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Abstract

Computerized Numerical Controller (CNC) Is now widely use and play important roles in
industrial machine control system. The high speed operation, high accuracy and high
performance are some of the advantages of the CNC. Since the execution of CNC is done
through the instruction program which easily changed by the user, then the operation of
the controlled machine can be simple modified. However, most of the CNC available Is
still expensive because it must be imported from abroad.

This thesis presents the design and development of CNC machine using components
available in Thailand. The application to the lathe machine is introduce as a case study.
The accuracy of the designed and developed CNC is better than 100 micron, which Is
suitable for moderate precision of the work that not requires such high accuracy.
In addition, the execution of CNC under the basic instruction program is achieved.

The operation of the lathe machine can be changed In accordance with the change of
control program of CNC. And as it should be, the designed and developed CNC can be

interfaced with the another peripheral equipment as well as the industrial type. Since, the
software can be modified by the user easily, therefore the developed CNC can be satisfied

by the user, while the. imported CNC have a limitation on software development.
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b X(Z)

y(x)

ax = 1o, sing Al = R, sng
Ay = fc . CO88 Al = R, cosg
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AG. I PROGRAMMED 7
a-b Al + ax Al + ay
c—d Al — Ax A) - ay
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1 = |2+ J2 + k2
cosa = I/(I2 +)2 + k2)
= |
cosb = j/V(i2 + ]2+ k2)

cosqc = k/(i2+ ]2 +k2)
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Tsunsudfinanuausiszassmudsdygansal ; SnaTaniy  uszlanwudyyansol
% Twgasiuilu Tape End #m3UsWE LF (LineFeed) asldnusznitsufonlysunsuudas
ufien  §IUN1AIIU EIA 3159F ER (End of Roll) dnumaiTuduusziugavaaiduny
uazld ; dnTuauszwinsudenldsunsu
il— ) e S ot =) ] . J <) 1 Jl‘— - J &
laomly  fujsfewezlsllsunsundnidudulng  asmnifiudmnasbiiaTasing
, & ol v ' ¢ o . e -t o '
Maumuruaeuiidains dudanumahsundsgawnsndunldannlysunsubas use
J [l -t L » & A ! b
- 1fia CNC vimamuldsunsudesGoufosusd  zndudrgnsvihaupaslusunsundnlay

ﬁ'ﬂ'[mﬁﬁagﬂﬁ' 3.10



30

1

Main program Subprogram
Information 1 Information 1
Information 2 Information 2

|
|
1
|
“Ioliow the informajijon
{he subprogram
Information n

Informationn+ 1

Return to main program

J - ¥ 1 bt ]
31]71 3.10 uaaInIfndeTeninslysunsunanusslsunsutay

L o » ol J ‘J
3.1.4.2 Tusunsutoy (Subprogram) wwidwiny  #lazesdiedozdf 3.11  lunidia
ANBMEYIEAUTUMIMIIMTaIATaIdnT UM TuNTEUimInTsindr g fu mMIngUfua
A e J- A z J M & 5 [)
mua:aﬂﬂﬂmnmwannuémumsﬁwmmunnwmaum‘hc] nu ndumsgannlu
\d ' [ : '> Jd 1 o & Iy -
maudlydaysdn 9 usnifuniiuwfesminanudndaguss CNC  aasudrdunns
¥ “ Y o - -~ ol « ' al '
Yhaudi 9 nudeeady Syenvdsraunisvauitasn a:gnuumﬂuTﬂmnwuaum‘mag
& a - [ Y L [
Wldsunsunan  usemusnSonlfwlalaslusunsundnifadasnmslEdrdumarieu
& - 1 ¢ ¢ ‘1 L + a - -t J- [ -t
w% 9 datnveslusunsudeumdilaun msadandsaluiunag niimsdainisanaua
o -~ oy ¥ -l v o~ ol
wllsunsunanewmndonlilisunsudesldviuiindens Sagun 3.12
Tunsdilusunsubanuwdumny wisdnsnulusunsudendrnulysunsundnuwdum
' -~ . & v “~ e R ' . a~
Tunsudesuwsumndinguuazldmslandsnngnla llumiasanuidmi - pan
' - - & + - & . . ' v e -
Program raudsazmunioonididunlsld daiulusunsudasdasliaaunsoldiuadas
aunudaay (Nc) ld :



31

< % : ( )

Leader Program . —l—— Comment !

\ Scetion (if necessary)

Tape Start Program Start

Program 1
Section l \
Subprogram End \
Tupe End
31]“(1" 3.11 lsunsutay
Main program Subprogram

NOO10 A \ 010103 3
NQ020 ! N1020 :
NOO30M98P1010L2; N1030 :
NO040 g N1040 ;
NOO50M98P1010; N1050 —
N0O060 s N1060 ———— M99;

J & () ¥ & A et ()
:S‘ﬂYI 3.12 maLm'uagammmnﬁmnlﬁ’[ﬂmnmmnuaﬂﬂmnwuau

dJ L4 LY o - [] A J A
lummmaammn“lwagalu‘[ﬂmnwnanmahbunmuau ﬂaom:ﬂﬂﬂumwaga

) ] 8 A' + »
mnmﬂ'[ﬂmnm‘lﬂgnmun‘nuéwao CNC 9In%% CNC tTuamlvsunsuainidumy

A L) ] ] v : J & :
whgnkanuiizes  CNC migmldsunaumnadumlrivgalenuiaiuge
Tusunsy (%) '

3.1.5 @ umyuasIdauwEwIny

hedl - Aot N J » W ™

iwinJuszInalUsunInumdwndnizasingt19au munroildlasnaienzg

L4 &~ - v > & J [ e - A 5 L & y

auwidwnd  siauwdumlazlsznsudae siafiluasy @adnys  uszduysneol
-~ ) J J ] -~ J ~
AN 9 Tehwuinagianafia RS 244 usz RS 358 JU 3.13 urmifladnbuzyal
(Friny



WHEN TAPE IS EDGE >
GUIDED USE THIS EDGE

"1.000 4,003
TAPE WIDTH
CUMULATIVE
ERROR
UPTO £,01 IN1"

+ "
DIRECTION OF UP TO =.025 IN 3
TAPE FEED

HOLE
NUMBERING ALL SPECIFICATIONS
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31]'(1 3.14 uamumnua:gumumu
Lo v “ & G » J & -t
TARUUTUINYUDINRY (ROW) WINURNIBNBT (Character) 16‘!“%46’”9”1&1 "ﬂau

.
ATUNNLAIT

1. $OnwIla 9 1 aons
aavla 9 1 nan (Digit)

P - < -
lﬂiaﬁllﬁﬂdﬂ‘i”'lmﬂmﬂﬂ']ﬁﬂf + "8 -

b @D

qyyAnwIRLm

P - ~ g ’ s ~ o - '
Wah@dnsanmaunuiundy  nduvasddnes (Gendt d1 (word)
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8 8 4 No
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*TOOL OFFSET

* FIXTURE OFFSET
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*PREPARATORY COMMAND

*SUPPLEMENTAL CONSTANT FOR ADDITIONAL AXIS (OPTIONAL)
*SINE, COSINE, ARC CENTER OFFSETS - x AXIS
*SINE, COSINE, ARC CENTER OFFSETS - y AXIS
*SINE, COSINE, ARC CENTER OFFSETS - z AXIS
*SUBROUTINE iD

——— *MISCELLANEOUS FUNCTIONS

~SEQUENCE NUMBER

*REFERENCE STOP

*CANNED CYCLE R PLANE
——*SPINDLE SPEED
*TOOL SELECTION
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LK 2 S
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TRACK NUMBER
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1

2

3

4

$ |-+ NUMERALS

8 )

7

8

9

A

B * DISTANCE FOR ADDITIONAL AXIS (OPTIONAL)

D *TOOL OFFSET

E *FIXTURE OFFSET

i *FEEDRATE

G *PREPARATORY COMMAND

H . *SUPPLEMENTAL CONSTANT FOR ADDITIONAL AXLS (OPTIONAL)

I *SINE, COSINE, ARC CENTER OFFSETS - x AXIS

J *SINE, COSINE, ARC CENTER OFFSETS - y AXIS

K *SINE, COSINE; ARC CENTER OFFSETS - z AXIS

L *SUBROUTINE ID ,

M * MISCELL ANEOUS FUNCTIONS

N *SEQUENCE NUMBER

0

P

Q

n *CANNED CYCLE R PLANE

S *SPINDLE SPEED

T *TOOL SELECTION

v SUPPLEMENTAL CONSTANT FOR ADDITIONAL AXIS (OPTIONAL)

W *DISTANCE FOR ADDITIONAL AXIS (OPTIONAL)

X *DISTANCE FOR x AXIS

Y *DISTANCE FOR y AXIS

Z *DISTANCE FOR z AXIS

DEL.___. DELETE CHAR IGNORED BY CONTROL

BS BACK SPACE IGNORED BY CONTROL

HT HORIZONTAL TAB IGNORED BY CONTROL

LF *LINE FEED USED FOR END OF BLOCK

CR CARRIAGE RETURN IGNORED BY CONTRQL

SPACE : IGNORED BY CONTROL
*PERCENT . USED FOR WIND OR REWIND STOP

( *OPENING PARENTHESIS USED FOR CONTROL OUT

) ——*CLOSING PARENTHESIS USED FOR CONTROL IN

+— *PLUS vy

- *MINUS

/ *SLASH *~_USED FOR BLOCK DELETE

: —  _*COLON \ USED FOR REFERENCE STOP

. —— *DECIMALROINT

$—  *DOLLAR SIEN ; . USED FOR PROGRAM ID

i ——_"SEMICOLO® -+ SUBROUTINE PARAMETER

BLANK TAPE S .

VIRGIN TAPE s '

i
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(Table 1. PCI Inputs for 1050MC Standard Using Buggested MSD Tape - Continued from page 12)

PCI INPUT NUMBER 1050 SIGNAL COMMENTS

651 OMA21  Least significant

661 OMA22

671 OMA24

681 OMA28

691 OMA1l M code BCD

701 OMA12

T11 OMA14

121 OMA18 Most aignificant

731 OTA21 Least significant

141" OTA22

751 OTA24

761 OTA28

T OTAll T code BCD

781 OTA12

701 QOTA14

80I OTA18 Most significant

81 0SA21 Least significant

821 08A22

831 OSA24

841 0SA28

861 OSA11l S code BCD

861 OSA12

811 OSA14

881 OSA18  Most significant

891 OMSTRO M strobe

901 OSSTRO 8 strobe

911 OTSTRO T strobe

921 OMSTOP M stop pulse Set for 150 ms after m00, m02, or m30 stop Is
Initlated(after motion in same block ls completq

831 OSPDLR  8pindle reverse or stop | Bot when z polnt s reached lor y84 or 88 cycle.

-~ .| Cleared whon z feedbLack lo r 1s complele,

941 0G84 GB84 active Set when g84 canned cycle s active.

951 O83FED GB83 feed Set when z axis is feeding to z for g83 cycle.
May be used to run cuslomer timer which
{nltlates g83 retract.

961 (1050MC) | OGOTOZ Go to z Set when z axis i8 feeding from r to z for ¢80
series canned cycles,

961 (1050P) OPTCLM Part clamps output Set by Control when part clamps should be

. released

P ‘. < & o P -
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(Table 1. PCI Inputs for 1050MC Standard Using Suggested MSD Tape - Continued from page 13)

PCI INPUT NUMBER | 1050 SIGNAL COMMENTS
971 IXRLS XREF LS Set while on,a Reference Zero limit switch. .
991 IYRLS YREF LS
991 1050MC IZRLS ZREF LS
1001 14RLS 4REF L3
1001 1050P HDDWN Head cycle_set while Head Off Top In progress.___ |
11011 1050MC 15RLS SREF L3
1011 1050P WDCRT Head lear while Hea efe, |
1021 OPCisl1 PCI spare input 1 from executive.
1031 IRUN RUN Resget state Indicates E-Stop or 1imit switch open,
1041 OLTCS CYCLE START Set while Cycle Start iight is on,
1051 OLTFH FEED HOLD Set while Feed Hold light is on.
1061 082DWL |G82 DWELL Set when z point 13 reached in g82 or g89 cycle.
Starts dwell. ‘
1071 OTAPE TAPE Set when {n Auto mode or Single mode,
1081 OMANUAL IMANUAL Set when In Manual mode,
1091 1050MC | OBOMIL G380 MILL Sets on first to z cycle In r86, Clears on g00 or g8o0,
1491 105018 OCYCHD _KCYCLE HEAD ______ [Sets_when_Hoad Cycla outputda nctive,
1ot 1050MC O8TATZ __ |G80 at z Set when z point 13 reached in g87 WEB drilling cycle,
1101 1050p OAUTO AUTO MODE selected [Set when {n Auto mode,
1111 1050MC )Z FEED |Z FEEDING Set when z 1s feeding up or down in canned cycles,
1111 1050p ORPCLM_REPOSITION CLAMPS|Set to apply Reposition clamps,
Tl'Zl 1050MC OCONTR |CONTOUR ACTIVE Set when Contouring mode (rO1, g02, g03) ls actlve,
Har 1050MC 01CLMP  [CLAMDP X Sct state signals that ax{s should be clamped,
1131 1050p OALLIP LL IN POSITION Set when all axes are in position,
1141 02CLMP |ICLAMP Y
1151 03CLMP |[CLAMP 2
1161 04CLMP | CLAMP 4th
1171 05CLMP  [CLAMP 5th
1181 OPCIS2 PCI spare {nput 2 from executive,
1191 - OCUuUSsTIL PCI inputs avallable as custom features,
1201 OCUST2
1211 OCUST3 (Avallable as output drivers as in standard controls),
1221 OCLRC CLEAR Set for at leagt L0OMS when clear pushbutton or
power up.
1231 STSTM TEST Set when In Test mode. 4
1241 SEMRA EMERG RETRACT Set during emergency retract,
1251 STCRA TOOL RETRACT Set during tool change retract.
1261 SPU POWER UP Changes to set state at end of power up,
1271 8BO BYPASS OVERRIDE Set when MFO nnd spindle speeds are forced to 100%
1281 JUMPER

ol ‘- & ol o -~ :
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(Table 2. PCI Outputs for 1050MC Standard Using Suggested MSD Tape - Continued from page 17)
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PCI OUTPUT NUMBER; 1050 SIGNAL COMMENTS

65P0 .

6610 OUTPUT 1-08

1100 QUTPUT 1-09 Wired spares, Do not use,

68P0 OUTPUT 1-10

89P0 OUTPUT 1-14

70rQ0

71P0

72ro

73r0

74PO 1050MC

74P0 1050p Reserved for Internnl use, Do not use,

sro 1CUST | PCI inputs for custom controls,

7870 1CusT 2

1770 1 CUST 3

810 SOPT 1 Spindle creep. (

1970 SOPT 2 Spindle clockwise. For D/A spindie,

8000 SOPT 3 Spindle counterclockwise, ‘

g1ro SINHIBI MOTION INH x

A2ro SINHR2 MOTION INH y

13ro 1050MC SINIID3  MOTION INH 2 Set this bit to inhibit the axis,

84P0O SINIIB4 MOTION INH h

8510 SINHBS MOTION INH §

B6P0O SINHB8 MOTION INH 6

81ro

8200

83ro 1050p

B4T0O

85P0

86P0

87r0 SITRF TRANSFER INH Set this bit to tnhibit transter (also an [F),

88 PO SFHL FEED HOLD LATCH |Seta feed hold; must be cleared to release {eed hold,
" (Also an IF.)

89P0 1050MC IDWCPT DWELL COMPLETE | Clear this bit to indlcate dwell ts complete in

g92, g89.

89P0 1050p ICYCTL HEAD CYCLE Set bit to {nitiate head cycle In the Single mode.
INITIATE

9010 1050MC ISREVD SPINDLE REVERSED Set this bit to Indicate spindie 18 reversed in g84 or

SPINDLE STOPPED reversod in gB8,

9010 1050p INCYCI INHIBIT HEAD Set bit to inhibit the Head cycle,
CYCLE

91PO SG83Rl G83 RETRACT Clear this bit to retract z to r in g83,

92P0O ITCRI1 TOOL CHG RET 1 Set this bit to Initiate a tool change retract.

23ro 1pCIst PCI spare output 1 to executlve.

94P0 IACYS AUX CYCLE START | Set this bit to Initlate cycle start,

9510 SPECS  PCI E-STOP Set this bit to initiate emergency stop.

9610 1PCI1S82 PCI aspare output 2 to executive,

ol ’ - « P d o - - '
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Command | Type Description Hex | Data Bytes | Note
RESET init reset LM628 00h none 1
PORTS init select 8~bit output | 05h none 2
PORT12 init select 12-bit output| 06h none 2
DFH init define home 02h none 1
SIP init set index position 03h none 1
LPE] intr interrupt on error 1Bh two 1
LPES intr stop on error 1Ah two 1
SBPA intr set breakpoint, abs | 20h four 1
SBPR intr set breakpoint, rel | 21h four 1
MSK1 intr mask interrupts 1Ch two 1
RSTI intr reset interrupts 1Dh two . 1
LFIL file load filter params 1Eh 2 to 10 1
UDF filt update filter 04h none 1
LTRJ traj load trajectory 1Fh 2 to 14 3
STT traj start motion 01lh none 1
RDSTAT report read status byte none one 1,4
RDSIGS report read signals reg 0Ch two 1l
RDIP report read index position | 09h four 1
RDDP report read desired pos 08h four 1
RDRP report read real position OAh four 1
RDDV report read desired vel 07h four 1
RDRV report read rel velocity 0Bh two 1
RDSUM report read integration sum ODh two 1
Hote 1l: Commands may be executed "on the £fly" during motion.
Hote 2: Commands not applicable to execution during motion.
Hote 3: Command may be executed during motion if acceleration
parameter has not been changed.
Hote 4: Command needs no code because the command port status-
byte read is totally supported by hardware

a . & :
A17IN 6.3 ANFIV2IWTITIN LME28
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| Position Range -1,073,741,824 t0 1073,741,824
Velocity Range : (0to 1,073,741,824)/21 6 Count/Sample

Acceleration Range | (0 to 1,073,741 .82:1)/21 6 Count/Sample

Moter Drive Output 8, 12 bit Parllel output to DAC

Feedback Device Incremental Optical Encoder

Control Algorithm PID '
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;NAME: MOTIONZ.ASM

.8086

ATIR EQU 07 ;ATIRIBUTE OF DISPLAY
BLARK EQU 20H ;ASCIT BLANK
MONO SCN  EQU  0BB0OH ;BASE ADDRESS DISPLAY
ROW ~ EQU 25 ;NUMBER OF ROW OF CHAR
coL EQU 80 ;NUMBER OF COL OF CHAR
NC DSP EQU  ROW«COL ;ALL THE CHAR DISPLAY ON SCREEN
RARG EQU 15 ;AMOUNT OF BYTES OF RESULT
RESET EQU  OOH ;RESET COMMAND
PORT8 EQU OSH ;8-BIT DéA
PORT12 EQU  O6H ;12-BIT D/A
DEH EQU  02H. ;DEFIND HOME

© SIP EQU O3 ;SET_INDEX POSITION
LPEI EQU  1BH ; INTERUPT ON ERROR
LPES EQU 1AH ;STOP ON ERROR
SBPA EQU  20d ;SET BRAKE POINT, ABS
SBPR EQU  21H ;SET BRAKE POINT, REAL
MSKI EQU 1CH ;MAKE INTERUPT
RSTI EQU 1DH ;RESET INTERUPT
LFIL EQU  IEH ;LOAD PARAMS
UDE EQU  04H ;UPDATE FILTER
LIRJ EQU  1FH ;LOAD TRAJECTORY
STT EQU  O1H ;START MOTION
RDSIGS EQU  OCH ;READ SIGNAL REG
RDIP EQU - O%H ;READ INDEX POSITION
RDOP EQU  08H ;READ DESIER POS
RDRP EQU  OAH ;READ REAL POSITION
RODV EQU ~ O7H ;READ DESIRED VEL
RORV EQU  OBH ;READ REAL VELOCITY
RDSUM EQU ODH ;READ INTEGRATION SUM
CIRLW1 EQU  OCH ; TRAJECTORY CONIROL WORD MSB
CIRLW2 EQU  O2H ; TRAJECTORY CONTROL WORD LSB
CTREFL1 EQU  OOH ;CONTROL WORD FILTER MSB
CIRFL2 EQU 0o8H ;CONTROL WORD FILTER LSB
STACK SEGMENT PARA  STACK 'STACK' ;1K STACK SPACE

DB 256 DUP (0) ;256 BYTE OF STACK SPACE

STACK ENDS
DATA SEGHMENT PARA  PUBLIC 'DATA'
THIRTY DB 30 ;VALUE FOR MUL INSTRUC
SIGTEEN DB 10H
PARM DB 128 DUP (0) ;MOVE PARAMEIER TO HERE
; MASSAGE TABLE:
¥SGO DB ; ’
MSG1 DB ' ’
MSG2 DB ' '
M3G3 0B ' :
1G4 DB ! s
MSG5 DB ! ‘
MSG6 DB ' ‘
MSG7 DB ! ’
MSG8 DB ' ’
CHAR BUFF DB "POSITION ' ;DEFIND BUFFER FOR CHAR
VELOCITY DB 'VELOCITY !
HEADING DB ! B7 B6 B5 B4 B3 B2 Bl BO '
STATUST DB "ROSTAT : ’
STATUS2 DB "RDSIGS : ’
STATUS3 DB ! : !
STATUS4 0B "RDIP )
STATUS5 DB "RODP ’
SIATUS6 DB "RDRP ’
SIATUS7 DB "RDOV :

SIATUS8 DB "RDRV



STATUSY
MSGY

QUT WORD
OUTWORD1
SCACE

BUFE

VBUFF
DBUEF
INPUT

STATUS
RDSIGNAL
RDSIGNAL1
FORWD
REWRD
SPEEDS

JOG
ASCIT TBL DB
PEN UP

DATA X
DATATY

P_SPEED

HI MCND
LOMCND
HI"PP1
LO"PP1
HI"PP2
Loep2
HI"PP3
LOPP3
HI"PP4
LOPP4
NEG IND
VARZ
LAST
LAST X
CNT T

X CNT
RESERV

0B
DB

v
oW
DD

DB
08
0B
oW
DN

DB
DB
DB
DB
DB
DB
DB

08
0B
0B
0B
DB
D8
DB
08

SSS222ESSISS22222

"RDSUM : !
"LAST MESSAGE OF THE DAY------- !
OFFFFH
(00000H
10000H
30 DUP (0 :DEFIND BUFFER AND CLEAR.
30 DUP (0 +DEFIND BUFFER FOR VELOCITY.
30 DUP (0 ;DEFIND DATA BUFFER.
1 DUP {0
1 DUP (0
1 DUP (0 ;STATUS REG OF LM 628.
1 DUP (0 +STSIG HIGH BYIE.
1 DUP (0 ;STSIG LOW BYTE.
O0H, 10H,40H,00H  ;FORWARD DIRECTION.

OOH. O0H.OIH.00H  :REWORD DIRECTION.
0OH|OOH.O0H OOH  SPEED COMMAND.
00H. 00H, 0OH, 00H 3 JOGING SPEED

;o1g3455%89ABanF'

000000,
'000000;

:;Iv;SPI;VSBO;’
'PQIOUO,IOOO;'

oo oo

-\)HHHMN’\”\,—O'\)'-Q‘\,“O'Q'Q’Q'\:B‘
SSSSS
OOOOO

: ARC GENERATED.

ARC 1 DN
ARC™2 DN
ARC™3 DN
ARC™4 DN
RES™2 DN
RES™1 DK

SOR 1 DW
SQR™2 DW
SQR™3 DW
SOR"4 DN

SQ R1 DW
SQR2 DW
SQR3 DW
SOR4 DW
XN~ DW
WO DW

1 DUP
1 DUP
1 DUP
1 DUP
1 DUP
1 DUP

1 DUP
1 DUP
1.pUP
1 DUP

1 DUP
1 DUP
1 DUP

1 DUP
1 DUP
1 DUP

—_O OO0 0

; INITIAL BY ONE.

;SUCESSIVE APPROXIMATION
;REMAIN.
;(LAST STATE OF ARC 1 - ARC 4.)

3
|
|

_——~—e— O OO O OO O

. DISK 1/0 DEVICE



FcB DB
DIA D8
CNT DATA DN
TRLFILE DB
DISK NO DB

gﬁ DUP (0)  ;FILE CONTROL BOX.

DATA BUF
'SINE

03

;DISK TRANSEER AREA.

DAT' ;DATA FILE NAME 'SINE.DAT'.
;DEFIND DRIVE C.

DATA BUF DB 4000H DUP (0) ;DATA BUFFER FOR DITA.

Y AXITL  DH
YAXITH O
Y-STARIL DN
Y-STARTH DW
YENDL D
YENDH DN
YALPH O
YALPL DN
YABSH OV
YABSL DN
Y AXITIH

Y AXITIL

Y-ANGLE

X AXITL W
X"AXITH OW
X“STARIL DW
X'STARTH DW
XENDL ~ DW
XTENDH ~ DW
XALPH  DW
XTALPL DV
X"ABSH  DW
X"ABSL  DW
X"AXITIH
XAXITIL
X“ANGLE

; TEST ONLY
OUTPUT X
QUIPUTY
INTVAL™X
INTVAL™Y

V SPEED
QUARDANT

T SCALE
CRI DATAY
CNT DATAX
REMAINW2
REMATNW1
REMAINWO

1= 1=1= NN

s SO\ L

oo
mx::cz:::g

OW
oW
DW
DW
oW
DW

FIRST DIVISOR DW
SECOND DIVISOR DW

ANGLE 0
ANGLE 1

oW

i
1
1

Dup
Dup
DUP
DUP

: ARC PARAMETER.

X RECORD
Y RECORD
I"RECORD
J RECORD
STORE
SHET

SS2222

;ERROR MESSAGE:

DUP
ggg k“ sLAST POSITION OF CONTOUR X.

1 go} :ALTITUDE OF X FIRST POINT §Msw .
1 DBUP {0 sAUTITUDE OF X FIRST POINT (LSW).
1 DUP (0 +FIRST ANGLE POINTER X.

; sOUTPUT TO DSP.

; +ABS INTERVAL DISTANCE.

?

? :DIRECTION OF ARC.

2000H :SCALE PLOT,

1 DUP (0 :DATA POINTER VY.

1 DUP (0 :DATA POINTER X.

1 DUP (0 :

1 DUP (0 :

1 DUP (0 sLSW,

51320

1617 :DEFAULT VALUE 1617

% 'ANGLE COUNTER.

2 DUP (1000

2 DUP (1000

2 DUP (1000

% DUP {1000

1 DUP (0)

; Y AXIT ON PLOTTER.
;START OF ARC CONTOUR Y
;END OF ARC CONTOUR Y.

;LAST POSITION OF CONTOUR Y.
Ui ;ALTITUDE OF Y FIRST POINT MSW;.

OCOOOOOCOOOO

0 ;ALTITUDE OF Y FIRST POINT (LSW).

DUP
0 ;FIRST ANGLE POINTER Y.

DUP
8 + X AXIT ON PLOTIER.

g :START OF ARC CONTOUR X
8 sEND OF ARC CONTOUR X.
0
0
0




ERRMSG DB "ERROR !!! INVALID PARAMETER!!’
DATA ENDS

CODE SEGMENT PARA PUBLIC 'CODE'

START PROC  FAR

;STANDARD PRQGRAM PROLOGUE EXEEPT RETRAIN DS AS PIR

ASSUME  CS:CODE
PUSH DS ;SAVE PSP SEG ADDR
MV AX,0
PUSH  AX ;SAVE RET ADDR OFFET (PSP+0)
MV AX,DATA
MV ESAX  ;ESTABLISH EXTRA SEG ADDRESSABILITY
ASSUME  ES:DATA
: MOVE ECB PARAMEIER FROM PSP T OUR DATA SEGHENT:
MV SI,50H :SOURCE STRING OFFSET (WITH PSP).
MV DI,OFFSET FCB :DEST SIRING OFFSEI.
MV X 12 SSTRING RANG.
CLD \SET 'FORWARD’ STRING OPERATION.
REP MOVSB :HOVE PARM IN TO DATA AREA
. ESTABLISH NORMAL DATA SEGMENT ADDRESSABLITY
MOV DS,AX
ASSUME  DS:DATA
. SET DATA AND OPEN FILE:
NAME:
MOV AL,DISK O ;DEFIND DISK NO.
MOV ECBAL -
MOV SI,OFFSET TBL FILE ;SINE TABLE FILE.
MOV DI,OFESET FCBF1
> 81
CLD
REP  MOVSB s INITIAL PRIMARY FILE NAME
\AND EILE NAME EXTENSION.
MOV DX,OFFSET DTA :ADDRESS OF DIA
MOV A 1AH :D0S FUNCTION = SEI DIA’
INT 21 + INVOKE. DOS FUNCTION
MOV DX,OFFSET ECB :ADDRESS OF FCB
MV AH,OFH :0S FUNCTION = 'OPEN FILE’
I 2l ; INVOKE DOSEUNCT ION
P ALO :DID THE OPEN WORK?
N2 ERROR? \BRANCH IF NOT
H INITIALIZE THE RECORD SIZE','CURRENT BLOCK',AND
. 'CURRENT RECORD' FILE WITHIN THE FCB:
MOV WORD PIR FCB+OCH,0 ;'CURRENT BLOCK’ = 0
MOV WORD PIR FCB+OEH.1 :’RECORD SIZE' = 1
MV FCB+20H,0 +'CURRENT RECORD'= 0
: "TAB’ (0GH),END OF FILE' (1A),AND 'LINE FEED' (OAH)
MOV CX,4000 :READ DATA 4000 BYTE
RD AGAIN: MOV DX,OFFSET FCB :ADDRESS OF FCB
- WOV AW, 14 :D0S FUNCTION = ’SEOUENIIAL RED'
I 2f { INVOKE DOS_FUNCT 108
P AL,O :DID THE 'READ' WORK?
N EoE :BRANCH IF NOT
WV AL,DIA \GET THE CHARACTER JUST READ
CALL  SAVE TBL :SAVE TO TEXT BUFFER.

LooP RD AGAIN
Jwp EOF



+ AFILE ACCESS ERROR HAS OCCUREED, TELL USER AND QUIT:

1

ERROR2:  RET ;RETURN TO DOS
: END OF FILE HAS BEEN ENCOUNTED, CLOSE THE FILE AND
; RETURN T0 DOS:

EOF: MoV DX,OFESET ECB ;ADDRESS OF FCB
Mov AH, 10H ;005 FUNCTION = 'CLOSE FILE'
INT 211 ; INVOKE DOS EUNCTION

CALL  CLRSCN ;WRITE CHAR BLANK ON SCREEN

Jwp INT8255
Mov DX, 00
Hov A, 1
INT 17H

MoV BX,OFFSET P SPEED  ;INITIAL PLOTER.

PLT INIT:
= mv AL [ex]

CHP AL, Q'
Y] PLE EXIT
CALL  PLOT
I BX
P PLT INIT

PLT EXIT: -

INT8255:
MOV DX, 304H
IN AL, DX
CP AL,00 :CHECK DSP POWER UP
7 colp
MOV DX,303H
WOV AL 8OH
0T DXAL
MOV AL,OFFH
MOV DX, 302H
0T DXAL
MOV DX,307H
MOV AL O3H
OUT  DXAL
SCALL ~ INIT S INITIAL LMG28,

COLD: ;CALL I0 TEST ;TEST SERVO CARD.
CALL CUR OFF ;0FF CURSOR ON CRT.

LooP: MOV AH,01 ;FUNCTION = READ KEYBOARD.
INT 16H ;CALL BIOS KEYBOARD ROUTINE.

;SUB AL,'0"  ;CONVERT FROM ASCII TO BINARY
;JC ERROR ;BRANCH IF NOT NUMERIC é(’O')
;CHP AL,9 ;CHECK FOR VALID NUMERI

JNZ ERROR ;BRUNCH IF NOT VALID(>'9'")

Jup MSG

;SELECT APPROPRIATE MASSAGE EROM MASSAGE TABLE

MSG: Hov BX,0FFSET MSGO ;POINT TO FIRST MESSAGE
nov AX,09H



MIL  THIRTY  ;AX=AX#30
ADD  BX,AX  ;POINT TO DESIRED MESSAGE
CALL  DISPLAY  ;DISPLAY MASAGE AT [BY)
CALL  ASCII
:CALL  READ sREAD STATUS.
;CALL  REPORT1  :DISPLAY II.
. CALL  COSINT
CALL  TEST
P LOOP ;LooP
:DISPLAY ERROR MESSAGE FOR VALID PARAMETER:
ERROR: MOV MH,0 sDEFIND AH READ CHARACTER.
INT 160
SIB AL,'0’
JC  ERRORI
CWP  AL,IDH  ;CHARACTER M.
2 FORWARD
CWP  AL,10H ;CHARACIER I.
72 VAR ADJ
CP  AL23H  ;CHARACTER S.
i) STOP
ERROR1: MOV BYX,OFFSET ERRMSG
CALL ~ DISPLAY  ;DISPLAY THE ERROR MESSAGE AT [BX]
RET sRETURN 0 DOS
 X-VARIABLE ADJUSTABLE,
:ADJUST VARTABLE ON X-VALUE.
; 2 = SORT(R SOR - X SQR)
VAR ADJ PROC  NEAR
\ PUSH  AX
PUSH  BX
MOV BX,0FFSET INPUT
WOV AX[BX)
I  AX
MoV EBX&,AX
MOV BX,0FFSET VBUFF
MV [BX],AX
PP BX
PP AX
P LOOP
VAR ADJ  ENDP
FCODE DB 2048 DUP (0) ;DEFIND MEMORY FOR FIRST CODE.
SCODE DB 1024 DUP {0) :DEFIND MEMORY FOR SECOND CODE.
CMD INDEX DN 1 DUP (0) = :COMMAND POINTER.
FIMEX DN 1 DUP{0) :FIRST CODE POINTER.
TEWP DB 1 DUP(0) ;TEMPOLARY USE FOR CONVERT DATA.
TEMPH DN 1 DUP (0) :TEMPOLARY USE FOR CONVERT DATA.
TEMPL O 1 DUP (0
DISTX [OW 2 ODUP(0) ;DISTANCE OF X-AXIS.
DISTZ DN 2 DUP{0) ;DISTANCE OF Y-AXIS.
FPARA DN 2 DUP-{0) ;FEED VECTOR.




SPARA DN 2

DTR MOVE DB

INIT_FCODE: MOV

SICECNC  PROC
MV

Hov
cwp
cHp

G_CHD:

CED ERR: NOP

1

o ()

\SPEED DF SPINDLE.
DIRECTION MOVEMENT REG.

BX,OFFSET FCODE

NEAR

BX,OFFSET FINDEX
AL, (BX -

AL, '’
G (i
i, W
H CHD

o BX]
AL'[ :
G O
AC,'0’
o
CHD ERR
BX -
8L, 10
BL.

BX
TEMP, AL
BX

AL, [8X)
AL, "0’
OMD ERR

AL,D
CHD ERR

;IF DATA IS CHARECTER G THEN DO G_CHD.
;IF DATA IS CHARECTER M THEN DO M CHD.

;CHECK SPACE.

;IF DATA = SPACE THEN SKIP TO NEXT DATA.
;CHANGE ASCII TO BINARY.

;CHD ERROR.

; IF AL >9 INVALID.

;RESTORE BX.

F_IRDEX,BX ;STORE LAST POINTER.

AC, TEWP
TEWP, AL
AL,00
G 00
AC,01
G 01
ALS02
6 02
G END

;ADD WITH LSB.

;GO0
1GO1
;G02

;CODE ERROR.

;NOTE.
;HUT BE HAKEIERROR MASAGE OR ALARM CODE SHOW.

G 00: INC
- MoV

G0O_PARA:

G0 Z:  JP

600 X:

AL (4]
AL:£ '
G 00
CX,2

ALY’
GO0 X
A7
G010 Z
CMD ERR
G002

;RETURN TO MAIN.
;NEXT DATA.

;CHECK SPACE.

; IF_SPACE APPEAR THEN SKIP TO NEXT DATA.
;5ET COUNTER = 2 FOR DATA SEQUENT X,Z.
;GO0 PARAMETER INPUT,

;CHECK X -PARAMETER.

; INPUT VALUE OF X.

;CHECH Z PARAMETER.

; INPUT VALUE OF 2.

; IF DATA IS NOT X OR Y THEN CMD ERROR.

;CHECK SIGN INTEGER VALUE.
;DIRECTION OF X MOVEMENT.



HWv AL,OFEH  ;CLEAR BIT 0.
AND DIR HOVE, AL ;CLEAR DIRECTION MOVEMENT REG BIT 0 WITH 0.
JP GOOX SKIP1 SPACE SKIP.
GOTOXDIR: JHP GOOXDIR
GOOX NUM: N ;X NUMERIC FIELD.
- Hv F INDEX,BX ;SAVE LAST POINTER AT LSB.
CALL DAC2BIN  ;DACIMAL TO BINARY CONVERT.

MoV BX,0FFSET DIST X ;DIISTANCE OF X-AXIS.

MV AX,TEMPH
MOV EBX} AX
ADD X ; INCREMENT 2 BYTE.
MOV AXTEMPL
MV [BX],AX

Loop GOO PARA ;COUNT INPUT SQUENT.
CALL RUN"GOO  ;EXECUIE GOO.

JWp SICECNC  ;JMP_TO STANDARD CODE FOR CNC
;PART PROGRAM.

GOOX DIR: DIRECTION FLAG X (BIT-0).
- Mov AL,01 1SET B

OR DIR HOVE, AL ;SET DIRECTION MOVEMENT REG BIT 0.
GOOX SKIP: CHECK SPACE.
- INC POINI NEXT DATA.

MoV AL [BX] ;READ NEXT DATA.
GOOX_SKIPlé A

MP
JZ GOOX SKIP ;SPACE SKIP.
MoV DX, 00 1SET COUNTER = 0.

SIB AL,
I INPUT ERR ;IF AL « O NUMBER FIELD ERR,
P AL
JNZ  INPUT ERR ;IF AL > 9 NUMBER FIELD ERR.
P GOOX USBI -
INPUT_ERR: 7
GOOX_LSB: ;CHECK DATA FIELD.
Usm AL
JC  XLSB;IF CARRY SET POINTER IS LSB#1.
oP A0
Nz X S8  IF AL > 900X LSB.
GOOX_LSBI: =
—me o ;COUNT DIGIT,
I B POINTER IS NEXT DATA.
oy e
P GOOX LSB ;READ AGAIN.
X LSB: -
- DEC  BX ;POINTER IS LSB.
P GOOX_NUM
600_2: -
= LOOP GO0 PARA
G_END: SEND OF G-CODE.
- RET
SICFCNC ~ ENDP
RUN GO  PROC  NEAR  ;EXECUIE GOO.
RUN GOO  ENOP
DAC2BIN PROC NEAR ;CONVERT ASCIT NUMBER TO RINARY.

Hov BX,E_INDEX ;LAST DATA POINT.



SUB AX, AX ;ZERO ACCUMULATOR.
MoV TEMPH,AX  ;ZERO TEMPH.
Hov AL,[BX] ;READ NUMERIC.

SUB AL,’0’" :CHANGE TO BINARY.
MV TEWPL,AX ;FIRST DIGIT.
DEC DX
N2 WPY TEN
M BINRDY
MPY TEN: = ;MULTIPLY BY 10.
- DEC  BX ;POINT TO NEXT DIGIT.
SUB  AX,AX
MV AL ([BX] READ IT.
SBB ALO’
PUSH DX
PUSH  BX
MV BX,10
ML BX
ADD  TEMPL,AX
WV AX,0
AC  TEMPH,AX
PP BX
PP DX
DEC DX
N2 ¥PY HON
P BINRDY
MPY HUN: = ;MULTPLY BY 100.
- DEC  BX ;POINT TO NEXT DIGIT.
SUB  AX,AX
MV AL,[BK]  ;READ I.
SB - ALO’
PUSH DX
PUSH  BX
MV BX,100
ML BX
ADD  TEMPL,AX
WV AX,0
ADC  TEMPH,AX
PP BX
PP DX
DEC DX
N2 HPY THOU
P  BIN ROV
MPY THOU: % SMULTPLY BY 1000,
- DEC BX ;POINT TO NEXT DIGIT.
SUB  AX,AX
MOV AL(BX] READ IT.
SUB - AL,'0"
PUSH DX
PUSH  BX
MoV BX, 1000
&de MUL BX
ADD  TEMPL,AX
WV AX,0
AC  TEMPH,AX
PP BY
PP DX
DEC DX
N2 MPY TENTHOU
M BIN RDY
MPY TENTHOU: - ;MULTPLY BY 10000
- DEC  BX ;POINT TO NEXT DIGLT.
SUB  AX,AX
MV AL[BX] READ IT.
SB ALO’
PUSH DX
PUSH  BX
Mmv BX, 10000
ML BY
ADD  TEMPL,AX

MoV AX,0



i DEC
{ INZ2
BIN_RDY:

DACZBIN ENDP

PLTS  PROC

PLI_T:

S WAIT:

PL_END:

PLTS  ENDP
PLTSI  PROC

PLITI:

MoV
INT
INC
JP

POP
POP

RET
PLTST  ENDP

PLTT2:

TEMPH, AX
BX
DX

DN .

BIN OVFO  ;DACIMAL CONVERT 10 BIN OVERFOLW.
- ;OACIMAL TO BINARY READY.

F_INDEX,BX ;SAVE LAST POINTER.

- ;RETURN 10 MAIN.

NEAR
AX
DX
BX, OFFSET PEN_UP

AL, [BX
AL:[O']
PL_END

DX, 378H
X, AL
DX, 379H

AL,DX
AL, 80H
S WAIT
DX, 37AH
AL OD8
DX, AL
AL, 0CH
DX.AL
BX
PLT T

DX
AX

NEAR
BX
DX

M, 1 ;PARMMETER 10 INITIAL PRINTER,
D0 ;SET FOR ONE PRINTER.
BX, OFFSET PEN UP

AL, [BX]
ALQ
pLiT2

AH,0
17H

BX
PLIT!

DX
BX

;  WRITE DATA T0 PRINIER PORT

: AL: INPUT

; DX: I/0 POINTER.



PLOT PROC
PUSH
PUSH
Hov
INT
Pop
PoP
RET

PLOT ENDP

NEAR
AX

DX
AH,0
178
DX

CONVERT BINARY NUMBER TO A STRING.

CONVERT A SIGNED BINARY NUMBER T0 SIX-BYIE

ASCII STRING (SIGN PLUS FIVE DIGIIS)

AX = NUMBER TO CONVERTED.

RESULT DX = STARTING OF ADDRESS OF STRING BUEFER.

CX = CHARACT

ER COUNT.

OIHER REGISTER ARE PRESERVED.
BIN ASCII PROC NEAR
- PUSH DX

PUSH BX
PUSH CX
PUSH SI
PUSH AX

MOV
MoV
FILL BUFF:

MOV BYTE PIR [BX],’ '

INC

B, DX
CX,6

BX

LOOP FILL BUFF
MoV SI,10

OR
JNS
NEG
CLR DVD:

NO_MORE:

BIN ASCII ENDP

AX.AX
cufz DVD

DX, DX
sI’
DX,’0’

BX
LBX].DL
X

AX, XX
CLR DVD
A -
AX, AX
NO MORE
BX”

BYTE PIR [BX],'-

cX

SI
cX
BX
DX

;  INTEGER UNSIGNED MULTIPLY.

;GET READY TO DIVIDED BY 10.
; IF VALUE IS NEGATIVE.

;MAKE IT POSITIVE.

;CLEAR UPPER HALF OF DIVIDEND.
:DIVIDE AX B

; CONVERT REHAINDER T0 ASCII DIGIT.
1BACK UP THROUGH BUFFER,

:STORE CHAR. IN THE SIRING

;COUNT CONVERTED CHARACTER.

;ALL DONE ?

;1 NOT GET NEXT DIGIT,

;YES. GET ORIGINAL VALUE.

;WAS IT NEGATIVE.

,+YES. STORE SIGN
;AND INCREASE CHARACTER COUNT.

;RESTORE REGISTER

;AND EXIT.

132-BIT BY 32-BIT UNSIGNED MULTIPLY PROCEDURE.

; INPUT  CX:BX = MULTIPLIER
; DX:AX = MULTIPLICAND



;OUTPUT DX,CX,BX AND AX (HIGH TO LOW ORDER.)
MULU32 PROC  NEAR

PUSH DS
PUSH DI

MOV HI MOND,DX
MOV LOMOND,AX
ML  BX

MOV HI PP1,DX
WV LOPPIAX
WOV AXCHI KOND
ML B -
WOV HI PP2,DX
WV LOPPZIAX
MOV AXCLO MCND
ML X -
WOV I PP3,DX
MOV LOPP3.AX
MOV AXCHI KCND
A
MOV HI PP4,DX
MOV LOPP4,AX
MOV AXTLO PPI

WOV BX HIPPI
ADD  BX.LOPP2
ADC  HI'PPZ,0
ADD  BXCLO PP3
MOV CXHIPR2
ADC  CX HIPP3
ADC  HI'PPZ,0
ADD  CX;LO PP
MOV DX HIPP4

ADC  DX,07
POP DI
POP DS
RET
MULU32 ENDP

. ARC GENERATED.

S INPUT 64-BIT:

;OUTPUT 32-BIT.
;VAR INPUT: I RECORD+2 - I RECORD HIGH ORDER TO LOW (32-BIT).
; J RECORD+2 - J"RECORD
;  OUIPUT: RES 2 - RES 1 ™ HIGH ORDER IO LOW (32-BIT).
ARC PROC NEAR

PUSH AX

PUSH BX

PUSH CX

PUSH DX

SUB  AX,AX

MOV CX,I RECORD+#2  ;READ MSW.

MOV DX,CX

MOV AX,I RECORD ;READ LSW.
MOV BX

CALL MULU32 ;CALCULATED I-SQUARE.

PUSH DX ;STORE VALUE OF I SQR
PUSH CX ;64-BIT., -
PUSH BX

PUSH AX

IND
i RADIUS=SQRT(I_SQUARE + J_SQUARE)



SAVE DATA:
=WV
MoV
nv
Hov

;P

SUB
MoV
MoV
v
v
CALL
POP
ADD
POP DX
ADC
POP
ADC
POP
PUSH
oV
ADC
poP

AX,AX
DX, CX

X
AX, DX

SQRT

CX.J RECORD+2
1 g.mnﬁcom:

otUaz
v STORE

READ HSW.
:READ LSV,

;CALCULATED J-SQUARE.

TANSIENT DATA STORAGE.

READ 1-SQUARE FIRST WORD (LSW).
;READ I-SQOARE SECOND WORD.
;READ I-SQOARE THERD WORD.

:READ I-SQOARE FOURTH WORD (MSW).

;DEFIND MSB=00.

;RESTORE DATA ON AX.

DIVISON 64-BIT OPERATION.

NEWON:
MOV
HoV
MOV

LOAD XN:

nv
DIV
MoV

CAL_ERR:

SQRT:

TWo,2
XN, 16

DX, 0

Hov
MoV

SORT_LOOP:

MoV
ADD
nov

CALL

RES 1,0

SHET, 000H
CX, 16

X
DX, RES 2
DX, SHET
CX, DX
AX.AX

MILU32

;SAVE HIGH ORDER TO LOW ON
}ARC_4 0 ARC 1.

; INITIAL FIRST VALUE.

;DIVISION SECOND WORD.
; AX = Xn + X/¥n.

;‘BX = 0.5(Xn + X/¥n).

;STORE DATA MSW.

;INITIAL ZERO ON RES 1(LSK)
JAND RES 2 (MSH).

;16-BIT MSW.

;SQUARE (AX:DX).



SUB  AX,ARC 1

SBB  BX.ARC™2
SBB CX ARC™3
SBB DX ARC™4
NG SORT REXT
MOV AX,SHET
ADD  RES 2,M
SORT NEXT: -
- SHFT, 1 sSHIFT RIGHT ONE BIT.
PP CX
LOOP  SQRT LOOP
WOV SHFT8000H - INITIAL SHET.
MV CX,16 :16-BIT LSW.
SQRT LOOPI:
- X
MOV DX,RES 2
MV CXDX -
MOV AX SHFT
ADD  AXRES 1
WOV BXAX -
CALL  MOLU3? :SQUARE. (AX:DX).
SUB  AX,ARC i
SBB  BX.ARC™?
SBB  CX.ARC™3
SBB  DX.ARC-d
INC  SORT NEXTI
WOV AX,SHET
ADD  RES 1,AX
SORT NEXTI: o
f SHET, 1 :SHIFT RIGHT ONE BIT.
PP CX
LOOP  SORT _LOOPI
POP DX
PP CX
POP  BX
PP AX
RET

ARC  ENDP

T FITING PROC NEAR

MOV HI MCND,DX
MOV LOTMOND,AX
ML BX

MOV HI PP1,DX
MOV LOPPI.AX
MOV AXGHI MCND
ML B -
MOV HI PP2,DX
MOV LOPP2.AX
MOV AXLO FCND
A
MOV HI PP3,DX
WOV LOTPP3,AX
MOV . AX;HI MCND
ML X -
MOV HI PPd,DX
WOV LOTPP4,AX
MOV AXTLO PP1
MOV BX HIPPI
ADD  BX.LOPP2
ADC  HI'PPZ,0
ADD  BXTLO PP3
MOV CX HIPP?
ADC  CXHIPP3

ADC I PF,0



ADD  CX,LO PP4
MOV DX,HIPP4
AC  DX,0~

: DIVISON 64-BIT OPERATION.

PUSH  AX ;SIORE DATA AX.

MoV AX,CX
DIV FIRST DIVISOR  ;DIVISION FIRST WORD.
MoV REMAIRWZ, AX ;STORE DATA MSW.
MoV AX, BX ;READ DATA BX.
DIV FIRST DIVISOR ;DIVISION SECOND WORDS.
Hov REMAIRW1,AX ;SIORE DATA MSW.
pop AX ;READ DATA AX.
0Iv FIRST DIVISOR  ;DIVISION THERD WORDS.
v (REMATNWO],AX  ;STORE DATA LSW.

MOV DX, [REMAINW
WOV AX, [REMAINWI
SECOND DIVISOR
WOV REMAINWE,AX
WOV A, REMATRWO
DIV SECOND DIVISOR
MOV [REMAIFWO],AX

T_FITING ENDP

SEARCH_J PROC  NEAR

. CHECK FORWARD PART
' MOV Y ENDH,0
A%, AX

SUB '

WOV AXY ENDL
SUB  AX,JRECORD
WOV AX, Y ENDH

SBB  AX,JRECORD2
JC  EXCHANGE

WOV AX,I RECORD

MOV X STARTL,AX

MOV AX,I RECORD+2

MOV X STARTH, AX -
MOV AX,J RECORD +IF Y END > J RECORD THEN PUSH
MOV Y STARTL,AX ;VALUE OF J_RECORD TO Y START.

EXCHANGE : -
MOV AX,X ENDL
MV X STARIL,AX
MOV AX,X ENDH
MOV X STARTH,AX
MOV AX.Y ENDL :IF Y END ¢ J RECORD THEN PUSH
MOV Y STARIL,AX sVALUE BETWEER Y END AND Y START.
MOV AX,Y ENDH - -
MV Y STARTH,AX
MOV AX,I RECORD
MOV X ENOL,AX
WOV AX,1 RECORDs?
WOV X ENDH,AX
MOV AX,J RECORD
MOV Y ENOL,AX
MOV AX,J RECORD+2
Y_ENDH, AX

PLT_REVERSE:



SUB BX, BX - ;ZERO BX.

MOV XTAXITH BX
CALL ARC - ~ SFIND RADIUS
MOV BX,OFFSET DATA BUF
MoV cnt DATAY,BX -
ADD  BX,3998 :OFFSET TO END OF SINE
MOV CNP DATAX,BX  :TABLE 1099 WORD..
MOV - CX,2000 sSET COUNTER LIMIT.
FIND LOOP:
= WOV BX,CNT DATAY  ;READ POINTER.
WV AX sREAD SINE TABLE.

ADD T DATAY2 :UPDATE COUNTER.
ADD Y AXITL,AX :ADD LOW WORD Y-AXIT.
ADC  YAXITH)O *+ADD CARRY FROH LOW WORD Y-AXIT.

MOV BX,CNT DATAX
AX
S8 CNt DATAX,2

ADD X AXITL,AX
ADC X"AXITH,0

MoV CX,Y AXITH ;READ DATA ON Y AXITH.
MoV BX, Y"AXIIL ;READ LOW WORD.™

Hov DX, RES 2

Hov AX,RES”1

CALL I_"ITING . ;TABLE FITTING SCALE.
SuB AX, AX

Mov AX,Y STARIL ;READ RADIUS MSW.
SuB AX, REMAINWO
MoV AX,Y STARTH
SBB AX, REMAINW1

JNC FIND NEXT ;IF 1 RECORD > REMAINW
) ; THEN"READY.
POP cX
Mov ANGLE 0 iSAVE ANGLE COUNTER FIRST POINT,

cx
MOV AX.CNT OATAX  ;READ TABLE POINTER X.
MV X ANGLE,AX :SAVE TABLE POINTER X FIRST POINT.
MOV AX,CNT DATAY  :READ TABLE POINTER V.
MOV Y ANGLE,AX sSAVE TABLE POINTER Y FIRST POINI.

MOV AKX AXITH
MOV X AXTTIH,AX  ;SAVE DATA MSW FIRST POINT.
MOV AR.X AXITL

MOV X AXTTIL,AX :SAVE DATA LSW FIRST POINT.
MOV AX,Y AXITH
5 Lo
MOV gx AXTTIL, AX

« ;COUNT FOR NEXT COUNT.
Jup FINAL_POINT

FIND_NEXT:
PP CX
LOOP  FIND LoOP
Mov ANGLE O,0FFFFH  ;SET OVER FLOW ANGLE.
RET - ;END OF PROCESS.
FINAL_POINT:

MoV }B&, Cg'[ DATAY ;READ POINTER.

Hov y ;READ SINE TABLE.

ADD CNT DAIAY,2 ;UPDATE COUNTER.

ADD Y AXIIL,AX ;ADD LOW WORD Y-AXIT.

ADC Y"AXITH,0 ;ADD CARRY FROM LOW WORD Y-AXIT.

MoV BX,CNT_DATAX



MoV AX,[BX%
SUB NI DATAX,?

. ADD X AXIIL,AX
ADC X"AXITH,0
PUSH CX ©

MOV CX,Y AXITH ;READ DATA ON Y AXITH.
Hov BX, Y"AXITL ;READ LOW WORD.™

My DX, RES 2

Hov AX,RES™1

CALL T FITING ;TABLE FITTING SCALE.
SuB BX, BX

MoV BX,Y ENDH

My AX, Y"ENDL

SUB AX, REMAINWO
SBB BX, REMATNW{

JC  FIND NEXTI ;IF Y END » REMAIN THEN
- JFINDNEXT1.
PP X -
MOV ANGLE_1,CX ;SAVE COUNTER END POINT.
FIND_READY:
= RED
FIND NEXT1:
PP CX

LOOP  FINAL POINT
RME\II ANGLE™1,0FFFFH ~ ;SET OVER ELOW.

SEARCH_J  ENDP

TEST PROC  NEAR

; INITIAL VALUE OF ARC

MOV AX, 1200H ;DEFIND VECTOR SPEED.
MOV V SPEED,AX

WOV X ENDL,00 ;DEFAULT 200,

WOV XTENDH,00

MOV - YTENDL,00 12000

MOV YTENDH,00

CALL L0t

MOV X ENDL,00 ;DEFIND END POINT OF ARC.
MOV XENDH,00

MOV YENDL,10000 ;2000

MOV YTENDH,00

CALL L4

WOV 1 RECORD,1000 ;3000  ;DEFIND CENTER OF ARC.
MV JRECORD, 0 ;00

WOV ITRECORD+2,0

WOV JRECORD+2,0

MoV X ENDL, 1000 ;DEFIND END POINT OF ARC.

WV XENDH,00
WV YENDL,1000 ;2000
WOV YTENDH,00

CALL  FFW 03



MV 1 RECORD,1500 ;3000  ;DEFIND CENTER OF ARC.
MOV JTRECORD,0 ;00

MOV IRECORD+2,0 :

MOV JTRECORD+2,0

MV X ENDL,1500 ;DEFIND END POINT OF ARC.
MOV XCENDH, 00

MV YENDL,1500 ;2000

Hov '

CALL  BEW 03

MV X ENDC,00

MV XCENDH, 00

MV YENDL,10000

MOV YTENDH,O00

CALL  LQd

MOV AX,0A000H ;DEFIND VECTOR SPEED,
WOV V SPEED,AX

MOV X ENDL,100 ;DEFIND END POINT OF ARC.
MOV XENDH, 00

MOV YENDL,00 12000

MV YTENDH,00

CALL L2

MV X ENDL,00 ;DEFIND END POINT OF ARC.
MV XENDH,00

MOV YTENDL,10000 2000

MOV YTENDH,00

CALL L Qi

MOV X ENDL,00 ;DEFIND END POINT OF ARC.
MOV XENDH, 00

MOV YTENDL, 12500 12000

MOV YTENDH00

CALL Lt

MOV X ENDL,2600 ;DEFIND END POINT OF ARC.
MOV XCENDH, 00

MV YTENDL,00 2000

MV YTENDH,00

CALL L4

RET

CALL  FEW @2

CALL  RFWQ3

CALL  FFWTQ4

CALL  RFWI

CAL A

CALL  FFW Q1

CALL  RFWQ4

CALL  FFW(3

CALL  RFWTQ2



MV T RECORD,2500 ;3000  ;DEFIND CENTER OF ARC.
WV JRECORD,00 ;00
MV ITRECORD+2,0
MV JRECORD2,0
MV X ENOL,00 ;DEFIND END POINT OF ARC.
MOV XTENDH,00
MV YENDL,2500 52000
MV YENDH00
CALL  PLT FORWARDQ4
MV [RECORD,1250 ;3000  ;DEFIND CENTER OF ARC.
MV JRECORD,00 ;00
MV TRECORD+2,0
MV JRECORD:2,0
MV X ENDL,00 SDEFIND END POINT OF ARC.
MV XCENDH,00
MOV YENDL,1250 42000
MOV YENDH,00
CALL  PLT FORWARDO4
RET
P PLTS N O
L0t
MOV QUARDANT,B0H ~ ;DEFIND QUARDANT,
CALL  LINEAR
CALL  LOAD DSP
RET 5
L ge:
- MOV QUARDANT,40H  ;DEFIND QUARDANT.
CALL ~ LINEAR
CALL  LOAD DsP
~ RET .
L 03:
- OV QUARDANT,OCOH ;DEFIND QUARDANT.
CALL ~ LINEAR
CALL  LOAD DSP
RET g
L 04:
- MOV QUARDANT,00H ;DEFIND QUARDANT.
CALL  LINEAR
CALL  LOAD DsP
RET -

LINEAR PROC  NEAR

MOV AX,X ENDL
MV BX,02
MUL BX

MV OUTPUT X,AX
HoV aﬁ,v_anui

WV QUTPUT Y,AX

LINEAR ENDP
FFW_Q1:



CALL
RET

FEW_Q2:

Mo

CALL

RET
FW_03:

CALL

RET
FFW_04:

MoV

CALL

RET
REW Q1:

Hov

CALL

RET
REW 2

Hov

CALL

RET
RFW_03:

MoV

CALL

RET
RFW_04:

Ho

CALL

RET

PLT FORWARDQ1:
- CALL

QUARDANT , 80H
PLT FORVARDO4

QUARDANT OCOH
PLT FORMARDQ4

QUARDANT  04FH
PLT_FORWARDQ4

QUARDANT , OFH
PLT_FORWARDQ4

QUARDANT  80H
PLT FORWARD!

QUARDANT, 0COH
PLT_FORMARDQ!

QUARDANT  04FK
PLT_FORWARDQ1

QUARDANT , OFH
PLT FORVARDO!

SEARCH J

CX, X AXITIH
BX, XAXITIL
DX, RES 2
AX,RES™1
1 FITING

AX, REHATNWO
X, 02

BX
INTVAL Y, AX

CX,Y AXITIH
BX, Y AXITIL
DX, RES 2
AX,RES™1
1 FITIRG

AX,gEHAINWO

BX

;DEFIND QUARDANT.

-;DEFIND QUARDANT.

:DEFIND QUARDANT.

sDEFIND QUARDANT.

;DEFIND QUARDANT.

;DEFIND QUARDANT.

;DEFIND QUARDANT.

;DEFIND QUARDANT.

;SEARCH START POINT AND END POINT.

;READ DATA ON Y AXITH.
;READ LOW WORD.™

;READ DATA ON Y AXITH.
;READ LOW WORD.™



LOOP_PLTS3:

CALL
CALL
CALL
LooP
MoV

Hv

CALL
CALL

MoV
MoV
CALL

CALL
CALL

RET

PLT_FORWARDQ4:
- CALL

INTVAL X,AX

CX,ANGLE 0
CX,ANGLE™1
o -

cX

X ANGLE,2
BX,X ANGLE
AX, AX

AX BX]
X ARITIL,AX
XAXITIH,0
CX,X AXIT1H
BX, XAXITIL
DX, RES 2
AX RES™1
T FITING

DATAFORY

AX. AX
Y ANGLE, 2

BX,Y ANGLE
AX, | BX

¥ ARITIL, AX
Y-AXIT1H,0

CX,¥ AXITIH
BX, Y AXITIL
DX} RES 2
AX,RES"1
T FITING

DATAFORX
LOAD DSP

X
LOOP PLTS3

CX,X AXITIH
BX, X AXITIL
DX, RES 2
AX,RES 1

T FITIRG -

DATAFORY

AX, A
CX,Y AXITIH
BX, Y AXITIL
DX, RES 2
AX,RES 1
1 FITING

DATAFORX
LOAD DSP

SEARCH J

CX,X AXITIH
BX, X AXITIL
DX, RES 2
A, RES]
T FITIRG

;SET TBL COUNTER.

;UPDATE COUNTER.
;READ POINTER.

;READ SINE TABLE.

;TABLE FITTING SCALE.

;UPDATE COUNTER.
;READ POINTER.
;READ SINE TABLE.

;TABLE FITTING SCALE.

;READ DATA ON Y AXITH.
;READ LOW WORD.™

;READ DATA ON Y AXIIH.
;READ LOW WORD.™

;SEARCH START POINT AND END POINI.

;READ DATA ON Y AXITH.
;READ LOW WORD.™



LOOP_PLTS2:

3833 23333 3838

AX, REMAINWO
BX, 02

BX
INTVAL X,AX

CX,¥ AXITIH
BX, Y AXITIL
DX, RES 2
AX, RES ]
T FITING

AX,REMATNWO
BX, 02

BX
INTVAL ¥,AX

1 FITIRG
DATAFORX

X, AX
Y ANGLE, 2
BX,Y ANGLE
AX. [BX

Y ARITIL, AX
Y-AXITIH;0

CX,Y AXITIH
BX, YAXITIL
DX, RES 2
AX, RES 1
T FITING

DATAFORY
LOAD DSP

cX
LO0P_PLTS?
CX,X AXITIH

BX, X"AXITIL -

DX, RES 2
AX,RES "1
T FITING

DATAFORX

AX,AX
CX,Y AXITIH
B, Y AXITIL
DX, RES 2
AXRES™1
1 FITING

;READ DATA ON Y AXITH.
;READ LOW WORD.™

;SET TBL COUNTER.

;UPDATE COUNTER.
;READ POINTER.

;READ SINE TABLE.

;TABLE FITTING SCALE.

;UPDATE COUNTER.
;READ POINTER.
;READ SINE TABLE.

;TABLE FITTING SCALE.

;READ DATA ON Y AXITH.
;READ LOW WORD.™

;READ DATA ON Y AXITH.
;READ LOW WORD.™



CALL  DATAFORY
CALL  LOAD DSP

RET
TEST ENDP
DATAFORY  PROC  NEAR
MOV AX, INTVAL Y
MV OUTPUT ¥,AX
7
SUB  AX,OUTPUT ¥
MV BX.02 -
ML BX
MOV OUTPUT Y,AX
N GOOD Y
MV AX,00
Mov - outeuT v,Ax
60D Y: RET

DATAFORY ENDP
DATAFORX PROC  NEAR

MOV AX, INTVAL X
MOV OUTPUT X,AX
MOV AX,REMEINWO
MOV INTVAL X,AX
SUB  AX,OUTPUT X
MV BX.02
ML BX
MOV OUTPUT X,AX
N GOOD X
MOV AX.00
MOV OUTPUT X,AX
GOOD X: RET

DATAFORK  ENDP

LOADDSP  PROC  NEAR
- MV AX,QUIPUT X
ADD  AXOUTPUTY

N2 START LOAD

RET

START LOAD:

=MV DX, 306H

™1 IN ;
AD  AL,01 ;CHECK BIT 0 PORT C.
2 T
WV ALGFH
OR  AL,QUARDANT
OUT  DX,AL

132010:
MoV AL,00
MOV DX,302H  ;PORT C
OUT  DX)AL
WOV AL,03
OUT  DX,AL ‘
MOV DX,3044  ;PORT A.
N ALDX
AD  AL,03

CP  AL00 :X-PARAMETER,
2 NEXT POINT



JHP 132010

NEXT_POINT:
WV AL,00
MOV DX,302H  ;PORT C
T DX,AL
MV AL.03
0T  DXAL
WAIT DSP4:
- MOV DX,304H
N ALDX
AD  AL,03
CWP  AL,03  ;DSP CODE 03 = X PARA.
N2 WAIT Dspd -
NEX_DATA: -
MOV AX,OUTPUT X
MOV DX,300H ~ ;PORT A.
T DXAL
I X :PORT B.
MOV AL,AH
T DXAL
DATA 3:
- MOV AL,00
MOV DX.302H  ;PORT C
T  DXAL
MOV - AL.03
DX, AL
WAIT DSPI1:
- WOV DX,304H
N ALDX
AND  AL,03
CHP  AL,02  ;DSP CODE 02 = Y PARA.
Nz WAIT DSP1 3

DATA 2:
A Mov AX,OUTPUT Y
MoV DX,300H = ;PORT A.

00T DXAL
I DX :PORT B.
WV AL,
T  DXAL
MOV AL,00
MOV DX302H  ;PORT C
T  DXAL
WV ALLO3
0T  DXAL

WAIT DSP2:

- MOV DX,304H

IN ALK
AD  ALO3
P ALol :DSP CODE 01 = V.
Wz WAlT osp2

DATA 1 -

mv AX,V SPEED
MoV DX,3008  ;PORT A,
DX, AL

ouT )

I DX :PORT B
MOV AL,AH

OUT  DX,AL

MV AL,00

MOV DX,302H  ;PORT C
OUT  DX.AL



ouT DX, AL

WAIT DSP3:
- MV OX,300H
N ALIDX
MWD AL03
G  AL,00  ;DSP CODE 00 = DATA READY.
Iz WAIT_DSP3
WV AL,OFH
R AL,QUARDANT
MV DX,306H
ouT DX,AL .
WV AL,00
MV DX;300  ;PORT C
0T DXAL
WV ALO3
O  DXAL
ISP
MOV DX,306H  ;READY BIT ON DSP START RUN.
IN ALK
D ALO1
Nz wAlT psp
MOV AL, 3FY
R AL, QUARDANT
0T DXAL
FAIL LOAD: RET

LOAD DSP ENDP
COSINT  PROC  NEAR
START_TEST:

WV 1 RECORD, 00 ;DEFIND CENTER OF ARC.
Hov J™RECORD, 7000

MoV I"RECORD+2,0

nv J RECORD+2,0

Hov X"ENDL, 7000 ;DEFIND END POINT OF ARC.

MOV XENDH,O
MOV Y ABSH,O ;DEFIND REFERENCE POSITION
WOV YABSL.O :0F ARC.
MOV XABSH.O
MOV XTABSL.O
CALL  ARC
END TEST:

- SB BX,BX 1ZERO BX.
MOV Y AXIIL,BX
MOV Y-AXITH BX
WOV XCAXITL.BX
MOV XTAXITH,BX
MOV BX,OFFSET DATA BUF
MOV CNT DATAY,BX - |
ADD  BY,3008 ;OFFSET TO END OF SINE TABLE
MOV CNTDATAX,BX  ;(Nel = END TBL - START TBL + 1).
MOV CX,2000

. SINLOOP: MOV  BX,CNT DATAY  ;READ POINTER.
- v X iREAD SINE TABLE.

. ADD Nt DATAY,2 sUPDATE COUNTER.
BX, BX :CLEAR CARRY FLAG.
ADD Y AXITL,AX 1ADD LOW NORD Y-AXIT AND
Puegc cxv;nxun,o :ADD CARRY FROM LOW WORD Y-AXIT.



w Exxr[:m DATAX
SUB  CNt DATAX,2
SUB  BX,BX
AD X AKITL,AX
AC X AXITH,0
MV CX,X AXITH
MOV BX XCAXITL
MV DX RES 2
MV AX RESTI
CALL T FITING
CALL  CCIP
POP
LOOP  SIN LOOP
RET
COSINT  ENDP
CLIP  PROC NEAR
SIB BX,BX
MOV BX.I RECORD:?
MOV AX. I"RECORD
SUB -~ AX,REMAINWO
SBB  BX, REMATNWI
JC  No'PLOT
SUB  BX,BX
MOV BX.X ENDH
WOV AX.XENDL
SUB AX, REMAINWO
SBB  BX, REMAINMI
X NoPLOT
MOV DX,OFFSET DATA X
MOV AXXABSL -
ADD  AX. REMAINWO
CALL  BIN ASCII
MOV CX,Y AXITH
MOV BX YAXIIL
MOV DX.RES 2
MV AXREST
CALL T FITING
MOV DX,OFFSET DATA Y
MOV AXY ABSL -
ADD AX REMAINWO
CALL  BIN ASCII
CALL  PLTS
NO_PLOT: -
ENDP

CLIP
: INTEGER SQUARE ROOT.

SINPUT  ARC 1,ARC 2,ARC 3,ARC 4
JOUTPUT REST1,RES2’ - -

: INTEGER SUBSTRACTION.

;32-BIT BY 32-BIT SUBTRACTION.
;INPUT  DX:BX
; CX:AX
;RESULT DX:AX

ISUB PROC  NEAR

;READ POINTER.
;READ SINE TABLE.
;UPDATE COUNTER.

;ADD LOW WORD Y-AXIT AND
;RESTORE DATA Y-AXIT,

;ADD CARRY FROM LOW WORD Y-AXIT.
;READ DATA ON Y AXITH.

;READ LOW WORD.™

;TABLE FITTING SCALE.

;1F I RECORD ¢ REMAIN
;THEN'NO PLOT.

;ABSOLUTE OF POSITION X
;AT REFERENCE POINT.

;ABSOLUTE OF POSITION Y
;AT REFERENCE POINT.



PUSH  CX
Sup BX,AX ;SUB BX BY AX
suy DX, CX ;AND DX BY CX.

MOV 0X,CX ;STORE RESULT ON
MoV AX,BX ;0X,AX HIGH ORDER TO LOW,

PoP CX
PoP BX
RET

1SUB ENDP

; INTEGER ADDITION.
:32-BIT BY 32-BIT ADDITION.

+INPUT  DX:BX
; CX:AX
;RESULT DX:AX
IADD PROC  NEAR
PUSH  BX
PUSH  CX
ADD AX,BX 1SUB BX BY AX
ADC DX, CX ;AND DX BY CX.
pop CX
Pop BX
RET
IADD ENDP

;SUBROUTINE TO DISPLAY A MESSAGE ON THE SCREEN.

;ENTER TO BX -> MESSAGE TO BE DISPLAYED,
;MESSAGE IS ASSUME TO BE 30 CHARACTERS LONG.

DISPLAY PROC  NEAR

PUSH  AX

PUSH  BX

PUSH  CX

PUSH DX

) AH,02 ;ATIR OF SCREEN

MOV BH,00

HOV DX,0A14H  ;CURSOR POSITION ROW,COL
INT 104 ;CALL DOS ROUTINE DISPLAY
PoP DX

pPop CX

PoP BX

PoP X

WV CX,30 ;NUMBER OF CHARACTER TO DISPLAY
DISP1: MV AL Lcaﬂ ;GET NEXT CHARACTOR TO DISPLAY
DISPCHAR  ;DISPLAY IT
BX :POINT TO NEXT CHARACTER
LOOP  DISPI :00 IT 30 TIME
WOV AL,ODH  ;CARRIAGE RETURN
CALL  DISPCHAR
MV  AL,OAH  ;LINE FEED

CALL  DISPCHAR
RET sRETURN TO CALLER OF ’DISPLAY’
DISPLAY ENDP

;SUBROUTINE TO DISPLAY A CHARACTER ON THE SCREEN.
;ENTER WITH AL=CHARACTER TO BE DISPLAYED.
;USE VIDEO INTERFACE IN BIOS.

DISPCHAR PROC  NEAR
PUSH  BX ;SAVE BX REGISIER



MoV BX,0 ;SELECT DISPLAY PAGEQ
MoV AH,14 ;EUNCTION CODE FOR 'WHITE'

INT 10H ;CALL VIDEO DRIVE TO BIOS
PoP BX ;RESTORE -BX REGISTER
RET ;RETURN TO CALLER OF 'DISPCHAR’

DISPCHAR ENDP

; CALL BIOS CURSOR OFF USED INTIO.

CUR OFF PROC
- PUSH  AX

PUSH  CX
WV AH,01
MV CH 20H
INT 108
PP CX
PP AX
RET

CUR_OFF ENDP

CLEAR SCREEN MONITOR
BY WRITE CHARACTER SPACE ON SCREEN.

CLRSCN -~ PROC ;CLEAR SEREEN MONITOR.
PUSH  AX
PUSH ~ BX
PUSH ~ CX
MOV AX,ES
PUSH  AX

MOV AX,0BBOCH  ;DEFIND TAGET ADDRESS
MoV ES,AX ;DEFIND EXTRA SEGMENT

MOV DI,0 ; INITIAL OFESET ADDR INTO SEGMENT
MOV AL, ! ;BLANK CHARACTER TO FILL ADAPTER MEMORY
HOV AH, 02 ;THIS WILL BE THE ATTRIBUTE BYTE

;ALL CHARACTERS DISPLAYED WILL BE
;GREEN BACKGROUND
MoV CX, 8000 i INITIAL ALL OF MEMORY

CLD ;50 STOSW GOES FORWARD
REP~ STOSW ;BLANK OUT THE ADAPTER MEMORY
PoP AX
HOV AX,ES
POP CX
POP BX
POP AX
RET
CLRSCN  ENDP

i BINARY FORMAT 10 ASCII
: USING ASCIT. TABLE PROCDURE.

ASCIT  PROC )
PUSH  AX
PUSH  BX
PUSH X
PUSH DX

MOV SI,OFFSET BUFF ;DEFIND SOURCE POINTER



DI,OFFSET CHAR BUFF ;DEFIND DI TO CHAR BUFF
ASCITI N -

SI,OFFSET VBUFF _ ;DEFIND SOURCE POINTER.
DLOFFSET VELOCITY  ;DEFIND DI TO VELOCITY ADDRESS.
BX, OFFSET VELOCITY
DX, 0C14H

DISP IT -

DX
X
BX
AX

;CURSOR POSITION ROW,COL

'+ HEX DECIMAL TO ASCII

ASCINM

CONVERT:

ASCII1

REPORT1

PROC
PUSH
PUSH
PUSH
PUSH
PUSH

;CONVERSE BINARY TO ASCII

AX
BX
X
i)
S
0 ;COUNT EIGHT BYTES
?
28 ;ADJUST POINTER
X ;HODIFY DI T0 DI + 28
By SZERO AX.
[s1] ;READ BUFF
:SAVE AL TO BL
,OFH MASK HIGH BYTE
JOFFSET ASCIT TBL

=

—r
o 52

;ASCIT TABLE LOOK UP.

;READ ASCII TABLE.

;PUSH IT INTO CHAR BUFF

;DEC CHAR POINTER TO NEXT BYTE.
;RESTORE TABLE OFFSET ON BX. -

ROAZERISERIREZEXSRR

sRESTORE AL
,OFOH ;MASK LOW BYTE
TEEN ;SHIFT DATA TO RIGHT 4 BIT.
A% sASCIT TABLE LOOK UP.
AL, Bﬁ ; ABLE.
Bm i :PUSH IT INTO CHAR BUFF
I sDEC CHAR BUFF POIRTER
S s INC SOURCE POINTER
CONVERT ;D0 IT EIGHT TIME
S
DI
cxX
BX
AX

;REPORT STATUS BYIE.

SI,OFFSET STATUS ;DEFIND SOURCE POINTER
DI,OFFSET STATUS1  ;DEFIND DI TO STATUSI. ’
DX,0E14H ;DEFIND CURSOR POSITION ROW,COL.
BX,0FFSET STATUS1

REPORT



SI,0FFSET ROSIGNAL!

MOV DI,OFFSET STATUS?
WOV DX,1014H ;DEFIND CURSOR POSITION ROW,COL.
MOV BX OFFSET STATUS?
CALL  REPORT
MOV SI,OFFSET RDSIGNAL
MOV DI OFFSET STATUS2-9
MOV OX 1014H
MOV BX,OFFSET STATUS2 ;DEFIND DISPLAY LOCATION
CALL  REPORT
RET
REPORT! ENDP
REPORT  PROC
PUSH  AX
PUSH  BX
PUSH  CX
PUSH DX ;CURSOR POSITION ROW,COL
MOV CX,08 sCOUNT 8
WV AX,DI sREAD STATUS.
ADD  AX.28 :ADJUST POINTER
MV DI.AX :MODIEY DI TO DI + 28
MV AL LSI] {READ STAIUS.
REP BIT: MOV  BL.AL 'SAVE AL 10 BL
“ UMD ALLO1 sMASK HIGH BYTE
ADD AL, 30H sCHANGE TO ASCII
HOV BDI],AL :PUSH IT INIO CHAR BUEF
DEC I :DEC CHAR POINTER ~
MOV AL,BL sRESTORE AL
ROR  AL1
LOOP  REP BIT :D0 IT EIGHT TIME
POP DX
PP CX
PP BX
PP AX
DISP IT: PUSH  BX
= MV CX,60H
MOV - AHL02 sATTR OF SCREEN
MOV BH.00
;MOV  DX,0C14H  ;CURSOR POSITION ROW,COL
INT 108 :CALL DOS ROUTINE DISPLAY
POP  BX
MV CX,30 :NUMBER OF CHARACTER TO DISPLAY
DISPST: MOV ALéLCBﬂR :GET NEXT CHARACIOR TO DISPLAY
CALL DI  ;DISPLAY IT
I BX ;POINT TO NEXT CHARACTER
LOOP  DISPST DO IT 30 TIME
MOV  AL,ODH  :CARRIAGE RETURN
CALL  DISPCHAR
RET
REPORT  ENDP
READ  PROC
PUSH DX
PUSH BX
PUSH AX

WOV BX,OFFSET BUFF+3 ;FOUR BYIE ( 2 VoRDS )



BIN_BCD:

RD _VEL:

RD STAT:

MoV
FILD

FBSTP TBYIE PIR

HOY
FILD

DX, 200H ;SET POINTER TO PORT COMMAND,
AL, RDRP

DX, AL i¥RITE COMMAND READ REAL POSITION.

AL, DX ;READ DATA FIRST BYTE MSB.

AL,DX ;READ DATA FIRST BYIE LSB.

AL, DX ;READ DATA SECOND BYTE MSB.

AL,DX ;READ DATA SECOND BYTE LSB.

BX,OFFSET BUFF
OWORD PTR LBXJ ;PUSH HEX TO REG OF MATH CO.
UFE  ;READ SHORT BCD FROM MATH CO.

BX,0FFSET VBUFF+3
DX, 200H
AL, RDRV jREAD REAL VELOCITY COMMAND.

WAlT
DX, AL

BX),AL 1SAVE MSB

AL, DX ;READ SECOND BYTE.
LQX],AL iSAVE SECORD BYIE,

AL, DX ;READ THERD BYTE,
&xBX],M. iSAVE THERD BYIE.

AL, DX ;READ LSB

(BRIAL . © jSAVE (S

BX,0FFSET VBUFF

FIMUL DWORD PIR

EBSIP TBYIE PIR

INC
v
DEC

QORD PTR L%E ;PUSH HEX TO REG OF MATH (0.
BUFF ~ ;READ SHORT BCD FROM MATH CD.

BX,OFFSET STATUS

DX 200H '

VAT

AL, DX ;READ STATUS FROM LM 628.

LLBXA!'J&GS ;PUSH 1T INTO HEMORY.

WAIT
gﬁ.M_ ;WRITE COMMAND RDSIG TO LM 628.

WAIT

g)L(,ux ;READ DATA FROM LM 628

i
AL, DX
BX

[0



POP X
POP DX

READ ENDP

WAIT PROC

PUSH AX
PUSH DX

MOV DX, 200H
IN AL, DX
AND  AX,01
N2 WAIT

POP DX
POP  AX

RET
WAIT ENDP

i INITIAL PERIPHERAL INTERFACE ADAPTER

INIT PROC
PUSH DX
PUSH CX
PUSH BX
PUSH AX

HOV DX, 20DH ;DEFIND PORT ADDRESS OF 6821
MOV AX,00 ;DEFIND MODE OF CONTROL REG
OUT  DX,AL iWRITE ZERD INTO CONTROL REG OF 6821

Hov AX:OFFFFH ;DEFIND HODE OF DIRECTION REG
DEC DX RS1 RS2 = 00

¥

OUT  DX,AL iWRITE OFFH IN TO DIRECTION REG
INC DX ;CHANGE RS1 RS2 TO ADDRESS 0]
OUT  DX,AL ;WIRTE OFFH IN TO CONTROL REG

POP A
POP BX
POP CX
POP DX

WAITI:

RET
INIT ENDP
SAVE_TBL PROC  NEAR

BX
OV BX, (CNT DATA)
OV éax AL
INC  CNT DATA
PP BX -

SAVE_TBL ENDP
START  ENOP

CODE ENDS .
END START





