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» C@S(X) FOR

cas

1

”frthD PAINT MATH

-P1

| ;
XCBS LENTR .
L aJAN o wes
,CPA
. ,» 1AR , L
. shDDI = ,031104
B DASLA ) 01
‘ : SCALL ,POLY
1 +DATA
,DATA ,0,077777.,0
2 s JMP# , XCBS
JMBRE  ,

16 BIT, MUL/D!V

92K0506-007 A

SINGLE PRECISIGN FIXED PBINT C@SINE

<z 4#% <=z +P1 :
ﬁ11ﬂ1§mRQQIJNEMCALLS @N SUBRBUTINE 'PBLY!

C@S(X) FBR X _IN =PI T8 +PI

1S EVALUATED AS o
SIN(P1/2-ABS(X), WHICH
REDUCES THE VARIABLE

TO RANGE ~P1/2 T8 +P1/2 ...

41,027,=0650,010421,+052525

C@S(A) 1S SCALED #1/2,..
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*
*
#» EXN
Sl

. EXP(=X) , GI

#THIS RBUTINE -
e (e

»JAP
L INR
: _ . »CALL

1 S DATA
- »DATA
.2 s JMP®
- XEXN LENTR
o « JMP

» MBRE
___+END

NS

CFIXED PBINT MATH 16 BIT, MUL/D1V

SINGLE PRECISI@N FIXED PBINT

VEN 0 <='X < 1> .
CALLS ON SUBROUTINE 'POLY!

A XEXN ERR@R EXIT ,.. FBR /<=X<1
XEXN ~ INPUT AND BUTPUT
XEXN . ARE SCALED #*1,,.

,POALY '

,0,~-0250,02356,-012447,037770

s XEXN

. EXP («X) # 1

L XEXN-16



P

ATN

- ;

i~

*

*

*  XATN
o v

X

sENTR
»CALL
»DATA
»DATA

s JMPs

»MARE
»END

. £:3'

FIXED PBINT MATH 16 BIT, MUL/DIV

SINGLE PRECISI@N FIXED P@INT ARCTANGENT
o
’ ARCTAN(A) FBR =16A6+1.,,
JPOLY "INPUT AND QUTPUT ARE SCALED #1
»1,0272,-01725,04633,-010226,014500
g"025242vﬂo07777740
+XATN ' ’
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T e C FIXED PBINT MATH 16 BIT, MUL/DIV
* . ‘ - .
» XLOG SINGLE PRECISION FIXED POINT L@GARITHM
* _ |
# LOG(1+X) , GIVEN <1 < X < +1
’ : .
- L JAN# ,XL@G
: “LINR  ,XLOG
. _LINR . ,XLOG §
: | JCALL ~ .PeLY ' S
1 ,DATA  ,0,0532,=-03406,010512,~016407,025026
- ,DATA  ,=037763,0,077777,0
2 , JMP% L, XLOG -
XLBG LENTR ‘
o 2+ JMP 2 XLOG~18
: ,MBRE
,END .
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#THIS

o

5

FIXED PBINT MATH

LY

uT

-

16 BIT; MUL/DIV

SINGLE PRECISIBN FIXED PBINT
POLYNOMIAL EVALUATBER

__#THIS UTILITY RBUTINE IS DESIGNED SPECIFICALLY F@R THE
" »GROUP @F ELEMENTARY FUNCTIBN... IT MAY BE USED,WITH
#SBME CAUTIGN,

FOR GENERAL P@BLYNG@GMIAL PROBLEMS

B 3 . .
PAL1  ,STX LPOLY=4
‘ »STA »POLY=-3
o L,STA  ,PBLY-2"
. LDX ,POLY
DLDA . Doii
. 2JAZ  LPRLL
»LDB 21PBLY =3
SLDAT +040000
- _WMUL L PBLY-3
» STA s PBLY =2
» TZA .
.. _PBLL ,STA PoLY
» IXR ’
»LDA 20,1
e e . ,JAZ . ] F’ﬁLg
; +ADD PALY
» TAB .
+ TZA .
» MUL JPBLY=2
. » JMP PALL
. PAL2 LIXR .
s LDA » 051
T JAZ »PAL3
» ADD ,POALY
» TAB )
s TZA s
IMUL tngY*S
, IXR .
PBLE ,XAZ s PELY =1
s ADD » 01
» TXR .
» 5 TX yPORLY
AR

1L DX
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]

6

, JMP# L POLY
,BSS , 3

_sDATA ,014012

»ENTR -,
» JMP PALL

LMBRE

JEND

~
- " - -
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» FIXED PAINT MATH 16 BIT, MUL/D1V SN
* : ' :
~# . XSIN SINGLE PRECISI@N FIXED POINT SINE
»
# SIN(X) FAR X RETWEEN =PI1/4 AND +P1/4.
_#CALLS SUBRUUTINE 'PaALY', X IN AR SCALED #1/4
* N
XSIN . L,ENTR v
A : _.,‘.’.‘_’.«4.6 P_ ¥ * *_1 D : _
»ADD P 427 o : ) . S
s JAP s H+4 REDUCE A T@# BETW. + @R - Pl/2
»CPA -, coo CALL IT Y »
» 1AR s ) IF NEG., USE Y=ABS(A+P1/2)~P1/2
»SUB _,}**22 ‘
e _aJMP - ,es8
nSUB 1 #4190 -
» JAN s#+4
e 2CPA [ o
» 1AR . , ' S IF A «VE USE
» ADD s #4114 . Y=ABS(A”pI/2)‘PI/2
NI _2ASLA 1
»CALL PROLY :
yDATA 11,027,-0650,010421,~052525
SR [ .LQAIA; »0,077777.,0
2 » JMP & » XSIN
sDATA » 031104
» MORE s

,END ,
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- XEXP

.
»
*
*
#
*
*
B

ﬁ,LlNR

» 1AR
» ADDI
- +CALL

» TAB

» MUL

. __adMP

| XEXP ,BES

» JMP
_..+DATA
s MARE

s END

EXP . JAN®

,INR

_saJMP

" FIXED PBINT MATH

EXP(+X) X BETO,1

, XEXP
XEXP

,077777
. XEXN

LAY

,XEXP+3
JXEXP

0

, BEXP
,053374

16 BIT, MUL/DIV

SINGLE‘PRECISIWN FIXED PAINT

" POSITIVE EXPONENTIAL



o

SQT

CFIXED POINT MATH.

XSOT

., INR
, INR
ROF

LUAZs

.STB

_+ERA

SJAZ
, JMP
LERA

, JMP#®

JERA
,STX

V7ERO

» IXR

sLLRL

s JIF
»DXR
LLRL
»STB
»STX
SLDA
+STA
»LDA
DIV
iTBA
»SUR
+STA
+ ASRA
» ADD
+STA
LDA
» ADDI
» JAN
s LOX
 LDR
s LDA

,XSQT
,XSQT

» XSQT
XSQT+11
s XSQT+1.2
n¥+4

, 845

1 XSQT+12

+ XSQT
.XSQT*i?

1 XSQT+7

.06

4,022, %2

214

+ XSAT+6
,XSQT*&O
» XSAT+12
+XSQAT+8
» XSQT+6

}XSQT*8

L XSQT+8

s XSQT+9
v 1

, XSQT+8
» XSQT+8
« XSOT+9
0377
,SQTY
s XSQT+7
s XSQT+10
, XSQT+8

16 BIT, MUL/DIV

SINGLE PRECISIAN FIXED P@INT SQUARE REBT

SQUARE R@AT @F X FAR 0 <= X < 1




o,

PAGE" 10

s JBZ
+»ASRA
»DRR
s JMP
s LDX
. L.DB
» JMP
_+STA_
» JAN®

s IMP

+BSS

' DATAﬁ

» MBRE

s XSQT=3
o1

s H#=-4

, XSQT+7
s XSQT+11
» XSQAT

»0

L #+5

. XS‘QT '
»BSQT
» 6

077777



[N

. ©

»
*
®  XMUL
. .
*
%

. R,ﬁ T_ -

e e+ bk

XMUL

XMXR
MCNI
XSICG
K15

11

+DATA

W DATA
+DATA

PROF

,STX
. LDX

DX

,LDX
»STX
oL DX
S LLRL
L ADD

s LLRL

» LASR

2 XOF

, DXR
W JIXZ
» JMP
,LLRL
, X AN

S LLRL
oy XBF

;INR
s LDX
s JMP s
, RES
, JMP
, BSS
»BSS
LDATA
S,NATA
 MARE
, EAND

2 DATA

FIXED PAINT MATH

A,B>IB#PAR1I<A

,.g €;?

16 BIT, MUL/DIV

STANDARD S@FTWARE MULTIPLY’,

X IS UNCHANGED 40 W@RDS

10124025

,0134023 .

,0124013
,0144007
, XMXR
, XMUL

0,1
0,1

+«MCND
K15
» 31

» XSIG

;0100000
)

E

*

ADD MCND
ERA SIGN-

ADD SIGN

SUB CND
RESET @F

~SAVE XR

GET ADDRASS @F CALL SEO

_GET ADDR @F MCND

GET MCND

AND SAVE

SET BIT COUNT
A SIGN> LSB @F MPLR
SET AF IF LSB>t
‘ALIGN PARTIAL PR@DUCT
ADD MCND IF LSB>1

"AND SHIFT RIGHT

INVERT SIGN IF BF
CBUNT BITS DDEVELGPED
JMP IF D@NE

ELSE REPEAT

A SIGN>MPLR SIGN

SET @F IF NEG MPLR
RESET PR@DUCT ,
SUB MCND 1F NEG MPLR
SET RETURN o
RESTBRE XR

A,B>R#M<A

ENTRY

TEMPBRARY STORAGE

CONSTANTS
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PAGE 12 |
. FIXED PAINT MATH 16 81T, MUL/DIV. |
. xBT0 -  FIXED POINT INTEGER BIN T4 DEC CZNVERSIAN

BTD LENTR
»STA B
»STX Bl . o
JJAP. w4 ~ JUMP_IF P@SITIVE
»CPA ., 4. - ELSE COMPLEMTNT
CLIAR O, ~ AND ADD ONE
yTAB IREAIP ’ :
2LDXL w3 . INITIALIZE COUNT
LT : S o
. »STB. .##16  _SAVE BIN VALUE - A
~.LDB Lwwel6 GET PREVIQUS DIGITS. : .
JLLSK  ,4 _ ATTACH DIGIT T@® RESULT
X2 meT _JUMP IF _COMPLETE
CWDXR o,  ELSE COUNT DIGITS
,STB w11 ~ SAVE DIGITS ASSEMBLED
LLDB %49 GET 8IN VALUE
MR %9 L o
_aLDA -, eed - RESTORE AR

CalDX _.es+4 RESTARE XR_
, ,JMPx T XBTD RETURN
B ,OATA  ,0,0,0,0 TEMP STPRAGE

BB 4DATA »10 CCANSTANT
W MDRE ,
,END )




P AGE

PR

AA

nTR

o

13

FIXED PAINT MATH

X018

sENTE
$2TA
$ STX
» TAR

o LDX]

,TZA

Sy STA

yLLRL
ySTR
,LDA
» MUL
» JIXZ
» DXR
378
»LDR
» JMP
LDA
»LDX

L UMPw
BL1D

»DATA
DATA
» MORE
»END

’ » 0 "0} 0 n“n

£

?

e

16 AT, MUL/DIV

FIXED PAINT INTEGER DEC T4 BIN CONVERSION

INITIALTZE CBUNT

GET NEXT DIGIT

- JUMP IF COMPLETE
ELSE COUNT DIGITS
SAVE PARTIAL PR@DUCT
GET REMAINING DIGITS

RESTARE AR
RESTORE XR
RETURN
CONSTANT
TEMP STURAGE
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# FIXED PAINT MATH 16 BIT.‘MUL/DIV
» _
#  XDIV ' SﬂFTWARF DIVIDF
*
* A,B/MB tQU@TIENT] < A [REMINDER]
# A REG MEM@RY X IS UNCHANGED
# C QUBTIENT IS ALWAYS TRUE
* REMAINDER IS SIGN @F DIVIDEND [UNLESS R>01
* c .
TgP  ,STX , XR SAVE XR .
SR ,DECR 4 - - SET SIGN INDICATOR
, JAP ,PBSU SET DIVIDEND P@S
, CPX ) SET DSIN>NEG :
,CPB . L@ @RDER TW@,S CEMPL
S s 1BR ' . . o E
» LRLB 1 SIGN>N
. LSRB o1
LCPA Hl @RDER TW#,S COMPL
» JBZ s %+ 4
» JMP s+ 3
, 2 LAR o,
PASY  ,STX ,DSIN SAVE DIVDN SIGN
,STA ,DVDN SAVE DIVDN
,LDX » XDIV GET ADDR @F CALL SEQ
»LDX 00,1 : GET ADDR @F PARAM
sLDA W0,1 GET DIVISAR
,LDX ,DSIN . GET DIVDN SIGN
, JAP , #4550 SET DIVIS@R P@S
,CPX , " SET QUATIENT SIGN
» TAR a2 L ) )
~«STA  ,DVSR SAVE NIVISAR
yLDA , DVDN GET DIVDN
,STX ,QASIN SAVE QU@T SIGN
, LDIX VK14 ~ _SET CYCLE CHBUNT , :
 LRL .1 - ADJUST L@ #RDER [DELETF SIGN]
,SU3 ,DVSR SUR DIVS@R -
+SAF , -
, JAP s XERR JMP IF Q@VERFL@W ERROR
s AV .
NEGH LT s DEVELYWP 14 QUATIENT BITS

, A0 s TVSR , INGN RESTARING. ALGAR] THM]



PAGE

TEST

ADJ

—
Hi

» JXZ
» DXR
s JAN
SLLRL
+SUR
» JMP
s LRLR
s JAP

| .V_!I‘B.R .

»ADD
s LDX
» JJXZ
,CPB
»DBR

_» IBR

,LDX
L IXZ
, JMP

LCPA

» TAR

~+INR

» LDX
s JMP &

1 BES

. IMP
,DATA
,BSS
L BSS
,BSS
,BSS

W MARFE

» END

s ADJ

s NEGU
1

» DVSR

s TEST
s 1
P #+4

~ ,DVSR
» QS IN

s #+4

,DSIN

»#+4
s #4+4

,XD1V
XR
LXDIV
, 0
,TOP
,14
11

1

» 1

'11

o 1

e

JMP [F COMPLETE

CQUNT RITS

JUMP TF NEG REMAINDER
SHIFT QU@TOREM
SUBTRACT DIVSR

G@ TEST :

GET LAST QU@TIENT BIT
JMP IF PR

ELSE SET L@gB
RESTORE REMAINDER

GET TRUE QU@TIENT

JMP IF NEGATIVE Qu@T

"ELSE SET POBSITIVE

GET TRUE REMAINDER
JMP IF REMAINDER NEG
ELSE LEAVE P@S

SET RETURN

A,BOMe B>QUAT A>REM
ENTRY

TEMP STARAGE

.@.'
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XDAD

,STX
s RAF
,LDX
LDX

, TBA
., ADD
PANAT
'+ TAB
» TZA

L ADD
»ADD
» INR
,LDX
o sdMP
XDAD L,EQU
s JMP
2 DATA
MERE
»END

|

- e

+ABFA

FIXED P@INT MATH

L XDAD+3

+ XDAD
10‘:1
LXDAD+4

a1l

WN77777

+ XDAD+4
10,1

s XDAD
,XDAD+3
0

=1
u*'lq
0,0

AR

16 BIT, MUL/DIV

FIXED PAINT DBUSLE PRECISIAN ADD/SUBTRACT

SAVE XR
RESET aF

XR>ADDR @F HI B

" SAVE HI A
GET L@ A
ADD LO B .
MASK SIGN.
SAVE RFSULT

"GET CARRY
RESET OF
ADD HI A
ADD HI B
SET RETURN
RESTORE XR
RETURN |
ENTRY

TEMP ST@ARAGE
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PAGE 17 ’
* FIXED PAINT MATH . 16 BIT, MUL/DIV.
* ; . o .
* . XDCO .~ FIXED P@INT D@UBLE PRECISIAN COMPLEMENT
3* : . . . .
XDCO  LENTR
LCPA
“»JBZ  #48
PR,
C»IBR ., S , o » )
2 IMPw 9+ XDCA
. TAR

» JMP 2 » XDCO
S _sMBRE
JEND
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FIXED PAINT MATH " 16 BIT, MUL/DIV

#*
3* . -
*  XDMU ' " FIXED PAINT D@AUBLE PRECISI@N MULTIPLY
N ‘ i
BXDM ,STX , XDMU + 4 . SAVE XR
L ROAF - ) . RESET @F .
L CAMP , 4 INITIALIZE PRBDUCT SIGN
~ »JAP y W7 o - JUMP IF A PBS
S IXR o, o ELSE SET PR@D SIGN . -~
sCALL ~ ,XxDCB GET ABRS VALUE
s JAN  ,XDMU=3 - JUMP IF 1,000, ..
,STA » XDMU+6 SAVE HI A
,STR , XDMU+5 SAVE L2 A ,
,STX + XDMU+7 'SAVE PR@®D SIGN
- L LDX A XDMU GET ADDR @F HI B
s LDX , 0,1 :
» LDA 20,1 GET HI B
,LDB 21,1 B GET L@ B
LLDX. . XDMU+7 -~ GET PR®D SIGN
» JAP @g.f+7 JUMP 1F B POS
LIXR O, ~©  ELSE SET PROD SIGN
,CALL wXDC@ GET ABS VALUE
» JAN , XDMU=3 JUMP IF 1. 000,,.
WSTA  XDMU+7 SAVE HI B
,LDA , XDMU+3 -~ SET T@ R@UND
,LNB s XDMU+7
s MUL » XDMU+ 6
tSTB 1XDMU+6
.LDB s XDMU+S
DSTA ’XDMU*’S '
JLDA » XDMU+3
L MUL , XDMU+7
L TAR . SET T2 ADD
JTZA T@ PARTIAL PR@D
,CALL ,XDAD . ADD PARTIAL PR@D
LPZE , XDMU+5 '
y XM , XDCad - C@MPLEMENT IF PR@D NEG
, TNR , XDMU SET RETURN
, LNX L XDMU+4 RESTORE XR
, UMP . 0
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XDMU  ,FNTR
,DATA
rDATA
,MORE
,END

L RXDM
,040000

IODODO'O’

»
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PAGE 20
* FIXED PBINT MATH 16 BIT, MUL/DIV
* . .
*  XDSU - FIXED PAINT D@UBLE PRECISIBN SUBTRACT
¥* . .
»STX » XDSU+3 SAVE XR -
JRYF . RESET oF
»LDX , XDSU .
, LDX 0,1 ‘ XR-ADDR BF HI B
»STA . XDSU=+4 _ SAVE HI A
JORAT  ,0100000 SET SIGN F@R CARRY
,SUB a1,1 SUB LB B
»ANAT  ,077777 MASK SIGN
» TAB , SAVE RESULT
- e TZA o o , ‘
HS@FA -, ' GET CARRY
CLRPF RESET @F
. _»ADD . XDSU+4. ADD HI1 A
,SUB 0,1 SUB HI B
» INR » XDSU SET RETURN
.. _sLDX ,XDSU+3 RESTORE XR
» JMP , 0 RETURN
» ARG p %=1
 XDSY _ LENTR - -~ ENTRY
’ » JMP s =21
~ ,DATA  ,0,0 TEMP STPRAGE
CWMORE :
JEND '
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PAG 21

1)
m

XDD1

P & k%

BXDN ,STX
s SOF
,STA
»STR

_aLDX
©,LDX

s LDA
.Ln8

» INR
» CAMP
LSTX
s JIF

» JAP

) INR

, JAN
»LRLR
, LLRL
, IXR
» JAN
, JMP
+LLSR
, LSRR
,STA
,STR
,LDA
yLDR
» JAP
, TNR
y CALL
» JAN
,LRLR
JLLRL
JX7
s JAN
, DXR
. IMp
, RUAF

. ,CALL -

FIXFED PAINT MATH

» XDDI+3

+XDD1+4
» XDD1+5
» XDD1
»0,1
0091

S W !

+ XDD1!
» 4

H.XDDI*B
,030,XDD1=-2

» #7

DXDDI*BI

» XDCO
+XDDI~2
21

o1

d

awed

s #=4

a1

+1

,XDD1+6

» XDD1+7
» XDDI+4

s XDD1+5

2 #47
»XDND1+8
s XDCO
IXDDI-?

o 1

s 1

e ¥4+
s XDD[=-2

3 ERXe

¥

e

16 BIT, MUL/DIV

FIXED P@UINT D@UBLE PRECISI@N

SAVE XR

PRESET ERROR IND
SAVE HI A

SAVE L@ A

- GET ADDR @F B

GET HI B
GET LB B
SET F@BR RETURN

"XR>=1
INITIALIZE Q@ SIGN IND

JUMP IF ZER® DIVISBR
JUMP IF B P@S

ELSE SET IND

GET ABS VALUE
JUMP IF 1.000,,.

~ JOIN H! B,L® B

NBRMALIZE H! B,L2 B
CAUNT SHIFTS

JUMP IF NO@ORMALIZED
ELSE LABP

ADJUST

FIX L@ B

SAVE HI B

AND L2 B

GET HI A

- AND L7 A

JUMP IF A POS

ELSE SET IND

GET ARS VALUE

JUMP O TF 1,000,..

JOIN HI A,LD A

NORMALIZE HI A,LE A

JUMP TF N@RMALIZED 7@ B
JUMP IF A GREATER THAN B
CBUNT SHIFTS

AND LRAP

RESET @VvEL IF A LFQS THAN B
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PAGE 22
sLLSR - ,1 - ADJuUsST
WLSRR . ,1 FIX L@ A
BRI ,DIV ,xDDls+6 - -
,ST8 XDD1+4 ~ SAVE HI A/H!l B
.STA S XDD1+5 - SAVE L@ A
e TZAL -
JMUL  ~ ,XDDI+7
DIV ,XDDl+6 '
,STB- . ,XDDl+7 . SAVE L® @RDER C@RRECTI@N
L LDA +XDDI+5 ' GET LB A :
LDIV i XDD1+6
JTZA . v
.8TA ,XDDl+6 . SET HI BRDER CGRRECTIEN > @
o .. +LDA » XDDI+4 ~ GET HI A/H1 B
.. wCALL  .XDSU - SUBTRACT,,..
- ,PZE  ,XDDl#é6 . ~ ((HT A/HI B)#*L@B)/HI B
»LDX ~ ,XDDI+8 GET Q SIGN IND
e sdXZM ,XDCO . CPLEMENT IF O NEG
T EETET » LDX o XDD1+3 ' RESTARE XR
JIMP 0 , RETURN
R +BRG a#=1 o
XDDI ~LENTR .
© - ,JMP . ,RXDD
. .__._...:DATA  ,0,0,0 ; TEMP STBRAGE
- ,DATA ,0,0,0 i
SsMBRE -,
» END ,
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THIS IS A COPYRIGHTED PROGRAM, COPYRIGHT 1968 BY.

[

" _FLBATING POINT MATH 16 BIT, MUL/DIV

%

M@DIFIED

Sttt e e e < e s e

TEMP., ST@RAGE

L. -
)

L

?ggzuanAtAbmcHnms

92K0506-005 A

C@MPUTES Iw#J (FIXD PT, N@S,)

EXPONENTIATIBN SUBRBUTINE

“

-
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e o o«

2

FLBATING PBINT MATH 16 BIT, MUL/DIV

o » $PE+4

+SPE+9

» SPE+10 o v
20,1 PAR, I

LSPE+7 -
,$QS
FPE+7

: $PE

__A##B SUBRGUTINE

,0,0,0,0

2

it

COMPUTES A%+I, A FL.PT, I FIXED PT,



3

NG POINT MATH 16 BIT, MUL/DIV

,$QE+8
»$QE+9

+$QE+7

+$0E+8

+$QE+9

S CALL " ,ALDBG. (SOE+8)

. BeLOG A

+EXP, (SQE+8)

“g§SE,1nD

T FLERTI
L -
. .* 3QE
+*
BGQE ,STA
L ,ST8
L STX
L JAF . #4109
s LDX L $QE+4
,STX %43
. aJMPM QM
»DATA .0
CadBF 0 aweld
v:iSTAf'
»STB
. S, CALL
_ s JOF !(*+4)
o i CLIMP T, (e 4)
- ,ZER®  .,03
i - ,’SQ_F . S5
,LDX
» JMP » 0
e aBRG  ,%-1
TQE SENTR -
| LCALL
- +JMP. . ,BGOE

LDATA
, MZRE

~ LFND

+0,0,0

LS0E+7

- A=B=0 ERRGOR

SET @FLO F/F

0

 COMPUTES A%#B FLBATING PT, N@S,

)




4

a T oA
.t‘}Af A

O

ALBG  LENTR . :
. L CALL +$SE, 1.0
,STX _ ,L0@G+3
T LLDXT L (ALPG+4
thA QO:J.
oLDB 1,1
STRT . JAP s #4+10
_ LooeTZB .
s LDAI LOBGE
LCALL L SER
N 2+ ZERZ  ,03
s JMP JEXT=3
»JIF »030,EXT
o .CALL _,SFMS
e WSTX L LBG+10
JLASR ~ ,1
B _ +STA LBG+4
+STH s LAG+S
,JUMPM  ,XDAD
JDATA L (LBG+12)
:STA y LOAG+6
SLDA yLOG+4
¢ JMPM » XDSU
AT A ,ALBG+12)
o JMPM » XDD1
yDATA ,(LOBG+A)
»STA . DLQG*f)
sS5TR LOBG+7
i ngi)?,g s XDMU

L(LBG+6)

|

i

% PAGE

|7+ FL@ATING PBINT MATH 16 BIT, MUL/ﬁxv”“

i * , :

% ALBG ~ COMPUTES NATURAL LOG @F A FLATING

i . A PBINT NUMBER IN A,B REGISTERS

{ %

5 R  ERR@R EXIT W/ A=B=0 IF ARG, NEGATIVE @FLO
e T FLIP/FL@P SET MAX, =VE RESULT IF ARG=0,
S ;‘ﬁgﬁﬁ; FQU w030 .ERBﬂR;FLAG.

ERR@R ROUTINE

MAX. NEGATIVE

ADD SQRT 2

F+ SQRT 2

SUR SQRT 2
CAMPUTE X

SAVE X



PAGE 5
- WSTA ,L0BG+8
.nSTB ,LBG+9
o aLDA  ,LBG+14
W« STA )**17
s LDA »LOG+19
_»LDB  LLOG+20
» TAX ,
kttﬂl o aw+13
, 1AR s '
» I AR ’
L2STA .#+10
+SUB  ,L0BG+15
—s JAP L3N
e TXA o,
» JMPM » XDMU
»DATA ~  ,(LBG+8)
2 JMBM -, XDAD
LDATA 0
L UMP y8-15
o TXA
»LASR » 2
'SUB nLgG+30
LJMPM L XDMU
IDATA w;(LGG*é)
» SUB LBG+16
»CALL  ,SNML
+ ADD »LBG+11
;XXZ .(LQG+33)
,STA  ,LBG+4
‘CSTB SLAG+S
lLDA gLﬁG*iﬂ
oASQA nNBIT'Q
» SUB yLAG+17
» DAR s
» CALL » $GS
,DATA ,{LBG+6)
s JMPM » BOK
yNATA » (LBG+4)
s JMPH . $QOM
y AT A LALAGH 3D

L LDX

L BGe R

XX

K-}

C SUB 9 DBUBLE PRECISI®@N

C SUB 9

IS IT END
EXIT

SET BY PROGRAM

B2 SCALE
2 AT B 2

X
1/2 AT B2

EXP 0207
CPA

TEMP LOG F
LG F
CHARAC,

EA=BASE 0200
FA=-1-
FL, ADD

FL. MULTIPLY
LBG 2 RASF E

COMPUTE L@G BF F =z(((COX¥X+C7)X#X+C5) XuX+C3

_(




PAGE A
= ,ALOG
L2G . LBG+30
LEXT=3
, 8

,040400  BASE CHARAC+2

,026501  01.32404755576 SQRT 2 'DBL PREC
. ,017333,(L0BG+18), (LBG+28) -

-2 DATA - ,010000 1s2 AT SCALE B2 FROM LEFT

~ JDATA  ,0200 ..  BASE CHARACT, AT B15 :

# DPUBLE PRECISION CBEFF, C9 THRU C1 -
,0152143,07361,0145516,023123
-,0133042,010010,0102343,066136
0107253,042327

S k,niooonogg77777ha4ngqg _MgAxfELLPI-Nsakua;.a,gr;ez
' § ~ ,040130,056205  FL,PT, L@BG2 BASE E 0.542710277 _
YYy WCPA ., I

. . __aMB@RE =




(0

FLOATING - PBINT MATH 16 BIT, MUL/DIV

PAG 7
o #*
#*
o EXP
*
*
.
. F-{ S
. EXPS ,STX_  LEXX¢3
+LDA 0,1
___aLDB _ ,1,1
+ IXR P
»STA »EXX+4
2STB 4 FXX+5
LJIMPMT T saL
- L PZE s (EXX+25)
odAN L weld
» JXZ » 245
LIERG  ,03
— L dMP T LEXPT
.;LDA‘ s EXX+29
,LDR sEXX+30
s JMP LEXPT
.LDA sEXX+4
,LDB sEXX+5
LIMPM 301
» JAP s 246
!TZB 1]
s LDA P EXX+20
y JMP s {EXPT)
»LDA yEXX+4
, DB s FXX+5
¢ JMP M » $GM
PZE W (EXX+21)
STX PR XX 47
. .
ynT P X X4

NP, COMPLEMENT .

 CBMPUTES FEs# X, ARG, X A FLOBATING PT,

CONSTANT IN A,B REG, N@ ERRGR EXITS, THE
RESULT CLAMPED AT 0,AND MAX ALLBWABLE NO,IN
FLOATING PT, . | ,

RESET FLAG
1S ARG PBSITIVE

SET FLAG.

FLOBATING PT SUBTRACT,

IS X GREATER THAN 127»L8G2
YES. IS X P@SITIVE

N@. A=B=D ‘

EXIT

EXIT .

CONTINUE

MULTIPRPLY BRY

EXTRACT CHARACTERISTIC




- PAGE.

L ANA
»STA

»ERA
» LASL
,STA
,STR
»LDA
» SURB

s ASRA_

, TAB
» JAN

~aSUB

,CPA
, IAR

__sADD

»STA
» TBA
2ADD
fSTA
»LDA

. sPZE

» JMP
»CPA

2 IAR

» ADD
»STA

”;wxllﬁ

. JXZ
,CPA
2 ASLA
+STA
,LDA

»LDB

s PZE
» SUR
» JAN
» SUR
» JMP

, ADD
2 JX2

JEXX+8
JEXX+6

',EXX+4'

8
yEXX+4

LEXX+5
LFEXX+6

+sEXX+9

. gNBI T"g

L#+l4
LEXX+10

JEXX#11

s #+5

LEXX412
I TS

DEXX*4
0
y#+7

TUEXX+13

P #+0Q

.

L #+3
+NBIT=9
yEXX+6

YEXX+ 4

yEXX+5
» )
AEXX*14
¥+ 7
n*+5

sEXX+15 7

40

AFXX+1CS
s 2+ 5

SAVE MS PART AF MANTISSA

IS EXP@NENT P@SITIVE

" ASRA. EXTRACT INTEGER I

N@ INTEGER, PURE FRACTI®N

CIF -VE

[ = I=-1

LASL @R LASR INSTR, GET F SCALED BO

F LESS THAN ,5 @R -
EQUAL ’

F LESS THAN 1/2



PAGE 9

, TZX
, JMP
, TXR
» STX
»LDX
L edXZ
L,CPA
. JB2
_1CPB
5 IRR
+LRLSB
_sLSRB
“,DAR
LIAR
»LASL
» JMPM
sPZE
2 TZX
2 JAP
) K IXR
..+ CPA
» JRZ
~.cP3
L2 1BR
sL3SRB
» DAR
L AR
", STX

, NECR
L LRLR
L LLRL
s JAN
, IXR
s JMP
L8R
LSRR
,5Ta
L TXA

y A S

y#+3

» -XX+4
Wy EXX+7

1

CUXDMU

, (EXX+23)

Gestn

;«47
1
' 1

yEXX+7

» N4

» 1

01‘

s #4565

s #=4

. 9

v 1

JEXX 416

t{\gp“i‘ T=0

 SCALE AT 8=1

FIXD PT. DBUBLE PRECISIAN MULTIPLY

CONVERT Fp#L8G 2 T@ FLOATING PT
F2 % LBG 2 LESS THAN 0.2 @CTAL
-1 T@ X REG '

SHIFT T2 SIGN
NARMAL 1ZED EXIT

LBIP




PAGE

N

* .
E
*
#

10

,ADD

,LDX
,CPA
»STA
»STR

X

» JMPM

_sPIE

L,STA

s JMPM-

»PZE
»STA
»STR

kN

,LDR
, JMPM
PZE

,STA
»STB -

s»CPA

“ s JMPM

PZE
» S5 TA

.,STR .

s TXA
+ASLA
» ADD

LA
» DR
L] J M p "Vi
PR
¥ \’\4 B
y P&
jM

SEXX+9
s EXX+16
-EXX+7
s #43

LEXX+16

SJEXX+17

T LEXX+4

. $QOM
L(EXX+16)

CLEXX+4

yEXX+5

180K

, (EXX+18)
QEXX‘*4

G EXX+5
JEXX+16

sEXX+17
,$QM

+ $0K

'FXX'I'\-‘S

,EXX+34

1
.EXX+39
s #+11

95XX+4

s FXX+5

» $OK

; SON

s {EXX+33)

COMPUTE - E ##(F2 # L@G2) = | o
((F*F +11,99999490)+6#F)/((F#F+11,999~)=6%F)

FL@AT, MULTIPLY

FLBAT. ADD

62F

COMPL.
FL. ADD

GENERATE G ADDRESS

CONTINUE COMP F - Ex#F

FL. ADD

CFL. DVD.

G# Ewsf

- —



L

11

" L,PZE

, ADD
JLDX
S, JMP
, BRG
,ENTR

,CALL

» JMP

L EQU

,RSS

»DATA

_+ASRA
T LASL
- -»LASR

-2 DATA

,BSS
,DATA
_sDATA

,DATA
yDATA

. +BSS

,DATA

2 DATA
2 MORE

» END

,040000,020000

Q;)

.0 ' ADDRESS STGRED BY PROGRAM

JEXX+6
PEXX+3
' 0

':*'1

,$SE,1,0

L EXPS

1EXPeq

,077600,040000,NBIT~1

0 :

. 0

1«5, ,25 AT BO
a2 ’
,041137,077776,040300
»040334,025216,054271,02776
,041730,01715,036535,003635

- ,077777,0727777.040740,0 .
a2 :

,N40353,050500,040314,06775
s (EXX+35)

L

L]
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PAGE 12 I R N -
v FLOATING PBINT MATH 16 BIT, MUL/DIV
-+ cos COMPUTES CASINE OF FLOATING PT, (RADIANS)

“eeS  LENTR |
, CALL » 3SE, 1,0

»LDA »CTMP=2
,LDR JCTMP=1

. WJMPM L, $0L
- 2DATA ., (CBS+4)#
© ,8TA ,CTMP
"STB‘ s CTMP+1
. adMPM o, SIN
" 4DATA L (CTMP) _
L JMPs -, COS : ‘ o :
o vf;DATA,_”.D40344 041767 P1/2 FL. POINT
CTMP. . ,DATA s 0,0 .

, s MARE ,
{ ot e » END '
i :
| - -
|



‘e . e

PAGE 13
""" * FLUATING PBINT MATH 16 BIT, MUL/DIV
%
*,. >> . . . ' - —— ——
# SIN ‘ COMPUTES- SINE @F FLOATING PT,(RADIANS)
* .
JSIN . LENTR O, N ENTER
»CALL »$SE, 1.0 o
»STX .Y
e 2 LDXT T, (SIN#4)
. ;Lnx "nnnl
s LDA » 0,1
~ _aLDB 1,1 . :
»JIF . 030, (EXT+1) v -
s JMPM L GQM FL. MPY BY 2/P!
__»DATA 2 LY*6)
s TZX .
s JAP » #4+4
e 2 CPA . y
2 IXR . . FLAG F@ZR NEGATIVE ARG,
» STX Y5 ’ SAVE SIGN ’
2 CALL  , 8FMS
+STA Y41
,TXA 2 :
o . ,8UB L Y+8 3ASE 0200 B8
; nTZX , . )
s JAP P45
4 CPA ,
, 1AR ,
aIXQ ]
» ASRA +NBI[T=9 L .
L, SUR LYe11 22,26 SI MANT,
s JAP L EXT AzB=0 SINE=)
» ADD s Y+11
s IX7 s #+8 : o
s STA #42 -
» LA s Y+1 ARG A :
, P78 ¢ 0 LASR -
, JMP V(Z41)
s 1A T .7

VAT s




.

L sTX

s JAP s R+6
»LDA s Y+l
+LRLRA 21
, JMP L4414
, ARA ,Y+10
»STA o B+2
,L.DA s Y+1
sPZE a0
#LDX_ o ,Y+5
+LRLB o 1
s LLRL » 1
s JAP L H+d
sDXR v
nERA 1Y*12
JY+5
s LLRL o1
» JAP y %+ 4
2 CPA e
'nCpR s
‘nLSRB ni
2 JMP 1 Z+1
,LDA Y+l
»STA yY+1
‘}STBW ijg
s JMPM » XDMU
»DATA s (Y+1)
SSTA L Y+3
’STB' ,Y+4
Y L,Y+27
LSTA L Eel7
J LA »Y+15
s LDR s Y+16
-, STA W ¥Y+13
s s #+13
» AR '
CTAR ,
W STa L x+1n
ﬁ?‘d" . .Y+?3
s JAE S(re11)
NE (Y413
,,¢¢:' ‘{HMU

-

A,

LASL
. SIGN @F ARG

100000

COMPUTE SIVE(A)
COMUTE SINE(PI/2-A)

A (FOR EXP=0 PATH)
x B

XX . , :
COMPUTE X##2 DPUBL PRECISI@N

. CTi)X*XfCQ)X*X;C7)x*X*C5 ETC;
- C SUR 11 D@UBL PRECISI®N

SAVE PARTIAL ANSH.

EXTT

RESTORE PARTIAL ANSHWER

®



v ©

€215032141, 040000

X %2

M@DIFIED

BACK T@ L@aP

SCALE B1 .

1 AT B1(=040000)

X |

SAVE SIGN

G@ T@ NORMALIZE
EXP1 0201 AT B8

N@. COMPLEMENT

CEXIT

A=B=0

CEXIT

SIGN BIT
TEMP ,EXPINENT 1
DBL PREC.

»0177777.072652,05,017774
»0177546,045735,05063,027360
»(0126521,03071,044417,066521

PAGE 15
SDATA L (Y+3)
» JMPM « XDAD
2 DATA .00
» JMP y (#=-15)
L LDA T, Y+13
-+ ADD s Y+8
s JMPHM » XDMU
i L sDATA L (Y#1)
s STX ,Y+13
',JIF pﬂSOi**g
L JMPM L SNML
, ADD ;Y*14
LDX - s Y+5
IR _adXZ (w3
»CPA ,
» LDX » Y
_ . aJMPs® - ,SIN
EXI yZER®D 03
‘ yLDX LY
. sJMPx  ,SIN
. SY »BSS ' 5 ’
e AT R VT OES
o o sLASR ,0:
:LASL ] ’
SDATA 22
S DATA »0100000
»NATA »0,040200
* .
L DATA
,DATA
T DATA
sDATA » (Y+15),(Y+26)
, MARF . .
, ENDY '

e

ROUTINE.

IS RESULT P@SITIVE

 MAX BITS OF MANT,

COEFF C11 THRU C1




16

FLOATING PAINT MATH 16 81T, MUL/DIV

JENTR
2 CALL
LSTX
S LDXI

kDX

»LDA
LDRB

WSTA
»STH

L DATA
,STA

»LDA
»LDB

2 CPA
, DXR
+STA
+ JMPM

SsDATA

» JAP
,LDA
,LDB
» LDX

nJMP#

_,LDA
,LDRB
uJMPM
,NATA
, JAN
,LDA
,LDR
, JMPM
,DAT A
, JAN
SLDA

e

.LAA?;MM

__INCR

s JMPM

LSTB

14

»STT

, (BGIN=1)
20,1 .
0,1
11p1'

: 04

}Sif¢I

lSTT*?

e 8QM
L (STT+1)

2STT+3

3STT+4

;éTTti'
lSTT*Z

shed

| I

]

W TEMP+2

» $QL

S (STT+5)

, (#47)

.JSTT+1

».STT+2

» STT

L ATAN
L TEMP+2

$STT+2

E] %QL

, (STT+7)
,» (CF0)
lTEMp#Q
+STT+2

. AL :
L (STT+9)
. (CF1)

s TEMP+?

A$SE.1{O

COMPUTES ARCTANGENT @F FLOATING PT, No,

CgNE TP XR

SAVE A
SAVE AA

_N®N FL MPY

N**Q
N#w2

FLAG F@R =VE

SAVE ABS N
FL SUB

10%*#-3=,0004061115645

EXIT
ABS N

NN
FL.SUB
TAN P1/2420.10331720371

~ ABS., N

NN
FL SuB
1.0 '

ABS, N

-
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» LDR
s JMP M

L DATA

s JAN
,LDA
,LD3

L XXZ

5L DX

QJMP*

s JMPM
+DATA

L, JMPM

»DATA

,LDX

,CPA

» CALL
s JMP %

» JMPM

_ +DATA

s JMPM
,DATA
L DX

CFR

W JMPe

»LDA

»LDB
» JMPM

2 DATA

» JMPM

JDATA

» JMPM
fDATA
s JMPM
sDATA
» JMPM
»DATA

.2 LDX

» JMP 3w

ySTT+2

» SQL

2 (STT«11)
» (#+9)

“’STT¢13>'

fSTT+14
» (STT+41)
STT
» CATAN)

» (CFEV)

L(STT+25)
L $ON

s (STT+1)

aSTT

AN
FL suBm

10%%820575,360,400

pls2
Pl/2
CPA IF Xr=n

EXIT o
CANTD FRACT, 2.

ADDR @F 1ST CBEFF

FL DIV (N)
N
_ REST@RE XR

»BQK, (STT+13)

L CATAND

. (CFEV)

L (STT+15)
LS QM

L (STTat)

2STT

. CATAN)

M{STT*39

»STT+40
» ROM
1(STT+3)
+ 50K

.(STT*37X

, (STT+3)
» $AK

2 (STT+35)
, PAOM
n(STT*i)
«STY N

, CATAN)

W CFEV

EXIT

‘CONTD FRACTION 1

EVALUATE C@NTD FRAC,
ADDR @F 1ST C@EFF

FL MULTIPLY (N)

N '

_REST@RE XR

EXIT

POLYNBMIAL - C3IN#N+C2IN*N+C1)IN

C3
c3

- FL MUL

N#3#2
ADD
ce
MUL
N2
ADD
c1
MUL
N
REST@RE XR
EXIT

_EVALUATIGN @F CONTD FRACTI®@N

REF,
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 CFEV.

TEMP

STT

18

,LDX
,LDA
,LDB

,» JMPM

JDATA
,STA

.STB .

+ LDA
»LDB

T, UMPM
JDATA

»STA

T .sTB

+LDA

_aLDB
, JMPM

»DATA

s JMPM

,DATA
+STA

. +S7TB

+LDA
»LDB

. s dMPM

+DATA
,STX
2 JJMPHM
sDATA
» INR
s JMP =
+ENTR
» JMP
»BSS
»BSS

,DATA
JDATA
JDATA

s DATA
AT A
yIATA

0,1 ADDRESS 8F @RIGIN @F TABLE @F CENSTS.,

8.1
19,1 |
. $0K ADD

L(STT+3)  Nw##2
"L TEMP  SAVE =
, TEMP+1 SAVE , ‘ .

'k6'1

2700
, $QN DIVIDE
» (TEMP)

2 TEMP

W TEMP+1

v 4,1

05,1 :

» 50K ADD
» CTEMP)

_,%QK  ADD

L (STT+3) N##?
i TEMP

L TEMP#+1

I2’1
3.1

_%GN  FL DVD
S (TEMP)

443 , .

+ $QK ADD L
0 - ADDRESS ST@RED BY PRGRM,
+CFEV ' '

» (CFEV)

, (CFR)

. . 3

5

CONST, FZR 16 RIT WORD
»035701,042233,037503,031720 10#%«3,TAN Pl/24.
»040300.,0,246737,027410 1,0,10%#8

. 040344,041767 F1s2

CONSTANTS F@R C@NT, FRACT, NO 1 FL.PT,

,037572,021600 2388229612
,040516,017617 , ' . 2.,445205396

,N40576,014262 : ' 3,943529798

CZE



PAGE

s DATA
»DATA

", DATA

2+ DATA
JDATA

LDATA

+DATA

T DATA

»DATA

,DATA
»CPA
_»END

,0137453,011150 ’ , -1.314747223

1040363, 05502 1.798249626
CONSTANTS FGR CZNTD FRACT ,N@,2 FL,PT,
,040177,077774 ,9999962083
,0140052,024446 . =,3332870775
,040114,047565 I ,5985998078
,0140476,04640 - . -,0635500089
,037745,015371 o : 3953544718
- CPEFF, FOR POLYNOMIAL. =~ -
. 040177,077777 R . ,9999999207
,0140052,024566 - f -,3332966338"

,037544,016021 o , 141957408066

»




PAGE 20

R FLBATING PAINT MATH 16 BIT, MuL/DIV
4 _ . _ .
= SQRT ' ~ CBMPUTES SQUARE RB@T OF A FLOATING POINT
# . NB. IN A,B REGISTERS, QVERFLOW FLIP/FL@P
# SET IF ARGUMENT IS NEGATIVE, : B
. ,
SQRT LENTR , ' ENTER .
- JCALL ~ ,8SE.1,0 -
oo ._.aSTX . .SQT. . . _ - -
. sLDXI ,(SQRT+4)
s LDX 10,1 '
_2LDA  ,0,1
. «LDB . ,1,1
-~ »SOF o
- s JAN  ,SQT=3 o
,ROF . . '
»JIF »030,SQT=-3 -
oSTA  .SQTe1 SAVE AR .
» ANA . +SOT+10 ~ EXTRACT CHARACTERISTIC .
S +STA +SQT+3 SAVE - '
»LRLA :8 : IS EXPONENT @DD
» XAN »SOT+11 IF YES IXR
2LRLA  ,NBIT-8 ; _ ' _
s ERA 4 SQT+1 EXTRACT MANTISSA
+LASL 6 R , :
W XXZ »SQT+12 LASL 1 IF EVEN EXP@NENT
,STA ySQT+1 M/2 AT BO
,STB ,SQT+2 M/2 AT RO
i - TAB e . . ’
# - ' DD EXPON, COMPUTE M#,7+,22
P JIXT » (EVEN) JMP IF EXP, IS EVEN
» ASRB 1
,STR .SQT+4 TEMP
» ADD »SQT+4 ' i
.ASRR ll‘ : N B
»STB - ,8QT+4 B - '
» ADD .SQT+4 o :
» ADD ,SQT+8 - 0.22, X SUB I AT BO RESULT
: , JMP s (‘*4‘6) :
¥ : S FVEN PATH.X SUB I= Mx(0.44+0,34

EVEN €;>SR% )3 e



« ©

PAGE

21
+STB »SQT +4
oADD nSQT*4
A:ADD nSQng
rSTA :SQT+5
s ASRA 51
o ~ ,STA  ,SQT+4
,LDA 2 SQT+1
ETZB »
DIV~ ,SQT+5
’TBA ] - )
» ADD sSQT+4
2 8TA . 4SQT+5
“»LDA +»SAT+1
+LDB +SQT+2
LR REr Y iﬁALL __aXDDI
»DATA » (SQT+5)
sLRLB o1
_ . sLLRL .1 T
) ,'ADD tSQT‘S
CLLLSR 9
LSRB__ ,1 o
DSTA oSQT*i
»LDA +SAT+3
e »LSRA  ,NBIT=~9 _
+ TAR »
» ASRA o1
JADD  ,SQTe7
s ASL A +NBIT=9
»ORA s SQAT+1
,LDX ,SQT
: » JMP & » SQRT
SQT +BSS ' 6
»DATA »0,0100
s DATA
» [ XR .
+LASL o 1
» MORE ;

0.34 AT BO
X SUB I AT BoO \
X SUB I%(1/2) AT B0

o 1/2(X SUB 1) AT BO

M/2 BO

X AT BO

X/2 AT B0
XSUB(1e1) AT BO
M/2

MM/2

,1/?(M/XSUB(I¢1)) BO.

X SUB (1+1) AT BO,1/2 X AT Bet

PBSITIBN MANTISSA

. CHARACT,
EXP AT Bi5

ADD ONE -
E/2 (@DD EXP +1)/2, (EVEN EXP+0)/2
BASE EXRP/2 AT B15 :

EXP E~1 AT B8
RESTARE XR
Ex;r

N100=BASE EXP/2 AT B15

. 022000,034000,077600 VC@NSTANTS AT BO,MSK AT BE




PAGE 2?

) FLOATING. PﬂINT MATH 16 31T, MUL/DIV

*
%
% SQM L o FLBATING DIVIDE AND FLQATING MULTIPLY
# ‘ ' ENTER W/ PARAMETER IN A,B REGS AND E
L ADDRESS dF 2ND PARAMETER IN CALL.SEQUENCE
RO ERROR EXIT W/ A=B=0 AND @VERFLOW SET,
e USES FXD PT DBL PREC, MUL AND DIVIDE
» XDMU . XDD! SUBRGUTINES. *
» - _ COMMON PATH
% Lo
QMBG  ,STX  ,50M+4 SAVE XR _
s JIF . 030,0MCP+6 . RG A=0,EXIT .
',ITZX~ S g‘ o Lot
«JAP .4 IS IT POSITIVE
UCPA Y ) \;i.»w”mNgJ.CﬁMPLEMENT
, IXR w . SET FLAG
WSTX , §AMe11 SIGN
_.sCALL _.8FMS
+LASR  ,1 ,
CWSTA .$GM+5 . SAVE A
L -aSTB  ,8QM+6 _ AND AA-
,STX  .$GM+9 SAVE CHAR
s LDX +8QM<3 ~  GET PAR ADDRESS
L . _aLDA 20,1 ' _EB.B
| »1.DB . 5 AR BB
i »JIF »030,QMCP+7 ARG B=0 ERRBR FGR DIV
L Lo lDX +8S0M+11 C@NTINUE SIGN
5 - S, JAP j*?4v
» CPA s
»DXR '.-,!', , ,
.srx + $OM+11 SIGN
. . CALL » SFMS T
4 8TX L, 8QM+10 CHAR EB
OSTA .$QM*7
,ST8 ., $QM+8 ' - | -
LJBF LQMDV G0 TO DIVISIBN S
LDA |$QM*9 EA . .
» SUR »$QM+12  BASE CHARACT
s ADD »SAM+10 ER
,STA ,5GM+9 EA+EB
L DA L 3QAM45 A
e LROM+6  AA

o  ©
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LLASL

s JMPM

2PZE

»yROF
+ STA

+ JAP

'pLDA
.RGF

»STA
»LDA

~,LASR

+ ORA

QMbyVv -

» LDX
» JXZ
: CPA

W REF
~aLDX
L2 JMPs

» LDA
» JOF

. '_" SU B
S AN

»STA

s JAN

LDA

nLASQ

s JMP

JLDA

+SUB

,ADD
, JAN
,STA
»LDA
s LD8

L UMPM

: PZE
: SAF

pus
s N

1
» XDMU
» (3QM+7)

'l*QM+5
~sLRLA

1

'.G*ZO

! $QM#9

L +QMER#+4

'n$QM+9'

.$0M+5

"',8

QSQM#Q
L UMER

.$0M+1(’"”

s # 43
tSQ"*4
+ $OM= -7

,80Ms0

s #+3

;.SQM+14
-+ QMER

|$QMf9
!SGMfS
7
s AMCP =1

2 5AMe9
L $QAM#+10

» $QM+12
#4172

» $OM+9

» $AM+5
:$QM*6

» XDD1

s (FOM+7

&

« TOMN

NBRMAL1ZE F@R MULTIPLICATION
FXD.,PT.DAUBLE PRECISI@N MULTIPLY

ADDRESS @R ARG B,

- 'SAVE RESLT TEMP
_ MeVE T@ SIGN

RESULTANT CHARACTERISTIC,

SAVE

GET RESULT

" F@RMAT FOR FL.PT,

COMMEN PATH

SIGN

ADD CHARACTERISTIC

IS RESULT PBSITIVE (X)=0

"N@. CBMPLEMENT

RESTPRE X REG.

RETURN

RESULTANT CHARACTERISTIC

SUB @NE FR@M CHARA, IF MULTIPLY

N8 TO® LOW

SAVE RESULT. CHARACT,

 GET RESULT -

FORMAT F3R PL.PT,

DIVISIAN @NLY

EA

EA-EB ’
BASE CHARACTERISTIC
ERR@R, RESULT LBW.
EA-ER

A

AA .
FXD P@INYT D@URLE PRECISI@N DIVIDE

‘_ADDRESS 4 ARG B,

" <:,,
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GMER ,S?F | ~
‘ +LER® 203 A=B=0
e JMP_ LQMCPs7
+DATA | ,0124122 ADD $0M+«14
| ,STA L $0M+4
o uLDA_ ,SON.
% v +STA QSQM‘7.
L ;IILDA » QM+ 4 ’
' _adMP - ,8QMe6
$ON  L,ENTR
nS@F e
_aJMP o, #-8
TLSTA .8GMe4
W LDA L+ $0M
_2STA  .%¢4
a2 JMP s B+3
PZE a0
LCALL . $SE, 1,0
o L IMP ,QMBG
J8GM  LENTR -,
» +RABF e
» JMP smi5
»BSS .7 . Lol ‘
»DATA »0,040000,0100000,0200
5 - +M@RE P o ‘ ,
'¢,Q, “lEND [

UL SN
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FLAATING POINT

QK +ENTR
» ROF

s M2RE
s END

L CALL

L$FAS

MATH 16 BIT, MUL/DIV

FLBATING P@INT ADD

Yo




@ o o 2 |
PAGE 26 .
CFLBATING POINT MATH ~ 16 RIT, MUL/DIV

saL. o  FLBATING P@INT SUBTRACT

ok ¥ B R

L  LENTR s

_SOF
JCALL  ,SFAS

‘ .MGRE . : :

o — i,



»TZX
»LDA

s JAP.

»CPA

. _sDXR

"LSTX
s CALL

_+STA
nSTX

- ,STB

o alDX

»LDA

~,LDB

L2 XOF

S, LDX

» JAP

aCPA
» IXR

+STX

. sCALL

ySTX
»STA
'!STB
» TXA
» SUB
»ASRA
W TZX
DJAP
,CPA
. TAR
» 1XR
s TAR
» SUR
» JAN
»LDB
s THA
[} m“%[‘
s STA

U FLAATING POINT MATH

,$FAS+4

,;*¥4ﬂ

1]

» SFSM

»SFAS+4
s SFAS+11
+$FAS+6

 sENT1+7

: 0,1

»1.1

L SFAS+8

FLBATING P@INT ADD/SUBTRACT

SET FLAG

CBMP  AND

" TEMP FLAG 1

A (MS MANT)

CEXP (EA)

AA (LS MANT)

,($FAS+13) CPA IF FL.SUB PATH

- LSFAS+8

s 8+ 4

s

D%FAS*Q

L2 SESM.

L SFAS+1D
+ $FAS+5

L BFAS+7

» SFAS+11

WNBIT-9

s E
,#+5

» e m

, $FAS+12
P B+ 3
s SFAS+12

L7

FLAG 1

TEMP FLAG 3

EB (EXP @F 8)
B (MS MANT)
BB (LS MANT)
EB

EB -EA

SF 15

IF +VE BYPASS

NEGATE
SET
FLAG 7

CHK FOBR MAX
AK

GEN LASR INSTR

N

16 BIT, MUL/DIV
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T

FADP

¥ A

IS NEGATIVE = GVtRFL@ F@R ADDITI@N,

C

28

» TXA s

.ADDI l($FAS+4)
» TAX '

s LDA 0,1

»LDR s 2y 1

y PZE o 0

s STA 20,1

»STR 12,1
sLDA 6.1

»STA LSFAS+10 .
»LDA »$FAS+6

s LDX s SFAS+9

» JXZ +FADP.

w ARITHMETIC SU&JRACTI@N

, SUR L BFASe?

» JAP s 44
»DBR R S
»ERA 1 SFAS+15
o LLRL +NBIT
«SUB. ,8FAS+5
s JIF +N30,FASE
s JMPM , SNML

2 JMP Li#e16

» ADD 2 EFAS+7

» JAP L B+5

» IBR » :

+ERA s $FAS+15
» ROF .

»LLRL +NBIT

, ADD 2 SFAS+H

S LASR s 1

» JAP } ,*+4
,LASR e 1

» ERA » SFAS+15
,» LASR » 7

» ADD «SFAS+10
» JAP +FASE+3
.T?R .

yLDAT  AERR
,CALL L SER

ADDR. @F ARG A

SMALLER 9F A,B

M@DIFIED SHIFT INSTR

EXPANENT (LARGER)
SAVE
AA

A

GZ T@ ARITH. ADD

PATH
88

SET SIGN PLUS
EXCHANGE A,AA-BB

_A-B

EXIT PATH
NBRM,

BB*#*sARITH ADDITION PATHs®#%s

A+l
SET SIGN PLUS

EXCHANG A,AA+RB
A+B

IS IT GVER FLGW
YES. ADD ONE IN CHAR,
SET SIGN

LARGFR EXPONENT
NG ERROR

FIELD

UNDERFL® F@R SUBTRACTION

el



o

PAGE 29
o » ZERQ »03
-FASE ,LDX »FFAS+3
) ,JUMP®  ,$FAS
s RAF '
.STA :QFAS*'4
o, TXA .
T LADD  LBFAS+s
)TAX ) ’ :
L .sLDA  ,$FAS+4
a JIXZ Y3
»CPA e
o #LDX -, 8FAS+3
: : » 1JMP* »BFAS
AERR LEQU 0
. #STX a2 8FAS+3
s STA s SFAS+4
2 LDA » SFAS
. ._.aSuBl .4
; » TAX -
» LDA 051
. sSTA 1#45
. L,IAR . _
ENT1  L,STA +SFAS
L adMP w43
JDATE L0
yCALL -~ L$SE.1,0
» JMP +sENT1=9
’QSS : , 9
»OATA +22,05211
JLASR  ,0
L DATA , 0100000
JMARE .,
s FND .

A:B:D'“
RESTARE XR~

TEMP ~
1~ N@.COMPL. BY SNML,0-@RIG. RESULT
SIGNBF ARGA A .

‘RESTBRE AR
REST@RE - XR

RETURN
ERRBR FLAG

RETURN P@INTER
'GP T@ START

SIZE MANT ,CPA
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¢ PAGE 30
i

§ #*
| % SFSM
i * ,
¢ $FSM L ENTR
- W STA
o » ANA
& » TAX

e LERA

| s LASL

t s JMP s
— TJESM 4 DATA

I ;DATA
LI $FMS  L,EQU.
L la sMBRE
< T LEND
¢
[RE— .

(

(

(

¢

¢

¢

;

LTFSM

,TFSM+1

1]

»TFSM
48

+EFSM
2 0 ‘
+ 077600
+ SFSM

» .

FLAATING POINT MATH 16 BIT, MUL/DIV

SEPARATE MANTISSA

AR,BR CONTAIN FL.PT.

CEXIT W/ EXP IN XR,MANT

AT SFo

MANT. T@ HWI @RDER SF 1

MASK
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e

FLOATING P@INT MATH 16 BIT, MUL/DIV

‘PAGE 31
P
#* ‘
: * o SNML
#*
*
_BNML  LENTR v
‘ S dIF s » 030, SNML
»yTZX ’
) L s JAP %5
» I XR , ,
TCALL s XDC2
R . .aSTX W NMLT
T TZX v
»LRLB s 1 ;
s LLRL 1
» JAN s %45
» IXR ,
. P JMP 1%=4
' »LLSR » 9
+ LSRR b1
_ _ »STA  JNMLT+1
cTXA - ’
»ASLA 2NBIT=9
o »CPA e ‘
+ JAR ,
» ARA » NMLT +1
» LDX s NMLT
s JMP 2 « SNML
NMLT SJDATA » 00 0
lMﬂR; ’
»END ;

NORMALIZE ROUTINE

"ENTER WITH NR, IN A,B SF 0

EXIT IF ZER®

NEGATE A,B

QUT IF N@RMAL!ZED

N@., UPDATE NR,

@F LEADING ZERMS

SAVE MANT,

FORMAT FOR FL,PT,EXP,

ADD MANT.
FLAG FOR <VE NR
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32

FLAATING POINT MATH

‘n%IS“l

»

P #+23
;%IS+4

L NBIT-1

.SIS+5

.+ 81S+4

s#+q

LNBIT+0200
»#+8

S

y#+4

l*‘4
,2#NBIT~9
»$1S+5

21

» 0,1

'0111
,gSIS*s

0
n*’l
1‘85‘1!0
s %+ 3

» RIS
)OlDlO

s

16 BIT, MUL/DIV

CONVERTS FIXED PT, iNTEGER T@ FLOBATING PT,
INPUT IN A, QUTPUT IN A,B REGS,
ZER@ T2 B

SAVE NG, - :
 SHIFT RIGHT 15 17 PLACES

1S NB NEGATIVE

YES. TW@S COMPLEMENT
THE INTEGER.,

BASE CHARACTERISTIC +EXP 16,18
G@ FBRMAT IF NEGATIVE

LOGICAL LEFT 1

IF SIGN SET,
IF N@T DECREMENT EXPONENT

GP FORMAT THE N@.
'AND ‘NORMALIZE

 EXPONENT AND M@ST SIG. MANTISSA IN AR

COMPLEMENT IF NEGATIVE

SHIFT SIGN @F B-T@ BIT 14 AND SET SIGN=0
RESULT IN L@CATIGN SPECIFIED. :

SECAND WORD @F RESULT IN SPECIFIED Lac,
RESTORE X
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$MDV

*

33
~User T

»SET .

_ $PS_

* - ¢ et e
*

-1

SN

_1JAP -
_LQEA-,j

JDECR

pNIF

16

)0

.04
- 2030,%+38
a4
i S

xR,

+ SUB

o :SPS$4,;L_

‘<,C)‘__f»M}A}€)w M‘f

 NB MULTIPLY ﬂRwDIYLﬁE ,, e ,;W”_j,“[‘Lff;QL;:;fff;;”l;;;::::f_;jL

C@NVERTS FLBATING_PT, T@ AN INTEGER _ i . S
INPUT AsB BUTPUT IN A AND LBCATIBN SPEGIFlﬂ #W.;,M;;"_l;_w R :

S B RO — L S S VI OO - amnn e et s e anain s i

éb'sAyé‘RESQLT"xr'A,aaQ.,i"7 U
IF P@SITIVE BYPASS _ _ | R
COMPLEMENT o | | | AR

BASEWQHABAQIEBLSILC*l B

a2 JAN w15 IF _NEGATIVE, THE N@ IS A FBACTLZN = el LT
o aSUB  ,8PSe5 = CHECK F@R MAX EXP OF LQ SIS SR
s JAN  , %15 IF _LESS CﬂNTlNUE T e e
s8UB  ,8PSe6 T S e
aJIFE .070.**6 IF -2'“15 G@ TQ EXIT PATH A B XgO e e
» S@F R SET BVERFLOW FOR ERROR -
» ZERD LD3,, _ ZER® T@ AsB REGS, - R .
fJMP  ,we22 . GB Te EXIT PATH R N
o LDA S 8PS+7 ‘ o e o
g JMP Mm,**17 __Wm G@ T@ EXIT PATH e e o N
_wZER® _ ,03 ZER® T@ AWB_ _ -
) JMP (%415  EXIT PATH O -
~ 2LASR  ,NBIT=9 MANTISSA To BR o . i I
o . CPA -, CCA)" EXPON, =16 A"gyg,yggye N B L
* ‘ A NOW CBNTAINS THE NB @F FRACTI@NAL BIT i o .
. - o PRESENT IN THE B REG, .
1 BRA » §PS+8 ASRB o
#STA e+l . i S ,
JPZE T LBCATION MOD, BY PRUGRAM, i
» TBA R ‘A:FIXD ‘PT, INTEGER _ N
,CPX ) )
S X s H+4 JUMP IF ARG PZSITIVE B
» CPA NEGATE B
» LAR . ~ ) e

» TLB
» ROF
+ LDX
+STA
s LDX
+ JMP

v w e -

, $PS=1

: 0,1
s SPS+3

0

0 T0 B
FLAG FER N@RMAL RETURN

FETCH ST@RE ADDRESS ]
SAVE RESULT
RESTURE X




{

PAGE 3k

. _aBRG __ ,w=i
_8HS SENTRY_ _,

" JCALL  ,SSE.1,0

__2BPS
f’*m@,l -

..

200, 03600,

0100,0100000

= o -

e — - <
T Y
S — e — —— '“‘ L.
SR % .
- e N
] R U |
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o # FLJ)ATI'\H‘ PGINT MAT"I . 16 BIT, MUL/DIV
* . .
% 1ABS CGMPUTES ABS@LUTE VALUE @F FIXED Pﬂ[NT NG, IN A REG,
* i
IABS L,ENTR
o _.CALL'W,.$S£,1 0
,LDX1 ~ ,(1ABS+4)
LLDX 0,1 |
' CJAP® U1ABS  IF PBSITIVE EXIT
"~ ,CPA v COMPLEMENT AND :
o s+ TAR -, : ' TWa's C@MPLEMENT
L ‘,.JMP* ~ ,1ABS »EXIT -
i ":END R SR g
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* FLAATING PEINT MATH 16 BIT, MUL/DIV
W;A ABS  COMPUTES ABSOLUTE VALUE @F FLEATING PBINT NUMBER
\ |

BS +ENTR » )
. e CALL » $SE, 1,10
L S, LDX! n(ABS*4)A
o S LBX 0,1
~2LDA 0.1
» LDB 1,1
» JAP # " . ABS o ' i L . -
s COMPLEMENT -HIGH @RDER WBRD
AJMP*‘ nABS ‘ ,AND‘EXIT.
L. M@RE S
. ,END .,

e
A




( O

»
#
« ISIG
. ,
*

37

» JAP
»CPA
L IAR

#STA

» STX
JLDX"

_+LDA

, ASRA
LERA

o L,JAP

» TAR
~,LDX

s JMP

*SRG
JENTR

_aCALL

JDATA
» JMP
JDATA

MORE

» END

;*#4

{ g

FLAATING PBINT MATH = 16 BIT, MUL/DIV

SETS SIGN @F FIXED PT, NO& EQUAL T® S1GN
OF N@. SPECIFIED IN CALLING SEQUENCE,

L ISIGN+8

: 0,1

CUNBIT=1
q!SIGN*B_
e

,ISIGN+7

20
‘ﬁf'l

]

W8SE, 1

s 0

Cane=20
20,0

PR

.2 ISIGN+7
JISIGN*4




SETS SIGN @F INPUT PARAMETER EOUAL T3 SIGN
_oF. SPEC[FIED ~N@IN CALL.

MUL/DIV

CGMPLEMENT AND

(A)= THE SECOND NO.

| {
PAGE - 38
| % FL@ATING PQINT MATH 16 BIT.
#
. _.® SIGN
* i
#* o _ N
L JAP L, #e3 IF NO NEGATIVE
L. CPA . v
,STA ,SIGN+8
et aSTX --SiGN*T.{M ,,.._VS,AY:EQ_;XE-
-.LDA .ﬂ 1
o _sASRA . ,NBIT~1
= »ERA s SIGN+8 N
S ,LDx ;SIGN+7  RESTERE XR
] JMP tﬂ Yo e L
c : nQRG Ao“'i
} SIGN LENTR C
L ’ .CALL VQ.SSE 1 o
2 DATA -030 o
» MBRE .
s END [
o

SEQ

Y
>

FLOATING PT,

s
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 PAGE 39

 $HM

# ok ok %

~eLDx
s MUL

L JMP
2 BRG

_ §HM  LENTRY

L CALL
, JMP
MORE

" LEND

+LASL-

’ %HM*’ 4
sNBIT

0.1
_aNBIT=-1

, 0 _

s =1
L$SE, 1.0
1 #=10

¢ O

FLOATING P@INT -MATH 16 81T, MUL/DIV

INTEGER MULTIPLY (HARDWARE)

- SCALE MULTIPLICAND

- MULTIPLY

. SCALE PRBDUCT.
RETURN

ENTRY y
GET ADDR‘ZF MULTIPLIER

—,
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FLOATING P@INT MATH 16 BIT. MUL/DIV

INTEGER DIVIDE (HARDNARE)
GET DIVIS@2R :

AND SAVE

SIGN IND = P8S : -
JUMP IF DIVIDEND PBS
INEND POS |

: s g e .
| CWIXR_ ., SET SIGN IND NEw oo
| 5, : ~+LASR  ,NBIT=-t - SCALE DIVIDEND '
j ‘ e DIV :sHN*4 DIVIDE
I¢*1e~ .JXZs __.SHN RETURN IF P@S DIVIDEND
| CPA ., ELSE INVERT QUOTIENT

CsTBA . . . . AR = QUBTIENT
s JMP 0 . RETURN
o s BRG PR L]

. BHN  L,ENTRY ., - _ ENTRY ] I PR
s CALL +$SE,.1,0 GET ADDR oF DIV!SIR '
nJMP; q*'22

__sMBRE ., -

JEND .,
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.

16 BIT, MUL/DIV

SUBPRBGRAM ENTRY CONTROL

PAGE 41
. FLBATING POINT MATH
s . .
- *  SSE
#* ) .
. $ER ERRGR
3*
“SE1 L,STA LA
»STH B
o STX X
- LLDA  ,§SE
2 TAB
‘ +LDA 5ﬁn2
o ';”ﬁ;nADD ,'1332
uSTA '032/
»LDX » $SE
L _LINCR 045
- ‘ pADD -3’2
»STA + $SE
= '~SEZAWN.LDA’ MDIW,;
,TAB ,
] LDA 20, 2
T e JAN o, a2
}STA‘ 70,1
JINCR  ,045
.2 SUB -+ 8SE
“» INR f T
L JAN ,SE2
2 LDA s A
»LDB B
L LDX )X
s JMP® » $SE
» '2 R G s - 1
$SE W ENTR ,
» JMP s SE1L
$ER »ENTR .
i + AR A ' E
,STA JE
s JMP# « $ER
A JDATA o0

SAVE A.B,X

BR=ADDR @F SUBPGM ENTRY
GET ADDR @F 1ST PARAM
AND SAVE -

" SET EXIT ADDR T@ MAIN PGM

XR=ADDR @F DUMMY PARAM

SET EXIT ADDR T@ SUB-PGHM
GET ADDR @F PARAM.

GET ADDR @F ITEM
JUMP IF INDIRECT
ELSE ST@RE AT DUMMY
L@@K AT NEXT DUMMY
TEST DUMMY FILLED
LB@K AT NEXT PARAM
JUMP IF M@RE PARAMS
RESTBRE A,B,X

" RETURN T@ SUBPGM

ENTRY
ALL@W REL F@RWARD ACCESS

SET ERROR RIT

AR - ST@P/PAUSE N@.

"BR - STOP/PAUSE FLAG




i

ERR@GR BITS

 TEMP CELL




