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; Program EXPDI FF. ASM

; Function R/ C Servo Exponential /Differential Processor (SMI Version) *
;. Aut hor Engr. John F. Fitter B.E. *
; Language Pl C Assenbl er *
; Platform PI C 16C84, 16F84 or 16C61 *
; Revisions 26j un98 Ori gi nal *
. *
; Copyright ¢ 1997-98 Eagle Air Australia Pty. Ltd. Al rights reserved *
; (Sonme code fragnents are based on application notes and other public sources) *
;**********************************************************************************************

; This programtakes two servo signals and applies exponential/differential rates to
I nput signals are pulse trains repeated at 20 to 25nms intervals. Each pul se
; is nomnally 1.5n8 +/- 0.5ns.

; them

; Pulses are represented in the programby signed integers representing the pul se
; width deviation fromthe neutral pulse width in processor clock cycles (fosc/4).

; If r is the centre pulse width offset in the positive direction, Dis the maxi num
; pulse width deviation, ChX is the signed deviation of channel X fromthe neutra

; pulse width

and ChA is the output pulse deviation, then;

; Applying an exponential rate to ChX

; Applying differentia

if ChX >= 0 ChA =ChX * ChX/ D
else ChA = -ChX * ChX/ D

to ChX
if ChX >= 0 ChA=ChX * (4 - f) | 4 +r
else ChA =ChX* (4 +f) | 4 +r

; In this programr is defined as follows;

r=f *D/ 4 where f = 0 to 4

; ADL6 configuration switch is used for field alteration of operating paraneters
; Each switch is wired as nornmally open / close to ground

; Switch

4
6

GWN P

; O fset

On O f
ChA exponenti al +di fferenti al ChA differential only
ChB exponenti al +di fferenti al ChB differential only

ChA O fset (2 bit)
ChB O fset (2 bit)

is specified in fourths as follows;

; If the type switch is set to differential only then the offset is in fourths of the
; maxi num defl ection and ranges from1l to 4

; If the type switch is set to exponential +differential then the offset is in fourths
; of the maxi mum defl ection and ranges fromO to 3.

; Program equat es

list
expand

EIEE R R S S I R R R S I O S R O

*

EIEE R R S S S S R S I O S R S O R O S R O

p=16F84, r=dec, b=6, x=CFF

; Systemtypes are assenbler command |ine defines.
; futaba, jr, multiplex, hitech, psa

CPU
SIM
CLK

PW CTR

PW DEVN

PW CTR
PW DEVN

equ
equ
equ
i ncl ude
__config

i fdef
equ
equ
el se
i fdef
equ
equ
el se

1684

0 ; Change timng consts for sinulator
4000 ; clock speed in KHz

"el6f84.inc" ; include enhanced defines for 16C84
_CP_OFF & _PWRTE_ ON & WDOT_ON & _HS OSC ; configuration fuses
f ut aba

1200 ; Centre pulse width in us

500 ; Pulse width deviation in us
mul ti pl ex

1350

500
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PW CTR equ 1500 ; default: JR, PSA, Airtronics
PW DEVN equ 500

endi f ;o mul tiplex

endi f ; futaba
CPW equ PWCTR * CLK / 4000 ; Centre pulse width in clock cycles
PWD equ PW DEVN * CLK / 4000 ; Pulse width deviation in cycles
FALSE equ 0 ; Logi cal equates
TRUE equ 1

Interrupt control register

I' NI _I NTCON equ B' 00100000’ ; initial val ues
; TOIE =1 (TMRO o/ f int enabl ed)
; others =0
I NI _OPTION equ B’ 10001010’ ; Option register initial values
; *RBPU = 1 (PortB pullups disabl ed)
; PSA = 1 (prescaler to W)
;o VDT =2 (WDT rate = 1:4)
; others =0

ckkkkkkkkkkkkkkhkkkkhhhkkhkkkhkhkkkhhkkkhkkkhkkhhkkkhkkkhkkkhkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkkkk ok k k%
)

; Port pi i t *
) or pIrn assignnents

B I O S S R S O R
1

I'Nl _DI RA equ 0 ; Initial PAdir's - all outputs
I'Nl _DI RB equ Oxf f ; Initial PBdir’'s - all inputs
bi t B_CHA, 3, PORTA ; Channel A Qutput port bit
bi t B_CHB, 2, PORTA ; Channel B Qutput port bit
bi t B_CHO, 4, PORTB ; Channel O Input port bit
bi t B _CH1, 3, PORTB ; Channel 1 Input port bit
bi t B_DEA, 0, PORTB ; Diff/Exp+Di ff ChA
bi t B_DEB, 1, PORTB ; Diff/Exp+Diff ChB

bi t B_VALAOQ, 2, PORTB ; ChA value Isb
bi t B_VALAL, 5, PORTB ; ChA val ue nsb
bi t B_VALBO, 6, PORTB ; ChB value |sb
bi t B_VALBL1, 7 PORTB ; ChB val ue nsb

IR R EE SRR RS SR EEE SR EEE SRR RS EE RS EEREEEEEEEEEEEREEEEREREREREREERESEREEREEEEEEEEEEEEEEEEEEEEEEEEEE SRR
;

. H H *
; Working registers

IR R R RS R E RS SR EE RS RS EEEREE RS EE R R EEREREEEEEEREEEREEEEREEREREREEEREREREEREEEEEEEEEEEEEEEEEEEEEEEEEE SRR

1

user_regs org 0x0c
Hl BYTE res 1 ; arithnetic working registers
LOBYTE res 1
EXBYTE res 1
TEMP res 3
TEMPO res 2
TEMP1 res 2
Bl TCOUNT res 1
CHO_IN res 2 ; Channel A Input register 16b
CHL_IN res 2 ; Channel B Input register 16b
CHA_QUT res 2 ; Channel A CQutput register 16b
CHB_OoUT res 2 ; Channel B Qutput register 16b
VAL_A res 1 ; ChAvalue (0 to 3 or 1 to 4)
VAL_B res 1 ; ChB value (0 to 3 or 1 to 4)
TI MER_H res 1 ; Tinmer high byte
FLAGS res 1 ; Programbit flags
bi t B_SI G\, o, FLAGS ; Sign flag for signed arithnetic
bi t B_CHATYP, 1, FLAGS ; ChA type flag (diff=0, exp+diff=1)
bi t B_CHBTYP, 2, FLAGS ; ChB type flag (diff=0, exp+diff=1)

EIE S I I b I S S I I kR I S I S I S I S S I S S I S S I I I b I I S I I I
1

; Macros *

EIE S I I b I I S I I b I S I S S S I S I S I I S I S S S I S I S I I O I b I I S I I S I I
1

; Macro to nove 16 bit literal to register pair _dest16 and _dest16+1

novl f 16 macr o _dest16, _literal 16
mov| w H GH((_literal 16) &xffff)
nmovwf (_dest 16) &0Ox7f
mov| w LON(_literal 16) &0xffff)
nmovwf (_dest 16+1) &0x 7f
endm

; Macro to nove 16 bit source register pair to _dest16 and _dest16+1
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novff 16 macr o
nmovf
movwf
nmovf
movwf

endm
kkhkkkkkkkkk

_srcl6, _dest16
(_srcl6) &0Ox7f, W
(_dest 16) &Ox 7f
(_srcl6+1) &0x7f,
(

_dest 16+1) &0x 7f

B I O S S S O I S

1

; Interrupt service routine - only TMD interrupts are used

B O S S R O R

1

org
intvec clb
i ncf

retfie

_intvec
B_TOI F
TIMER H F

1

1

clear the interrupt flag
maintain the 16 bit tinmer

*

B O S S R R O R S

1

: Processor initialisation
IR R R R R R R R R R R R R SRR R R R R R R R R R R R R R R R R R R R SRR R EREEREEEEREEEEEEEEEEEEEEEE R R

1

init seb
nov| f
nov| f
nov| f
clb
clb
seb
clb
clb

B_RPO

OPTI ON_REG, | NI _OPTI ON

TRISA, IN_DIRA
TRISB, INI_DIRB
B_RPO
| NTCON
B_TOI E
PORTA
PORTB

1
1
1
1
1
1
1
1
1

sel ect bank 1
option bits

data directions for port A
data directions for port B

sel ect bank O

clear interrupt control register

and enable tiner

interrupts

clear port A latches
clear port B latches

*

B I O S S O S R O

1

; Main program | oop

*

B I O S S R

1

mai n

mai n_init cl rwdt
cal
cal
cal
cal
cal |
cal |

goto

pul se_in
get _config
cal c_pw
proc_cha
proc_chb
pul se_out
mai n_init

cl ear watchdog (72ms tineout)
get the input pulse w dths
get the configuration swtches

cal cul ate input pul se deviations

process ChA
process ChB

send the out put pul ses
end of main program | oop

B O kR S I O R R O

Name: pul se_in

Procedure to acquire the input channels 0 and 1 pul se wi dths

The procedure is designed for speed and accuracy and so is witten in inline code.
it goes high then zeroes the tinmer and waits
This method has fewer

procedure polls the input channe
for the input bit to go low at which tinme it
overheads than using Port B change interrupts and uses about the sanme anmount of program
Port B change interrupts have a timng uncertainty of 3 cycles for
internal synchronisation which is no better than the polled nethod. Other problens with the

code. Furthernore,

bit until

reads the tiner.

interrupt driven nethod are related to the follow ng;

Reading a 16 bit tinmer

service routine

will be in error
because of tiner

The solution is to stop the timer which can be done for three instruction cycles by witing
to the tiner register

This works wel | .
be read while the tiner continues to run
overflow then the high byte wll

ORing the tinmer with zero acconplishes this and the counter is

stopped | ong enough to read the 16 bit val ue.

B R R I R S I I R S O

pul se_in clrf
cl rwdt
bbs
cl rwdt
bbc

; The picl6c84 only has an 8 bit tiner.

TI MER_H
B_CHO, $-2
B_CHO, $-2

1

1

1

To maintain a 16 bit tiner the program nust nanage
the upper 8 bits in software and increnment the high byte in the timer overflow interrupt
Readi ng the tiner is the problem because two bytes nust
If a read process is begun just before tiner

be incremented in the mddl e of the process and the result
by 256. Even if the interrupts are disabled the sane problemw ||
rol l over without high byte updating.

clear tiner high byte

ensure ChO input

is |ow

wait for ChO to go high

L I S R I R N S I N S S I B S R 3
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clrf TMRO

clb B TOIF

seb B GE

cl rwdt

bbs B CHO, $-2
clrw

i orwf TVMRO, F
nmovf TVMRO, W
nmovwf CHO_| N+1
nmovf TIMER H W
movwf CHO_I' N

clb B GE

bbs BGAE $-2
clrf TI MER_H

cl rwdt

bbc B CH1, $-2
clrf T

clb B TOIF

seb B GE

cl rwdt

bbs B CH1, $-2
clrw

i orwf TVMRO, F
nmovf TVMRO, W
movwf CHL_| N+1
nmovf TIMER_ H W
movwf CHL_IN
clb B GE

bbs BGAE $-2
return

; clear the tiner |ow byte,
; and the overflow flag

; and enable the timer interrupts

; then wait for ChO to go | ow

; then disbale the interrupts

; (reconended net hod for picl6c84)

; clear timer high byte

wait for Chl to go high
clear the timer |ow byte,
and the overflow fl ag

; then wait for Chl to go | ow

; then disable the interrupts

; (reconmended net hod for picl6c84)

wite to TVMRO without changing it
then read TMRO - the clock is now
stopped for 3 instruction cycles

so quickly grab the timer count

and enable the timer interrupts

wite to TVMRO without changing it
then read TMRO - the clock is now
stopped for 3 instruction cycles

so quickly grab the timer count

B O S S R S R I R O R

Name: proc_chx

Stack useage = 2

1
1
1
1
1
1
1
1

proc_cha novl f 16 H BYTE, PWD
nmovf f VAL_A, TEWP
call nmpy16b8
nmovff 16 H BYTE, TEMP1
movf f 16 CHO_I'N, HI BYTE
nmovf f VAL_A, TEMWP
btfsc H BYTE, 7
goto _proc_0O
conf TEMP, F
i ncf TEMP, F
_proc_0O mov| w 4
addwf TEMP, F
call nmpy16b8
movf f 16 TEMP1, TEMP
cal | addl6
cal | di v16by4
movf f 16 TEMP, H BYTE
skbs B_CHATYP
goto _proc_reta
cal | di v16by4
movf f TEMP+1, TEMP
btfsc H BYTE, 7
cal | negl6
call nmpy16b8
mov| f TEMP, PWD/ 4
cal | di v16b8
_proc_reta novfifl6 H BYTE, CHA_OUT
return
proc_chb novl f 16 H BYTE, PWD
nmovf f VAL_B, TEMWP
call nmpy16b8
nmovff 16 H BYTE, TEMP1
movf f 16 CHL_IN, H BYTE
movf f VAL_B, TEMWP

Procedures to do differential and exponenti al
ChA and ChB are identical code. The code is duplicated to trade romfor speed

Regi sters used = W LOBYTE, H GHBYTE, EXBYTE, TEMP, TEMP+1, TEMP+2, TEMPO, TEMP1

R I I b I S Sk I I Sk kS R S I I R R S I S I I S S I S I S S I S S I I I I

; conpute f * D

and save it in a safe place
ChA is nmultiplicand

get f into nultiplier

is ChA<O

; no, negate f
; conpute 4 +/- f

conpute ChA(4 +/- f)

get f * D

conpute ChA(4 +/- f) + fD
conpute (ChA(4 +/- f) + fD)/4

is exponential required ?
no, then done

conpute result/4

copy |s 8 bits into TEMP
conpute |result|

; conpute |[result|*result/4
; conpute |result|*result/D
; place result

; conpute f * D

; and save it in a safe place
; ChBis nmultiplicand
; get f into nultiplier

transformati ons on channels A and B

*
*
*
*
*
*
*
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bt fsc H BYTE, 7 ; is ChB <0
goto _proc_1
conf TEMP, F ; no, negate f
i ncf TEMP, F
_proc_1 movl w 4 ; conpute 4 +/- f
addwf TEMP, F
call nmpy16b8 ; conpute ChB(4 +/- f)
novff 16 TEMP1, TEMP ; get f * D
call add16 ; conpute ChB(4 +/- f) + fD
call di vieby4 ; conpute (ChB(4 +/- f) + fD/4
movff 16 TEMP, H BYTE
skbs B_CHBTYP ; is exponential required ?
goto _proc_reth ; no, then done
cal | di v16by4 ; conpute result/4
novf f TEMP+1, TEMP ; copy Is 8 bits into TEMP
btfsc H BYTE, 7 ; conpute |result]|
cal | negl6
call nmpy16b8 ; conpute |[result|*result/4
nmov| f TEMP, PWD/ 4
cal | di v16b8 ; conpute |result|*result/D
_proc_retb novffl6 HI BYTE, CHB_CQUT ; place result
return

B I O S R

; Nanme: pul se_out *
; Procedure to send the Channels A and B output pul ses *
*

; Regi sters used = W LOBYTE, H GHBYTE, TEMP, TEMP+1 *
; St ack useage = ?2?? *
;**********************************************************************************************
pul se_out novff 16 CHA_QUT, HI BYTE ;. ChA

novl f 16 TEMP, CPW

cal | addl6 ; add in the centre pulse width

seb B_CHA ; set output high

cal | del ay ; leave high for H BYTE: LOBYTE cycl es

clb B_CHA

novff 16 CHB_QUT, HI BYTE ; ChB

novl f 16 TEMP, CPW

cal | addl6 ; add in the centre pulse width

seb B_CHB ; set output high

cal | del ay ; leave high for H BYTE: LOBYTE cycl es

clb B_CHB

return
;**********************************************************************************************
; Nane: del ay *
; Procedure to delay H BYTE: LOBYTE cycl es *
. *
; The procedure enables the tinmer and timer overflow interrupts. The tiner is operated as a *
; 16 bit up counter and is preloaded with the negative of the desired tineout value in cycles *
; adjusted for overheads. *
; Overheads are ; 2 cycles to call procedure *
; 31 cycles to load the timer and start it *
; 2 cycles to respond to timer high byte overflow *
; 7 cycles to tidy up and return (if G E resets first try) *
; 1 cycle in calling procedure to reset the output bit *
;**********************************************************************************************

del ay nmov! f 16 TEMP, -43
cal | addl6
cal | negl6
movf f H BYTE, TIMER H
clrf TMRO
clb B TOIF
seb B GE
movf f LOBYTE, TMRO
; seb B 7
; _del ay0 bnz _del ay0
_del ay0 nmov f TIMER H W
bnz _del ay0
clb B GAE
bbs B GE $-2
return

al l ow for overheads

o

negate time to allow up count
load the tinmer registers
prevent premature interrupts
cl ear any pendi ng overfl ows
enabl e interrupts

timng starts fromhere
force loops to 1st interrupt
loop until TIMER H overfl ows

NRPNRRRPNEROM

1
4
2

di sable the interrupts

(recomended nethod for picl6c84)

IR I I b I S S I S I S I S S S I S I S I I S I b I I S S

1

; Name: get_config

*
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Procedure to get the configuration switches and save themin the flags register and the
m xing ratio register

*
! *
! *
; A significant feature here is the changing of the sense port data directions. In order to *
; sense the switches the pins nmust be inputs and the pullups turned on, however because the *
; pul lups nust be turned off for nornal operation of the m xer and sone or all of the *
; switches nmay be open, noise on these pins would cause unecessary port B change interrupts *
; and lead to servo jitter. The solution is to make the switch sense pins outputs when not *
; being sensed and drive them|ow (safe because the switches only switch to ground). *

*
. %
! *
! *

Regi sters used = W VAL_A, VAL_B, FLAGS
St ack useage = nil

B S I I R I O O

get _config seb B_RPO ; set data directions to all inputs
nov| f TRI SB, Oxff ; then turn ON the Port B pul | ups
clb B_NOT_RBPU ; because of the pullups, swtches
clb B_RPO ; are logic high when open - logic
clrf FLAGS ; Is converted to positive logic here
skbs B_DEA
seb B_CHATYP ; get the configuration switches into
skbs B_DEB ; the flags register - slow nethod
seb B_CHBTYP ; but wiring i ndependent
clrf VAL_A
skbs B_VALAO ; get the ChA value - slow nethod
bsf VAL_A, O ; but wiring i ndependent
skbs B_VALAl ; the value is in 1/4rs from1l to 4
bsf VAL_A, 1
skbs B_CHATYP ; i f exponential not set then add 1
i ncf VAL_A, F
clrf VAL_B
skbs B_VALBO ; get the ChB value - slow nethod
bsf VAL_B, 0O ; but wiring i ndependent
skbs B_VALB1 ; the value is in 1/4rs from1l to 4
bsf VAL B, 1
skbs B_CHBTYP ; i f exponential not set then add 1
i ncf VAL_B, F
seb B_RPO ; turn OFF Port B pul lups - do not
seb B_NOT_RBPU ; leave pul lups on because port Bis
nmovl f TRISB, | NI _DI RB ; connected to the receiver output
clb B_RPO ; then restore data directions
return

Rk O S I O R R R O O R

Name: cal c_pw
Procedure to calculate the pulse w dth deviations of channels 0 and 1

Regi sters used = W LOBYTE, H GHBYTE, TEMP, TEMP+1
St ack useage =1

B S R I R O R O S R S R R

* % X ok Ok

1
1
1
1
1
1
1

cal c_pw novff 16 CHO_I N, HI BYTE ; ChO -= centre pulse width

novl f 16 TEMP, - CPW

call addl6

novff 16 H BYTE, CHO_IN

nmovff 16 CH1_I'N, H BYTE ; Chl -= centre pulse width

call addl6

novff 16 H BYTE, CH1_IN

return
;*~k*~k*~k*~k*~k*~k***~k***~k***~k***~k***~k***~k*~k*~k*~k*~k*~k***~k***~k***~k***~k***~k***~k************************
; Nane: subl6, addl6 (2 different entry points) *
; Procedures to add and subtract two 16 bit nunbers *

*
; Entry: operand 1 in H BYTE: LOBYTE *
; operand 2 in TEWMP: TEMP+1 *
; Exit: H BYTE: LOBYTE += TEMP(0:1) if entry at addl6 *
; H BYTE: LOBYTE -= TEMP(0:1) if entry at subl6 *
; carry status is same as 8 bit add or subtract *
*

; Regi sters used = W TEMP, TEMP+1, HI BYTE, LOBYTE *
; Total cycles = 15 for subl6 and 9 for addl6 *
; Total bytes = 12 for subl6 and 7 for addl6 *
; St ack useage = nil *
;*~k*~k*~k*~k*~k*~k***~k***~k***~k***~k***~k***~k*~k*~k*~k*~k*~k***~k***~k***~k***~k***~k***~k************************

sub16 conf TEMP+1, F ; negate TEMP(O0:1)
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i ncf
skpnz
decf
conf
addl16 nmovf
addwf
skpnc
i ncf
nmovf
addwf
return

TEMP+1, F
TEMP, F
TEMP, F
TEMP+1, W
LOBYTE, F
H BYTE, F
TEMP, W
H BYTE, F

add TEMP(0:1) and H BYTE: LOBYTE
add | sb
add in carry

add nsb

R I O S S R S R O I

Narme: nmpyl16b8

Procedure to multiply a signed 16 bit and an unsigned 8 bit nunber to produce a 24 bit

si gned product.

Entry: mul tiplicand in H BYTE: LOBYTE

Exit: pr oduct

Regi sters used
Total cycles
Total bytes

St ack useage

B S I O R O O R O R S R R

nmpy16b8 clb
bt fsc
seb
skbs
goto
cal

_nmpy16b80 novl f
novff 16
clrf
clrf
nmovf

_nmpyl1l6b81 rrf
rrf
skpnc
addwf
rrf
rrf
rrf
decfsz
goto
skbs
return
conf
conf
conf
i ncf
skpnz
i ncf
skpnz
i ncf
return

; mul tiplier in TEMP

i n EXBYTE: H BYTE: LOBYTE

W TEMP, TEWMP+1, TEMP+2, HI BYTE, LOBYTE, EXBYTE, BI TCOUNT
Oxffff * Oxff)

188 (worst case,
34
1

B_SI GN
H BYTE, 7

B_SI GN

B_SI GN
_nmpy16b80
negl6

Bl TCOUNT, 16

H BYTE, TEMP+1
H BYTE
LOBYTE
TEMP, W
TEMP+1,
TEMP+2,

EXBYTE
EXBYTE
Hl BYTE,
LOBYTE,
Bl TCOUNT, F
_nmpyl1l6b81
B_SIGN

mTmTT mT

LOBYTE,
HI BYTE,
EXBYTE,
LOBYTE,

HI BYTE,

m m mTmTT

EXBYTE,

1

save the sign of the result

is HL +ve ?

yes, then do the nultiply
no, then nake it +ve
initialize the bit counter
save tenporary nultiplicand
clear multiplicand

save the multiplier in W

shift tenporary multiplicand to the
right into carry

if carry set then need to add

add C EXBYTE += TEMP

shift multiplicand and carry right

any nore bits ?

yes, loop until all bits checked
if B_SIGN set then answer is -ve
return on +ve

el se, negate the product

*
*
*
*
*
*
*
*
*
*
*
*

IR I I b I I S S I I kS R I I I S S I S I S b I S I I S I I I

Nare: di v16by4

; Regi sters used

; Total cycles

; Total bytes

; St ack useage

di vieby4 novff 16
clb

bt fsc
seb

Entry: nuner at or
Exit: quoti ent

Procedure to divide a signed 16 bit number

W TEWMP, TEMP+1,
20 (worst case)
16
ni

H BYTE, TEMP
B C

TEWP, 7

B C

in H BYTE: LOBYTE
in TEMP: TEMP+1

by 4 to produce an 16 bit quotient

H BYTE, LOBYTE

IR I I b S I S Sk I I Sk S I S I I I I I I S I I S I R I S R S I I S S I S I I I I S I S S I S I O S O I

put copy of numerator in result
do a signed divide by 4

check sign bit

set carry if negative

*
*
*
*
*
*
*
*
*
*
*
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rrf
rrf
clb
bt fsc
seb
rrf
rrf
return

TEMP, F
TEMP+1, F
B C
TEMP, 7

1

1

rotate all through carry

do it all again

TEMP = result/ 4

B O S S R O R

Nane: di v16b8

; Regi sters used

; Total cycles

; Total bytes

; St ack useage

di v16b8 clb
bt fsc
seb
skbs
goto
cal

_di vi16b80 novl f
novff 16
clrf
clrf
clrf

_divi6b81 clb
rlf
rlf
rlf
nmovf
subwf
skpc
goto
nmovf
subwf
seb

_div16b82 rlf
rlf
decfsz
goto
skbs
return
cal
return

greater than the denoni nator.

Procedure to divide a signed 16 bit nunber
signed quotient and an 8 bit unsigned renai nder

Entry: nunmerator in H BYTE: LOBYTE
denomi nator in TEMP
Exit: quotient in H BYTE LOBYTE

remai nder in EXBYTE

274 (worst case)
32
1

B

SI GN
BYTE, 7
B_SI GN

B_SI GN

_di v16b80
negl6

Bl TCOUNT, 16

H BYTE, TEMP+1
H BYTE

LOBYTE

EXBYTE

B C

TEMP+2, F
TEMP+1, F
EXBYTE, F
TEMP, W
EXBYTE, W

_di v16b82
TEMP, W
EXBYTE, F
B C
LOBYTE, F
H BYTE, F
Bl TCOUNT, F
_div16b81

by an unsigned 8 bit number to produce a 16 bit

1

It is inportant that before calling this procedure to ensure that the nunerator is
If this is not so then either the nunmerator or the
denom nator should be pre-scaled to ensure this restriction is net.

W TEMP, TEWMP+1, TEMP+2, HI BYTE, LOBYTE, EXBYTE, BI TCOUNT

IR I I S S I S S I Sk I I S S I S S I S I I R S I I S kR S S I I S I I I S O S S I O S I I

save the sign of the result

is HL +ve ?

yes, then do the divide

no, then make it +ve

for 8 shifts

save the tenporary numnerator
clear the nunerator

cl ear the remai nder

rotate nunerator to left

rotate carry into partial remainder
is denominator > partial renuninder?
carry set if yes

else don’t shift in a bit

partial remainder -= denom nator

shift a bit into the quotient

loop untill all bits checked

if B_SIGN set then answer is -ve
return on +ve
el se, negate the quotient

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

IR I I b I I S S I I kS S I S I S I S I S I S I S I I S I b I S I S I I

negl6 conf
conf
i ncf
skpnz

LOBYTE, F
H BYTE, F
LOBYTE, F

1

: Nane: negl6

; Procedure to negate a 16 bit signed nunber

: Entry: 16 bit nunber to be negated in H BYTE: LOBYTE
; Exit: result in H BYTE: LOBYTE

: Regi sters used = H BYTE, LOBYTE

; Total cycles =8

; Total bytes =6

; St ack useage = nil

IR I I b S I S Sk I I S I I S I S S S I S I I R S I I S R I S S I S I I S S R I I R S O S I O S O I

negate HI BYTE: LOBYTE

*
*
*
*
*
*
*
*
*
*
*
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File: E\conmmercl\m xer\expdiff.asm 4/03/99, 13:35:50

i ncf H BYTE, F
return

end ; end of program
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