus
Parallel Tradeoffs

A higher-order filter or compensator in a digital control
system can be implemented either as a single section or as
a combination of first- and second-order sections. The single
section or direct implementation form is easier to implement
and executes faster, but it generates a larger numerical error.
The larger error occurs because the long filter computation
process involves a substantial accumulation of errors resulting
from multiplications by quantized coefficients and because
the roots of high-order polynomials are increasingly sensitive
to changes in their (quantized) coefficients. For this reason,
the direct realization form is not recommended except for
a very low-order controller.

The suggested method of implementing a high-order
transfer function is to decompose it into first-order blocks
(to accommodate single real poles) and second-order blocks
(to accommodate complex conjugate poles or pairs of real
poles), and connect these blocks either in a cascade or a
parallel configuration.

For the cascade realization (see Figure 4), the transfer
function must be decomposed into a product of first-order
and second-order functions of the form:

D@ = K Di(2) D@ . . . Dy(®@
Each second-order block has the form:

NO + N1z-1 + N2z-2
1 +Dlz-1 +D2z-2

Dj(z) =

Each first-order block is obtained by equating the
coefficients of (z~2), i.e., N2 and D2, to zero.
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Figure 4. Cascade Implementation of a High-Order
Transfer Function

The designer must decide how to pair the poles and
zeroes in forming the Dj(z). A pole-zero pairing algorithm
that minimizes the output noise is available.10 The ordering
of the Dj(z) also affects output noise due to quantization and
whether or not limit cycles are present. !0

For the parallel realization (see Figure 5), the transfer
function is expanded as a sum of first-order and second-order
expressions of the form:

D) =K + Dj(z) + D2(z) + ... + Dy(2)

where the first-order blocks have the form:

. —_NO
Di@) =T 11
and the second-order blocks have the form:

NO + N1z-!
Di@ =TT Dpiz-T+ D222

Figure 5. Parallel Implementation of a High-Order
Transfer Function

The concept of ordering of Dj(z) does not apply to the
parallel configuration.

Pole-zero pairing is fixed by the constraints imposed
by the partial-fraction expansion.

The parallel realization has an obvious advantage over
the cascade form when an algorithm executes on a
multiprocessor system where the filter algorithm can be split
up among the processors and run concurrently.

No significant difference is apparent between the
parallel and cascade realizations in performance factors such
as execution speed and program/data memory use when the
algorithms execute on a single processor.!3 The parallel
algorithm could possibly provide more precision in
computing the filter’s output if the designer decided to save
the double-precision (32-bit) results from each of the first-
and second-order sections and perform a double-precision
addition to calculate the final filter output.

Examples of Typical Compensators
and Filters

Examoples of structures used in digital control systems:
compensators (lowpass filters), and notch filters are shown
in Table 1. The analog and digital versions of the transfer
functions, along with the scaled form of the transfer functions
and their coefficient values, are given. A complete example
of a transformation from the analog to the digital domain
using bilinear transformation with frequency prewarping is
presented in Appendix A.

The gain constant that appears in some transfer
functions can be implemented either by integrating it into
its transfer function or by distributing it over a number of
filter sections in a cascade implementation scheme.
PROCESSOR INTERFACE CONSIDERATIONS

Alternatives should be considered when designing the
data-acquisition portion of the digital controller hardware.
This section addresses the A/D and D/A converter selection,

different analog sensor interface methods, and
communication with the host processor.

Table 1. Examples of Analog and Digital Versions of Common Transfer Functions

Otghal Traneter Functon Scaled Cosfficients end
paffieinins Order of Storsge in
Anaiog Prototype Traneter Function Compured Scaled Dighal Transter Function Data Memory (se required by
Tranetormation with
Prowarping: 1, = 4020 Hz) Fiest- and Second-Order
" Fiter Routine)
First-Order Compenaator: Scaling Factor = 215 NO = 408
1 1.041.02-1 408+408 2-" N1 = 408
- 4 - o 1041027 . 08308
Gw =100 TS Dl = 0012436 099976 21 ot 32768-32700 2~ 01 = 32760
Second-Order Compensator: Scaling Factor = 212 NO = 4096
N1 = -8120
$2+68.26+ 3943 1.0-1.9824 z-1+0.8826 z-2 4096-8120 -1 +4025 -2 N2 = 4025
-1 Ty - 870 10-1.9024 5" +0892027° - 870. 4096-812027 144026277
Gln) = 1000 ST 261254831108 Ol = 87077 Ty 7648 1 T+0.5474 -2 Ole) = 87077 oo6-5140 2~ T+2242 -2 01 = 5140
02 = -2242
100-Hz Notch Fitter: Scaling Factor = 22 NO = 4033
N1 = -7968
o) = $2+3.9478 x 108 Ouy = 298407184534 2-1+0.98467 2-2 o) 4033-7968 2-1+40332-2 N2 = 4033
$7+126.8645 43,9478 x 105 1.0-1.84534 2-1+0.96935 2 2 - 40967968 z- 1 +3970 2- 2 01 = 7968
D2 = -3970
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A/D and D/A Conversions and
Integrated Circuits

The A/D and D/A converter selection for a control
system design may be based on several factors. Among the
most crucial factors are the maximum conversion speed of
the converter and the wordlength of the device.

The A/D conversion speed relates directly to the
required sampling rate of the specific application. This rate
is determined by the need to sample fast enough to prevent
aliasing and excessive phase lag and to sample slow enough
to avoid the unnecessary expense and accuracy of high data
rates.

The A/D wordlength should be chosen based on a
worst-case analysis using the following two criteria:

1. The dynamic range of the continuous input
signal, and
2. The quantization noise of the A/D converter.

For dynamic range, the designer should determine the
minimum and maximum values of the continuous input that
need to be accurately represented and select the A/D
wordlength in bits based on the resolution required within
this range.

Quantization noise is due to the quantization effect of
the A/D. The value of this noise during a single conversion
can be represented by the difference between the exact analog
value and the value allowable with the finite resolution of
the A/D. This quantization noise may assume any value in
the range —q/2 to +q/2 for a rounding converter or 0 to q
for a truncating A/D converter where q is the quantization
level. The quantization level q is equal to the full-scale
voltage range divided by 2B where B is the number of bits
in the converter. The quantization noise may be modeled as
uniformly distributed noise. The designer should make his

choice based on the maximum acceptable quantization level.

The D/A converter wordlength should be chosen in a
similar manner to choosing the A/D wordlength by
considering the dynamic range of the output signal.

The effects of A/D and D/A converter wordlength on
the performance of a high-speed control system are detailed
in the University of Arkansas study (see the section on the
design example of the TMS32010-based rate-integrating gyro
positioning system). The study analyzed the time-domain
performance of the system (unit impulse, step, ramp, and
torque-disturbance response) as a function of A/D and D/A
wordlengths. Twelve-, fourteen-, and sixteen-bit converters
were used. The only significant difference found between
them was the steady-state error. Twelve-bit converters were
found to be adequate.

In a multi-input digital control system, the signal
acquisition portion of the digital controller must provide for
the multiplexing of several analog inputs into a single A/D
converter. Consequently, some external devices are needed
to pre-filter (antialiasing filters), sample and hold the analog
signals from each channel (S/H circuits), and multiplex the
signals onto the A/D converter (analog multiplexer).
Multiplexing and filtering may also be necessary at the output
in cases where the digital control system computes multiple
outputs for the control of the plant.

Two configurations of a cost-effective, multichannel
data acquisition system for a digital controller are shown in
Figure 6. The first accommodates up to eight inputs; the
second can accommodate up to 32 inputs. Note that in these
two systems, only one S/H per eight inputs exists, and the
variables are sampled in sequence with the same sampling
interval between successive samples of a given signal. There
will be a ‘‘skew”” in time between the samples of the various

= 81 R
— %__ AID > FF0 |—»
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L

Figure 6. Cost-Effective Data Acquisition Systems
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inputs with a possible unwanted effect on the system
performance. In this case, the use of a fast A/D converter
may be justified to minimize this effect.

If truly simultaneous sampling is required, an array of
S/H circuits may be used to capture the values of all the inputs
concurrently. This solution, shown in Figure 7, is more
expensive due to the cost of S/Hs. In such simultaneous
sampling systems, a fast conversion must be performed
before the signal values present on the S/Hs start to droop.
Therefore, the maximum conversion rate must be fast enough
to accommodate this constraint.

SIH
ARRAY

8-1
mux [ AID [ FIFO —

YYYYYYY

Figure 7. Data Acquisition System with
Simultaneous Sampling

In some cases, high-speed A/D converters (100- to
500-kHz conversion rates) are required. Two 12-bit A/D
devices that will accommodate these speed requirements are

INSTRUMENTATION
AMPLIFIER

ANALOG
Mux

TO S/H AND AD
—»

the ADC85 and the AD5240 from Analog Devices. The
ADCSS5 allows a conversion rate of up to 100 kHz and the
AD5240 up to 200 kHz. There are other converters available
from several manufacturers.

D/A converters, on the other hand, are inherently
faster, the selection is much broader, and the cost is less.

When high-speed converters are not needed (when only
a few input channels exist or a single converter per channel
is justified), devices such as the TCM2913 and TCM2914
codecs may be useful in digital control applications. Although
telecommunications-oriented, these devices are low in cost
and provide on-chip antialiasing and smoothing filters. The
TCM2913 or TCM2914 both contain A/D and D/A
converters. The 8-bit digital output of the A/D and the 8-bit
digital input to the D/A are both arranged in a companded
(compressed/expanded) form using p-law or A-law
companding techniques. The p-law and A-law companding
techniques allow small numbers to be represented with
maximum accuracy, but require a conversion routine before
the companded samples can be used in two’s-complement
computations. Such conversion routines are based on lookup
tables and need only a few TMS32010 instruction cycles to
execute. 14 The devices interface to the processor in a serial
form and convert the data at a maximum rate of 8 kHz.

All of these data acquisition systems can accommodate
differential inputs from analog transducers, such as pressure
sensors, strain gauges, and others. To maintain accuracy in
the case of a low-level input signal and to minimize noise
effects, twisted-pair leads can be used to connect the
transducer output to an instrumentation amplifier
(differential-to-single-ended conversion circuit) that in turn
is connected to the analog multiplexer. Alternatively,
balanced twisted-pair leads can be connected to a differential
analog multiplexer which drives an instrumentation amplifier
of the same kind. The amplifier rejects the common-mode
noise and presents the single-ended output to the S/H circuit
and the A/D converter.!5,16 These two configurations are
shown in Figure 8.

INSTRUMENTATION
AMPLIFIER
ANALOG + TO S/H AND AD
MUX -

i

Figure 8. Differential Input Configurations
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Synchronization of the Processor
and External Devices

In a multichannel data acquisition system with one A/D
converter, a designer must generate a sequence of timing
signals to synchronize the S/H circuits, the analog
multiplexer, the A/D converter, and the input/output latches
with the operation of the TMS32010. The designer may
decide to generate the timing signals from the TMS32010
clock by subdividing its frequency or using a timing and
control circuit based on its own clock.

An alternative way to build a multi-channel data
acquisition system is to designate a separate A/D for each
channel. In this case, the timing-signal generation is simpler
and the A/D converters used may be slower and less costly,
although more of them are necessary. The designer should
perform a tradeoff analysis based on board space, overall
system cost, and power consumption.

Communication with Host Computer

In addition to having a fast signal-processing
microprocessor, a need may exist for an executive processor
to monitor the system’s operation. Such an executive
processor would be used for system startup/initialization
(coefficient and initial-condition loading), responding to
emergency conditions such as overflow and underflow,
system reprogramming/reconfiguration (loading a new
program or a new set of coefficients), and a thorough system
test and calibration. The system should be constructed so that
the executive processor can interrupt, halt, or alter the
execution of the signal processor at any time in response to
contingency situations.

DESIGN EXAMPLE: RATE-INTEGRATING
GYRO STABILIZATION LOOP

An example of using the TMS32010 processor to
implement a digital control system is presented in this section.
Sampling rate selection, the system’s hardware and software,
and system performance are discussed.

System Description

The system used as an example of the application of
the TMS32010 is a servo-control system for stabilizing a
large, two-axis gimbaled platform with a DC-motor drive.
Inertial rate-integrating gyroscopes mounted directly on the
platform serve as angular motion sensors. Such systems are
required for the precise control of line-of-sight (LOS) and
line-of-sight rate for use in pointing and tracking applications
for laser, video, inertial navigation, and radar systems.

At present, digital control is not normally used in
systems of this type because of the fast throughput rates and
computational accuracy required to perform the control
computations and notch filtering. Current line-of-sight
stabilization systems continue to use analog electronics to
implement servo-compensation functions and error-signal
conditioning. Thus, the system is representative in
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complexity and performance of typical systems currently in
use by the aerospace industry and are candidates for
microprocessor-based digital control.

The digital control system was designed as part of a
research contract carried out by the University of Arkansas
under the sponsorship of Texas Instruments from February
1982 to February 1984.18,19

System Model and Control Compensation

A single axis of the stabilization system has two primary
control loops: the rate loop and the position loop. In addition,
a tachometer loop exists within the position loop. The rate
and position loops are identified in Figure 9, a diagram of
the elevation axis of the system. In its analog version, the
system employs analog electronics to implement all control
compensation and signal conditioning functions.

Figure 10 identifies those filters and compensators in
the rate loop that are to be incorporated into the digital control
system.

This study’s approach provides a digital implementation
of the designated analog elements of the rate loop without
sacrificing closed-loop performance. In keeping with the
recommendations of the DIGITAL COMPENSATOR
DESIGN section, the technique for the conversions of the
analog compensators and notch filters to their digital
counterparts is the bilinear transformation with frequency
prewarping. Within the rate loop, the transfer furctions to
be implemented digitally consist of a first-order and a second-
order compensator, along with six notch filters. Within the
position loop, there is one first-order compensator and one
notch filter. The transfer functions, shown in Table 2, list
both the analog prototypes and their digital equivalents.

The sampling rate chosen is 4020 samples per second
(sampling period is 249 ps). This rate is more than twice
the highest frequency of consequence (1800 Hz, the highest
rate-loop notch frequency) to prevent aliasing. The rate is
fast enough to prevent excessive phase lag in the rate loop
and is more than ten times the closed rate-loop bandwidth
(approximately 80 Hz).5 The rate was also chosen to be an
integer multiple of 30 Hz, which is a commonly used update
rate of the video and infrared imaging/tracker devices that
provide the line-of-sight rate command to the stabilization
system’s rate loop. The update rate of the imaging device
and the sampling rate within the rate loop are thus
synchronized.

After simulating the closed rate loop, the phase margin
was found to be five degrees less than it was for the all-analog
system, due to the computational and other delays associated
with sampling. To overcome this deterioration in phase
margin, the second-order rate-loop compensator was
redesigned to provide additional phase lead. The compensator
was modified to provide enough additional phase lead so that
the phase margin of the digital system matched that of the
analog system. The modified compensator is listed in the
table.
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Table 2. Analog and Digital Compensators and Notch Filters

Compensator/ Digital Transfer Function
Fikter ¢ Analog Transfer Function (fy = 4020 Hz)
Rate-L
1:"’0':::’ o6 < 100 06 = 0.1244 (1.0+1.02-")
S+1 = 1.0-0.99975 21
Compensator
'::;9'(';::9 o 1000 (52 +62.8S + 3943) o7 754.7101 (1.0-1.98426 2~ 1+0.9845 2~ 2)
-Order - 1000 (S +©02.85 +3929)
S2+25125+6.31x108 1.0-1.2652-1+0.54742-2
Compensator
- 2+(2x 1800)2
:"s':o'-:°° o - > vzo;( x 1800) s . 0:9687741.834112-1.0.968772-2
: - $2+ “T—— S+(2x 1800)2 - 1.0+1.834112-1+0.93754 2-2
Notch Filter
- 24(2 2
:;‘: ’:°°P co > 9;) + (27 900) 09 0.8352-0.27291 2~ 1+0.8352 2-2
Hz - =
) s2+ 22 54 (21 900)2 1.0-0.27291 Z-1+0.67041 22
Notch Filter
- 2 2
::‘::“9 1o > 5650 + (27 560) 010 0.9287-1.19021 2-1+0.9287 2-2
Hz - -
] 82+ 21227 5.4 (21 560)2 1.0-1.19021 2-1+0.8574 2-2
Notch Filter 5
. 2+ (27 140)2
'1‘:‘:::"9 o - > 1450 x 140) b1y . _0:97875-1.910832-1+0.978752-2
T s24 X gi2x 14002 - 1.0-1.91083 2-1+0.95751 2-2
Notch Filter 5
X 2 +(2x 120)2
"‘;::“P o2 - > 1; +(2x 120) b1z .  _09817-1.028962-1+098172-2
z T 524 XY gi(2x 1202 - 1.0-1.92896 Z-1+0.96339 2-2
Notch Filter 5
- 2 2
:‘;‘::”P o > 10?) + (2 100) 013 0.98467 - 1.94534 2~ 1+0.98467 Z-2
Hz - =
] s24+ L0 5427 100)2 1.0-1.94534 Z-1+0.96935 2 -2
Notch Filter 5
Position-Loop -1
opiiie 622 - 6.6S + 45.54 022 = 6.60566 — 6.59434 Z
S 1.0-z2-1
Compensator
ition- 2 2 -
:z;":’: Loop e - 2 4050 +(27 400) bps . 0:94471-1.532042-1+0944712-2
T s2+ ZZT 5424 4002 B 1.0-1.53204 Z-1+0.88942 Z-2
Notch Filter 5
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Hardware

In the digital control system, the analog compensators
and the notch filters are replaced by a digital signal processor,
the TMS32010, along with the additional interface hardware
needed to provide the digital input signals to the controller
and the analog signals to the plant. Figure 11 shows the
system hardware block diagram.

The hardware was packaged onto five wirewrap
boards. It was fabricated as a prototype test bed, and was
constructed from commercially available components that
have military-specification counterparts. Twelve-bit A/D and
D/A converters were used, based on the studies of time-
domain performance characteristics of the system.

Software

The TMS32010 software is composed of four modules:
Initialization Routine, Main Program, Rate-Loop
Subprogram, and Subroutines. Figure 12 shows the system
software block diagram.

The Initialization software disables and enables
interrupts, loads data memory with filter coefficients,
program constants, and gain terms, and initializes the
TMS32010 registers.

The Main Program software calls the Delay Subroutine
at the beginning of each sample period to wait for the A/D
to complete conversion of all input variables. It then does
on-line compensation for the error signal sensor variation
by executing the A/D Drift Subroutine. The Main Program
then reads ¥ value of the input variable, calls the Rate-Loop
Subprogram to compute the control output, and, when that
subprogram returns the output variable, loads it into the
appropriate output register.

The Rate Loop Subprogram calls subroutines that
perform each compensator and notch filter computation and
checks the computed output for overflow.

The Subroutines consist of a single routine for
performing any of the compensator or notch-filter

computations (first- and second-order .'ter routine), along
with routines for checking overflow, providing delay, and
performing multiplication of low-precision numbers by a
constant.

The A/D Drift Subroutine compensates on-line for the
variations in the rate-loop error signal sensor (as a function
of time and temperature). The subroutine uses an external
calibration input and follows the model of the sensor
variations to estimate the true value of the A/D input.

The digital control system is interrupt-driven. An
interrupt occurs every 1/4020 seconds (approximately 250
us). This starts the A/D conversion of a new set of sample
inputs and restarts the TMS32010 on a new pass through its
software.

A TMS32010 Evaluation Module (EVM) and Emulator
(XDS) were used in the software development to permit
single-step execution of the software for comparison with
the corresponding computations produced by simulations
written with the aid of the Continuous System modeling
Program (CSMP). These simulations take into account the
input/output signal quantization levels, microprocessor
architecture, memory and internal register lengths.

Other software functions associated with a complete,
self-contained control module include:

1. System calibration, testing, and startup

2. Error checking and contingency responses

3. Setting of gains, time constants, and other
programmable or adjustable parameters

4. System shutdown.

These functions are implemented by a general-purpose
executive processor (SBP9989), thus allowing the TMS32010
to handle computation-intensive tasks.

System Performance
The system performance was evaluated in the following
two-step procedure:
1. A hybrid computer system was constructed

T0 SBP9989 BUS

BUS TRANSMITTERS/
RECEIVERS

= —
p—
ANALOG SS— i‘:':t: > §.CHANNEL INPUT ouTPUT oA ANALOG
T | MULTI LATCH TMS32010 LATCH
TS —— ey | =] pLexen ARRAY ARRAY CONVERTER ™" out
. =
——— j B
£%
29
=4 T }7
CHANNEL SELECT [ CHANNEL SELECT
INPUT ouTPUT
cLock
1061 4020-Hz SAMPLE LATCH LATCH
NTROL
AID START CONVERSION CONTRO! CONTROL

Figure 11. Digital Controller Hardware Block Diagram [19]
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consisting of an analog-computer implemen-
tation of part of the nondigital portion of the
rate loop coupled with the TMS32010-based
digital controller. :

2. A full-scale CSMP simulation of the entire rate
loop was conducted.

The closed-loop performance of the rate loop was
characterized by the following responses: rate-command step
response, torque-disturbance step response, and torque-
disturbance frequency response. The results are shown in
Figures 13 through 15.

In the rate-command step response, the percent
overshoot, peak time, and settling time are similar for both
the discrete and continuous systems, but the continuous
system is slightly smoother. The torque-disturbance step
response shows that the discrete system is slightly slower
in correcting for a torque disturbance input. In addition, the
discrete system has a low-level oscillation (limit cycle). The
frequency responses for a torque-disturbance input are also
similar, with the continuous system having slightly better
torque disturbance rejection in the low-frequency region.
These results show that the analog and the digital systems
are comparable even though no special efforts were made
to take advantage of the capability that digital control offers.

The flexibility of the digital control system was
demonstrated by programming the digital system with the
capability to correct for a variation in the sensor input to the
A/D converter. The system was able to correct on-line (by
using a known standard, calculating the gain, and dividing
it out) for a 50 percent sinusoidal variation in the sensor gain.

The conversion between two different stabilization
systems serves as another flexibility example. The software

of a small, two-axis stabilization system was converted to
the software of the higher-precision, large, two-axis
gimbaled-platform stabilization loop described earlier. The
only modification required was in the Main Program and the
Rate-Loop Subprogram for the latter system. The modular
software design procedure made possible the use of most of
the building blocks (subroutines) in the implementation of
the new controller.

In general, the study demonstrated the technical
feasibility of digital control for a wide-bandwidth, high-
precision type of system. Due to the limited scope of the
study, the full power of digital control was not utilized, in
that the control algorithms were constrained by the design
to emulate their analog prototypes. It is likely that significant
performance improvements could be achieved by advanced
control techniques.

Additional capacity in the TMS32010 remains to
accommodate improved, more sophisticated compensators.
Table 3 shows the TMS32010 utilization.

Table 3. TMS32010 Utilization
(LOS Stabilization System Rate-Loop)

Used Available % Use
Program 275 4096 7%
Memory words words
Data 76 144
53%
Memory words words
Execution
. 73 us 250 ps 29% *
Time

*Based on a 16-MHz (i.e., less than maximum) clock rate.
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Figure 15. Rate-Loop Normalized Torque-Disturbance Frequency Response [19]

Other microprocessors that were considered for
implementing this digital controller system were: Intel 8086,
Zilog Z-8000, Motorola 68000, and the Fairchild 9445.
These microprocessors were unable to meet the criterion that
the maximum allowable time between samples for processing
be 250 ps. Among the signal-processing microprocessors,
the AMI 2811, while apparently fast enough, has only a
12 x 12 multiplier; and the Intel 2920 has only four inputs
and no branching instructions.

The principal limitation of the TMS32010 was that of
having eight inputs and eight outputs. Except for this
restrictior , che processor would have been able to carry out
the processing for both axes of the two-axis gimbaled
platform. This limitation could be removed by the addition
of logic circuitry.

ACKNOWLEDGMENTS

The authors would like to thank Larry Chatelain of
Texas Instruments Incorporated, Dallas, Texas, and Stanley
Stephenson of the University of Arkansas, Fayetteville,
Arkansas, for their help in the preparation of this document.

REFERENCES

TI TMS32010 Documentation
TMS32010 Assembly Language Programmer’s Guide,
Texas Instruments Incorporated (1983).

2. TMS32010 User’s Guide, Texas Instruments
Incorporated (1983).

3. TMS32010 Development Support Reference Guide,
Texas Instruments Incorporated (1984).

4. Digital Filter Design Package: Interactive Software for
Digital Filter Design and Automatic Code Generation
for the Texas Instruments TMS32010, Atlanta Signal
Processors Incorporated, 770 Spring Street, Suite 208,
Atalanta, Georgia 30332 (1984).

References on Digital Control
5. P. Katz, Digital Control Using Microprocessors,
Prentice-Hall (1981).
6. R. Jacquot, Modern Digital Control Systems, Marcel
Dekker, Inc. 1(1981).
7. P. Moroney, Issues in the Implementation of Digital
Feedback Compensators, MIT Press, pp. 16-17 (1983).

24. Control System Compensation and Implementation with the TMS32010 707



B.C. Kuo, Digital Control Systems, Holt, Rinehart,
& Winston (1980).

P. Moroney, Issues in the Implementation of Digital
Feedback Compensators, MIT Press (1983).

C. Phillips, H. Nagle, Digital Control System Analysis
and Design, Prentice-Hall, Inc. (1984).

M. Masten, ‘‘Rate-Aiding for Line-of-Sight
Stabilization/Tracking Systems,’”’ Texas Instruments
Engineering Journal, Vol 1, No. 2 (September-October
1984).

References on Digital Signal Processing

12.

13.

14.

708

A. Oppenheim and R. Schafer, Digital Signal
Pracessing, Prentice-Hall, Inc. (1975).

The * Implementation of FIR/FIR Filters with the
TMS32010, Texas Instruments Incorporated (1983).
Companding Routines for the TMS32010, Texas

15.

16.

17.

Instruments Incorporated (1984).

S. Moore, S. Pietkiewicz, ‘‘Monolithic A/D Converter
Interfaces Directly With Most Microprocessors’’,
Electronic Design (September 6, 1984).

R. Jaeger, ‘‘Tutorial: Analog Data Acquisition
Technology Part II,”” IEEE Micro (November 1982).
A. Oppenheim, A. Willsky, Signals and Systems,
Prentice-Hall, Inc. (1983).

References for the Design Example

18.

Digital Servo Techniques, Phase One, Department of
Electrical Engineering, University of Arkansas,
Fayetteville, Arkansas 72701 (1982).

Digital Control Techniques, Phase Two, Feasibility
Demonstration, Vol I and I, Department of Electrical
Engineering, University of Arkansas, Fayetteville,
Arkansas 72701 (1984).

24. Control System Compensation and Implementation with the TMS32010




APPENDIX A
Development of a Digital Compensator Transfer Function

The development of a digital equivalent of an analog compensator transfer function using the bilinear transformation with
frequency prewarping is shown in this appendix. The technique is described in the section, DIGITAL COMPENSATOR
DESIGN.

Beginning with an analog prototype transfer function,

S2 + 68.2S + 3943
S2 + 2512S + 6.31x106

G(s) = 1000

The sampling frequency to be used in converting to a digital equivalent is f = 4020 Hz (i.e., the sampling period
Tg = 1/4020 s = 248.76 x 10-6s).

The characteristic equation of this analog transfer function is:
S2 + 25128 + 6.31 x 106 =0

which fits the standard, second-order form:

S2+2¢wnS+w2=0

The natural frequency wp = H 6.31x106 = 2511.9713 rad/s

To compensate for nonlinear mapping of analog-to-digital frequencies by the bilinear transformation method, the natural
frequency is prewarped according to the formula:
woT 2 2511.9713 x248.76 x 10~ 6

2 .
@p =TT = 248 76x10-6 AN 2

= 2597.03 rad/s

This prewarping scheme matches exactly the natural frequency in the analog and digital domains for the compensator.

To obtain the prewarped version of the analog transfer function, the complex variable s in the original transfer function is
replaced with (wo/wp)s. It is therefore convenient to compute the ratio:

wo _ 25119713 _
op 250703 - 72

The prewarped Gf(s), i.e., Gp(s) is then computed as:

(0.9672 s)2 + 68.2 (0.9672 s) + 3943

1000 (0.9672 5)2 + 2512 (0.9672's) + 6.31x 106

Gp(S)

1

s2 + 70.51s + 4214.87
s2 + 2597.16 s+ 6.75 x 106

1000

Bilinear transformation is next applied to G (s) whereby the continuous variable s is replaced by the expression that involves
the discrete variable z:

N
—

+

= 2
S = 7

N
—
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This produces the discrete transfer function D(z).
For the compensator,

D(2) = Gp(s) =1 =
s =

2
T z+1

s2 + 70.51 s+ 4214.87
s2 + 2597.16 s+ 6.75 x 106

= 1000

2 z—1
248.76 x10—-6 z+1

s =

After further computations,

1.0 — 1.9824 z—1 + 0.9826 z—2

D@ = 70676 01254871 + 0.5474 22

The final step is the gain adjustment in the digital transfer function. This can be accomplished by matching the analog and

digital gains at some predetermined frequency, for example, DC.

For the DC case, s = jw = 0 and from the bilinear transformation:

_ 2+4sT _ 1
T 2-sT

Therefore, at DC, G(0) = D(1).

For this transfer function, G(0) = 0.6249, D(1) = 0.5072. If G(0) = K x D(1), then the constant K becomes

0.6249
0.5072

= 1.2321

The final form of the digital equivalent transfer function is:

_ 1.0 — 19824 z—! + 0.9826 z—2
D@ = 870.77 112548 2-1 + 0.5474 22

where the gain of 870.77 is the product of K X (the unadjusted digital gain), i.e., 870.77 = 1.2321 x706.76.
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APPENDIX B
TMS32010 Example Program

An example TMS32010 program that uses the first- and second-order filter routine to compute several elements of a digital
control system is provided in this appendix. The program illustrates the concepts of modular software design, data memory
layout, and cascade implementation of high-order transfer functions. The program was executed on a combination of the
TMS32010 Emulator (XDS) and Analog Interface Board (AIB) using random noise as input. The input was sampled at a
4000-Hz rate.

The following transfer functions are implemented with Q12 scaling:

0.8352 — 0.2729z—! + 0.8352 z—2
1.0 — 0.2729 z—1 + 0.6704 z~2

900-Hz Notch-Filter D(2)

]

0.9688 + 1.8341z—! + 0.9688 z-2
1.0 + 1.8341z-1 + 0.93752z-2

1800-Hz Notch Filter D) =

Other transfer functions (compensators, notch filters) can be implemented in identical fashion by expanding the data structure
(filter coefficients and states) and making additional filter routine calls to compute these elements.

The output, as observed on a spectrum analyzer, is shown in Figure B-1.

Figure B-1. Spectrum Analyzer output (900-Hz and 1800-Hz Notch Filters)

The first notch from the left is at 900 Hz, the second is at 1800 Hz. The attenuation of the notch frequencies is about 23
dB in reference to the passband region.

The program that produced this output is as follows:
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RIS 5YS

0001

000z
0003
0004
Q005
0004
0007
000=
Q002
0010
0011

001z
0013
0014
0015
0014
0017
0015
0019
0020
002
0

[0l

00z4
0025
0024
0027

0029
0030

0033
0034
0035
0036
0037
0032
0039
0040
0041
0042
0042
0044
0045
0044
0047
0043
0049
0050
0051
0052
0053
0054
00535
00546
00357

712

QOO0

0000 0

0001

000z

000z 0

0004
0005
0006
0007
0003
000
000A
000R
000C
000D
000E
000F
0010

0011
0012
0013
0014
0015
0014
0017
00132
0019

001A

O01B

0o1c

001D

001E

0000

ZZ010 FAMILY MACRO ASSEMBLER PCZ.1 24.107

000C

0004
0005
0004
0007
0003
0009
000A
000BR
000C
000D
000E
000F
0010
0010

0011
0012
0013
o014
0013
0014
0017
0012
0019
0019

001A
001B

00icC
001D
001
001D
001E

*
*
*
#*
#*
#*
#*
#*
#*

X11
X21
STATES
*
COMAND
auTPUT
#*
MAX16
MIN1A
MASK 1
MASK2
ONE

#*

#

10T ‘RIG §Y57

OFTION  DUNLST

,TUNLST

11:14:45
PAGE 0001

03-06-55

The program computes a few sections of the LOS

Stabilization

Constants

System Rate Loop.

The constant SCALE relates to the scaling factor
through a relation:

scaling factor

= 2 ## SCALE (ex.

Scale constants 12 and 15 are available.

ERL 12

SCALING FACTOR (012)

Data memory map

DDRG 0
DATA $
DATA $

DATA MEM START ADRS

AIB MODE
AIB RATE

Coefficient table

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
EQL
State va
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
EQi

-1

B PR PR PR PR R PR R RE PR RS PR RS RSB

[
—

DATA
DATA

* &

EQU MAX14
EQlJ MIN14&
DATA $

AORG 0

FILTER #3

FILTER #2

FILTER #1

table

FILTER #3

FILTER #2

FILTER #1

COEFF S

COEFF-S

COEFF’S

STATES

STATES

STATES

COMMAND  INPUT
SYSTEM OUTPUT

4094 = 2 #% 12).

MAX 2-COMPLEMENT NUM IN 14 BITS
MIN 2-COMPLEMENT NUM IN 16 BITS

MASK
MASK
ONE
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RIG SYS

0058 0000
0001

0059

00560

0061

0062 0002

0063 0004

0064 0009

0077 0021
0022

0080 0023
0024

0031 0025
00254

0082

0033

0084

0085 0027

0086 0028

0087 0029

0088 002A

0090

0091 002B

0092 002C

0093 002D

0094 002ZE
002F

0095 0030
0031

0096

0097

0098 0032

0099 0033

0100 0034

0101 0035

0102 0036

0103

0104

0105 0037
0033

0106

0107

24. Control System C

32010 FAMILY MACRO ASSEMBLER PC2.1 84.107 11:14:45 03-04-835

PAGE 0002

F?00 B START RESTART VECTOR
0021

#

#* Table in prog memory
0002 TABLE EQU $
000A DATA >A,>4DB AIB MODE AND RATE
0000 DATA 0,0,0,0,0 FILTER #3 COEFF’S
0DSD DATA 3421 —1118 3421,1118,-2746 900 HZ NOTCH FILTER
OF80 DATA 3968, 7513,3968, -7513 -3340 1800 HZ NOTCH FILTER
0000 DATA 0,0,0 FILTER #3 INITIAL STATES
0000 DATA 0,0,0 Q00 HZ NOTCH INITIAL STATES
0000 DATA 0,0,0 1800 HZ NOTCH INITIAL STATES
0000 DATA 0,0 COMMAND INPUT, SYSTEM OUTPUT
7FFF DATA 32767,-32768 MAX AND MIN 16 BIT NUMBERS
0001 DATA 1 ONE
0020 TBLEND EQU $-1

#*

#*

#* Initialize the system
0021 START EBRU $
F800 CALL INIT INITIALIZATION ROUTINE
0039

*

# Wait on sample
F600 WAIT BIOZ GET
0027
F900 B WAIT
0023

#

#* Input sample
0027 GET EQU $
421A IN COMAND, FA2 INPUT COMMAND
661A ZALS COMAND GET COMMAND
781C XOR MASK1 CORRECT A/D FORMAT
S501A SACL COMAND UPDATE COMMAND

#*

# Process sample
2C1A LAC COMAND, SCALE LOAD SCALED COMMAND
7010 LARK ARO, COEFFS ARO = PTR TO COEFF TABLE
7119 LARK AR1,STATES AR1 = PTR TP STATE VAR TABLE
F800 CALL FILTRZ 1800 HZ NOTCH FILTER
0046
F800 CALL FILTR2 900 HZ NOTCH FILTER
0046

#*

* Output sample
SC1B SACH OUTPUT, 16-SCALE STORE OUTPUT
461B ZALS OUTPUT GET OUTPUT
781D XOR MASK2 CORRECT FOR D/A FORMAT
501B SACL OUTPUT UFDATE OUTPUT
4A1B auTt DUTPUT, PA2 AND SEND IT DOUT

#*

* Repeat the sequence
F200 B WAIT GO GET NEXT SAMPLE
0023

*

#*

ion and Impl ion with the TMS32010
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RIG S5YS

0108
0109
0110
0111
0112
0113
0114
0115
01146
0117
0118
0119
0120
0121
0122
0123
0124
0125

012¢

0127
0123
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
013%
0140
0141
0142
0143
0144
0145
0144
0147
0142
014%
0150
0151
01352
0153
0154
0155
01546
0157
0158
0159
0160
0161
0142
0143

714

003%
003A

003B
Q03¢
003D
003E

003F
0040
0041
0042

0043
0044

0045

0044

0047
004g
Q047
004A
004E
004LC

004D

32010 FAMILY MACRO ASSEMBLER FCZ.1 54,107 11:14:45 03-04-35

0039
7Fel
7F3B

LEQO
6880
701E
7EZ0
0O03F
4788
101E
F400

003F

4200
4BO1

7F8D

0044
4281

6AP0
&6D91
&CAD
&D%1
6L92
46398

FAOOD

[l T T ]

NIT

*

XFER

*

%*

Mook ok Kk & &k &k ok &k &k ok Ak ok &k %k Kk &k ok %k

ILTRZ

*

PAGE 0003

System initialization routine. The routine initializes
the TMS22010 and other system components,
The calling sequence 1is:

CALL INIT

Initialize the 32010

EQL %

DINT DISABLE INTERRUFTS
S0VM SET OVERFLOW MODE

Initialize Data Memory

LDPK 0 USE PAGE O

LARP 0 USE ARO

LARK ARO, TBLEND-TABLE INIT PTR TD END OF DATA
LACK TBLEND INIT FTR TO END OF TAELE
EQU ¢

TBLR * XFER FROM PROG TO DATA MEM
SUB ONE BUMF PTR DOWN

BANZ XFER 50 XFER MORE

Inititialize AIB

ouT MODE, PAO AIB mode

ouT RATE,FPAZ AIB RATE

RET RETURN

First and second order filter routine. Computes an IIR
filter wusing Direct Ferm II algqurithm and adapts to a
scaling scheme defined in the calling program.

The routine incorporates overflow handling code upon
computing the intermediate value and the output.

The calling sequence is!

ACC scaled filter input
ARG ptr to coeff table

AR1 = ptr to state var table
CALL FILTR2

ACC = scaled filter output

ARO = ptr to next set of coeff’s

ARl = ptr to next set of state var-s

EQ $

LARP AR1 USE AR1

Compute intermediate value

LT #-, ARO T=X2

MPY #-, AR1 MPY X2#D2

LTA #+, ARO T=X1, ACC=KL+X2#D2
MFY #- AR1 MPY X1x#D1

LTA *- T=X2, ACC=KU+X2#D2+X1#D1
MAR *= AR1=FTR TO X0

Round, store and check for intermediate overflow
BLZ LBL1O CHECK FOR +/- RESULT

ion and Impl ion with the TMS32010
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RIG 5Y3

0144
0165
0144
0167

0148
0169
0170

0171
0172
0173
0174
0175

0176
0177
0178
0179
0180
0151
0182
0183
0184
0135
0136
0137
o188
0189
0120
0191

0192
0193
0174
0195

0196
0197

0198
0199
0200
0201
0202

0203
0204

0203
0206
0207
0208
0209
0210
0211
0212

004E
004F
00350
0051
0052
0053
0054
0055
0054
0057

0058
005%
005A
005B
00SsC
005D
00SE

005F
0060
0061
0062
0063
00464
0065
0046

0067
00468
0062
006A
00AB
004AC
006D
004E
00&F
0070

0071
0072
0073
0074
0075
0076
0077
0073

007%

0074

NO ERRORS,

24. Control System Cc

32010 FAMILY MACRD ASSEMBLER  PCZ.1 34.107 11:14:45 03-04-385
PAGE 0004
0052
OB1E ADD ONE, SCALE-1 ROUND
o8 SACH *, 164-SCALE UFDATE INTERMEDIATE VAL
iC1C SUE MAX14, SCALE SUBTRACT SCALED MAX POS NUMBER
FBOO BLEZ LBL20O, IF ACC<=0 THEN NO OVERFLOW
00SF
4610 ZALS MAX14 OVERFLOW, LOAD MAX FOS NUMBER
5033 SACL #* UPDATE INTERMEDIATE VALUE
F900 B LBLZO 50, COMPUTE OQUTFUT
00SF
0058 LBL10 EQU $
1B1E SUB ONE, SCALE-1 ROLIND
SCa3 SACH #, 14-5CALE UPDATE INTERMEDIATE VAL
1C1D SUB MIN1&,SCALE SUBTRACT SCALED MIN NES NUMBER
FDOO B5EZ LBLZO IF ACC>=0 THEN NO OVERFLOW
Q0SF
661D ZALS MIN16 OVERFLOW, LOAD MIN NEG NUMBER
5023 SACL * UPDATE INTERMEDIATE VALLE
3
#* Compute filter output
005F LBL20 EQU $
43R0 MAR #+_ ARO USE ARO
6D91 MPY #-,AR1 MFY X2Z#N2
7F8% ZAC CLR ACLC
6B%0O LTD #-_ ARO T=X1, ACC=X2#N2, UPDATE X2
6D91 MFY #- AR1 MFY X1#N1
6BR0O LTD #-,ARO T=X0, ACC=X2#N2+X1#N1, UPDATE X1
4D91 MFY #-, AR1 MFY XO#NO
7F3F AFALC ACC=X2#N2+X1#N1+X0%NO
#*
#* Check for output overflow
FAQO BLZ LBL30 CHECK FOR +/- RESULT
0071
OB1E ADD ONE, SCALE-1 ROLND
SC1B SACH OUTPUT, 164-3CALE UPDATE DUTFUT
1CiC SUB MAX14,SCALE SUBTRACT SCALED MAX FOS NUMBER
FBOO BLEZ LBL40O IF ACC<=0 THEN NQ OVERFLOW
0079
2Cic LAC MAX14,SCALE OVERFLOW, LDAD MAX FDS NUMBER
F900 B LBLSO 530, RETLURN
007A
0071 LBL30 ERU $
1B1E SUB DNE, SCALE-1 ROUND
SC1B SACH OUTPUT, 14-SCALE UFDATE OUTPUT
1C1D SUB MIN14,5CALE SUBTRACT SCALED MIN NEG NUMBER
FDOO BGEZ LBL40 IF ACC>=0 THEN NO OVERFLOW
0079
2C1D LAC MIN16,SCALE OVERFLOW, LOAD MIN NEG NUMBER
F200 B LBLSO 50, RETURN
007A
*
007% LBL4O EQU $
2C1B LAC OUTPUT, SCALE RESTORE ACC
007A LBLS0 ERU $
7F3D RET RETURN
#*
#*
END
NO WARNINGS
p ion and Impl ion with the TMS32010
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