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COPY PRELUDE. ASH 
JOT 'GRAPHIC' 
OPTION XREF 

0001 
A0002 
A0003 
A0004 
A0005 
A0006 
A0007 
AOOOB 
A0009 
AOOIO 

• This fs the source module for the THS32020 for a graphics 
• demonstration. The system Is bul lt using a VSC EVl1 board 
• containing the TMS3406! (VSC) and 2 11blt of Tl1S4161 (VRAl1) 
• configured In a 1024 x 512 pixel array with 4 bit pixels. 
• The VSC displays and maintains the contents of the VRAl1s. 

AOOJ J 
AOOI2 
AOOJ3 
AOOJ4 
AOOJ5 
AOOJ6 
A0017 
AOOIB 
AOOJ9 
A0020 
A0021 
A0022 0000 
A0023 

• The TMS32020 ls responsible for creating (plotting) the 
• graphic Images which are displayed. Access to the VRAHs 
• by the THS32020 is provided through the VSCs X-Y Indirect 
• addressing access. i"temory contra I by the VSC ls 
• prograrmiab I e through 18 access I b 1 e reg I sters to ta l l or the 
• ava 11 ab I e memory and memory access to the se 1 ected 
• monitor. The memory on the VSC EVM has been configured 
• for use with a TIPC monitor which has a 720 x 300 pixel 
• display. ............................................................ 

A0024 0000 FFBO 
0001 0022 

A0025 

RESET 

A0026 0002 FFBO INTO 
0003 0020 

A0027 • 
A0028 0004 FFBO I NT! 

0005 0020 
A0029 • 
A0030 0006 FFBO I NT2 

0007 0020 
A0031 
A0032 0018 
A0033 
A0034 0018 FFBO TINT 

0019 0020 
A0035 • 
A0036 OOJA FFBO RINT 

OOIB 0020 
A0037 • 
A0038 OOJC FFBO XINT 

OOIO 0020 
A0039 • 
A0040 00 IE FFBO TRAP 

OOJF 0020 
A0041 • 
A0042 0020 FFBO OUl111Y 

0021 oozo 
0002 

AORG >0000 

!NIT • branch to processor initial lzatlon 

OUl1f'IY • no Interrupts are ut 11 l zed 

DUH HY 

OUHHY 

AORG >0018 

DUMMY 

OUHHY 

OUHHY 

OUHHY 

DU"HY 

COPY !NIT .ASH 
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80002 
B0003 
B0004 
BOO OS 
B0006 
B0007 
BOO OB 
B0009 
BOO JO 
BOO! I 0022 
BOOI2 0022 CEO! 
BOOJ3 0023 CBOO 
BOOI4 0024 CE02 
BOOJ5 0025 5588 
BOO 16 0026 CEOB 
BOO 17 0027 CE20 
BOO 18 002B CEOO 
BOO 19 0029 CE07 
80020 002A CE04 
B002 I 002B 000 I 

002C FFFF 
B0022 0020 6003 
B0023 002E CAOO 
B0024 002F 6004 
B0025 0030 6005 
B0026 0031 CAO I 
B0027 0032 6062 
B0028 
B0029 0033 
B0030 0033 coos 
B003 J 0034 55B9 
B0032 0035 0 I 00 

0036 0400 
B0033 0037 CAOA 
B0034 003B 60EO 
B0035 0039 68EO 
80036 003A CA 17 
B0037 003B 60EO 
B0038 003C 6BEO 
B0039 0030 CA71 
B0040 003E 60EO 
B004 I 003F 68EO 
B0042 0040 CA 76 
B0043 0041 60EO 
80044 0042 68EO 
80045 0043 CA02 
B0046 0044 60EO 
B0047 0045 68EO 
B004B 0046 CAJ3 
B0049 0047 60EO 
B0050 0048 68EO 
BOOS I 0049 000 I 

004A J03F 
B0052 004B 60EO 
B0053 004C 6CEO 
80054 0040 0001 

004E I 042 

• This routine is executed each time the RS- pin is pulled 
• active low and released. Al I internal registers 
• (memory-mapped, aux I I lary, status, data-memory) of the 
• Tl1S32020 are Initial lzed. Al 1 control registers and video 
• data-memory of the THS34061 are Initial !zed . ............................................................ 
!NIT EQU 

DINT 
LOPK 
ROVH 
LARP 
SPH 
RTXH 
SXF 
SSXH 
CNFD 
LALK 

SACL 
ZAC 
SACL 
SACL 
LACK 
SACL 

VSCJN EQU 
LARI< 
LARP 
LRLK 

LACK 
SACL 
SACH 
LACK 
SACL 
SACH 
LACK 
SACL 
SACH 
LACK 
SACL 
SACH 
LACK 
SACL 
SACH 
LACK 
SACL 
SACH 
LALK 

SACL 
SACH 
LALK 

ARO 
0 

>FFFF 

PRO 

!HR 
GREG 
I 
ONE 

$ 
AR0,8 
ARI 

• disable al 1 Interrupts 
• set-up to access Block 82 
• reset over fl ow mode 
• set auxf l lary pointer to reg 0 
• set P reg shift mode to no shift 
• set external serial framfng 
• set externa I flag p In 
• set ALU sign-extension mode 
• configure Block BO as data memory 

• Initial lze period register 

• disable each Interrupt 
• declare al 1 memory local 

ARI, VSCREG 

>OOOA 
•o+ 
•o+ 
>0017 
•o+ 
•o+ 
>0071 
•o+ 
•o+ 
>0076 
•o+ 
•o+ 
>0002 
•o+ 
•o+ 
>0013 
•o+ 
•o+ 
>103F 

•o+ 
•o+,4 
>1042 

load Horizontal End Sync 

load Horizontal End Blank 

load Horizontal Start Blank 

load Horizontal Total 

load Vertical End Sync 

• load Vertical End Blank 

1 oad Vert i ca I Start B 1 ank 

load Vertical Total 
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> 
0 B0055 004F 60EO SACL •o+ BO I 09 0085 OOZE ADO ONE6 
;;i B0056 0050 6CEO SACH •o+.4 BO 11 0 0086 5842 TBLR BHIN 

"' B0057 0051 CA02 LACK >0002 • load Display Update Register BO 111 0087 CA03 LACK l 

~ B0058 0052 60EO SACL •o+ BO 112 0088 6043 SACL THREE6 

3 
B0059 0053 68EO SACH •o+ BO 11 l 0089 CADS LACK 5 
B0060 0054 CAOO LACK >0000 • load Display Start Register BOl 14 008A 6044 SACL FIVE6 

"2. B006 I 0055 60EO SACL •o+ BO 115 DOBB CAD9 LACK 9 " ~ B006Z 0056 6BEO SACH •o+ Bo116 ooac 6045 SACL N1NE6 

= B006l 0057 CAOO LACK >0000 • load Vert f ca I Interrupt BO 1 17 OOBO FF80 B PARSER 

~- B0064 0058 60EO SACL •o+ 008E 008F 
B0065 0059 68EO SACH •o+ 0003 COPY PARSER.ASH = B0066 OOSA CA I 0 LACK >0010 • load Control Register I c: B0067 OOSB 6BEO SACH •o+ 

~· B0068 OOSC 60EO SACL •o+ 

:;. B0069 0050 CA20 LACK >0020 • load COntrol Regtster 2 

" B0070 OOSE 68EO SACH •o+ 

--! B007 I OOSF 60EO SACL •o+ 

a:: B0072 0060 CAOO LACK >0000 • I oad Status Reg I st er 
~ B007l 0061 60EO SACL •o+ 

~ B0074 0062 68EO SACH •o+ 
N B0075 0063 CAZO LACK >0020 • 1 oad X-Y Offset Regf ster 
0 

B0076 0064 60EO SACL •o+ 
§ B0077 0065 68EO SACH •o+ 
0. 

B0078 0066 CAOO LACK >0000 • load X-Y Address Register --! 
a:: B0079 0067 60EO SACL •o+ 

"' B0080 0068 68EO SACH •o+ 
<;.> 

B0081 . 
~ B0082 0069 CAOO LACK >0000 

B008l 006A FEBO CALL CLEAR • Initialize VRAMs 
0068 04DC 

B0084 . 
B0085 006C CAOO ZAC 
B0086 0060 5588 LARP ARO 
B0087 006E 0000 LRLK ARO.>OZOO 

006F OZOO 
B0088 0070 CBFF RPTK 255 • Initial fze Block BO 
B0089 0071 60AO SACL •+ 
B0090 0012 CBFF RPTK 255 • fnltfalfze Block 81 
B0091 0073 60AO SACL •+ 
B009Z 0074 C063 LARK AR0,>63 
B009l 0075 CBIC RPTK Z8 • fnltfal fze Block 82 
B0094 0076 60AO SACL •+ 
B0095 . 
B0096 0077 CAO I LACK 1 
B0097 0078 C806 LDPK 6 
80098 0079 60ZE SACL ONE6 
80099 007A DOO I LALK ROHDAT • load pixel processing constants 

0078 OB6D 
BOIOO 007C 5837 TBLR XHAX • maxfmun,x address (TIPC • 719) 
BO I 0 I 007D OOZE ADD ONE6 
801 OZ 007E 5839 TBLR YHAX • maxlmun Y address (TIPC • 299) 
80103 007F OOZE ADD ONE6 
BO 1 04 0080 583F TBLR AHAX • el 1 lpse demo constants 
80105 0081 OOZE ADD ONE6 
80 I 06 0062 5840 TBLR AHIN 

el 
BO I 07 OOB3 OOZE ADD ONE6 

'° 
BOIOB 0084 5841 TBLR 8HAX 
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C0002 C0048 
C0003 ............................................................ C0049 OOAB FF80 Cf10TBL B INIT • 0000 
C0004 • The PARSER routine controls the derronstratlon of the OOAC 0022 
C0005 • graphics display system by reading the control data table C0050 OOAD FF80 8 DELAY • 0001 
C0006 • and routing execution to the appropriate function. A OOAE OOOC 
C0007 • synchronization word, 32020, must occur at the beginning COOS I OOAF FF80 B CLRSCR • 0002 
coooe • of the corrrnand table and between each conrnand. The parser OOBO OOF7 
C0009 • uses this synchronization word to recover from errors In C0052 OOB I FFBO B PIXELC • 0003 
COOIO • entry of data In the conrnand tab 1 e. Fol lowing the OOB2 0100 
COO! I • synchron i zat I on word, the coomand word Is read and used to C0053 OOB3 FFBO B LINEC • 000-4 
COOl2 • select one of the appropriate functional routines. In the OOB4 OIOF 
COOl3 • event that the ccmnand word Is not within the conmand C0054 OOBS FFBO B OUHONE • 0005 
C00!4 • sequence, searching continues untt 1 the next OOB6 OOOB 
COOl5 • synchronization word Is found and the process repeats. COOSS OOB7 FFBO B POLYC • 0006 
COOl6 • When a val id coomand word Is identified, execution is 0088 0120 
COOl7 • transfered to the appropriate routine which must read al I C0056 OOB9 FFBO B OUHONE • 0007 
COOIB • data from the I ist appropriate to that routine. OOBA OOOB 
COOl9 ···························································· COOS7 OOBB FFBO B OUMONE • 0008 
C0020 OOBC OODB 
C002! OOBF PARSER EQU $ C0058 OOBO FFBO B FELPSC • 0009 
C0022 OOBF CBOO LOP!< 0 • set-up to access BI ock 82 OOBE 015B 
C0023 0090 000 I LALK BEGIN • top of coomand tab I e COOS9 OOBF FFBO B SPIN • OOOA 

0091 OB98 ooco 0169 
C0024 0092 606C SACL CHOAOR • save current table address C0060 OOC I FFBO B ELPSET • 0008 
C0025 0093 CBOO PLOOP LOP!< 0 • set-up to access Block 82 OOC2 OIDO 
C0026 0094 0000 LRLK AR0,32020 • load synchronization word C006 ! OOC3 FFBO B WELPSC • oooc 

N 0095 7DI 4 OOC4 0212 w 
C0027 0096 S589 LARP ARI C0062 OOC5 FF80 B OU MONE • 0000 

;... C0028 0097 206C LAC CHDAOR • get current tab 1 e address OOC6 OODB 

Q C0029 0098 5869 SYNC TBLR SYNCH • read word; expect a sync value C0063 OOC7 FFBO B OU MONE • OOOE 

~ C0030 0099 0062 ADO ONE OOCB OODB 
:r C003 I 009A 3169 LAR ARI ,SYNCH C0064 OOC9 FFBO B STOP • OOOF 
f)" C0032 009B S500 HAR •o- OOCA OOD9 

3 C0033 009C FB90 BANZ SYNC • test for sync va 1 ue C006S OOCB FFBO B OE MOO • 0010 

"" 
0090 0098 oocc 0280 

" C0034 . C0066 OOCO FFBO B DEMO! • 0011 

~ C0035 009[ 5868 TBLR CMNO • read word; expect a val 1d coomand OOCE 0281 

§ C0036 009F 0062 ADO ONE C006 7 OOCF FFBO B DEM02 • 0012 
C0037 OOAO 606C SACL CHOAOR • save current tab 1 e address 0000 02FC 

0 C0038 OOAI CAl7 LACK CHOL EN C0068 0001 FFBO B OEM03 • 0013 
~ 

;;;: C0039 OOA2 I 066 SUB CHNO 0002 0343 
C0040 OOA3 F280 BLEZ PLCXlP • verify conmand Is val Id C0069 0003 FFBO B DEM04 • 0014 

~· OOA4 0093 OOD4 03BF ,. 
:r C0041 C0070 OOOS FFBO B OEM05 • 0015 

"' C0042 OOA5 000 I LALK CMOTBL 0006 04SO 
-l OOA6 OOAB C007 I 0007 FFBO B CUBER • 0016 
:;;:: C0043 OOA 7 0 I 6B AOO CMNO, 1 0008 OBFC 

~ C0044 OOA8 CE24 CALA • go execute selected conmand C0072 0017 CHOLEN EQU $-CHDTBL/2 
0 C0045 OOA9 FF80 B PLOOP C0073 
N OOAA 0093 0 

C0046 ~ 
~ 
Q. 

~ 
~ ,,. 
0 ::: 
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C0075 
C0076 0009 FFBO 

OOOA 0009 
C0077 OOOB CE26 
C007B 
C0079 
cooao 
COOB I OOOC 206C 
COOB2 0000 586A 
C0083 OOOE 0062 
COOB4 OOOF 606C 
COOB5 OOEO 306A 
C0086 OOEI Cl68 
COOB7 OOE2 5588 
COOBS OOE3 FFSO 

OOE4 OOF 4 
COOB9 OOE5 CSOB 
C0090 OOE6 CAO I 
C0091 OOE7 2060 
C0092 OOEB 0868 
C0093 OOE9 6080 
C0094 OOEA C809 
C0095 OOEB 6020 
C0096 OOEC 2B8B 
C0097 OOEO 682B 
C009B OOEE 2050 
C0099 OOEF 2050 
CO I 00 OOFO 0004 

OOFI 0001 
CO I 0 I OOF2 F680 

OOF3 OOEF 
CO I 02 OOF 4 FB99 

OOF5 OOE5 
CO I 03 OOF6 CE26 
C0104 
COI05 
COl06 
CO I 07 OOF7 206C 
CO 108 OOFS 586B 
CO I 09 OOF9 0062 
CO! JO OOFA 606C 
CO 111 OOFB CAFF 
CO 112 OOFC 4E68 
CO 113 OOFO FEBO 

OOFE 040C 
CO 114 OOFF CE26 
COi 15 
COi 16 
COi 17 
COllS 0100 206C 
COi 19 0101 C806 
CO 120 0 I 02 5BOO 
COl21 0103 5802 
COl22 0104 002E 
COl23 0105 5BOI 
COl24 0106 5B03 
COl25 0107 002E 

STOP STOP 

OUHONE RET 

TIME DELAY CONTROL 

DELAY LAC 
TBLR 
ADO 
SACL 

DELAY! LAR 
LARI< 
LARP 
B 

WAIT! LOP!< 
LACK 
LAC 
ADO 
SACL 
LOP!< 
SACL 
LAC 
SACH 
LAC 

WA!TO LAC 

CHOADR • get current tab I e address 
TIMDLY • read word; expect a time value 
ONE 
CMOAOR • save current tab 1 e address 
ARO,TIMOLY 
ARl,TMPI 
ARO 
OECOLY 

>0008 • VSC register page 
I 
VSBLL • read Vertical Start Blank 
VSBLH,8 

>0009 • VSC reg I ster page 
VINTL • load Vertical Interrupt 
• ,8,0 
VINTH 
STATL 
STATL • wait for vertical Interrupt 

ANOK >0001 

BZ WAITO 

OECOLY SANZ WA!Tt,•-,t • decrement de 1 ay counter 

RET 

CLEAR SCREEN CONTROL 

CLRSCR LAC 
TBLR 
ADO 
SACL 
LACK 
ANO 
CALL 

RET 

CMOAOR • get current table address 
THP I • read word; expect a co I or va 1 ue 
ONE 
CMOAOR • save current table address 
>OOFF 
TMPI 
CLEAR • Initial fze the VRAJ'ls 

WRITE PIXEL CONTROL 

PIXELC LAC 
LOP!< 
TBLR 
TBLR 
ADO 
TBLR 
TBLR 
ADO 

CHOAOR • get current tab I e address 
6 
XI • read word; expect x coordinate 
X2 
ONE6 
YI • read word; expect y coordinate 
Y2 
ONE6 
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COl26 0108 5804 
CO 127 0 I 09 CBOO 
COl28 O!OA 0062 
COl29 O!OB 606C 
COl30 O!OC FEBO 

0100 0524 
COl31 OIOE CE26 
COl32 
C0133 
C0134 
COl35 OIOF 206C 
COl36 0110 C806 
COl37 Olli 5BOO 
C0138 0112 002E 
C0!39 0113 5BOI 
COl40 0114 002E 
COUI 0115 5802 
COl42 0116 OOZE 
COl43 0117 5803 
C0144 0118 002E 
cous 0119 5B04 
COl46 01 IA CBOO 
C0147 01 IB 0062 
COl48 01 IC 606C 
COl49 0110 FEBO 

01 IE 0524 
COl50 OJ IF CE26 
COl51 
COl52 
COl53 
CO 154 0120 206C 
COl55 0121 CB06 
COl56 0122 5B30 
C0157 0123 002E 
COl5B 0124 5804 
COl59 0125 002E 
COl60 0126 3030 
COl61 0127 5588 
COl62 012B FB90 

0129 012C 
COl63 012A FFSO 

012B 0154 
C0164 
COl65 012C 7030 
COl66 0120 5822 
COl67 0!2E 5B24 
COl68 012F 002E 
co 169 0130 5823 
COl70 0131 5825 
COl71 0132 CBOO 
COl72 0133 0062 
COl73 0134 606C 
COl74 0135 FFSO 

0136 0145 
COJ 75 
C0176 0137 7030 
co111 0130 caoo 

LINEC 

POLYC 

POLY! 

PCLYL 

T8LR COLOR • read word; expect a color value 
LOP!< 0 
ADO ONE 
SA.CL CMOAOR • save current tab I e address 
CALL LINE • plot the point 

RET 

LINE DRAWING CONTROL 

LAC CHOAOR • get current tab I e address 
LOP!< 6 
TBLR XI • read word; expect xt coordinate 
ADO ONE6 
TBLR Y1 • read word; expect YI coordfnate 
ADO ONE6 
TBLR X2 • read word; expect x2 coo rd I nate 
ADO ONE6 
TBLR Y2 • read word; expect y2 coordinate 
ADO ONE6 
TBLR COLOR • read word; expect a color va 1 ue 
LOP!< 0 
ADO ONE 
SACL CMOADR • save current tab 1 e address 
CALL LINE • plot the 1 lne 

RET 

PCL YOON DRAW I NG CONTROL 

CMOAOR 
6 

get current table addiess LAC 
LOP!< 
T8LR 
ADO 
TBLR 
ADO 
LAR 
LARP 
BANZ 

NPOINT • read word; expect # polygon side5 
ONE6 
COLOR • read word; expect a co I or 
ONE6 
ARO,NPOINT 
ARO 
POLY! 

PCLYO 

SAR ARO,NPOINT 
TBLR XA • read word; expect xi value 
TBLR XB 
ADO ONE6 
TBLR YA • read word; expect yl value 
TBLR YB 
LOP!< 0 
ADO ONE 
SACL CMOAOR • save current tab I e address 
8 POLYN 

SAR ARO,NPOINT 
LOP!< 0 
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COl78 0139 206C 
COl79 013A C806 
COIBO 0138 S802 
COIBI OJ3C S824 
COJ82 013D 002E 
COJ83 OJ3E S803 
COJ84 OJ3F S82S 
COJ85 0140 C800 
COl86 0141 0062 
COl87 0142 606C 
C0188 0143 FE80 

0144 0524 
COl89 
COl90 014S C806 POLYN 
COl91 0146 2024 
COl92 0147 6000 
COl93 0148 2D2S 
COl94 0149 6001 
CO 195 0 I 4A 3030 
COl96 0148 F890 

014C 0137 
CO I 97 0140 2022 
COl98 014E 6002 
COl99 014F 2023 
C0200 0150 6003 
C0201 0151 FE80 

0152 0524 
C0202 0153 CE26 
CDZ03 
co204 o t 54 caoo POL YD 
COZOS 0155 0062 
C0206 0156 606C 
COZ07 0157 CE26 
C0208 
C0209 
C021D 
COZl I 0158 206C FELPSC 
C0212 OIS9 C806 
C0213 OISA SBIO 
C0214 OISB 002E 
COZIS DISC SB! I 
C0216 OISD 002E 
C0217 OISE S812 
C0218 OISF 002E 
C0219 0160 S813 
C0220 0161 002E 
C022 I 0 162 5804 
co222 o t 63 caoo 
C0223 0164 0062 
CD224 0165 606C 
C022S 0166 FE80 

0167 06B8 
C0226 0168 CE26 
C0227 
C0228 
CD229 
COZ30 0169 206C SPIN 

LAC CHDAOR • load current table address 
LDPI< 6 
TBLR X2 • read word; expect next x value 
TBLR XB 
ADD ONE6 
TBLR Y2 • read word; expect next y value 
TBLR YB 
LDPI< 0 
ADD ONE 
SACL CHOAOR • save current table address 
CALL LINE • plot the 1 lne 

LDPI< 6 
LAC xe 
SACL XI • x(n) :s x{n+I) 
LAC YB 
SACL YI • Y(n) = y(n+I) 
LAR ARO,NPOINT 
SANZ f>Ol.YL • last pofnt ? 

LAC 
SACL 
LAC 
SACL 
CALL 

RET 

XA 
X2 
YA 
Y2 
LINE 

LDPI< 0 
ADD ONE 

• x(n+I} = x(I) 

• y(n+I) = y(I) 
• plot the 1 fne 

SACL CMOADR • save current table address 
RET 

FILLED ELLIPSE DRAWi NG CONTROL 

LAC CMOADR • get current table address 
LDPI< 6 
TBLR XC • read word; expect center x va 1 ue 
ADD ONE6 
TBLR YC • read word; expect center y va I ue 
ADO ONE6 
TBLR A • read word; expect horfzontal axis 
ADD ONE6 
TBLR B • read word; expect vertical axfs 
ADD ONE6 
TBLR COLOR • read word; expect a color 
LDPI< 0 
ADD ONE 
SACL CMDADR • save current table address 
CALL FELIPS • draw a ff l led el 1 lpse 

RET 

SPINNING FILLED ELLIPSE DRAWING CONTROL 

LAC C"OAOR • get current table address 

GRAPHIC 32020 FAMILY MACRO ASSEMBLER PC 1.0 85.IS7 IS117130 12-0S-85 
PAGE 0010 TMS320ZO - TM534061 OEllONSTRATION 

6 
XA • read word; expect center x va 1 ue 
ONE6 
YA • read word; expect center y value 
ONE6 
XB • read word; expect hor f zonta 1 ax f s 
SAVE A 
ONE6 
YB • read word; expect vertical axis 
ONE6 
SAVCLR • read word; expect the cotors 

COZ31 016A C806 
C0232 0168 S82Z 
COZ33 016C OOZE 
C0234 0160 5823 
COZ35 016E OOZE 
COZ36 016F 58Z4 
COZ37 0170 S832 
COZ38 0 171 OOZE 
COZ39 0172 58Z5 
C0240 0173 OOZE 
COZ41 0174 5831 
CDZ42 0175 002E 
C0243 0176 S834 
COZ44 0177 CBOO 
C0245 0178 0062 
C0246 0179 606C 
C0247 017A 2162 
COZ48 017B 606A 
C0249 017C C806 
COZ50 0170 Z83 I 
COZ51 017E 6833 
COZS2 017F CAOF 
COZ53 0180 4E31 
COZ54 0181 6031 
COZS5 0182 2032 
COZS6 0183 CBOF 
COZ57 0184 4734 
COZ58 0185 6032 
C02S9 

LDPI< 
TBLR 
ADO 
TBLR 
ADO 
TBLR 
TBLR 
AOO 
TBLR 
ADO 
TBLR 
ADO 
TBLR 
LOPI< 
ADO 
SACL 
LAC 
SACL 
LOPI< 
LAC 
SACH 
LACK 
ANO 
SACL 
LAC 
RPTI< 
SUBC 
SACL 

ONE6 

C0260 0186 3032 
C0261 0187 FF80 

0188 DIAO 
C0262 
COZ63 0189 70ZF 
C0264 018A 2022 
COZ65 018B 6010 
C0266 018C 2DZ3 
C0267 018D 6011 
C0268 OISE 20Z4 
C0269 018F 6012 
C0270 0190 I 034 
C0271 0191 6DZ4 
C0272 0192 202S 
C0273 0193 6013 
COZ74 0194 2031 
COZ7S 019S 6004 
COZ76 0196 FE80 

0197 06BB 
co211 o t 98 caoo 
C0278 0199 FEBO 

019A ODED 
C0279 0 I 9B C806 
C0280 0 I 9C CAOO 
C028 I 0 I 9D FE80 

019E 040C 
COZ82 019F 302F 
COZ83 0 I AO 5588 

SPINO LAR 
B 

SPIN! SAR 
LAC 
SACL 
LAC 
SACL 
LAC 
SACL 
sue 
SACL 
LAC 
SACL 
LAC 
SACL 
CALL 

LDPI< 
CALL 

LOPK 
ZAC 
CALL 

LAR 
SPINIE LARP 

SPEED • read word; expect rate of change 
0 
ONE 
CHDAOR • save current table address 
ONE,l 
Tl"'lLY • load time delay constant 
6 
SAVCLR,8 
CLRSAV • seperate colors : back sfde 
>DOOF 
SAVCLR 
SAVCLR • : front side 
SAVEA • # cycles s a / delta 
15 
SPEED 
SAVEA 

ARO,SAVEA 
SPIN IE 

ARO,SAVARO 
XA 
XC • load center >< value 
YA 
YC • 1 oad center y value 
xe 
A • load horizontal axis value 
SPEED 
XB •a=a-delta 
YB 
B • load vertical axis value 
SAVCLR 
COLOR • load color 
FELIPS •draw a filled ellipse 

0 
DELAYI • wait a while 

CLEAR • c I ear the screen 

ARO,SAVARO 
ARO 
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C0284 OIAI FB90 
OIA2 O!B9 

COZBS 
COZB6 0 I Al ZOZ2 
COZB7 OIA4 6000 
COZBB 0 I AS 6002 
C0289 0 I A6 2023 
C0290 OIA7 1025 
C0291 OIAB 6001 
C0292 OIA9 0125 
C0293 OIAA 6003 
C0294 OIAB 2031 
C0295 0 I AC 6004 
C0296 0 I AD FEBO 

OIAE 0524 
C0297 OIAF CBDO 
C029B OIBO FEBO 

OIBI OOEO 
C0299 0182 CB06 
C0300 0 I B3 CAOO 
C030 I 0 I B4 FEBO 

0185 04DC 
C0302 
C0303 OIB6 3032 
C0304 OIB7 FFBO 

0188 OIDO 
COJOS 
C0306 0 I 89 702F 
C0307 0 I BA 2022 
C030B 0188 6010 
C0309 0 I BC 2023 
COJIO OIBD 6011 
CDl 11 0 I BE 2024 
C0312 OIBF 6012 
C0313 OICO 0034 
C0314 OICI 6024 
C0315 OIC2 2025 
C0316 OIC3 6013 
COJl 7 OIC4 2033 
C0318 OICS 6004 
C0319 OIC6 FEBO 

OIC7 06BB 
C0320 OICB CBOO 
C0321 OIC9 FEBO 

OICA OOEO 
C0322 0 I CB C806 
C0323 0 I CC CAOO 
C0324 OICD FEBO 

OICE 04DC 
C0325 O!CF 302F 
C0326 0 !DO 5588 
C0327 0 ID I FB90 

OID2 0189 
C032B 
C0319 OID3 4D31 
C0330 OID4 4933 
COlll OIDS 6833 

BANZ 

LAC 
SACL 
SACL 
LAC 
SUB 
SACL 
ADD 
SACL 
LAC 
SACL 
CALL 

LDPK 
CALL 

LDPK 
ZAC 
CALL 

LAR 
B 

SPIN2 SAR 
LAC 
SACL 
LAC 
SACL 
LAC 
SACL 
ADD 
SACL 
LAC 
SACL 
LAC 
SACL 
CALL 

LDPK 
CALL 

LDPK 
ZAC 
CALL 

LAR 
SPIN2E LARP 

SANZ 

ZALH 
ADDS 
SACH 

SPINI 

XA 
XI • XI "' XC 
X2 •X2=XC 
YA 
YB 
YI • YI = YC - B 
YB, I 
Y2 • Y2 = YC + B 
SAVCLR 
COLOR • load color 
LINE • plot the 1 ine 

0 
DELAY\ • wait a whl le 

CLEAR • c 1 ear the screen 

ARO,SAVEA 
SPI N2E 

ARO,SAVARO 
XA 
XC • load center x value 
YA 
YC • load center y value 
xB 
A • load horizontal axis value 
SPEED 
XB •a=a+delta 
YB 
B • load vertical axis value 
CLRSAV 
COLOR • load color 
FELIPS • draw a fl 1 led el I fpse 

0 
DELAY\ • waft a whl le 

CLEAR • c I ear the screen 

ARO,SAVARO 
ARO 
SPIN2 

SAVCLR • swap colors front and back 
CLRSAV 
CLRSAV 

GRAPHIC 3ZOZO FA•ILY •ACRO ASSE•BLER PC 1.0 85.157 15• 17•30 12-05-85 
T•S3ZOZO - T"534061 DEl10NSTRATION PAGE 0012 

C0332 0106 6031 
C0333 OID7 ZOZS 
C0334 0 IDB llZE 
C0335 0 I D9 60Z5 
C0336 0 !DA F !BO 

OID8 0186 
C0337 0 !DC CEZ6 
C0338 
C0339 
C0340 
C034 I 0 !DD Z06C 
C034Z 0 !DE CB06 
C0343 OIDF SBZZ 
C0344 OIEO OOZE 
C0345 OIEI 58Z3 
C0346 0 I EZ OOZE 
C0347 OIE3 5824 
C0348 OIE4 OOZE 
C0349 01E5 5825 
C0350 OIE6 OOZE 
C0351 OIE7 5831° 
C035Z 0 I EB OOZE 
C0353 OIE9 5835 
C0354 0 I EA OOZE 
C0355 OIEB 5836 
CC356 0 I EC OOZE 
COJ5 7 0 I ED 5832 
C0358 0 I EE CBOO 
C0359 0 I EF 006Z 
C0360 O!FO 606C 
C036 I 0 IF I C806 
C0362 
C0363 OIFZ 303Z 
C0364 OIF3 FFBO 

OIF4 OZOE 
C0365 
C0366.0IF5 702F 
C036 7 0 I F6 ZOZZ 
C0368 OIF7 6010 
C0369 0 I FB ZOZ3 
C0370 O!F9 6011 
C0371 OIFA ZOZ4 
C0372 OIFB 6012 
C0373 0 IFC 0035 
C0374 OIFD 60Z4 
C0375 OIFE ZOZS 
C0376 OIFF 6013 
C0377 0200 0036 
C0378 OZO I 60Z5 
C0379 OZOZ 2031 
C0380 OZOl 6004 
C038 I OZ04 OOZE 
C03BZ OZOS 6031 
C0383 OZ06 13ZE 
C0384 OZ07 F380 

OZOB OZOB 
C0385 OZ09 ZOZE 

ELPSET 

SETEO 

SETEl 

SACL SAVCLR 
LAC YB 
SUB ONE6, I 
SACL YB • b ., b - 2 
BGZ SPINO 

RET 

FILLED ELLIPSE SET DRAWING CONTROL 

LAC CHOAOR • get current table address 
LOP!< 6 
TBLR XA • read word; expect center x va I ue 
ADD ONE6 
TBLR YA • read word; expect center y value 
ADO ONE6 
TBLR XB • read word; expect horizontal axis 
ADD ONE6 
TBLR YB • read word; expect vertical axis 
ADO ONE6 
TBLR SAVCLR • read word; expect a color 
ADD ONE6 
TBLR DA • read word; expect horizontal delt 
ADD ONE6 
TBLR DB • read. word; expect vertical delta 
ADD ONE6 
TBLR SAVEA • read word; expect # of el 1 lpses 
LDPK 0 
ADD ONE 
SACL CHOAOR • save current table address 
LOPK 6 

LAR ARO,SAVEA 
B SETEIE 

SAR ARO, SAVARO 
LAC XA 
SACL XC • I oad center x value 
LAC YA 
SACL YC • I oad center y va I ue 
LAC XB 
SACL A • load horizontal axis value 
ADO DA 
SACL XB •a=a+da 
LAC YB 
SACL B • load vertical axis value 
ADD DB 
SACL YB • b = b + db 
LAC SAVCLR 
SACL COLOR • load a color 
ADD ONE6 
SACL SAVCLR • color = (color + I) & 7 
SUB ONE6, 3 
BLZ SETEZ 

LAC ONE6 
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C0386 020A 6031 SACL SAVCLR • lf color= O then color = I C0440 023E 6024 SACL xe •a=a+da 
C0387 020B FEBO SETE2 CALL FEL !PS • draw a ft 1 led el 1 lpse C044 I 023F I 03F SUB AMAX 

020C 06BB C0442 0240 F 180 BGZ WELP2 •a>amax? 
C0388 0200 302F LAR ARO,SA.VARO 0241 0246 
C0389 020E 5588 SETEIE LARP ARO C0443 0242 003F ADO AMAX 
C0390 020F F890 SANZ SETEI C0444 0243 I 040 SUB AMIN 

0210 OIF5 C0445 0244 F 180 BGZ WELP3 • a < amln 1 
C0391 0211 CE26 RET 0245 0249 
C0392 C0446 0246 2035 WELP2 LAC DA 
C0393 . FILLED ELLIPSE DEMONSTRATION CONTROL C0447 0247 CE23 NEG 
C0394 C0448 0248 6035 SACL DA ·da=-da 
C0395 0212 206C WELPSC LAC CHDADR • get current tab 1 e address C0449 0249 2025 WELP3 LAC YB 
C0396 0213 C806 LDPK 6 C0450 024A 6013 SACL B • load vertical axis value 
C0397 0214 5822 TBLR XA • read word; expect center x va 1 ue C0451 024B 0036 ADD DB 
C0398 0215 002E ADD ONE6 C0452 024C 6025 SACL YB *b=b+db 
C0399 0216 5823 TBLR YA • read word; expect center y value C0453 024D 1041 SUB 8f1AX 
C0400 021 7 002E ADD ONE6 C0454 024E F 180 BGZ WELP4 *b>bmax? 
C040 l 0218 5824 TBLR XB • read word; expect hor I zonta l ax I s 024F 0254 
C0402 0219 002E ADD ONE6 C0455 0250 0041 ADO BHAX 
C0403 021 A 5825 TBLR YB • read word; expect vertical axis C0.456 0251 I 0.42 SUB Bf11N 
C0404 021 B 002E ADD ONE6 C0457 0252 F 180 BGZ WELP5 • b < bmln 1 
C0405 021C 5831 TBLR SAVCLR • read word; expect a color 0253 0257 
C0406 021 D 002E ADD ONE6 C0458 0254 2036 WELP4 LAC DB 
C0407 021 E 5835 TBLR DA • read word; expect horizontal delt C0459 0255 CE23 NEG 
C0408 021 F 002E ADO ONE6 C0460 0256 6036 SACL DB 'db=-db 
C0409 0220 5836 TBLR DB • read word; expect vertical delta C0461 0257 2022 WELP5 LAC XA 

N C04 I 0 022 I 002E ADD ONE6 C0462 0258 60 I 0 SACL xc • I oad center x va I ue w 

> 
C04 I I 0222 58D5 TBLR OX • read word; expect center x de 1 ta C0463 0259 OD05 ADD DX 
C0412 0223 002E ADD ONE6 C0464 025A 6022 SACL XA •xcsxc+dx 

Cl C04 I 3 0224 5806 TBLR DY • read word; expect center y de I ta C0465 025B I 03B SUB XHAXA 
~ C0414 0225 002E ADO ONE6 C0466 025C F 180 BGZ WELP6 • xc > xcmax ? 
"' '" C0415 0226 5832 TBLR SAVEA • read word; expect # of e 11 I pses 025D 0262 
E\" C0416 0227 CBOO LOPK 0 C0467 025E 0038 ADD XHAXA 

3 C04 I 7 0228 0062 ADO ONE C0468 025F I 03C SUB XHINA 

"' C0418 0229 606C SACL CHDADR • save current tab 1 e address C0469 0260 F 180 BGZ WELP7 • xc < xcmln ? 

~ C04 I 9 022A C806 LDPK 6 0261 0265 
C0420 022B 2037 LAC XMAX C0470 0262 2005 WELP6 LAC DX 

~ C0.421 022C 1024 SUB XB C0471 0263 CE23 NEG § C0422 022D 6038 SACL XHAXA • xcmax = xmax - a C0472 0264 6005 SACL DX •dx=-dx 
i5 C0423 022E 21138 LAC Xf11N C0473 0265 2023 WELP7 LAC YA ~ 

c C0424 022F 0024 ADD XS C0474 0266 6011 SACL YC • load center y value 

5 
C0425 0230 603C SACL XHINA • xcmln = xmln + a C0475 0267 0006 ADD DY 

"" C0426 023 I 2039 LAC YHAX C0476 0268 6023 SACL YA •yc=yc+dy 
:;. C0427 0232 I 025 SUB YB C0477 0269 103D SUB YHAXB 
~ C0428 0233 603D SACL Yf1AXB • ycmax = ymax - b C0478 026A F 180 BGZ WELPB • ye > ycmax ? ..., C0429 0234 203A LAC Yf11N 026B 0270 :<: C0430 0235 0025 ADO YB C0479 OZ6C 0030 ADD YHAXB 
~ C043 I 0236 603E SACL Yf11NB • ycmln = ymln + b C0480 026D I 03E sue YHINB 
N C0432 C048 I 026E F 180 8GZ WELP9 • ye < ycmfn ? 0 
N C0433 0237 3032 WELPO LAR ARO,SAVEA 026F 0273 0 
~ C0434 0238 FFBO B WELP IE C0482 0270 2006 WELPB LAC DY 
~ 0239 027C C0483 0271 CE23 NEG 0. ..., C0435 C0484 0272 6006 SACL DY 'dy=-dy 
:<: C0436 023A 702F WELPJ SAR ARO,SAVARO C0485 0273 2031 WELP9 LAC SAVCLR· 

"' C0437 023B 2024 LAC XB C0486 0274 6004 SACL COLOR • load a color w .. C0438 023C 6012 SACL A • load horizontal axis value C0487 0275 OOZE ADO ONE6 0 
~ C0439 023D 0035 ADD DA C0488 0276 D004 ANDK >0007 
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OZ11 0001 
C0489 0278 6031 SACL SAVCLR •color= (color+ I) & 7 
C0490 0279 FE80 CALL FELIPS • driw a ft I led el I fpse 

027A 0688 
C0491 0278 302F LAR ARO,SAVARO 
C0492 027C 5588 WELP IE LARP ARO 
C0493 027D FB90 BANZ WELPI 

027E 023A 
C0494 027F CEZ6 RET 
C0495 . 

0004 COPY LDEl105. AS• 
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DOOOZ 
D0003 0280 CE26 DEl100 RET 
D0004 . 
D0005 . LINE DRAWING DEl10NSTRATION #1 
D0006 . 
D0007 0281 C806 DEl101 LDPK 6 
D0008 0282 CAFO LACK 240 
D0009 0283 6022 SACL XA •xJ=240 
DOOJO 0284 CA64 LACK 100 
00011 0285 6023 SACL YA • y2 = 100 
DOOIZ 0286 CAOO ZAC 
DOO 13 0287 6024 SACL XB • xZ = 0 
DOOU 0288 6025 SACL YB • y2 = 0 
DOO 15 0289 CAO I LACK I 
DOOJ6 02BA 6031 SACL SAVCLR • color = 
DOOJ7 . 
DOO 18 02B8 COEE LARK AR0,238 
DOO I 9 028C 702F Dill SAR ARO,SAVARO 
DOOZO 028D 2022 LAC XA 
DOOZ 1 OZBE 6000 SACL XI • load xi coordinate value 
D0022 028F OOZE ADD ONE6 
DOOZ3 OZ90 602Z SACL XA • xi = xi + I 
DOOZ4 0291 Z024 LAC XB 
DOOZ5 OZ9Z 600Z SACL XZ • load xZ coordinate value 
DOOZ6 OZ93 0043 ADD THREE6 
DOOZ7 OZ94 60Z4 SACL XB •x2=x2+3 
DOOZ8 OZ95 ZOZ3 LAC YA 
DOOZ9 OZ96 600 I SACL YI • load yl coordinate value 
D0030 OZ97 ZOZ5 LAC YB 
00031 OZ9B 6003 SACL yz • I oad yZ coo rd I nate va 1 ue 
D0032 OZ99 Z03 I LAC SAVCLR 
D0033 OZ9A 6004 SACL COLOR • load a color 
00034 OZ9B OOZE ADD ONE6 
00035 OZ9C 6031 SACL SAVCLR •color= (color + I) & 7 
00036 OZ90 132E SUB ONE6,3 
D0037 OZ9E F380 BLZ Dill A 

029F OZAZ 
D0038 OZAO ZOZE LAC ONE6 
D0039 OZAi 6031 SACL SAVCLR • If color "' 0 then color = I 
00040 OZAZ FE80 Dill A CALL LINE • plot the 1 fne 

02A3 052• 
00041 OZA4 30ZF LAR ARO,SAVARO 
D004Z 0ZA5 5588 LARP ARO 
00043 OZA6 FB90 BANZ Dill 

02A7 028C 
D0044 . 
D0045 02A8 C062 LARK AR0,9B 
D0046 OZA9 702F DILZ SAR ARO,SAVARO 
D0047 OZAA ZOZZ LAC XA 
D004B OZAB 6000 SACL XI • load xi coordinate value 
D0049 OZAC ZOZ4 LAC XB 
D0050 OZAD 600Z SACL XZ • 1 oad x2 coord I nate va I ue 
00051 OZAE ZOZ3 LAC YA 
D005Z OZAF 600 I SACL YI • load yl coordinate value 
00053 OZBO OOZE AOD ONE6 
DOOS4 OZBI 60Z3 SACL YA *yl=yl+I 
00055 OZBZ ZOZ5 LAC YB 
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00056 02B3 6003 SACl Y2 • load yZ coordinate value 
00057 021M 00'3 ADO THREE6 
00058 0285 6025 SACL YB •y2•y2+3 
00059 0286 2031 LAC SAVCLR 
00060 0287 6004 SACL COLOR • load a color 
00061 0288 102E SUB CINE6 • color • (color - I> & 7 
00062 0289 FIBO BGZ 

028A 028C 
00063 0288 CA07 LAO< 
00064 028C 6031 DI l2A SACL 
D0065 0280 FEBO CALL 

028E 0524 
00066 028F 302F LAR 
D006 7 02CD 5588 LARP 
00068 02C I FB90 llANZ 

02C2 02A9 
D0069 • 
D0070 02C3 COEE LARK 
D0071 02C4 702F DIL3 SAR 
D0072 02C5 2022 LAC 
D0073 02C6 6000 SACL 
0007' 02C7 I 02E SUB 
D0075 02C8 6022 SACL 
00076 02C9 2024 LAC 
D0077 02CA 6002 SACL 
ooo7B ozce 1043 sue 
00079 02CC 6024 SACL 
00080 02CD 2023 LAC 
00081 02CE 600 I SACL 
00082 D2CF 2025 LAC 
D0083 D2DO 6003 SACL 
D0084 02D I 2031 LAC 
D008S 02D2 6004 SACL 
D0086 02D3 OOZE ADD 
D0087 02D4 6031 SACL 
D0088 02D5 13ZE SUB 
D0089 0206 F3BO 8LZ 

OZD7 OZDA 
00090 02DB 20ZE LAC 
D009 I 02D9 6031 SACL 
D009Z 020A FEBO D 1 l3A CALL 

OZD8 05Z4 
00093 D2DC 30ZF LAR 
D0094 0200 5588 LARP 
D0095 OZDE FB90 BANZ 

OZDF 02C4 
00096 • 
D0097 OZEO C062 LARK 
D0098 OZE I 70ZF DI l4 SAR 
D0099 DZE2 20ZZ LAC 
DO I 00 02E3 6000 SACL 
DO I 0 I 02E4 20Z4 LAC 
DO I OZ 02E5 600Z SACL 
DOI03 02E6 ZOZ3 LAC 
DO I 04 02E7 600 I SACL 
DOI05 02EB IOZE sue 
DOI06 02E9 6023 SACL 

Dll2A 

7 
SAVCLR • If color • 0 then color • 7 
LINE • plot the 1 lne 

ARO,SAVARO 
ARO 
DILZ 

ARO,Z3B 
ARO,SAVARD 
XA 
XI • load xi coordinate value 
OHE6 
XA • xi • xi - I 
XB 
X2 • load x2 coordinate value 
THREE6 
XB *x2•x2-3 
YA 
YI • load yt coordinate value 
YB 
Y2 • load y2 coordinate value 
SAVCLR 
COLOR • load ~ color 
OHE6 
SAVCLR • color • (color + I) & 7 
OHE6,3 
Dll3A 

OHE6 
SAVCLR • If color • O then color • 
LINE • plot the I fne 

ARO,SAVARO 
ARO 
Dill 

AR0,98 
ARO,SAVARO 
XA 
XI • load xi coordinate value 
XB 
XZ • load ><2 coordinate value 
YA 
YI • load yl coordinate value 
OHE6 
YA • yl a: yl - I 
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00 I 07 OZEA 20Z5 
DO I 08 OZEB 6003 
DOI09 OZEC 1043 
DO 110 OZED 60Z5 
DO 111 02EE 2031 
DO 11 Z 02EF 6004 
00113 02FO 102E 
DOI 14 02FI FIBO 

02FZ 02F4 
00115 OZF3 CA07 
00116 02F4 6031 Oll4A 
00117 OZF5 FEBO 

02F6 05Z4 
001 IB OZF7 30ZF 
DO 119 OZFB 5588 
00 I ZO OZF9 FB90 

OZFA OZEI 
DOl21 02FB CEZ6 
DOl2Z 
DOl23 
DOIZ4 
DO 125 02FC C806 DEH02 
DO I Z6 02FD CAOO 
00127 02FE 6022 
DOIZB 02FF 60Z3 
00129 0300 2037 
00130 030 I OOZE 
DOl31 0302 6024 
DOI 3Z 0303 2039 
DO 133 0304 OOZE 
DO 134 D305 60Z5 
DO 135 0306 202E 
DO I 36 0307 6031 
00137 • 
DO I 3B 030B C04F 
DO 139 0309 702F DZLI 
DO 140 030A 2022 
DOl41 030B 6000 
DO 14Z 030C 0045 
DOl43 030D 6022 
DO 144 030E 2024 
DO 145 030F 6002 
DOl46 0310 1045 
DOl47 0311 60Z4 
DOl48 0312 ZOZ3 
DOl49 0313 6001 
DOl50 0314 2025 
DOl51 0315 6003 
DOl5Z 0316 2031 
DOl53 0317 6004 
DOl54 0318 OOZE 
DOl55 0319 6031 
DOl56 031A 13ZE 
DOl57 0318 F380 

031C 031F 
00158 0310 ZOZE 
DOl59 031E 6031 

LAC YB 
SACL YZ • load y2 coordinate value 
sue THREE6 
SACL YB *y2•y2-3 
LAC SAVCLR 
SACL COLOR • load a color 
SUB ONE6 • color • (color - I) & 7 
BGZ Dll4A 

LAO< 7 
SACL SAVCLR • tf color • 0 then color • 7 
CALL LINE • plot the ltne 

LAR ARO,SAVARO 
LARP ARO 
BANZ DIL4 

RET 

LINE DRAWING OEl10NSTRATION #2 

LDl'I< 
ZAC 
SACL XA • xi : 0 
SACL YA • yl = 0 
LAC X-
ADO OHE6 
SACL XB • xz • ><m8X + 1 
LAC Y"AX 
ADO OHE6 
SACL YB • yZ : ymax + I 
LAC ONE6 
SACL SAVCLR • color = I 

LARK ARO, 79 
SAR ARO, SAVARD 
LAC XA 
SACL XI • load xi coordfnate value 
ADD NINE6 
SACL XA • xi = xi + 9 
LAC XB 
SACL XZ • load xZ cooqHnate value 
SUB NINE6 
SACL XB •xZ=xZ-9 
LAC YA 
SACL YI • load yl coordinate value 
LAC YB 
SACL YZ • load yZ coordfnate value 
LAC SAVCLR 
SACL COLOR • 1 oad a co 1 or 
ADD ONE6 
SACL SAVCLR • color = (color + I) & 7 
sue ONE6,3 
BLZ D2LIA 

LAC OHE6 
SACL SAVCLR • ff color ,. 0 then color '" I 
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;» 
Cl 00160 031F FEBO 02LIA CALL LINE • plot the 1 lne DOZ 11 0353 600Z SACL xz • load x2 coordinate value 
;;i 03ZO 0524 0021 z 0354 OZ43 ADO THREE6,2 
'g. 00161 0321 302F LAR ARO,SAVARO 00213 0355 60Z4 SACL XB • x2 = x2 + 12 
~- 00162 0322 5588 LARP ARO 00214 0356 20Z3 LAC YA 

3 
00163 0323 FB90 SANZ DZLI DOZ 15 0357 600 I SACL YI • load yl coordinate value 

03Z4 0309 00216 0358 0044 ADO FIVE6 
'E. 00164 . 

~g~:~ gm ~g~~ SACL YA *yl=yl+S 
" I 

00165 03Z5 C03B LARK AR0,59 LAC YB 
00166 03Z6 70ZF 02L2 SAR ARO,SAVARO 00219 035B 6003 SACL Y2 • load y2 coordinate value 
00167 03Z7 20ZZ LAC XA 00220 035C 2031 LAC SAVCLR 

5· DO 168 03Z8 6000 SACL XI • load xi coordinate value 00221 0350 6004 SACL COLOR • load a color 
:> 00169 03Z9 Z024 LAC XB 0022Z 035E OOZE ADO ONE6 
c:: 00170 03ZA 6002 SACL xz • load x2 coordinate value 00223 035F 6031 SACL SAVCLR • color= (color+ I) & 7 
S· DO 171 032B ZOZ3 LAC YA 002Z4 0360 13ZE SUB ONE6,3 

"" 00172 032C 6001 SACL YI • load yl coordinate value DOZZ5 0361 F380 BLZ 03LIA 

if 00173 0320 0044 ADO FIVE6 0362 0365 

>-l 00174 03ZE 60Z3 SACL YA •y!=yl+S 00226 0363 202E LAC ONE6 

3:: OD 175 032F Z025 LAC YB 00227 0364 6031 SACL SAVCLR • If color : 0 then color = 1 

"' 00176 0330 6003 SACL YZ • load y2 coordfnate value 00228 0365 FEBO 03LIA CALL LINE • plot the l lne 
w 00177 0331 1044 SUB FIVE6 0366 05Z4 i:l 
N 00178 033Z 6025 SACL YB •y2=y2-5 DDZZ9 0367 30ZF LAR ARO,SAVARO 
0 00179 0333 Z03 I LAC SAVCLR 00230 036B 558B LARP ARO 
~ 00180 0334 6004 SACL COLOR • load a color 00231 0369 FB90 BANZ D3LI :> 
0. 00181 0335 OOZE ADO ONE6 036A 034F 
>-l 00182 0336 6031 SACL SAVCLR •color= (color+ I) IL 7 0023Z . 
3:: 
"' 

00183 0337 13ZE sue DNE6,3 00233 0368 co 10 LARK AR0,29 
w 00184 0338 F380 8LZ 02L2A 00234 036C 702F D3L2 SAR ARO,SAVARO 

~ 0339 033C 00235 0360 2022 LAC XA - 00185 033A ZOZE LAC ONE6 00236 036E 6000 SACL XI • load xi coordinate value 
00186 0338 6031 SACL SAVCLR • If color = 0 then color "' I OOZ37 036F 20Z4 LAC X8 
00187 033C FEBO OZL2A CALL LINE • plot the I lne 00238 0370 6002 SACL xz • 1 oad x2 coord I nate va 1 ue 

0330 0524 OOZ39 0371 I Z43 SUB THREE6,2 
00 !SB 033E 30ZF LAR ARO,SAVARO 00240 0372 6024 SACL XS • xZ = x2 - 12 
00189 033F 5588 LARP ARO OOZ41 0373 ZOZ3 LAC YA 
00190 0340 FB90 BANZ DZLZ DOZ4Z 0374 6001 SACL YI • load yl coordinate value 

0341 0326 00243 0375 0044 ADO FIVE6 
00191 034Z CEZ6 RET OOZ44 0376 60Z3 SACL YA •y!=yl+S 
00192 . OOZ45 0377 2025 LAC YB 
00193 . LINE DRAWING DEMONSTRATION #3 00246 0378 6003 SACL Y2 • load y2 coordinate value 
00194 OOZ47 0379 2031 LAC SAVCLR 
00 I 95 0343 C806 OEM03 LOPK 6 00Z4B 037A 6004 SACL COLOR • load a color 
00196 0344 0001 LALK 360 OOZ49 037B 102E SUB ONE6 •color= (color - I) & 7 

0345 0168 OOZ50 037C F 180 BGZ 03L2A 
00197 0346 60Z2 SACL XA • xi = 360 0370 037F 
00198 0347 60Z4 SACL XB • x2 = 360 00251 037E CA07 LACK 7 
00199 0348 CAOO ZAC OOZ52 037F 6031 03L2A SACL SAVCLR • If color = 0 then color = 7 
DOZOO 0349 60Z3 SACL YA • yl = 0 OOZ53 0380 FEBO CALL LINE • plot the I fne 
OOZOI 034A CA96 LAO< 150 0381 0524 
OOZ02 034B 60Z5 SACL YB • y2 = 150 OOZ54 0382 302F LAR ARO,SAVARO 
DOZ03 034C CAOI LAO< I OOZ55 0383 5588 LARP ARO 
OOZ04 0340 6031 SACL SAVCLR • color "' 1 OOZ§.6 0384 FB90 BANZ 03L2 
OOZ05 . • 03B5 036C 
OOZ06 034E co 10 LARK AR0,29 OOZ57 . 
00207 034F 702F 03LI SAR ARO,SAVARO OOZ58 0386 co 10 LARK AR0,29 
OOZOB 0350 20ZZ LAC XA 00259 0387 702F 03L3 SAR ARO,SAVARO 
OOZ09 035 I 6000 SACL XI • load xi coordinate value OOZ60 0388 ZDZZ LAC XA 

'.i: DOZ I 0 0352 2024 LAC XB OOZ6 I 0389 6000 SACL XI • load xi coordinate value ..... 
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D0262 03BA 2024 LAC XB D0313 03BF CB06 DElt04 LDPK 
D0263 03BB 6002 SACL X2 • load x2 coordinate value D0314 03CO CAOO ZAC 
D0264 03BC 1243 SUB THREE6,2 D03 I 5 03C I 6022 5ACL XA • xi = 0 
D0265 03BD 6024 SACL XB *x2•x2-12 D0316 03C2 6024 SACL XB • x2 ., 0 
D0266 038E 2023 LAC YA D03 17 03C3 6025 SACL YB • y2 = 0 
D0267 03BF 6001 SACL YI • load yl coordinate value D03 IB 03C4 CA96 LACH 150 
D0268 0390 I 044 SUB FIVE6 D0319 03C5 6023 SACL YA • yl "' 150 
D0269 0391 6023 SACL YA • yl • yl - 5 D0320 03C6 CAOI LACK I 
D0270 0392 2025 LAC YB D032 I 03C7 6031 SACL SAVCLR • color = I 
D027 I 0393 6003 SACL Y2 • load y2 coordinate value DD322 03CB COIE LARK AR0,30 
D0272 0394 2031 LAC SAVCLR D0323 03C9 702F D4LI SAR ARO,SAVARO 
D0273 0395 6004 SACL COLOR • load a color D0324 03CA 2022 LAC XA 
D0274 0396 OOZE ADD ONE6 D0325 03CB 6000 SACL XI • load xi coordinate value 
D0275 0397 6031 SACL SAVCLR •color= (color+ I) & 1 D0326 03CC 2024 LAC XB 
D0276 0398 132E sue ONE6,3 D0327 03CD 6002 SACL X2 • load x2 coordinate value 
D0277 0399 F3BO BLZ D3L3A D032B 03CE 0243 ADD THREE6,2 

039A 039D D0329 03CF 6024 SACL XB *x2=x2+12 
D027B 0398 202E LAC ONE6 D0330 03DO 2023 LAC YA 
D0279 039C 6031 SACL SAVCLR • ff colot = 0 then color = I D0331 03DI 6001 SACL YI • load yl coordinate value 
D02BO 039D FEBO 03L3A CALL LINE • plot the I fne D0332 03D2 I 044 SUB FIVE6 

039E 0524 D0333 03D3 6023 SACL YA • yl = yl - 5 
D02B I 039F 302F LAR ARO,SAVARO D0334 03D4 2025 LAC YB 
D02B2 03AO 55BB LARP ARO D0335 03D5 6003 SACL Y2 • I oad y2 coo rd I nate va I ue 
D02B3 03A I FB90 SANZ D3L3 D0336 03D6 2031 LAC SAVCLR 

03A2 03B7 D0337 03D7 6004 SACL COLOR • load a color 
D02B4 . DD33B 03DB OOZE ADD ONE6 .., 
D02B5 03A3 CO ID LARK AR0,29 D0339 03D9 6031 SACL SAVCLR •color= (color+ I) & 7 ..., 
D02B6 03A4 702F D3L4 SAR ARO,SAVARO DD340 03DA I 32E SUB ONE6,3 > D02B7 03AS 2022 LAC XA D0341 03DB F380 BLZ D4LIA 

Cl D02BB 03A6 6000 SACL XI • load xi coordinate value 03DC 03DF 

i D02B9 03A7 2024 LAC XB D0342 03DD 202E LAC ONE6 
D0290 03AB 6002 SACL X2 • I oad x2 coo rd f nate va 1 ue D0343 03DE 6031 SACL SAVCLR • if color = 0 then color = I 

~- D0291 03A9 0243 ADD THREE6,2 D0344 03DF FEBO D4LIA CALL LINE • plot the 1 fne 

i D0292 03AA 6024 SACL XB • x2 = x2 + 12 03EO 0524 
D0293 03AB 2023 LAC YA D0345 03E I 302F LAR ARO,SAVARO 

n D0294 03AC 600 I SACL YI • load yl coordinate value D0346 03E2 55BB LARP ARO 

~ D0295 03AD I 044 SUB FIVE6 D0347 03E3 FB90 SANZ D4LI 
;a D0296 03AE 6023 SACL YA • yl .. yl - 5 03E4 03C9 
g. D0297 03AF 2025 LAC YB D034B . 
= D029B 0380 6003 SACL Y2 • load yZ coordinate value D0349 03E5 2037 LAC XMAX 

s;: D0299 038 I 2031 LAC SAVCLR D0350 03E6 6022 SACL XA • xi = xmax 
D0300 0382 6004 SACL COLOR • load a color D0351 03E7 DOOi LALK 359 

~- D0301 0383 102E sue ONE6 •color= (color - I) & 1 03EB 0167 

g- D0302 0384 FI BO BGZ D3L4A D0352 03E9 6024 SACL XB •x2=359 
0385 0387 D0353 03EA CAOO ZAC 

..,i D0303 0386 CA07 LACH 7 D0354 03EB 6023 SACL YA • yl = 0 
):: D0304 0387 6031 D3L4A SACL SAVCLR • tf color = 0 then color = 7 D0355 03EC 6025 SACL YB • y2 = 0 

"' D0305 D3BB FEBO CALL LINE • plot the 1 ine D0356 03ED COIE LARK AR0,30 ..., 
~ 0389 0524 D0357 03EE 702F D4LZ SAR ARO,SAVARO 
~ D0306 03BA 302F LAR ARO,SAVARO D035B 03EF 2022 LAC XA 

~ 
D0307 03BB 55BB LARP ARO D035~ .03FO 6000 SACL XI • load xi coordinate value 
D030B 03BC FB90 SANZ D3L4 D0360 03Fl 2024 LAC XB 

..,i 03BD 03A4 D0361 03F2 6002 SACL X2 • I oad x2 coo rd f nate va I ue 
):: D0309 03BE CE26 RET D0362 03F3 0243 ADD THREE6,2 

"' D0310 . D0363 03F 4 6024 SACL XB •x2=x2+12 ..., 

~ 
D0311 . LI NE DRAW I NG DEMONSTRA Tl ON #4 D0364 03F5 2023 LAC YA 
D0312 . D0365 03F6 6001 SACL YI • load yl coordinate value 
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> 
0 D0366 03F7 0044 ADD FIVE6 D0417 042E DOOi LALK 360 

i D0367 03FB 6023 SACL YA • yl = yl + 5 042F 0168 
D0368 03F9 2025 LAC YB D04 IB 0430 6024 SACL XS •xz,.,360 

&l" 00369 03F A 6003 SACL Y2 • load y2 coordinate value 00419 0431 2039 LAC Y"AX 

.[ 
00370 03FB 2031 LAC SAVCLR 00420 0432 6023 SACL YA • yl = ymax 
00371 03FC 6004 SACL COLOR • load a color 00421 0433 6025 SACL YB" • y2 = ymax 
00372 03FO I OZE SUB ONE6 •color= (color - I) & 1 00422 0434 CO IE LARK AR0,30 

~ 00373 03FE FIBO BGZ 04LZA 00423 0435 70ZF 04L4 SAR ARO,SAVARO 
03FF 0401 00424 0436 2022 LAC XA 

~ 00374 0400 CA07 LACI< 7 D0425 0437 6000 SACL XI • load xi coordinate value 
c;· 00375 040 I 6031 04LZA SACL SAVCLR • ff color = 0 then color = 7 00426 0438 2024 LAC XB 

" 00376 0402 FEBO CALL LINE • plot the I fne 00427 0439 6002 SACL xz • load x2 coordinate value c:: 0403 0524 00428 043A I 243 SUB THREE6,2 
j· 00377 0404 302F LAR ARO,SAVARO 00429 0438 6024 SACL XS • x2 = x2 - 12 

00378 0405 5588 LARP ARO 00430 043C 2023 LAC YA 

~ 00379 0406 F890 SANZ 04L2 00431 0430 600 I SACL YI • load yl coordinate value 
..,) 0407 03EE 00432 043E I 044 SUB FIVE6 

a:: 00380 . 00433 043F 6023 SACL YA • yl = yl - s 

"' 0038 I 0408 2039 LAC YMAX 00434 0440 2025 LAC YB 

"' 00382 0409 6025 SACL YB • y2 = ymax 00435 0441 6003 SACL YZ • load y2 coordinate value 

~ 00383 040A CA95 LACI< 149 00436 0442 2031 LAC SAVCLR 
00384 0408 6023 SACL YA • yl = 149 00437 0443 6004 SACL COLOR • load a color 

& 00385 040C 2037 LAC X"AX 00438 0444 I OZE SUB ONE6 •color= (color - t} & 7 
00386 0400 6022 SACL XA • xi ,. xmax 00439 0445 F 180 BGZ 04L4A 

..,) 
00387 040E 6024 SACL XS • x2 = xmax 0446 0448 a:: 

"' 
00388 040F CO IE LARK AR0,30 00440 0447 CA07 LACI< 7 

"' 00389 0410 702F 04L3 SAR ARO,SAVARD 00441 0448 6031 D4L4A SACL SAVCLR • ff color = 0 then color = 

~ 00390 0411 2022 LAC XA 00442 0449 FEBO CALL LINE • plot the 1 ine 
00391 0412 6000 SACL XI • load xi coordinate value 044A 0524 
00392 0413 2024 LAC XB D0443 0448 30ZF LAR ARO,SAVARO 
00393 0414 6002 SACL xz • I oad x2 coo rd I nate va 1 ue 00444 044C 5588 LARP ARO 
00394 0415 I 243 sue THREE6,Z 00445 044D F890 SANZ 04L4 
00395 0416 6024 SACL XB • x2 = x2 - 12 044E 0435 
00396 0417 2023 LAC YA 00446 D44F CE26 RET 
00397 0418 6001 SACL YI • load yl coordinate value 00447 . 
00398 0419 0044 ADD FIVE6 00448 . LI NE DRAW I NG DEMONSTRA Tl ON #5 
00399 04 IA 6023 SACL YA • yl .. yl + 5 00449 . 
00400 041 B 2025 LAC YB 00450 0450 CB06 DE"°5 LDPK 
0040 I 041 C 6003 SACL YZ • load y2 coordinate value 00451 0451 CAOO ZAC 
00402 041 D 2031 LAC SAVCLR 00452 0452 6022 SACL XA • xi = 0 
00403 041 E 6004 SACL COLOR • load a color 00453 0453 6023 SACL YA • yl = 0 
00404 041 F OOZE ADD ONE6 00454 0454 DOO I LALK 360 
00405 0420 6031 SACL SAVCLR •color= (color+ 1) & 7 0455 0168 
00406 042 I 13ZE SUB ONE6,3 00455 0456 6024 SACL XS •><Z=360 
00407 0422 F380 BLZ 04L3A 00456 0457 CA96 LACI< 150 

0423 0426 00457 0458 6025 SACL YB • yZ = 150 
00408 0424 20ZE LAC DNE6 00458 0459 CAO! LACK I 
00409 0425 6031 SACL SAVCLR • If cotor = 0 then color = I 00459 045A 6031 SACL SAVCLR • color = I 
00410 0426 FEBO 04L3A CALL LINE • plot the t tne 00460 . 

0427 0524 00461 0458 CO ID LARK AR0,29 
00411 0428 302F LAR ARO,SAVARD 00462 045C 70ZF D5LI SAR ARO,SAVARO 
0041 z 0429 5588 LARP APO 00463 0450 2022 LAC XA 
00413 042A F890 SANZ 04L3 00464 045E 6000 SACL XI • load ><I coordinate value 

0428 0410 00465 045F 0243 ADD THREE6,Z 
00414 . 00466 0460 6022 SACL XA • ><I = xi + IZ 
00415 04ZC CAOO ZAC 00467 0461 2024 LAC xe 

~ 00416 0420 6022 SACL XA • xi = O 00468 0462 6002 SACL X2 • load xZ coordinate value 
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00469 0463 0243 ADD THREE6,2 00520 
00470 0464 6024 SACL XB • x2 = x2 + 12 00521 049B CO IO LARK ARO ,29 
00471 0465 2023 LAC YA 00522 049C 702F 05LJ SAR ARO,SAVARO 
00472 0466 6001 SACL YI • load yl coordinate value 00523 0490 2022 LAC XA 
00473 0467 0044 ADO FIVE6 00524 049E 6000 SACL XI • load xl coordinate value 
00474 0468 6023 SACL YA •yl=yl+S 00525 049F 1243 SUB THREE6,2 
00475 0469 2025 LAC YB 00526 04AO 6022 SACL XA • xi = xi - 12 
00476 046A 6003 SACL Y2 • 1 oad y2 coo rd l nate va I ue 00527 04A I 2024 LAC XB 
00477 046B I 044 SUB FIVE6 00528 04A2 6002 SACL X2 • load x2 coordinate value 
00478 046C 6025 SACL YB • y2 = y2 - 5 00529 04A3 1243 SUB THREE6,2 
00479 0460 2031 LAC SAVCLR 00530 04A4 6024 SACL XB •x2=x2-l2 
00480 046E 6004 SACL COLOR • load a color 0053 I 04A5 2023 LAC YA 
00481 046F 002E ADO ONE6 00532 04A6 600 I SACL YI • load yl coordinate value 
00482 0470 6031 SACL SAVCLR •color= (color+ I) & 7 00533 04A 7 I 044 SUB FIVE6 
00483 0471 I 32E SUB ONE6,3 00534 04A8 6023 SACL YA • yl = yl - 5 
00484 0472 F380 BLZ 05LIA 00535 04A9 2025 LAC YB 

0473 0476 00536 04AA 6003 SACL Y2 • load y2 coordinate value 
00485 0474 202E LAC ONE6 00537 04AB 0044 AOO FIVE6 
00486 0475 6031 SACL SAVCLR • if color = 0 then color = I 00538 04AC 6025 SACL YB .. y2 = y2 - 5 
00487 0476 FEBO DSLIA CALL LINE • plot the 1 lne 00539 04AD 203 t LAC SAVCLR 

0477 0524 00540 04AE 6004 SACL COLOR • load a color 
00488 0478 302F LAR ARO,SAVARO 00541 04AF 002E ADD ONE6 
00489 0479 5588 LARP ARO 00542 04BO 6031 SACL SAVCLR •color= (color+ I) & 7 
00490 047A FB90 BANZ 05Ll 00543 04BI 132E SUB ONE6,3 

047B 045C 00544 04B2 F380 BLZ 05LJA 

N 
00491 04B3 04B6 

~ 00492 047C CO ID LARI< AR0,29 00545 04B4 202E LAC ONE6 
00493 0470 702F 05L2 SAR ARO,SAVARO 00546 04B5 6031 SACL SAVCLR • if color = 0 then color = I > 00494 047E 2022 LAC XA 00547 0486 FEBO 05L3A CALL LINE • plot the 1 lne 0 00495 047F 6000 SACL XI • load xi coordinate value 04B7 0524 .§ 00496 0480 0243 ADD THREE6,2 00548 04B8 302F LAR ARO,SAVARO :r 00497 0481 6022 SACL XA • xi = xi + 12 00549 04B9 5588 LARP ARO ~· 00498 0482 2024 LAC XB 00550 048A F890 BANZ 05LJ 

I 00499 0483 6002 SACL X2 • 1 oad x2 coordinate va I ue 04BB 049C 
00500 0484 1243 SUB THREE6, 2 00551 . 
0050 I 0485 6024 SACL XB •x2=x2-I2 00552 04BC CO ID LARI< AR0,29 3 00502 0486 2023 LAC YA 00553 04BO 702F 05L4 SAR ARO,SAVARO " g 00503 0487 600 I SACL YI " load yl coordinate value 00554 04BE 2022 LAC XA 
00504 0488 0044 ADO FIVE6 00555 04BF 6000 SACL XI • load xi coordinate value 6' 
00505 0489 6023 SACL YA • yl = yl + 5 00556 04CO 1243 SUB THREE6,2 ~ 

s;: 00506 048A 2025 LAC YB 00557 04CI 6022 SACL XA • xi = xi - 12 
00507 048B 6003 SACL Y2 • load y2 coordinate value 00558 04C2 2024 LAC XB s· 
00508 048C 0044 ADO FIVE6 00559 04C3 6002 SACL X2 • load x2 coordinate value .. 

~ 00509 0480 6025 SACL YB • y2 = y2 + 5 00560 04C4 0243 ADD THREE6,2 
00510 048E 2031 LAC SAVCLR 00561 04C5 6024 SACL XB • x2 "' x2 + 12 .., 
00511 048F 6004 SACL COLOR • load a color 00562 04C6 2023 LAC YA l:: 00512 0490 I 02E SUB ONE6 •color = (color - I) & 7 00563 04C7 600 I SACL YI • load y\ coordinate value ~ 00513 0491 Fl80 BGZ 05L2A 00564 04C8 I 044 SUB FIVE6 i:l 0492 0494 00565 04C9 6023 SACL YA • yl = yl - 5 N 00514 0493 CA07 LACK 7 00566 04CA 2025 LAC YB 0 

" 00515 0494 6031 05L2A SACL SAVCLR • If color = 0 then color "' 7 0056 7 04CB 6003 SACL Y2 • load y2 coordinate value ~ 
00516 0495 FEBO CALL LINE • plot the I ine 00568 04CC I 044 SUB FIVE6 0. .., 0496 0524 00569 04CO 6025 SACL YB • y2 : y2 - 5 

l:: 00517 0497 302F LAR ARO,SAVARO 00570 04CE 2031 LAC SAVCLR 

"' 00518 0498 5588 LARP ARO 00571 04CF 6004 SACL COLOR • load a color "' .... 00519 0499 FB90 SANZ 05L2 00572 0400 102E SUB ONE6 •color= (color - I) & 7 
~ 049A 0470 00573 0401 Fl80 BGZ 05L4A 
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0402 0404 
00574 0403 CA07 7 
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00575 0404 6031 05L4A 
005 76 0405 FEBO 

LACK 
SACL 
CALL 

SAVCLR • If color • O then color • 7 

0406 0524 
00577 0407 302F 
00578 0408 5588 
00579 0409 FB90 

040A 0480 
00580 0408 CE26 

0005 

LAR 
LARP 
BANZ 

RET 
COPY 

LINE • plot the I fne 

ARO,SAVARO 
ARO 
05L4 

CLEAR.AS" 
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E0002 
E0003 
E0004 
E0005 
E0006 
E0007 
E0008 
E0009 
EOOIO 
EOOl I 
EOOl2 
EOOl3 
E0014 
EOOl5 
E0016 
E0017 
EOOIB 
EOOl9 
E0020 
E0021 
E0022 
E0023 
E0024 
E0025 
E0026 
[0027 
E0028 
[0029 
E0030 
E0031 
E0032 
E0033 
[0034 
[0035 
E0036 
E0037 
E0038 
E0039 
[0040 
[0041 
E0042 
E0043 040C 
E0044 040C 7860 
E0045 0400 C809 
E0046 040[ C263 
E0047 04DF 558A 
E0048 04EO 60AO 
E0049 04E I 2030 
[0050 04E2 60AO 
E005 I 04[3 2038 
E0052 04[4 60AO 
[0053 04[5 2040 
E0054 04E6 60AO 
E0055 04E7 2048 
E0056 04[8 60AO 
E0057 04E9 CABC 
E0058 04EA 6040 

• ROUTINE 1 CLEAR . 
• Thts routine ts cal led with the display color to be used 
• to clear the d1splay screen In the least significant byte 
• of the accl.ll'Ulator. The fol lowing approach h taken: 

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

• 2. Control Register Z 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 
• ff 1 led with the display Information. Each write access 
• ff11s eight ph<els. Each row of display memory 
• corresponds to two I Ines of CRT data. 

• 4. The Vertical Start Blank regfster 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 vert i ca I sync. 

• 5. The Status Register Is read and tested uni: I I the 
• vertical interrupt occurs. 

• 6. Screen ref'resh and the display are disabled. 

• 7. The VRAM shift registers are loaded from the last row 
• of VRAM memory. . 
• 8. The rows fn VRAM memory corresponding to the active 
• display area are loaded with the data in the VRAM shift 
• registers. . 
• 9. Screen ref'resh and the display are re-enabled for 
• normal operation • ............................................................ 
CLEAR EQU ' SST STSO • save current data page po Inter 

LOP!< >0009 • VSC register page 
LARK AR2,FILLC • I nterna I mem on OP=O 
LARP AR2 
SACL •+ •'lave ffll/clear color 
LAC CTLRIL • save Control Register I 
SACL •+ 
LAC CTLRIH 
SACL •+ 
LAC CTLR2L • save Contra l Reg I ster 2 
SACL •+ 
LAC CTLR2H 
SACL •+ 
LAO< >008C • X-Y mode RAS override 
SACL CTLR2L • load Control Register 2 
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EOOS9 04EB CAFF LACK >OOFF • row 255 of VRAH 0006 COPY LINES. ASH 
E0060 04EC 6870 SACH XYADRL • 1 oad X-Y Address Register 
E006 I 04ED 6078 SACL XYAORH 
E0062 04EE C263 LARK AR2,FILLC 
E0063 04EF 2090 LAC ·-
E0064 04FO C8!0 LOPK >0010 • X-Y indirect control page 
E0065 04F I CBFF RPTK 255 
E0066 04F2 6008 SACL XINC •write 8 pixels 256 times: 2 lines 
E0067 04F3 C808 LOPK >0008 • VSC reg I ster page 
E0068 04F 4 2060 LAC VSBLL * read Vert i ca 1 Start B 1 ank 
E0069 04FS 0004 ANOK >OOFF 

04F6 OOFF 
E0070 04F7 0868 ADD VSBLH,8 
E007 ! 04FB OOAO ADD •+ • increment to one 1 ine below 1ast 
E0072 04F9 6080 SACL . 
E0073 04FA C809 LDPK >0009 • VSC register page 
E007 4 04FB 6020 SACL VINTL • 1 oad Vert i ca 1 Interrupt 
E0075 04FC 2880 LAC • ,8 
E0076 04FD 6828 SACH VINTH 
E0077 04FE 2050 LAC STA TL 
E0078 04FF 2050 WAIT! LAC STA Tl • wait for vert I ca I interrupt 
E0079 0500 D004 ANOK >0001 

0501 0001 
E0080 0502 F680 BZ WAIT! 

0503 04FF 

N 
E008 I 0504 2030 LAC CTLRtl • turn screen refresh off 

"' 
E0082 0505 DOOS ORK >0020 

> 0506 0020 
E0083 0507 6030 SACL CTLRIL 

~ E0084 0508 2048 LAC CTLR2H • blank display 
E0085 0509 D004 ANOK >OODF 

:r OSOA OOOF er E0086 0508 6048 SACL CTLR2H 

3 E0087 OSOC 2080 LAC . • load display 1 ine count 

" E0088 050D CE 19 SFR • divide by 2: update 2 I ines/write 
ii" E0089 050E 6089 SACL • .o. I • save for repeat count 
3 E0090 050F DI 00 LRLK ARI, >2SFC " g 0510 2BFC 

i5' E009 l 0511 60BA SACL • • o, 2 • load shift register from memory , E0092 0512 C004 LARK AR0,4 

:;;: E0093 0513 0100 LRLK ARl,>2000 

s· 0514 2000 

"" E0094 0515 4BA9 RPT •+, 1 • 1 cad I oop count for screen c 1 ear 

~ E0095 0516 60EO SACL •o+ • load memory from shift register 
E0096 0517 60EO SACL •o+ ..., 
E0097 OSl8 558A LARP AR2 ;:: E0098 0519 20AO LAC •+ CJ> w E0099 051 A 6030 SACL CTLRIL • load Control Register I 

N 
EOIOO OSIB 20AO LAC •+ 0 

N EOIOI 051C 6038 SACL CTLRIH 0 
~ EO I 02 051 D 20AO LAC •+ , 

E0103 051E 6040 SACL CTLR2L • load Control Register 2 Q. 

..., E0104 051F 20AO LAC •+ 
;:: EO !OS 0520 6048 SACL CTLR2H 
CJ> EO I 06 0521 C800 LDPK 0 w ... EO I 07 0522 S060 LST STSO • restore data page pointer 
~ EOI08 0523 CE26 RET 
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F0002 
F0003 
F0004 
FOODS 
F0006 
F0007 
FOO OB 
F0009 
FOOIO 
FOOll 
FOOl2 
F0013 
FOOl4 
FOOIS 
FOOl6 
FOOl7 
FOOIB 
FOOl9 
F0020 
F0021 
F0022 
F0023 
F0024 
F0025 
F0026 
F0027 
F0028 
F0029 
F0030 
F0031 
F0032 
F0033 
F0034 
F0035 
F0036 
F0037 
F0038 
F0039 
F0040 
F0041 
F0042 
F0043 
F0044 
F004S 
F0046 
F0047 
F0048 
F0049 
FOOSO 
FOOS! 
FOOS2 
FOOS3 
FOOS4 
FOOSS 
FOOS6 
FOOS7 
rooss 

• ROUTINE: LI NE 

• Thts routine Is cat1ed with the following fnf'ormatfon 
• 1 ocated In the 5 consecut Ive words on page 6 1abe1 ed as 
• XI, YI, X2, Y2, COLOR. The fol lowing approach fs taken to 
• draw a 1 fne of the color specified from one of the 
• specified points to the other fol lowfng Bresenham's Line 
• Algorlttvn. 

• octant \ #3 #2 I 
• deffnftfon \ I 

#4 \ I #l 

--' '--/ \ 
fS/ \#8 
I \ 

I #6 #7 

• I. Determine the values for dx and dy, swapping the 
• points ff necessary to assure that dy Is positive. 
• dx=x2-xl 
• dy = y2 - yl 
• Th I s maps octant s 5 through 8 onto I through 4 
• respectively and reduces the code correspondingly. Each 
• octant Is coded seperately to slmpl ffy the decisions In 
• selecting between pixels. 

' OCTANTS I & 2 

d c 
0 0 

I 
I 

i/ 
x------o 

c d 
0 0 

\ 
\ 

\i 
o------x 
b 

OCTANTS 3 & 4 

2. Since the data bus Is eight bits wide and addresses 
• two pixels at a time, It Is necessary to determine whether 
• the ffrst pfxel of the 1 lne ts the left or right pixel of 
• the pair CBFLAG). 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 I OCTANT 2 

• +-----+-----+ +-----+-----+ +-----+-----+ +-----+-----+ 
• 1 0 01: 0 0 I : 0 0 I O?O : : 0?01: 0 0 : : 0 01 I O?O : 
• +-----+-----+ +-----+-----+ +-----+-----+ +-----+-----+ 
• : XO?: 0 0 I : 0 X 1 O?O : l X 0 : 0 0 I 1 0 X I 0 0 : 
• +-----+-----+ +-----+-----+ +-----+-----+ +-----+-----+ 

• OCTANT 3 OCTANT 4 

• +-----+-----+ +-----+-----+ +-----+-----+ +-----+-----+ 
• I O?O? I 0 0 I l 0 01 I O?O I I O?O : 0 0 I 1 0 01 I 0 0 : 
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F0059 
F0060 
F0061 
F0062 
F0063 
F0064 
F0065 
F0066 
F0067 
F0068 
F0069 
F0070 
F0071 
F0072 
F0073 
F0074 
FOOTS 
F0076 
F0077 
F0078 
F0079 
FOOBO 
FOOS! 
F0082 
F0083 
F0084 0524 
FOOBS 0524 7860 
FOOB6 OS2S C806 
rooe1 0526 cooe 
F0088 0527 DIDO 

0528 04EO 
F0089 0529 5589 
F0090 052A 2004 
F009 I 0528 600A 
F0092 OS2C 6408 
F0093 052D 0404 
F0094 052E 600C 
F0095 052F 2003 
F0096 0530 1001 
F0097 OS31 F480 

0532 053D 
F0098 0533 400 I 
F0099 0534 4903 
FO I 00 0535 6803 
FOIOI OS36 6001 
FO 102 0537 4000 
FO I 03 0538 4902 
FOI04 OS39 6802 
FOI05 OS3A 6000 
FO I 06 OS3B FFBO 

053C 052F 
FO I 07 OS3D 6006 
FOI08 053E F680 

OS3F 066A 
FO I 09 OS40 2002 
FO II 0 0541 I 000 
FO 111 0542 6005 

• +-----+-----+ +-----+-----+ +-----+-----+ +-----+-----+ 
• I 0 X : 0 0 ! I 0 0 : X .o I : 07X ! 0 0 : I o 01 I X 0 I 
• +-----+-----+ +-----+-----+ +-----+-----+ +-----+-----+ 

• 3. Octants I and 2 are seperated from octants 3 and 4 by 
: determining whether dx Is positive or negative CASIGN). 

• 4. Octant 1 can be seperated from octant 2 by detennf n f ng 
• \llhether the absolute value of d>C Is greater than dy 
• (octant I) or less than dy (octant 2). Correspondingly 
• octant 3 ts seperated from octant 4 by determining whether 
• the absolute value of d>C Is Jess than dy (octant 3) or 
• greater than dy (octant 4). CABSIGN) 

• 5. Wlthtn the coding for each octant, processing 
• oscl 1 lates 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 ne)(t pixel In the line Is located. 

• 6. Two special cases of horizontal and vertical 1 Ines are 
• I sol ated to speed up the process Ing for those cases. 

LINE EQU • SST STSO • save current data page pointer 
LDPI< 6 
LARK AR0,8 • set-up access to VSC registers 
LRLK ARI, VSCREG+>0080+XYOFFL 

LARP ARI 
LAC COLOR 
SACL COLORL 
SACL COLORH,4 
ADD COLOR,4 
SACL COLOR2 

DELTA LAC Y2 • dy = y2 - yl 
SUB YI 
BGEZ POSY • test for positive dy 

ZALH YI • negat Ive dy ; swap y2 and y I 
ADDS Y2 
SACH Y2 
SACL YI 
ZALH XI . swap x2 and x I 
ADDS X2 
SACH X2 
SACL XI 
B DELTA 

POSY ·SACL DY • positive dy 
BZ HLJNE 

LAC X2 • dx = x2 - xi 
SUB XI 
SACL DX 
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FOi 12 0543 CA20 
F.0113 0544 60EO 
FO 114 0545 2FOO 
FOi 15 0546 6000 
FOi 16 0547 DF04 

0548 0006 
FO 117 0549 68EO 
FO 118 054A 2000 
FOi 19 0540 6800 
FOl20 054C 2701 
FO 121 054D 0000 
FOl22 054E 60EO 
FO 123 054F 2FO I 
FOl24 0550 6880 
FD 125 0551 2005 
F0126 0552 680E 
FO 127 0553 F680 

0554 06A2 
FOl28 0555 Fl80 

0556 0558 
FOl29 0557 CE23 
FD 130 0558 6005 POSDX 
F0131 0559 1006 
FO 132 055A 680F 
FD 133 0550 F 480 

055C 0561 
FO 134 055D 4005 
FO 135 055E 4906 
FD 136 055F 6806 
FOl37 0560 6005 
FOl38 0561 2106 OTEST 
FO 139 0562 6008 
FO 140 0563 I 005 
FOl41 0564 6007 
FOl42 0565 1005 
FD 143 0566 6009 
FOl44 0567 3005 
FOl45 0568 DIDO 

0569 0800 
FO 146 056A D200 

0560 0820 
FD 147 056C 200F 
FOl48 056D F380 

056E 05BC 
FOl49 056F 200E OIOR4 
FOl50 0570 F380 

FOl51 
F0152 
FOl53 

0571 0610 

FD 154 0572 D300 OCTI 
0573 0828 

F0155 0574 D400 
0575 0808 

FOl56 0576 200D 
FO 157 0577 F380 

0578 0592 

LACK 
SACL 
LAC 
SACL 
ANDK 

>0020 • load X-Y Offset Register (lo byte 
•o+ 
XI, JS 
BFLAG • bit {lag for even/odd bit {0/1) 
>0006, 15 • mask for next 2 lsb's of xi 

SACH 
LAC 
SACH 
LAC 
ADD 
SACL 
LAC 
SACH 
LAC 
SACH 
BZ 

•o+ 
XI, 13 
XI 
YI, 7 
XI 
•o+ 
YI, 15 

DX 
ASIGN 
VLINE 

BGZ POSDX 

NEG 
SACL 
SUB 
SACH 
BGEZ 

DX 
DY 
ASSIGN 
OTEST 

• load X-Y Offset Register (hf byte 
• seperate 7 msb's of xi 

• add lsb of yl to xi 

• load low byte of X-Y Address Reg 
• seperate 8 msb' s of y I 
• load high byte of X-Y Address Reg 

• sign of dx (+/-) (0/-1) 

ldx\ - dy or a - b 
sign of :dx: - dy (+/-) (0/-1) 

ZALH DX • negative :dxl - dy : swap dx & dy 
ADDS DY or swap a and b 
SACH DY 
SACL DX 
LAC DY, I • dy corresponds to b 
SACL INCRI • Iner! = Zb > 0 
SUB OX • dx corresponds to a 
SACL 0 *d=2b-a 
SUB OX 
SACL INCR2 • lncr2 = Zb - 2a < 0 
LAR ARO,OX * ARO = #of pixels In 1 ine = a 
LRLK ARI ,XYIND+XYNOP 

LRLK AR2 ,XY IND+Y I NC 

LAC ASSIGN 
BLZ 020R3 

LAC ASIGN 
8LZ OCT4 

DRAW A LINE IN OCTANT #1 

LRLK AR3,XYIND+XIYI 

LRLK AR4,XYINO+XINC 

LAC BF LAG 
BLZ OCTILO 
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+-----+-----+ 
F0158 
F0159 
F0160 
F0161 
F0162 
F0163 
F0164 

' OCTANT I (LEFT PIXEL) 
: 0 01: 0 0 : 
+-----+-----+ 
[ X O?: 0 0 : 
+-----+-----+ 

FD 165 0579 2007 
F0166 057A F480 

0578 0588 
FO 16 7 057C 0008 
FD 168 0570 5588 
FD 169 057E F89B 

057F 05A9 
FD 170 0580 5589 
FOi 71 0581 6007 
FOl72 0582 CAOF 
FO 173 0583 4E80 
F0174 0584 4D08 
FD 175 0585 6080 
FD 176 0586 FF80 

0507 0667 
FOl77 0588 0009 
F0178 0589 6007 
FD I 79 058A CAOF 
F0180 0580 4E8A 
F0181 058C 4DOB 
FOl8Z 058D 6088 
F0183 058E FB99 

058F 0592 
FD 184 0590 FF80 

0591 0667 
F0185 
F0186 

OCTIHI LAC 
BGEZ 

ADD 
HAR 
BANZ 

HAR 
SACL 
LACK 
AND 
OR 
SACL 
B 

DI INC2 ADD 
SACL 
LACK 
AND 
DR 
SACL 
BANZ 

0 
Ol INC2 

INCRI 
',O 
OCTIHL,*-,3 

',I 
0 • d = d + I ncr I 
>OOOF • write left pixel only 

COLORH 

DONE 

INCR2 
D • d = d + incr2 
>OOOF • write left pixel only 
'.2 
COLORH 
',O,O 
OCTILO, *-,I 

DONE 

+-----+-----+ 
: 0 0 : O?O : F0187 

F0188 
F0189 
F0190 

• OCTANT I (RIGHT PIXEL) +-----+-----+ 

FOl91 
F0192 0592 2007 OCTILD LAC 
F0193 0593 F380 BLZ 

0594 059F 
FO 194 0595 0009 ADD 
FO 195 0596 6007 SACL 
FO 196 0597 CAFO LACK 
FO 197 0598 4E8B AND 
F0198 0599 400A OR 
FO 199 059A 6088 SACL 
F0200 0598 FB99 BANZ 

059C 0579 
F020 I 059D FF80 

059E 0667 
F0202 059F 0008 011 NC I ADD 
F0203 05AO 6007 SACL 
F0204 05A I CAFO LACK 
F0205 05A2 4E8C ANO 
F0206 05A3 4DOA OR 

0 
OllNCI 

INCR2 

: 0 x : 070 t 
+-----+-----+ 

0 • d = d + i ncr2 
>OOFO • write right pixel only 
',3 
COLORL 
• 'o, 0 
OCTIHI, •-,I 

DONE 

INCRI 
O • d = d + I ncr I 
>OOFO • write right pixel only 
',4 
COLORL 
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F0207 OSA4 6088 
F0208 OSAS F899 

OSA6 OS79 
F0209 OSA7 FF80 

OSA8 0667 
F0210 OSA9 F480 

OSAA OS84 
F02 l I OSA8 0008 
F0212 05AC 6007 
F0213 OSAD 200C 
F0214 OSAE SSBC 
F02 l S DSAF 6088 
F0216 OS80 FB99 

OS81 OS79 
F02 I 7 OS82 FF80 

OS83 0667 
F0218 OS84 0009 
F02 l 9 OS85 6007 
F0220 OS86 200C 
F0221 OS87 6088 
F0222 OS88 F899 

OS89 OS79 
F0223 OS8A FF80 

OS88 0667 
FD224 
F022S OSBC 200E 
F0226 OS8D F380 

F0227 
F0228 
F0229 

OS8E OSEE 

FD230 OS8F 0300 
OSCO 0828 

F023 l OSCI 2000 
F0232 OSC2 F380 

05C3 0507 
F0233 
F0234 
F0235 
F0236 
F0237 
F0238 
F0239 
F0240 OSC4 CAOF 
F024 I OSCS 4E8A 
F0242 05C6 4008 
F0243 OSC7 6088 
F0244 OSC8 2007 
F0245 05C9 F 480 

05CA 0501 
FD246 OSC8 0008 
F0247 OSCC 6007 
F0248 OSCO FS99 

OSCE 05C4 
F0249 OSCF FFSO 

OSDO 0667 
F0250 DSD I 0009 

SACL •,o.o 
BANZ OCTlHl,*-,1 

DONE 

OCTIHL SGEZ OIXIYI 

INCRI ADD 
SACL 
LAC 
"AR 
SACL 
BANZ 

D *d•d+fncrl 
COLOR2 * write both pfxe1s of the pair 
',4 
•,o,o 
OCTIHl,*-,1 

DONE 

OIXIYI ADD INCR2 
SACL 
LAC 
SACL 
SANZ 

0 • d • c;! + fncr2 
CCM...OR2 • write both pixels of the pair 
•,o,o 
OCTIHI ,•-,1 

DONE 

020R3 LAC AS I GN 
8LZ OCT3 

DRAW A LINE IN OCTANT #2 

OCT2 LRLK AR3,XYIND+XIYI 

LAC SF LAG 
SLZ OCT2LO 

+-----+-----+ 
: 010?1 0 0 : 

• OCTANT 2 (LEFT PIXEL) +-----+-----+ 
: x 0 : 0 0 : 
+-----+-----+ 

0CT2HI LACK >ODOF •write left pixel only 
AND 
OR 
SACL 
LAC 
BGEZ 

021NCI ADD 
SACL 
SANZ 

•,2 
COLORH 
•,o,o 
D 
021NC2 

INCRI 
0 • d = d + fncr I 
CX::TZHI ,•-,t 

DONE 

021NC2 ADD INCR2 
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F02Sl 0502 6007 
F02S2 OSD3 FS99 

OSD4 OSD7 
F02S3 OSDS FFSO 

OSD6 0667 
F02S4 
F02SS 
F02S6 
F02S7 
F0258 
F02S9 
F0260 
F026 l DSD7 2007 
F0262 OSD8 F 480 

OSD9 OSE4 
F0263 OSDA 0008 
F0264 OSDB 6007 
F026S OSOC CAFO 
F0266 OSDD 4E8A 
FD267 DSDE 4DOA 
F0268 OSDF 6088 
F0269 OSEO FS99 

OSEI OSD7 
F0270 OSE2 FF80 

OSE3 0667 
F027 l OSE4 0009 
F0272 OSES 6007 
F0273 OSE6 CAFO 
FD274 OSE7 4E8S 
F027S OSE8 4DOA 
F0276 OSE9 6088 
F0277 OSEA FS99 

OSES 05C4 
F027S DSEC FF80 

DSED 0667 
F0279 
F0280 
F0281 
F0282 OSEE D3DO 

OSEF 0830 
F0283 OSFO 2000 
F0284 OSFI F380 

OSF2 060A 
F02SS 
F0286 
F0287 
F0288 
F0289 
F0290 
F0291 
F0292 OSF3 2007 
FD293 OSF 4 F 480 

DSFS 0600 
F0294 OSF6 0008 
F029S OSF7 6007 
F0296 OSF8 CADF 
F0297 OSF9 4E8A 

SACL D • d • d + lncr2 
BANZ OC:T2LO, *-, I 

DONE 

+-----+-----+ 
: 0 01: 010 : 

• OCTANT 2 (RIGHT PIXEL) +-----+-----+ 

OCT2LD LAC 
BGEZ 

02XOYI ADD 
SACL 
LACK 
AND 
OR 
SACL 
SANZ 

02XIYI ADD 
SACL 
LACK 
AND 
OR 
SACL 
SANZ 

D 
02XIYI 

INCRI 

I OX l o o I 
+-----+-----+ 

D *d=d+·lncrl 
>OOFO • wrfte right pfxel only 
•,2 
COLORL 
•,o,o 
OCT2LO, *-,I 

DONE 

INCR2 
D • d = d + lncrz 
>OOFO • write right pixel only 
•,3 
COLORL 
•,o,o 
OCTZHI, *-,I 

DONE 

DRAW A LINE IN OCTANT #3 

OCT3 LRLK AR3, XY I ND+XDY I 

LAC SF LAG 
BLZ OCT3LO 

+-----+-----+ 
: 0 O?l O?O I 

• OCTANT3 (LEH PIXEL) +-----+-----+ 

OCT3HI LAC 
BGEZ 

03XOYI ADD 
SACL 
LACK 
AND 

D 
03XDYI 

INCRI 
0 
>OOOF 
•,2 

: 0 0 l x 0 : 
+-----+-----+ 

• d = d + Inert 
• write left pl><el only 
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F029B 05FA 4DOB 
F0299 05F8 6088 
F0300 05FC FB99 

05FD 05F3 
F030 I 05FE FFBO 

05FF 0667 
F0302 0600 0009 
F0303 0601 6007 
F03 04 0602 CAOF 
F0305 0603 4EBB 
F0306 0604 4008 
F0307 0605 60BB 
F030B 0606 FB99 

0607 060A 
F0309 060B FFBO 

0609 0667 
F0310 
F031 I 
F0312 
F0313 
F0314 
F0315 
F0316 
F0317 060A CAFO 
F031B 060B 4EBA 
F03 I 9 060C 4DOA 
F0320 060D 60BB 
F032 I 060E 2007 
F0322 060F F 480 

0610 0617 
F0323 0611 OOOB 
F0324 0612 6007 
F0325 0613 FB99 

0614 06DA 
F0326 0615 FFBO 

0616 0667 
F0327 0617 0009 
F0328 0618 6007 
F0329 0619 FB99 

061A 05F3 
F0330 061 B FF80 

061C 0667 
F0331 
F0332 
F0333 
F0334 061 D D300 

061E 0830 
F0335 06!F D400 

0620 0810 
F0336 0621 200D 
F0337 0622 F380 

0623 063B 
F0338 
F0339 
F0340 
F0341 
F0342 

OR COLORH 
SACL •,o,o 
BANZ OCT3H I , •-, I 

DONE 

03XDY I ADD INCR2 
SACL 
LACK 
AND 
OR 
SACL 
BANZ 

D • d = d + I ncr2 
>OOOf • write left pixel only 
• ,3 
COLORH 
• ,O,O 
OCT3L0,•-, 1 

DONE 

" OCTANT 3 (RIGHT PIXEL) 

+-----+-----+ 
: 070?: 0 0 : 
+-----+-----+ 
: 0 x : 0 0 : 
+-----+-----+ 

OCT3LO LACK >OOFO • write right pixel only 
AND 
OR 
SACL 
LAC 
BGEZ 

031NCI ADD 

• ,2 
COLORL 
• ,O,O 
D 
031NC2 

INCRI 
5ACL 
BANZ 

0 • d = d + incrl 
OCT3LO, •-,I 

DONE 

031NC2 ADD INCR2 
SACL 
BANZ 

D • d = d + I ncr2 
OCT3HI, •-,I 

DONE 

DRAW A LINE IN OCTANT #4 

OCT4 LRLK AR3, XY I NO+XOY I 

LRLK AR4,XYIND+XDEC 

LAC BF LAG 
BLZ OCT4LO 

+-,.----+-----+ 
:001:00: 

• OCTANT 4 CLEFT PIXEL} +-----+-----+ 
:oonxo: 
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F0343 
F0344 
F0345 0624 20D7 
FD346 0625 F 480 

0626 0631 
F0347 0627 0008 
F0348 0628 6007 
FD349 0629 CAOF 
F0350 062A 4E8C 
F035 I 062B 400B 
F0352 062C 60BB 
F0353 062D FB99 

062E 063B 
F0354 062F FFBO 

0630 0667 
F0355 0631 0009 
F0356 0632 6007 
F0357 0633 CAOF 
F0358 0634 4EBB 
F0359 0635 400B 
F0360 0636 60BB 
F036 I 0637 FB99 

063B 063B 
F0362 0639 FFBO 

063A 0667 
F0363 
F0364 
F0365 
F0366 
F0367 
F0368 
F0369 
F0370 063B 2007 
F037 I 063C F 480 

0630 064A 
F0372 063E 0008 
F0373 063F 558B 
F0374 0640 FB9C 

0641 0654 
F0375 0642 5589 
F0376 0643 6007 
F0377 0644 CAFO 
F0378 0645 4E80 
F0379 0646 4DOA 
F03BO 0647 60BO 
F038 I 0648 FF80 

0649 0667 
F0382 064A OD09 
F03B3 064B 6007 
F0384 064C CAFO 
F0385 064D 4E8A 
F03B6 064E 400A 
F0387 064F 60BB 
F0388 0650 F899 

0651 0624 
F0389 0652 FF80 

0653 0667 

OCT4HI LAC 
BGEZ 

04XOYO ADO 

0 
04XOYI 

INCRI 

+-----+-----+ 

SACL 
LACK 
AND 
OR 
SACL 
BANZ 

0 "d=d+lncrl 
>OOOF • write left pixel only 
•,4 
COLORH 
• ,O,O 
OCT4LO,*-, I 

DONE 

04XDY I ADO INCR2 
SACL 
LACK 
ANO 
OR 
SACL 
BANZ 

O *d=d+lncr2 
>OOOF • write left pixel only 
• ,3 
COLORH 
• ,O,O 
OCT4LO, •-,I 

CONE 

• OCTANT 4 {RIGHT PIXEL) 

OCT4LO LAC 
8GEZ 

ADD 
MAR 
BANZ 

0 
041NC2 

INCRI 
• '0 
OCT4HL,•-,4 

HAR •,I 

+-----+-----+ 
I O?O : o o : 
+-----+-----+ 
I O?X t 0 0 : 
+-----+-----+ 

SACL D • d = d + l ncr I 
LACK >OOFO • write right pixel only 
ANO • 
OR COLORL 
SACL • 
B CONE 

041NC2 ADO 
SACL 
LACK 
AND 
OR 
SACL 
BANZ 

INCR2 
0 • d = d + I ncr2 
>OOFO • wrfte right pixel only 
•,2 
COLORL 
•,o,o 
OCT4HI ,•-,I 

CONE 
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> 
Cl F0390 0654 F380 DCTAHL 8LZ D41NCI F0437 0689 5588 LARP ARO 
il 0655 065F F0438 068A F89A HOZHI SANZ FILL2.•-,2 .,, 

F039 I 0656 0009 ADD INCR2 0688 0693 [- F0392 0657 6007 SACL D • d = d + lncr2 F0439 068C 5589 LARP ARI 

I 
F0393 0658 200C LAC COLOR2 • write both pixels of the pair F0440 068D CAOF LACK >OOOF • write 1eft pixel only 
F0394 0659 5588 HAR ',3 F044 I 068E 4E80 ANO . 

" 
F0395 065A 6088 SACL •,o,o F0442 068F 4D08 OR COLORH 

~ F0396 0658 F899 SANZ OCT4LO, •-,I FOU3 0690 6080 SACL . 
" 065C 0638 F0444 0691 FF80 e DONE 

~· F0397 0650 FF80 B DONE 0692 0667 
065E 0667 F0445 0693 200C FILL2 LAC COLOR2 • write both pixels of the pair 

" F0398 065F 0008 D41NCI ADD INCRI F0446 0694 6088 SACL •,o,o 
s;: F0399 0660 6007 SACL D • d = d + inert F0447 0695 FB98 BANZ HOZHl,*-,0 
:r F0400 0661 200C LAC CDLOR2 • write both pixels of the pair 0696 068A .. 

F040 I 0662 6088 SACL •,o,o F0448 0697 FF80 B DONE 
lf F0402 0663 FB99 BANZ OCT4LO, •-,I 0698 0667 .., 0664 0638 F0449 0699 55B9 HOZLO LARP ARI 
:;:: F0403 0665 FFBO e DONE F0450 069A CAFO LACK >OOFO • write right pixel only 

"' 0666 0667 F045 I 0698 4E8A ANO •,2 

"' N F0404 . F0452 069C 4DOA OR COLORL s F0405 0667 c000 DONE LOPK 0 F0453 069D 6088 SACL •,o,o 
0 

F0406 0668 5060 LST STSO • restore entry data page pointer F0454 069£ FB98 SANZ HOZHl,*-,0 
~ 

5. F0407 0669 CE26 RET 069F 068A 

.., F0408 . F0455 06AO FF80 e DONE 

:;:: F0409 . DRAW A HORIZONTAL LINE 06AI 0667 

"' F0410 . F0456 . 
"' F04 I I 066A 2002 HLINE LAC X2 • dx = x2 - xi F0457 . CRAW A VERT I CAL LI NE .... 
~ F0412 0668 1000 sue XI F0458 . 

F04 I 3 066C 6005 SACL DX F0459 06A2 3006 VLINE LAR ARO,OY • ARO = # of pixels In 1 lne 
F0414 066D F480 BGEZ DXPOS F0460 06A3 0100 LRLK AR I , XY INO+XYNOP 

066E 0673 06A4 0800 
F0415 066F CE23 NEG F046 I 06A5 0200 LRLK AR2,XYINO+YINC 
F0416 0670 6005 SACL DX • save ld><I 06A6 0820 
F0417 0671 2002 LAC X2 • swap xi & x2 : draw left to right F0462 06A7 5589 LARP ARI 
F0418 0672 6000 SACL XI F0463 06A8 200D LAC 8fLAG 
F0419 0673 CA20 OXPOS LACK >0020 • load X-Y Offset Register (lo byte F0464 06A9 F380 BLZ VRTLO 
F0420 0674 60EO SACL •o+ 06AA 0683 
F0421 0675 2FOO LAC XI, 15 F0465 06AB CAOF VRTHI LACK >OOOF • write left phce1 
F0422 0676 600D SACL 8FLAG • bit Flag for even/odd bit (0/1} F0466 06AC 4E8A AND ',2 
F0423 0677 DF04 ANOK >0006, 15 •mask for next 2 lsb's of xi F046 7 06AD 4008 OR COLORH 

0678 0006 F0468 06AE 6088 SACL •,o,o 
F0424 0679 68EO SACH •o+ • load X-Y Offset Register (hi byte F0469 06AF F899 SANZ VRTHI ,•-,I 
F0425 067A 2000 LAC XI, 13 " seperate 7 msb's of xi 0680 06A8 
F0426 06 78 6800 SACH XI F0470 0681 FF80 e DONE 
F0427 067C 2701 LAC YI, 7 •add lsb of yl to xi 0682 0667 
F0428 06 70 0000 ADO XI F047 l 0683 CAFO VRTLO LACK >OOFO • wrlte right ph<el 
F0429 067E 60EO SACL •o+ • load low byte of X-Y Address Reg F0472 0684 4E8A AND ',2 
F0430 067F 2FOI LAC YI, 15 • seperate 8 msb's of yl F0473 0685 400A OR COlORL 
F043 l 0680 6880 SACH . • load high byte of X-Y Address Reg F0474 0686 6088 SACL •,o,o 
F0432 0681 3005 LAR ARO,OX • ARO .. # of pixels tn 1 lne F0475 0687 F899 SANZ VRTLO,*-, I 
F0433 0682 DIDO LRLK AR I , XY I ND+XYNOP 0688 0683 

0683 0800 F0476 0689 FF80 e DONE 
F0434 0684 0200 LR\.K AR2, XY I ND+X INC 068A 0667 

0685 0808 0007 COPY FELi PS2. ASH 
F0435 0686 200D LAC 8FLAG 

8: 
F0436 0687 F380 BLZ HDZLO 

-J 
0688 0699 
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G0002 
G0003 
G0004 
GOO OS 
G0006 
G0007 
G0008 
G0009 
GOOIO 
GOO! I 
GOOl2 
GOOl3 
GOOl4 
GOOIS 
G00!6 
GOOl7 
GOOl8 06BB 
GOO 19 06BB 7860 
G0020 06BC C809 
G002 I 06BD C264 
G0022 06BE 558A 
G0023 06BF 2030 
G0024 06CO 60AO 
G0025 06CI 2038 
G0026 06C2 60AO 
G0027 06C3 2040 
G0028 06C4 60AO 
G0029 06CS 2048 
G0030 06C6 60AO 
G003 i 06C7 CB06 
G0032 06C8 DI 00 

06C9 0200 
G0033 06CA 5589 
G0034 06CB 2004 
G003S 06CC 600A 
G0036 06CD 640B 
G0037 06CE 0404 
G0038 06CF 600C 
G0039 
G0040 
G0041 
G0042 0600 3212 
G0043 0601 3Cl2 
G0044 0602 3812 
G004S 0603 CE 14 
G0046 0604 6814 
G0047 0605 6015 
G0048 0606 CEIS 
G0049 0607 6816 
GOO SO 0608 6017 
GOOS! 0609 3Cl3 
GOOS2 060A 3B 13 
GOOS3 060B CE 14 
GOOS4 060C 6818 
GOOSS 060D 6019 
GOOS6 06DE CE! 5 
G0057 060F 681A 

............................................................ 
• ROUT! NE: FELi PS 
• This routine Is cal led with the fol lowing fnf'ormation 
• located In 5 words on page 6 labeled as XC, YC, A, B, 
•COLOR. Using this Information. a solid fflled ellipse of 
• the specified color Is drawn centered at (xc,yc) with 
• x-axis Intercept a and y-axis Intercept b. A four-way 
• stepping algorithm Is used to determine the boundaries of 
•the ellipse. The x coordinate value of the first quadrant 
• end point of each horizontal I lne used to construct the 
• ell lpse are stored In consecutive locations on Internal 
• data ram pages 4 and 5. ............................................................ 
FELIPS EQU $ 

SST 
LOPK 
LARI< 
LARP 
LAC 
SACL 
LAC 
SACL 
LAC 
SACL 
LAC 
SACL 
LOPK 
LRLK 

STSO • save current data page pointer 
>0009 • 'VSC reg! ster page 
AR2,SAVREG • Internal mem on DP=O 
AR2 
CTLRIL • save Control Register 1 
'+ 
CTLRIH .. 
CTLR2L • save Control Register 2 .. 
CTLR2H .. 
6 
ARI ,>0200 • set-up access to data stack 

LARP ARI 
LAC COLOR 
SACL COLORL 
SACL COLORH,4 
ADD COLOR,4 
SACL COLOR2 

CALCULATE CURVE DRAWING PARAHETERS 

LAR 
LT 
HPY 
PAC 
SACH 
SACL 
APAC 
SACH 
SACL 
LT 
HPY 
PAC 
SACH 
SACL 
APAC 
SACH 

AR2,A 
A 
A 

TIH 
TIL 

T2H 
T2L 
B 
B 

T3H 
T3L 

T4H 

first stack value 
• square hor i zonta I ax I s va I ue A 

*Tl=A*"2 

T2 = 2*TI 

square vertical axis value B 

• T3 = a••z 

• T4 = 2*T3 
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G0058 06EO 60 I B 
G0059 06E I 3C 12 
G0060 06E2 3818 
G006 I 06E3 CE! 4 
G0062 06E4 CBOF 
G0063 06ES CEl8 
G0064 06E6 3819 
G006S 06E7 CE! 5 
G0066 06E8 681 C 
G0067 06E9 601D 
GOOGB 06EA 691E 
G0069 06EB 61 IF 
G0070 06EC CAOO 
G007 I 06ED 6020 
G0072 06EE 6021 
G0073 06EF 4014 
G0074 06FO 4915 
G007S 06F I 48 I 8 
G0076 06F2 4919 
G0077 06F3 CEl9 
G0078 06F4 CE19 
G0079 06FS 441 C 
G0080 06F6 4510 
GOOB I 06F7 6826 
GOOB2 06FB 6027 
G0083 
G0084 
G0085 
G0086 06F9 72AO 
G0087 06F A 2026 
G0088 06FB F 4BO 

06FC 071B 
GOOB9 06FO 4020 STEPY 
G0090 06FE 4921 
G009 I 06FF 4816 
G0092 0700 4917 
G0093 070 I 6B20 
G0094 0702 6021 
G0095 0703 4826 
G0096 0704 4927 
G0097 070S 6B26 
G0098 0706 6027 
G0099 0707 72AO 
GO I 00 0708 2026 
GOIOI 0709 F3BO 

070A 06FD 
G0102 0708 FFBO 

070C 071B 
GOI03 0700 401E LOOPX 
G0!04 070E 491F 
GO !05 070F 441 A 
G0!06 0710 4SIB 
GOl07 0711 681E 
G0!08 0712 601F 
GOl09 0713 CE23 
G0! 10 0714 4826 
GOii i 071S 4927 

SACL T4L 
LT A 
HPY T3H 
PAC 
RPTK 15 
SFL 
HPY T3L 
APAC 
SACH TSH • TS = T3*A 
SACL TSL 
SACH T6H, 1 • T6 = 2•Ts 
SACL T6L, I 
ZAC 
SACL T7H • T1 = 0 
SACL T7L 
ZALH TIH 
ADDS TIL 
AOOH T3H 
ADDS T3L 
SFR 
SFR 
SUBH TSH 
SUBS TSL 
SACH DH • 0 "' (Tl + T3)/4 - TS 
SACL DL 

CALCULATE ELLIPSE BOUNDARY FOR ONE QUADRANT 

SAR AR2,*+ 
LAC DH 
BGEZ STE PX 

ZALH T7H 
ADOS T7L 
ADDH T2H 
ADDS T2L 
SACH T7H * T7 = T7 + T2 
SACL T7L 
ADDH DH 
ADOS DL 
SACH DH *0=0+T7 
SACL DL 
SAR AR2, •+ • save ><-va 1 ue on data stack 
LAC OH 
BLZ STEPY 

ZALH 
ADDS 
SUBH 
SUBS 
SACH 
SACL 
NEG 
ADDH 
ADDS 

STEPX 

T6H 
T6L 
T4H 
T4L 
T6H 
T6L 

OH 
OL 

• T6 = T6 - T4 
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GOll2 0716 6826 
60113 0717 6027 
GOll4 0718 2026 
GO 115 0719 F380 

071A 06FO 
60116 0718 558A STEPX 
GOll7 071C F899 

0710 0700 
60118 071E 712C PLOT! 
GOll9 071F 2013 
GO 120 0720 6046 
GOl21 0721 092E 
GOl22 0722 IOZC 
Go 123 0123 n8o 

0724 0728 
GOl24 0725 602C 
60125 0726 322C 
GO 126 0727 CAOO 
60127 0728 60AA NILP'T 
GOl28 0729 F899 

072A 0728 
GOl29 
60130 
GOl31 
GOl32 0728 0400 PLOTZ 

072C 04EO 
Go 133 0120 558C 
GOl34 072E CA20 
GO 135 072F 6089 
G0136 0730 3213 
GO 137 0731 0300 

0732 0800 
GO 138 0733 5590 
GOl39 0734 7213 LOOPI 
GOl40 0735 2010 
GOl41 0736 1080 
GOl42 0737 F480 

0738 073A 
GO 143 0739 CAOO 
GO I 44 073A 6000 05CRX I 
GOl45 0738 2010 
GO 146 073C 009C 
GOl47 0730 6002 
GO 148 073E 2002 
GOl49 073F 682A 
GOl50 0740 0004 

0741 rrrr 
GOl51 0742 6C2B 
GOl52 0743 2000 
GO 153 0744 6828 
GOl54 0745 0004 

0746 FFFF 
GOl55 0747 6C29 
GO 156 0748 202A 
60157 0749 1028 
GOl58 074A F580 

0748 0797 

SACH 
SACL 
LAC 
BLZ 

OH •D•D-T6 

LARP 
BANZ 

SAR 
LAC 
SACL 
ADO 
SUB 
BLZ 

SACL 
LAR 
ZAC 
5ACL 
BANZ 

DL 
OH 
STEPY 

LOOPX, 9-, 1 

ARl,PIXCNT 
8 
SAVES 
ONE6,9 
PIXCN7 
PLOT2 

PIXCNT 
AR2,PIXCN7 

•+,0,2 
NILPT,•-,1 

• continue until X at origin 

• plottfng stack • b 1 

• zero renm I nder of stack 

DRAW "SHORT" HORIZON7AL LINES FOR UPPER HALF 

LRLK AR4,YSCREG+>008o+XYOFFL 

LARP AR4 
LACK >0020 
SACL • ,0, 1 • load X-Y Off'set Register( lo byte) 
LAR AA2 ,a • Olllber of va 1 ues on data stack 
LRLK AR3,XYIND+XYllJP 

MR 
SAR AR2,8 
LAC XC 
SUB • 
BGEZ 05CRXI 

ZAC 
SACL XI • XI • XC - X >• 0 
LAC XC 
ADO •-,O,• 
SACL xz •xz.xc+x 
LAC X2, 13 • separate 7 "5Bs frcn 3 LS8s (X2) 
SACH X2H 
A- >FFFF 

5ACH X2L,4 
LAC XI, 13 • •-rate 7 M58s frcro 3 L58s (XI) 
5ACH XIH 
A- >FFFF 

5ACH XIL,4 
LAC X2H 
SUB XIH 
BNZ WIDE • endpoints In sale 8 plxel group 'l 
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60159 074C 2011 
G0160 0740 1013 
GOl61 074E F480 

074f 0751 
GOl62 0750 CAOO 
GOl63 0751 6001 
GOl64 0752 coos 
GOl65 0753 0400 

0754 04E8 
GOl66 0155 5sec 
GOl67 0756 2E29 
GOl68 0757 68EO 
60169 0758 2701 
GO 170 0759 0028 
GOl71 075A 6DEO 
GOl72 0758 ZFOI 
GO 173 075C 6888 
G0174 0750 2F2B 
GOl75 075E IF29 
G0176 075F 682C 
GO 177 0760 302C 
GOl78 0761 0400 

0762 0808 
GOl79 0763 9129 
GOIBO 0764 F980 

0765 0776 
GO 181 0766 5588 
GOl82 0767 CAFO 
GO 183 0768 4E8C 
G0184 0769 400A 
GOl85 076A 6088 
GOl86 0768 FB90 

076C 0776 
G01e1 0160 rr8o 

016E one 
60188 076F 558C 
GOl89 0770 20GC 
GOf90 0771 6088 
GOl91 0772 FB90 

0773 0776 
GOl92 0774 rr8o 

0775 077C 
GO 193 0776 F8911 

0777 076F 
GO 194 0778 CAOF 
GO 195 0779 4E80 
GOl96 077A 4008 
60197 0778 6080 
GO 198 077C 558A 
GOl99 0770 FB99 

077E 0734 
G0200 011r rreo 

0780 07CO 
GOZOI 
G0202 
G0203 

LAC 
SUB 
BGEZ 

ZAC 
05CRYI SACL 

LARK 
LRLK 

LARP 
LAC 
SACH 
LAC 
ADD 
5ACL 
LAC 
5ACH 
LAC 
SUB 
SACH 
LAR 
LRLK 

BIT 
BBNZ 

LARP 
SLLOU LACK 

AND 
OR 
5ACL 
BANZ 

B 

SLHLU LARP 
LAC 
5ACL 
BANZ 

B 

SLHIU BANZ 

LACK 
AllD 
OR 
5ACL 

DONE I U LARP 
BANZ 

8 

YC • *short• I I ne 
8 
OSCRYI 

YI • YI • YC - Y >• 0 
AR0,8 • set-up access to VSC registers 
AR4, VSCREG+ >008o+XYOFFH 

AR4 
Xtl, 14 • load XY coordinates for upper I In 
•o+ 
YI, 7 
XIH 
•o+ 
YI.IS 
•,o,o 
X2l,15 
XIL, 15 
PIXCNT • I phcels • X2 - XI 
ARO,PIXCN7 
AR4,XYIND+XINC 

XIL, I • start on ., odd plxel 
SLHIU 

AR3 
>OOFO • pixel In lsnlbb1e only 
•,4 
COLORL 
•.o,o 
SLHIU 

OONEIU 

AR4 
COLOR2 • plxel pair 
•,o,o 
SLHIU 

OONEIU 

SLHLU,•-,3 

>OOOF • pixel In insnlbb1e only 

COLORH . 
ARZ 
LOOPt,•-,1 

PLOT3 

DRAW "LONG" HORIZON7AL LINES FOR UPPER HALF 

G0204 0781 7213 LOOPZ SAR ARZ,B 
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G0205 0762 2010 
G0206 0763 I 060 
G0207 0764 F 460 

0765 0767 
G0206 0766 CAOO 
G0209 0767 6000 
G0210 0768 2010 
G02 I I 0769 009C 
G02 I 2 076A 6002 
G0213 076e 2002 
G0214 07eC 6B2A 
G0215 07eo 0004 

076E FFFF 
G0216 07eF 6C2e 
G02 I 7 0790 2000 
G02 I 8 0791 6B2e 
G02 I 9 0792 0004 

0793 FFFF 
G0220 0794 6C29 
G022 I 0795 202A 
G0222 0796 I 02e 
G0223 0797 I 12E 
G0224 0798 6020 
G0225 0799 2011 
G0226 079A 1013 
G0227 0798 F 460 

079C 079E 
G0228 0790 CAOO 
G0229 079E 600 I 
G0230 0791' COOS 
G023 I 07AO 0400 

07AI 04E8 
G0232 07A2 558C 
G0233 07A3 2E29 
G0234 07A4 6BEO 
G0235 07A5 2701 
G0236 07 A6 0028 
G0237 07A7 60EO 
G0238 07A8 2FOI 
G0239 07A9 6BB8 
G0240 07AA 0008 

07Ae 04CO 
G024 I 07AC D400 

07AD 0808 
G0242 07AE CAOO 
G0243 07AF 608e 
G0244 07eO DOOi 

0781 0878 
G0245 07e2 0029 
G0246 07e3 CE24 
G0247 07e4 CA8C 
G0248 0785 60BC 
60249 07e6 2020 
60250 0787 F380 

0768 07BC 
60251 07e9 200C 
60252 07eA 482D 

LAC 
sue 
BGEZ 

ZAC 
OSCRX2 SACL 

LAC 
ADD 
SACL 
LAC 
SACH A-
SACH 
LAC 
SACH A-
SACH 
LAC 
sue 

WIDE SUB 
SACL 
LAC 
sue 
eGEZ 

ZAC 
OSCRY2 SACL 

LARK 
LRLK 

LARP 
LAC 
SACH 
LAC 
ADD 
SACL 
LAC 
SACH 
LRLK 

LRLK 

ZAC 
SACL 
LALK 

ADD 
CALA 
LAO< 
SACL 
LAC 
BLZ 

LAC 
RPT 

xc 

OSC1lX2 

XI • XI "' XC - X >= D 
xc 
•-.o.• 
XZ •X2=XC+X 
XZ, 13 • seperate 7 MSBs fran 3 LSBs (X2) 
X2H 
>FFFF 

X2L,4 
XI, 13 • seperate 7 PISBs From 3 LSBs (XI) 
XIH 
>FFFF 

XIL,4 
X2H 
XIH 
ONE6, I • •Jong• I fne 
PAXCNT • I 8 pl xe I groups 
YC 
e 
OSCRY2 

YI • YI = YC - Y >= 0 
AR0,8 • set-up access to VSC registers 
AR4, VSCREG+ >008o+XYDFFH 

AR4 
XIL, 1• • load XY coordinates for upper I tn 
•o+ 
Yl,7 
XIH 
•o+ 
Yl,15 
•,o,o 
ARO,VSCREG+>008o+CTLR2l 

AR4,XYl-XlllC 

•,o,3 • load Control Register z 
LSBASE 

XIL 

>OOBC 
•,o,• 
PAXCNT 
RIGHT! 

CXll.Oll2 
PAXCNT 

• vrfte plxels left M blocks 
• X-Y ..ta RAS override 
• load Control Register 2 

• f'l 11 8 pfxel blocks 
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60253 078e 6080 
G0254 07BC 5588 RIGHT! 
60255 0780 CAOO 
G0256 078E 6080 
G0257 07BF DOOO 

07CO 04E8 
G0258 07C I 6080 
60259 07C2 0000 

07C3 04FO 
60260 07C4 2080 
G026 I 07C5 60BC 
60262 07C6 DOOi 

07C7 0868 
G0263 07C8 002e 
60264 07C9 CE24 
60265 07CA 558A 
60266 07Ce Fe99 

07CC 0781 
G0267 
G0268 
60269 
60270 07CD D400 PLOT3 

07CE 04[0 
G0271 07CF 55BC 
60272 0700 CA20 
60273 07D I 6089 
G0274 07D2 3246 
60275 07D3 D300 

07D4 0800 
60276 07D5 55AO 
G0277 07D6 55AO 
60278 07D7 2011 
60279 0708 0046 
60280 07D9 6011 
60281 07DA FF80 

07De 0824 
602e2 07DC 7213 LOOP3 
60283 07DD 20 I 0 
6028• 07DE 1 oeo 
60285 07DF F 480 

07EO 07E2 
60286 07E I CAOO 
602e7 07E2 6000 OSCRX3 
60268 07E3 2010 
602e9 07E4 OOAC 
60290 D7E5 6002 
60291 07E6 2D02 
60292 07E7 682A 
G0293 07E6 D004 

07E9 FFFF 
G0294 07EA 6C2e 
60295 07Ee 2DOO 
G0296 07EC 6828 
G0297 07ED D004 

07EE FFFF 
60298 07EF 6C29 
60299 07FO 202A 

SACL 
LARP ARO 
ZAC 
SACL • • 1 oad Contro I Reg I st er 2 
LRLK ARO, \/SCR£G+ >OOeO+XYDFFM 

SACL 
LRLK ARO,VSCREG+>008o+XYADRL 

LAC 
SACL •,0,4 
LALK RSBASE 

ADD X2L 
CALA • write pixels right of blocks 
LARP AR2 
SANZ LOOP2,"-, I 

DRAW "LONG" HORIZONTAL LINES FOR LOWER HALF 

LRLK AR4,VSCRE6+>00eO+XYOFFL 

LARP AR4 
LAO< >0020 
SACL *,O, I • load X-Y Offset Reghter(lo byte) 
LAR AR2,SAVEB • f of' values on data stack 
LRLK AR3,XYINO+XYNOP 

"AR •+ 
"AR •+ 
LAC YC 
ADD SAVEe 
SACL YC 
e LOOPE 

SAR AR2,e 
LAC XC 
SUB • 
BGEZ OSCRX3 

ZAC 
SACL XI • XI • XC - X >= 0 
LAC XC 
ADD •+,0,4 
SACL X2 •x2-xc+x 
LAC X2,13 • seperate 7 "SBs from 3 LS8s (X2) 
SACH X2H A- >FFFF 

SACH X2L,4 
LAC XI, 13 • seperate 7 "SBs from 3 LSBs (Xf) 
SACH XIH 
AllJK >FFFF 

SACH XIL,4 
LAC X2H 
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> 
0 

I 
f 
g· 

i 
~ 
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~ 
8. 
~ 

i 

60300 07FI 1028 
60301 07F2 F680 

07F3 083D 
60302 07F4 I 12E 
60303 07F5 602D 
60304 07F6 2011 
60305 07F7 1013 
60306 07F8 6003 
60307 07F9 co08 
G0308 07FA D400 

07FB 04EB 
60309 07FC 558C 
60310 07FD 2E29 
60311 07FE 68EO 
60312 07FF 2703 
G03 I 3 0800 0028 
60314 0801 60EO 
60315 0802 2F03 
60316 0803 6888 
60317 0804 DODO 

0805 04CO 
60318 0806 D400 

0807 0808 
60319 0808 CAOO 
60320 0809 6088 
G032 I 080A DOD I 

0808 0878 
60322 080C 0029 
60323 080D CE24 
60324 OBOE CABC 
G0325 OBOF 60BC 
60326 0810 202D 
60327 0811 F380 

0812 0816 
G0328 0813 200C 
G0329 0814 482D 
60330 0815 6080 
G0331 0816 5588 
60332 0817 CAOO 
60333 0818 6080 
G0334 0819 DODO 

081A 04E8 
60335 0818 6080 
G0336 081C DODO 

081D 04FO 
60337 081 E 2080 
60338 081 F 608C 
60339 0820 DODI 

0821 0888 
G0340 0822 002B 
60341 0823 CE24 
60342 0824 558A 
60343 0825 F899 

0826 07DC 
60344 0827 FF80 

"' 0828 086A 
~ G0345 

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 
8LZ 

LAC 
RPT 
SACL 
LARP 
ZAC 
SACL 
LRLK 

SACL 
LRLK 

LAC 
SACL 
LALK 

ADD 
CALA 
LARP 
BANZ 

XIH 
NARROW • endpo I nts In same 8 p I xe I group 1 

ONE6, I • "long" I lne 
PAXCNT • # 8 p I xe I groups 
YC 
8 
Y2 • Y2 • YC + Y 
AR0,8 • set-up access to VSC re91sters 
AR4, VSCREG+ >0080+XYOFFH 

AR4 
XIL, 14 • load XY coordinates for lower I In 
•o+ 
Y2, 7 
XIH 
•o+ 
Y2.t5 
•,o,o 
ARO, VSCRE6+ >0080+CTLR2L 

AR4, XY I ND+X INC 

•,o,3 • load Control Register 2 
LSBASE 

XIL 

>OOBC 
•,0,4 
PAXCNT 
Rl6HT2 

COLOR2 
PAXCNT . 
ARO 

• wrfte pixels left of the blocks 
• X-Y mode RAS override 
• load Control Regl~ter 2 

• fl 11 8 pixel blocks 

• load Control Register 2 
ARO, VSCRE6+ >OD80+XYOFFH 

ARO, VSCREG+ > 0080+XYADRL 

•,o,• 
RSBASE 

X2L 
• wrfte pixels right of the blocks 

AR2 
LOOP3,•-, I 

AL DONE 
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G0346 
G0347 
60348 0829 7213 LOOP4 
60349 082A 2010 
60350 0828 I 080 
60351 082C F 480 

0820 082F 
60352 082E CAOO 
60353 082F 6000 OSCRX4 
60354 0830 2010 
60355 0831 OOAC 
60356 0832 6002 
60357 0833 2D02 
60358 0834 682A 
60359 0835 D004 

0836 FFFF 
60360 0837 6C28 
60361 0838 2000 
G0362 0839 6828 
G0363 083A .D004 

0838 FFFF 
G0364 083C 6C29 
G0365 083D 2011 NARROW 
G0366 083E 1013 
G0367 083F 6003 
G0368 0840 COOB 
G0369 0841 D400 

0842 04E8 
G0370 0843 558C 
G037 I 0844 2E29 
G0372 0845 68EO 
G0373 0846 2703 
G0374 0847 0028 
60375 0848 60EO 
G0376 0849 2F03 
G0377 084A 6888 
G0378 0848 302C 
60379 084C D400 

084D 0808 
G0380 084E 9129 
G038 I 084F F980 

0850 0861 
G0382 0851 5588 
G0383 0852 CAFO SLLOL 
G0384 0853 4E8C 
G0385 0854 4DOA 
G0386 0855 6088 
G0387 0856 FB90 

0857 0861 
G0388 0858 FFBO 

0859 0867 
G0389 085A 558C SLHLL 
G0390 0858 200C 
G039 I 085C 6088 
G0392 085D F890 

085E 0861 
G0393 085F FFBO 

DRAW "SHORT" HORIZONTAL LINES FOR LOWER HALF 

SAR AR2,8 
LAC XC 
SUB • 
8GEZ OSCRX4 

ZAC 
SACL XI * XI = XC - X >- 0 
LAC XC 
ADD *+,0,4 
SACL X2 'X2=XC+X 
LAC X2, 13 • seperate 7 t1SBs from 3 LSBs (X2) 
SACH X2H 
ANDK >FFFF 

SACH X2L,4 
LAC XI , 13 * seperate 1 t1SBs from 3 LSBs (XI) 
SACH XIH 
ANDK >FFFF 

SACH 
LAC 
SUB 
SACL 
LARK 
LRLK 

LARP 
LAC 
SACH 
LAC 
ADD 
SACL 
LAC 
SACH 
LAR 
LRLK 

XIL,4 
YC • "short" 11 ne 
8 
Y2 • YZ e YC + Y 
AR0,8 • set-up access to VSC registers 
AR4, VSCREG+>OOBO+XYOFFH 

AR4 
XIL, 14 • load XY coordinates for lower 1 In 
•o+ 
Y2, 7 
XIH 
•o+ 
Y2, 15 
•,o,o 
ARO,PJXCNT 
AR4,XYIND+XINC 

BIT XtL, I • start on an odd pixel 
BBNZ SLHIL 

LARP AR3 
LACK >OOFO • pixel In lsnlbble only 
AND •,4 
OR COLORL 
SACL •,o,o 
SANZ SLHIL 

DONE IL 

LARP AR4 
LAC COLOR2 • pixel pair 
SACL ·.o.o 
BANZ SLHI L 

DONE IL 
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0860 0867 G0433 0896 FF80 B RE7 
G0394 0861 FB98 SLHIL SANZ SLHLL,•-,3 0897 08F6 

0862 OBSA G0434 . 
G039S 0863 CAOF LACK >OOOF • phce1 In msnlbb1e only G0435 . WRITE 8 PIXELS LEFT OF BLOCK 
G0396 0864 4E80 AND . G0436 . (0 UNWRITTEN PIXELS) 
G0397 086S 4008 OR COi.CRH G0437 . 
G0398 0866 6080 SACl . G0438 . !• • • • • • • •: 8 PIXEL BLOCKS: 
G0399 0867 558A DONE IL LARP AR2 G0439 . 
G0400 0868 FB99 BANZ LOOP4,*-, I G04•D oa98 ssac LEO LARP AR4 

0869 0829 G0441 0899 200C LAC COLOR2 
G0401 . G0442 089A 6080 SACL 
G0402 086A 558A AL DONE LARP AR2 G0443 089B 6080 SACL 
G0403 0868 C264 LARK AR2,SAVREG G0444 089C 6080 SACL 
G0404 086C C809 LDPI< >0009 • VSC register page G0445 0890 6088 SACL •,o,o 
G0405 0860 20AO LAC •+ G0446 089E CE26 RET 
G0406 086E 6030 SACL CTLRIL • load Control Regfster I G0447 089F CE26 RET 
G0407 086F 20AO LAC •+ G0448 . 
G0408 0870 6038 SACL CTLRIH G0449 . WRITE 7 PIXELS LEFT OF BLOCK 
G0409 0871 20AO LAC •+ G0450 . (I UNWRITTEN PIXELS) 
G04 I 0 0872 6040 SACl CTLR2L • load Control Register 2 G0451 . 
G041 I 0873 20AO LAC •+ G0452 . 1? • • 11 • • • •: 8 PIXEL BLOCKS: 
60412 0874 6048 SACL CTLR2H G0453 
G04 I 3 oa1s ceoo LDPK 0 60454 OBAO CAFO LEI LACK >OOFO 
60414 0876 5060 LST STSO • restore data page pointer G0455 OBA I 4E8C AND ..• 
60415 0877 CE26 RET G0456 08A2 4DOA OR COLORL 
60416 . G0457 08A3 6080 SACL N 
60417 0878 FFBO LSBASE 8 LEO 6045B 08A4 200C LAC COLOR2 ~ 

> 0879 0898 G0459 OBAS 6080 SACL 
60418 087A FFBO B LEI G0460 08A6 6080 SACL 

Cl 0878 OBAO G046 I OBA 7 6088 SACL • ,o,o 
i G04 I 9 087C FFBO 8 LE2 G0462 OBAS CE26 RET 

0870 08A9 G0463 . 
~- G0420 087E FFBO 8 LE3 G0464 . WRITE 6 PIXELS LEFT OF BLOCK 

3 087F 08AF G0465 . (2 UNWRITTEN PIXELS) 
"!!. 6042 I 0880 FFBO B LE4 G0466 . 
" 0881 0887 G0467 . : 1 1 • 11 • • • •: 8 PIXEL BLOCKS! 
~ 60422 0882 FFBO B LES G0468 

" 0883 oeec G0469 OBA9 ssec LE2 LARP AR4 !· 60423 0884 FFBO 8 LE6 G0470 OBAA 200C LAC COLOR2 
0885 OBC3 G047 I OBAS 6080 SACL 

~ 
G0424 0886 FFBO B LE7 G04 72 OBAC 6080 SACL 

0887 08C7 G0473 OBAD 6088 SACL •,o,o .. G0425 . G0474 OBAE CE26 RET 
s- G0426 0888 FFBO RSBASE B RED G0475 . 
" 0889 oecc G0476 . WRITE 5 PIXELS LEFT OF BLOCK ..., 

G0427 088A FFBO B REI 60477 . (3 UNWRITTEN PIXELS) 1!: 0888 0802 G0478 . 
"' "' G0428 oeec FFBO B RE2 G0479 . l 1 1 1 • • • • •I 8 PIXEL BLOCKS: N 

0880 0805 G0480 . s 
0 G0429 088[ FFBO 8 RE3 G0481 OBAF CAFO LE3 LACK >OOFO 

"' OBBF 08DC G0482 0880 4E8C AND ..• 
8. G0430 0890 FFBO 8 RE4 60483 088 I 400A OR COLORL ..., 0891 OBED G0484 0882 6080 SACL . 
1!: G043 I 0892 FFBO B RES G0485 0883 200C LAC COLOR2 

"' 0893 08E8 G0486 0884 6080 . SACL . 
"' ~ G0432 0894 FFBO B RE6 G0487 0885 6088 SACL •,o,o 

0895 OBED G0488 0886 CE26 RET 
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> 

i 
G0489 . GOS46 
G0490 . WRITE 4 PIXELS LEFT Of BLOCK GOS47 . WRITE Z PIXELS RIGHT OF BLOCK 
G0491 . (4 UNWRITIEN PIXELS) GOS48 . (6 UNWRITIEN PIXELS) 
G049Z . GOS49 . 
G0493 . t? 1 7 1 • • • *1 8 PIXEL BLOCKS: GOSSO . 18 PIXEL BLOCKS :• • 1 1 1 1 1 1: 

~ G0494 . GOSSI . 
G049S OBB7 SSBC LE4 LARP AR4 GOSS2 OBDZ 200C REI LAC COLORZ 

~ G0496 0888 ZOOC LAC COLOR2 GOSS3 0803 6088 SACL •to.o 
G0497 0889 6080 SACL . GOSS4 0804 CEZ6 RET 

~. G0498 OBBA 6088 SACL •,o,o GOSSS 
0 G0499 08BB CE26 RET GOSS6 . WRITE 3 PIXELS RIGHT Of BLOCK 

" GOSOO . GOSS7 . IS UNWRITIEN PIXELS) 
c: GOSOI . WRITE 3 PIXELS LEFT Of BLOCK GOS SS . 
s· GOS OZ . (S UNWRITIEN PIXELS) GOSS9 . :a PIXEL BLOCKS :• • • 7 7 1 1 ?: .. GOS03 . GOS60 . 
1r GOS04 . :? 1 1 7 1 • • •: 8 PIXEL BLOCKSI GOS6 I OBOS ZOOC RE2 LAC COLORZ .., GOS OS . GOS6Z 08D6 6088 SACL ',0,3 

i:: GOS06 OSBC CAFO LES LACK >OOFO GOS63 OB07 CAOf LACK >OOOf 

"' GOS07 0880 4E8C AND '.4 GOS64 0808 4EBC ANO • ,4 

"' GOS08 OSBE 400A OR COLORL GOS6S 0809 400B OR COLORH § G0509 OSBF 6080 SACL . GOS66 OBOA 6088 SACL •,o,o 
GOS I 0 OBCO ZOOC LAC COLORZ GOS67 0808 CE26 RET ., 
GOS II OBC I 6088 SACL •,o,o GOS68 . 

8. GOSl2 08CZ CEZ6 RET GOS69 . WRITE 4 PIXELS RIGHT Of BLOCK .., 
GOSl3 . GOS70 . 14 UNWRITIEN PIXELS) i:: 

"' GOSl4 . WRITE Z PIXELS LEFT Of BLOCK GOS71 . 
"' GOSIS . (6 UNWRITIEN PIXELS) GOS72 . :a PIXEL BLOCKS :• • • • 1 1 1 1: 
~ G0516 . GOS73 . - GOSl7 . :? 1 1 1 1 1 • •: 8 PIXEL BLOCKS: GOS74 OSOC 200C RE3 LAC COLORZ 

GOSIS GOS7S 0800 6080 SACL . 
GOSl9 OBC3 558C LE6 LARP AR4 G0576 OBOE 6088 SACL •,o,o 
GOSZO OBC4 ZOOC LAC COLORZ GOS77 080f CE26 RET 
GOSZ I OBCS 6088 SACL •,o,o GOS78 . 
GOSZZ 08C6 CEZ6 RET GOS79 . WRITE S PIXELS RIGHT Of BLOCK 
GOSZ3 . GOSSO . (3 UNWRITIEN PIXELS) 
GOSZ4 . WR I TE I PIXELS LEFT Of BLOCK GOSSI . 
GOS ZS . (7 UNWRITIEN PIXELS! GOSSZ . lS PIXEL BLOCKS : 1 • • 1 1 1 1 1 t 
GOSZ6 . GOS83 
GOSZ7 . :? ? 1 1 1 1 1 *l 8 PIXEL BLOCKS: GOS84 OBED ZOOC RE4 LAC COLORZ 
GOS ZS . GOSSS OSE I 6080 SACL . 
GOSZ9 OBC7 CAfO LE7 LACK >OOFO GOS86 OSEZ 6088 SACL • ,0,3 
GOS30 OBCS 4E8C ANO •,4 G0587 08E3 CAOf LACK >OOOf 
GOS3 I OBC9 400A OR COLORL GOS88 08E4 4EBC ANO •,4 
GOS3Z OBCA 6088 SACL •,o,o GOS89 OSES 4008 OR COLORH 
GOS33 OBCB CEZ6 RET GOS90 OBE6 6088 SACL • ,O,O 
G0534 . GOS91 OBE7 CEZ6 RET 
GOS3S . WRITE I PIXELS RIGHT Of BLOCK GOS9Z . 
GOS36 . 17 UNWRITIEN PIXELS) GOS93 . WRITE 6 PIXELS RIGHT OF BLOCK 
GOS37 . G0594 . (2 UNWRITTEN PIXELS) 
60S38 . 18 PIXEL BLOCKS :• 1 1 1 1 1 1 11 60S9S . 
60S39 . GDS96 . :a PIXEL BLOCKS :• • • • • • 1 ?l 
GOS40 OBCC S58B RED LARP AR3 60S97 . 
GOS4 I DBCO CAOf LACK >OOOf 60S98 08E8 ZOOC RES LAC COLORZ 
60S4Z DBCE 4E8C ANO •,4 60S99 08E9 6080 SACL 
60543 OBCF 400B OR COLORH G0600 OBEA 6080 SACL 
60S44 0800 6088 SACL •,o,o 6060 I OSEB 6088 SACL •,o,o 

~ 60S4S 0801 CEZ6 RET G060Z OSEC CEZ6 RET 

"' 



?3 

~ 
> 

i 
f 
j 
~ 

I 
[ 

~ 
"' 
~ 

GRAPHIC 32020 FA"ILY "ACRO ASSEllllER PC 1.0 BS.157 15:17:30 12-05-BS 
PAGE 0053 T"S32020 - T"534061 DEIOONSTRATION 

G0603 
G0604 
G0605 
G0606 
G0607 
G060B 
G0609 OBED 200C RE6 
G06 I 0 OBEE 60BO 
G06 II 08EF 6080 
G0612 OBFO 6088 
G0613 08FI CAOF 
G0614 DBF2 4EBC 
G0615 OBF3 4DOB 
G0616 OBF4 6088 
G06 I 7 OBFS CE26 
G0618 
G0619 
G0620 
G0621 
G0622 
G0623 
G0624 OBF6 200C 
G0625 DBF7 60BO 
G0626 OBFB 6080 
G0627 OBF9 60BO 
G062B OBF A 6088 
G0629 OBFB CE26 

0008 

RE7 

WRITE 7 PIXELS RIGHT Of BLOCK 
(I UNWRITTEN PIXELS) 

18 PIXEL Bl.00<5 l • • • • • • • 1: 
LAC COLOR2 
SACL 
SACL 
SACL •.o.3 
LAO< >OOOF 
AND • • .t 
OR COLORH 
SACL •,o,o 
RET 

WRITE B PIXELS RIGHT Of BLOCK 
CO UNWRITTEN PIXELS) 

l8 PIXEL BLOO<S I* • • • • • • • • 

LAC COLOR2 
SACL 
SACL 
SACL 
SACL •,o.o 
RET 
COPY CUBER.AS" 
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H0002 
H0003 
H0004 
HODOS 
H0006 
H0007 
HOO OB 
H0009 
HOOIO 
HOOll 
HOOl2 
HOOl3 
H0014 
HOOIS 
HOOl6 
HOOl7 
HOOIB 
HOOl9 
H0020 
H0021 
H0022 
H0023 
H0024 
H0025 
H0026 
H0027 
H0028 
H0029 
H0030 
H0031 
H0032 
H0033 
H0034 
H0035 
H0036 
H0037 
H0038 
H0039 
H0040 
H0041 
H0042 
H0043 
H0044 
H0045 
H0046 
H0047 
H0048 
H0049 

............................................................ 
• ROUTINE: CUBER 

• Thfs routfne controls the rotatfon and perspective 
• projection of a normal fzed cube. The cube Is defined by 
•the vertices (0.5,-0.5,-0.5), (0.5,0.5,-0.5), 
• (-0.5,0.5,-0.5), (-0.5,-0.5,-0.5). (0.5,-0.5,0.5). 
* (O.S,0.5,0.S), (-0.5,0.5,0.5), and (-0.5,-0.5,0.5). The 
• cube is rotated about the z-ax f s at an angu I ar rate equa I 
• to R/128 degrees. f .e. The angle of rotation per display 
• time Is any one of 128 Integral quantities determined by 
• dividing Pl/2 fnto 128 equal parts. . 

•z 

7----+------6 
/l : fl 

I I l I : 
I l I l 

4-----------s I 
: --+--> 

3-------: ---2 
l I l I 
l I I : I 
l/ I ii 
0-----------1 

x I 
v 

• This routine loads (Initializes) the matrices used in the 
• rotation, sealing, and projection of the cube, Initial lzes 
• the vertices, and then controls the modification and 
• display of the cube. The modification and display are 
• actually two sections of a larger loop. In the first 
• section, each point ln normal I zed coordinates Is rotated, 
• scaled, and projected to determine the display 
• coordinates. Once this has been completed for all 
• vertices In the cube, the processing begins In the second 
• section. The second section processing consists of 
• selecting vertex pairs constituting edges of the cube and 
• cal 1 Ing the 1 lne drawing algorfthm to plot the I lne 
• defining the edge. . ............................................................ 

HOOSO 
HOOSI 
H0052 
H0053 

0004 RATE EQU 
o.-0o RPTCNT EQU 

4 
>0400 

H0054 
HOOSS 08FC 
~0056 OBFC 0200 

OBFD 0347 
H0057 OBFE 558A 

CUBER 

INITIALIZATION OF MATRICES 

EQU 
LRLK 

LARP 

$ 
AR2, NR11PTS+DP6 

AR2 
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H0058 08FF CB I 7 
H0059 0900 FCAO 

0901 OB73 
H0060 

RPTK 
BLKP 

HD06 l 0902 CUBER2 EQU 
HOD62 0902 558A LARP 
HOD63 0903 D200 LRLK 

0904 0216 
H0064 0905 CBOB 
H0065 0906 FCAO 

0907 088B 
H0066 0908 C804 
H0067 0909 DOOi 

090A OAAD 
H0068 0908 6027 
HOD69 090C DOO I 

090D OA6D 
H0070 090E 6026 
HOO? I 090F CA04 
HD072 0910 6028 
H0073 0911 D200 

0912 0222 
H0074 0913 CB03 
H0075 0914 FCAO 

0915 OB97 
H0076 0916 C806 
H0077 0917 2B2E 
H0078 0918 6071 
H0079 0919 DOOO 

091A 0400 

RPTK 
BLKP 

LDPK 
LALK 

SACL 
LALK 

SACL 
LACK 
SACl 
LRLK 

RPTK 
BLKP 

LDPK 
LAC 
SACL 
LRLK 

23 
VRTICS, •+ 

$ 
AR2 
AR2.CJ l+OP4 

II 
CMTRX, *+ 

4 
COSTBL 

cos 
SJNTBL 

SIN 
RATE 
THETA 
AR2, VSX+DP4 

SCALE,•+ 

6 
ONE6, l l 
NUHRBR 
ARO,RPTCNT 

PAGE 0055 

transfer the normal fzed 

points to data memory 

• load the viewpoint matrix 

initial lze the COS address 

Initialize the SINE addres 

load the rate of rotation 

• load the projection matrix 

• numerator = > 0800 

HOOSO 
HOOS! 
H0082 

CUBE HCDIFICATION AND DISPLAY CONTROL LOOP 

H0083 091 B 702F 
H0084 091 C D200 

CTLOOP SAR ARO,SAVARO 

091D 0347 
H0085 091E D300 

091F 035F 
H0086 0920 D400 

0921 0347 
H0087 0922 C007 
H0088 0923 C804 
H0089 0924 2027 
H0090 0925 5812 
H0091 0926 5815 
H0092 0927 2026 
H0093 0928 5814 
H0094 0929 CAOO 
H0095 092A I 014 
H0096 0928 6013 
H0097 092C C806 
H0098 092D 558A 
H0099 
HO!OO 
HOIOI 
HO I 02 092E 20AO CLOOPI 
HO 103 092F 6022 

LRLK AR2,NR11PTS+DP6 • initialize indirect access 

LRLK AR3,0SPPTS+OP6 

LRLK AR4,NRHPTS+DP6 

LARK 
LDPK 
LAC 
TBLR 
TBLR 
LAC 
TBLR 
ZAC 
SUB 
SACL 
LDPK 

ARO, 7 
4 
cos 
RI I 
R22 
SIN 
Rl2 

Rl2 
R21 
6 

LARP AR2 

• update the rotation matrix 

MATRIX t10DIFICATION OF CUBE VERTICES 

LAC 
SACL 

"+ 
• fetch the x coordinate 
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HO 1 04 0930 20AO 
HO I 05 0931 6023 
HO I 06 0932 20AO 
HO I 07 0933 6024 
HO I 08 0934 6027 
HO I 09 0935 FEBO 

0936 0962 
HO 110 0937 FEBO 

0938 0973 
HO 111 0939 FEBO 

093A 0993 
HO 1 12 0938 558B 
HO 113 093C 2000 
HO 114 0930 60AO 
HO 115 093E 200 I 
HO 116 093F 60AB 
HO 117 0940 FB9A 

HOl 18 
HOl 19 
H0120 

0941 092£ 

HO 121 0942 CAOO 
HO 122 0943 FEBO 

0944 D4DC 
HO 123 0945 FEBO 

0946 09B3 
H0124 
H0125 
H0126 
H0127 0947 C804 
HO 128 0948 2026 
HO 129 0949 0028 
H0130 094A 6026 
HO 131 0948 0003 

094C OB6C 
HO 132 094D F280 

094[ 0952 
HO 133 094F 0002 

0950 OA6D 
HO 134 0951 6026 
H0135 0952 2027 DOCOS 
HO 136 0953 0028 
HO I 37 0954 6027 
HO 138 0955 D003 

0956 OB6C 
H0139 0957 F280 

0958 095C 
HO 140 0959 0002 

095A OA6D 
HO 141 095B 6027 
HO 142 095C C806 NXTROT 
HO 143 095D 302F 
HO 144 095E 5588 
H0145 095F FB90 

0960 0918 
H0146 0961 CE26 

0009 

LAC *+ 
SACL Y 
LAC •+ 
SACL Z 
SACL ZR 
CALL ROTZ 

CALL 1'1TRX4 

CALL PRJCTN 

LARP AR3 
LAC XP 
SACL •+ 
LAC YP 
SACL •+,0,0 
BANZ CLOOPI,*-,2 

CUBE DISPLAY 

ZAC 
CALL CLEAR 

CALL PLOT 

ROTATION MATRIX UPDATE 

LDPK 4 
LAC SIN 
ADO THETA 
SACL SIN 
SBLK ENOTBL 

BLEZ OOCOS 

AOLK SI NTBL 

SACL SIN 
LAC COS 
ADO THETA 
SACL COS 
SBLK ENDTBL 

BLEZ NXTROT 

AOLK SI NTBL 

SACL COS 
LDPK 6 
LAR ARO, SAVARD 
LARP ARO 
SANZ CTLOOP 

RET 
COPY ROTATEZ.ASM 

PAGE 0056 

• fetch the y coordinate 

• fetch the z coord I nate 
• z not affected by rotation 
• rotate the vertex 

• apply vlewPolnt matrix 

• project the vertex 

• store the X screen address 

• store the Y screen address 
• al 1 vert Ices processed? 

• c 1 ear the screen 

• draw the cube 

• update sine angle address 

• reset to beginning of tabl 

• update cos l ne angle addres 

• reset to beginning of tabl 

• rotation sequence comp 1 ete 
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10002 
10003 
10004 
10005 
10006 
10007 
10008 
10009 
10010 
1001 I 
10012 
10013 
10014 
10015 
10016 
10017 
10018 
10019 
10020 
10021 
10022 
10023 
10024 
10025 
10026 
10027 
10026 
10029 
10030 
10031 
10032 
10033 
10034 
10035 
10036 
10037 
10036 
10039 
10040 0962 
10041 0962 0100 

0963 0212 
I 0042 0964 5569 
I 0043 0965 CAOO 
I 0044 0966 3CAO 
I 0045 096 7 3622 
I 0046 0966 3DAO 
10047 0969 3623 
I 0046 096A 3DAO 
I 0049 0968 6925 
I 0050 096C CAOO 
I 0051 0960 3622 
I 0052 096E 3060 
I 0053 096F 3623 
I 0054 0970 CE 15 
I 0055 0971 6926 
I 0056 0972 CE26 
0010 

• ROUTINE: ROTZ 

• This routine is performs the function of rotation about 
• the z-axls. When the routine fs cal led ft expects that 
• rotation matrix, 2 x 2, is loC'ated on page 4 In 
•consecutive locations (RI!, R4:1, IHZ. R22} and the data 
•point matrices are on page 6 In locations labeled X, Y, 
• XR, YR. 

·-[ XR YR ] { X Y ] • : RI I 
: R21 ·-

-· R12 : 
R22 ; -· 

• This shortcut can be taken since we are deflnfng a simple 
• rotation about the z-axfs only and the object Is assumed 
• to be located about the axis of rotation. This permits 
• reduction to a two-dimensional rotation and elfmlnatfon of 
• the homogenous coordinate system for this operation. . 
• It Is assunmed that the points to be rotated are 
• normal I zed on a unit basis, with values In the range of 
• (-1,+I) and suppl led In a 015 format. The same ass~tlon 
• Is placed on the rotational values of cos 0 and sin 0. The 
• output points are therby also guaranteed to be In a 015 
• format. 

• It Is also assl.Mllned that the data page pointer is equal to 
• 6 and that the block BO is conf I gured as data memory 
• before the routine Is cal led. 

• Th I s rout I ne mod ff I es the T -reg, P-reg, ACcl.IRU 1 at or. and 
•Auxiliary Register I. 

ROTZ EQU $ 
LRLK ARI ,RI l+OP4 

LARP ARI 
ZAC • zero the accumu I ator 
LT .. 
MPY x • X•RI I 
LTA .. 
"PY y • Y•RZI 
LTA •+ • x•R1 I + v•R21 
SACH XR, I 
ZAC • zero the accLll'IUlator 
"PY x • x•Rl 2 
LTA . 
"PY y • Y•R22 
APAC • x•Rt2 + Y•R22 
SACH YR, I 
RET 
COPY "ATRIX4.AS" 
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J0002 
J0003 
J0004 
J0005 
J0006 
J0007 
J0008 
J0009 
JOOIO 
JOO! I 
JOOl2 
JOOl3 
JOOl4 
JOOl5 
J0016 
J0017 
JOOl8 
JOOl9 
J0020 
J0021 
J0022 
J0023 
J0024 
J0025 
J0026 
J0027 
J0028 
J0029 
J0030 
J0031 
J0032 
J0033 
J0034 
J0035 
J0036 
J0037 
J0038 
J0039 
J0040 
J0041 
J0042 
J0043 
J0044 0973 
J0045 0973 0 I 00 

0974 0216 
J0046 0975 5589 
J0047 0976 CAOO 
J0048 0977 3CAO 
J0049 0976 3825 
J0050 0979 30AO 
JOOS! 097A 3626 
J0052 0978 30AO 
J0053 097C 3627 
J0054 0970 OFAO 
J0055 097E 3DAO 
J0056 097F 6910 
J0057 0980 CAOO 

._ ROUT I NE : MTRX4 

• This routine Is performs the function of a contilnatlon 
.. (translations, rotations, seal lngs, etc.) of matrix 
• operations on a three-dimensional point In a homogenous 
.. coordinate system. The C001lutatlons executed by the 

routine are the matrix multi pl tcatlon of a [1><4] x [4x4). 
In actual fty, since the last point Is only the homogeneous 
coordinate, the matrix multlpl !cation Is reduced to a 
[ Jx4] x [4x3]. 

• When the routine Is cal led It expects that the cont>lnatlon 
• matrix, 4 x 3, Is located on page 4 In consecutive 
•locations CCII, C21, C31, C41, Ct2, C22, C32, C42, Ct3, 
• C23, C33, C43) and the data point matrices are on page 6 
• In locations labeled XR, YR, ZR, XC, YC, ZC. 

·-[ XC YC ZC I ] = [ XR YR ZR I ] ' I Cl I Cl2 CJ3 0 
I C21 C22 C23 0 
l C31 C32 C33 0 
l C41 C42 C43 I ·-

It is assunmed that the points to be manipulated are 
• normal !zed on a unit basis, with values In the range of 
• (-1,+I) and supplied In a 015 format. The contilnatlon 
•matrix Is assLmed to be In a Qll format, with values fn 
• the range of (-16,+16). The output points are thereby 
• guaranteed to be In a QI I format. 

-· 
: 

-· 

• It fs also assunmed that the data page pointer Is equal to 
• 6 and that the block BO Is configured as data memory 
• before the routine Is cal led. 

• This routine modifies the T-reg. P-reg, ACc1..mUlator, and 
•Auxiliary Register 1. 

P1TRX4 EQU $ 
LRLK ARI ,Cl l+OP4 

LARP ARI 
ZAC • zero the accumu 1 a tor 
LT .. 
MPY XR • xR•c11 
LTA .. 
MPY YR .. YR•c21 
LTA •+ • xR•ct 1 + YR•c21 
MPY ZR • ZR•C31 
ADO •+, 15 • XR•c 11 + YR•c21 + C41 
L TA •+ • XR*CI I + YR.-C21 + ZR•C31 + C41 
SACH XC, I 
ZAC • zero the accumu 1 ator 
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J0058 0981 3825 
JOOS9 0982 3DAO 
J0060 0983 3826 
J0061 0984 3DAO 
"J0062 0985 3827 
J0063 0986 OF AO 
J0064 0987 3DAO 
J0065 0988 6911 
J0066 0989 CAOO 
J006 7 098A 3825 
J0068 0988 30AO 
J0069 098C 3826 
J0070 0980 3DAO 
J007 I 098E 3827 
J0072 098F OF80 
J0073 0990 CEI 5 
J0074 0991 6912 
J007S 0992 CE26 

0011 

MPY 
LTA 
HPY 
LTA 
HPY 
ADO 
LTA 
SACH 
ZAC 
HPY 
LTA 
HPY 
LTA 
HPY 
ADO 
APAC 
SACH 
RET 
COPY 

XR • XR"Cl2 
•+ 
YR " YR"C22 
•+ • XR"Cl2 + YR"C22 
ZR " ZR*C32 
•+, 15 " XR"C 12 + YR"C22 + C42 
•+ • XR"Cl2 + YR"C22 + ZR"C32 + C42 
YC, I 

• zero the accumulator 
XR " XR"C13 
•+ 
YR • YR"C23 
•+ " XR*C 13 + YR*C23 
ZR • ZR*C33 
• '15 " XR*C 13 + YR*C23 + C43 

" XR"Cl3 + YR*C23 + ZR"C33 + C43 
ZC, I 

PRJCTN.ASH 
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K0002 
K0003 
K0004 
KOO OS 
K0006 
K0007 
KOO OS 
K0009 
KOOIO 
KOO! I 
K0012 
KOOl3 
K00!4 
KOOIS 
K00!6 
KOOi 7 
K00!8 
K0019 
K0020 
K0021 
K0022 
K0023 
K0024 
K0025 
K0026 
K0027 
K0028 
K0029 
K0030 
K003 I 
K0032 
K0033 
K0034 
K0035 
K0036 
K0037 
K0038 
K0039 
K0040 
K0041 
K0042 
K0043 
K0044 
K0045 
K0046 
K0047 
K0048 
K0049 
KOOSO 
KOOS! 
K0052 
K0053 
K0054 
K0055 
K0056 
K0057 
K0058 

• ROUTINE: PRJCTN 

•This routine Is performs the function of a projecting a 
• three-dimensional Image onto a two-dimensional display 
•map. In general this involves the matrix multipl !cation 
•of a [lx4] x [4x4]. Since this is the final operation to 
• displaying a POint, the homogeneous coordinate column can 
• be deleted from the matrix. Also this ls a seal Ing 
•(diagonal) and translation matrix, allowing the 
• cooputations to be further reduced by avoiding multiply 
• accumulates Involving the known zeroes. 

• When the routine Is cal led it expects that the matrix 
• parameters to be I ocated 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. 

+-
[ XP YP ZP I ] = [ XC Ye ze I ] • VSX' 

0 
: 0 
: vex 

0 0 
VSY' 0 
o vsz· 

VCY VCZ · 

D 
0 
0 
I 

vex, vev, VCZ are the location of the center of object on 
• the screen and, of course, VCZ = O. VSX', VSY', and VSZ' 
• constitute the sealing of the object to meet the display 
• size or reso!utlon and to include the factor of the 
• projection of the z-coordlnate 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 asslJffllled that the points to be scaled and projected 
• have been provided in a QI I format as a result of a 
• combination matrix operation. It Is furthered assUITITled 
• that the ZC parameter in part i cu 1 ar 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 QIS number. The 
• seal Ing and centering values should be provided such that 
•the multiplication and addition generate a QO value as 
• output from the original QI I Input value when retrieved 
• from the accumulator with a SACH <ctna>. I. With a distance 
•to screen size ratio of 4 and a view point at (6,8,7.5), 
• the seal Ing numbers are represented in Q6 and the 
• center Ing va 1 ues in a QO format. 

• It is also asst..mned that the data page pointer Is equal to 
• 6 and that the block BO is configured as data memory 
• before the routine Is cal led. 

• This routine modifies the T-reg, P-reg, ACcumulator, and 
• Aux i I iary Reg! ster I. 
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KOOS9 
K0060 
K0061 0993 
K0062 0993 2012 
K0063 0994 6814 
K0064 099S CE IB 
K006S 0996 60 12 
K0066 0997 4071 
K0067 099B CBOE 
K0068 0999 4712 
K0069 099A 6013 
K0070 099B 20 13 
K0071 099C 4Cl4 
K0072 0990 1014 
K0073 099E 6013 
K0074 099F 3Cl3 
KD07S 09AO 3B I 0 
K0076 09AI CEl4 
K0077 09A2 6910 
K007B 09A3 3B 11 
K0079 09A4 CE 14 
KOOBO 09AS 6911 
KOOS! 09A6 0100 

09A7 0222 
KOOB2 09AB 5589 
K0083 09A9 3CAO 

~ K0084 09AA 2FAO 
. K0085 09AB 381 0 
;J> KOOB6 09AC 3DAO 
i;l KOOB7 09AD 6900 
.§ K0088 09AE 2F80 
2'. KOOB9 09AF 3B 11 
&; K0090 0980 CE 15 

.® ~~~~~ ~~:~ ~i~~ 
~ 0012 

;a 
a 
5· 
~ 

s:: s· 
(JO 

~ ..., 
:::: 
~ ..., 
fl 
0 
~ 
~ 
0. ..., 
:::: 
~ 
~ 
"' 

............................................................. 
PRJCTN EQU $ 

LAC zc 
SACH ZCSIGN • save sign of ZC 
ABS 
SACL zc • save absolute value of ZC 
ZALH NUHRBR • load a QI I value equal I 
RPTK 14 • divide by ZC 
SUBC zc 
SACL ZCI • save :zc: inverse ( 11:zc:) 
LAC ZCI • result is in QIS format 
XOR ZCS IGN • sign adjustment 
SUB ZCSIGN 
SACL ZCI • save ZC Inverse (I /ZC) 
LT ZCI 
HPY xc • XC/ZC 
PAC 
SACH XC, I 
HPY YC • YC/ZC 
PAC 
SACH YC, I 
LRLK ARI, VSX+OP4 

LARP ARI 
LT •+ 
LAC •+, 15 . vex 
HPY xc • xc·•vsx 
LTA •+ • xc·•vsx + vex 
SACH XP, I 
LAC •,ts . VCY 
HPY YC • YC'*VSY 
APAC * YC' "VSY + VCY 
SACH YP, 1 
RET 
COPY OBJPLOT. ASH 
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L0002 
L0003 
L0004 
LOCOS 
LOD06 
L0007 
LOOOB 
L0009 
LOO!O 
LOOI I 
L0012 
LOOI3 
L0014 
LOOIS 
L0016 
LOOI? 
L00!8 
L00!9 
L0020 
L002J 
L0022 
L0023 
LOD24 
L0025 
L0026 
L0027 
L002B 
L0029 
L0030 
L003 I 
L0032 
L0033 
L0034 
L003S 
L0036 
L0037 0983 
L0038 0903 CAOI 
L0039 0984 6004 
L0040 09BS 0200 

0986 035F 
L004 I 0987 20AO 
L0042 0988 6000 
l0043 0909 20AO 
L0044 098A 6001 
L0045 09BB 20AO 
L0046 09BC 6002 
L0041 0980 6024 
L0048 09BE 20AO 
L0049 09BF 6003 
LOOSD 09CO 602S 
LOOS 1 09C 1 726F 
LOOS2 09C2 FEBO 

09C3 0524 
LOOS3 09C4 SSBA 
L0054 09C5 326F 
L0055 09C6 2024 
L0056 09C7 6000 

* ROUTINE: PLOT 

• This routine controls the l tne drawing (plotting) required 
• to display a wire-frame cube. The vertices are expected 
• to be stored In a screen 1 ocat ion tab I e located on page 6 
• beginning with the address DSPPTS. The 1 ine drawing 
• routine ls cal led to draw each of the 12 I ines connecting 
• the 8 vertices and defining the edges of cube as shown 
• below. 

•z 

7----+------6 
I: I: 

I : I : 
I I : 

4-----------5 
1 --+--> 

3------- :---2 y 

I : I 
I I : I 

: I I : I 
0-----------1 

x I 
v 

The routine proceeds by first drawing I ines from points 
• 0-1-2-3-0. Next the 1 ines using point pairs 0-4, 1-5, 
• 2-6, and 3-7 are drawn. Finally I Ines are drawn 
• connecting the points 4-5-6-7-4 in sequence. 

PLOT EQU $ 
LACK I 
SACL COLOR • initialize color to RED 
LRLK AR2, DSPPTS+DP6 

LAC •+ 
SACL XI • fetch XO 
LAC •+ 
SACL YI • fetch YO 
LAC •+ 
SACL X2 • fetch XI 
SACL XB • save XI for next 1 i ne 
LAC •+ 
SACL Y2 •fetch YI 
SACL YB • save YI for next I i ne 
SAR AR2, SAVAR2 
CALL LINE • draw 1 ine connecting 0 & I" 

LARP AR2 
LAR AR2, SAVAR2 
LAC XB 
SACL XI • fetch XI 
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> 
s,i L0057 09C8 2025 LAC YB LO I 07 DAO I 326F LAR AR2,SAVAR2 

.§ L0058 09C9 6001 SACL YI • fetch YI LO I 08 OA02 3370 LAR AR3,SAVAR3 

[ 
L0059 09CA 20AO LAC •+ LO I 09 OA03 558A LARP AR2 
L0060 09CB 6002 SACL X2 • fetch X2 LO 110 0A04 20AO LAC •+ 

a L006 I 09CC 6024 SACL XB • save X2 for next 1 l ne LO 111 OA05 6000 SACL XI • fetch XI 
L0062 09CD 20AO LAC •+ LO 112 0A06 20AB LAC •+,0,3 

"*" 
L0063 09CE 6003 SACL Y2 • fetch Y2 LOI 13 OA07 6001 SACL YI • fetch YI 

I 
L0064 09CF 6025 SACL YB • save Y2 for next I i ne LO 114 OA08 20AO LAC •+ 
L0065 0900 726F SAR AR2 ,SAVAR2 L0! 15 OA09 6002 SACL X2 • fetch XS 
l0066 090 I FEBO CALL LINE •draw line connecting I & 2 LOI 16 OAOA 20AO LAC •+ 

0 0902 0524 LO 117 OAOB 6003 SACL Y2 • fetch YS 
~ L0067 0903 558A LARP AR2 LOI 18 OAOC 726F SAR AR2,SAVAR2 c L006B 0904 326F LAR AR2,SAVAR2 LO 119 OAOD 7370 SAR AR3,SAVAR3 S· L0069 0905 2024 LAC XB LO 120 OAOE FEBO CALL LINE • draw I fne connecting I & 5 
"" L0070 0906 6000 SACL XI • fetch X2 OAOF 0524 
g L007 l 0907 2025 LAC YB LOl21 OAIO 326F LAR AR2,SAVAR2 
>--! L0072 0908 6001 SACL YI • fetch Y2 L0122 OAI I 3370 LAR AR3,SAVAR3 
;;:: L0073 0909 20AO LAC •+ L0123 OA12 558A LARP AR2 

~ L0074 09DA 6002 SACL X2 • fetch X3 LO 124 OA 13 20AO LAC •+ 
N L0075 090B 6024 SACL XB • save X3 for next 1 i ne LO 125 OA 14 6000 SACL XI • fetch X2 0 
N L0076 09DC 20AD LAC •+ L0126 OA!S 20AB LAC •+,0,3 
0 

L0077 0900 6003 SACL Y2 • fetch Y3 L0!27 OAl6 6001 SACL YI • fetch Y2 
~ 
~ L0078 09DE 6025 SACL YB • save Y3 For next I l ne L0128 DAI 7 20AO LAC •+ 
0. 

L0079 090F 726F SAR AR2,SAVAR2 L0129 DAIS 6002 SACL X2 • fetch X6 >--! 
;;:: L0080 09EO FEBO CALL LINE • draw 1 ine connecting 2 & 3 LOl30 OA!9 20AO LAC •+ 

~ 09El 0524 L013! OAIA 6003 SACL Y2 • fetch Y6 ... LOOS I 09E2 558A LARP AR2 L0!32 OAIB 726F SAR AR2,SAVAR2 
0 L 0082 09E3 0200 LRLK AR2, DSPPTS+OP6 L0133 OAIC 7370 SAR AR3 ,SAVAR3 °' - 09E4 035F LOl34 OAIO FEBO CALL LINE • draw I ine connecting 2 & 6 

L0083 09E5 2024 LAC XB OAIE 0524 
L0084 09E6 6000 SACL XI • fetch X3 LOl35 OA!F 326F LAR AR2,SAVAR2 
L0085 09E7 2025 LAC YB LO 136 OA20 3370 LAR AR3,SAVAR3 
LOOB6 09E8 600 I SACL YI • fetch Y3 L0137 OA21 558A LARP AR2 
LOOB7 09E9 20AO LAC •+ LO 138 OA22 20AO LAC •+ 
LOOB8 09EA 6002 SACL X2 • fetch XO LO 139 DA23 6000 SACL XI • fetch X3 
L0089 09EB 20AO LAC •+ L0140 OA24 20AB LAC •+,0,3 
L0090 09EC 6003 SACL Y2 • fetch YO L0141 OA25 6001 SACL YI • fetch Y3 
L009 l 09ED 726F SAR AR2,SAVAR2 LO 142 DA26 20AO LAC •+ 
L 0092 09EE FEBO CALL LINE • draw I ine connecting 3 & O LO 143 OA27 6002 SACL X2 • fetch X7 

09EF 0524 LO 144 OA2B 20AO LAC •+ 
L0093 09FO 0200 LRLK AR2, OSPPTS+DP6 LOl45 OA29 6003 SACL Y2 • fetch Y7 

09F I 035F L0146 OA2A 726F SAR AR2,SAVAR2 
L0094 09F2 0300 LRLK AR3. DSPPTZ+OP6 LOl47 OA2B 7370 SAR AR3,SAVAR3 

09F3 0367 LOl48 OA2C FEBO CALL LINE • draw I ine connectfng 3 & 7 
L0095 09F 4 558A LARP AR2 OA20 0524 
L0096 09F5 20AO LAC •+ LO 149 OAZE CA07 LACK 7 
L0097 09F6 6000 SACL XI • feich XO LO 150 0A2F 6004 SACL COLOR • Initial lze color to WHITE 
L0098 09F7 20AB LAC •+.0,3 LOIS! OA30 558A LARP AR2 
l0099 09F8 600 I SACL YI • fetch YO L0152 OA31 0200 LRLK AR2, OSPPTZ+DP6 
L0\00 09F9 20AO LAC •+ OA32 0367 
LOIOI 09FA 6002 SACL X2 • fetch X4 LO 153 OA33 20AO LAC •+ 
L0102 09FB 20AO LAC •+ LO 154 OA34 6000 SACL XI • fetch X4 
LO I 03 09FC 6003 SACL Y2 • fetch Y4 LO 155 OA35 20AO LAC •+ 
L0104 09FO 726F SAR AR2,SAVAR2 L0156 OA36 6001 SACL YI • fetch Y4 
LO I 05 09FE 7370 SAR AR3,SAVAR3 L0157 OA37 20AO LAC •+ 

°' 
l 0 I 06 09FF FEBO CALL LINE • draw 1 ine connecting O & 4 L 0 I SB DA38 6002 SACL X2 • fetch X5 

°' OAOO 0524 LO 159 OA39 6024 SACL XB • save XS for next I I ne 
"" 
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L 0 160 OA3A 20AO LAC •+ M0002 . SINE COSINE 
LO 161 OA3B 6003 SACL Y2 • fetch Y5 M0003 . 
L0162 OA3C 602S SACL YB • save YS for next 1 I ne M0004 OA6D 0000 SINTBL DATA 0 • 0/360 degrees 270 degree9 
LO 163 OA3D 726F SAR AR2,SAVAR2 MOODS OA6E 0324 DATA 804 
LOl64 OA3E FEBO CALL LINE • draw l lne connecting 4 & 5 M0006 OA6F 0648 DATA 1608 

OA3F OS24 M0007 OA 70 096A DATA 2410 
LO I 6S OA40 SSSA LARP AR2 Moooa 0A11 ocac DATA 3212 
L0166 OA41 326F LAR AR2,SAVAR2 M0009 OA 72 OF AB DATA 4011 
L0167 OA42 2024 LAC XB HOOIO OA73 12C8 OATA 4808 
LO I 6B OA43 6000 SACL XI • fetch XS MOO!! OA74 ISE2 DATA 5602 
L0169 OA44 202S LAC YB MOOl2 OA7S 18F9 DATA 6393 
LOI 70 OA4S 6001 SACL YI • fetch YS MOOl3 0A76 !COB DATA 7179 
LO 171 OA46 20AO LAC •+ MOOl4 OA77 !FIA DATA 7962 
L0172 OA47 6002 SACL X2 • fetch X6 MOOIS OA78 2223 DATA 8739 
LO 173 OA48 6024 SACL XB • save X6 for next I i ne MOOl6 OA79 2S28 DATA 9S12 
L0174 OA49 20AO LAC •+ MOOl 7 OA7A 2826 DATA 10278 
L017S OA4A 6003 SACL Y2 • fetch Y6 MOOl8 OA7B 2BIF DATA 11039 
LOI 76 OA4B 602S SACL YB • save Y6 for next I i ne MOOl9 OA7C 2El 1 DATA 11793 
L 0 1 77 0A4C 726F SAR AR2,SAVAR2 M0020 OA7D 30FB DATA 12S39 
L0178 OA4D FEBO CALL LINE • draw 1 ine connecting 5 & 6 M002 I OA 7E 33DF DATA 13279 

OA4E OS24 M0022 OA7F 36BA DATA 14010 
L0179 OA4F SS8A LARP AR2 M0023 OASO 398C DATA 14732 
LOIBO OASO 326F LAR AR2,SAVAR2 M0024 OAS I 3CS6 DATA IS446 
LOIS! OAS! 2024 LAC XB M002S OA82 3Fl 7 DATA 16151 
L0182 OAS2 6000 SACL XI • fetch X6 M0026 OA83 41 CE DATA 16B46 
LO I B3 0AS3 2025 LAC YB M0027 OAB4 447A DATA 17530 

tl L0184 OA54 6001 SACL YI • fetch Y6 M0028 OA85 471C DATA 18204 

> L0185 OA55 20AO LAC •+ M0029 OA86 49B4 DATA IB868 
LO I B6 OA56 6002 SACL X2 • fetch X7 M0030 OAB7 4C3F DATA 19519 

Cl LO 187 OA57 6024 SACL XS • save X7 for next I i ne M003 I OA88 4EBF DATA 20159 
.§ LOl88 OA58 20AO LAC •+ M0032 OA89 5133 DATA 207B7 
:r LO 189 OA59 6003 SACL Y2 • fetch Y7 M0033 OA8A S39B DATA 21403 
~· L0190 OA5A 602S SACL YB • save Y7 for next I l ne M0034 OASB SSFS DATA 22005 

3 LO 191 OA5B 726F SAR AR2,SAVAR2 M003S OABC S842 DATA 22594 

"E. L0192 OASC FEBO CALL LINE • draw 1 ine connecting 6 & 7 M0036 OASD SA82 DATA 23170 • 45 degrees 305 degrees. 

~ OASD 0524 H0037 OABE 5CB3 DATA 23731 
LO 193 OA5E 558A LARP AR2 M0038 OASF 5ED7 DATA 24279 g L0194 0A5F 0200 LRLK AR2 , DSPPTZ +OP6 M0039 0A90 60EB DATA 24811 

5· OA60 0367 M0040 OA91 62F I DATA 25329 
~ LO 195 OA6 I 2024 LAC XS M004 I 0A92 64EB DATA 25832 

:;;: L0196 OA62 6000 SACL XI • fetch X7 M0042 OA93 66CF DATA 26319 

s· LO 197 OA63 2025 LAC YB '10043 OA94 68A6 DATA 26790 
(Jq LO 198 OA64 600 I SACL YI • fetch Y7 M0044 OA95 6A6D DATA 27245 

~ LO 199 OA65 20AO LAC •+ M0045 OA96 6C23 DATA 27683 
L0200 OA66 6002 SACL X2 • fetch X4 M0046 OA97 6DC9 DATA 28105 ..., 
L020 I OA67 20AO LAC •+ M0047 OA9B 6F5E DATA 28510 :;:: L0202 OA68 6003 SACL Y2 • fetch Y4 M0048 OA99 70E2 DATA 28898 

"' w L0203 OA69 726F SAR AR2, SAVAR2 M0049 OA9A 7254 DATA 29268 
N 
0 L0204 OA6A FEBO CALL LINE • draw I ine connecting 7 8 4 MOOSO OA9B 73B5 DATA 29621 
N 
0 OA6B 0524 MOOS I OA9C 7504 DATA 29956 
~ L0205 OA6C CE26 RET M0052 OA9D 7641 DATA 30273 
~ 

0013 COPY SINTBL.ASM M0053 OA9E 776B DATA 30571 0. ..., MOOS4 OA9F 7884 DATA 30B52 
~ 110055 OAAO 7989 DATA 31113 

"' M0056 OAAI 7A7C DATA 31356 "' ... M0057 0AA2 7BSC DATA 31580 0 
;'.:: M0058 OAA3 7C29 DATA 3178S 
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> 
Cl H0059 OAA4 7CE3 DATA 31971 HOl 16 OADD 30FB DATA 12539 

.§ H0060 0AA5 7D89 DATA 32137 HOl 17 OADE 2El I DATA 11793 

"" H0061 0AA6 7EIO DATA 322B5 HOl IB OADF 2BIF DATA 11039 

~· H0062 OAA 7 7E9C DATA 32412 HOl 19 OAEO 2B26 DATA 1027B 

3 
H0063 OAA8 7F09 DATA 32521 HOl20 OAEI 252B DATA 9512 

H0064 0AA9 7F6 l DATA 32609 HO 121 OAE2 2223 DATA 8739 

~ H0065 OAAA 7F A6 DATA 32678 HOl22 OAE3 IFIA DATA 7962 

~ H0066 OAAB 7F08 DATA 32728 HOl23 OAE4 ICOB DATA 7179 

1. 
H006 7 OAAC 7FF5 OATA 32757 HOl24 OAES 18F9 DATA 6393 

H0068 OAAD 7FFF COSTBL OATA 32767 • 90 degrees 0/360 degrees H0125 OAE6 15E2 DATA S602 

H0069 OAAE 7FF5 OATA 32757 H0126 OAE7 12C8 DATA 4808 

" H0070 OAAF 7FD8 DATA 32728 HOl27 OAEB OFAB DATA 4011 
s;: H0071 OABO 7FA6 DATA 32678 HO 128 OAE9 OC8C DATA 3212 

~· H0072 OABI 7F61 DATA 32609 HO 129 OAEA 096A DATA 2410 

~ 
H0073 OAB2 7F09 OATA 32S21 HO 130 OAEB 0648 DATA 1608 

H0074 OAB3 7E9C DATA 32412 HO 131 OAEC 0324 DATA 804 

--l H0075 OAB4 7EID DATA 32285 HO 132 OAED 0000 DATA 0 • 180 degrees 90 degrees 

::: H0076 OAB5 7D89 DATA 32137 HO 133 OAEE FCDC DATA -804 

~ H0077 OAB6 7CE3 DATA 31971 HO 134 OAEF F9B8 DATA -1608 
N H0078 OAB7 7C29 DATA 31785 HO 135 OAFO F696 DATA -2410 s H0079 OAB8 7BSC DATA 31580 HOl36 OAFI F374 DATA -3212 
0 

H0080 DAB9 7 A 7C DATA 313S6 HOl37 OAF2 FOSS DATA -4011 
~ 

a. H008 l OABA 7989 DATA 31113 HOl38 OAF3 ED38 DATA -4808 

--l H0082 OABB 7884 DATA 308S2 HOl39 OAF4 EAIE DATA -S602 

::: H0083 OABC 7766 DATA 30S71 HO 140 OAFS E707 DATA -6393 

~ H0084 OABO 764 I DATA 30273 HO 14 l OAF6 E3FS DATA -7179 
w 

H0085 OABE 7S04 DATA 299S6 HOl42 OAF7 EOE6 OATA -7962 

~ 110086 OABF 7385 DATA 29621 110143 OAFS 0000 DATA -8739 

H0087 OACO 72S4 DATA 29268 HO 144 OAF9 DADS DATA -9Sl2 

H0088 OAC I 70E2 DATA 28898 HO 145 OAF A D7DA DATA -I 0278 

H0089 OAC2 6F5E DATA 28SIO H0146 OAFB D4El DATA -11039 

H0090 OAC3 60C9 DATA 28105 HOl47 OAFC DIEF DATA -11793 

HOD9 l OAC4 6C23 DATA 27683 H0148 OAFD CFDS DATA -12S39 

HOD92 OAC5 6A6D DATA 27245 HO 149 OAFE CC2 l DATA -13279 

H0093 OAC6 68A6 DATA 26790 HOISO OAFF C946 DATA -14010 
H0094 OAC7 66CF DATA 26319 HOISi OBOO C674 DATA -14732 
H0095 OACB 64EB DATA 2S832 MO 152 080 I C3AA DATA -15446 
H0096 OAC9 62F I DATA 25329 HO 153 OB02 COE9 DATA -16151 

H0097 OACA 60E8 DATA 24811 HO l S4 OB03 BE32 DATA -16846 

H0098 OACB 5ED7 DATA 24279 HOISS OB04 B886 DATA -17530 

H0099 OACC SCB3 DATA 23731 HO I S6 OBOS BBE 4 DATA -18204 

HO I 00 OACD SA82 DATA 23170 " 135 degrees 45 degrees HO 15 7 OB06 B64C DATA -18868 

HO I 0 I OACE S842 DATA 22S94 HO I S8 OB07 B3C I DATA -19Sl9 

HOI02 OACF 55F5 DATA 22005 HO 159 OB08 8141 DATA -201S9 

HO I 03 DADO 5398 DATA 21403 HO 160 OB09 AECD DATA -20787 

HOI04 OADI 5133 DATA 20787 110161 OBOA AC65 DATA -21403 
HO I 05 OAD2 4E8F DATA 20159 HO 162 0806 AAOB DATA -2200s 

HO I 06 OAD3 4C3F DATA 19519 MOI63 oeoc A7BE DATA -22594 

HO I 07 0AD4 4984 DATA 18868 H0164 0800 A57E DATA -23170 • 2 I 5 degrees 135 degrees 
110108 DADS 471C DATA 18204 HO 165 OBOE A34D DATA -23731 

H0109 0AD6 447A DATA l 7S30 H0166 080F Al29 DATA -24279 

HOl 10 OAD7 41CE DATA 16846 H0167 OBIO 9Fl5 DATA -24811 

HOlll OAD8 3Fl7 DATA 16151 H0168 0811 9DOF DATA -25329 

HO I 12 OAD9 3C56 DATA 15446 H0169 OBl2 9818 DATA -2S832 

HO 113 DADA 398C DATA 14732 t10170 0813 9931 DATA -26319 

°' 
MO I I 4 OADB 36BA DATA 14010 110171 0814 975A DATA -26790 

;::! HO I 15 OADC 33DF DATA 13279 H0172 0815 9593 DATA -27245 
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M0173 0816 9300 DATA -27683 110230 OB4F AAOB DATA -22005 
M0174 0817 9237 DATA -28105 M023 I OSSO AC66 DATA -21402 
H0\75 0818 90A2 DATA -28510 110212 0851 AECD DATA -20787 
H0\76 0819 8F\E DATA -28898 H0<33 OBS2 8141 DATA -201 S9 
1'10177 OBIA BDAC DATA -29268 H0234 08S3 83C I DATA -19519 
M0\78 0818 8C48 DATA -29621 H023S 0854 864D DATA -18867 
HOl 79 OBIC BAFC DATA -29956 H0236 0855 88E4 DATA -18204 
HO 180 081 D 898F DATA -3D273 H0237 DBS6 8886 DATA -17S30 
110181 OBIE 8895 DATA -3D571 H0238 0857 8E32 DATA -16846 
H0\82 OBIF 877C DATA -30852 110239 0858 COE9 DATA -16151 
H0\83 0820 8677 DATA -31113 H0240 0859 C3AA DATA -15446 
HO 184 082 I 8584 DATA -3 I 356 H0241 OBSA C674 DATA -14732 
MO 185 0822 84A4 DATA -3 I 580 H0242 08S8 C946 DATA -14010 
M0186 0823 8307 DATA -31785 H0243 085C CC21 DATA -13279 
110187 0824 8310 DATA -31971 H0244 085D CFOS DATA -12S39 
HO 188 082S 8277 DATA -32137 H024S 08SE DI EF DATA -11793 
110189 0826 8!E3 DATA -32285 H0246 085F D4E I DATA -11039 
M0190 0827 8164 DATA -32412 H0247 0860 D7DA DATA -10278 
H0191 0828 80F7 DATA -32521 H0248 0861 DADS DATA -9512 
HO 192 0829 809F DATA -32609 H0249 0862 DDDD DATA -8739 
MO 193 OB2A BOSA DATA -32678 H02SO 0863 EOE6 DATA -7962 
HO 194 0828 8028 DATA -32728 H02S 1 0864 E3F5 DATA -7179 
MO 195 082C 80u8 DATA -32757 H0252 0865 E707 DATA -6393 
HO 196 082D 800 I DATA -32767 H0253 0866 EAIE DATA -S602 
HO 197 082E 8008 DATA -327S7 H0254 0867 E038 DATA -4808 
MO 198 082F 8028 DATA -32728 H025S 0868 FOSS DATA -4011 

~ HO 199 0830 805A DATA -32678 • 270 degrees 180 degrees H0256 0869 F374 DATA -3212 
H0200 083 I 809F DATA -32609 1'10257 086A F696 DATA -2410 )> 
M020 I 0832 80F7 DATA -32521 M0258 0868 F98B DATA -1608 

Cl H0202 0833 8164 DATA -32412 H02S9 086C FCOC ENDTBL DATA -804 ;;i H0203 0834 8\E3 DATA -32285 0014 COPY ROM.ASl"I -0 

[- M0204 0835 8277 DATA -32137 
H0205 0836 831 D DATA -31971 

§' H0206 0837 83D7 DATA -31785 

~ 
H0207 0838 84A4 DATA -31580 
H0208 0839 8584 DATA -31356 

~ M0209 083A 8677 DATA -31113 

g M02 ! 0 0838 877C DATA -30852 
H0211 083C 8895 DATA -30571 g· M02 I 2 OB3D 89BF DATA -30273 

c::: H02 \ 3 083E 8AFC DATA -29956 
M02 J 4 083F 8C48 DATA -29621 

" H02 \ 5 0840 8DAC DATA -29268 OQ 

s- M0216 0841 8FIE DATA -28898 

" M02 l 7 0842 90A2 DATA -28510 
-1 M0218 0843 9237 DATA -28105 :s: M02 l 9 0844 93DO DATA -27683 
~ H0220 0845 9S93 DATA -27245 
N 

H0221 0846 975A DATA -26790 0 
N 1'10222 0847 9931 DATA -26319 0 
~ M0223 0848 9818 DATA -2S832 

" M0224 0849 9DOF DATA -2S329 0. 

-1 H0225 084A 9F 15 DATA -24811 
:s: H0226 0848 A 129 DATA -24279 
~ M0227 084C A34D DATA -23731 .,,. 

H0228 084D A57E DATA -23170 • 305 degrees 215 degrees 0 
'.'.: M0229 084E A 78E DATA -22594 
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N0002 
N0003 
N0004 
NOOOS 
N0006 

ROH - RAH DATA INITIALIZATION 

N0007 0060 02CF 
N0008 OB6E 0 120 
N0009 OB6F 0095 
NOO I 0 0070 002A 
NOOl I 0871 0061 
N0012 OB72 0017 
N0013 
NOO 14 OB73 4000 
N00!5 OB74 COOO 
NOO 16 OB75 COOO 
NOO l 7 OB76 4000 
NOO 18 OB77 4000 
N00!9 OB78 COOO 
N0020 0079 COOO 
N0021 OB7A 4000 
N0022 OB7B COOO 
N0023 OB7C COOO 
N0024 OB7D COOO 
N0025 OB7E COOO 
N0026 087F 4000 
N0027 OB80 COOO 
N002B OBS! 4000 
N0029 OB82 4000 
N0030 0083 4000 
N003 l OB84 4000 
N0032 OBB5 COOO 
N0033 OB86 4000 
N0034 0087 4000 
N0035 OBBB COOO 
N0036 OBB9 COOO 
N0037 OBBA 4000 
N0038 
N0039 OB8B E666 
N0040 0B8C 1333 
N004 l 088D 0000 
N0042 OBBE 0000 
N0043 OB8F OB85 
N0044 OB90 OF5C 
N0045 0091 E666 
N0046 OB92 0000 
N0047 0093 FC29 
N0048 0094 FAE I 
N0049 0095 FB33 
N0050 OB96 6400 
NOOSI 
N0052 0097 2BBO 
N0053 OB98 016 7 
N0054 OB99 1600 
N0055 0B9A 009D 

0015 

ROHOAT DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

VRTI CS DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

CHTRX DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

SCALE DATA 
DATA 
DATA 
OATA 
COPY 

719 
299 
149 
42 
97 
23 

>4000 
>COOO 
>COOO 
>4000 
>4000 
>COOO 
>COOO 
>4000 
>COOO 
>COOO 
>COOO 
>COOO 
>4000 
>COOO 
>4000 
>4000 
>4000 
>4000 
>COOO 
>4000 
>4000 
>COOO 
>COOO 
>4000 

>E666 
> 1333 
0 
0 
>0885 
>OF5C 
>E666 
0 
>FC29 
>FAE I 
>FB33 
>6400 

XMAX 
YHAX 
AMAX 
AMIN 
BHAX 
Bl'1IN 

XO, YO,ZO 

Xi, YI ,ZI 

X2, y2,Z2 

X3,Y3,Z3 

X4, Y4,Z4 

XS, Y5,Z5 

X6, Y6,Z6 

X7,Y7,Z7 

Cl! ,C21,C31,C41 

c12,c22.c32,c42 

C!3,C23,C33,C43 

162•64 vsx 
359 vex 
90•64 VSY 
157 VCY 
CONTROL. AS/1 

15'17•30 12-05-05 
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00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
OOOIB 
00019 
00020 
001l21 
00022 
00023 OB9B 7014 
00024 OB9C 0002 
00025 OB90 0000 
00026 
00027 OB9E 7014 
00020 OB9F 0016 
00029 
00030 OBAO 7014 
00031 OBA I 0002 
00032 OBA2 0000 
00033 
00034 OBA3 7014 
00035 OBA4 OOOA 
00036 OBAS 0168 
00037 OBA6 OOAO 
00038 OBA 7 006C 
00039 OBAB 003C 
00040 OBA9 020 I 
00041 OBAA 0010 
00042 
00043 OBAB 7014 
00044 OBAC 0009 
00045 OBAD OIF3 
00046 OBAE 0090 
00047 OBAF OODC 
00048 OBBO 0073 
00049 OBB I 0005 
00050 
0005 I 0882 70 14 
00052 OBB3 0009 
00053 OBB4 0 !FD 
00054 OBB5 0103 
00055 OBB6 ooce 
00056 OBB7 OOIE 
00057 OBB8 0006 
00058 

DEMONSTRATION COMMAND STRING 

• This file provides a series of data statements which are 
• used to control the graphics demonstration for the 
• T/1S32020-VSC system. The data statements are used to 
• arbltrari ly select the various fundamental algorithms 
*(pixel, lines, ellipses, fills, etc.) along with the 
• appropriate data to generate a video graphics 
• demonstrat Ion. The data word 32020 In decimal Is used as 
• a synchron I zat l on va 1 ue at the start and between corrmands 
• to al low recovery from errors in entering the data 
• sequence. The synchronization word Is fol lowed by a 
• single conmand word selecting the appropriate graphics or 
• control function and as many words as necessary to provide 
• al 1 of the required Information to the selected function. 

BEGIN DATA 
OATA 
OATA 

OATA 
DATA 

DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
OATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
OATA 
DATA 
DATA 

32020 
>0002 
>0000 

32020 
>0016 

32020 
>0002 
>0000 

32020 
>OOOA 
360 
160 
108 
60 
>0201 
>0010 

32020 
>0009 
499 
144 
220 
115 
>0005 

32020 
>0009 
509 
259 
200 
30 
>0006 

CLEAR SCREEN 

ROTATING CUBE 

CLEAR SCREEN 

SPIN FILLED ELLIPSE 

FILLED ELLIPSE 

FILLED ELLIPSE 
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00059 0889 7014 DATA 32020 00 116 OBEB 0009 DATA >0009 FILLEO ELLIPSE 
00060 OBBA 0009 DATA >0009 FILLED Ell IPSE 00117 OBEC 029E DATA 670 
00061 OBBB 0118 OATA 280 00118 08EO OOAS DATA 165 
00062 OBBC OOC7 DATA 199 00119 OBEE 0014 DATA 20 
00063 0880 0064 DATA 100 00120 OBEF OOOC DATA 12 
00064 08BE OOIE DATA 30 00121 OBFO 0003 DATA >0003 
00065 OBBF 0002 DATA >0002 00122 
00066 00123 OBFI 7014 DATA 32020 
00067 OSCO 7Dl4 DATA 32020 00124 OBF2 0009 DATA >0009 FILLEO ELLIPSE 
00068 OBC I 0009 DATA >0009 FI LLEO ELLIPSE 00125 OBF3 02C6 DATA 710 
00069 OBC2 0064 DATA 100 00 I 26 OBF 4 OOB9 DATA 185 
00070 OBC3 0064 DATA 100 00127 OBF5 ODOA OATA 10 
00071 OBC4 005A DATA 90 00128 08F6 0006 OATA 6 
00072 OBC5 0055 OATA 85 00129 OBF7 0003 DATA >0003 
00073 OBC6 000 I DATA >0001 00130 
00074 00131 OBF8 7Dl4 DATA 32020 
00075 OBC7 7014 OATA 32020 00132 OBF9 0009 DATA >0009 FI LLEO ELLIPSE 
00076 OBC8 0009 DATA >0009 FI LLEO ELLIPSE 00133 OBFA 006E DATA 110 
00011 oac9 ooc0 DATA 200 00134 OBFB OOFA DATA 250 
00078 OBCA 0028 DATA 40 00135 08FC 0050 DATA 80 
00079 DBCB 003C DATA 60 00136 08FD OOZO DATA 45 
00080 OBCC 00 IE DATA 30 00131 08FE 0004 DATA >0004 
00081 OBCD 0007 DATA >0007 00138 
00082 00139 08FF 7014 DATA 32020 
00083 OBCE 7014 DATA 32020 00140 ocoo 0001 DATA >ODDI DELAY 
00084 OBCF 0009 DATA >0009 FILLED ELLIPSE 00141 OCOI 012C DATA 60*5 

Ll 00085 OBDO 0154 DATA 340 00142 . 
)> 

00086 OBD I 0258 DATA 600 00143 OC02 7014 DATA 32020 
00087 OBD2 0032 DATA 50 00144 OC03 0002 DATA >0002 CLEAR SCREEN 

Cl 00088 0803 OOIE DATA 30 00145 OC04 0000 DATA >0000 .§ 00089 0804 0003 DATA >0003 00146 

[ 00090 . 00147 ocos 7014 DATA 32020 
00091 0805 7014 DATA 32020 00148 OC06 0008 DATA >0008 FILLEO ELLIPSE SETS 

3 00092 OBD6 0009 DATA >0009 FILLED ELLIPSE 00149 OC07 0167 OATA 359 

~ 
00093 0807 0 I CC DATA 460 00150 ocoa 0095 DATA 149 
00094 OBOS 0055 DATA 85 00151 OC09 0018 DATA 24 

~ 00095 0809 0028 DATA 40 00 152 OCOA 0096 DATA 150 a 00096 OBDA 00 16 OATA 22 00153 OCOB 0006 DATA >0006 

"' 00097 OBOB 0003 OATA >0003 00154 ococ 0018 DATA 24 15· 
00098 . 00155 OCOD FFF6 DATA -10 = c: 00099 OBOC 7014 DATA 32020 00156 OCOE OOOF DATA 15 

s· 00 I 00 OBDD 0009 DATA >0009 FILLED ELLIPSE 00157 . 
"" 0010 I OBOE 0226 DATA 550 00158 OCOF 7014 OATA 32020 

~ 
00 I 02 OBOF 0073 DATA 115 00159 OCIO 0001 OATA >ODDI DELAY 
00103 OBED OOIE DATA 30 00160 OCI I 012C DATA 60•5 .., 
00 I 04 DBE I 0012 DATA 18 00161 ;.:: 00105 08E2 0003 OATA >0003 00162 OCl2 7014 DATA 32020 ~ 00106 . 00163 OCl3 0002 DATA >0002 CLEAR SCREEN N 
00107 OBE3 7014 DATA 32020 00164 OCl4 0000 DATA >0000 s 

0 00 I 08 OBE4 0009 DATA >0009 FILLEO ELLIPSE 00165 

" 00 I 09 OBE5 026C DATA 620 00166 OCl5 7014 DATA 32020 = 00 II 0 OBE6 008C DATA 140 00167 DCl6 OOOC DATA >OOOC FILLED ELLIPSE DEMO Q. .., 00111 OBE7 0018 DATA 24 00168 OCl7 016F DATA 367 ;.:: 00 112 OBE8 OOOE DATA 14 00169 OCl8 0061 DATA 97 
~ 00113 OBE9 0003 DATA >0003 00170 OC!9 0055 DATA 2•42+1 ,. 

00114 . 00171 OCIA 004A DATA 97-23 ~ 00115 OBEA 7014 DATA 32020 00172 OCIB 0001 DATA >DOOi 
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> 
Cl OOI73 OCIC OOil DATA I9 00230 

il OOI74 OCID FFF5 DATA -I l 002lI OC47 7DI4 DATA 32020 
'O 00175 OCIE 0020 DATA 40 00232 OC40 OOI5 DATA >OOI5 LINE DEl1<l 5 
[ OOI76 OCIF FFE9 DATA -2~ 00233 . 
3 

OOI77 OC20 0960 DATA JOO•& 00234 OC49 7Dl4 DATA 32020 
00170 . 00235 OC4A 000 I DATA >OOOI DELAY 

'g, 00179 OC2I 7DI4 DATA 32020 00236 OC40 0 I 2C DATA 60°5 
3 OOI00 OC22 OOOI DATA >OOOI DELAY 00237 . 
" OOI0I OC23 OI2C DATA 60•5 00230 OC4C 7Dl4 DATA 32020 = E OOI82 . 00239 OC.40 0000 DATA >0000 RESET 
i5' OOI8l OC24 7DI4 DATA 32020 00240 . 
= 00 I 04 OC25 0002 DATA >0002 CLEAR SCREEN 0024I OC4E 7DI4 DATA 32020 
:;;: OOI85 OC26 0000 DATA >0000 00242 OC4F 0000 DATA >0000 RESET 
s· OOI06 00243 . 
"" OOI87 OC27 7DI4 DATA 32020 00244 OC50 7D I 4 DATA 32020 g OOI08 OC28 OOI I DATA >OOI I LINE DE"O I 00245 OC5 I 0000 DATA >0000 RESET 
....[ OOI09 . 00246 . 
:;:: OOI90 OC29 7DI4 DATA 32020 00247 OC52 7Dl4 DATA 32020 

"' OOI9I OC2A OOOI DATA >OOOI DELAY 00248 OC5l 0000 DATA >0000 RESET w 
00249 . 

~ OOI92 OC20 OI2C DATA 60*5 
N OOI9l 00250 OC54 7DI4 DATA 32020 
0 

OOI94 OC2C 7DI4 DATA 32020 0025 I OC55 0000 DATA >0000 RESET 

"' = OOI95 OC20 0002 DATA >0002 CLEAR SCREEN 00252 . 
a. 

00 I 96 OC2E 0000 DATA >0000 00253 OC56 7D I 4 DATA 32020 
....[ 

OOI97 . '10254 OC57 0000 DATA >0000 RESET :;:: 
"' OOI98 OC2F 7DI4 DATA 32020 C0255 . 
w OOI99 OC30 OOI2 DATA >00I2 LINE OE"O 2 00256 OC50 7D I 4 DATA 32020 I:; 

00200 . 00257 OC59 0000 DATA >0000 RESET °' - 0020 I OC3 I 7D I 4 DATA 32020 00250 . 
00202 OC32 000 I DATA >OOOI DELAY 00259 OC5A 70I4 DATA 32020 
00203 OC33 0 I 2C DATA 60*5 00260 OC50 0000 DATA >0000 RESET 
00204 . 00I6 COPY RA"B2 .AS" 
00205 OC34 7D I 4 DATA 32020 
00206 OC35 0002 DATA >0002 CLEAR SCREEN 
00207 OC36 0000 DATA >0000 
00208 . 
00209 OC37 7D I 4 DATA 32020 
002IO OC38 OOil DATA >0013 LINE DEl1<l l 
00211 . 
00212 OC39 7DI4 DATA 32020 
00213 OClA 0001 DATA >0001 DELAY 
002I4 DC38 012C DATA Go•s 
00215 
00216 OC3C 7D 14 DATA 32020 
00217 OC3D 0002 DATA >0002 CLEAR SCREEN 
002I8 DC3E 0000 DATA >DODD 
00219 . 
00220 OC3F 7D 14 DATA 32020 
00221 OC40 0014 DATA >0014 LINE DEl1<l 4 
00222 . 
00223 OC4 I 7D 14 DATA 32020 
00224 OC42 000 I DATA >DOOi DELAY 
00225 OC43 012C DATA 60°5 
00226 , . 
OD227 OC44 7D I 4 DATA 32020 

°' 
00220 OC45 0002 DATA >0002 CLEAR SCREEN 

..... 00229 OC46 0000 DATA >0000 

"" 
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P0002 
P0003 
P0004 
POOOS 
P0006 
P0007 
P0008 
P0009 
POOIO 
POOi I 
P00\2 
POOl3 
P0014 
POOIS 
POOl6 ocsc 
POOl7 
P0018 0000 
P0019 
P0020 
P002 l 0000 0000 
P0022 
P0023 
P0024 000 I 0000 
P0025 
P0026 
P0027 0002 0000 

N 
w P0028 

)> 
P0029 
P0030 0003 0000 

Cl P003 I ;;; P0032 'O 
:,- P0033 0004 0000 
~· P0034 

3 P0035 

'!2. P0036 0005 0000 

~ 
P0037 
P0038 

" P0039 0060 
;;: P0040 5· 

P0041 " c P0042 0060 0000 

s P0043 

"" P0044 

g- P0045 0061 0000 
P0046 ..., P0047 

;:: P0048 0062 0000 
~ P0049 
N POOSO 0 
N PODS I 0063 0000 0 

" P0052 

" P0053 0. ..., P0054 0064 0000 
;:: POOSS 

~ P0056 ... P005 7 0065 0000 0 
:?:: P0058 

RAM - MEMORY-HAPPED REGISTERS ANO BLOCK 82 

LEGEND FOR INTERNAL UTILIZATION 

I = Initialization 
P = Parser and demo setup rout; nes 
C = C 1 ear screen routines 
l =Line drawing routines 
E = El 1 ipse drawing routines 
R = Rotating cube routines 

DPO EQU 

OORG >0000 

• Memory-Mapped Reg I st er #00 
ORR DATA 0 • Serial port data receive register 

• Memory-Happed Register #01 
DXR DATA 0 • Serial port data transmit registe 

• Memory-Mapped Register #02 
TIM DATA 0 • Timer register 

• Memory-Mapped Register #03 
PRO DATA 0 • Period register 

• Memory-Happed Register #04 
!HR DATA 0 • Interrupt mask register 

• Memory-Mapped Register #05 
GREG DATA O • Global memory al location register 

DORG >0060 

• RAH Location #0060 
STS'o DATA 0 

• RAM Locat ion #0061 
STSI DATA 0 

• RAH Location #0062 
ONE DATA 0 

• RAH Location #0063 
FILLC DATA 0 

• RAH Location #0064 
SAVREG DATA 0 

RAH location #0065 
DATA 0 

GRAPHIC 32020 FAMILY MACRO ASSEMBLER PC 1.0 85.157 
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P0059 • RAM Location #0066 
P0060 0066 0000 DATA 0 
P0061 . 
P0062 • RAH Location #0067 
P0063 006 7 0000 DATA 0 
P0064 . 
P0065 • RAH location #0068 
P0066 0068 0000 THPI DATA 0 
POD67 
P0068 • RAH Locat I on #0069 
P0069 0069 0000 SYNCH DATA 0 
POD70 . 
P0071 • RAM Location #006A p 
P0072 006A 0000 TI HOLY DATA 0 
P0073 . 
P0074 • RAH Locat I on #0068 p 
P0075 0068 0000 CHND DATA 0 
P0076 
P0077 • RAH Location #006C 
P0078 006C 0000 CHOADR DATA 0 

0017 COPY RAMBO.ASH 

15:17:30 12-05-85 
PAGE: 0078 
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RA" - BLOCK 80 (PAGES 4 AND 5) 

15:17:30 12-05-85 
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QOOOZ 
Q0003 
Q0004 
Q0005 
Q0006 
Q0007 0200 

............................................................. 
Q0008 0200 
Q0009 
QOOIO 0000 
Q0067 
Q0068 
Q0069 00 12 0000 
Q0070 
Q0071 
Q0072 0013 0000 
Q0073 
Q0074 
Q0075 0014 0000 
Q0076 
Q0077 
Q0078 00 I 5 0000 
Q0079 
Q0080 
Q0081 0016 0000 
Q0082 
Q0083 
Q0084 0017 0000 
Q0085 
Q0086 
Q0087 0018 0000 
Q0088 
Q0089 
Q0090 0019. 0000 
Q0091 
Q0092 
Q0093 OO!A 0000 
Q0094 
Q0095 
Q0096 00 I B 0000 
Q0097 
Q0098 
Q0099 OOIC OOOO· 
QOIOO 
QOIOI 
QOIOZ OOID DODD 
Q0103 
QDID4 
QOID5 DOIE 0000 
QOI06 
Q0107 
QOI08 OOIF 0000 
QD109 
QOllD 
QD 111 0020 0000 
QOllZ 
Q0113 
QOl 14 0021 0000 

DP4 
llORG 
EQU 

>80•4 

• 
OORG >0000 

• RA" Locatfon #0212 
RI! DATA 0 

• RAH Location #0213 
RZI DATA 0 

• RA" Location #0214 
RIZ DATA 0 

• RAM Location #0215 
RZZ DATA 0 

• RAM Location #0216 
C11 OATA 0 

• RAM Location #0217 
CZ! DATA 0 . 
• RAM Location #0218 
Cl! DATA 0 

• RAH Location #0219 
C41 DATA 0 

• RAH Location #OZIA 
CIZ DATA 0 

• RAM Loe at f on #02 t B 
CZZ DATA 0 

• RAH Locat f on f02 IC 
C32 DATA 0 

• RAH Location #0210 
C42 OATA 0 

• RAH Locat I on #021 E 
C13 DATA 0 

• RAM location #OZIF 
C23 DATA 0 

• RAM location #0220 
C33 DATA D 

• RAM Location #0221 
C43 DATA 0 

R 

R 

R 
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QOl 15 
Q0116 
QO 117 0022 0000 
QOl18 
QOl 19 
QOIZO 0023 0000 
QDIZI 
Q0122 
Q0123 0024 0000 
Q0124 
QOl25 
QOl26 0025 ODDO 
Q0127 
Q0128 
QO 129 0026 ODDO 
QD130 
QOl31 
QOl 32 0027 0000 
QD133 
QD134 
QO 135 0028 DODD 

0018 

• RAM Locat Ion #0222 
VSX DATA D 

• RAH Locat Ion #0223 
vex DATA D 

• RMI Location #0224 
VSY DATA 0 

• RAM Location #0225 
VCY DATA 0 

• RAH Loe at I on #0226 
SIN DATA 0 

• RAM Location #0227 
COS DATA D 

• RAM Location #0228 
THETA DATA D 

COPY RAMS I • AS" 

15: 17:30 12-05-85 
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R0002 
R0003 
ROOO• 
R0005 
R0006 
R0007 0300 

............................................................ 

R0008 0300 
R0009 
ROOIO 0000 
ROOl I 
ROOl2 
ROOl 3 0000 
ROO 14 0000 0000 
ROOl 5 
ROOl6 

RA" - BLOCK Bl (PAGES 6 ANO 7) ............................................................ 
01'6 

DORG 
EQU 

OORG 

>80*6 

' 
>0000 

• RA" Location #0300 
XP SSS 0 
XI DATA 0 

• RA" Location #0301 
yp ass 0 

p 

ROOl7 0001 
ROOl8 0001 
ROOl9 
R0020 

0000 YI DATA 0 

R002 I 0002 0000 
R0022 
R0023 
R0024 0003 0000 
R0025 
R0026 
R0027 0004 0000 
R0028 
R0029 
R0030 0005 0000 
ROOJI 
R0032 
ROOJJ 0006 0000 
R0034 
R0035 
R0036 0007 0000 
R0037 
R0038 
R0039 0008 0000 
R0040 
R0041 
R0042 0009 0000 
R0043 
R0044 
R0045 OOOA 0000 
R0046 
R0047 
R0048 OOOB 0000 
R0049 
ROOSO 
ROOS! OOOC 0000 
R0052 
R0053 
R0054 0000 0000 
R0055 
R0056 
R0057 OOOE 0000 
R0058 

. 
• RA" Location #0302 ,P 
X2 DATA 0 

• RAM Locat Ion #0303 
Y2 DATA 0 

• RAM Location #030.4 
COLOR DATA 0 

• RAM Locat Ion #0305 
OX DATA 0 

• RAM Locat Ion #0306 
DY DATA 0 

• RAM Locat Ion #0307 
0 DATA 0 

• RAM Locat Ion #0308 
INCRI DATA 0 

• RAM Location #0309 
INCR2 DATA 0 

* RAM Location #030A 
COLORL DATA 0 

* RAM Locat Ion #0308 
COLORH DATA 0 

• RAM Location f030C 
COLOR2 DA TA 0 

• RAH Location #0300 
BFLAG DATA 0 

• RAM Locat Ion #030£ 
ASIGN DATA 0 

GRAPHIC 32020 FA"ILY "ACRO ASSE"BLER 
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R0059 • RAM Locat I on #030F 
R0060 OOOF 0000 ASSIGN DATA 0 
R0061 . 
R0062 • RAt1 Location #0310 
R0063 00 I 0 0000 xc DATA 0 
R0064 . 
R0065 • RAM Location #0311 
R0066 00 I I 0000 YC DATA 0 
R0067 . 
R0068 • RAM Loe at I on #0312 
R0069 0012 zc ass 0 
R0070 0012 0000 A DATA 0 
ROD71 
R0072 • RAM Loe at I on #0313 
R0073 0013 ZCI 855 0 
R0074 0013 0000 8 DATA 0 
R0075 . 
R0076 • RAt1 Loe at ion #0314 
RD077 0014 ZCSIGN ass 0 
R0078 0014 0000 TIH DATA 0 
R0079 
R0080 " RAM Location #03 I 5 
ROOS! 0015 0000 TIL DATA 0 
R0082 . 
R0083 • RAM Locat I on #0316 
R0084 0016 0000 T2H DATA 0 
R0085 . 
R0086 • RAM Location #0317 
R0087 0017 0000 T2L DATA 0 
Roosa . 
R0089 • RAM Locat I on #0318 
R0090 OD 18 0000 T3H DATA 0 
RD091 . 
R0092 " RAM Loe at I on #03 19 
R0093 OD 19 0000 TJL DATA 0 
R0094 . 
RD095 " RAM Location #03 IA 
R0096 OOIA 0000 T4H DATA 0 
R0097 . 
R0098 • RAM Location #0318 
R0099 00 I 8 0000 T4L DATA 0 
ROIOO . 
ROIOI • RAH Location #031C 
ROI02 DOIC 0000 T5H DATA 0 
ROI03 . 
ROI04 " RAH Location #0310 
RO I 05 00 ID 0000 T5L DATA 0 
ROI06 . 
ROl07 " RM1 Locat I on #03 IE 
RO !08 00 IE 0000 T6H DATA 0 
ROl09 . 
ROI 10 " RAM Loe at I on #031 F 
ROii i OOIF 0000 T6L DATA 0 
ROI 12 . 
ROI 13 " RAM Locat Ion #0320 
RO 114 0020 0000 T7H DATA 0 
ROll5 

PC 1.0 85.157 15• 17:30 12-05-85 
PAGE 0082 
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> 

f. 
R0116 • RA" Locat I on #0321 E R0173 • RAH Location #0331 
RO 117 0021 0000 T7L DATA 0 R0174 0031 0000 SAVCLR DATA 0 
R0118 . R0175 . 
R0119 • RA" Location #0322 p R ROl76 * RAH Location #033Z p 
R0120 0022 x 855 0 RO 177 0032 0000 SAVEA DATA 0 

i RO 121 0022 0000 XA DATA 0 ROl78 . 
R0122 . R0179 * RAH Locat ton #0333 

I R0123 ' RA" Location 10323 p R RO 180 0033 0000 CLR5AV DATA 0 
R0124 0023 y 855 0 ROIS! . 
RO 125 0023 0000 YA DATA 0 ROl82 • RA" Locat I on 10334 p 

ii" ROl26 . RO 183 0034 0000 SPEED DATA 0 
R0127 • RA" locat I on #0324 p R ROl84 . 

c:: ROl28 0024 z 855 0 ROl85 • RAH Location 10335 p 

J· RO 129 0024 0000 X8 DATA 0 ROl86 0035 0000 DA DATA 0 
ROl30 . ROl87 . 

f ROl31 ' RA" Locat I on 10325 p R ROl88 • RAH locat f on #0336 p 

~ 
ROl32 0025 XR 855 0 RO 189 0036 0000 DB DATA 0 
ROl33 0025 x" 855 0 ROl90 . 

"' RO 134 0025 0000 YB DATA 0 R0191 • RAH Location 10337 I p 

~ ROl35 . RO 192 0037 0000 X"AX DATA 0 
R0136 • RA" Locat I on 10326 E R R0193 . 
ROl37 0026 YR 855 0 ROl94 • RAH Locat I on #0338 I p 

l ROl38 0026 y" 8SS 0 RO 195 0038 0000 X"IN DATA 0 
ROl39 0026 0000 DH DATA 0 ROl96 . 

..,i R0!40 . R0!97 • RAH Locat I on #0339 I p ::: 
"' R0141 ' RA" Locat I on 10327 E R RO 198 0039 0000 Y"AX DATA 0 

~ 
ROl42 0027 ZR ass 0 R0199 . 
ROl43 0027 z" 855 0 R0200 • RA" Locat Ion f033A 
R0!44 .0027 0000 DI. DATA 0 R020 I 003A 0000 Y"IN DATA 0 
R0145 . R0202 . 
R0146 • RA" Locat I on 10328 E R0203 • RA" Locat I on #0338 p 
RO 147 0028 0000 XIH DATA 0 R0204 0038 0000 XllAXA DATA 0 
R0148 . R0205 . 
R0149 • RAH Locat Ion #0329 E R0206 ' RA" Locat Ion f033C 
ROISO 0029 0000 XIL DATA 0 R0207 003C 0000 X"INA DATA 0 
ROIS! . R0208 . 
R0152 • RA" Location #032A E R0209 * RAM Locat Ion f0330 p 
RO 153 002A 0000 X2H DATA 0 R0210 003D 0000 Y"AXB DATA 0 
ROl54 . R0211 . 
ROl55 • RA" Locat I on #0328 E R0212 • RAH Locat Ion #033E p 
RO 156 0028 0000 X2L DATA 0 R02 I 3 003E 0000 Y"INB DATA 0 
ROl57 . R0214 . 
R0158 • RA" Location f032C E R0215 • RAH Location f033F I p 
RO 159 002C 0000 PIXCNT DATA 0 R02 l 6 003F 0000 A"AX DATA 0 
R0160 . R0217 . 
ROl61 • RA" Locat I on #032D E R0218 * RAH Locat Ion #0340 I p 
R0162 002D 0000 PAXCNT DATA 0 R0219 0040 0000 A"IN DATA 0 
R0163 . R0220 . 
R0164 • RA" Locat I on #032E I p R R0221 • RAH Location #0341 I p 
R0165 002E 0000 ONE6 DATA 0 R0222 0041 0000 B"AX DATA 0 
R0166 . R0223 . 
R0167 • RA" Locat I on #032F p R R0224 • RAH Location #0342 I p 
RO 168 002F 0000 SAVARO DATA 0 R0225 0042 0000 B"lN DATA 0 
R0169 . R0226 . 
ROl70 • RAH Locat Ion #0330 p R0227 • RAH Locat Ion #0343 
RO 171 0030 0000 NPOINT DATA 0 R0228 0043 0000 THREE6 DATA 0 

~ R0172 . R0229 . 
"' 
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R0230 • RAH Location #0344 I p R0287 
R023 I 0044 0000 FIVE6 DATA 0 R0288 • RAH Location #0357 
R0232 . R02B9 OOS 7 0000 YN005 DATA 0 
R0233 • RAH locat Ion #0345 I p R0290 
R0234 0045 0000 NINE6 DATA 0 R0291 • RAH Location #0358 
R023S R0292 0056 0000 ZN005 DATA 0 
R0236 • RAH Location #0346 E R0293 
R0237 0046 0000 SAVEB DATA 0 R0294 • RAH location #0359 
R023B . R0295 0059 0000 XN006 DATA 0 
R0239 • RAH Location #0347 R R0296 . 
R0240 0047 NRMPTS BSS 0 R0297 • RAH Location #035A 
R024 t 0047 0000 XNOOO DATA 0 R029B 005A 0000 YN006 DATA 0 
R0242 R0299 . 
R0243 • RAM Locat I on #0348 R R0300 • RAH location #0358 
R0244 0048 0000 YNOOO DATA 0 R030 I 0058 0000 ZN006 DATA 0 
R024S . R0302 
R0246 • RAH Location #0349 R R0303 • RAH Location #035C 
R0247 0049 0000 ZNOOO DATA 0 R0304 005C 0000 XN007 DATA 0 
R0248 . R0305 . 
R0249 • RAH Locat Ion #034A R R0306 • RAH Location #0350 
R02SO 004A 0000 XNOOI DATA 0 R0307 005D 0000 YN007 DATA 0 
R0251 R0308 . 
R0252 • RAl1 locat I on #0348 R R0309 • RAH Location #035E 
R0253 0046 0000 YNOOI DATA 0 R03 I 0 005E 0000 ZN007 DATA 0 
R0254 R031 I 
R0255 • RAH Locat f on #034C R R0312 • RAH Location #035F 

Ll R0256 004C 0000 ZNOOI DATA 0 R0313 005F DSPPTS ass 0 
R0257 . R03 I 4 OOSF 0000 XDOOO DATA 0 > R0258 • RAM Locat f on #0340 R R0315 

0 R0259 0040 0000 XN002 DATA 0 R0316 • RAH location #0360 .g R0260 . R03 I 7 0060 0000 YDOOO DATA 0 

"" R0261 • RAH location #034E R R0318 . 
~· R0262 004E 0000 YN002 DATA 0 R0319 • RAM location #0361 

3 R0263 . R0320 0061 0000 XDOOI DATA 0 

"' R0264 • RAH location #034F R R0321 . 
" R026S 004F 0000 ZN002 DATA 0 R0322 • RAH location #0362 
~ R0266 . R0323 0062 0000 YDOOI DATA 0 g R0267 • RAM Location #0350 R R0324 . 

R0268 0050 0000 XN003 DATA 0 R032S • RAH Location #0363 5 R0269 . R0326 0063 0000 XD002 DATA 0 0 

s;: R0270 • RAH location #0351 R R0327 
R027 I 0051 0000 YN003 DATA 0 R0328 • RAH Location #0364 s R0272 . R0329 0064 0000 YD002 DATA 0 "" :;. R0273 • RAH locat f on #0352 R R0330 

0 R0274 0052 0000 ZN003 DATA 0 R033 I • RAH location #0365 .., R0275 . R0332 0065 0000 XD003 DATA 0 s: R0276 • RAH Locat f on #0353 R R0333 . 
~ R0277 0053 0000 XN004 DATA 0 R0334 • RAH Location #0366 N R0278 . 

R0335 006~ 0000 YD003 DATA 0 0 
N R0279 • RAH Location #0354 R R0336 . 0 

~ 
R0280 0054 0000 YN004 DATA 0 R0337 • RAH location #0367 

Q. R028I . 
R0338 0067 DSPPTZ BSS 0 .., R0282 • RAH location #0355 R R0339 006 7 0000 XD004 DATA 0 s: R0283 0055 0000 ZN004 DATA 0 R0340 

~ R0284 . 
R0341 • RAH location #0368 ,. R0285 • RAH location #0356 R R0342 0068 0000 YD004 DATA 0 a< R0286 0056 0000 XN005 DATA 0 R0343 
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0 R0344 • RAM Locat Ion #0369 
i;J R0345 0069 0000 XD005 DATA 0 

"' [ R0346 
R0347 • RAM Location #036A 

S0002 
S0003 ............................................................ 
50004 • Externa 1 Data-Memory A 11 ocat l ans 
S0005 ............................................................ 

! 
R0348 006A 0000 YD005 DATA 0 
R0349 . 
R0350 • RAM Location #0368 

3 R035 I 006B 0000 XD006 DATA 0 
" = R0352 . 
g R0353 • RAM Location #036C 5· R0354 006C 0000 YD006 DATA 0 = ;;:: R0355 

R0356 • RAM Location #0360 s· R0357 0060 0000 XD007 DATA 0 .. 

S0006 
S0007 0400 DORG )0400 
S0008 
S0009 0400 VSCREG BSS 
50010 
SOOl I 0000 DORG 0 • data page 08 
S0012 
SOOl3 0000 HESYL BSS 
SOOl4 
SOOl 5 0008 HESYH BSS 

g- R0358 
R0359 • RAM Location #036E 

50016 
S0017 0010 HEBLL BSS .., R0360 006E 0000 YD007 DATA 0 soo1a 

::: R0361 . 
"' R0362 • RAH Location #036F w 
N R0363 006F 0000 SAVAR2 DATA 0 s R0364 . 
0 ., R0365 • RAH Location #0370 

8. R0366 0070 0000 SAVAR3 DATA 0 

50019 0018 HEBLH ass 
S0020 
50021 0020 HSBLL ass 
S0022 
S0023 002a HSBLH ass 
S0024 .., R0367 

::: R0368 • RAH Location #0371 
S0025 0030 HTOTL ass 
S0026 

"' R0369 0071 0000 NUMRBR DATA 0 w 

~ 
0019 COPY DAT AHEM. ASH 

S0027 003a HTOTH 8SS 
50028 
S0029 0040 VESYL BSS 
S0030 
50031 0048 VESYH BSS 
S0032 
S0033 0050 VEBLL 8SS 
S0034 
S0035 005a VEBLH 8SS 
S0036 
50037 0060 VSBLL ass 
S003a 
S0039 006a VSBLH ass 
50040 
50041 0070 VTOTL BSS 
50042 
50043 0078 VTOTH BSS 
S0044 
S0045 0000 DORG 0 • data page 09 
50046 
50047 0000 DADUPL BSS 
50048 
50049 0008 OAOUPH Bss 
S0050 
50051 0010 0A05L ass 
S0052 
S0053 0018 OAOSH B55 
S0054 
S0055 0020 VINTL BSS 
50056 

g; 50057 0028 VINTH BS5 
S005a 
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S0059 0030 CTLRIL BSS 8 
S0060 . 
S0061 0038 CTLRlH ass 8 
S0062 . 
S0063 0040 CTLR2L ass 8 
S0064 . 
S0065 0048 CTLR2H ass 8 
S0066 . 
S0067 0050 STATL ass 8 
50068 . 
S0069 0058 STATH ass S 
S0070 . 
S0071 0060 XYOFFL S55 S 
S0072 . 
S0073 006S XYOFFH ass 8 
50074 . 
S0075 0070 XYADRL ass 8 
S0076 
50077 0078 XYADRH ass 8 
S0078 
S0079 0000 OORG 0 • data page OA 
S0080 
S0081 0000 OADRL BSS 8 
S0082 . 
S0083 0008 DAD RH BS5 8 

N S0084 . 
!-" S0085 0010 VCNTL BSS a 

> S0086 . 
~ 

sooa7 001a VCNTH ass a 
SOOBB . 

[-

J 
~ g 
s· 
~ 

s;: 
~-

:;. 
" .., 
::: 
"' w 
N 
0 
N 
0 

§ 
0. .., 
::: 
"' 

* ~ 
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50090 
S0091 0800 DORG >0800 
S0092 
S0093 0800 XYINO ass 
S0094 . 
S0095 0000 DORG • data page l 0 
S0096 
S0097 0000 XYNOP ass 8 
S0098 . 
50099 0008 XINC ass 
SOlOO 
SOlOl 0010 XOEC SSS 8 
S0102 . 
SOI03 0018 XCLR SSS S 
S0104 
so 105 0020 YINC ass a 
SOI06 
S0107 002a XlYI a5S 
50108 
S0109 0030 XOYI BSS 
SOl 10 . 
SOl 11 0038 XCYI as5 
50112 . 
SOl 13 0040 YDEC BSS a 
SOl 14 . 
SOl 15 004a XIYO S55 
SOl 16 . 
50117 0050 XDYO ass 
so11a . 
SOI 19 005a XCYD BSS 
S0120 . 
S0121 0060 YCLR ass 
S0122 
50123 006a XlYC BSS 
S0124 
so 125 0070 XOYC BSS 
S0126 . 
S0127 007S XCYC SSS 

0020 ENO 
NO ERRORS, NO WARNINGS 

15:17:30 12-05-85 
PAGE 0090 
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LABEL VALUE DEFN REFERENCES PAGE 0091 LABEL VALUE OEFN REFERENCES PAGE 0092 
)> 

~ 
A 0012 R0070 C0217 C0269 C0312 C0372 C0438 G0042 G0043 G0044 G0059 0 0007 R0036 F0\41 F0165 F0171 F0178 F0192 F0!95 F0203 F0212 F02!9 

ABSIGN ODOF R0060 F0132 FOl47 F0244 F0247 F0251 F0261 F0264 F0272 F0292 F0295 F0303 

"" ALDCNE OB6A G0402 G0344 F0321 F0324 F0328 F0345 F0348 F0356 F0370 F0376 F0383 

~r AMAX 003F R0216 BOI04 C044I C0443 F0392 F0399 

I 
AMIN 0040 R0219 80106 C0444 DILi 028C 00019 00043 

ASIGN OOOE ROOS7 FO 126 FO 149 F0225 DILIA 02A2 00040 00037 

B 0013 R0074 CD219 C0273 C03!6 C0376 C04SO GOOS! GOOS2 GOl 19 GOl36 OIL2 02A9 00046 0006B 

3 G0!39 G0160 G0204 G0226 G02B2 G030S G034B G0366 01L2A 02BC 00064 00062 

" BEGIN OB9B 00023 C0023 DIL3 02C4 00071 0009S 3 g. BF LAG 0000 R0054 FOi 15 FOl56 F0231 f0283 F0336 F0422 F0435 F0463 OIL3A 02DA 00092 00089 

BMAX 0041 R0222 80108 C0453 C0455 DIL4 02El 0009B 00120 
0 

SHIN 0042 R022S BOl 10 C04S6 OIL4A 02F4 00116 00114 
c:: 
5· Cl I 0016 OOOBI H0063 J004S D2Ll 0309 00139 00163 

"" 
C12 OOIA 00093 02LIA 031F 00160 00157 

ii" 
C!3 OOIE OOIOS 02L2 0326 00166 00190 

C21 0017 00084 D2l2A 033C DOIB7 00184 

>-l C22 0018 00096 03Ll 034F 00207 00231 

a:: C23 OOIF OO!OB 03LIA 036S 0022B 00225 

~ C31 0018 OOOB7 03L2 036C 00234 00256 

t:: C32 OOIC 00099 03l2A 037F D02S2 00250 
N C33 0020 00111 03L3 03B7 00259 002B3 
0 
~ C41 0019 00090 03L3A 0390 00280 00277 

5. C42 0010 00102 03L4 03A4 002B6 D030B 

>-l C43 0021 00114 03L4A 0387 00304 00302 

a:: CLEAR 040C E0043 80083 COl 13 C0281 C0301 C0324 H0122 04Ll 03C9 00323 00347 

"' CLOOPI 092E HOI02 HOl 17 04l IA 030F 00344 00341 

* 
CLRSAV 0033 ROIBO C02S I C031 7 C0330 C0331 04L2 03EE 00357 00379 

~ CLR5CR OOF7 COl07 COOS! 04L2A 0401 00375 00373 

CMDADR 006C P0078 C0024 C0028 C0037 COOBI COOB4 C0!07 CO! ID COi 18 COl29 04L3 0410 00389 00413 

C0135 C014B C0154 COl73 C017B COIB7 CD206 C0211 C0224 04L3A 0426 00410 00407 

C0230 C0246 C0341 CD360 C0395 C0418 04L4 0435 00423 00445 

CHDLEN 0017 C0072 C003B 04L4A 0448 00441 00439 

CMDTBL OOAB C0049 C0042 COD72 05LI 045C 00462 00490 

CMNO 0068 P007S C0035 COD39 CD043 05l IA 0476 00487 00484 

CHTRX OBBB N0039 H0065 05L2 0470 00493 00519 

COLOR 0004 R0027 C0126 C0!45 COISB C0221 C027S C0295 C03!B C03BD C04B6 DSL2A 0494 00515 00513 

00033 00060 00085 00112 00153 00180 00221 00248 00273 DSL3 049C 00522 00550 

00300 00337 00371 00403 00437 004BO DOS I I 00540 DOS7 I 05L3A 0486 DOS47 00544 

F0090 F0093 G0034 G0037 L0039 LOISO D5L4 0480 00553 00579 

COLOR2 oooc ROOS! F0094 F0213 F0220 F0393 F0400 F0445 G0038 G0!89 G0251 D5L4A 0404 DOS75 00573 

G0328 G0390 G0441 G0458 G0470 G0485 G0496 G0510 G0520 DA 0035 R0t86 C0353 C0373 C0407 C0439 C0446 C0448 

G05S2 GOS6 I GOS 74 G05B4 GOS9B G0609 G0624 DADRH 0008 50083 

COLORH 0008 R0048 F0092 FOl74 FOl81 F0242 F0298 F0306 F0351 F0359 F0442 DADRL 0000 50DBI 

F0467 G0036 G0196 G0397 GOS43 GOS65 GD5B9 G06!5 DADSH OOIB 50053 

COLORL OOOA R004S F0091 F0198 F0206 F0267 F0275 F0319 F0379 F0386 F0452 OAOSL 0010 50051 

F0473 G0035 GOl84 G0385 G0456 G0483 G0508 G053 I DADUPH 0008 50049 

cos 0027 00132 H0068 H0089 H0!35 HOl37 H0141 DADUPL 0000 50047 

CD5TBL OAAD M0068 H0067 DB 0036 R0\89 C0355 C0377 C0409 C045 I C0458 C0460 

CTLOOP 0918 HOOB3 H0145 OECDL Y OOF4 C0102 COOBB 

CTLRIH 003B SD061 E005 I EO I 0 I GOD2S G040B DELAY oooc CODBI cooso 
CTLRIL 0030 500S9 E0049 E0081 E0083 E0099 G0023 G0406 DELAY I OOEO CO DBS C0278 C0298 C032 l 

CTLR2H 004B S0065 EOOS5 EOD84 EOOB6 EOIOS G0029 G0412 DEL TA 052F F009S F0\06 

CTLR2L 0040 50063 E0053 EOOSB EO I 03 G0027 G0240 GD317 G041 0 DE MOO 02BO 00003 C0065 

CUBER OBFC HOO SS CDD71 DEMO! 0281 00007 C0066 

CUBER2 0902 H0061 DEM02 02FC 00125 C0067 

8l 
DEM03 0343 00195 CDD6B 
DEM04 03BF 003 l 3 C0069 

"' 
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DEMOS 0450 004SD CD070 LE3 OBAF G04BI G0420 
OH 0026 ROl39 GOOS I G0087 G0095 G0097 GO 100 GO I I 0 GO I 12 GO I 14 LE4 0887 G0495 G0421 
DL 0027 R0144 GOOB2 G0096 G0098 GO 111 GO 113 LES OBBC GOS06 G0422 
DOCOS 09S2 HOl3S H0132 LE6 OBC3 GOSl9 G0423 
DONE 0667 F040S F0!76 F0!84 F0201 F0209 F0217 F0223 F0249 F02S3 F0270 LE7 OBC7 GOS29 G0424 

F0278 F030! F0309 F0326 F0330 F03S4 F0362 F0381 F0389 LINE 0524 F0084 COI30 COI49 COJBB C0201 C0296 00040 00065 00092 00117 
F0397 F0403 F0444 F0448 F0455 F0470 F0476 00160 00187 00226 00253 00280 00305 00344 00376 00410 

DONE IL 0867 G0399 G0388 G0393 00442 00487 00516 00547 00576 l0052 L0066 LOOBO L0092 
DONE tu one G0t98 G0!87 GOl92 LOJ06 LOIZO L0134 L0148 L0164 L0178 l0192 l0204 
DPO ocsc P00!6 LINEC OIOF COl3S COOS3 
OP4 0200 QOOOB H0063 H0073 I 0041 J0045 KOOB I LOOP! 0734 G0!39 GOl99 
DP6 0300 ROOOB HOOS6 H0084 HO OBS H0086 L0040 LOOB2 L0093 L0094 LO I S2 LOOP2 0781 G0204 G0266 

l0194 LOOP3 07DC G0282 G0343 
ORR 0000 P0021 LOOP4 0829 G0348 G0400 
DSPPTS OOSF R0313 H0085 L0040 l0082 L0093 LOOPE 0824 G0342 G0281 
05PPTZ 0067 R0338 L0094 LOIS2 LOl94 LOOPX 0700 GOI03 GOl 17 
DUMMY 0020 A0042 A0026 A0028 A0030 A0034 A0036 A0038 A0040 A0042 LSBASE 0878 G0417 G0244 G032 I 
DU MONE 0008 coon COOS4 COOS6 COOS7 C0062 C0063 HTRX4 0973 J0044 HOl 10 
ox ooos R0030 C0411 C0463 C0470 C0472 FOi ii FOl25 FOI30 FOI34 F0137 NARROW 0830 G036S G0301 

F0140 FOl42 F0!44 F0413 F0416 F0432 NILPT 0728 G0\27 GOl28 
OXPOS 0673 F0419 F0414 NINE6 0045 R0234 80116 00142 00146 
DXR 0001 P0024 NPOI NT 0030 R0171 C0l56 COl60 C0165 C0176 COl95 
DY 0006 R0033 C0413 C0475 C0482 C0484 F0107 F0131 F0135 F0!36 F0138 NRHPTS 0047 R0240 H0056 H0084 H0086 

F04S9 NUHRBR 0071 R0369 H0078 K0066 
ELPSET 0100 C0341 C0060 NXTROT 09SC H0142 H0139 

N ENOTBL OB6C H0259 HOl31 H0138 01 INCi 059F F0202 F0193 
!" FELIP5 0688 G00!8 C022S C0276 C03 I 9 C0387 C0490 Ol INC2 OS88 FOl77 FOI66 

> FELP5C OIS8 C021 I COO SB O!OR4 OS6F F0149 

Cl 
FILL2 0693 F0445 F0438 OIXIYI OS84 F0218 F0210 

j;J FILLC 0063 POOSI E0046 E0062 021NCI OSC8 F0246 

"' F!VE6 0044 R0231 80114 00173 ootn 00216 00243 00268 0029S 00332 00366 02 INC2 0501 F0250 F0245 

[ 00398 00432 00473 00477 DOS04 DOS08 OOS33 DOS37 DOS64 020R3 OSBC F022S F0148 
OOS68 02XOY I OSOA F0263 

3 GREG ooos P0036 B002S 02XIYI 05E4 F0271 F0262 
12. HEBLH 0018 50019 031NCI 0611 F0323 

3 HEBLL 0010 50017 031NC2 0617 F0327 F0322 
0 HESYH 0008 500!S 03XOYI OSF6 F0294 g HESYL 0000 SOOl3 03XDY I 0600 F0302 F0293 
5· HLINE 066A F041 I FOI08 041NCI 06SF F0398 F0390 
~ HOZHI 068A F0438 F0447 F0454 04 INC2 064A F0382 F0371 
s;: H02LO 0699 F0449 F0436 04XOYO 0627 F0347 
:;· HSBLH 0028 S0023 04XDYI 063! F0355 F0346 

"' H58LL 0020 50021 OCT! OS72 FOl54 
s- HTOTH 0038 50027 OCT! HI OS79 F0165 F0200 F0208 F02\6 F0222 
0 HTOTL 0030 S002S OCT! Hl 05A9 F0210 F0169 
-l !MR 0004 P0033 80024 OCT! LO OS92 F0192 F0157 F0183 ;;: 
~ 

!NCR! 0008 R0039 F0139 F0167 F0202 F021 I F0246 F0263 F0294 F0323 F0347 OCT2 058F F0230 
N F0372 F0398 OCT2HI OSC4 F0240 F0248 F0277 
0 INCR2 0009 R0042 F0143 F0177 F0194 F0218 F0250 F0271 F0302 F0327 F0355 OCTZLO OSD7 F0261 F0232 F0252 F0269 N 
0 F0382 F039 I OCT3 OSEE F0282 F0226 

"' !NIT 0022 8001 l A0024 C0049 OCT3HJ 05F3 F0292 F0300 F0329 5. INTO 0002 A0026 OCT3LO 060A F0317 F0284 F0308 F0325 
-l INTI 0004 A0028 OCT4 0610 F0334 FOISO ;;: INTZ 0006 A0030 OCT4Hl 0624 F0345 F0388 (/> 
·~ LEO 0898 G0440 G0417 OCT4HL 0654 F0390 F0374 ,. 

LEI OBAO G0454 G0418 OCT4LO 0638 F0370 F0337 F0353 F036 \ F0396 F0402 0 
~ LE2 08A9 G0469 G0419 
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Cl ONE 0062 P0048 B0027 COO JO COOJ6 CO OBJ CO I 09 CO 128 CO 14 7 CO I 72 CO 186 RPTCNT 0400 HOOS! H0079 
il C0205 C0223 C0245 C0247 COJ59 C0417 RS8ASE 08B8 G0426 G0262 GOJJ9 .,, 
:r ONE6 002E ROl65 B0098 BOIOI 80103 BOI05 80107 80109 COl22 COl25 COIJ8 SAVARO 002F R016B C0263 C0282 COJ06 COJ25 COJ66 COJB8 C0436 C0491 00019 
~· COl40 C0142 COl44 COl57 COl59 COl68 COIB2 C0214 C0216 00041 00046 00066 00071 00093 00098 00118 00139 00161 

3 C0218 C0220 C0233 C0235 C0238 C0240 C0242 C0334 C0344 00166 00188 00207 00229 00234 00254 00259 00281 00286 .,, C0346 COJ4B COJ50 C0352 C0354 COJ56 COJ81 C0383 C0385 DOJ06 00323 00345 DOJ57 00377 DOJB9 0041 J D0423 D0443 

" C0398 C0400 C0402 C0404 C0406 CU408 C04 I 0 C04 I 2 C04 I 4 00462 00488 00493 0051 7 00522 00548 00553 005 77 H0083 
~ C04B7 D0022 DOOJ4 DOOJ6 DOOJ8 D0053 00061 D0074 DOOB6 H0143 
;; 00088 00090 00105 00113 00130 00133 00135 00154 00156 SAVAR2 006F ROJ63 LOOS! L0054 L0065 L0068 L0079 L0091 L0104 L0107 LOI 18 
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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 (DIA) converter for 
the control outputs to the plant. 

DIGITAL 
CONTROLLER 

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

I. 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 TMS320!0 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 
[l,21 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 

PLANT OR OUTPUTS 
SYSTEM TO BE 1---­

CONTROLLEO 

Figure 1. Digital Control System 

24. Control System Compensation and Implementation with the TMS320 IO 691 



IDEA/SYSTEM SPECIFICA TIOIS 

DIGIT AL CDITROL SYSTEM DESIGI PHASE, DISCRETE TRAISFER FUNCTIONS, 
STABILITY AIALYSIS, SIMULATION, ETC. 

!DIGITAL FILTER DESIGN AIDS FOR THE TMSJ2010) 

SYSTEM ARCHITECTURE DESIGN AND 
EVALUATIOI OF PROCESSOR PERFORMANCE 

(TMSJ2010 EVALUATION MODULE AND 
AIALOG INTERFACE BOARD) 

HARDWARE COIFIGURATION 
AND DEBUGGING 

ITMS32010 EMULATOR IXDS)[ 

SOFTWARE CONFIGURATION 
AND DEBUGGING 

!TMSJ2010 ASSEMBLER/LINKER, 
SOFTWARE LIBRARIES, 
TMSJ2010 SIMULATOR) 

SYSTEM BINDING PHASE, HARDWARE/SOFTWARE INTEGRATION 
ITMS32010 EMULATOR IXDSll 

Figure 2. Digital Control System Development Phases 

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

Among the non-Tl 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 structure<. 
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 

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

I. 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: 

where T is the sampling period. 

If more poles than zeroes exist, additional 
zeroes are added at z = -' I , 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: 

s = 
2 z-1 
T z+l 

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 (w0 /wp)s where 
w0 is the frequency to be matched in the digital 
transfer function and 

2 w0 T 
wp = T tan - 2 -

Bilinear transformation with frequency prewarping 
provides a close app;oximation to the analog compensator5 
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 differentialsl8, 
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the impulse-invariance method6, the step-invariance 
method 18, 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. IO 

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 = I. 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 

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, 
thew' -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. 7 

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-Point Arithmetic and Scaling 
Computation with the TMS32010 is based on the fixed­

point two's-<:omplement 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 ()()()() ()()()() ()()()() 

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 ()()()() ()()()() 

This number is in the Q 12 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 
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notation allows direct' representation of larger numbers. 
For implementing signal-processing algorithms, the 

Q 15 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 Ql2 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 Ql5 are multiplied, 
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 Ql5, the prcXtuct 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 Q 15 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 Q 15 
and Q 12 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 

00 

Ymax I Xmax I E I h(n) I 
n=l 

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 

characteristics of the correspondiny 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 representation of the compensator 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 
technique5. l0 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 !leviation 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 die roots oflow-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 number 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., Ql2). 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 Ql2 representation. The 
number 7.5 multiplied by itself gives the result of56.25, an 
overflow in Ql2. 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 Ql2 representation, the above 32-bit product 
is shifted left four bits and the left-most 16 bits are retained: 

1000.01 ()() 0000 0000 

The correct answer is 56.25, but the number stored in 
the Ql2 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 magnitude and consequently 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 noise'. 

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. 9 

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 
SOFfW ARE 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 
tum 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. 

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 JXplicitly 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-0rder 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 structurel2 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. 

D(z) 

Consider the second-order transfer function: 

NO + NI z-l + N2 z-2 _ ~ 
I + DI z 1 + D2 z 2 - E(z) 

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

x(n) e(n) - DI x(n-1) - D2 x(n-2) 

u(n) NO x(n) + NI x(n - I) + N2 x(n -2) 

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

olnl 29:,,::y 
-02 xln-21 M2 

ulnl 

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. 

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-0rder 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-0rder filter or compensator in a digital control 
system can be implemented either as a single section or as 
a combination of first- and second-0rder 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-0rder 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(z) = K D1(z) Dz(z) ... Dn(z) 

Each second-order block has the form: 

Dj(Z) = NO+ NI z-1 + N2 z-2 
1 +DI z-l + D2 z-2 

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. IO The ordering 
of the Di(z) also affects output noise due to quantization and 
whether or not limit cycles are present. IO 

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(z) =K + D1(z) + Dz(z) + ... + D0 (z) 

where the first-order blocks have the form: 

NO 
Di(z) = I + DI z-1 

and the second-order blocks have the form: 

NO+NJz-1 
Oj(Z) = I +DI z-l + D2 z-2 

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 .13 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 

Examples of structures used in digital control systems: 
compensators (lowpass filters), and notch filters are shown 
in Table I. 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 AID and DI 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 
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AID and Di A Conversions and 
Integrated Circuits 

The AID and Di 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 AID 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 AID 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 AID 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 AID 
wordlength in bits based on the resolution required within 
this range. 

Quantization noise is due to the quantization effect of 
the AID. 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 AID. This quantization noise may assume any value in 
the range - ql2 to + ql2 for a rounding converter or 0 to q 
for a truncating AID 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 

8·1 
MUX 

8-1 
MUX 

8-1 
MUX 

AID 

choice based on the maximum acceptable quantization level. 
The DI A converter wordlength should be chosen in a 

similar manner to choosing the AID wordlength by 
considering the dynamic range of the output signal. 

The effects of AID and DI 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 AID and DI 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 AID 
converter. Consequently, some external devices are needed 
to pre-filter (antialiasing filters), sample and hold the analog 
signals from each channel (SIH circuits), and multiplex the 
signals onto the AID 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 SIH 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 

4-1 
MUX 

FIFO 

AID FIFO 

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 AID 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. 

S/H 
ARRAY 

Figure 7. Data Acquisition System with 
Simultaneous Sampling 

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

INSTRUMENTATION 
AMPLIFIER 

ANALOG TO S/H ANO A/D 
MUX 

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

DI 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 AID and DIA 
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 ,,-law or A-law 
companding techniques. The µ-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-<:omplement 
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 o.f 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 tum 
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 AID converter .15.16 These two configurations are 
shown in Figure 8. 

ANALOG 
MUX 

INSTRUMENTATION 
AMPLIFIER 

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

In a multichannel data acquisition system with one AID 
converter, a designer must generate a sequence of timing 
signals to synchronize the S/H circuits, the analog 
multiplexer, the AID 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 AID for each 
channel. In this case, the timing-signal generation is simpler 
and the AID 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 

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 DIGIT AL 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 functions 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 µs). 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 Compemators and Notch Filters 

Compenaator/ 
Analog Trmsfer Function 

Digttal T..,.f., Function 
FHterE-.t lf1 = 4020 H:rJ 

Rate-Loop 
100 0.1244 11.0+ 1.0 z-11 

1st-Order G6 $:;;- 06 
1.0-0.99975 z , 

Compensator 

Rate-Loop 
1000 1s2+62.8S+3943J 754.1101 11.o-1.s&426 z-1 +0.9845 z-21 

2nd-Order G7 
S2+2512S+6.31x106 

07 
t.o-1.2ss z-1 +0.5474 z-2 

Compensator 

Rate-Loop 52+12 ... 1800)2 o.seen + 1.ea411 2-1 +o.ses11 z-2 
1800-Hz GS s•+ 2 ... l:OO S + (2x 1800)2 

08 
1.0+1.a3411 z-1 +0.93754 z-2 

Notch Filter 

Rate-Loop 52 + (2r 900)2 
o.sas2-o.212s1 z-1 +o.sas2 z-2 

900-Hz G9 
52+ ~ 5+(211" 900)2 

09 
1.0-0.21291 z-1 +0.67041 z-2 

Notch Filter 2.5 

Rate-Loop 52+(2'1' 560)2 
o.s2e1-1.1so21 z-1 +o.s2s1 z-2 

660-Hz G10 2 211" 560 
S+ 12 ... 56012 

010 
1.0-1.19021 z-1+0.8574Z-2 S+--

Notch Filter 5 

Rate-Loop $2+(2T 140)2 
o.97875-1.91083 z-1 +0.97875 z-2 

140.Hz G11 2 2T 140 
5+(2T 140)2 

011 
1.0-1.91083 z-1 +0.95751 z-2 s+--

Notch Filter 5 

Rate-Loop g2+(2T 120)2 
o.9811-1.92896 z-1 +0.9817 z-2 

120-Hz G12 S2+~ S+12T 12012 
012 

1.0-1.92896 z-1 +0.96339 z-2 
Notch Filter 5 

Rate-Loop $2+(2'11' 10012 
o.98467-1.94534 z-1 +0.98467 z-2 

100-Hz G13 2 2r 100 
S+l2r 100)2 

013 
1.0-1.94534 z 1 +0.96935 z 2 s+--

Notch Filter 5 

Position-Loop 
6.6 s + 45.54 6.60566-6.59434 z-1 

1st-Order G22 s 022 
1.0-Z 

, 
Compensator 

Position-Loop $2 + (2T 40Q)2 .. 
o.94471 -1.53204 z-1 +0.94471 z-2 

400-Hz G24 $2+~ S+(2T 400)2 
024 

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 AID and 
DI 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 AID 
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 r' 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 

AIALDG 

INPUTS -----i 

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 AID 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 exte1·nal 
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 
µs). This starts the AID 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: 

I. 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: 
I. A hybrid computer system was constructed 

TO SBP99B9 BUS 

ANALOG 
OUT 

Figure 11. Digital Controller Hardware Block Diagram [19) 
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Figure 12. Digital Controller Software Block Diagram (19] 

consisting of an analog-<:omputer 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-<:ommand 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 
AID 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 

Memory words 
53% 

words 

Execution 
73 µs 250 µs 29%. 

Time 

*Based on a 16-MHz (i.e., less than maximum) dock rate. 
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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 µ.s. 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 TMS320 l 0 was that of 
having eight inputs and eight outputs. Except for this 
restrictior, ·£he 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. 
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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, DIGIT AL COMPENSATOR 
DESIGN. 

Beginning with an analog prototype transfer function, 

S2 + 68.2 S + 3943 
G(s) = 1000 s2 + 2512 s + 6.31x106 

The sampling frequency to be used in converting to a digital equivalent is f 
T5 = 1/4020 s = 248.76 x 10-6 s). 

The characteristic equation of this analog transfer function is: 

s2 + 2512 s + 6.31 x 106 = o 

which fits the standard, second-order form: 

The natural frequency w0 = V 6.31 x lo6 = 2511.9713 rad/s 

4020 Hz (i.e., the sampling period 

To compensate for nonlinear mapping of analog-to-digital frequencies by the bilinear transformation method, the natural 
frequency is prewarped according to the formula: 

2 w0 T _ 2 2511.9713 ~248.76 x l0-6 = 2597 _03 rad/s 
wp =-:rtan-2- = 248.76x10-6 tan 

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 (w0 1Wp)s. It is therefore convenient to compute the ratio: 

2511.9713 
2597.03 

0.9672 

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

Gp(S) = 1000 
(0.9672 s)2 + 2512 (0.9672 s) + 6.31 x lo6 

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

= 1000 
s2 + 70.51 s + 4214.87 

s2 + 2597.16 s+ 6.75 x lo6 

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

s 2 z-1 
T z+l 
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This produces the discrete transfer function D(z). 

For the compensator, 

D(z) = Gp(s) I s = 1. z - I 
T z+l 

1000 
s2 + 70.51 s + 4214.87 

s2 + 2597.16 s+ 6.75x!06 
2 z-1 

s = 248.76x10-6 z+l 

After further computations, 

D(z) = 706.76 
1.0 - 1.9824z-l + 0.9826z-2 
1.0 - 1.2548 z -1 + 0.5474 z -2 

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+sT 
z = 2-sT = 

Therefore, at DC, G(O) = D(l). 

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

0.6249 
0.5072 

1.2321 

The final form of the digital equivalent transfer function _is: 

1.0 - 1.9824z-l + 0.9826z-2 
D(z) = 870·77 1.0 - 1.2548 z-1 + 0.5474 z-2 

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: 

900-Hz Notch Filter 

1800-Hz Notch Filter 

D(z) 
0.8352 - 0.2729 z-1 + 0.8352 ,-2 

1.0 - 0.2729 z- I + 0.6704 z -2 

0.9688 + 1.8341 z-1 + 0.9688z-2 
D(z) = 1.0 + 1.8341 z-I + 0.9375 z-2 

Other transfer functions (compensators, notch filters) can be implemented in identical fashion by expanding the data structure 
(filter coefficients and states) and maldng 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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0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 

* 
* 
* 
* 
* 

IDT 'RIG SYS·· 
OPT! ON DUNLST, TUNLST 

The program computes a few sections of the LOS 
Stabilization System Rate Loop. 

Constants 
* The constant SCALE relates to the scaling factor 
* through a relation: 
• scaling factor= 2 **SCALE lex. 4096 = 2 ** 12). 
* Scale constants 12 and 15 are available. 

0012 
0013 

OOOC :3CALE EQU 12 SCALING FACTOR (Q12) 

0014 
0015 0000 
0016 0000 0000 
0017 0001 0001 

* 
* 
MODE 
RATE 

Data rru~mr:•ry map 
DORG 0 
DATA $ 

0018 * 
DATA $ 

Coefficient table 
DATA $ 0019 0002 0002 N03 

0020 0003 000:3 N13 
0021 0004 0004 N23 

DATA $ 

DATA $ 

0022 0005 0005 
0023 0006 0006 
0024 0007 0007 
0025 0008 0008 
0026 0009 0009 
0027 OOOA OOOA 
0028 OOOB OOOB 
0029 oooc oooc 
0030 OOOD OOOD 
0031 OOOE OOOE 
0032 OOOF OOOF 
0033 0010 0010 
0034 0010 
0035 
0036 0011 0011 
0037 0012 0012 
0038 0013 001:3 
0039 0014 0014 
0040 0015 0015 
0041 0016 0016 
0042 0017 0017 
0043 0018 0018 
0044 0019 0019 
0045 0019 
0046 
0047 OO!A OO!A 
0048 0018 OOIB 
0049 
0050 OO!C OO!C 
0051 OO!D OO!D 
0052 001C 
0053 OO!D 
0054 OO!E OO!E 
0055 
0056 
0057 0000 

D13 
[123 
N02 
N12 
N22 
[112 
D22 
NO! 
Nil 
N21 
[Ill 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

D21 DATA 
COEFFS EQU 

$ 

$ 
$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$-1 
* State var table 
X03 DATA $ 

X13 
X23 
X02 
X12 
X22 
XO! 
X! 1 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

X21 DATA 
STATES EQU 

* 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$-1 

COMAND DATA $ 

OUTPUT DATA $ 

* MAX16 
MIN16 
MASKI 
MASK2 
ONE 

* 
* 

DATA 
DATA 
EQU 
E•~U 

DATA 

AORG 

$ 

$ 

MAX16 
MIN16 
$ 

() 

DATA MEM START ADRS 
AIB MODE 
AIB RATE 

FILTER #3 COEFF'S 

FILTER #2 COEFF'S 

FILTER #1 COEFF'S 

FILTER #3 STATES 

FILTER #2 STATES 

FILTER #1 STATES 

COMMAND INPUT 
SYSTEM OUTPUT 

MAX 2-COMPLEMENT NUM IN 16 BITS 
MIN 2-COMPLEMENT NUM IN 16 BITS 
MASK 
MASK 
ONE 
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0058 0000 F900 B START RESTART VECTOR 
0001 0021 

0059 * 0060 * Table in prog memor-y 
0061 0002 TABLE EQU $ 
0062 0002 OOOA DATA >A,)4DB AIB MODE AND RATE 
0063 0004 0000 DATA o,o,o,o,o FILTER #3 COEFF'S 
0064 0009 OD5D DATA 3421,-1118,3421,1118,-2746 900 HZ NOTCH FILTER 
0065 OOOE OF80 DATA 3968,7513,3968,-7513,-3840 1800 HZ NOTCH FILTER 
0066 0013 0000 DATA 0,0,0 FILTER #3 INITIAL STATES 
0067 0016 0000 DATA o,o,o 900 HZ NOTCH INITIAL STATES 
0068 0019 0000 DATA 0,0,0 1800 HZ NOTCH INITIAL STATES 
0069 001C 0000 DATA 0,0 COMMAND INPUT, SYSTEM OUTPUT 
0070 001E 7FFF DATA 32767,-32768 MAX AND MIN 16 BIT NUMBERS 
0071 0020 0001 DATA 1 ONE 
0072 0020 TBLEND EQU $-1 
0073 * 
0074 * 0075 * Initialize the system 
0076 0021 START EQU $ 
0077 0021 F800 CALL !NIT INITIALIZATION ROUTINE 

0022 0039 
0078 * 0079 * Wait on sample 
0080 0023 F600 WAIT BIOZ GET 

0024 0027 
0081 0025 F900 B WAIT 

0026 0023 
0082 * 0083 * Input sample 
0084 0027 GET EQU $ 
0085 0027 421A IN COMAND,PA2 INPUT COMMAND 
0086 0028 661A ZALS COMAND GET COMMAND 
0087 0029 781C XOR MASKl CORRECT AID FORMAT 
0088 002A 501A SACL COMAND UPDATE COMMAND 
0089 * 0090 * Pr-ocess sample 
0091 002B 2C1A LAC COMAND,SCALE LOAD SCALED COMMAND 
0092 002C 7010 LARK ARO,COEFFS ARO = PTR TO COEFF TABLE 
0093 0020 7119 LARK ARl,STATES ARl = PTR TP STATE VAR TABLE 
0094 002E F800 CALL FILTR2 1800 HZ NOTCH FILTER 

002F 0046 
0095 0030 F800 CALL FILTR2 900 HZ NOTCH FILTER 

0031 0046 
0096 * 0097 * Out put sample 
0098 0032 5C1B SACH OUTPUT;16-SCALE STORE OUTPUT 
0099 0033 661B ZALS OUTPUT GET OUTPUT 
0100 0034 7810 XOR MASK2 CORRECT FOR D/A FORMAT 
0101 0035 501B SACL OUTPUT UPDATE OUTPUT 
0102 0036 4A1B OUT OUTPUT,PA2 AND SEND IT OUT 
0103 * 0104 * Repeat the sequence 
0105 0037 F900 B WAIT GO GET NEXT SAMPLE 

0038 0023 
0106 * 0107 * 
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O!OE: 
0109 
0110 
0111 
0112 
0113 
0114 
0115 0039 
0116 003A 
0117 
0118 
0119 0038 
0120 003C 
0121 003D 
0122 003E 
0123 
0124 003F 
0125 0040 
0126 0041 

0042 
0127 
0128 
0129 0043 
01:30 0044 
0131 
0132 0045 
0133 
0134 
0135 
0136 
0137 
01:38 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 0046 
0153 
0154 
0155 0047 
0156 0048 
0157 0049 
0158 004A 
0159 004B 
0160 004C 
0161 
0162 
0163 004D 
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* 
* 

* 
* 

* 
* 0039 !NIT 

7F81 
7F8B 

* 
* 

6EOO 
6880 
701E 
7E20 
003F XFER 
6788 
101E 
F400 
003F 

* 
* 

4800 
4801 

* 
7F8D 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

0046 FILTR2 
6881 

* 
* 

6A90 
6D91 
6CAO 
6D91 
6C98 
6898 

* 
* 

FAOO 

System initialization routine. The routine initializes 
the TMS32010 and other system components. 
The C-3.l ling seq1Jence is: 
CALL !NIT 

Initialize the 32010 
EOU $ 

DINT DISABLE INTERRUPTS 
SOVM SET OVERFLOW MODE 

Initialize Data Memory 
LDPK 0 USE PAGE 0 
LARP 0 USE ARO 
LARK ARO, TBLEND-TABLE !NIT PTR TO END OF DATA 
LAC~: TBLEND !NIT PTR TO END OF TABLE 
EQU $ 

TBLR * XFER FROM PROG TO DATA MEM 
:3UB 
BANZ 

ONE 
XFER 

Inititialize AIB 
OUT MODE, PAO 
OUT RATE, PA3 

RET 

BUMP PTR DOWN 
GO XFER MORE 

AIB mode 
AIB RATE 

RETURN 

First and second order filter routine. Computes an IIR 
filter using Direct Form II algorithm 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 
ARO ptr to coeff table 
AR! ptr to state var table 
CALL FILTR2 
ACC scaled filter output 
ARO ptr to next set of coeff~s 
AR! ptr to next set of state var's 

EOU 
LARP 

Comp1Jt€' 
LT 
MPV 
LTA 
MPY 
LTA 
MAR 

Round, 
BLZ 

$ 

AR! 

inter-mediate 
*-,ARO 
*-,AR! 
*+,ARO 
*-,AR! 
*-
*-

USE AR! 

val rJe 
T=X2 
MPY X2*D2 
T=Xl, ACC=KU+X2*D2 
MPY Xl*Dl 
T=X2, ACC=KU+X2*D2+Xl*DI 
ARl=PTR TO XO 

store and check for intermediate overflow 
LBLl 0 CHECK FOR +I - RESULT 
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004E 0058 
0164 004F OBIE 
0165 0050 5C88 
0166 0051 !CIC 
0167 0052 FBOO 

1>053 005F 
0168 0054 661C 
0169 0055 5088 
0170 0056 F900 

0057 005F 
0171 0058 LBL!O 
0172 0058 !B!E 
0173 0059 5C88 
0174 005A !CID 
0175 005B FDOO 

005C 005F 
0176 005D 661D 
0177 005E 5088 
0178 * 
0179 * 
0180 005F LBL20 
0181 005F 68AO 
0182 0060 6D91 
0183 0061 7F89 
0184 0062 6B90 
0185 0063 6D91 
0186 0064 6B90 
0187 0065 6D91 
0188 0066 7F8F 
0189 * 

ADD 
SACH 
SUB 
BLEZ 

ZALS 
SACL 
B 

EQU 
SUB 
SACH 
SUB 
BGEZ 

ZALS 
SACL 

Compute 
EQU 
MAR 
MPV 
ZAC 
LTD 
MPV 
LTD 
MPV 
APAC 

ONE,SCALE-1 
*,16-SCALE 
MAX16,SCALE 
LBL20 

MAX16 

* 
LBL20 

$ 

ONE,SCALE-1 
*,16-SCALE 
MIN16,SCALE 
LBL20 

MIN16 

* 
filter output 
$ 

*+,ARO 
*-,ARI 

*-,ARO 
*-,ARI 
*-,ARO 
*-,ARI 

ROUND 
UPDATE INTERMEDIATE VAL 
SUBTRACT SCALED MAX POS NUMBER 
IF ACC<=O THEN NO OVERFLOW 

OVERFLOW, LOAD MAX POS NUMBER 
UPDATE INTERMEDIATE VALUE 
GO, COMPUTE OUTPUT 

ROUND 
UPDATE INTERMEDIATE VAL 
SUBTRACT SCALED MIN NEG NUMBER 
IF ACC)=O THEN NO OVERFLOW 

OVERFLOW, LOAD MIN NEG NUMBER 
UPDATE INTERMEDIATE VALUE 

USE ARO 
MPV X2*N2 
CLR ACC 
T=Xl, ACC=X2*N2, UPDATE X2 
MPV Xl*NI 
T=XO, ACC=X2*N2+X1*N1, UPDATE XI 
MPV XO*NO 
ACC=X2*N2+X1+Nl+XO+NO 

0190 * Check for output overflow 
0191 0067 FAOO BLZ LBL30 CHECK FOR +/- RESULT 

0068 0071 
0192 0069 OBIE 
0193 006A 5C1B 
0194 006B !CIC 
0195 006C FBOO 

006D 0079 
0196 006E 2C1C 
0197 006F F900 

0070 007A 

ADD 
SACH 
SUB 
BLEZ 

LAC 
B 

0198 0071 
0199 0071 1B1E 

LBL30 EQU 
SUB 

0200 0072 5C1B 
0201 0073 !CID 
0202 0074 FDOO 

0075 0079 
0203 0076 2C1D 
0204 0077 F900 

0078 007A 
0205 * 

SACH 
SUB 
BGEZ 

LAC 
B 

0206 0079 LBL40 EQU 
0207 0079 2C1B LAC 
0208 007A LBL50 EQU 
0209 007A 7F8D RET 
0210 * 
0211 * 
0212 END 

NO ERRORS, NO WARNINGS 

ONE,SCALE-1 
OUTPUT,16-SCALE 
MAX16,SCALE 
LBL40 

MAX16,SCALE 
LBL50 

$ 

ROUND 
UPDATE OUTPUT 
SUBTRACT SCALED MAX POS NUMBER 
IF ACC<=O THEN NO OVERFLOW 

OVERFLOW, LOAD MAX POS NUMBER 
GO, RETURN 

ONE,SCALE-1 ROUND 
OUTPUT,16-SCALE UPDATE OUTPUT 
MIN16,SCALE SUBTRACT SCALED MIN NEG NUMBER 
LBL40 IF ACC>=O THEN NO OVERFLOW 

MIN16,SCALE 
LBL50 

$ 

OUTPUT,SCALE 
$ 

OVERFLOW, LOAD MIN NEG NUMBER 
GO, RETURN 

RESTORE ACC 

RETURN 

24. Control System Compensation and Implementation with the TMS32010 715 



716 



TMS320 BIBLIOGRAPHY 

The following articles and papers have been published since 1982 regarding the Texas Instruments TMS320 Digital 
Signal Processors. They are listed here for readers who are interested in getting further information about these 
processors and their applications. 

1982 

1. K. McDonough, E. Caudel, S. Magar, and A. Leigh, "Microcomputer with 32-Bit Arithmetic Does High­
Precision Number Crunching," Electronics, Vol 55, No. 4, 105-10 (February 1982). 

2. T. Schalk and M. McMahan, "Firmware-Programmable µc Aids Speech Recognition," Electronic Design, 
Vol 30, No. 15, 143-7 (July 1982). 

3. S. Magar, R. Hester, and R. Simpson, "Signal-Processing µc Builds FFT-Based Spectrum Analyzer," 
Electronic Design, Vol 30, No. 17, 149-54 (August 1982). 

4. G. Farber, "Microelectronics-Developmental Trends and Effects on Automation Techniques," 
Regelungstechnik Praxis (Germany), Vol 24, No. 10, 326-36 (October 1982). 

5. K. McDonough and S. Magar, ''A Single Chip Microcomputer Architecture Optimized for Signal Processing,'' 
Electro/82 Conference Record (1982). 

6. S. Magar, "Trends ia Digital Signal Processing Architectures," Wescon/82 Conference Record (1982). 

7. L. Kaplan, "Signal Processing with the TMS320 Family," Midcon/82 Conference Record (1982). 

1983 

I. L. Dusek, T. Schalk, and M. McMahan, "Voice Recognition Joins Speech on Programmable Board," 
Electronics, Vol 56, No. 8, 128-32 (April 1983). 

2. R. Wyckoff, "A Forth Simulator for the TMS320 IC," Rochester Forth Applications Conference, 141-50 
(June 1983). 

3. R. Cushman, "Sophisticated Development Tool Simplifies DSP-Chip Programming," Electronic Design, 
Vol 28, No. 20, 165-78 (September 1983) 

4. W. Loges, "Digital Controls Using Signal Processors," Elektronik (Germany), Vol 32, No. 19, 51-4 
(September 1983). 

5. J. Elder and S. Magar. "Single-Chip Approach to Digital Signal Processing," Wescon/83 Electronic Show 
and Convention (November 1983). 

6. M. Malcangi, "VLSI Technology for Signal Processing. III," Elettronica Oggi (Italy), No. 11, 129-38 
(November 1983). 

7. P. Strzelcki, "Digital Filtering," Systems International (Great Britain), Vol 11, No. 11, 116-17 (November 
1983). 

8. J. So, ''TMS320 - A Step Forward in Digital Signal Processing," Microprocessors and Microsystems (Great 
Britain), Vol 7, No. 10, 451-60 (December 1983). 

APPENDIX: TMS320 BIBLIOGRAPHY 717 



9. W. Loges, "Higher-Order Control Systems with Signal Processor TMS320," Elektronik (Germany), 
Vol 32, No. 25, 53-5 (December 1983). 

10. A. Kumarkanchan, "Microprocessors Provide Speech to Instruments," Journal of Institute of Electronic 
and Telecommunication Engineers (India), Vol 29, No. 12 (December 1983). 

II. D. Daly and L. Bergeron, "A Programmable Voice Digitizer Using the TI TMS320 Microcomputer," 
Proceedings of IEEE International Conference on Acoustics, Speech and Signal Processing (1983). 

12. L. Morris, "A Tale of Two Architectures: TI TMS320 SPC vs. DEC Micro/J-11," Proceedings of IEEE 
International Conference on Acoustics, Speech and Signal Processing (1983). 

13. L. Pagnucco and D. Garcia, "A 16/32 Bit Architecture for Signal Processing," Mini/ Micro West 1983 Computer 
Conference and Exhibition (1983). 

14. L. Adams, "TMS320 Family 16/32-Bit Digital Signal Processor, an Architecture for Breaking Performance 
Barriers," Mini/Micro West 1983 Computer Conference and Exhibition (1983). 

15. C. Erskine, "New VLSI Co-Processors Increase System Throughput," Mini/Micro Midwest Conference Record 
(1983). 

16. R. Simar, "Performance of Harvard Architecture in TMS320," Mini/Micro West 1983 Computer Conference 
and Exhibition (1983). 

17. W. Gass, "The TMS320 IO Provides Speech 1/0 for the Personal Computer," Mini/ Micro Northeast Electronics 
Show and Convention (1983). 

18. J. Potts, "A Versatile High Performance Digital Signal Processor," Ohmcon/83 Conference Record (1983). 

19. A. Holck, "Low-Cost Speech Processing with TMS32010," Midcon/83 Conference Record(l983). 

20. S. Mehrgardt, ''Signal Processing with a Fast Microcomputer System,'' Proceedings of Eusipco-83 Second 
European Signal Processing Conference, Netherlands (1983). 

21. H. Strube, R. Wilhelms, and P. Meyer, "Towards Quasiarticulatory Speech Synthesis in Real Time," 
Proceedings of Eusipco-83 Second European Signal Processing Conference, Netherlands (1983). 

22. R. Blasco, "Floating-Point Digital Signal Processing Using a Fixed-Point Processor," Southcon/83 Electronics 
Show and Convention (1983). 

23. W. Gass and M. McMahan, "Software Development Techniques forthe TMS320," Southcon/ 83 Electronics 
Show and Convention (1983). 

24. L. Kaplan, "Flexible Single Chip Solution Paves Way for Low Cost DSP," Northcon/83 Electronics Show 
and Convention (1983). 

25. J. Potts, "New 16/32-Bit Microcomputer Offers 200-ns Performance," Northcon/83 Electronics Show and 
Convention (1983). 

26. R. Dratch, "A Practical Approach to Digital Signal Processing Using an Innovative Digital Microcomputer 
in Advanced Applications," Electro '83 Electronics Show and Convention (1983). 

27. L. Kaplan, "The TMS32010: A New Approach to Digital Signal Processing," Electro '83 Electronics Show 
and Convention (1983). 

718 APPENDIX: TMS320 BIBLIOGRAPHY 



1984 

I. 0. Ericsson, "Special Processor Did Not Meet Requirements - Built Own Synthesizer," Elteknik Aktuell 
Elektronik (Sweden), No. 3, 32-6 (February 1984). 

2. S. Mehrgardt, "General-Purpose Processor System for Digital Signal Processing," Elektronik (Germany), 
Vol 33, No. 3, 49-53 (February 1984). 

3. H. Strube, "Synthesis Part of a 'Log Area Ratio' Vocoder Implemented on a, Signal-Processing 
Microcomputer," IEEE Transaction on Acoustics, Speech and Signal Processing, Vol ASSP-32, No. 1, 183-5 
(February 1984). 

4. E. Catier, "Listening Cards or Speech Recognition," Electronique Industrielle (France), No. 67, 72-6 (March 
1984). 

5. J. Bucy, W. Anderson, M. McMahan, R. Tarrant, and H. Tennant, "Ease-of-Use Features in the Texas 
Instruments Professional Computer," Proceedings of IEEE. Vol 72, No. 3, 269-82 (March 1984). 

6. S. Magar, "Signal Processing Chips Invite Design Comparisons," Computer Design, Vol 23, No. 4, 179-86 
(April 1984). 

7. S. Mehrgardt, "32-Bit Processor Produces Analog Signals," Elektronik (Germany), Vol 33, No. 7, 77-82 
(April 1984). 

8. M. Hutchins and L. Dusek, "Advanced !Cs Spawn Practical Speech Recognition," Computer Design, Vol 
23, No. 5, 133-9, (May 1984). 

9. R. Cushman, "Easy-to-Use DSP Converter !Cs Simplify Industrial-Control Tasks," Electronic Design, Vol 
29, No. 17, 218-28 (August 1984). 

10. P. Rojek and W. Wetzel, "Multiprocessor Concept for Industrial Robots: Multivariable Control with Signal 
Processors," Elektronik (Germany), Vol 33, No. 16, 109-13 (August 1984). 

11. D. Lee, T. Moran, and R. Crane, "Practical Considerations for Estimating Flaw Sizes from Ultrasonic Data,'' 
Materials Evaluation. Vol 42, No. 9, 1150-8 (August 1984). 

12. P.K. Rajasekaran and G.R. Doddington, "Real-Time Factoring of the Linear Prediction Polynomial of Speech 
Signals," Digital Signal Processing-1984: Proceedings of the International Conference, 405-10 (September 
1984). 

13. A. Casini, G. Castellini, P.L. Emiliani, and S. Rocchi, "An Auxiliary Processor for Biomedical Signals 
Based on a Signal Processing Chip," Digital Signal Processing - 1984: Proceedings of the International 
Conference, 228-32 (September 1984). 

14. Keun-Ho Ryoo, "On the Recent Digital Signal Processors," Journal of Korean Institute of Electrical 
Engineering (Korea), Vol 33, No. 9, 540-9 (September 1984). 

15. G. Pawle and T. Faherty, "DSP/Development Board Offers Host Independence," Computer Design, Vol 
23, No. 12, 109-16 (October 15, 1984). 

16. V. Kroneck, "Conversing with the Computer," Elektrotechnik (Germany), Vol 66, No. 20, 16-18 (October 
1984). 

APPENDIX: TMS320 BIBLIOGRAPHY 719 



17. M. Malcangi, "Programmable VLSI's for Vocal Signals," Electronica Oggi (Italy), No. 10, 103-13 (October 
1984). 

18. G. Gaillat, "The CAPITAN Parallel Processor: 600 MIPS for Use in Real Time Imagery," Traitement 
de Signal (France), Vol 1, No. 1, 19-30 (October-December 1984). 

19. W. Loges, "A Code Generator Sets up the Automatic Controller Program for the TMS320," Elektronik 
(Germany), Vol 33, No. 22, 154-8 (November 1984). 

20. H. Volkers, "Fast Fourier Transforms with the TMS320 as Coprocessor," Elektronik (Germany), Vol 33, 
No. 23, 109-12 (November 1984). 

21. R. Schafer, R. Mersereau, and T. Barnwell, "Software Package Brings Filter Design to PCs," Computer 
Design, Vol 23, No. 13, 119-25 (November 1984). 

22. W. Gass and M. Arjmand, "Real-Time 9600 Bits/sec Speech Coding on the TI Professional Computer," 
Proceedings of IEEE International Conference on Acoustics, Speech and Signal Processing (1984). 

23. M. Dankberg, R. Iltis, D. Saxton, and P. Wilson, "Implementation of the RELP Vocoder Using the TMS320," 
Proceedings of IEEE International Conference on Acoustics, Speech and Signal Processing ( 1984). 

24. A. Holck and W. Anderson, "A Single-Processor LPC Vocoder," Proceedings of IEEE International 
Conference on Acoustics, Speech and Signal Processing ( 1984). 

25. B. Bryden and H. Hassanein, "Implementation of Full Duplex 2.4 kbps LPC Vocoder on a Single TMS320 
Microprocessor Chip," Proceedings of IEEE International Conference on Acoustics, Speech and Signal 
Processing (1984). 

26. S. Magar, "Architecture and Applications of a Programmable Monolithic Digital Signal Processor - A Tutorial 
Review," Proceedings of IEEE International Symposium on Circuits 1.md Systems (1984). 

27. E. Fernandez, ''Comparison and Evaluation of 32-Bit Microprocessors,'' Mini/ Micro Southeast Computer 
Conference and Exhibition (1984). 

28. J. Perl, "Channel Coding in a Self-Optimizing HF Modem," International Zurich Seminar on Digital 
Communications; Applications of Source Coding, Channel Coding and Secrecy Coding: Proceedings, 101-6 
(1984). 

29. D. Quarmby (Editor), Signal Processor Chips, Granada, England (1984). 

30. W. Loges, "Signal Processor as High-Speed Digital Controller," Elektronik Industrie (Germany), Vol IS, 
No. 5, 30-2 (1984). 

31. R. Mersereau, R. Schafer, T. Barnwell, and D. Smith, "A Digital Filter Design Package for PCs and 
TMS320," Midcon/84 Electronic Show and Convention (1984). 

32. J. Bradley and P. Ehlig, "Applications of the TMS32010 Digital Signal Processor and Their Tradeoffs," 
Midcon/84 Electronic Show and Convention (1984). 

33. R. Steves, "A Signal Processor with Distributed Control and Multidimensional Scalability," Proceedings 
of IEEE National Aerospace and Electronics Conference (1984). 

720 APPENDIX: TMS320 BIBLIOGRAPHY 



34. N. Morgan, Talking Chips, McGraw-Hill (1984). 

35. V. Vagarshakyan and L. Gustin, "On a Single Class of Continuous Systems - A Solution to the Problem 
on the Diagnosis of Output Signal Characteristics Recognition Procedures," IZV. AKAD. NAUK ARM. SSR, 
SER. TEKH. NAUK (USSR) Vol 37, No. 3, 22-7. (1984). 

36. T.R. Myers, "A Portable Digital Speech Processor for an Auditory Prosthesis," Wescon/84 Conference 
Record (1984). 

37. J. Bradley and P. Ehlig, "Tradeoffs in the Use of the TMS32010 as a Digital Signal l'rocessing Element," 
Wescon/84 Conference Record (1984). 

38. D. Garcia, "Multiprocessing with the TMS32010," Wescon/84 Conference Record (1984). 

1985 

1. C. Erskine, S. Magar, E. Caudel, D. Essig, and A. Levinspuhl, "A Second-Generation Digital Signal Processor 
TMS32020: Architecture and Applications," Traitement de Signal (France), Vol 2, No. I, 79-83 (January­
March 1985). 

2. V. Milutinovic, "4800 Bit/s Microprocessor-Based CCITT Compatible Data Modem," Microprocessing 
and Microprogramming, Vol 15, No. 2, 57-74 (February 1985). 

3. S. Magar, D. Essig, E. Caudel, S. Marshall and R. Peters, "An NMOS Digital Signal Processor with 
Multiprocessing Capability,;, Digest of IEEE International Solid-State Circuits Conference (February 1985). 

4. S. Magar, E. Caudel, D. Essig, and C. Erskine, "Digital Signal Processor Borrows from µ.P to Step up 
Performance," Electronic Design, Vol 33, No. 4, 175-84 (February 21, 1985). 

5. S. Magar, S.J. Robertson, and W. Gass, "Interface Arrangement Suits Digital Processor to Multiprocessing," 
Electronic Design, Vol 33, No. 5, 189-98 (March 7, 1985). 

6. G. Kropp, "Signal Processor Offers Multiprocessor Capability," Elektronik (Germany), Vol 34, No. 6, 
53-8 (March 1985). 

7. P. Mock, "Add DTMF Generation and Decoding to DSP-µ.P Designs," Electronic Design, Vol 30, No. 
6, 205-20 (March 1985). 

8. C. D. Crowell and R. Simar, "Digital Signal Processor Boosts Speed of Graphics Display Systems," Electronic 
Design, Vol 33, No. 7, 205-9 (Match 1985). 

9. K. Lin and G. Frantz, ''Speech Applications with a General Purpose Digital Signal Processor,'' IEEE Region 
5 Conference Record (March 1985). 

10. G. Frantz and K. Lin, "The TMS320 Family Design Tools," Proceedings of Speech Tech 85, 238-40 (April 
1985). 

11. M. McMahan, "A Complete Speech Application Development Environment," Proceedings of Speech Tech 
85, 293-95 (April 1985). 

12. J. Reimer, M. McMahan and M. Arjmand, "ADPCM on a TMS320 DSP Chip," Proceedings of Speech 
Tech 85, 246-49 (April 1985). 

APPENDIX: TMS320 BIBLIOGRAPHY 721 



13. W.J. Christmas, "A Microprocessor-Based Digital Audio Coder and Decoder," International Conference 
on Digital Processing of Signals in Communications, No. 62, 22-26 (April 1985). 

14. P. Ehlig, "DSP Chip Adds Multitasking Telecomm Capability to Engineering Workstation," Electronic Design, 
Vol 33, No. 10, 173-84 (May 2, 1985). 

15. W.W. Smith, Jr., "Agile Development System, Rururing on PCs, Builds TMS320-Based FIR Filter," Electronic 
Design, Vol 33, No. 13, 129-38 (June 6, 1985). 

16. R.H. Cushman, "Third-Generation DSPs Put Advanced Functions On-Chip," EDN, Vol 30, No. 16, 58-68 
(July 11, 1985). 

17. K. Lin and G. Frantz, ''Speech Applications Created by a Microcomputer,'' IEEE Potentials (December 1985). 

18. C. Erskine and S. Magar, ''Architecture and Applications of a Second-Generation Digital Signal Processor,'' 
Proceedings of IEEE International Conference on Acoustics, Speech and Signal Processing (1985). 

19. J. Reimer and A. Lovrich, "Graphics with the TMS32020," Wescon/85 Conference Record (1985). 

20. H. Hassanein and B. Bryden, "Implementation of the Gold-Rabiner Pitch Detector in a Real Time Environment 
Using an Improved Voicing Detector,'' Proceedings of IEEE International Conference on Acoustics, Speech 
and Signal Processing, Vol ASSP-33, No. I, 319-20 (1985). 

21. T. Fjallbrant, ''A TMS320 Implementation of a Short Primary Block ATC-System with Pitch Analysis,'' 
International Conference on Digital Processing of Signals in Communications, No. 62, 93-96 (1985). 

722 APPENDIX: TMS320 BIBLIOGRAPHY 



INDEX 

The following topics are included in the application reports or articles and are referenced by the section numbers used 
in this book. 

KEYWORDS SECTION NUMBERS KEY WORDS SECTION NUMBERS 

A F 

adaptive predictive coder 21 FIR (Finite Impulse Response) 
adaptive predictor 17 filter 
adaptive transversal filter 15 FFT (Fast Fourier Transform) 4 
ADPCM (Adaptive Predictive floating point 6, 7, 17 

Pulse-Code Modulation) 14, 17 
AIB (Analog Interface Board) 2, 3 G 
analog interface 14 
ASP! (Atlanta·Signal Processors graphics 9, 13, 23 

Inc.) 2, 3, 18 gyro 24 
assembler/linker 2 
autocorrelation 20, 21 H 

B hands-free telephone 14 
hardware interface: 

Bell Laboratories DSP I 21 AID and D/A II, 14 
butterfly (FFT) 4 asynchronous inputs 10 

codec II, IZ, 14 
c DRAM 12 

EPROM 12 
codec 5, 14 external memory 11, 14 
companding 5, 14, 15, 17 interface chip 11 
compensator 24 microcomputer (MC68000) 13 
computer/peripherals 20, 21, 22, 23, 24 PROM 12, 14 
control 24 RAM 11 
controller 24 ROM 11 

SRAM 12 
D UART 12 

hardware tools: 
data decryption 16 AIB 2 
data encryption 16 emulator 2 
development tools 2 EVM 2 
DFDP (Digital Filter Design ordering information/part 

Package) 2, 3 numbers 2 
DFT (Discrete Fourier host interface 13, 14 
Transform) 4, 19 host-peripheral processing 13 

digital control 24 
digital filter 2, 3 
DSP textbooks 2 
DTMF (Dual-Tone Multiple IIR (Infinite Impulse Response) 

Frequency) 14, 19 filter 3 
dynamic time warping 22 imaging 9, 23 

interface (refer to hardware 
E interface) 

echo cancellation 15 
echo estimation 15 
emulator (XDS) 2 
encryption 16 
EVM (Evaluation Module) 2 

INDEX 723 



KEY WORDS SECTION NUMBERS KEY WORDS SECTION NUMBERS 

L speech coders: 
AD PCM 17 

lattice filter 20, 21 APC 21 
line-drawing algorithm 23 LPC 20 

linker 2 sub band 18 
LPC (Linear Predictive Coding) 20, 21, 22 speech detection 15 

speech recognition 22 

M standards: 
CCI TT 14, 15, 17 

matrix multiplication 9, 23 FCC 14 
MC68000 13 IEEE 6, 7 
multiprocessing 13 NBS 16 

subband coder 18 
N 

T 
NEC µPD7721 21 
notch filter 24 telecommunications 14, 15, 16, 17, 

18, 19 
p telephone test set 14 

third-party support 2 
Pacific Microcircuits Ltd. II three-D rotation 9, 23 
parallel/serial interface 14 TMS320 family 2 
pattern matching 22 TMS32010 2, 3, 5, 6, 8, 9, 
PBX/TDM 14 10, 11, 14, 16, 
PCM (Pulse Code Modulation) 5, 14, 17 17/l8, 19, 20, 
pitch tracking 20, 21 21, 22. 24 

TMS32010-25 2 
R TMS320CIO 

TMS32011 
radix 4 TMS32020 2, 3, 4, 5, 7, 9, 
recognition 22 12, 13, 15, 23 
rotation (graphics) 23 TMS320C25 2 
RTC (Regional Technology TMS34061 23 
Center) 2 tools 2 

two/four (2/4) hybrid wire 
s transformer connection 14 

secure communication 16, 20 v 
serial/parallel interface 14 
simulator 2 video 23 
sine-wave generation 8 vocoder architecture 21 
software library 2 VRAM (Video RAM) 23 
software tools: VSC (Video System Controller) 23 

assembler/linker 2 
ordering information/part w 
numbers 2 
simulator 2 waveform generation 8 
software library 2 

724 INDEX 



TI Sales Offices 
BELGIB/BELGIQUE 
N.V. Texas Instruments Belgium S.A. 
Mercure Centre 
Raketstraat, 100, Rue de la Fusee 
1130 Brussel/Bruxelles 
Tel, (02) 720 BO 00 
Telex , 61161 TEXBEL 

DANMARK 
Texas Instruments A/S 
Marielundvej 46E 
2730 Herlev 
Tel, (02) 917400 
Telex' 35123 TEXIN 

DEUTSCHLAND 
Texas Instruments 
Deutschland GmbH. 
Haggertystr. 1 
8050 Freising 
Tel, 08161/80-4002 
Telex: 526529 

Kurfustendamm 195· 196 
1000 Bedin 31 
Tel, 030/8 82 73 65 

Frankfurter Allee 6-8 
6236 Eschborn 
Tel, 06196/BO 70 

EIRE 
Texas Instruments (Ireland) 
Brewery Road 
Stillorgan 
Co. Dublin 
Tel, (01) 8313!1 

ESPANA 
Texas Instruments Espada S.A. 
C/Jose Lazaro Galdiano No. 6 
2B036 Madrid 
Tel' (I) 4581458 
Telex' 23634 

FRANCE 
Texas Instruments France 
S..10 Avenue Morane Saulnier 
78141 Velizy-Villacoublay Ced.ex 
Tel, (!) 39 46 97 12 
Telex , 698707 F 

HOLLAND 
Texas Instruments Holland B.V. 
Hogehilweg 19 
Postbus 12995 
1100 AZ Amsterdam-Zuidoost 
Tel, (020) 5602911 
Telex' l2196 

ITALIA 
Texas Instruments Italia S.p.A. 
Divisione Semiconduttori 
Nucleo Industriale 
Viale Delle Scienze, 1 
02015 Cittaducale (Rieti) 
Tel, (0746) 6941 
Telex, 611003 TISIT 1 

NORGE 
Texas Instruments Norge A/S 
PB 106 
Refstad (Sinsenveien 53) 
0585 Oslo 5 
Tel, (02) 155090 

OSTERREICH 
Texas Instruments Ges.mbH. 
Hietzinger·Kai 101-105 
A-1130 Wien 
Tel, 0222/9100-0 
T el ex ' 136 796 

PORTUGAL 
Texas Instruments Equipamento 
Electronico (Portugal) LDA. 
R. Eng. Frederico Ulrich, 2650 
Moreira Da Maia 
4470 Maia 
Tel, (2) 948 1003 
Telex ' 22485 

SCHWEIZISUISSE 
Texas Instruments Switterland AG 
Riedstra& 6 
CH-8953 Dietikon 
Tel, (01) 740 22 20 
Tel ex , 825 260 TEXlN 

SUOMI FINLAND 
Texas Instruments OY 
Ahertajantie 3 
P.O. Box 81, 
0201 Espoo 
Tel, (90) 0-461-422 
Telex, 121457 

SVERIGE 
Texas Instruments 
International Trade Corporation 
(Sverir:efilialen) 
Norra Hamnvagen 3 
BOX 39103 
100 54 Stockholm 
Tel, (08) 2354BO 
Telex' 10377 

UNITED KINGDOM 
Texas Instruments Ltd. 
Manton Lane, 
Bedfotd, MK 41 7PA 
Tel, (0234) 67466 
Telex, 82178 

Technical Enquiry Service 
Tel, (0234) 223000 

TI Regional 
Technology Centres 
DEUTSCHLAND 
Texas Instruments 
Deutschland Gm.bH. 
Haggertystra& 1 
8050 Freising 
Tel, 08161/B0-4002 

TEXAS. 
INSTRUMENTS 

Kirchhorstcrstral.!.e 2 
3000 Hannover 51 
Tel, 0511/64 BO 21 

lll. Hagen 43/Kibbelstraf!e 19 
4300 Essen 1 
Tel, 0201124 25-0 

Maybachstr. 11 
7302 Ostfildern 2/Nellingen 
Stuttgart 
Tel, 0711134 03-0 

FRANCE 
Centre de Technologie 
Texas Instruments France 
8-10 Avenue Morane Saulnier 
78141 Yelizy· Villacoublay Cedex 
Tel, (1) 39 46 97 12 
Telex ' 698707 F 

Texas Instruments France 
Boite Postale 5 
06270 Villeneuve-Loubet 
Tel, 93 20 01 01 
Telex' 470127 F 

HOLLAND 
Texas Instruments Holland B. V. 
Hogehilweg 19 
Postbus 12995 
1100 AZ Amsterdam-Zuidoost 
Tel, (020) 5602911 
Telex' 12196 

ITALIA 
Texas Instruments Italia S.p.A. 
Divisione Semiconduttori 
Nucleo Industriale 
Viale Delle Scienze, 1 
02015 Cittaducale (Rieti) 
Tel , (0746) 6941 
Telex, 611003 TISIT I 

Texas Instruments Italia S.p.A. 
Divisione Semiconduttori 
Viale Europa 40, 
20093 Cologne Monzese (Mila.no) 
Tel , (02) 25300 1 
Telex, 332633 MITEX 1 

SVERIGE 
Texas Instruments 
International Trade Corporation 
(Sverigefilialen) 
Norra Hamnvagen 3 
BOX 39103 
100 54 Stockholm 
Tel, (08) 2354BO 
Hotline ' (08) 615448 

UNITED KINGDOM 
Texas Instruments Ltd. 
Regional Technology Centre 
Manton Lane, 
Bedfmd, MK41 7PA 
Tel, (0234) 67466 
Telex' 82178 
Technical Enquiry Service 
Tel, (0234) 223000 





NOTES 








