
• *H FLOATING POINT 
BINARY FLOATING POINT REPRESENTATION 

• 24 BIT SIGN-MAGNITUbE NORMALIZED FRACTION. 
8 BIT EXCESS-128 EXPONENT (BASE 2) 

c 

•• 
c 

• 
I 

SIGN BIT REPLACES MOST SIGNIFICANT FRACTION BIT (IMPLIED "1") 
EXPONENT FIELD OF ZERO IMPLIES VALUE IS ZERO 

7F FF FF FF _. 16777215/16777216*2·127 .- j." 7014117*10 1<H3 
00 no 00 al ... 1/2*~~·t·1 .- 1.00()()()OO 
00 00 00 01 _. l/2*·2 1·(-l27) .. ," 2.9387359*10~(-39) 
\/\1 
,..\ l\ }{X \'V 1"\ t\ OC) .. - 0 
FF FF FF FF ..• -16777215/16777216*2·127 •.. -1.7014117*10 1'38 

ALL RESULTS ARE ROUNDED TO 24 BIT FRACTIONS . 

DECIMAL FLOATING POINT REPRESENTATION: 

13 BCD DIGIT SIGN-MAGNITUDE NORMALIZED FRACTION 
8 BIT EXCESS-i28 EXPONENT (BASE 10) 
SIGN BIT IS MOST SIGNIFICANT DIGIT 
EXPONENT FIELD OF ZERO IMPLIES VALUE IS ZERO 

D9 99 99 99 99 99 99 FF .- . (79f.199 99999 999 'i!- :1.0 1'127 
01 00 00 DO 00 00 DO 81 .. LO 
01 00 00 DO 00 00 DO Ol .- , l * lO·t· (-1?7) 
Xv .1\ XX \/ \/ 

/\ 1\ }{ }{ }( }{ }'v 
\1\ XX 00 •.. 0 

89 99 99 99 99 99 99 FF -- -.99999 99999 t799 .j!- 10'1'-127 

ALL RESULTS ARE TRUNCATED TO 13 DIGIT FRACTIONS. 

CALLING SEQUENCE: 

f IX POINTS TO FIRST BYTE OF FIRST ARGUMENT 
IY POINTS TO SECOND ARGUMENT (IF ANY) 
RESULT REPLACES FIRST ARGUMENT, IX IS UNCHANGED 

, VALUE OF SECOND ARGUMENT IS UNCHANGED 
NO OTHER REGISTERS PRESERVED (INCL. ALTERNATE BANK) 

C STANDARD FUNCTIONS: 

• 
• 

8UB 
ADD 
MUL.T 
lEVI 
F.: ND 
R(~NDt1Z 

INT 
ABS 
SGN 
NEG 
POW 
SG!~~ 
E ){P 

LOG 
TAN 
COS 
SIN 
ATN 

>{::::){-y 

}{:::=X+ Y 

}{=,;}{*Y 

}-(o.:}UY 

X=RND PSUEDO-RANDOM NUMBER O(=X(1 
RANDOMIZES RNO SEQUENCE 

X=INTC}-{) FLOOR FUNCTION 
X=ABS(X) ABSOLUTE VALUE 
X=IF X=O THEN 0 ELSE IF X)O THEN 1 ELSE -1 
x= .. _}{ 
}{=}{·t·y 

i'{::::S(~R ( i{ ) 
}{=EXP(i{} 
X:::::I..OG C}{) 
X=TAN (}{) 
}{,::cos (}{) 
H=SIN(}{) 
}(::::?HN (X) 

NATURAL LOG 
}-{ IN f<:ADIANS 
X IN RADI?)!"IS 
X IN f<:r~DIANS 
-PI/2 (= RESULT (= PI/2 

t 



• RELATIONAL FUNCTIONS (RETURN 1 FOf<~ Tf<~UEf 0 FOf<~ FAL.f.:E): 

• 
• 
• 
• 
• 
• 
• 

EI~ 

GE 
GT 
LE 
LT 
NE 

X=(X=Y) 
X:::(X>=Y) 
X=(X>Y) 
X=(X<=Y) 
X=(X<Y) 
X=(X<>Y) 

BOOLEAN FUNCTIONS (READ NONZERO AS TRUE, ZERO AS FALSE): 

AND 
OR 
NOT 

X=X.AND.Y 
X=X. OF~. Y 
X=.NOT.X 

SPECIAL. FUNCTIONS: 

RSIJB X=Y)-X 
REC X::: 1 IX 
BRK X=}{-INT(X) 
ONE }{= 1 
ZERO X=t1 
INF X:::IF X>=O 

*H INTEGERS 
THEN (LARGEST POS. #) ELSE (LARGEST NEG. #) 

• I NTEGER f<~EPRESENTATION: 

16 BIT 2'S COMPLEMENT 
• REVERSED BYTES (LOW ORDER BYTE AT LOWER ADDf<~ESS) 

FF 7F .- 32767 

I 

• 
• 
• 
• 
• 

01 00 ::: 1 & • 

• 
I : 

.'/ 

I 

• 

00 00 == 0 
FF FF = -1 
00 80 -. '-32768 

CALLING SEQUENCE: 

IX POINTS TO FIRST BYTE OF FIRST ARGUMENT 
IY POINTS TO SECOND ARGUMENT (IF ANY) 
RESULT REPLACES FIRST ARGUMENT 
IX IS UNCHANGED 
NO OTHER REGISTERS PRESERVED 

STANDARD FUNCTIONS: 

IADD 
ISUB 
IMUL 
IDIV 
lABS 
I SGN 

}{=X+Y 
X=X···y 
X=X*Y 
X:=X/Y 
X=ABS(X) 
X=IF X=O THEN 0 ELSE IF X<O THEN -1 ELSE 1 

RELATIONAL AND BOOLEAN FUNCTIONS (SEE FLOATING POINT DEFINITIONS): 

IEQ,IGE,IGT.ILE.ILT,INE 
IAND,IOR.INOT 

• SPECIAL. FUNCTIONS (SEE FLOATING POINT DEFINITIONS): 

IONE.IZERO,INEG • 

• 
• 

• 
41 
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c. *. H CONVE F.:::; I ON 
CONVERSION FUNCTIONS: 

c. 

• 
MODULES~ 

• 

F:r ;{ 
FL.OAl 

DlOB 

BlOD 

CONVERTS X FROM FLOATING POINT TO INTEGER FORMAT 
CONVERTS X FROM INTEGER TO FLOATING POINT FORMAT 

(NOTE THAT 4 OR 8 BYTE RESULT REPLACES 2 BYTE ARG) 
CONVERTS ASCII CHARS TO FLOATING POINT NUMBER 

(NOTE SEE LISTING FOR CALLING SEQUENCE) 
CONVERTS FLOAT I NG PO INT NUMBEF.: TO ASC I I !::TRI N G 

(NOTE SEE LISTING FOR CALLING SEQUENCE) 

BMATHO,BMATH1,BMATH2,BMATHM 
DMATHO,DMATH1,DMATH2,DMATHM 

• FILE RECORD RECORD FILE STARTING DATE OF DATE OF 

•• 

• 
• 
I 

• 

• 
• 
• 
.. : .... • 
• 
• 
• 

FILENAME DRIVE TYPE COUNT LENGTH PROPS ADDRESS CREATION LAST MOD • 

DMATHO.S 2 
DMATH2.S 2 
DI"1ATHj,,::; 2 
DMATHO.OB,) 2 
DMATH 1 .OB,,) 2 
OM A T H 2 . 0 B ,) '"> 

'-!M 

DI"1ATHM.S 2 
DMATHt11. OS') r, 

::--

Bt1ATHO < OB~J 
.-, 
I.":. 

BMATH1.I)Bd : .. , 
"-

BMATH;'::.08,! ,..., 
~~ 

MATHLIB.S 2 
BNSF.:CH. S 2 
BMATH1.S r, 

l~ 

BMATHO.::; 2 
BMATH2.S r, 

":'~ 

MfHH.DOC 2 
DIV3,!:: 2 
F\MATHM.::~ 

,..., 
,,-':, 

B MAT H t'l • I) B ,J ,., 
t' .. 

C{)L • f; 2 
{~Dt11.:3 '-' .. ;.~ 

BEEHIVE.S ? 
CAL.eMD 2 
II-.!FOTON.S 2 

26 FII..E:3 E><AMINED 
2~i FILE8 LX8TF:D 

1 t~90 TOTAL SECTORS FOP 

A 182 
A 147 
A 127 
B 28 
B 18 
B 19 
A 8 
B 3 
B 22 
B 19 
B ,> ,..., 

&~ ... &-:., 

A 35 
A 8 
A 1 ~56 
A 147 
A 13 ft 

A 26 
A lit 
A 8 
B 3 
A 120 
A lj 
A 6 
A 1 
A 6 

L I :3TED 

0080 
0080 
0080 
0080 
0080 
0080 
0080 
0080 
0080 
DOBO 
OOSO 
0080 
0080 
0080 
0080 
0080 
0080 
(Joao 
0080 
(J08n 
0080 
OOHO 
D080 
0080 
0080 

F IL.E S 

770801 
770BDl 
770919 
770801 
770801 
770801 
770914 
770914 
7708D? 
770802 
770802 
7'70802 
770912 
770802 
77080~~ 

770BO~~ . . . . r 

770815 
770914 
7'70920 
780718 
780719 
780719 
770920 
780719 

780718 
78()830 
780718 
7H07.1.8 
780718 
780830 
780718 
7H0718 
780718 
7807U3 
780718 
780718 
780801 
78071H 
780718 
780718 
780718 
780828 
780719 
780719 
780828 
780719 
780719 
7807F~ 

780719 

t 

t 

t 
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• *H ADD AND SUBTRACT 

• 
• 
• 
• 
• 
.' 
.' 

" 

• 

• .' 

" 

.' 
• 
• 
• 
• 

" .. ., ...... " .... "" ....... ., ........ .,,, ........ .,., ..... "',,., ......... ., ... .,,..,., .............. .,., . ., ......... .. 
""""""""",.",'7'7""7771.""""""""""","",r"""""" 

FLOATING POINT REVERSE SUBTRACT ROUTINE 
NEGATE X AND ADO 

" ................................................... "''11 .......... .,., • ., ................ .,.,9 .............. . 
,)'"""" r '1".""",:r", 'I"""'''' '17"""""""" r r, r","'" 'I' r 'I' 'I'" 
RSUB LO A,(IX) 

XOR SOH 
LD (IX) .A SET NEW SIGN 
LO H,A 
LD D,(IY) 
,JP AOO5 ................................ ,. ............. .,., ...... ., .... ., ..... "., .. " . ., .. "" . .,., ....... ., ...... . """""",,,,,,,,,,,,,,,,,,,,,.,,"71771'71r,,,,,,,r,,,'1""'/"""""" 

FLOATING POINT SUBTRACT ROUTINE 
NEGATE Y AND ADO 

...... .,.,., ... 'I •• ., ......... ,.., • .,.,., • ., • ., ........... ~'t" • .,., .. ., .... .,.,., .... ........... ., ...... " ... " .. " 
""""""7'1'1""""''''''7.,.,1''1''''1''1'7'''''''',.,.""'7"""""""" 
SUB LO A,(IY) GET SIGN OF Y 

XOF.: 80H . CHANGE IT , 
LO OrA 
LD H, (IX) 
JP AD05 

..... , 't ....... 't ., 't ... Y 't ... ., ., ., ., ., ., .. y ... ., If If ...... If 'f ,. 'I 't 'I ...... 'I ..... ., 'I .. ., " 't 't 'f .. ., ..... " 'f .. " " " .. ., ...... ., .... 't .......... " """""""""",."""."","""""",,,,,,,,,,,"""""",."", 

FLOATING POINT ADD ROUTINE 

INPUT; IX FIRST ARC & RESULT 
IY - SECOND ARC 

OUTPUT; I X - SUM 
ERRORS: OVERFLOW, UNDERFLOW 
REGISTERS FOR ADDITION: 

H'L'HL ARG WITH LARGER EXP 
O'E'DE 2ND ARG 
B' BIT 7 IS SIGN OF RESULT 
C' LARGER EXPONENT 

.... , ,. .. 't 't .... , ., .. ., .... " .... ., ., ., 'f ., 'f " " 'f ...... " " " " 'I ., ., ...... " y ., " " ., " ,. 't 'f .. 't " " .. " 'I ,. ... " " .... " " ... " ,. 'I " ..... """''l'7Y'''7'1fr''''''''''1'1""""""r",''''''77, """""".,.".", 

i GET MS BYTES 

ADD LD 
to 

H,(I>O 
(),(IY) 

CHECK FOR ZERO ARGUMENTS 

ADOS X OF.: A 
CP (IX+3) 
JP NZ,AD06 
CP (IY+3) 
RET Z 
1..0 A,O 
PUSH IY 
POP HI.. 
CALL tD 
LO (IX),A 
I\:ET 

AOOb LD (IX) ,H 
CP (IY+3) 

CLEAR A 

X IS NONZERO 

Y IC· ~,' ALSO ZEF.:O 
GET Y MS BYTE 

COPY Y TO X 
STORE MS BYTE 

STORE NEW X SIGN 
IN CASE Y IS ZERO 

I 

I 

41 

• 
• 
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• 
• 
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• F.~ ET ·'f 
f., ; Y IS ZERO, RETURN X 

LOAD A"~GUMENTf:;, TEST SIGNS 
• H'I..'H IS X Ff;.~ACTION 

D'E'D IS Y FRACTION 
L IS X EXPONEN'r 

•• E IS Y EXPONENT 

•• 
• 

•• 
• 
• 
c 

c 

• 
I 

• 

• 

• 
• 

ADO"! 

B' IS X SIGN 
C' IS Y SIGN 

tD A,H 
AND BOH 
tD B,A 
SET 7,H 
1..0 (.'h 0 
AND BOH 
LO e,A 
SET 7,0 
XOR B 
E}{ AF,AF' 
LO '-,(T.>(+l) 
tD Fr <IY+1) 

LD 
1..0 
LD 
LD 

H, (l>(+:::~) 
D,(IY+;2) 
L,(Ix+:n 
E,(IY+]) 

PUT LARGER EXP IN Hl 

E>(TF.~ACT SIGN 

RESTORE IMPLIED 1 

SAVE XOR OF SIGNS 

MAIN BANK 

SHIFT DE RIGHT TO MAKE EXP'S EQUAL 

AD10 tD 
CP 
,j F,: 
E" .• 1\ 

E){ }{ 

E}( 

LD 
EXX 

AD20 CALL 

A,t 
E 
NC,AD20 
DE: 1 HI.. 

DE,Ht. 
B,C 

?\L 1 GN 

NO SWAP NEEDED 
::;WAP )( AND Y 
ALT BANK 

B' IS SIGN OF LARGER 
MAIN BANK 
AL I GN FF.~ACT ION::; 

DECIDE WHETHER TO ADD OR SUBTRACT 

E}( 

,)P 

ADD 

ADD 
LD 
E )-{}{ 
ADe 

AF,AF' 
t1, SB20 

HL,DE 
OE,BOH 

HL,[)E 

RETRIEVE XOR OF SIGNS 
SIGNS ARE DIFFERENT 

ADD Ff'~ACTIONS 
ROUNDING CONSTANT 
M,. T BANK 

NORMALIZE (AT MOST 1 SHIFT RIGHT) 

~}P NC, Ff':OUND 
INC C 
JP 2,(lVEF.:B 
RR H 
F.~ f'~ L 

ALREADY NORMALIZED 
INCR EXPONENT 
OVEF.~FLOW 
SHIFT RESULT RIGHT 

I 



• EXX 
RR 
R f': • E X){ 
,JP 

• SUBTRACT 

8820 AND • SBe 
LD 
EXX 

H 
L. 

FROUND 

A 
HLrDE 
DE,80H 

MAIN BANK 

ALT BANK 

SUBTRACT FRACTIONS 
PREPARE FOR ROUNDING 
ALT BAN.< 

• 
• 
• 
• 

SBC HL,DE • • 
• 

• 
• 

• 

• 

• 

• 

• 

. , 

\IP NC,SB30 X WAS > Y 

IF RESULT IS NEGATIVE, NEGATE HL 

1...0 
XOR 
LD 
E)O{ 
EX 
LD 
AND 
S e,e: 
LD 
EXX 
EX 
I .. [) 
SBC 

A,BOH 
B 
B,A 

DE,HL 
HL,O 
A 
HL,DE 
DE,80H 

DE,HL 
HL.,Q 
HL.,DE 

CHANGE SIGN 

MAIN BANK 

FO~:M NEGATIVE 
PREPARE FOR ROUND 
ALT BANK 

POST NORMALIZE BY SHIFTING LEFT 

SB30 dP M,FROUND ALREADY NORMAL I ZE:D 
E){X MAIN BANI< 
LO B.24 PREPARE FOR POST-SHIFT 

SB40 ADD HL,HI.. SHIFT RESULT 
EXX ALT BANK 
DEC C: DECR EXPONENT 
JP Z,UNDEf': UNDEI':FLOW 
ADC Hl.,HL 
.IF' M,FROUND NORMALIZED 
EXX MAIN BANK 
DdNZ SB40 lOOP NOT DONE 
,lP ZERO 

ALIGN ARGUMENT IN DE 

SHIFT RIGHT UNTIL EXPONENTS EQUAL 
RETURN X EXP IN C' 

ALIGN 

DE IS ALIGNED FRACTION 
L IS ZERO 

LD A,L GET X EXP 
1..0 1..,0 CLEAR LSBYTE 
EXX ALT BANK 
LD CrA PUT IN r' , .. ' 
EXX MAIN BANK 

LEFT 

OF X 

SUB E CALC SHIFT COUNT 
LD E,L CLEAR LSBYTE OF Y 

I 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 



• 
• 
•• 
• 
• 
• 
•• 

• 

• 

RET Z SHIFT COUNT IS ZERO 
tD B,25 MA}( COUNT 

AL10 EXX ALT BANK 
SI':L D :::HIFT RIGHT 
RR E 
E }{X MAIN BANK 
RR D 
R 1': E 
DEC A DECR SHIFT COUNT 
RET Z COUNT IS ZERO 
D\.JNZ AL10 CONTINUE SHIFTING 
RET 

*H MULTIPLY 
., .. " ... "., ..... .,., ................... ., .. ., ............................ " ............... .. 
'7'7""""'1J""'1""",,:r"""""""""'17,,""""""""""'7 

FLOATING POINT MULTIPLY ROUTINE 
PRODUCES ROUNDED RESULT 
INPUT; IX POINTS TO MULTIPLIER 

IY POINTS TO MULTIPLICAND 
OUTPUT: IX POINTS TO NORMALIZED PRODUCT 
ERRORS: EXPONENT OVERFLOW OR UNDERFLOW 
MAIN LOOP REGISTER ASSIGNMENTS: 

AHL - 24 BIT ACCUM, INITIALLY ZERO 
H'LfD' - 24 BIT RIGHT EXTENSION 

OF ACCUM, INIT MULTIPLIER 
CDE - 24 BIT MULTIPLICAND 
B 
A' 

TIMING: 

- LOOP COUNTER 
- BIT 7 IS SIGN OF RESULT 

APPROX 2531 (1943 INNER LOOP) 

............ ,. ....... " .. " ..... ., .... ., ........... ., .. ., ............................................... . 
""""""""""""""","."."""""""",,7'f""""""'" 

i CHECK FOR ZERO OPERANDS 

MULT XOR A 
CP <IX+3 ) 
JP 2,ZERO X Ie ~, ZEI':O 
CP (IY+3) 
JP Z,ZERO Y IS ZERO 

LOAD OPERANDS, INITIALIZE 

LD H,(IX) X IN H'L'D' 
LD L,(IX+1) 
LD D'(IX+2) 
Lf) A,H SAVE SIGN 
SET 7,H I':ESTORE IMPLIED 1 
EXX MAIN BANK 
CALL LOADY Y IN CDE & FINAL SIGN IN A 
EX AF,AF' SAVE SIGN 
X OF:~ A ZERO ACCUM AHL 
LD H,A 
LD ,,",A 
LD B,24 LOOP COUNTE": 
dP ML.1 

MAIN MULTIPLY LOOP 
.) PRODUCES 48 BIT RESULT IN AHLH' L' () , 

MLOOP I':RA ; SHIFT ACCUM RIGHT • 

c 

• 
• 
• 
c 

• 
t 

• 
( 

« 

c 

• 
c 

• 
• 
fI 

• 



• 
• 
• 
• 
• 
• 

• 
•• 
• 
• 
« 

• 

• 
c 

RR H 
R f': L 

MLl EXX ALT BANK 
RR H SHIFT MPLIER RIGHT 
R F:: L 
RR 0 
EXX MAIN BANK 
,JR NCrMl.2 MPLIE~~ BIT IS fJ 
ADD HLrDE ADD MPLICAND 
ADC A,C MAV CAUSE CARRY 

ML2 D~JNZ Ml.OOP COUNTEF.: NOT DONE 

NOF.:MAL I ZE (AT MOST 1 SHIFT RIGHT) 

~JR NC,MROUND ALF.:EADV NORMAL.IZED 
RRA SHIFT RESULT RIGHT 
R~~ H 
R F.: L. F.:OUNDING BIT IN CY 
,)P MROUN1 

F.:OUND 

MROUND EXX ALT BANI( 
RL H GET ROUNDING BIT 
E }(X MAIN BANK 
DEC B SET B TO -1 

MF.:OLlNl CALL F.:STO F.:OLlND AND STOF.:E RESULT 

ADD EXP'S AND SHIFT COUNT 
o OR 2 OVERFLOWS OK, 1 IS ERROR 

ADD 
MCHK JP 

A,C 
PE,M10 
A,B 
PE,MERR 
M20 

ADD OTHER EXPONENT 
OVERFLOW 

ADD 
,)P 
,IP 

1'110 ADO 
,)P 

1120 ADD 
,JP 
tD 
RET 

*H DIVIDE 

ArB 
POrMERR 
A.BOH 
ZrUNDER 
(!X+3) ,A 

ADD SHIFT COUNT 
OVERFLOW 

ADD SHIFT COUNT 
NO OVERFLOW 
ADD BIAS 
UNDERFLOW 
STO~~E EXP 

.. " ... y .. ... ... .. .. ., "., 't .. • ... 'I 'I ., .. ., .. ... ... " 't ., " .. " ... ., ... .. .. .. .. .. " ,. .. ., .. .. " ., .. .. " " ., ,. ,. .. ., ... .. .. .. .. 'I 't 'I ,. .. " 'I ., ., " .. ., ., "",.""""",."",,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,""'''''''I'I""r1., 

FLOATING POINT DIVIDE ROUTINE 
;' PRODUCES ROUNDED RESULT 

INPUT: IX POINTS TO DIVIDEND 
IV POINTS TO DIVISOR 

OUTPUT; IX POINTS TO QUOTIENT 
ERRORS: DIVISOR IS ZERO 

EXPONENT OVERFLOW OR UNDERFLOW 
REGISTER ASSIGNMENT FOR MAIN LOOP: 

AHL - 24 BIT ACCUM, INIT DIVIDEND 
CDE - 24 BIT DIVISOR 
DrE'H'L' - RESULT REGISTER 
B - LOOP COUNTER 
A' - BIT 7 IS SIGN OF RESULT 

TIMING: APPROX 3595 (3022 INNER LOOP) 

I 

I 

I 

I 

• 
• 
t 

• 

• 
• 
• 
• 
• 

• 
• 
• 

• 
• 



c 

• 
• 
• 

• 
• 

... .. " ~ " ,. ,. ., .. '" ... .. 'Ii' ... ., ,. " 'I .. ., .. .. 'I " 'I .. 'J 'J 'I 'f .. .. 'I .. ., .. .. .. .. .. ,. ... ,. .. 'I 'I .. OJ ., ., 't ., .. 'II 'I .. ,. .. .. .. ,. " 't 't .. .. .. 't ,. 't '1/ 'It 

'I7'11'77777777777"'7771'11",1""771'1''''''17f71'''1117777 'ff1"7771,7,7'777 

. CHEC.::: FOr.:: ZEFW (lPEF.:ANDS , 

OIVI }< I) F.: A 
CP (IY+3) 
JP Z,DIVO Y I c· ... ,f ZEF.:O 
CP (I}(+3) 
" P Z,ZHW \1 

/\ H; ZEft:O 

LOAD OPERANDS. CALCULATE SIGN 

LD B. (IX) LOAD \1 
/, INTO BHL 

LD H,(I}{+U 
LD L..(I}{+2) 
LD A,B GET SIGN IN A 
CALL LOADY LOAD Y INTO CDE 
EV _ I' I~FrAF' SIGN BIT IN (.~ 7 

LD A,B X IN AHL 
Of<: 80H PESTOf<:E IMPLIED 1 
LD B,26 L.OOP COUNTEf<: 
,)P DVSUB 

MAIN DIVIDE L.OOP 
• PRODUCES 26 BIT RESULT IN (BIT 0 OF)D'E'H'L'CY 

DVOV AND A 
SBC HL.,DE 
sse A,C 
SCF • DEC B 
,I F.: Z, DVNOF.:M 

DVLOOP EX}{ • ADC HL,HL 
f<:L E 
F.: L D 
EXX 
ADD HL,HL 
ADC A,A • ,) F.: C,DVOV 

DVSUB SBe HL,DE 
SBC A,C • ,! F.: Ne, DVF.:ESl 
ADD HL,DE: 
ADe A,C 
AND A 
[j,)NZ DVLOOP 

• NORMALIZE RESULT 

DVNOF.:M E }(}{ 
Lf) B.O 
LD A,E 
BIT Orf) 
,I f.: Z 1 DF.:OUND 
INC B 
~;CF 

RF.:A 
F.: F:: H 
R F.: L. 

:::lHHRACT DIVISOr.:: 

:::;ET CAf':f':Y 
DEC LOOP COUNTER 
L.OOP DONE 
ALT BANK 
SHIFT RESULT INTO D'E'H'L' 

MAIN BANK 
SH I FT ACC:Ui"1 LEF T 

OVERFLOW ON SHIFT 
SUBTRACT DIVIsor·:: 

PO!::; I T I VE I<:E !:WL. T 
RESTORE ACCUM 

TUF.:N OFF CAF.:f':Y 
LOOP NOT DONE 

ROUNDING BIT IN CY 

.. 
( 

• 
• 
• 
• 
• 
• 
• 
• 
C 

t 

t 

• 



I DF.:OUND CALL F.:!3TO ROUND AND STORE FRACTION ( 

SUBTRACT EXPONENTS • • !~:tJB C 
JP MCHK 

• C 

• 
• 

• 
• 
I 

.' 
I 

• 
C' 

F.:E C I PF::OCAL 

F.:EC CALL 
LD 
C {)LL 
LD 
C('~LL 

RET 

STOl 
HL,Cl 
LD 
IY,TEMPl 
DI\ll 

S/WE X 

GET fl 1 

*H MULT, DIVI UTILITIES 

RSTO ROUND, STORE FRACTION, LOAD EXPONENTS 

RSTO 

INPUT: ROUNDING BIT IN CARRY 
NORMALIZED FRACTION IN AHL 
FINAL SIGN BIT IN A' 

OUTPUT: UPDATED SHIFT COUNT IN B 
UNBIASED EXP'S IN A AND C 

TIMING: APPROX 186 

LD DE,O 
ADC HL,DE ADD F.:OUND I NG BIT 
ADC A,t] 
J F.: NC,$+] NO OVERFLOW 
INC B INC SHIFT COUNT 

NOTE: DUE TO HlP I.. lED 1, ACTUAL SHIFTING UNNECESSARY 
STORE: FF.:?,\CT ION LD 

LD 
AND 
LD 
E }-( 
OF.: 
LD 
LD 
SUB 
LD 
LD 
SUB 
F.:ET 

(D{+l),H 
(IX+?),L 
"7FH 
H,A 
AF,AF' 
H 
(DO ,A 
A,(IY+]) 
80H 
C ,(.~l 
fl, (IX+]) 
80H 

TURN OFF IMPLIED 1 
SAVE REST OF BYTE 
GET FINAL SIGN 
COt1B I NE 
STOF.:E ~1SBYTE 

GET E}{P 
REMOVE BIAS 

GET OTHEF.: EXP 
REMOVE BIAS 

LOADY LOADS FRACTION PART OF (IY) INTO CDE 
INPUT: MSBYTE OF X IN A 
OUTPUT: SIGN OF RESULT IN BIT "7 OF A 
TItHNG: 86 

L O{)DY LD (;,(IY) 
LD D,(IY+1) 
LD E:,(IY+~~) 

HOR C CALC SIGN BIT 
AND 80H 
SET ""e RESTORE IMPLIED 1 
RET 

OVER OR UNDERFLOW ERRORS 

c 
c, 

• 

• 
• 
t 

• 
• 
• 

• 



c 

• 

• 
• 
• 

• 

« 
I 

t' 

• 
(; 

"1 t:PF.: -IP 
E}{ 

LD 
,)P 

F', UNDEF.: 
AF,AF' 
( I X ) , PI 
OVER 

UNDEF.:FL OW 
GET SI(";N 
SET SIGN OF RESULT 

DIVISION BY ZERO ERROR 

DIVO LD HL., ERROl': 
SET 4,(HL) 
JP INF 

*H FIX 
'I OJ .. .. ., 't ... 'it 'I 'I , .. ,. 'I' " " ,. ... .. ,. 'l .. ,. T ... .. "II .. ,. ... ,. .. "II ,. ,. .. 'I , .. T ., ,. 'I' .. ., ., .~ ~ .. ,. "II " .. .. ., • 't .. 'I "II ., 'I ,. 'I .. .. ., .. ,. "II ., 'I 

7','7f77"1171"""""""717''1'7171777171711771"""""""771'1"7 

FIX CONVERTS FL.OATING POINT NUMBER TO 
16 BIT 2'S COMPLEMENT 
F.:E:;;UL T H; F.:OUNDED 

INPUT: IX PTS TO FL PT NUMBER 
OUTPUT: IX PTS TO 2'8 COMP INTEGER 

HL CONTAINS 2'S COMP INTEGER 
ERRORS: OVERFLOW IF INPUT CANNOT BE REPRESENTED IN 

16 BITS. MAX OUTPUT IS 32767, MIN IS -32768 
ALGORITHM: SHIFT COUNT IS DERIVED FROM EXPONENT 

FRACTION PART IS SHIFTED RIGHT AND CONVERTED 
TO 2'S COMPLEMENT • 

.. .. ., ,. " ., ,. .. ,. , .. , ,. ,. ....... ., .......... ,. .. ., " " ,. .... ,. "II ,. ,. ., ., ... ,. ...... ,. 't • Of ...... ., ., ,. .. ,. .. ., " or ........ ., ..... '" "II ...... ., ... 

17117'17177"''177,.,''7''''717''177'7''7'7177''7777''''7"7'7"7"'7777'177 

LD IY,C ... 5 
CALL ADD 
CALL F D{A 
JF.: NC,F>{60 

INTEGER OVERFLOW 

LD HL ,EF.:F.:OF.: 
S£'::T 6, (HU 
LD HL.,7FFFH 
BIT 7,(I}O 
JF.: Z,F}{60 
INC HL 

STOF.:E F<:ESUL T 

F }-{60 LD (I}{),L 
LD (I}{+1).H 
RET 

i~DD 1/2 TO ROUND 
CONVERT NUMBEF: 
NO OVERFLOW 

FLAG OVERFLOW 
LAF.:GEST INTEGE!': 

!;:;IGN PO!:;ITIVE 
Sr1ALU:!::rr INTEGER 

FIXA MAIN 16 BIT FIX OPERATION 
• INPUT: D( PTS TO FL PT NUMBER 

OUTPUT: HL IS 16 BIT 2'S COMPLEMENT 
CY IS SET IF HL IS INVALID (OVERFLOW) 

F I>{A >{ OF.: A 
LD H,A CLEAR ACCUM • LD L,A 
CP (I}{+3) 
RET Z INPUT ~JAS ZEF.:O 
LD H, (no LOAD M·~· .::- 16 BITS 
SET 7,H F.:ESTOF.:E IMPLIED 1 
LD L,(IX+l) • 

• 
I 

t 

t 

c 

• 



•• 

• 
• 

• 

• 
• 

• 

I 

LD A,16+e..OH 
SUB (I}{+3) 
RET C 
'.Jr.~ Z,F>{2~.i 

INITIALIZE FOR LOOP 

CALC SHIFT COUNT 

COUNT IS ZEPO 

SET riA}{ COUNT 

COUNT )= 16 
!::;ET COUNT 
CLEAF.: A 

A IS 1 IF (IX+2)?O 

SHIFT PIGHT UNTIL COUNT=O 

F}-{:?O !:;F.:L H 
RR L 
ADe (.) f 0 ; ACCUM BITS SHFTD OUT 
D,JNZ F}{20 

CONVERT TO 2'8 COMPLEMENT 

F }-(25 BIT 7,(1}0 
,JP 
AND 
J F.: 
INC 
EX 
LD 
AND 
S B(~ 
,JP 
AND 
PET 

Z,FX40 
A 
Z,F}{30 
HL 
DE,HL 
HL,t) 
A 
HL,DE 
P r F}-{50 

A 

POSITIVE 

E}(ACT INTEGEF.: 

NEGATE 
OVEr;':FI..O W 
CLEAR CY 

F){/i<O AND A CLEAf,: CY 
BIT 7tH 
F~ E T -7 

l .. NO OVt:RFLOW 

OVEF.:FLOW 
; 
F )(50 SCF ; ::;ET CY 

RET 
*H FLOAT 
1I .. "''' ... ''.,,,'II,,,,.,,.'I''I' ... ,, ... 'I''I',,,,,.,, ... .,,.,. ... ,,'I''I' .. .,,.,\'.,'II ......... ,.,, .. , ... ,.,.,.,,,,'t't't1i ..... .,,.'tt., ...... y't'll'l' 
t f " 7 ,. If ,. 1 7 ,. 'I ,. l' r , ,. 7 f r t ,. ,. 7 7 ,. ,. r ,. ,. T 1 ,. :1" )' f 'I ,. f , i ,. , ,. , ,. , ,. 7 ., , , , , ,. , 7 'I 7 7 7 ,. , , )' 7 ,. ,. '1 ,. 7 , , 

FLOAT CONVERTS 16 BIT 2'8 COMPLEMENT INTEGER 
TO FLOATING POINT FOPMAT 

(FLOAT1 ASSUMES INPUT IS IN HL) 

INPUT: IX PTS TO 16 BIT 2'S COMP INTEGEP 
OUTPUT: IX PTS TO FLOATING PT NUMBER 
EF.:ROF.:S: NONE= 
ALGOF.:ITHM ~ 
F.:EGI:':;TER!':; : 

CONVERT TO SIGN MAGNITUDE AND NOPMAlIZE 
HL IS 16 BIT ACCUM 
A IS SIGN 
C IS EXPONENT 

" .. 'i' 'f " " 'f ., ., .. ,. " ... ., ., ., 'It ., ... ., 'II " 't 'II 'I 'I ., ., 'I' 'I 't ., 'II 'f " 'II' ,. ... ., ., ., ., ., OJ \I 'I " 'I 't 't " ... ,. ., ., " ,. \' 'I' ., "" "" ,. "" Of ': ., ., ., .. • 'f 

1r?'"!1'1"~1r'ttr111,.'11rff'lf'f1$'1177717'71"'!.,,171111'117 If'''''7''''''''7771 

• 

• 

• 
• 
• 



« 
TEST INPUT . , 

• FLOAT LD L.,(IX) L.OAD 16 BIT INTEGER 
LO H,(IX+l) 

FLOATl tD A,H TEST FOR ZERO 
OR L 
JP Z,ZERO INPUT WAS ZERO 

• CONVERT TO SIGN MAGNITUDE, SIGN IN A 

• 

• STORE RESULT 

Fl.30 • 
•• 

I<:ES 7,H 
OR H 
LD (IX),A 
t.O (IX+l),L 
LD (IX+2),O 
to (IX+3),C 
RET 

GET SIGN BIT 

POSITIVE 

NEGATE 

CLEAR IMPLIED 1 
AOO SIGN 

BRK SEPARATES INTEGER AND FRACTION PARTS « 
INPUT: IX PTS TO 
OI.JTPUT~ IX PTS TO 

HL IS LOW 
CY IS SET 

ALGOl<: I THM: USES 32 
ALWAYS RETURNS 

Bf':K CALL STOI 
CALL FIX32 
J 1<: C,BRK20 
EXX 
BIT 7,B 
E>{X 
PUSH HL • PUSH AF 
CALL FL032 
tD IY,TErlPl • CALL ~:SUB 
POP AF 
POP HI.. • 

X 
FRACTION 0 (= X < 1 
ORDER 16 BITS OF 2'S COMP FIX32(X) 
IF INPUT > 21'24 
BIT FIX AND FLOAT, AND FL PT SUB 
VALID FRACTION PART 

SAVE COPY OF X 
GET 32 BIT INTEGER 
X > 2 1'24 
ALT BANK 

MAIN BANK 
SAVE HL AND FLAGS 

CONVERT TO FLOATING 

CALC X - INT(X) 
RESTORE REGS 



• 
• 
• 
• 

• 
• 
•• 

• 
• 
•• 

« 

• 
• 

\II~: Z,BRI<10 
DE,HL 
Ht,O 
A 
Ht,DE 

POSITIVE ::;IGN 

BRI<10 

EX 
LD 
AND 
SSC 
AND 
r::ET 
CALL 
SCF 
RET 

A 
NEGATE Hl. 
CLEAR CY 

B FH(20 ZERO FORCE ZERO FRACTION 
SET CY 

*1-1 CP 

CP 

COMPAr::F: Fi:OUTINE 
RETURNS CY SET IF X < y 
RETURNS Z SET IF X - Y 

L.D 
AND 
., F.: 
BIT 
r<:ET 
LD 
CP 
RET 
l.D 
CP 
RET 
LO 
CP 
RET 
LD 
CP 
RET 

A,(IX) 
80H 
NZ,CP10 
7,(IY) 
NZ 
A,(IX+3) 
(IY+3) 
NZ 
A,(IX) 
(IY) 
NZ 
A, <IX+1) 
(IY+l) 
NZ 
A,(IX+2) 
(IY+2) 

GET MS BYTE OF X 

X IS NEGATIVE 

Y IS NEGATIVE 
TEST EXP'S 

TEST MS BYTE: 

CPlO XOF.: (IY) TEST SIGN AND SET NZ 
PUT SIGN IN CY 

*H 

RLA 
RET r· .,. SIGNS DIFFERENT 
LO A,(IY+3) 
CP <IX+3 ) 
RET NZ 
LD A,(IV) 
CP ( I X) 
RET NZ 
LD A,(IY+1) 
CP (IX+l) 
RET NZ 
LD A,(IY+2) 
CP (IX+2) 
RET 

FL032 

FL032 CONVERTS 32 BIT INTEGER TO FLOATING POINT 
BY NORMALIZING AND ROUNDING TO 24 BITS 
ENTRY TO Fl.0321 WITH DE ZERO AVOIDS ROUNDING 
INPUT; H'L'HL IS 32 BIT INTEGER 

DE IS ROUNDING VALUE FOR FL0321 
B' BIT 7 IS SIGN 

OUTPUT; IX POINTS TO FL PT NUMBER 

TEST FOR ZERO 

• 
• 
c 

• 
• 
• 
• 
• 
t 

41 

41 

41 

41 

41 

41 

41 

41 

• 
• 



• 
• 
• 
• 
• 
•• 
• 
• 

I 

C 

• 
• 
I 

C 

• 

FL032 tD DE,8DH I<:OUND I NG BIT 
FL0321 LD A,t. OF.: ALL 4 BYTE:; 

OR H 
E X}( ALT BANK 
OF.: L 
(I F.: H 
\.J P Z, ZEF.:O INPUT IS ZEr.;:O 

NORMALIZE ACCUM, COUNT EXP IN C' 

F NOF.:M LD C,OAOH INIT E>{F' TO +32 
BIT 7,H 
JR NZ, F F.:OUND ALPFADY NOF.:MAL I ZED 

FNORL DEC C DEC EXP 
EX>( MAIN BANK 
ADD HL,HL :3HIFT Ace LEFT 
E }{}{ ALT BANK 
ADt::: HL,HL 
,I P p, FNOF.:L NOT NOF.:MAL I ZED YET 

POUND FRACTION TO 24 BITS 
NOTE: ROUNDING OVERFLOW IMPLIES FRACTION 

IS A POWER OF 2, SO HIGHEST BIT NEED 
NOT BE PUT IN BEFORE STORING 

FROUND E}O{ MAIN BriNK 
ADD HL,DE ADD ROUNDING BIT 
E >{}{ ALT BANK 
LD DE,D 
ADC HL,DE 
.J F,: Ne,FSTO NO OVEF.:FLOW 
INC C INC EXP 
,! P Z,OVEF.:B OVEF.:FLOW 

::;TOF.:E F.:ESUL TS ( ENTEr.;: IN ALT BANK) 

F STO LD (1)(+3 ) ,C 
LD A,H 
AND 7FH 
OF.: B 
LD (1}0 ,A 
LD (IH+l) , L 
E ~<>( 
LD (D{+~~) ,1-1 
RET 

L.OAD FI<:ACTION PAr.;:T 

FL.D LD H d) 
LD L, <IX) 
LD Aft 
AND 80H 
LD B,A 
SET 7,L 
E H>( 
LD H,(D{+l) 
LD L,(I>{+2) 
RET 

FIX32 

BINAr.;:y E>(PONE:~n 

PUT IN SIGN BIT 

MSBYTE 
2ND BYTE 
t1A I N BAN.::: 
2RD BYTE 

(CALLED IN ALT BANI<) 

H'L'HL IS ACCUM 

GET SIGN BIT 

PUT IN 13' 
RESTORE IMPLIED 1 
MAIN BANK 

• 
• 
• 
• 
• 
• 
• 
• 
c 

• 
• 

t 

• 



• 
• 

• 
I: 

• 

FIX32 CONVERTS FL PT NUMBER TO 32 BIT INTEGER 
INPUT: IX POINTS TO FL PT NUMBER 
OUTPUT: H'L'HL - 32 BIT INTEGER 

F 1. X32 XOR 
CP 
JP 
tD 
tD 
to 
EXX 
to 
to 
I':ET 

B' - BIT 7 IS SIGN BIT 
A - ZERO IF INPUT WAS INTEGER 
CV - SET IF INPUT )= 2432 

A 
(IX+3) 
NZ,FXA 
H,A 
L,A 
B,A 

H,A 
Ld~ 

TEST FOl': ZEI':O 

NOT ZERO 
CLEAR H'L' 

CLEAI': !::;J GN 
MAIN BANK 
CLEAF.: HL. 

A IS ZERO, CY OFF 

c 

• 
• 
• 
• 
• 

« • 
CALCULATE SHIFT COUNT 

• n(A CALL FL.O L.OAD FF.:ACT I ON TO L'HL 
LO A,98H CALC SHIFT COUNT 
SUB (!X+3) 
RET C INPUT WAS TOO BIG 
RET Z SHIFT COUNT IS ZERO 
to B,24 MAX COUNT IS 24 • CP B 
.J R NC,FXl COUNT >= :!'4 
LD B,A PUT COUNT IN B 

& FXl XOR A CLEAR A 

; f,:HIFT l.OOP . , 
F XL EXX Al.T BANK 

SRL H SHIFT ACCUM RIGHT 
R F.: t.. • EXX MAIN BANK 
RR H 
R F.: L • ADC A,O COUNT 1'8 SHFTD OUT 
OdNZ FXI.. COUNT NOT DONE .. 

USE CEIl.ING FUNCTION FOR NEGATIVE NUMBERS 

F.:ET ~, NO 1 ' Co SHIFTED OllT I .. ~. 

EXX ALT BANK 
BIT 7,B 
E X}< MAIN BANK 
RET Z POSITIVE SIGN 
LD DE,1 INCf<:EMENT ACCUM • ADD HL,DE 
":ET NC NO CV FROM INCR 
EXX ALT BANK 
INC HI... ADD CV 
EXX MAIN BANK 
AND A TURN OFF CV • RET 

*H UTILITIES 

c 



.i ; UTILITIES 

8T01 LD DE,TEMPI • ,JP STO 
8T02 LD DE,TEMP2 

,JP STO • ST03 to DE,TEMP3 
STO PUSH IX 

POP HL .' , MOV LO BC,4 
tOIR 
RET • LD PUSH IX 
POP DE 
,IP MOV • *H BOOLEAN 

*H BOOLEAN 

.' ; LOGICAL OPERATORS 

I Of': LO A,(IX) • OR (IX+l) 
Of': (IY) 
OR (IY+l) • JP INEl 

lAND to A,(IX) 
OR (IX+l) 
,JP Z,IZERO 
U) A,(IY} 
OR (IY+l) c JP INEl 

INOT LD A,(IX) 
OR (IX+l) 

C: ,JR IEQl 
OR I...D A,(IX+3) 

OR (IY+3) 
JP NEI 

AND LD A,(IX+3) 
AND A 
JP Z,ZEfW 
LO A'(IY+3) 
AND A 

I JR NE1 
NOT LD A, (!X+3) 

AND A 
J f': EQI 

RELATIONAL OPERATORS c . , 
8GT CALL SCP 

,JR IGTl 
8LE CALL SCP 

JR ILE 1 
SLT CALL SCP • ,JR II.. T 1 
SGE CALL SCP 

,JR IGEl .' SEQ CALL SCFI 
,JR H:Ql 

SNE CALL SCP • 

DEST IS TEMPI 

DEST IS TEMP2 

DEST IS TEMP3 
SOURCE IS ACCUM 

COUNT IS 4 

DEST IS ACCUM 

X IS ZERO 

X IS ZEIW t 



•• ,JR INE 1 « 
IGT CALL ICP 
lCiT1 ,JR Z,IZEf~O • J~: C,IZERO • .JR lONE 
ItF.:: CALL ICP .: ILEI ,)R Z,IONE • JR C, lONE 

,JR IZERO • Il.T CALL ICP 
ILT1 ,)R C,IONE 

,JR IZERO • IGE CALL ICP • IGEl \.J~: C.IZERO 
,JR lONE • IEQ CAL.L. Iep • IEG!1 ,JR Z,IONE 
\.I~: IZERO • INE CALL Iep « 

INEl \.,~: Z,IZERO 
,JR lONE • GT CALL CP 

GTI ,JR Z,ZERO 
JR C,ZERO 

C ,)R ONE • LE CAL.L. CP 
LEI .JR Z,ONE • dR C,ONE 

,JR ZERO 
LT CALL CP • tTl ,JR C,ONE • \.JR ZERO 
GF.: CALL CP • GEl "JR C. ZEI<:O • ,)R ONE 
EQ CALL CP 

I EQI ,)R Z,ONE • JR ZERO 
NE CALL ep .- NEl ...JR Z.ZERO • ,JR ONE 
*H CONSTANT FUNCTIONS 

C • . PRODUCE UNITY ~:ESULT • 

C lONE tD (IX),1 • LO (IX+1),O 
RET • ,< ONE to (IX),Q • LD (lX+1),O 
LO (IX+2),Q • LD (IX+3),BIH • RET 

• PRODUCE ZERO ~:ESUL T • 
IZERO tD (IX),Q 

• to (IX+i),Q • RET 
ZERO LO (IX),O • • 

C 
._-- - -_·v -.-



•• LD (I}{+l),O 
1..0 (I}{+2),D 
LD (I}{+3),O 

• RET 

PRODUCE INFINITE RESULT • INF F.:L ( I X) GET OLD SIGN 
LO ( I}O ,OFEH 

••• RF.: <IX) F.:EPLACE !:nGN 
LD (I){-I-1),OFFH 
LD (I>{+2) ,OFFH • LD ( I){ -1-:3) , OFF H 
RET 

• FLAG OVEF.:FLOW EF.:F.:OF.:, STOF.:E INFINITY 

o VEF.:B E}{X ALT BANK 
LD (nn,B SET SIGN BIT 

o VEl': LD HL., EF.:F.:OF~ 
SET 6, (HU FLAG OVERFLOW 
JP INF 

FLAG UNDEF.:FLOW EF.:ROR, STORE ZERO • LlNDEF.: L.D HL, E F.: F.: OF.: 
SET 5,(HL) ; FL.AG UNDERFL.OW 

• JP ZERO 
*H CONSTANTS AND WORK AREAS 
C1 DEFW 0 1.0 

t DEFW BIOOH 
C_5 DEFW 0 ; 0.5 

DEFW BOOOH 
I SEED OEFW 0 

DEFW 0 
H:MP 1 DEFS 4 

C" TEMP2 DEFS 4 
TEt1P:3 DEFS 4 

( REFERENCES 

~ . .. 
• 
• 
•• 
c 

E}{TEF.:NAL 
GLOBAL 
G L OB{')L 
GLOBAL 
GLOBAL 
GLOBAL 
GL.OBAL 
GLOBAL 
GLOBAL 
GLOBAL 

ER F.: OF.: , I CP, SCP 
ADD,SUB,RSUB,MULT,DIVI,REC 
FIX,FIXA,FLOAT,BRK,FIX32,FL032,FL0321 
CP,ST01,ST02,STOJ,TEMP1,TEMP2 
TEMP3,SEED,LD,FLD,FLOATl 
OVER,UNDER,ZERO,ONE,INF 
GT,LT,GE,L.E,EQ,NE,AND,OR,NOT 
IGT,ILT,IGE,ILE,IEQ,INE,IAND.IOR.INOT 
SGT,SLT,SGE,SLE,SEQ,SNE 
(::1.'(:0._5 

• 
• 
• 
I 

.'. • 

• 
t 



• 
• 
• 
C,: 

• 
• 
• 

c, 

I 

• 
• 

• 

• 

*H DECIMAL TO BINARY 
,.,.,.,." ........ <r ............... .,.,,.., .... ,.,,.,. ......... ,, ........ 't,, ............ ., .............. " ............ . 

"7'7'1'1""""'1'1'1""""""""'1"''1'"'''''''''''' """"""""" 

DECIMAL TO BINARY CONVERSION 
INPUT: IX POINTS TO OUTPUT AREA 
OUTPUT: IX POINTS TO FL PT NUMBER 
ERRORS: NO DIGITS IN FRACTION PART 

NO DIGITS IN EXPONENT 
EXPONENT OVERFLOW 
EXPONENT UNDERFLOW 

REGISTER ASSIGNMENT IN MAIN lOOP: 
H'L'HL - 32 BIT ACCUM, INIT ZERO 
B - DECIMAL EXPONENT, INIT 0 
C - FLAGS: BIT 6 - DIGITS FOUND 

BIT 7 - FRACTION OVRFlW 
A - NEW DIGIT 
B' - SIGN IN BIT 7 

.. , ........ ., .... .,., .. , ......... , ....... , .............. ,.,. ............ .,,.,.., ............... . 
""""""""",.""""""""""""""""",""""""""", 
DTOB 

LOOP 

010 
020 

D~30 

CALl. LMARK 
CALL DBINIT 
CALL LIN 
CP , + ' 
JR: Z,Dl0 
CP 

, _ , 
JR NZ,D20 
EXX 
SET 7,B 
EXX 

TO PROCESS CHARS 

CALL LIN 
CP , , . 
JR Z,D40 
CALL DIGIT? 
J Fi: C,D50 
SET 6,C 
BIT 7.C 
JR NZ,D30 
CALL MAO 
JP D10 
INC B 
,JP 010 

MARK SCAN HERE 
INITIALIZE REGISTERS 
GET FIRST CHAR 

SIGN IC' .... + 

NO SIGN 
ALT BANK 
Fl.AG NEGATIVE SIGN 
MAIN BANK 

BEFORE DECIMAL POINT 

GET NEXT CHAR 

DECML F'T FOUND 

NOT A DIGIT 
FLAG DIGIT FOUND 

OVER:FLOW 
CONVERT THIS DIGIT 

INC DECML EXP 

LOOP TO PROCESS CHARS AFTER DECIMAL POINT 

040 CALL LIN GET NEXT CHAR: 
CALL DIGIT? 
JR (';,DSO NOT A DIGIT 
SET 6,C FLAG DIGIT FOUND 
BIT 7,C 
JR: NZ,D40 OVERFL.OW 
DEC B DEC DECML EXP 
CALL MAD CONVER:T THIS DIGIT 
,JP 040 

CHANGE FRACTION TO FLOATING POINT FORMAT 

050 BIT 6,C 

c: 

• 
« 
c 

t 

I 

• 
• 
• 
c 

• 
c 

• 
• 
• 
• 
• 
• 
• 
t 

• 



• 
c 

• 
• 

• 

• 

,JP l.U':EST 
PUSH AF 
CALL FL032 
POP AF 

NO DIGITS FOUND 
SAVE THIS CHAR 

PROCESS EXPONENT 
REGISTERS; 

060 
D7D 

C - BIT 7 IS SIGN 
BIT 6 IS DIGIT-FOUND FLAG 
BIT 5 IS DIGIT-OVERFLOW FLAG 

o - IS ACCUM FOR D-TO-B CONVERSION • 
t 

• 

• 
t 

I C 

C, 080 

FINISH SCANNING DIGITS 

0100 CALL LIN 
CALL DIGIT? 
JR NC,Dl00 

FINISH SCANNING DIGITS 

DIGIT IS FOUND 

DETERMINE FROM SIGN BJT WHETHER OVER OR UNDER 

Ci 

• 

EXPERF~ BIT 7,C 
J F!: NZ,Dl10 
CALL OVER 
,J P RTN 

Dl10 CALL UNDER 
,JP RTN 

ILLEGAL NUMBER 

D120 

*E,)ECT 

LD HL,ERROR 
SET 7,(HL) 
RET 

RTN CALL LBACK 
,JP RC2 

SIGN IS NEGATIVE 
FLAG ERROR 

FLAG E f<:I\: OF~ 

BACKSPACE SCAN PTR 

t 

c 

• 



c 

• 
• 
• 
c 

DIGIT? ROUTINE CONVERTS ASCII CHAR TO 0-9 VALUE 
RETURNS CY ON IF NOT A DIGIT 

DIGIT? SUB '0' 
RET C 
CP 10 
CCF 
RET 

WAS <: 30H 

CY SET IF > 9 

DBINIT CLEARS REGISTERS H'L',B',HL,BC,A 

DBINIT XO~: A CLEA~: A 
LD H,A 
LD L,A 
LD B,A 
EXX MAIN BANK 
LD H,A 

c 

• 
• 
• 
• 

LD L.,A • • LD B,A 
LD C.A 

• t RET 

c 

• 
• 
C: 

• 
• 

. • 
MAD ROUTINE TO MULTIPLY ACCUM BY 10 AND ADD NEW DIGIT 

MAD CAL.L. MUL10 MULTIPLY BY 10 
MAIN BANK EXX 

LD 0,0 
LD E,A 
ADD HL,OE 
EXX 
,JR NC,$+3 
INC Hl. 
LD A,H 
AND OFOH 
EXX 
RET Z 
SET 7.e 
RET 

ADD A TO A(:(:UM 

ALl BANK 
NO CARRY FROM LOW ORDER 
ADD CARRY 
CHECK OVf.::RFLOW 

MAIN BANK 
NO OVERFLOW 
FLAG OVERFl.OW 

MUL10 MULTIPLIES 32 BIT ACCUM BY 10 
ACCUM IS H'L'HL 
USES D'E'DE 
CALLED IN MAIN BANK, RETURNS ALT BANK 

MUL10 ADD 
LO 
LD 
EXX 
ADC 
LD 
LD 
EXX 
ADD 
E }{X 
ACC 
EXX 
ADD 
EXX 
ADC 

HL,HL 
F.: , L 
f),H 

HL,HL 
E .t. 
D,H 

HL.HL 

HL,HL 

HL,HL 

HL,HL 

SHIFT ACC LEFT 
COPY INTO DE 

ALT BANK 

MAIN BANK 
SHIFT ACC LEFT 
ALT BANK 

MAIN BANK 
SHIFT ACC LEFT 
ALT BANK 

• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
t 

• 



• 

• 

• 
c 

• 

c 

I 

• 
• 
• 

E \/\1 
- 1\ 1\ 

I~DD HL,DE 
E}(}( 

ADC H!..,DE 
~:ET 

MAIN BANK 
ADD DE TO (~C C 
{~L.T BANK 

MAD! MULTIPLY 8 BIT ACC BY 10, ADD A 
SAVES RESULT IN 0 

MAD1 PUSH AF :;:;AVE A 
LD I~ ,[) GET OLD RESULT 
ADD A,A SHIFT LEFT 
ADD A,A SHIFT LEFT 
ADD A,D ADD OLD VALUE 
ADD A,A SHIFT LEFT 
POP DE NEW DIGIT IN D 
t-"DO 14, D 
LD D, ?\ :::nOF.:E IN D 
(~ND OFOH 
RET ..,. 

l.. NO DIGIT OVEF.:FLOW 
SET 5,C FLAG OVERFLOW 
~:ET 

DSCALE ROUTINE TO COMBINE DECIMAL EXPONENTS 
AND MULTIPLY BY POWER OF 10 FROM TABLE 

INPUT: C - BIT 7 IS SIGN OF DECML E}(P 
o - IS MAGNITUDE OF DECM!.. EXP 
B - IS 2'S COMPL EXP FROM FRACTION 

OUTPUT: IX POINTS TO FL PT NUMBER 
ERRORS: EXPONENT OVER OR UNDERFLOW 
REGISTER ASSIGNMENT: 

DE- POINTER INCREMENT 
C - EXPONENT MAGNITUDE 
B ~- LOOP COUNTER 
IY- TABLE POINTER 

INITIALIZE 

D:::;C{\LE l.D 
LD 
LD 

IY,TOPTAB 
A ,[) 

TABLE POINTEF.: 
MOVE EXP MAGN TO A 
POINTER INCREMENT 

CONVERT SIGN-MAGNITUDE TO BINARY AND ADD 

BIT 7,(: 
,! F.: ;~,DSC10 PO::;ITIVE SIGN 
NEG 

D ::;(:1(1 LD e,o CLEAF.: SIGN BIT 
ADD (~ , B ADD BOTH D{P'S 
~:ET Z ZEF.:O E}(PONENT 
,)P P , D::;;C40 RESULT I···· .::~ PO:::; I TIV E 
,) p PE ,OVEF.: OVEF.:FLOW 
NEG GET MAGN I TUDE: 
CP 100 
,.IF' NC, UNDEF.: MAGNITUDE .... .... 

", -,. 100 
LD e,A SAVE MAGN IN C 
LD B,LENTAB LOOP COUNTER 

I 

• 

• 

t 

t 

• 

• 

• 



( 

• 

• 
I 

c 

I 

« 

t 

• 
• 

; LINEAR SEARCH THRU TABLE OF POWERS OF 10 

CP 
JP 
PUSH 
CALL 
POP 
LD 
LD 
~;UB 

LD 

(IY+4) 
C,DSC30 
Be 
DIVI 
Be 
DE. --5 
A,C 
(IY+4) 
C,A 

EXP < TABLE EXP 
SAVE f<:EG!3 
DIVIDE BY TABLE ENTRY 

f<:ESTOF.:E DE 

DSC30 ADD IY,DE DECI': PO I NTEF.: 
D,)NZ DSC20 LOOP NOT DONE 
RET 

EXPONENT SIGN IS POSITIVE 

DSC40 ~JP 

CP 
. .!p 

PE.UNDER 
lOO 
NC,OVEF.: 

UNDEF.:FLOW 

LD 
tD 

r:: ri~ 
8,LENTAB 

EXP >= 100 
INIT FOf~ LOOP 

LINEAR SEARCH THRU TABLE OF POWERS OF 10 

D SC:.iO CP (IY+4) 
,I P e,D!;;C60 E}(P -::: TABLE E){P 
PIJ!3H Be SAVE REGS 
CALL MULT 
POP BC 
LD DE, -!:'i F.:ESTOF.:E DE 
tD ArC 
SUB (IY+Lt ) SUB TABLE E}(P 
1..0 C,A 

D:::.;(:60 ADD IY,DF DECF.: POINTEF~ 

DdNZ DSC50 LOOP NOT DONE 
F:ET 

*H BINARY TO DECIMAL 
'I " 'II , ,. '; 'Ii 'I " " ,. " \' .. .. 'I ,. 'I " ,. 'I " 'II .. ,. 'I ,. ,. 'I 'I ,. " .. .. , ... ,. .. ., ., ., 'I ,. " " .. ., 'r " ,. ,. ,. ,. " .. ., , ., 'I <f ~ " .. , 'I 't '" .. ,. .. 'I ,. 
., 7 r ~' j ~ f 7 , 7 , 1 7 1 , , 'I '! , 't , ,. ., r f ,. 1 ., 7' ,. 1 ,. r r t ,. r , , , , 1 'I , ,. 7 , f f " :' ,. ,. ., , 'I ,. ,. 'I 1 ., ., ., 7 '1 7 ., 'I 7 ., 7 'I 

FLOATING POINT BINARY TO DECIMAL CONVERSION 
RESULT IS ROUNDED TO 7 DECIMAL DIGITS 
INPUT: HL POINTS TO OUTPUT AREA 

IX POINTS TO FL PT NUMBER 
OUTPUT: ASCII STRING IN OUTPUT AREA 
OUTPUT; FL PT NUMBER IS MODIFIED 

A IS 2'8 COMPLEMENT EXPONENT (-128<=A<=126) 
OUTPUT AREA IS 12 BYTES: 

1 SIGN OF FRACTION (SPACE OR -) 
7 DIGITS OF FRACTION 
1 liE II 
1 SIGN OF E}(PONENT (+ OR -) 
2 DIGITS OF E}(PONENT 

E}(PONENT IS FOR DECIMAL PT AFTER FIRST DIGIT 
E:F.:rWF.:::; ~ NONE 
REGISTER ASSIGNMENT FOR INNER LOOP: 

H'L'HL - 32 BIT ACCUM, INIT FRACTION PART 
WITH 4 BITS TO LEFT OF POINT 

C DECIMAL E}(PONENT 
B - LOOP COUNTER 

• , 

c 

c 

• 
« 

• 
t 

• 
I 

• 

• 
• 
• 
t 

c 



• 
• 
• 
• 
c: 

.: 
• 

• 
« 

Ci 

• 
• 
• 

IV _. OUTPUT POINTEF.~ 

,. .. .,,. .. .,'1 .. ,.., ... ,,,, • ., .. ., .... .,.,.,,.., ••• .,., ... ., .. .,,,.,..,.,., ..... .,.,., • .,.,., ...... .,.,,. • ., ... , ............ .,.,,..,. 
"":po",.".""'!""""""""",,.,,,,,,,,,,,,""""",r"""""" 

; CONVERT SIGN, TEST FOR ZERO 

BTOD 

BD02 

BIT 
1..0 
J F.: 
I.D 
INC 
PUSH 
1..0 
OR 
JP 
LO 
EXX 
1..0 
LO 
POP 
,)P 

7,(IX) 
( HI..) " , 
Z,BD02 
(HL),'-' 
HL. 
HL 
(4,(IX+3) 
A 
NZ, BDO~j 
HL,O 

HL,O 
C,O 
IV 
8050 

TEST SIGN BIT 
DEFAULT SIGN 
POSITIVE SIGN 

SAVE OUTPUT POINTER 
CHECI< FOR ZERO 

X IS NOT ZEF.:O 
CLEAR ACCUM 
MAIN BANK 

CLEAR DECt'lL EXP 
OUTPUT PTR IN IV 

SCALE X, LOAD FRACTION 

B005 CAL.1.. BSCAL.E 
EXX 
CAL.L FLD 
POP IV 

SCALE BV POWER OF 10 
ALT BANI< 
LOAD FRACTION 
PTR IN IV 

SHIFT TO GET ZERO BINARV EXP 

BD20 

AND AL.IGN BIN POINT BETWEEN BITS 3 AND 4 
OF H' 
INITIALLY, 70 <= EXP (= 80 

LD A'(IX+3) GET BINARY EXP 
SUB 7CH REMOVE BIAS, ADD 4 
ADD HL,HL SHIFT LEFT 
EXX AL.T BANI< 
ADC HL.HI.. 
EXX MAIN BANK 
DEC A OECR EXPONENT 
J F:: NZ.BD20 EXP NOT ZERO YET 

NORMAL I ZE Ten .1 < ACCUM < 1 
.1 IS .199999 (HEX) 

EXX ALT BANI< 
LO Ad FIRST HEX DIGIT 
CP H 
JP NZ,BD40 ACCUM <> · 1 
LD A,99H ALL OTHER HEX DIGITS 
CP I.. 
JP NZ,BD40 ACCUM <> • 1 
EXX MAIN BANI< 
CP H 
JP NZ,BD45 ACCUM <> · 1 
CP L 
,j P (:,BD50 ACCUM > . 1 

B030 CALL MULiO MPY BY 10 
EXX MAIN BANK 

c 

• 
• 
• 
• 
• 
41 

t 

c 

• 

• 

• 
t 



( 

• 
• 
• 
• 
• 

• 

c 

• 

• 

DEC c-
JP P..D50 

B040 EXX 
BDLt 5 ~H';~ NC,BD30 

; ROUND BY ADDING 1/2 LAST 

BD50 LD B,7 
LO DE,DOH 
ADD HL,DE 
EXX 
J F.~ NC,$+3 
INC HL 
LD A,H 
AND OFOH 
J F.: 2,8055 
INC C 
\JP BD65 

BD55 EXX 

; LOOP TO CONVERT FRACTION 

BD60 
BObS 

CALL. MUL10 
1..0 A,H 
I..[) [),H 
AND OFH 
LO H,A 
LD A,D 
EXX 
R F.~A 
RRA 
RI':A 
RRA 
AND OFH 
OR '0' 
LO <IY) ,A 
INC IY 
D .. JNZ B060 

CONVERT EXPONENT 

L.O (IY),'E' 
1..0 ( IY+1) , , +' 
LO A,C 
PUSH AF 
DEC A 
,J P P,B070 
LD (IY+l),'-' 
NEG 

BD70 LD B,OFFH 
1..0 e,1D 

B080 SUB (" ,. 
INC B 
J F~ NC,BD80 
ADO A,C 
o F:~ , 0 ' 
LO <IY+3) ,A 
LO A,B 
OR ' o· 
LD <IY+Z) .A 

DEeR DEeM!. EXP 

MAIN BANK 
ACCUM < . 1 

DECIMAL POSITION 

L.OOP COUNTER 
.5E-7 
ADO ROUNDING VALUE 
ALT BANK 
NO CY FROM L.OW BYTES 
ADD IN CARRY 
GET MSBYTE 

NO ROUNDING OVERFLW 
INCR DECML EXP 
USE THIS AS 1ST 
MAIN BANK 

MPY BY 10 
GET MSBYTE 

CI...EAF~ TOP 4 BITS 

GET MSBYTE AGAIN 
MAIN BANK 
SHIFT RIGHT 4 

CONVERT TO ASCII 

OUTPUT CHA"~ 

LOOP NOT DONE 

GET 2'8 COMP EXP 
SAVE IT 
SUB ONE 
SIGN I!3 + 

QUOTIENT 
DIVISOR 
LOOP DIVIDES BY 
INCR I)UOTIENT 
STIL.L. POSITIVE 

DIGIT 

10 

RESTORE REMAINDER 
CONVEr.::r TO A~;CI I 
STORE 2ND DIGIT 

CONVEfH TO ASCII 
STORE 1ST DIGIT 

c 

• 
• 
• 
• 
• 
• 
• 
41 

• 
• 
• 
• 
• 
• 
41 

t 

• 

• 



• 
• 
• 
• 

• 
• 
• 
.' 
c 

• 
c> 

BSCALE 

POP AF 
RET 

GET BINARY EXP AGAIN 

TRY TO REDUCE BINARY EXP TO ZERO 
SCALING BY POWER OF 10 

INPUT; IX POINTS TO FL PT NUMBER 
OUTPUT; IX POINTS TO SCALED FL PT NUMBER 

.0625 <: X <: 1 
C CONTAINS DECIMAL EXP OF SCALE FACTOR 

ERRORS: NONE 
REGISTER ASSIGNMENT FOR LOOP: 

BSCALE 

SCAN 

BSC10 

A - IS COMPARISON EXPONENT 
B - IS lOOP COUNTER 
C - IS DECIMAL EXPONENT 
OF. - IS POINTER INCREMENT 
IY - IS TABLE POINTER 

to IY,TOPTAB PT TO TOP OF 
LD DE,-5 5 BYTES PER 
LO B,LENTAB LOOP COUNTER 

TABLE 
ENTRY 

I..D (:,0 CLEAR DEC EXP 
LO A,(IX+3) GET BINAI':Y EXP 
CP 81H 
" R NC,BSC30 EXP IS POSITIVE 
NEG NEGATE EXP 

TABLE OF POWEI':S OF 10 

CP (IY+3) 
JP C,BSC20 EXP < TABLE EXP 
PUSH BC 
CAL.L MULT MULTIPLY BY TABLE ENTRY 
POP BC 
LO DE, --5 POINTER INCREMENT 
LD A,C GET DECML EXP 
SUB (IY+4) SUB LOG(TABL.E ENTI<:Y) 
LD C,A RPLACE DECM!.. EXP 
XOR A 
SU8 (IX+3) GET NEW 81 NI':Y EXP 

BSC20 ADD IY,DE DECR POINTER 
D .. INZ BSC10 LOOP NOT DONE 
RET 

SCAN TABLE OF POWERS OF 10 

BSC30 ADD A,3 ADD 3 TO BINRY EXP 
JR (:,BSC50 OVERFLW, USE LARGEST SCALE 

•• BSC40 CP (IY+:3) 
JP C,BSC60 EXP+3 <: TABLE EXP 

BSC50 PUSH BC 
CALL DIVI DIVIDE BY TABLE ENTRY 
POP BC 
LD DE,-5 POI NTEI': INCREMENT 
LD A,C GET OECML EXP 
ADD A,(IY+4) ADO LOG(TABLE ENTRY) 
LD C,A • L.O A,(IX+3) GET NEW BINRY EXP 
ADD A,3 ADD 3 

BSC60 ADD IY,DE • 

c 

, 
t 

• 
t 

t 

• 
• 

• 
• 
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t 

• 



• 
e-

, 
• 

•• 
• 

« 

•• 

• 
• 
• 
• 

o .. JNZ BSC40 
RET 

; LOOP NOT DONE 

*H RND 
.""" . .,,,,, . .,,,,,,,., .. .,,, .. ., ... ,, .... .,., ........ ., ..... .,., ...... .,,,.,, ... ".,,, . .,., ..... ., ... .,.,,,, 
"""""7""""""""""""""",,"''17'777''"""""""",7 

RANDOM NUMBER GENERATOR 
PRODUCES 32 BIT RANDOM NUMBERS: 

X(I+l) = 3141592621 * X(I) + 2718281829 
NORMALIZED AND TRUNCATED TO 24 BIT 

FLOATING POINT, 0 <= X < 1 
INPUT; IX POINTS TO OUTPUT AREA 

SEED,SEED+2 CONTAIN LAST 32 BIT RESULT 
OUTPUT: IX POINTS TO RANDOM FL PT NUMBER 

SEED,SEEO+2 CONTAIN NEW RESULT 
ERRORS~ NONE 
REGISTER ASSIGNMENT FOR MAIN LOOP; 

H'L'HL - IS 32 BIT ACCUM 
D'E'DE IS 32 BIT REGISTER 
B'C'CA IS 32 BIT RIGHT EXTENSION 
B - IS LOOP COUNTER 

;;;;';;;;;;;";f;;;;;;;;;;;;;;';;;';;;;;;;';;;;;;;;;;;;;;;;,;;;;;;;;;,;; 

, INITIAl.IZE I':EGISTEF~S , 
, , 
RND L.D HL,O 

LD DE, (SEED) 
LD BC,OBB40H 
EXX 
LO HL,O 
LD DE,(SEED+2) 
LD C,OE6H 
LD A.2DH 
LD B,33 
,JP ML2 

~;2 BIT MULTIPLY LOOP 
; 

NLOOP JI': NC,ML,1 
ADD HL,DE 
EXX 
ADC HL,DE 
EXX 

ROTATE ACCUM RIGHT 

MI...1 EXX 
RR H 
R ,,: L 
EXX 
RR H 
1': ,,: L 

ROTATE RIGHT EXTENSION 

M1..2 EXX 
RR B 
R ,,: C 
EXX 
RR C 

CLEAR ACCUM 
GET X(I) 
MS HALF OF 3141592621 
MAIN BANK 

3RD BYTE OF 3141592621 
4TH BYTE OF 3141592621 
LOOP COUNTE": 

MPLIER BIT IS ZERO 
ADD MPlICAND TO ACCUM 
ALT BANK 

MAIN BANK 

ALT BANK 

~1AIN BANK 

ALT BANK 

MAIN BANK 

(-

• 
f 

C 

• 
• 
• 
• 
• 
• 
• 
• 
I 

• 
• 
t 

• 
• 
• 
41 

• 
« 

. - ."-- .. 



• RRA ; MPLIER BIT IN CY 
OJNZ MLOOP ; LOOP COUNT NOT DONE 

• MOVE LOW ORDER 32 BITS TO ACCUM 

• 
EXX 
LD H,B 
l.D LrC 
EXX 
LD H,C 
L D L r A 

.' ADD 271.8281829 

• 

• 

• 
• 

l.D DErOB065H 
ADD HL,OE 
EXX 
LD DE,OA205H 
ADC HL,DE 

STORE NEW RESUl.T 

L.D 
LD 
EXX 
LD 
LD 
CALL 
LD 
SUB 
LD 
RET 

(SEED) .HL 
B,O 

(SEEO+2),HL; 
DErO 
FL0321 
A,(IX+3) 
32 
(IX+3),A 

AL.T BANK 

MAIN BANK 

LS HAl.F OF 2718281829 

Al.T BANK 
MS HALF OF 2718281829 

MS HAl.F 
CL.EAR SIGN BIT 
MAIN BANK 
l.S HAl.F 
SET FOR NO ROUNDING 
FLOAT INTEGER 
DIVIDE BY 21-32 

'I ... " .......... " ..... " ...... .,'1'1'1 ......... ,. .... ., ...... ., ..... '1 ......... ,.,.., .... .,,. .... ,.'1 .............. ,. .. . 

• 
• 
• 
• 

• 
• 

"7,""',""'771",.",.""""""""""""""",""""""""" c • 

• 

• 
C' 

" 

• 
• 
• 

; RANDOMIZE USES REFRESH REGISTER TO MODIFY SEED 

.'1"" ...... ., .... ., ...... ,. .. .,., ... ., • .,., .. '1 .. .,., ............................ .,., .. ., ... .,.,,,., .... .,.,., ..... .,., .. .,. 

I'f""'"",,"""""""""""""""""""" """",,''11'7'''' 
RANDMZ LD A,R GET REFRESH COUNTER 

LD (SEED),A ; MODIFY SEED 
RET 

*H SHORT FUNCTIONS 
'I .. .,., ........ ., ...................... ,. .................. ,.., .................. ., ........... ,,'11 .. '1'1., ....... ,. ... .,.,.,., .... . 

"""""""""""""7"""""""",..""",,,'1"""""""''1'' 

; INTEGER FUNCTION -- FLOOR FUNCTION 
INPUT,OUTPUT; IX POINTS TO FL PT NUMBER 

... ow .............. " ... " ........... <t ..................... " ..... " .... """ .. ., ................. 'I ... " ..................... " .. ., 

''''''''''''''''''''''''''''''1'1''''''''''''''''''''''''""".""""", INT CALI .. FIX32. 
RET C 
CALL FL.032 
RET 

CONVERT TO INTEGER 
; X )= 21-24 
; CONVERT TO FLOATING POINT 

• 'It .. 'It 'It 'It 'It 'It ..... .,., ......... 'It 'It""" ...................... 'It .. ,. "., ........... " ............... "., ............... 'It 't 't 'It .. ., ..... .. """"""""""""""""""""""""""",.",,.,,,,,,,,,,,,, 

1 ABSOLUTE VALUE FUNCTION 
INPUT,OUTPUT; IX POINTS TO FL PT NUMBER 

., . .,., ... " ......... .,.,.,,,.,., ....... ,, ..... .,,, .... ,, .... ,, . .,,, ...................... ,, .................... ., . ., ....... .. 
"""""""""""""""""""""""""""""""""""" ASS RES 7,(IX) 

RET 
; TURN OFF SIGN BIT 

........................ 'I""""" ." .. "" .... "T ..................... " ..................... ., ................................ . 
"""""""""""""''1""" .. """""",''''''7""""""""" 

t 

• 



( 

• 
• 
• 

• 
t: 

SIGN FUNCTION 
INPUT,OUTPUT; IX POINTS TO FL PT NUMBER 

........................ "" .................. " ••• " .......... '1 ....... ., ................. '1 .......... ,.,. ...... .. 

"""'"''1'''''''''''''''''''''''''''''''''7'''''''''7'''7","""""77'7 
SGN XOR A CLEAR A 

CP (IX+3) 
RET Z ZERO INPUT IC ~. NOP 
LD A,(IX) GET SIGN 
AND BOH 
CAL.L ONE OUTPUT 1 
LD (IX),A SIGN OF INPUT 
RET 

•• '1 ... " ••••••••• '1 ....... ., ............ ., ......... " ........................... .,.,.'1 ..... " ..... .. 
"""",.""""",.""""""""",r""""",,.,,.,r"""'1",,'7", 

1 NEGATE FUNCTION 

.. " ... " ...... .,., .................................. " ........... " ... '1 ....... '1'1'1 .......... .. 

"""""""""""'1"""""",r""",r"""",",.""""r,,'" 
NEG to 

XOF~ 

LD 
RET 

A,(IX) 
BOH 
(IX),A 

*H INTEGER ADD AND SUB 
" ......... ., .................. ., ....................... .,.'1, .. '1 ....... '1 .... """" " ............ ,., .. ".,., 

( 

• 
c 

c 

I 

• 
I 

• 
"""""""""""""",,""","""""",",,"',7"""""'" 

• I 

( 

IADD, ISUB INTEGER ADD AND SUBTRACT 

INPUT: IX PTS TO X 
IV PTS TO Y 

OUTPUT: IX PTS TO SUM OR DIFFERENCE 
ERRORS: OVERFLOW (POSITIVE OR NEGATIVE) 

...... ,. .. .,,,,,,,,, .. .,,, .... ,, .... ,.,,.,,.,, ........ '1'1,,,,.,'1 .......... ,,,, ........ ,. .... ,, .. '1",." .............. " •• ". 
"""""""""""""""""""""7""'71""",f""""""" 

c 

• 

« • 
ASLOAD LOADS ARGS TO HL, DE, RESETS CY 

ASLOAD LD Hr(IX+l) 
LD L.<IX) 
LD D.(IY+l) 
LD ErCIY) 
AND A 
RET 

• 
• 

• t ASSTO STORES HL AS RESULT 

ASSTO LD (IX),L t 
LD <IX+i),H 
RET ,. *H INTEGER MULTIPLY 

,. • ., ... ,. ........ ., ....... .,.,.,.,.., ... ., •• ".,..,.'1 ....... ,.., ............ .,,, ......... ., ... ,,,, .... • " • .,.,.,'1., •• " ..... , 

"7"""""'17"""""""""'"''''''''7''''''''''' """"""""" 

• 
• 



• 
• 

• 
• 
• 
• 
• 
I 

c 

I 

• 

IMUL INTEGER MULTIPLY 

INPUT: IX PTS TO X 
IV PH:; TO Y 

OUTPUT: IX PTS TO PRODUCT 
ERRORS: OVERFLOW (POS OR NEG) 
REGISTERS: DE IS MULTIPLICAND 

AC IS MULTIPLIER AND ACCUM EXTENSION 
HL I !;:; ACCU~1 

B IS LOOP COUNTER 

,. .... ,. ,. ....... ,. .. ,. " .. " ,. ,. ,. ,. ,. ,. ,. ,. ... ,. 't ,. ,. ,. ,. ,. ,. ,. 't .. ,. ,. ,. ,. " ,. ,. ., ,. " " ,. ,. .. ,. ,. ,. 't ,. ,. ,. ., ,. ,. ., ,. ., ,. ,. 'I ,. ,. ,. ,. ,. ,. ,. ,. 

7"""""""""""''''''''''''''7'7''''7'''1'1",,'1'7"1'1""""""'" 
IMUL CALL t1DLOAD 

LD (\ • B 
; LOAD AF.:CiS 
; }( IN AC 

16 BIT BY 16 BIT UNSIGNED MULTIPLY 

L.D HL.,[l 
LD Br16 
R F.: A 
P F.: C 

I ~1 i 0 ,.1 F.: NC,IM20 
I~[)D HL,DE 

IM20 F.:R H 
F.:R L 
1': F.: A 
F.: R r-0' 

D ,JNZ IMiO 

TEST FOF.: )- 16 BIT 

LD BrA 
LD ?l. H 
I) F.: L 
J F.: NZ,INF? 

TE!:n F OF.: > l~; BITS. 

MD!:no E}{ AF,AF' 
AND BOH 
d F.: Z,I'1DS2D 

CL E A F.: A C ... " LM. • ...---------------
SEt, tOUNTEF.: 
INITIALIZE CAF.:F.:Y 

MPLIER BIT IS ZERO 
ADD MULTIPLICAND 
ROT ACC-MPLICAND INTO CY 

; COl.lNTEF~ NOT 0 

PF.:ODUCT 

PRODUCT IN Be 

OVEF.:FI..OW 

(-\ND STOF.:E RESUL.TS 

GET SIGN OF RESULT 

• 
41 

• 

• 
c 

• 

• 

NEGATE BC 
• t 

LD HL,O 
88C: HL,BC 

• t d F.: 
,)P 

MDS10 LD 
LD 
F.:ET 

TEST FOF.: :::-

~1DS20 BIT 
J F.: 
LD 
LD 
RET .' 

Z,MDSiO 
P,NINF 
(Dn , L 
(IX+1),H 

1 ~,i BITS 

7,B 
NZ,PINF 
<IX) ,e 
( D{+ 1 ) ,B 

F;:E!:':;l.ll...T WAS ZEF.:O 
NEGATIVE OVERFLOW 
STOF.:E F':ESUL. T 

POSITIVE OVERFLOW 



( 

• 

INF? CHECKS SIGN BIT IN A' 
PINF PRODUCES POS OVERFLOW 
NINF PRODUCES NEG OVERFLOW 

rDVO 1..0 HI.. , ERROf': 
SET 4, (HU FLAG ERROR 

INF'? EX AF,AF' GET SIGN BIT 
AND 80H 
.. I F.: NZ,NINF NEG SIGN 

PINF LO (IX),OFFH RESULT IS 7FFFH 
l.0 (IX+l),7FH 
,JR FINF 

NINF LD (IX),O RESULT I c· .... 8000H 
LO (IX+l),80H 

FINF LD HL , EF~ROR 
SET 6, (HU FLAG ERROR 
RET 

H1 INTEGER DIVIDE 
..... ,. •• "",.,. ..... '1" ..... "." ........... ., .. '1.,.,. ••••••••• ., ....... ,. ... ., ...................... . 
"'7'1"11'1"""""""""""""""",,1"'7"""7"""""""'" 

IDIV INTEGER DIVIDE 

• 
• 
c 

I 

• 
I 

• • 
c 

I 

I 

, 

• 
• 

INPUT: IX PTS TO X 
IY PTS TO Y 

OUTPUT: IX PTS TO X/Y 
ERRORS; Y IS ZERO 
ALGORITHM: NON-RESTORING DIVISION, 16 BY 15 
REGISTERS; AC IS DIVIDEND, ACCUM EXT 

DE IS DIVISOf': 
HL IS ACCUM, REMAINDER AT END 

,., ...... ., ...... ,. ... .,., ••• y ........... ., .... .,.,,. •• 'V" .......... ,. ........ ., ••• ., ..... "" ......... . ,J"""""""""".""""""""",,.,,,,,,,,,,,,"",.""""",,, 
IDIV CALL MDLOAD LOAD ARGS 

LO ArO 
OR E 
JR Z,IDVO DIVISOR IS ZEf':O 
LD A"B X IN AC 

16 BIT BY 15 BIT UNSIGNED DIVIDE 

LD HL,O CLEAR ACCUM 
LD B,16 SET COUNTER 

IDVlO 0 <=, HL < DE 
RL C ROT ACC-RESULT LEFT 
RLA 
ADe HL,HL NO CY POSSIBLE 
~-3BC HL.,DE SUB DIVISOR 

IDV20 CCF CAL.C f':ESUL. T BIT 
JR NC,IDV50 ACCUM WENT NEGATIVE 

IDV30 D~JNZ IDViO COUNTER NOT 0 
dP IDV60 

IDV40 -DE <= HL <: 0 
RL. C RO ACC-RESULT LEFT 
RLA 
ADt HL,HL 
AND A TURN OFF CY 
ADC HL,DE ADD DIVISOR 
JF~ C,IDV30 ACCUM WENT POSITIVE 
,JR Z,IDV20 ACCUI"I BECAME ZERO 

IDV50 D~JNZ IDV40 COUNTER NOT 0 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 



• 
c 

• 
• 
• 
• 

• 
• 
t 

• 

• 
• 

• 
• 

IDV.sO f<:L C 
f<:LA 
l.D BrA 
,JP t1DSTO 

SHIFT IN LAST PESIJLT BIT 

G!LJOT I ENT I N Be 
STOPE f<:ESULT 

MDLOAD LOADS X INTO Be, Y INTO DE 
TAKES ABS OF EACH, STORES XOR OF SIGNS 
IN A' 

~1 DLOAD LD 
LD 
LD 
AND 
" F.: 

NEGATE }{ 

LD 
sec 
LD 
LD 

I..OAD Y 

MDL10 LD 
LO 
XOR 
EX 
BIT 
I<:ET 

NEGATE Y 

LD 
SBC 
E" ~ 1\ 

RET 
·tt-I lABS AND 

8d1>(+1) 
Cr (no 
A,B 
SOH 
Z.MDL10 

HL,O 
HLTBe 
BrH 
Crt. 

Df (IY+l) 
E r (IY) 
D 
AF,AF' 
"lrD 
-, 
,"-

HL,O 
HLr DE 
DE,HL. 

1::iGN 

LOAD X 

X IS POSITIVE 

FOF.:M !;::IGN OF RE:;::ULT 
S~WE IT 

Y IS POSITIVE 

11."J •••• ",,. ...... 'I" .. ., ... 'I'I''t't,,.,.,.,,'1 ..... '''y, ... ,.,..,,. .. '' ...... 'I'T., ... ,. ..... ,"'''''f'll'l"",,'1't .. 't'Y''''''.'' 
"711'1"711117111,11"17717'17117'717777777","7771111777'11'7,,717,.,77'17 

" .. or ... ,. ,. , 't 'I 'I .. ,. ,. .. 't .... ,. ., ., 't 't ., ., .. ., ,. .... ., 'I .... ,. ,. 't 't ., ,. ,. ., ,. 'I 't 't ,. ,. ,. ,. ., or ., ., 't ., ,. " ,. 'I ,. It 'I .., ,. ow " ., " " " ,. 't 

7777'7177'7,77'77'1717'7"""711"""""""""77777777"177.,7'77""7 

I!~B:3 BIT 7,(I}{+1) 
RET Z X H: POSITIVE 

INEG LD O,(I>(+l) LOAD }{ 

tD E.(I}n 
LD HL,O NEGATE X 
AND A 
sse HL,OE 
,I P F'E,NINF NEG OVEF.:FLOW 
LD (I){+l)rH STORE }{ 

LD (I}(),L 

RET 
\" " " " ., .... ~ .. 'i' .. " .......... ., .... 'i' .... 'I' l' ., .. " " .. " " " " ., " " ............ ., .. " 't ... " ., " " " " "II' " ., " " .. ., ., " .... ., ...... ., " .. 17'17'1"''1'1''17"""f11,."777''7'"7,,,,''7''117''17'7,''''7",.,"''1'"7'1'"77 

; JSGN 

., .,. ., , .. 'II " 'I ., ., " .... or 'I 't ., ...... ., 'I .. .,. .. 't .. ., ., ., ..... ., " ... ., .. ., " " , 'I ., ., " " .... " " ., .. ., .. " ., \' Of 'I 'II ., " 'It .. ., OW' 't ., .. ., .. 'I 17"171''1'11117171117.,.."777'''1,,,,,,,,,,,111',.,,,,,,,,,"",y",,"'1771' 
ISGN LD A,(I}{+l) ; GET :=)IGN 

• 

• 
• 
• 
• 
• 
c 
, 
• 
• 
• 

4 



• 

I 

( 

•• 

·f 

• 
I 

• 
( 

ISG10 

*H rep 

BIT 7,A 
JR ?,ISG10 X IS NnNNFG 
LO (IX),OFFH STORE-1 
ID (JX+l),OFFH 
F.:ET 
or.: (I}{) 

RET 7. 
LD (IX+1),1 
l.D (IX),Q 
f':ET 

X I :~; 7.EF.:O 
STORE +1 

'II .... ,. .. ,. .. ,. .. ,. " ,. .. ,. " .... 't .. ,. .. ,. ,. ........ ,. ,. ., .. ,. 'I 'II 't ., ,. ., 'II .. 'I ,. ,. ., ,. .... ,. ,. 'I .. 'I 'I,.\, .. ,. 'I 'I ,. ,. 'I 'I T 'II ,. ,. 'I ,. ,. ~ .. 
, F ,. , , , 1 1 f f , , 7 7 7 f ,. '1 'I ". 'f f , 7 7' ~ 1 f , r 1 1" 7 f f ,. 'I r r 7 , 7 f 7 , ,. 7 , 7 7 7 7 7 l' 7 , 7 , , ,. '1 r 7 ,. 7 'f ,. 7 1 '1 7 '1 

rcp INTEGER COMPARE 

RETURNS CY SET IF X < Y 
RETURNS Z SET IF X = Y 

.. .. 'I 'I " 'I ...... ,. ,. .... ,. ... 'I 'I .. ,. ,. .... ., ., ,. ... " , ., ,. ,. 'I 'II 't " 'I ,. ,. ., 'II 'II ,. 'II 'I 'II ., ,. .. ,. ., " ,. .. 'I 'I 'I ,. 'V 'II 'II 'I 'I 'I 'I ,. .... ., ,. ,. .. 

"",'7""1'77"''''77",1""""""",,771'''''''''17'! 777''1'''7'7777'1'1'1, 

rcp 

lePio 

·*H TAB!....!:: 

; TABLE 

LENTAB 
LOTAB 

LO B, (IX+1) 
tD A,B 
AND e.(lH 
,J r~~ NZdCP10 
BIT 7, (IY+l) 
RET NZ , D A,R 
CP (IY+1) 
RET NZ 
to (.) , (DO 
CP (IY) 
RET 
}{ 0 F.: (IY+1) 
f-<:LA 
~:FT C 
to ?" B 
CP (IY+1) 
RET NZ 
LO A, (no 
CP ( I Y) 
~:ET 

OF POWERS OF 

EG!U 11 
f::(~U :'f;. -- 5 
DEFW 0020H 
DEn"! 8400H 
DE':FB 1 
DEn"! 00il-8 Ii 
DEFW B700H 
OEFB ~~ 

DEFl..J OCl7AH 
DEFt.J BAOOH 
DEFB 3 
DF.FW 4fJ1CH 
DFFW BEOClH 
DEFB 4 
DEFW ~jQ43H 

DEF~J 9100H 

10 

GET :;rGN OF }{ 

TEST SIGN, CLEAR CY 
i{ I::::; NEG 

Y IS NEG 

SIGNS ARE BOTH POS 

TEST SIGN, CLEAR 7 
SIGN BIT INTO CY 
SIGNS OIFFEf':ENT 

BOTH SIGNS NEG 

FIRST 7 VALUES ARE INTEGERS 

• 
• 

c 

( 

c 

t 

t 

t 

• 

• 



• 
• 
• 
• 
• 
• 

•• 
• 
• 
c 

c 

c 

I: 

• 
• .". 

" 

5 
24"14H 
9400H 
6 
9618H 
9B80H 
7 

HITAB 

OEFB 
DEFW 
DEFW 
DEFB 
DEFW 
DEFW 
OEFB 
EQU 
DEFW 
DEFW 
DEFB 
DEFW 
DEFW 
DEFB 
DEFW 
DEFW 
DEFB 
DEFW 
DEFW 
DEFP. 

:$-5 
OBC3EH 
9B20H 
8 
1BOEH 
OB6CAH 
16 
OC253H 
OD01CH 
24 
OC51DH 
OEBAEH 
32 

THIS VALUE EXACT 

THESE 3 VALUES ROUNDED 
(l.000000027E16) 

(l.000000014E24) 

TOF'TAB (l.000000033E32) 

f<:EFERENCES 

EXTERNAL MULT.DIVI,ERROR,OVER,UNDER.SEED 
EXTERNAL ZERO,ONE,FLOJ2,FLOJ21,FLD,FIXJ2 
EXTERNAL RC2,LMARK,LREST,LBACK,LIN 
GLOBAL DTOB,BTOO 
GLOBAL RND,RANDMZ,INT,ABS,SGN,NEG 
GLOBAL IADD,ISUB,IMUL,IDIV,IABS,ISGN,ICF',INEG 

*H POWER 
.. .,,, ........... ., .............. "., ............ .,.,.,.,.., .. ., •• .,.,.,,, ••• ., • ., 'I ............. ., "'I""" ••• 
"7""""""""''17''''''''''''''''''17',/'''',."".,. """",,.,,,,,, 

X TO THE V POWER 

INPUT: IX PTS TO X 
IV PTS TO y 

OUTPUT: IX PTS TO X"·V 
ERRORS; NONE DIRECTLY 
SPECIAL CASES: IF Y IS 0, RETURN 1 
ALGORITHM; FOR INTEGER Y, A SEQUENCE OF 

SQUARING AND MULTIPLYING BY X 
PRODUCES THE RESULT 

FOR NON INTEGER V, RESULT IS EXP(V*LOG(X» 

...... ., ... ., ............................. "., . .,.,.,,, .... ., . .,.,., .. .,.,.,, .. ,,,, . ., . ., ....... ., .... .,., . .,. 
'"'''''''''''''''''''''''''1''''''''''''1'1'''''''''''''''""""""7,,, 
; DETERMINE IF Y IS INTEGER 

POW PUSH IX SAVE IX 
PUSH IY COPY IY TO IX 
POP IX 
C AL.L FIX32 GET I NTEGEf<: PART 
POP IX RESTORE IX 
OR A 
JR Z,POW10 Y WAS AN INTEGEf<: 

FOR Y A NONINTEGER. TAKE EXP(Y*LOG(X}) 

PUSH IV 
CALL LOG 

SAVE IV 
TA.(E LOG OF X 

t 

t 



• 
• 
• 
• 
• 
• 
• 
• 

• 
I 

• 

• 
• 

FOf<: Y . , 
POWI0 

POP IY 
CALL MULT 
CALL EXP 
RET 

AN INTEGER, 

XO,,: A 
CP (IY+]) 
JP Z,ONE 
PUSH HI.. 
EXX 
PUSH HL 
BIT 7,B 
CALL NZ,REC 
CALL ST01 
POP HL 
EXX 
POP HI. 
LD B,32 

--

MULTIPLY 

CHECK FOl': ZERO 

X TO 0 POWER 
S,.WE HI.. 
ALT BANK 
SAVE WI.. 

, 

NEGATIVF POWER 
SAVE COPY OF X 
FO:ESTORE INTEGER 
MAIN BANI< 

LOOP COUNTER 

LOOK FOR FIRST 1 BIT 

POW20 PUSH Be 
ADD HL,HL 
EXX 
ADe HL,HL 
EXX 
,JR C, POW40 
POP BC 

SAVE COUNTE": 
SHIFT LEFT 1 
ALT BANK 

MAIN BANK 
1 BIT FOUND 
GET COUNT 
LOOP NOT DONE 

IN TEMP 1 

DJNZ POWZO 
JP ONE THIS JUMP SHOULD NOT HAPPEN 

SQUARE FOR EACH ZERO BIT 
SQUARE AND MULTIPLY BY X FOR EACH 1 

POW30 PUSH BC SAVE COUNT 
ADD HL,HL SHIFT LEFT 1 
PUSH HL SAVE HL 
EXX ALT BANK 
ADC HI..,HL 
PUSH HL SAVE H'L' 
PUSH AF SAVE CY 
PUSH IX COPY IX TO IY 
POP IY 
CALL MULT SQUAJ;~E 

POP AF GET CY BIT 
JR NC,POW]5 ZERO BIT WAS SHIFTED. 
1.0 IY,TEMPl 
CAL.L MULT MULTIPLY BY X 

POW35 POP HI.. RESTORE H'L' 
EXX MAIN BANK 
POP HL RESTORE HL 

POW40 POP BC GET COUNT 
O,JNZ PO \ .. ./30 LOOP NOT DONE 
RET 

INTEGER VERSION, FLOATS ARGS FIRST, THEN 
CALLS POW, FIXING RESULT. USES TEMPZ, 
TEMP] SINCE POW WILL FIND Y AN INTEGER 

( 

• 
c 

• 
t 

• 
• 
• 
• 

• 
• 
• 
• 

• 
411 

• 
• 
• 
c 



• 
• 

• 
• 
• 
• 
c 

I 

• 

I POW PUSH IX ; SAVE OIUGINAL PTR 
LD L,(IY) GET Y 
tD H, (IY+i) 
LD IX,TEMP3 
CAL.l. FL.OAT1 Fl.OAT Y VALUE IN TEMF'3 
POP IX . GET ORIGINAL PTR , 
PUSH IX 
LD L,(IX) GET X 
LD H,(IX+1) 
LD IX,TEMP2 
CAL.L FL.OAT1 FL.OAT X VALUE IN TEMP2 
LD IY,TEMP3 PT TO Y 
CALL POW USE REAL ROUTINE 
CALL FIX FI>{ RESULT 
POP IX GET ORIGINAL IX 
LD (IX),!.. STORE RESULT 
LO (IX+i),H 
RET 

*H S~HJARE ROOT 
..... ., .. ,. .. ",..,,..,.,.,,, . .,., .. .,.,.,.,.,.,.,, ................. .,.,.,., .... .,., ...... ., .... ,,"' .... .,.,,. .... .,.,.,., ......... ,,. 
""7'7""""""""""''''''''''''''''''''''''''''""""""""" 

SQUARE ROOT FUNCTION 

INPUT~ IX PTS TO X 
OUTPUT: IX PTS TO SQR(X) 
ERRORS: X IS NEGATIVE, RETURNS SQR(ABS(X» 
SPECIAL CASES: X IS 0 
ALGORITHM: INPUT IS SCALED TO .25 (= X ( 1 

BY REMOVING AN EVEN EXPONENT. HALF THE EVEN 
EXPONENT IS ADDED TO THE RESULT EXPONENT 
AN INITIAL APPROXIMATION IS GIVEN BY 
A 1ST ORDER POLYNOMIAL, AND IMPROVED TO 
REQUIRED ACCURACY IN 3 ITERATIONS OF 
NEWTON'S METHOD . 

., .. .,., ................ "., " ...... .,.,., .. ., .... ., ... " ........ .,,, .......... .,.,., ,. ........ .,..,., ......... ., .,.,., ..... ., .... ., .... . 
""""""""""""""""""""""""""""""7'7""""" 

; CHECK VALID ARGUMENTS 

tD 
OR 
JP 
BIT 
CALI.. 

A'(IX+3) 
A 
Z,ZERO 
7,(IX) 
NZ, S'~ERR 

GET E}(P 

ZERO INPUT 

NEGATIVE ARG 

EXP OF RESULT IS ROUND(ORIGINAL EXP/2) 
GIVE X EITHER 0 OR -1 EXPONENT 

SUB BOH REMOVE BIAS 
LD B,A SAVE UNBIASED EXP 
Sf':A A DIVIDE BY 2 
ADC A,O ROUND 
PUSH AF SAVE EXP OF RESULT 
ADD A,A MULT BY 2 
SUB B SUB ORIGINAL EXP 
NEG 
ADD A,80H RESTORE BIAS 

CAL.C INITIAL APPROX 



• 
• 

c 

•• 

c 

I 

• 

• 
c 

DEC A DIVIDE BY ? 
LD (n{+~.5),A 

CALL STOl. SAVE XI? IN TEMPl 
LD I Y , P!3QOO 
CALL ADD 

PERFORM 3 ITERATIONS 

L.D 
8G!lO PUSH 

CALL 
LD 
CALL 
tD 
CALL 
DEC 
CALL 
POP 
D~JN2 

B,3 
Be 
~::;T02 

HL.,TEMPl 
LD 
IY,TEMP? 
DIVI 
(IY+) 
ADD 
Be 
SG!10 

!::;AVE COUNTEf<: 
SAVE LAST APPROX IN TEMP2 

GET >U 2 

DIVIDE BY LAST APPRO X 
DIVIDE LAST APPROX BY 2 
NEW AF'Pf<:OX 
GET COUNTER 
L.OOP NOT DONE 

STOf':E E}{PONENT 

POP AF 
ADD A, 801·-1 
LD (IX+3),A 
RET 

GET ~:;AVED EXP 
ADO BIAS 

SQUARE ROOT OF NEGATIVE NUMBER 

L.n HL, Ef<:~:Of<: 
SET ], (HI..) 
~:E!::; 7,(D() 

RET 

FLAG ERF.:O R 
TAKE fH3S VALUE 

.... ." ... "1 ......... ,.,., ................. " ... ,.,..,,., ...... ,..,,. •• ., ........ .,, .. ,,,,,.,., .... '1,,'1'I" ........ "" .............. ,., 

""171"7'7""77""""7'7"'7777771'1'7''1777717717111777777""'17171 

EXPONENTIATION ROUTINE 

INPUT: I}{ PT!:; TO }{ 
OUTPUT ~ Do{ PTS TO E·t· X 
ERRORS: OVER/UNDERFLOW IN HANDLING EXPONENT PART 
SPf.:C I AI.. CASES: I NTEF.:Nt4l.L Y, FF.:ACT I ON PART IS ZER I) 
ALGORITHM: MULTIPLY BY LOG BASE 2 OF E AT BEGINNING 

THEN CALCULATE 2~X. INTEGER PART OF X IS ADDED 
TO EXPONENT OF RESULT. FRACTION PART IS SCALED 
TO 0 <= X < .25 BY F.:EMOVING HIGH ORDER 2 BITS 
AND SCALING BY 1, ?~,75, 2~.5r OR ?~.?5 AT END. 
APPROXIMATION TO 2~X IS GIVEN BY: 

(Q(X~2) + X*P(X~2» / (Q(X~2) - X*P(X~2» 

WHERE Q IS "1ST ORDER POLYNOMIAL, P IS OTH ORDER. 
REFERENCE IS "COMPUTER APPROXIMATIONS", HART, JOHN F. 

ET ALr FUNCTION NUMBER 1080 

, ....... , ..... .,,. .. ,.,,,, • .,., ........ ,, .......... , ............ ,, • .,.,.,,,,, .. ,,,'1,,.'1/'1,,.""'fy" .... """, •• ",, ••• 
17111""'77"""""""""1""""""""'71,,'1' 17?f1111'771",,'f 

EKP L.D IY,LGE4 MULT BY 4*LOG2(E) 
C~H.L HUL T 

( 

( 

c 

c 

I 

• 

• 



• 
• 
• 
• 
e' 

• 
• 
• 
• 
•• 
e' 

• 
• 
•• 
• 
C" 

/ 

•• 

• 
• 
• 

GET 8 BIT Z'S COMPl INTEGER PART IN A 
GET HIGH 2 BITS OF FRACTION PART IN DE 

CAll 
,)P 
PUSH 
CALL 
POP 
SRA 
RR 
R R:A 
SRA 
R F.: 
RLA 
RL.A 
RLA 
RLA 
AND 
LD 
LD 
LD 
RLC 
ADC 
JR 
tD 
RRCA 
PUSH 
PUSH 
XOR 
CP 
JR 
DEC 
DEC 

FIXA 
C,EXERRl 
HL 
BRI{ 
HL. 
H 
L 

H 
L 

DCH 
E,A 
DrO 
A.H 
l. 
A,D 
NZ,EXERR2 
A,t. 

AF 
DE 
A 
(IX+3) 
Z,EX10 
(IX+3) 
(IX+3) 

GET 16 BIT INTEGER PART 
INTEGER OVERFLOW 
SAVE I NTEGEI<: 
CALC FRACTION PART 
RESTORE INTEGER 
DIVIDE INTEGER BY 4 

SAVE 2 BITS IN A 

2 BITS NOW IN A 
MULT BY 4 

DE IS NOW TABLE DISPLACEMENT 
CHECK SIZE OF INTEGERR 
SIGN BIT IN CY 

INTEGER WAS) 8 BIT Z'S COMP 

RESTORE 8 BIT INTEGER 
SAVE INTEGER PART 
SAVE NEXT TWO BITS 

FRACTION PART IS ZERO 
SCALE TO 0 {= X { 1/4 
UNDERFLOW CANNOT OCCUR HERE 

EVALUATE RATIONAL APPROX. TO 21'X 

EX10 CALL STOl SAVE A COpy OF X IN TEMPi 
tD IY,PEXDD 
CALL MULT 
CALL ST02 SAVE X*P (X1'2) IN TEMP2 
LD HL,TEMPl 
CALL LD GET ANOTHER COpy OF X 
LD IY,TEMPi 
CALL MULT CALC X1'2 
tD IY,QEXDO 
CALL ADD 
CALL. STOl SAVE Q(X-t2) IN TEMPi 
LD IY,TEMP2 
CALL SUB 
CAL.L ST03 SAVF Q-X-II'P IN TH1F'3 
LD HL,TEMP1 
CALL L.D GET Q 
LD IY,TEMP2 
CALL ADO CALC I~+X*P 
LD IY,TEMP3 
CALL. DIVI FINAL RESULT 

ADD IN Ff':ACT I ONAl AND INTEGER POWERS OF 2 

t 

• 
• 

• 

• 

• 



• 

• 
• 
• 
c 

, 

c 

• 

I 

• 
• 

POP 
1._0 
ADD 
LO 
OR 
CALL 

DE 
IY,EXTAB 
IY.DE 
A,E 
A 
NZ.MULT 

GET TABLE DISPL 

POINT TO FRACTIONAL POWER 

MULTIPLY BY TAB ENTRY 

ADD INTEGER PART TO EXPONENT OF RESULT 

POP 
LD 
SUB 
ADD 
JP 
ADD 
JP 
LD 
RET 

EXP EI':RORS 

BC 
A,(IX+3) 
BOH 
A,B 
PE,EXERR3 
A,BOH 
2,UNDER 
(IX+3),A 

INTEGER PART IN B 
GET EXP 
REMOVE BIAS 

OVER/UNDERFLOW 
RESTORE BIAS 
UNDERFLOW 

EXERf':l tD H,(IX) GET ORIGINAL SIGN 
TEST SIGN 
NEGATIVE SIGN 

EXERR2 BIT 7,H 
,",P NZ,lINDER 
,)P OVER 

E XERR3 JP P,UNDER POS SIGN AFTER OVERFLOW 
,)P OVER 

*H LOGARITHM 
..................... , ...................... ., ........ 't • ., ••• ., • .., ......... ., .... " ......... " •• ",,., f,.,."""",,.,.,.,,,,.:r,,, 'I"""""'''' If'" r",.,."",.,.,,.,,,,,,, 7, '1' 7'" 

LOG ROUTINE 

INPUT: IX PTS TO X 
OUTPUT: IX PTS TO NATURAL LOG OF X 
ERRORS: X IS NEGATIVE. RETURN LOG(ABS(X» 

X IS ZERO, RETURN NEGATIVE OVERFLOW 
SPECIAL CASES: X IS 1. RETURN ZERO 
ALGORITHM: EXPONENT IS STIPPED OFF, FLOATED, AND 

ADDED TO RESULT AT END. REMAINING FRACTION 
PART IS MULTIPLIED BY SQR(Z) TO GIVE RANGE 
OF SQR(Z)/2 (= X (SQR(X). LOG FUNCTION 
IS APPROXIMATED BY: 

Z*P(Z1'2) 
WHERE Z = (X-i) / (X+l) AND P IS 2ND ORDER. 
REFERENCE IS FUNCTION 2661. 
LOG(SQR(2» IS SUBTRACTED FROM RESULT TO CORRECT 
FOR SCALING. 

.,., .... " •••••••• '1 ........................ ., ......... .,.,., ...................... ., ..................... . 

"""""""""""""""""""""""""""""r"""""", 

; CHECK FOR VALID ARGUMENTS 

LOG BIT 
CALL. 
I..D 
CALI.. 
JP 
LD 
OR 
" P 

7,(IX) 
NZ , I...GEf':R 1 
IY,UNITY 
C:P 
Z,ZERO 
A,(IX+3) 
A 
Z,LGERRZ 

NEGATIVE ARG 

LO(;(l) 

ZERO AI':G 

( 

• 
c 

I 

I 

• 
• 
• 

• 
• 
• 
• 
• 

• 

• 
t 

• 



• 
MAKE EXP INTO 16 BIT 2'S COMPLEMENT 

::HJB BOH 
LD L,i~ 

L D H, 0 
JF.: NC,L010 
tD H,OFFH 

F.:EMOVE BIAS 
PUT IN HL 

SIGN IS POSITIVE 
MAKE NEGATIVE 

• CONVERT FXP TO LOG BASE E, SAVE IN TEMP3 

L 010 PUSH IX SAVE ACC PTr<: 

• 
t 

LD IX,TEMP3 « • 
CALL FLOATl FLOAT HL 
tD IV,LN2 
CALL MULT MULT BV LOG(2) I • 
POP IV f\ 

SCALE TO l/SQR(2) <= X < SQR(2) 

LD (IX+3),BOH 1/2 {:: ~( <: 1 • LD I V, SI;!R2 
C FiL.L MUL. T NUL T BV ~:I~F.: (2) 

• APPROXIMATION FOR LOGARITHM 

CAL.L STOl SAVE }{ IN TEMPI 
PUSH I" 1\ • SAVE PTR TO ACCUM 
LD 
LD 
CALL 
POP 
CALL. 

I LD 
CALL 
CALL 
CALL 
CALL 
LD 
Cf":jI.,L 
LD 
CALL 
LD 
C AL.L. 
L.D 

I CAL.L 
LD 
CALL • LD 
C AL.L 
LD 
CAL.L 
F.:ET 

I E F.: r<: 0 F.: S 

L GEr<:F.: j LD • SET 
RES 
RET 

• 

I>{, TEMP 1 
IV,UNITY 
ADD 
I}{ 
SUB 
IV,TEMPi 
DIVI 
STOl 
MIJLT 
ST02 
IV,PLOD2 
~1UL. T 
IV,PLODl 
ADD 
IV,TEMPZ 
MUL.T 
IV,PLOOO 
ADD 
IV,TEMPI 
t1Ul.. T 
IV,LNSI;!2 
SUB 
IY, TEl'1P3 
ADD 

HL ,EF.:ROR 
2, (Hl. ) 
7, (HU 

}{+j IN TEMPl 

(}(-1)/(}{+1) IN TEMPl 

Z·t·2 IN TEMP2 
CM.e P(z·t·Z) 

CALC Z '* P(Z-t'2> 

SUB LOG (SG!F.: (2) ) 

FLAG LOG OF NEG 
TAKE ASS VtKUE 

t 

41 



( 

• 
• 

• 
• ., 
c 

• 

• 

• 

• 

LGERR2 SET 7.(IX) 
,)P OVER 

·*H TANGENT 

; SET NEGATIVE SIGN 
; LOG OF ZERO 

""" ... ",." ................. , ......................... .,., .. .,.,.,., ... .,.,.,,..,,, .. ,.,, .. ,, ...... ,,. 
""'7"""""""""""""""'"""""7".",,."",J'7""""" 

TANGENT rWUTINE 

INPUT: IX PTS TO X (IN RADIANS) 
OUTPUT; IX PTS TO TAN(X) 
ERRORS: NONE DIRECTLY 
ALGORITHM: RANGE REDUCTION TO 0 <= X <= PI/4. 

MULTIPLY BY 4/PI. LOW 3 BITS OF INTEGER 
PART GIVE THE OCTANT NUMBER, AND IS USED 
AS A FLAG. TAKE FRACTIONAL PART, IGNORE 
INTEGER PART (EXCEPT FLAG BITS). 
OCTANTS 1,3,5.7 FORM 1 - FRACTION PART. 
APPROXIMATION IS GIVEN BY: 

X*P(X~2) I Q(X~2) 

WHERE P IS 1ST ORDER AND Q IS 2ND ORDER POLY. 
REFERENCE FUNCTION IS 4282. 
OCTANTS 1,2,5,6 FORM RECIPROCAL OF RESULT. 
OCTANTS 2,3,6,7 RETURN NEGATIVE SIGN . 

•• ,.., • .,.,.,,. .... .,,, •• ., .......... .,., ...... '1 • ., ••• ,,,,.'11' •••• ., ..... ., ••• ".,,. .. ,. .... , ••••••••• r , , , , , , , 'I , , r , , , , , , , J , , , , .r , , , , , , , , , , , , , , , , , , , , , , ,. , , , , , , , , , , , , ,. , , , , , , , , , , , 

i SCALF. BY 4/PI 

TAN 

TAN 

TAID 

tD 
CALL 
CALL 
LO 
PUSH 
AND 
J F.: 
1..0 
CALL 

?\PPROX 

CALL 
LO 
CALL 
CALL 
LO 
CALL 
LO 
CALL 
L.O 
CALL 
C AL.L 
LO 
CALL 
LD 
CALL 
LO 
CAL.L 
LO 
CALL 
POP 
PlISH 

IY,FOVRPI 
MULT 
BRK 
A,L 
AF 
1 
Z,TAI0 
IY,UNITY 
RSUB 

8T03 
IY,TEMP3 
MULT 
ST02 
IY,QTAOI 
ADD 
IY,TEMP2 
MULT 
IY,QTAOO 
ADD 
STOl 
HL,TEMP2 
LD 
IY,PTAfJl 
t1UL T 
IY,PTAOO 
ADD 
IY,TEMP3 
MULT 
AF 
AF 

BREAK INTEGER AND FRACTION 

SAVE FLAG BITS 
TEST FLAG 
THEY WEF.:E 0 OF.: 2 

FOR~1 1 - FF.:ACTION PART 

SAVE }{ IN TEMP3 

MULT BY X.,"Z 

SAVE Q(X~Z) IN TEMPl 

GET X"'Z 

X * P(X~Z) IN ACClIM 
GET :2 BIT FLAG 

• 
c 

• 
• 
• 
I 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
f 



• 
• 

• 
• 
• 
• 
• 
, 
I 

•• 

c 

t 

• 

• 
• 

AND 
JP 
CALL 
LD 
CALL 
LD 
,JP 

TA20 LD 
TA~5IJ CALL 

3 
F'E,TA20 
ST02 
HL,TEMP1 
LD 
IY,TEMPZ 
TA30 
IY,l'!::MP1 
DIVI 

THEY WE!<~E D OR 3 
SAVE X*P IN TEMP2 

GET I~ 

SET FOR IV>{P 

SET FOR }(p I 0 

GET SIGN OF RESULT 

POP 
AND 
RET 
SET 
RET 

AF 
" to. 

? 
I •. 

7,(IX) 

GET 2 BIT FL.AG 

ON 0 OR 1 
MA.<E RE!3UL T NEG 

*H COSINE, !;HNE 
, ... " " " 'I' ,. 'I " " " 'lOW" " .. " 'I ,. , .,. .. .. ,. ... .. " " .. " " ,. .. ., .. .. .. .. " .. .. .. .. 't .. ., 't 't .. .. ,. " ., ., .. ., ... ,. ... .. 't ,. ... 't ... 't .. .. 'I " ., .. 

711777171777777771'11""'777777'1","7'7'777""7"77777717""'777"'77 

COS I NE !<~OUT I NE 
EFFECTIVELY ADDS PI/2 AND CALLS SINE 

, .. .. .. 't ,. ., ., .. .. ., .. ., .. ., 'f ... .. ., 't 't ,. ., ., ,. " 't ., ,. Of ,. ., ., ... ,. ., ,. " .. .. ... ,. 'f 'I 't ... .. ., ., 'I' ., 't ., ,. ., 't ,. ., ,. .. ,. 'I , ... ,. ... 'II 't ., OS' .. .. 

7.,7"7'1'7'7"""7'7'7'7''1'7,.,'''7'''''''''7'7''7777'7'777'7177"77'17,,'7 
tD 
CALL. 
CALL 
LD 
ADD 

IY,FOVRPI 
MUL.T 
BF.~K 
ArL 

,JP SIlO 

; SCALE BY it/PI 
SEPARATE INTEGER FROM FRACTION 

ADD EFFECTIVE PI/Z 

't ., " ., .. .. ,. ,. ... 't " 't ., , ... ., ., " .. 'I .. .. ., ., ... 'I 'I 'I 't. 't T Y 't ... ., " ., ., ., 't ., , ... ., ., T 'I ,. ., ., ,. ., ., ,. ,. ,. ,. , ,. .. ,. .. ., .,. 't ., ,. ,. .. 'I " " 

'7"71"'7""""""""""'77"'711'177'17777777'7'7777'!'!,!'171"17,'7'/7777' 

!::;rNE FWUTINE 

INPUT: IX PTS TO X (IN RADIANS) 
OUTPUT: IX PTS TO SIN(X) 
EF.:F.:(lF.~!:;: NONE 
ALGORITHM: RANGE REDUCTION TO D (= X (= PI/4 

BY MULTIPLYING BY 4/PI AND TAKING FRACTION 
PART. LOW 3 BITS OF INTEGER PART GIVE 
OCTANT NUMBEF.:" 
OCTANTS 1,3,5,7 FORM 1 - FRACTION PART 
OCTANTS 0,3.4,7 USE SINE APPROXIMATION: 

X*P(X~Z) / O(X+2) 
WHERE P IS 2ND ORDER AND Q IS 1ST ORDER POLY. 
REFERENCE FUNCTION IS 3060. 
OCTANTS 1.2,5,6 USE COSINE APPROXIMATION: 

p O(~2) I I~J. O(-t°Z) 

WHERE P IS 2ND ORDER AND Q IS 1ST ORDER POLY. 
REFERENCE FUNCTION IS 3840. 
OCTANTS 4,5.6.7 RETURN NEGATIVE SIGN. 

, Of .. " , " " " , ,. 't , 'I! .... 't .. 't .... " ,. ,. ,. ., 'I! .. 't " 'I! ,. ., 1l' 't " .. 1l' ,. ., 't 't ,. 'f 't " 't \' ,. ,. 'I' ., \' \' " ., ., 't 't \' ., ., " .... ., " .. ., ,. .. 't ., 

77"7",,,"1"7"1""""1'177,777,17,,'7''11.,,1,,7'",,'1'''""77""""""'" 

SIN LD I Y , FOVI':P I 
CALL ~lUL.T !:;CALE BY 4!PI 
CALL Sf<:K GET INTEGER AND FRACTION 
LD {l, L 

SIlO PU!:;H AF SAVE 3 BIT FLAG 
AND 1 

Z,S120 8'~?74·, OF.~ 6 

• 

• 
t 



to 
CALL 

SI20 POP • PUSH 
AND 
" F' c 

SIN APF'ROX 

CAl.L 
LD 
CALL 
CALL 
LD 
CALI.. • C AL.L 
LD 
CALL. 

I, LD 
CALL 
LD 

( CAL.1.. 
LO 
CAL.L 
1..0 
CAL.L 
LD 
CALL 
LD 
CALL 

( JP 

COS APPRO X 

•• . , 
8I30 PUSH 

POP 
CALl. 
CALL 
LO 

IY,UNITY 
f':SUB 
AF 
AF 
3 
PO,SI30 

8T03 
IY,TEMP3 
MULT 
8T02 
IY,i;!SIOO 
ADD 
ST01 
HI..,TEMP2 
LD 
IY,PSI02 
MUl.T 
IY,P8IOl 
ADD 
IY,TEMP2 
MUl.T 
IY,PSIOO 
ADD 
IY,TEMPl 
DIVI 
IY,TEMF'3 
MULl' 
SI40 

IX 
IY 
MUl.T 
ST02 
IY,QCOOO 

CALC 1 - FRACTION PART 
GET =3 BIT FLAG 

1 ,2,5 Of': b 

SAVE X IN TEMP3 

:::::QUAf':E X 
SAVE X.Z IN TEMP2 

SAVE Q(X~2) IN TEMPI 

GET X.f·2 

PT TO Q 
P/Q 

COpy IX TO IY 

• 
• 
• 
c 

• 
c 

I 

I 

• 
• 
• 
• 
• 

CALL ADD , . 
( 

• 

• 
• 

CALI._ ST01 
to HL,TEMP2 
C AL.1.. LD 
LO IY,PCOO2 
CAL.L MULT 
to IY,PCODl 
CALL ADD 
LD IY,TEMP2 
CALL MULT 
LD IY,PCOOO 
CALL ADD 
LD IY,TEMP1 
CAL.L DIVI 

8140 POP AF 
AND 4 
RET Z 
SET 7'( IX) 
RET 

·ltH ARCTANGENT 

SAVE Q(X~2) IN TEMPI 

GET X.f-2 

GET 3 BIT FLAG 

, 4,5,6 Of': "1 
NEGATE RESULT 

.... 'f'f .. .,., ••• ,..", .. " .. .,,,.,.,.,,, .... ., ................. ,, ... ,, ............. ., .... .,., ............. " ....... " .. " ........ . 

"7'7"""7"""'"''''''''''''''''''''''''''''''''''''"",."""",,,,,, 

• 
I 

• 
• 
• 
• 
• 
c 



• 
• 
• 
• 
• 
« 

• 

• 

e. 

• 

ARCTANGENT ROUTINE 

INPUT: I>{ PT!?; TO X 
OUTPUT~ IX PTS TO ATN(X) (IN RADIANS) 
EF.:F.:OF.:S: NONE 
ALGORITHM: RESULT WILL HAVE SIGN OF INPUT. 

RANGE REDUCTION BY TAKING ABS VALUE AND 
TESTING FOR 1 OF 3 REGIONS: 
I) X (TANePI/8) USE APPROX. DIRECTLY. 
2) X (TAN(3*PI/8) REPLACE X BY 

(X-I) I (X+l) AND ADD PI/4 AT END 
3) REPLACE X BY l/X AND SUB FROM PI/2 

AT END. 
APPROXIMATION FOR 0 (= X (= TAN(PI/8): 

X*P(X~2) I Q(X 4 2) 
WHERE P IS 1ST ORDER AND Q 2ND ORDER POLY. 
REFERENCE FUNCTION IS 5071. 

~ " ,. " 'If ,. ,. ,. ., ,. ,. ,. 'I' " ,. ,. ., ,. ,. .. " .. .. ... .. ,. ,. 'I' .. ., ., " ., ,. ., ., ,. .. ., ., .. ,. ., ., ,. 'I 'I' ., ,. ,. ., 'I' ,. " 'I' 'I' ,. ,. ,. ,. ,. " ., ,. ,. ,. ,. ,. ., 'I ., ., 

""7771777'1'17"''17'''''''''''''''''''7''''''''''777,,,""",'7""'7'" 

; TAKF ASS VALUE, DETERMINE RANGE 

?lTN L.D A,(I>O GET SIGN 
AND 80H 
PU:::H AF SAVE ::HGN 
f~ES l,(IX) MAKE \I 

(\ POSITIVE 
lD IY,TAPI8 
C {iL.l CP CO~1PAF.:E TO 1ST 
1..0 B,O :::;ET FLAG TO 0 
J F.: C:,AT20 -( TAN(PI/8) 
LD IY,TA3PI8 
C{lLL CP COMPAF.:E TO 2ND 
,JR C, ~),f10 < TI~N(3*PI/8) 

TAN(3*PI/B) <=}{ 

TAKE l/X NOW, SUB FROM PI/2 AT END 

CALL. F.:EC 
LO P,7~~ 

,)F' AT20 

TAKE F.:ECIPF.:OCAL. 
SET FLAG TO 2 

TAN(PIIB) (= X ( TAN(3*PI/8) 
CALC (X-I)/(X+I) NOW, 
ADD PI/4 AT END 

LIMIT 

LHiIT 

ALtO CALL 
PU:::::H 

::::1"01 
IX 

:::;AVE X I N TEMP 1 
SAVE PTR TO ACCUM 

LD IX,TEt1Pl 
LD IY,UNITY 
Cr.)"L ADD }{+1 IN TEMPI 
POP I\I 1\ 

CAL.!.. !:;UE~ }{--1 IN ACCUM 
LD IY,TEMPI 
CAL.L. DIVI 
LD B,1 SET FLAG TO 1 

• APP!':!)}{ FOF.: AF.:CTAN 

AT20 PUSH Be SAVE FLAG 

• 
• 

• 

• 
I 

• 
I 

• 
• 



( CALL ST03 
L.D IY,H:MF'3 
CALL MULT • CALI .. STOZ 
tD IY,l~AT01 

CALL ADD 
e' tD IY,TEMP2 

CALL MULT 
LO IY,QATOO 

C CALL ADD 
CALL STOl 

• LD HL,TEMP2 
CALL LD 
LD XV,PATOl 
CALL. MULT • LD IY,PATfJO 
CALL ADD 
LD IY,TEMP1 • CALL DIVI 
LD IY,TEMP3 
CALL. MUL.T • POP BC 
BIT O,B 

C' 
J f': Z,AT30 

SECOND INTERVAL 
l.D IY,P14 
CAl.L ADD 

I JP AT40 
AT30 BIT t,8 

JR Z,AT40 
I THIRD INTERVAL 

to IY,PIZ 
CAL.L RSUB 

I 
GIVE RESULT SIGN OF 

I AT40 POP AF 
OR ( IX) 
LD <IX) ,A 

C' RET 
*H CONSTANTS . 
r • . CONSTANTS r 

UNITY DEFW 0 
c: DEFW 81DOH 

LGE4 DEFW OAA38H 
DEFW 833BH 

.~ PEXOO DEFW 950AH 
DEFW 84DBH 

QEXOO DEFW OEF47H • DEFW 85BFH 

EXTAB EQU $-/t 

t; DEFW 371BH 
DEFW 81FOH 
DEFW 0435H • DEFW 81F3H 
DEFW 4457H 
DEFW 81FDH 

AF.:G 

SAVE }( IN TEMP3 

SAVE Q(X+Z) IN TEMP1 

GET X1'2 

GET FLAG 

1ST OR 3RD INTERVAL 

ADD PI/4 

1ST INTERVAL 

SUB FF.:OM PI/Z 

GET ORIGINAL SIGN 

FL PT 1. 0 

4 * LOG BASE Z OF E 
5.77078016't 
P COEFFICIENTS 
8.6615859416262 
Q COEFFICIENTS 
24.9920639458976 
I~EXOl IS 1. 0 
FRACTIONAL POWERS OF 2 
2+1/4 
1.189207115 
2 1'1/2 
1.414213562 
2·t·3/4 
1.68179283l 

( 

• 
c 

c 

• 
c 

• 
• 
• 

• 
• 
• 
• 

• 

• 
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• 

• 
c/ 

• 
• 
• 

• 
• 

•••• 'i 

• 
• 
• 
• 

PSG!OO 

LN2 

LNSQ? 

S I~Fi:2 
PLOOO 

PLOOt 

PL002 

FOVRPI 

PTAOO 

PIAOl 

f.HAOO 

11TAO 1 

DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
HHJ 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 
DEFW 

OF65~iH 

7FIAH 
7231H 
8018H 
7231H 
7F18H 
EXTAB+8 
OOOOH 
8204H 
9B2AH 
80D1H 
9254H 
7F22H 
OF922H 
B183H 
6C54H 
88A9H 
ODACBH 
844EH 
3B07H 
89CEH 
318FH 
872FH 

; QTA02 IS 1.0 
PSIOO DEFW 4653H 

DEFW 863FH 
PSIOl DEFW OA294H 

DEFW 8335H 
PSI02 DEFW OAC31H 

DEFW 7D59H 
QSIOO DEFW 8006H 

DEFW 8760H 
; QSIOl IS 1.0 
prooo DEFW OBF3EH 

DEFW 86CAH 
peOOl DEFW 53DBH 

DEFW 84F8H 
PC002 OEFW 4865H 

DEFW 7FF8H 
QCOOO DEFW OBF3EH 

DEFW 86C9H 
; QCOOl IS 1.0 
PATOO DEFW 8F4AH 

DEFW 844EH 
PATOl DEFW OD04BH 

DEFW 8365H 
QATOO DEFW 8F4AH 

DEFW844EH 
QATOI OEFW 6D29H 

DEFW 8400H 
; I;!AT02 IS 1.0 
TAPI8 DEFW 1354H 

DEFW 7FCDH 
TA3PI8 DEFW 821AH 

DEFW 827AH 
PI2 DEFW OF49H 

OEFW 81DBH 
PI4 DEFW OF49H 

OEFW 80DBH 

Sl~": INIT APPRO X 
.4178(132188 
LOG BA::;E E OF 2 
.6931471806 
LOG BASF E OF SQR(?) 
.3't6573!5903 
SQUARE ROOT OF 2 
P COEFFICIENTS 
2.0000008368 

.6664400777 

.41517739 
4/PI 
1 • 273239~j45 
P COEFFICIENTS 
212.424t.·5758263 

-12.55329742424 
Q COEFFICIENTS 
270.46722349399 

-71.59606050466 

P COEFFICIENTS 
52.81860134812 

-4.644800481954 

.0867545069521 
Q COEFFICIENTS 
67.250731777791 

P COEFFICIENTS 
47.68729218663 

-13.70800004765 

. 4't 7822343969 
Q COEFFICIENTS 
47.68729082658 

P COEFFICIENTS 
12.65998609915 

6.3691887127 
Q COEFFICIENTS 
12.65998646243 

10.5891113168 

TAN(PI/8) 
.4142135624 
TAN(3*PI/8) 
2.414213562 
PI I 2 
1.570796327 
PI I 4 
.7853981634 

• 
• 
• 
• 
• 
• 

• 

• 
t 

• 
• 
• 
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• 

• 

• 
I 

t 

t: 

( 

( 

I 

• 
• 
•• 

PEFEF.:FNCFS 

GLOBAL POW,IPOW,SQR,EXP,LOG,SIN,COS,TAN,ATN 
EXTERNAL OVER,UNDER,ZERO,ERROR,ONE 
EXTFRNAL FIX32,FL032,ADD,SUB,RSUB 
EXTERNAL MULT,DIVI,REC,ST01,ST02 
EXTERNAL ST03,TEMP1,TEMP2,TEMP3,LD 
EXTERNAL CP,FIX,FIXA,FLOAT,BRK,FLOATI 

........... _ ... ,. .................. ,,, ... ,,,, ........... ,, .............. ,.,,,, . ., ............. ., .. "",..,.,.,,. 
7117"'77""""'771"""""""7'77"'17'7"""7"" ",f'7177",.,'7771 

T 

; MISCELLANEOUS ROUTINES REQUIRED AS EXTERNALS FOR MATH PACKAGE 

,.,.,. .... ,. ... ,.,.,., ..... "" ........ ,..,. . .,.,., .......... " ... ,.,., . ., .. .,,, .... ., .... ,.., .. ",. ..... ,..".,. 
71171"""""""""""""777"""""""7"'""""""""71",, 
LMARK 

L F.:EST 
LBACK 
F.: (:2 
LIN 

LIN10 

SCP 
POINT 
E Fa;:~OF.: 
II..l.NUM 
OVF.:FLW 
UNDFU"J 
DVDZF.:O 
SI:::!RNGN 
LOGNGN 

LD (POINT) .HL 
PET 
f':ET 
RET 
[,::ET 
PUSH HL 
l..D HI...,(POINT) 
LD A, (HU 
INC HI... 
CP , , 
J F.: 
LD 

Z,LIN10 
(POINT) .HL 
HL POP 

RET 
F.:ET 
DEFS Z 
DEFB 0 
EI~U 

EI;lU 
EG!U 
EG!U 
EG!U 
EGlU 

7 

F.:EFEF.:ENCES 

GLOBAL 

STORE PTR FOR DTOB 

ENTPY FOR UNSUCCESSFUL DTOB (NO DIGITS FOUND) 
DUMMY ROUTINE (BACK UP PTR FOR BASIC) 
NORMAL RETURN, IF SOME KIND OF NUMBER FOUND 
SAVE HI.. 
GET PTF.: 
GET NEXT CHAR 
{lDVANCE PTf': 

IGNOF.:E BLANK::; 
::::AVE PTF:: 
PE:~;TOf;;:E HL 

STF.:ING COMPAF.:E 
TH1P PTf<: STORAGE 
ERROR FLAGS FOR MATH PACKAGE 
ILLEGAL NUMBER (DTOB) 
OVERFLOW 
UNDEF!:FLO W 
DIVISION BY 7.EPO 
SGlUARE ROOT OF NEGATIVE NUMBER 
LOG OF NEGATIVE NUMBER 

ERROR,SCP,LMAPK,LREST,LBACK,RC2,LIN 

« 
• 
c 

c 

• 
• 
t 

t 

• 

• 

4 



• 

• 
• 

*H ADD AND SUBTRACT 
.. ., .... .,.,.,.,.,., ............. ., .. ., . .,.,., .. .,.,.,.,., ... ,.,.,., ....... .,.,., .... .., ............ ., ..... .,., ........ . 
"""""""""""""""""''',''''''''7'''''1'''7"",rrr""""" 

; FLOATING POINT REVERSE SUBTRACT ROUTINE 
NEGATE X AND AOD . , 

,.,., .. .,,,'t.I,,.,,., ..... ,,,, • .,.,.,, .... ,,,,.,, .............. ., ........ ,, ... .,.,.,., • ., .. .,.,.,,. ............ . 
""",7"""",1'''''7'1'''7,r""""",,''''''7'','',,""",""",,, 
RSIJB LD A,(IX) GET MS BYTE OF X 

XOR BOH NEGATE SIGN 
LD ",A SAVE IT 
LD E,(IY) GET MS BYTE OF Y 
,)P AOO5 

• .,.,.,,, .... .,.,.,., ••• .,., ... ,.,..,., ... .,., ••• ., ....... .,.,.,.,., .... ., ...... ,,., ..... '1 ........... .,.,., • .,., •• .,., ,. ,. , ,. ,. ,. , , , , , , ,. r r , , , , , , , , ,. , ,. , , , ,. , '1 , , ,. ,. ,. , ,. , , , , , ,. ,. ,. ,. , , , r , , , , ,. , , , r , , , , ,. , , , , r , 

; FLOATING POINT SUBTRACT ROUTINE 
• NEGATE Y AND ADD 

• 
• 
• 
• 
C: 

• 

•• 

.' 
,,' 

• 
• 
• 

... .,., .... ., .... ., .... ., ... ., ...... .,., ...... .,., .. ., .. .,., ...... .,.,.,., . ., . .,., ....... ".,.,,,,,.,.,,, ...... , .. 
""""""""""""""""""""""""""1'","",,.,,,,,,,," 
SUB LD A,(IY) GET MSBYTE OF Y 

XOR BOH NEGATE SIGN 
LD E.A . SAVE IT • 
LD D, <IX) ; GET MSBYTE OF X 
,)P AD05 

..... ,. ........................ '1,. .. ., ... .,., ..... ., .......... ., .. " ....... '1, ......... ,. .................. ,. .......... ,. .... . 

"7'7""""'" "'7"""7"""" 'I" 'I" 'I'" 'I 'I" 'I"" 'I"""""""""" 

FLOATING POINT ADD ROUTINE 

INPUT; IX PTS TO 1ST ARG 
IY PTS TO 2ND ARG 

OUTPUT: IX PTS TO SUM (X IS REPLACED BY SUM, Y IS UNCHANGED) 
ERRORS; EXPONENT OVERFLOW AND UNDERFLOW 
SPECIAL.CASES: ZERO ARGUMENTCS) 

INPUT FOR ADOS: D CONTAINS MS BYTE OF X 
E CONTAINS MS BYTE OF Y 

ALGORITHM: ABSOLUTE VALUE MAGNITUDES ARE COMPARED. 
THE LARGER IS LOADED TO AC1, THE SMALLER TO AC2. 
AC2 IS SHIFTED TO ALIGN DECIMAL POINTS. 

,. .............. ,. ... ,. ............................................... ,. .......... 'I .. " ... 't "'1'1"'1 .......... '1'1.'1'1 

""""""1'11"",."",,,,'7""""""""""""""""""""" 
ADD LD 

LO 
D'( IX) 
E,(IY) 

; GET MS BYTES 

; CHECK FOR ZERO ARGUMENTS 

ADOS XOR A CLEAR A 
CP (IX+7) 
JP NZ,AD07 X IC' .... NONZERO 
CP (IY+7) 
RET Z Y IS ALSO ZEI':O 
LD ArE GET Y MSBYTE 
PUSH IY 
POP HL 
C'ALL LD COPY Y TO X 
LD (IX) , A STORE MSBYTE 
RET 

AD07 LO (IX) ,D STRE NEW SIGN IN 
CP . (IY+7) 
RET Z Y IS ZERO, RETURN 

CASE Y IC '-' 0 

X 

• 
t 

41 

• 
• 

• 
• 
, 

• 
• 
• 



I' LOAD ARGUMENTS, LARGER MAGNITUDE IN ACI ( 

PUSH DE SAVE MS BYTES • RES 7,0 CLEAR SIGN BITS 
RES 7,E 
CALI.. CPI COMPARE X TO V IGNOrUNG SIGN 
,JR C,AD10 X < Y • • CALL STAI }( TO ACI 
CALL ~-3TYA2 V TO AC2 
POP BC GET SIGNS • • LO A,B 
X OF<: C 
L.D A,B USE SIGN OF X FOR RESULT • • ,JP AD15 

AD1D CAL.L STVAI V TO ACI 
CALL STA2 X TO AC2 • • POP BC GET SIGNS 
LD ArC 
X OF=~ B 

• I LD A,C USE SIGN OF Y FOR F<:ESUL T 

• PRENORMALIZE BV SHIFTING AC2 RIGHT 

I: 

• 
• 
C: 

AD15 EX AF,AF' SAVE RESULT SIGN, XOR FLAGS 
to A,(AC1E) GET AC1 EXPONENT 
LD HL,AC2E 
SUB (HL) CALC SHIFT COllNT 
JR Z,AD30 FRACTIONS ALREADV ALIGNED 
CP 13 
JP NC.FSTO AC2 IC-... ' INSIGNIFICANT 
lD B,A SET COUNTER 

AD20 XOR A (:1.. EAf': A 
LO HL,AC2 PT TO ACCUM 
CALl. SRDI SHFT RT 1 DIGIT 
[),JNZ A020 COUNTER NOT [) 

INITIALIZE FOR AOD OR SUB 

AD30 I..D 
LO 
I..D 
AND 
EX 
,)P 

ADD 

EX 
AD40 LD 

ADC 
DAA 
l.D 
DEC 
DEC 
OJNZ 

S,., 
HL,AC20 
DE,A(:10 
A 
AF.AF' 
M,SB10 

AF.AF' 
A, (DE) 
A, (Hl ) 

(DE) , A 
DE 
HL 
AD40 

COUNTER 
POINTERS 

CLEAR CY 
GET SIGN & FL.AGS 
SIGNS WERE DIFFERENT 

SAVE SIGN OF RESULT 

POST NORMALIZE, AT MOST 1 SHFT RIGHT 

LO A,(AC1) CHECK FOR OVERFLOW 
AND OFOH 

• 
• 



.' 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
.' 
• 
• 
• 
• 

JP 
LO 
INC 
,JP 
LD 
CALL 
JP 

SlIB 

Z,FSTO 
HL,AC1E 
(HI..) 
Z,OVERA 
HL,AC1 
SROI 
FSTO 

ALREADY NORMALIZED 

INCREMENT EXPONENT 
OVERFL.OW 
PT TO ACCUM 
SHIFT RIGHT 

8B10 EX AF,AF' SAVE SIGN OF RESULT 
SB20 LO A, (DE) 

SSC A, (HL ) 
OAA 
LD ( DE) , A 
DEC DE 
DEC HL 
O,JNZ SB20 

POST-NORMALIZE BY SHIFTING LEFT 

to A, (AC1E) PUT EXP IN C-
LO C,A 
LD HL,AC1 
CALL NORML2 NORMALIZE FRACTION 
,JP Z,ZERO ZERO FRACTION RESULT 
,!P C,UNDER EXPONENT UNDERFLOW 
LD A,C STORE EXP 
LD (AC1E) ,A 
,JP FSTO 

COPY AC1 TO (IX) AND SET SIGN OF RESULT 

FSTO LD HL,ACl 
CALL LO 

PT TO ACI 

,I P f':::H 0 SET SIGN Ff':OM A' 
*H MULTIPLY 
" " " .. ., .. ., • " ., .. 'It ,. " '" .. .. .. " 't " .. ., " .. • ., ,. .. '" ,. .. .. ,. .. .. ,. 'I ., .. or ... ., 'I .. , ., ., .. ., ., ., ,. ., ,. ., ,. 'I ,. ., ., ., ,. " ,. " ., .. " ., ., ow , ,. 1 , 'I , , , ,. 'I ,. , , , , 'I , , 'I , , , , 'I , 'I , , ,. , 'I ,. , 'I , , 'I , , 'I 'I , , , , , , 'I , , , 'I 'I , , 'I , , ,. , , , , , 'I , 'I , , , , , 

, . , 

FLOATING POINT MULTIPLY ROUTINE 

INPUT~ IX PTS TO MULTIPLICAND 
IY PTS TO MULTIPLIER 

OUTPUT: IX PTS TO PRODUCT (PRODUCT REPLACES X, Y IS UNCHANGED) 
ERRORS: EXPONENT OVERFLOW OR UNDERFLOW 
SPECIAL CASES: ARGUMENT(S) ZERO 
ALGORITHM: X, 2X, 4X. AND ax ARE STORED IN TEMPORARY REGS. 

Y IS PLACED IN AC1. 
MULTIPLIER IS EXAMINED BIT AT A TIME WITHIN EACH DIGIT, 
CORRESPONDING TEMP REGS ARE ADDED TO (IX), AND (IX) 
IS SHIFTED RIGHT. 

TIMING: APPROX 19814 (16916 IN LOOP) 

, ...... ." •••• w • ., •• ., • ., •• .,,, ........... .,., ••• ,,,,,., .... ,, ............ ., .............. .,., • .,.,,, 
"""1."""""""""""""""",,/,,.,,,.,,,,.,,,"",r"""""" 

; CHECK FOR ZERO OPERANDS 

MULT XOf': A 
CP <IX+7) 

• 
• 
• 
• 
I 

• 
• 
• 
• 

c 

• 
• 

• 

.' . 



( 

• 

• 

• 
• 

,)P 
CP 
JP 

Z, ZEI<:'O 
(IY+7) 
Z,ZERO 

CAlCUlATF AND SAVE SIGN OF RESULT 

LD A, ( I X) 
XOR ( I Y) 
EX AF,AF' 

MS BYTE OF X 

SAVE IN A' 

STORE X, 2X, 4X, AND ex IN TEMP RFGISTERS 

PUSH IX 
POP DE 
LD HL,6 

HL,DE 
(SAVE),HL 
DE,HL 
MDTl 

ADD 
LD 
EX 
CALL 

SAVE PTR TO lS BYTE 

SAVE Y IN AC1 (IN CASE X AND Y ARE SAME) 
t" CLEAR (IX) 

I 

• 
I 

CAL.L STVA1 STORE Y IN AC1 
L.D IY,ACl PT TO Y 
CALL ZERO CLEAR X 
LD B,7 LOOP COUNTER 
JP ML20 SI<IP SHIFT OF AC1 

SHIFT PRODUCT RIGHT ONE DIGIT 
GET NEXT MULTIPLIER DIGIT 

I'1L10 XOR A CLEAR A 
CALL SRD SHFT (IX) RIGHT 
CALL ML.DIG MULTIPLY BY 2ND 
XOR A 
CAL.L SRD SHFT ( IX) IUGHT 

ML20 I..D C,(IY+6) GET 2 DIGITS 
DEC IY DECR PTR 
CALL MLDIG MULTIPLY BY 1ST 
DJNZ ML10 COUNTER NOT 0 

DIGIT 

DIGIT 

• CHECI< NORMALIZATION 

I 

• 

• .' , 

DEC 
LD 
AND 
JR 
INC 
XO£<: 
CALL 

B 
A,(IX) 
OFOH 
Z,I'11..60 
B 
A 
SI<:D 

DEFAUL.T SHIFT COUNT IS -1 
GET MS BYTE 

ALREADY NORMALIZED 
SET SHIFT COUNT TO 0 

SHIFT 0 INTO (IX) 

CALCULATE EXPONENT OF RESULT 

ML60 tD A,(TEMPOE) EXP OF ORIGINAL X 
SUB BOH REMOVE BIAS 
tD CrA 
LD A,(IY+14) EXP OF OI<:IGINAL Y 
SUB 80H REMOVE BIAS 
ADD A,C ADD TWO EXPONENTS 

c 

• 
• 
• 
• 
• 

• 

• 
• 



• 

• 
• 
• 

• 
I 

c 

CHECK EXPONENT CALCULATION FOR ERRORS 
; 
MCHK 

1'110 

1'120 

,JF' PO,Mi0 
ADD A,B 
,J P PO, MEF.:R 
,)P M:;W 
ADD A,B 
,)P PE 7 MERF.: 
ADD {~r BOH 
,)P Z 7 UN[)Ef~: 

LD (IX+7),A 
RSTO 

NO OVEPFLOW 
I~DO SHIFT COUNT 
NO SECOND OVERFLOW 

ADD SHIFT COUNT 
OVEF.:FI .. OW 
RE:;:;TOF.:E BIAS 
UNDERFLOW 
::nOl<:E E>(P 

*H DIVIDE 

; ~::ECIPF.:OCAL 

REC CAL L ST Oit 
LD HL,C! 
CALL LD 
to I Y 1 TEMP't 

SiWE }{ 

GET A 1 

11 ,. " ,. ,. .... 11 ,. 11 " ,. " 'J " ,. " ,. 'I 'I 't ,. .. ,. 't 't 'I .. ., ,. ,. ., ,. 't ,. ,. " ,. 't .. ., 11 'I ,. ,. ,. ,. ., ., 'I ,. ,. ,. ., ,. ,. 11 'I Y ,. ., 'I Of 'i ., ,. 't ,. .. 'I .. 11 
r )' f , f r 1 1 "I "I "I , "I , r "I , 7 1 'I 7 7 , , , , , , , , , f , , , , , , , f , , , , , , , , , , ,. 7 ,. , , ,. f , , , , '1 , , 7 7 7 , , , , , 

FLOATING POINT DIVISION POUTINE 

INPUT: IX PTS TO DIVIDEND 
IY PTS TO DIVISOR 

OUTPUT: IX PTS TO QUOTIENT (QUOT. PEPLACES X, Y UNCHANGED) 
ERRORS: DIVISOR ZERO 

EXPONENT OVERFLOW OR UNDERFLOW 
SPECIAL CASES~ DIVIDEND ZERO 
ALGORITHM: y, 2Y.4Yr8Y APE STORED IN TEMP. PEGS. 

X IS PLACED IN AC1. ACl IS COMPARED TO THE TEMP. 
REGS. A BIT AT A TIME WITHIN EACH DIGIT, SUBTRACTING 
WHEN TEMP (= AC1. RESULT BITS ARE ACCUMULATED IN C, 
AND STOPED A BYTE AT A TIME INTO (IX) 

TIMING: APPROX. 22938 (20108 LOOP) 

11 'f 'I" 'I" 't 'I 'lor" 't ,. ,. ,. ., ,. ,. ,. " ,. 'I ,. ,. ., ,. ,. 'I ., 'II 11 ., 'I 'V 'I 'I ,. 11 ,. .. ., 'I 'I 11 ,. ,. ., ., ., .. ,. ,. ,. ., ., ., 'It .. ., ,. \' ,. ,. ,. ,. ,. ., .. 11 ,. " .. ,. .. 
, f , 1 , )" " , 'I Y , ,. , , " ,. , , I' , , , 7 1 , , , , ,. '1 1 ,. r ., ., 7 , , ., ,. 7 7 7 'I , 7 ,. , 7 7 , , , , 1 'I , '1 )' '" 7 7 ,. F Y 1 t r 7 7 7 7 

. CHECK F OF.: ZEF.:O OPE F.:flNDS , 

OIVI }{ I) F.: f\ 
CP <IY+7) 
,! p Z,DIVO Y I c, 

~ ,.,1 ZEf':O 
CP (D{+7 ) 
JP Z, ZEF.:O }{ IS ZEI<:O 

• CALCULATE AND SAVE SIGN OF RESULT 

tD A,(I>O MS BYTE OF }{ 
}WF.: (IY) 
E >< AF,AF' ~::;AVE IN A' 

• STORE y, 2Y, 4Y, AND 8Y IN TEMP PEGISTERS 

PUSH IY 
• POP HL 

CAL!... MDTL 

•• 

• 

• 

• 
• 
( 

c 

c 

c 



• 
• 

I, 

• 
I 

I 

I 

INITIAL.I?E (.,(:1 

PU~::;H I}{ 
CALL STAl 
LD BC,701H 
PUSH Be 
LD C,OFH 
LD' HI.., TEMPO 
CALL DVCP 
,)1<: NC, DV30 
POP Be 
DEC C 
PIJSH Be 
JP DV20 

DIVIDE LOOP 

DViD PU~:;H BC 
LD HLT{~Cl 

X Of": A 
CALL SLD1 
C~lLL DVDIG 

DV20 L.D HL,AC1 
}{ 0 F.: ?l 
CALL Sl.D1 

DV30 CI~LL DVDIG 
LD A,C 
CPL 
LD ( no ,A 
INC I){ 
POP BC 
D ~JNZ DV10 

~::;AVE I}{ 
STORE ){ r N AC 1. 
COUNTER IS 7, SHFT COUNT 1 
~3(.~VE COUNTER~; 

INIT C 

COMPARE }{ T0 Y (FRACTIONS) 
;{ :>::: Y 

DECF.: Sf-lIFT COUNT 

BEGIN WITH SHIFT DIGIT 

::;AVE COUNTEF.:~::; 

SHIFT ACl LEFT 1 DIGIT 
GET 1 DIGIT RESULT 

SHIFT ACl l.EFT A DIGIT 
GET 2ND DIGIT RESULT 
COMPL RESULT IN A 
TfWE REf:tJL T 
STORE PAIR OF QUOTIENT DIGITS 

COUNTEF!. NOT 0 

CALCULATE E){PONENT OF RESULT 

LD 
LD 
f;U8 
tD 
tD 
SUB 
SUB 
POP 

8,C 
A,(TEMPOE) 
BOH 
C,A 
fl, (AC1E) 
BOH 
c 
I v 

1\ 

,JP MCHK 
IH MULT, DIVI UTILITIES 

PUT SHIFT COUNT IN B 
E}{P OF ORIGINAL Y 

SAVE UNBIASED EXP 
E}{P OF OF.:IGINAL }{ 
F.: Ef·1(l V E B I A ~:; 
SUB TWO EXPONENTS 
F.:ESTOF.:E I}{ 
CHECK FOR ERRORS 

c, 

• 

I 

I 

« 
t 

• 
• 
• 
t 

( t 
MLDIG MULTIPLY DIGIT 

INPUT: C CONTAIN~:; DIGIT IN LO~,J it BITS 
f (SAVE) IS PTR TO LS BYTE OF ACCUM 

OUTPUT: C IS ROTATED 4 BITS 
PRODUCT OF MPLICAND WITH DIGIT IS 

I ADDED TO ACCUM 
TIMING 9~50 

MLDIG LD HL,TEMPOO 
f.: F.: C 
C {,LL C, 11LADD 
tD HL,TEI'IP10 
F.: F.: C 
CALL C,11LADD 

PT TO t'1F'L I CAND 

ADD }{ 

t 

• 



• 
• 
• 
• 

• 
• 
• 

( 

f 

t 

LD HL r TE~lP20 
R F.: C 
CALL C,11L.?iDD {lDD Lt, >{ 

LD Ht r TEI"IP30 
R F.: C 
CALL C, MU~DD ADD ax 
I<[T 

MLADD {\[)D UTILITY FOF.: MULTIPL.Y 

INPUT: HI.. PTS TO NUMBER 
(SAVE) PTS TO LS BYTE OF ACCUM 

OUTPUT: 14 DIGIT NUMBER IS ADDED TO ACCUM 
TIMING 407 

~1\" ADD LD 
AND 

DE, (:::;AVE ) 
I-l 

PT TO LS BYTE 
CLEAR CY 

PUSH Be ~:;AVE BC 
1..0 Br"? SET COUNTER 
LD A, (DE) 
ADC A r ( Ht. ) 
DAA 
LD ( DE) , A 
DEC DE 
DEC HL 
[I ~,lNZ MI..4D 
POP Be 
RET 

RSTO PRODUCES SIGN OF RESULT 
INPUT: I){ PTS TO F.:ESUL T 

1':8TO 

A' BIT 7 IS SIGN BIT 
OUTPUT: IX PTS TO RESULT 
TIMING 74 

LD A,(IX) GET 1-18 BYTE 
AND OFH CLEAR UPPER DIGIT 
LD B, {\ 
EX AF,AF' GET NEW SIGN BIT 
AND Bl1li 
(l F:: B 
LD (no ,A PEPLACE 1'1 !:; BYTE 
RET 

DVDIG POUTINE TO DIVIDE 1 DIGIT 
• INPUT: ACt IS CURRENT REMAINDER (DIVIDEND) 

TEMP REGS CONTAIN 1,2,4.8*DIVISOR 
OUTPUT: C CONTAINS QUOTIENT DIGIT IN LOW 4 BITS 

• (C F.:OTATED LEFT) 
ACt CONTAINS REMAINDER « DIVISOR) 

TIMING 1162 

DVDIG I.D HL, TEMP:!. PT TO e.Y 
CfH.l. DVCP 

• ,! F:~ C,DVDlO ?iC 1 -( BY 
tD HL,TEMP30 
CALL DV!:WB BY <= ACl 

• O\/OllJ RL C COMPL RESULT BIT IN C 
L.D HL,TEMP2 PT TO 4Y 
CALL DVCP 

c 

• 

• 

• 
• 
• 
c 

t 



J F.: C,DVD20 AC1 " '. 4Y 
LD HL,TEMP20 
CALI.. DVSUB 4Y < AC1 

• OV020 RL C COMPL RESULT BIT 
LD HL,TEMP1 PT TO 2Y 

• CALL OVCP 
JR: C,DVD30 AC1 -( 2Y 
LO HL,TEMP10 
CALL DVSUB 2Y -< AC1 

• DV030 RL C COMPL RESULT BIT 
LD HL,TEMPO PT TO Y 

• CALL DVCP COMPARE TO AC1 
JR: C,DVD40 AC1 < Y 
LD HL,TEMPOO 
CALL DVSUB Y < AC1 

• DV040 RL C COMPL RESULT BIT 
RET 

• DVCP ROUTINE TO COMPARE (DE) TO AC1 
RETURNS CY SET IFF (DE) < AC1 
RETURNS Z SET IFF (DE) = AC1 

• TIMING APPROX 42 

DVCP LD DE,AC1 PT TO AC1 
LD B,7 SET COUNTER 

DVC10 LD A, (DE) GET BYTE 
CP (HL) 
RET NZ < 01<: > 
INC HI.. INC PTRS 
INC DE • DJNZ DVCI0 COUNTER NOT 0 
RET 

• DVSUB ROUTINE TO SUBTRACT (DE) FROM AC1 

, 
• 
& 

• 
• 

• 

ASSUMES 14 DIGIT OPERANDS 
TIMING 376 

DVSUB LO DE,AC10 PT TO ACCUM 
AND A CLEAR CY 
LD 8,7 

OV40 LO A, (DE) 
sac A, (HL ) 
DAA 
LD ( DE) r A 
DEC DE 
DEC Hl. 
OJNZ DV40 
RET 

ROUTINE TO l.OAD TEMP REGISTERS 
TIMING 2014 

MDTL LD 
CALL 
to 
RES 
LO 

DE,TEMPO 
MOV 
HL,TEMPO 
7, (HI..) 

F II<:ST DEST 
LOAD TEMPO 
PT TO SRC 
CLEAR SIGN BIT 
SET COUNTER 

C 

IN C 

IN C 

IN C 

• 



• 
• 
• 
• 

• 
• 
• 

• 
I 

MDTLI L.D 
CALL 
LD 
AND 
CALL 
INC 
o ~JNZ 
RET 

A,B 
MOV 
BrA 
~l 
SL.B1 
HI.. 
MDTLl 

DETERMINE OVER OR UNDER 

F', UNDEF.: 
OVERA 

DIVISION BY ZERO ERROR 

DIVO tD HI.. r EF.:IWF.: 
SET 4, (HI..) 
,IF' INF 

SAVE COUNTER 
MOVE TO NEXT TEMP 
RESTORE COUNTEr<: 
CLEAR CY 
SHFT LEFT CHL ALREADY OK) 
PT TO MSBYTE JUST SHIFTED 
COUNTEr<: NOT 0 

UNDERFLOW 

'r 'r 'I 'I ., " 'I 'r .. " ,. 't 't ., , .. , " 'II' " ... ,. ,. " ,. " " ,. ,. 'I' ,. 'I 'I ,. " " 'r 't 'I .. 'f ., " " ., 'I " " ,. ,. ,. 'I ., ,. ,. ,. ,. ,. 'I ., ,. ,. ,. 'l " ., 'I " ,. .. , ,. ,. 

7711711'17771"'7""'77'7"7'77'1"","1",7,7771177"'1'7""""'7'7177'1 

FIX CONVERTS FLOATING POINT NUMBER TO 
16 Bli2'S COMPLEMENT INTEGER 
(ROUNDING) 

INPUT: IX PTS TO FL PT NUMBER 
OUTPUT: IX PTS TO INTEGER 
ERRORS: OVERFLOW IF X > 32767 OR X < -32768 

'I'I'''I".,. .. ,..''I' ..... " •• ,.,.,.,.,.,. .... .,,. ..... 'I't,,.,. ... ., .. ,,.,,.,.,..,,, ....... ,,.'6,,.,,.",.,."" .. ,.,..,.,.,." .... ",.,. 
111ff77"",777"711""'717""""""7.",,77'1,,,7,77""""""'7177 

FD{ I..D IY,C._5 
CALL ADD ADD c' 

D: ... J 

CALL FI}{A CONVEF.:T NUMBER 
J F.: NC,FH10 NO OVEF.:FLOW 
LD HLtERROR 
SET 6, (HL ) FLAG OVEF~FLOW 

LD HLt7FFFH 32767 
BIT 7,(IX) 
J 1': Z,F>{10 POSITIVE SIGN 
LD HL,BOOOH -32768 

F}{ 10 to (DO.L !::;J ORE I NTEGEF.: 
LD (IX+l),H 
RET 

• MAIN CONVERSION FOR FIX 

RETURNS CY SET IF OVERFLOW 
I RETURNS Z SET IF EXACT INTEGER 

• 
• 
• 
• 

HL IS LOW 16 BITS OF INT(X) FOR ALL X < 10 4 13 

F IXA }{ OF.: A 
LD H,A CLEAR ACCUM 
1..0 L,A 
LD (SAVE) ,A CLEAF.: FLAG 

CALCULATE # DIGITS LEFT AND RIGHT OF DECML PT 

1.0 {'1,(I}{+7) 
SUB BOH 

GET E}{P 
SUBTRACT BIAS 

• 
" I.' 

I ·.·.· 
\. 

• 
• 
c 

« 

• 



c. 

• 
• 

• 
• 

c. 

• 

,IF.: C,FXA100 
,)R Z,FXA100 
LD BrA 
LD A,13 
SUB B 
JF.: C,FXA90 
LD C,A 

x <: .1 
}{ <: 1 
SAVE # LEFT DIGITS 

x >= 101'13 
SAVE # RIGHT DIGITS 

CONVERT LEFT DIGITS TO BINARY 

FXA10 

FXA15 

FXA20 

PUSH 
POP 
LD 
INC 
JP 
CALI.. 
L.D 
INC 
PUSH 
RRA 
R F.: A 
RRA 
Rf':A 
CALL 
D,JNZ 
POP 
AND 
.'/R 
CALL. 
POP 
CALL. 
DJNZ 

IX 
IY 
A, <IY) 
IY 
FXA20 
NZ,FXA110 
A,(IY) 
IY 
AF 

MAD 
FXA15 
AF 
OFH 
FXA30 
NZ,FXA110 
AF 
MAD 
FXA1D 

SET POINTER 

GET FIRST BYTE 

OVERFLOW 
GET NEXT TWO DIGITS 

SAVE THIS BYTE 
GET LEFT DIGIT 

CONVERT LEFT DIGIT 
COUNTER NOT 0 
GET RIGHT DIGIT 

OVERFl.OW 
GET SAVED BYTE 
CONVERT RIGHT DIGIT 
COUNTEF.: NOT 0 

CALCULATE OR OF ALL DIGITS TO RIGHT OF DECML PT 

FXA30 

FXA40 

XOR A 
LD B,C 
SRI.:. B 
,JR Z, FXA50 
OR (IY) 
INC IY 
DJNZ FXA40 

INITIALIZE A 
USE OTHER COUNTER 
DIVIDE BY 2 
COUNT IS 0 
OR 2 DIGITS 

COUNTER NOT 0 

CONVERT TO 2'S COMPLEMENT . , 
FXA50 

FXA60 

FXA70 

FXABO 

BIT 
JR 
EX 
LD 
AND 
,J F.: 
INC 
SBe 
,)P 
AND 
LD 
RLA 
RET 
BIT 
JR 

7,(IX) 
Z,FXABO 
DE,HL 
!-IL,O 
A 
Z,FXAbO 
DE 
HLrDE 
P,FXA90 
A 
A, (SAVE) 

7,H 
Z,FXA70 

POSITIVE SIGN 

EXACT INTEGER 
CORRECT MAGNITUDE 
SUBTRACT FfWM 0 
OVERFL.OW 
SET Z OR NZ 
GET FLAG 
PUT IN CY 

NO OVERFL.OW 

( 

• 
c 

t 

• 
• 

• 
• 

• 

• 



• 
• 
« 

• 
• 
• 
• 
• 
• 
• 

• 
.'. 

c· 

• 
• 
• 

F){A90 AND A SET Z OR NZ 
SCF SET CY 
RET 

FXAI00 LD A,(IX+7) A IS 0 IFF FRACTION 0 
,JP FXA50 

FXAII0 LD A, (SAVE) GET FLAG 
OR BOH TURN IT ON 
LD ( SAVE) , A 
RET 

MAD ROUTINE TO MULTIPLY ACCUM BY 10 AND ADD NEW DIGIT 

MAD L.D D,H SAVE COPY OF HL 
LD E,L 
ADD HL,Hl. SHIFT LEFT 2 
ADD HLrHL 
ADD Hl.,DE ADD COPY 
ADO HL.rHL SHIFT LEFT 1 
AND OFH PUT NEW DIGIT IN DE 
LO ErA 
LD D,O 
ADD HL,DE ADD NEW DIGIT 
LD A,H TEST HIGH BITS 
AND OFOH 
RET 

*H FL.OAT 
.~ .... 't ... y ........... ., .............. .,., ....... .,.'t ........ ., •••••• ., ....... ..... ,. ••••••••••••• 
,r7""""""","""""""""""""""""'"""7""7"""" 

FLOAT CONVERTS 16 BIT 2'S COMPLEMENT INTEGER TO 
FLOATING POINT FORMAT 

(FLOAT1 ASSUMES INPUT IS IN HL) 

INPUT: IX PTS TO 16 BIT INTEGER 
OUTPUT; IX PTS TO Fl.OATING PT NUMBER 
ERRORS: NONE 

" ... ., ...... " ........... .,., ................................ " ..................... ., .. .,.,.,. .. .. 
"'11"",777"""""""""""""""""""""""7ftf""""" 

. TEST INPUT , 

FLOAT LD L,(IX) l.OAD 16 BIT INTEGER 
1..0 H,(IX+1) 

FLOAT1 PUSH HL. SAVE INTEGER 
CALL ZERO Cl.EAR OUTPUT AREA 
POP HL 
lD A,H TEST FOR ZERO 
OR L 
RET Z INPUT WAS ZERO 

CONVERT TO SIGN MAGNITUDE, SIGN IN A' 

LD A.H GET SIGN BIT 
AND 80H 
JR Z.FLI0 POSITIVE 
EX DErHL 
lD HL.O 
sac Hl.,DE NEGATE 

CONVERT BINARY TO DECIMAL 

• 
• 
• 
41 

41 

• 
• 
• 
• 
• 
t 

• 
• 
• 
c 

• 
• 

• 

• 



( FLUl EX AF,AF' SAVE !::;r CiN BIT 
E}{ DE,HL SAVE ACCUM 
PUSH IX 

•• POP HL PT TO OUTPUT AREA 
LD BC,10000 
CAL.L FL.DIV DrVrDE BY 10000 • INC HL ADVANCE OUTPUT PTR 
LO BC,1000 
CALL FLOrV DIVIDE BY 1000 
LO BC,100 
CALL FLDIV DIVIDE BY 100 
INC HL ADVANCE OUTPUT PTR 
I..D BC,10 
CALL FLDIV DIVIDE BY 10 
LD A,E GET REMAINDER • RLD ~:OT INTO OUTPUT 

NO~:MALIZE RESULT, STORE SIGN • L.D C.B5H EXPONENT 
CALL NORML1 • ,/P RSTO STORE SIGN 

ROUTINE TO DIVIDE DE BY BC 
• 4 BIT QUOTIENT IS ROTATED INTO (HL) 

I 

FL.DIV EX DE,HL 
XOR A 
DEC A 

FLOIV1 SBC HL,ac 
INC A 
JR NC,FLDIVl 
ADD HL,BC 
EX DE,HL 
RLD 
RET 

PUT ACCUM IN HL 
CLEAR A, CY 
INITIALLY A IS -1 
SUBTRACT DIvrsoj;.: 
I NC~: QUOT lENT 
RESULT NOT NEGATIVE 
RESTORE REMAINDER 
SAVE ACCUM, GET PTR 
STORE GllJOT I ENT 

( *H CP 

• 
• 

• 

• 
• 

CP 

CP FLOATING POINT COMPARE ROUTINE 

RETURNS CY SET IF X < Y 
RETURNS Z SET IF X = Y 
CPt ASSUMES MS BYTES FOR X.Y IN DrE 

LD D,(IX) LOAD MS BYTES 
tD F..CIY) 

CPl 1..D A,D GET SIGN OF X 
AND 80H (CY IS OFF) 
J~: NZ,CPI0 X IS NEGATIVE 
BIT 7.E 
RET NZ Y IS NEGATIVE 

X AND Y ARE BOTH POSITIVE, COMPARE EXPONENTS 

LD A, (IX+7) 
CP (IY+7) 
RET NZ EXP'S NOT = 

COMPARE X FRACTION TO Y FRACTION 

tI 

• 



• LD {i, D t'1S BYTE •• CP E: (SIGNS ARE: EQUAL) 
1': ET NZ • PUSH I>{ SET UP PTI<:S • P":::;H IY 
J f<: CP20 

I; I 
X IS NEGATIVE, CHECK SIGN OF Y 

c • CPiO }{ 0 F.: E TEST SIGN, SET NZ 
FH.PI SIGN BIT IN CY 
1': E T C Y WAS POSITIVE • • BOTH SIGNS NEGATIVE, TEST EXPONENTS 

LD A,(IY+7) • CP (I}{+7) 
RET NZ • • 

• 
COMPARE Y FRACTION TO X FRACTION 

LD ArE 
CP 0 
RET NZ 
F' U::-;H I Y 
PUSH I){ 

; SET UP PT!':S 

• LOOP TO COMPARE 6 FRACTION BYTES 

.. 
c 

• 

CP20 

CP30 

POP 
POP 
INC 
INC 
LD 
LD 
CP 
RET 
INC 
INC 
D~)NZ 

r.:E:T 
·HI NOfmALIZE 

HI.. 
DE 
HL 
DE 
B,6 
A 1 ( DE ) 
(HI..) 
NZ 
HL 
DE 
CP30 

; GET PTRS 

COUNTEf': 

• 
• 
I 

• 
t 

• C 

• 
c 

• 

NORMLZ NORMALIZES AN ACCUM BY SHIFTING LEFT 

INPUT; 1}{ PTS TO ACCUM (NOl':ML.Z, NOl':Ml...i ) 
HL PTS TO ACCUM (NORMLZ) 
C CONTAINS BIASED EXP (NORML1,NORMLZ) 

OUTPUT: NORMAL RETURN - NZ & NC 
ZERO FRACTION - Z & NC 
EXP UNDERFLOW - NZ & C 
C CONTAINS UPDATED EXPONENT 
(IX+7) CONTAINS UPDATED EXPONENT 

NOf':MLZ L.D C,(IX+7) GET E}{PONENT 
NORM!..l PUSH I ;{ PT TO ACCUM 

POP HL 
NOf<:ML2 LD A, (HL ) GET 1'1S BYTE 

AND A 
J f<: NZ,NORi~j AL!':EADY NOf<:MAL I ZED 



( 

•• 

• 

• 
c 

I, 

I 

• 

• 

• 

LO £3,12 MAX COUNT 
}{OR A CLEAR A 

NOR10 DEC C OECR EXPONENT 
\.J ,,~ Z.NOR20 UNDERFl.OW 
CALL S;LOl SHIFT LEFT 
INC HL PT TO 1ST BYTE 
LO A, (HU GET MS BYTl:: 
AND A 
JR NZ.NOR15 NORMALIZED 
D,)NZ NOR10 COUNTER NOT 0 

NOfU5 l.D (IX+7).C STOF~E EXPONENT 
RET 

UNDERFLOW. Hl PTS TO MS BYTE. A CONTAINS MS BYTE 

NOR20 INC B CALC BYTES lEFT 
SRI.. B 

NOR:W INC HL ADVANCE PTR 
OR (HL) COLLECT REMAINING 
DJNZ NOR30 COUNT NOT 0 
RET Z FRACTION WAS ZERO 
SCF 
RET (UNDERFl.OW) 

*H HALF 

HALF DIVIDES A FLOATING POINT NUMBER BY 2 
INPUT MUST BE POSITIVE (0 IN SIGN DIGIT) 

INPUT: IX PTS TO X (HALF) 
OUTPUT; INPUT REPLACED BY X/Z 

FLAGS SET ACCORDING TO NORMlZ 

HALF AND A CLEA"~ CY 

BITS 

CALL SRB 
CALL NORMLZ 
RET 

DIVIDE FRACTION BY 2 
NORMAl.IZE RESULT 

*H SHIFT UTILITIES 

SlD SHIFT l.EFT DIGIT 

SLD 

SLDl 

INPUT; I X 
HL 
A 

OUTPUT~ A 
HL 

PUSH IX 
POP Ht 
PUSH BC 

PTS TO ACCUM (SlD) 
PTS TO ACCUM (SlOl) 
CONTAINS DIGIT TO SHIFT IN 
CONTAINS DIGIT SHIFTED OUT 
PTS TO 1 lESS THAN MS BYTE 

SET PTR TO ACCUM 

SAVE BC 
LO BC,6 
ADD HL.BC PT TO fUGHT END 
LO B,7 LOOP COUNTER 

SLD10 fU.D "~OT LEFT 
DEC Ht PT TO NEXT BYTE 
DJNZ SlDl0 COUNTER NOT 0 
POP BC RESTORE BC 
RET . 

1 l ~ 

SRD SHIFT RIGHT DIGIT 

.,~ 

• 
• 
• 
c 

• 
c 

• 
• 
( 

« 

• 
• 
• 
• 
• 
• 
• 
• 

• 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
c 

.' .,. 

,',. 

SRD 

SFWI 

INPUT; IX 
HI.. 
A 

OUTPUT; A 
HL 

.• "j 

PUSH I>{ 
POP HL 
PUSH BC 
LD B,7 

PTS TO ACCUM (SRD) 
PTS TO ACCUM (SRD1) 
CONTAINS DIGIT TO SHIFT IN 
CONTAINS DIGIT SHIFTED OUT 
PTS TO I MORE THAN LS BYTE 

SET PTR TO ACCUM 

SAVE BC 
COUNTER 

SFWI0 RRD ROT RIGHT 
INC HI.. 
o ~JNZ SRDI0 COUNTER NOT 0 
POP . Be RESTORE BC 
RET 

SLe. SHIFT LEFT BIT 

INPUT; IX PTS TO ACCUM (SLB) 
HL PTS TO ACCUM ( SLBU 
CY CONTAINS BIT TO SHIFT IN 

OUTPUT; CY CONTAINS BIT SHIFTED OUT 
HL PTS TO I LESS THAN W;· .... BYTE 

SLB PUSH IX SET F'TR TO ACCUM 
POP HL 

SLBI PUSH BC SAVE BC 
LD BC,6 
ADD HL,BC PT TO RIGHT END 
LD B,7 LOOP COUNTER 

SLBIO tD A, (HL ) GET BYTE 
ADC A,A SHIFT LEFT 
DAA 
LO (HL) r A I':EPLACE 
DEC HL PT TO NEXT BYTE 
DJNZ SLBI0 COUNTER NOT 0 
POP BC RESTORE BC 
RET 

SRB SHIFT IUGHT BIT 

INPUT; IX PTS TO ACCUM ( SI':B ) 
HL PTS TO ACCUM (SRB 1) 

CY CONTAINS BIT TO SHIFT IN 
OUTPUT; CY CONTAINS BIT SHIFTED OUT 

Hl. PTS TO 1 MOl':E THAN LS BYTE 

PUSH IX SET PTR TO ACCLIM 
POP HL 
PUSH Be SAVE BC 
LD B,7 COUNTER 
LD A, (HL ) GET BYTE 
RRA SHIFT 
R f': C SAVE CY IN C 
BIT 7,A 
JR Z,SRI320 0 SHIFTED INTO UPPEr<: 
SUB 30H CORRECTION 

• SI':B20 BIT 3,A 
JR Z,SRB30 0 SHIFTED INTO l.OWEI': 
SUB 3 CORRECTION • 

• 
• 
• 
• 

• 

• 

• 
c 



• 
• 
• 

• 

GET CV 
STORE BYTE 

COUNTER NOT 0 
RESTORE BC 

::~ET SI':C PTR 

• 
41 

• 
• 
41 

• 41 

• ; SET DEST PTR 

C SPECIALIZED LOAD ROUTINES, LOAD ACI AND AC2 WITH ABS VALUE 

.' 
• 

( 

• 
• 
• 

STAl PUSH IX 
,)R STl 

STA2 PUSH IX 
,)R ST2 

STVA1 PUSH IV 
STI POP HI.. 
MVI LD DE,ACI 

CALL MOV 
LD HL,ACI 
LD D, (HL ) 
RES 7, (HL) 
RET 

STVA2 PUSH IY 
8T2 POP HL 
MV2 L.D DE,AC2 

CALL MOV 
LD HL,AC2 
LD E, (HL ) 
RES 7, (HU 
RET 

*H BOOLEAN . , . LOGICAL OPERATORS , 

lOR 

lAND 

1...0 A, ( I X ) 
OR (IX+l) 
OR <IV) 
OR (IY+l) 
JP INE1. 
LO f),(IX) 
OR (IX+i) 
,JP Z, IZERO 
L D A, ( IV) 
OR (IY+l) 

SOURCE WILL. BE <IX) 

SOUI':CE t-JILL BE <IX) 

SOURCE WILL BE (IV) 

DEST I c· .... ACI 

SAVE MS BVTE IN D 
CLEAR SIGN BIT 

SOUI':CE WILL. BE ( I V ) 

DEST IS AC2 

SAVE MS BVTE IN E 
CLEAR SIGN BIT 

X IS ZERO 

41 



I JP INEl C 
INOT LD i~ , ( I){ ) 

OF.: (U{+j ) 

• ,,} R IEG! 1 • OF: L.D A, (I>{+7) 
OF.: ( lY+7) • ,IF' NEl « 

AND LD A r (XX+7) 
AND A • ,) P Z,2EF.:O 'l ". IS ZEF.:O • tD A, ( lY+7) 
AND A • ,J F.: NE1 • NOT L.D A, (I}{+7) 
AND A 

•• ,J P EG! j • 
F.:E I... AT I ONi~L. OPE PAT OF::::; • • SGT CALL SCF' 

,JF.: lGT1 • f;LE CAL.L SCP • ,JR Il.E 1 
St.T CALL SCP • ,JR ILT 1 • SGE CALL SCP 

,JF.: IGE1 • Sf: I;:! CALL SCP • .JR IEtH 
SNE CALL. f.;CP 

C dF.: INE1 
IGT CALL Iep 
lGT1 ,JR -r 

I.. r XZEI?O 
C JR C, I ZEF.:O • dR lONE 

ItE CALL. xep 
•• · , ILE1 ,JR Z,lONE t 

,I P c' ~,' 't lONE 
,J F.: IZEF.:O • ILT CALL leF' t 

1LT1 ,J F.: C, lONE 
,IF.: IZERO • lGE eM. I.. rep I 

IGEl \oj F.: C, I ZEF.:O 
,) F.: lONE « lEG! CALL rep 

I EI7.! 1. .JR 7 ,- ~ r rONE 
,.H': lZEF.:O • INE CALL rep 

INE! ,.IF.: ... 
t .. , IZEF.:O 

,)R lONE • GT CALL CP 
CiTt ,)F.: Z,ZERO 

\oJ F.: C,ZEPO • ,JR ONE 
LE CALL CP 
LEi JF.: Z,ONE • " ,.JP C,ONE • ,)R ZEF.:O 
LT CALL CF' • 



• 
• 
• 
• 
• 

• 
• 

• 
• 
• 

• 
• 

• 

• 
• 
• 

LTl ~JR C,ONE 
,JR ZERO 

GE CALL CP 
GEl dR C,ZERO 

~m ONE 
EQ CALL CP 
E(H ~JR Z,ONE 

,JR ZERO 
NE CALL CP 
NEl ,)R Z,ZERO 

~JI': ONE 
*H CONSTANT FUNCTIONS 

; PRODUCE UNITY RESULT 

lONE 

ONE 

I..D 
LO 
RET 
1..0 
CAI ... L 
LO 
LD 
RET 

(IX),! 
(IX+l),O 

B,7 
ZER01 
(HL) ,81H 
(IX),l 

PRODUCE 7ERO RESULT 

IZERO 

ZERO 
ZER01 

ZEfUO 

LD 
to 
RET 
LO 
PUSH 
POP 
LD 
INC 
D~JNZ 

RET 

<IX) ,0 
(IX+1),O 

B,8 
1>( 
HL 
(HI.. ) ,0 
HL 
ZER10 

PT TO RESULT 

PRODUCE INFINITE RESULT 

INF 

INF10 

PUSH 
POP 
RL 
l.D 
R F.: 
INC 
LD 
LO 
LD 
INC 
D,JNZ 
LD 
RET 

I }{ 
HL 
(HI.) 
(Hl.),18 
(HL) 
HL 
A,99H 
B,6 
(HL) , A 
HL. 
INF10 
(HL),OFFH 

SET PTR 

GET OLD SIGN 

; REPLACE SIGN 

; HIGHEST EXP 

FLAG OVERFLOW ERROR, STORE INFINITY 

OVERA 

OVER 

EX AF,AF' 
LO (IX),A 
LD HL,ERROR 
SET 6,(HL) 
JP INF 

GET SIGN OF RESULT 
:::;;TORE IT 

FLAG OVERFLOW 

• 
• 
• 
• 
• 

• 
• 
• 
• 

• 
• 

• 

• 

• 



c 

• 
c 

c 

c 

• 

• 
c 

t 

• 
• 
• 

FLAG UNDERFLOW ERROR, STORE ZERO 
, 
r 

UNDEF.: LD HI.., EF.:F.:OP 
SE:T 5, (HI..) 
,)P 

*H CONSTANTS 
(:1 OEFW 

DEFW 
DEFW 
DFFW 

ZE~:O 
AND WO~:K 

1 
o 
o 
8l00H 

CO OEFW o 
DEFW 
DEFt-J 
DFFW 

o 
o 
o 

C __ ~) DEF~J 5 
DFFW 
DEFW 
DEFW 

o 
o 
8000H 

SEED DEFW fJ 
DFFW 
DEFl-J 
DEFW 

o 
o 
o 

SEED10 EQU SEED+6 
CRNDA DEFW 1403H 

OEFW 9;~: iSH 
DEFW 3565H 
OEnJ 80alH 

CRNDC 

C F.:NDCO 
SAVE 
AC1 
AClO 
AC1E 
AC2 
AC20 
AC2E 
TEMPO 
TEMPOO 
T Et1POE 
TEt'lPI 
TEt-iPiO 
TEt1P2 
TEMP20 
TEMP3 
TEMP30 
TEMP4 
T E:~iP5 
TEt'IP6 

DEFW 7102H 
DEFl~ 818~~H 
DEFW 8482H 
DEFW 80S9H 
EG!U C~:NDC+ 6 
()EFS ~~ 

DEFS 8 
EOU I~Cl + 6 
EG!U AC1+7 
OEF::;; a 
EG!U AC2+6 
EG!U AC2+7 
DEn:; 8 
EC!U TEMPO+6 
EG!U TEMPO+ 7 
OEF::: 8 
HH.J TEMP1+6 
DEF::::; /3 
EG!U TEMP2+{' 
OEFS 8 
HHJ TEMP3+6 
DEFS a 
DEF:::; 8 
OEFS 8 

REFEF.:ENCES 

E>nEI':NAL 
GLOBAL 
GLOf:?AL. 
GLOBAL 
GL.OBAL 

~ FLAG UNDERFLOW 

AI':EAS 

• 5 

o 

27182 81828 4-59 

EXPONENT BYTE 

E}{PONENT BYT E 

E f':I': OF.: , I CP, SCP 
AOO,SUB,RSUB,MULT,REC,DIVI 
MLDIG, ~1DTL 
FIX,FIXA,FLOAT.FLOAT1,CP,MAD 
GT,LE,LT,GE,EQ,NE,OR,AND,NOT 

( 

• 
« 

• 
• 

t 



c 

• 
« 

• 
• 
• 
• 
• 

• 
• 
• 
• 
I 

• .: 
c\ 

• 
• 

• 

GLOBAL 
GLOBAL 
GLOBAL 
GLOBAL 
GLOB?"'lL 
GLOBAL 
GLOBM. 

IGT,ILE,ILT,IGE,IEQ,INE,IOR,IAND.INOT 
SGT.SLE,SLT.SGE,SEQ,SNE 
SEED,SEEOI0.CRNOA.CRNOCO,C_5,SAVE.Cl,CO 
OVER,UNDER.ZERO,ONE,INF 
NORMLZ.NORML1,NORML2.SLD,SRB.HALF 
ST04,ST05,ST06,STO,LD,SRD 
TEMP4,TEMP5,TEMP6,ACl,AC10,AC2,AC20 

*H DECIMAL TO BINARY 
't .. 'I' .. ,. .. ,. " " .... 'I' ........ ,. 'I" .... ., ., " " 't .. ,. .. ,. ., ., .... 'I' ., " ,. ......... ., 'I' ,. ,. .. ,. .. 'I 'I " .. 'I .. 'I .... " 'I ., .. 'II ., ., ., 'I' 'I' .. OS",. .. ,. 
1r7777'17'17'17'1"""""71177""""77"'7"''1'''"""'77'1"""""" 

DECIMAL TO BINARY CONVERSION 
INPUT: IX POINTS TO OUTPUT AREA 
OUTPUT: IX POINTS TO FL PT NUMBER 
ERRORS: NO DIGITS IN FRACTION PART 

NO DIGITS IN EXPONENT 
EXPONENT OVERFLOW 
EXPONENT UNDERFLOW 

REGISTER ASSIGNMENT IN MAIN LOOP: 
C DECIMAL EXPONENT 
B 

f~ 
AT 

- FLAGS: BIT 6 - DIGITS FOUND 
BIT 7 - FRACTION OVRFLW 

- NEW DIGIT 
- SIGN IN BIT 7 

, ., 'I ,. 't .. " .... ,. It" .... ., ,. ,. .. ., ., 'I ...... ,. .... ., 'I' ., " " ., ,. ,. ., " .. 'f 'I' '" .... ., 'I 'I .... ,. ,. ,. 'I ., ,. ., ., ...... 'f ,. .. ., 'I ., ., 'I " .... '1/ .... 

"""".,""'7"""""",7"",,'7771'117177717177'1'7""'1'''''''''''''' 
DTOB 

LOOP 

DiD 
D20 

D3D 

CALL LMA~:K 

CALL ZE "~O 
}{ 0 F.: A 
LD F3. A 
LD C,BOH+13 
E >< AF,AF' 
CALL LIN 
CP '+ ' 
J F.: Z,D1D 
CP , ._ 'I 

,IF.: NZ,D20 
E" (, AF,AF' 
OF.: 80H 
EX AFrAF' 

TO PIWCESS CHAF.:S 

CALL LIN 
CP 7 , . 
,.I I<~ Z , DitO 
C{~LL DIGIT? 
,) F.~ C,D50 
SET 6,B 
BIT 7,B 
,) F.: NZ,D3D 
CALL eNV 
JP 010 
INC C 
,JP Dl0 

MARK BEGINNING OF 
CL.EAI<~ r;:~ESULT 

CLEAR A 
CLEAR FLAGS 
IN IT EXPONENT 
PUT AWAY SIGN 
GET FIRST CHAR 

SIGN IC .... , + 

NO SIGN 

FL.AG NEGATIVE SIGN 

BEFORE DECI!1AL POINT 

GET I~E}n CHAR 

DECML PT FOUND 

NOT A DIGIT 
FLAG DIGIT FOUND 

OVERFLOW 
CONVEfH THH; DIGIT 

INC DECML EXP 

LOOP TO PROCESS CHARS AFTER DECIMAL POINT 

D ii-O CALL LIN GET NE>n CHAF.~ 
CALL DIGIT? 
" F~ C,D50 NOT A DIGIT 

!3CAN 

• 
• 
, 
• 
c 

• 
• 
• 
t 

t 

• 
• 



• 
• 

• 
• 
« 

I 

I 

I 

I 

c 

• 

• 

, , 

SET 6,B 
BIT 7,P., 
JF.: NZ,DLtO 
DEC (: 
CAL.L CNV 
.)P D ItO 

FLAG DIGIT FOUNO 

OVEF.:FI..OW 
DEC OECML E}{P 
CONVERT THIS DIGIT 

CHANGE FRACTION TO FLOATING POINT FORMAT 

D~.iO BIT 
JP 
LD 
CALL 
J F.: 

6,B 

LD 

Z, LF~EST 
(SAVE) ,A 
NOF.:~1L l 
Z,Dl30 
I~, (SAVE) 

PF.:OCESS E}{PONENT 
f<:EG I STER:3; 

B - BIT 7 IS SIGN 

NO DIGIT::; FOUND 
SIWE THIS CHA~:: 

ZERO FRACTION PART 
GET CHAR AGAIN 

BIT 6 IS DIGIT-FOUND FLAG 
BIT 5 IS DIGIT-OVERFLOW FLAG 

C IS EXP FROM FRACTION PART 
HI.. IS ACCUM FOR D-TO-B CONVERSION 

LD 
i.D 
CP 
J 1<: 

HL,O 
B rl. 
'E'-'O' 
NZ,D90 

CONVEIH SIGN 

CALL LIN 
CP , + ' 
J F:: Z,D60 
ep t '" .. r 

J 1<: NZ,D70 
SET 7,B 

CONVE F::T DIG IT:::; 

INITIALIZE REGISTERS 

NOT AN 7E' 

NO SIGN 
FLAG NEG SIGN 

D60 
070 

C{~LI.. 

CALL 
LIN 
DIGIT? 

; 

~JR 
:;:;ET 
BIT 
.J F;: 
CI~LL 
LD 
AND 
JP 
SET 
JP 

C,DBO 
6,B 
5rB 
NZ, fHOO 
Mi;D 
A,H 
{; 
Z,D60 
5 ! f~, 

D60 

NOT A DIGIT 
FLAG DIGIT FOUND 

OVER OR UNDERFLOW 
CONVERT THIS DIGIT 
CHECK FOR OVERFLOW 

HI.. < 2~.i6 
!3ET FLAG 

TEST FOR ILLEGAL EXPONENT PART 

OBO BIT 6,B 
JR i?,D120 NO DIGITS FOUND 

CONVERT HL ACCUM TO 2'S COMPLEMENT 

( 

• 
c 

t 

• 

• 



• 
• 
• 

• 
• 
• 
• 
• 

• 

« 

• 
• 
• 

D9D BIT 7,P. 
J F.: Z,D92 ::; I GN 1'-' .::. -I-

E}{ DE,HL 
I..D HL,(I 
AND A 
SBe HL,DE 

ADD PREVIOUS EXPONENT (e) 
CHECK FOR OVERFLOW 

092 tD B,O 
AND i:":j 

ADe Hl..,BC 
,JP Z, UNDEf<: 
!. [) A,H 
AND A 
,J F.: NZ,D96 

:::;T 01':1: SIGN AND E}{PONENT 

EX AF,AF' 
OR (IX) 
LD ( I X) , A 
LD (U{+7) ,I.. 
-.IF' I':TN 

DETERMINE SIGN OF EXP 

096 BIT 7,H 
,)R DI05 

; FINISH SCANNING DIGITS 

DlOO CALL. LIN 
Ci~LL DIGIT? 
JF~ NC,DlOD 

ADD TWO EXPONENTS 
UNDF:RFI..OW 

EXP < -128 OR > 177 

GET SIGN 

STORE SIGN 
STORE EHP 

FINISH SCANNING DIGITS 

DIGIT IS FOUND 

DETERMINE FROM SIGN BIT WHETHER OVER OR UNDER 

BIT 71,B 
01()5 ,II': NZ,DllD 

CALL OVER 
,} P I':TN 

DltO CALL UNDEF~ 
,JP InN 

I L I.. EGA I... N U t1 P. E F~ 

0120 LD HI.., EF.:F.:OF.: 
SET 77 Oil..) 
,) P F.:TN 

ZEF.:O 

Dl~W CALL ZEF.:O 
,)F' RTN 

SCANNER ROUTINES 

SIGN H; NEGf\TIVE 
FL.AG ERROF.: 

FLAG EF.:I':Ol': 

• 
• 
• 

• , 
• 
• 
• 
• 

• 
• 

• 



( 

• 

• 

• 
• 
• 
• 

•• 

• 

• 
• 

~:TN CALL LBACK BACK UP POINTER BY 1 
GO TO SPECIAL RETURN ,JP f?C2 

DIGIT? ROUTINE CONVERTS ASCII CHAR TO 0-9 VALUE 
RETURNS CY ON IF NOT A DIGIT 

DIGIT? SUB '0' 
RET C WAS -( 30H 
CP 10 
CCF CY SET IF > 9 
RET 

CNV ROUTINE TO MULTIPLY DECIMAL ACCUM 1 BY 10 AND ADD 

CNV CAll SlD SHIFT A INTO ACCUM 
LO A,(IX) GET HIGH BYTE 
AND A 
RET Z -( 13 DIGITS 
SET 7,B FLAG DIGIT OVERFLOW 
RET 

*H BINARY TO DECIMAL 
... ., ... '1'1 ............... "" ........ ., ..... " ............. '11 ... """ .......... " ....... ,. .... " ...... .,., .. . , 1 ,. , , , ,. , f f ,. 1 , , , , , J , , J , , , 7 1 , , :r , , , 7 , , , .. 1 , , , , , , , , , , , , , , , , , , , I' , r r , , , , , , , r 'I r 7 

BCD TO DECIMAL CONVERSION 

INPUT: IX PTS TO FL PT NUMBER 
HL PTS TO OUTPUT AREA 

OUTPUT: FL PT NUMBER IS MODIFIED 
OUTPUT AREA IS 19 BYTES: 

1 SIGN (SPACE OR -) 
13 DIGITS OF FRACTION 
:I. liE II 
1 SIGN OF EXPONENT (+ OR -) 
3 DIGITS OF EXPONENT (LEADING ZEROS) 

EXPONENT IS FOR DECIMAL PT AFTER FIRST DIGIT 
A IS 2'S COMPLEMENT EXPONENT (-128-(=A-(=126) 

.. .. 'II .. ,. " .. ,. ... .. .. .. .. .. .. " .. ., .. 'W ., " ., .. 'I 't .. 't .. .. .. .. '" .. .. ., .. '" or .. .. ,. " " .. " ., 'It ., ., .. ., .. .. ., 't .. .. ., " .. ., ., .. 't .. ., " .. ., .. ., 

""""""""''''''''''''''''''71''''7''''''''''''", """"""""" 
; CONVEIH SIGN 

BTOD BIT 7,(IX) 
LD ( HI..) , , , 
J 1': 2,BD10 
LD ( HL ) , , - , 

BOLO INC HL 

UNPACK FRACTION PART 

EX OE,HL 
CALL :=3 l.D 
LO B,13 
1.0 A, , 0' 

BD20 CALL Sl..D 
LD ( DE ) , A 
INC DE 
DJNZ BD20 

TEST SIGN 
DEFAULT SIGN 
+ SIGN 
- SIGN 

OUTPUT PTR IN DE 
SHIFT OUT SIGN eYTE 
COUNTER 

GET A DIGIT 
OUTPUT IT 

COUNTEI': NOT 0 

CONVERT EXPONENT SIGN, GET SIGN MAGNITUDE EXP 

• 
t 

t 

t 

t 

• 
• 



• 
• 

• 
• 
• 
• 
• 
• 

c 

c 

•• 

• 
• 
• .' 

F.: }( 
LD 
INC 
LD 
LD 
AND 
J F!: 
SUB 
JR 
LD 
NEG 

DE,HL 
( HI..) , , E ' 
HI.. 
( HL ) , , + ' 
A,(IX+7) 
A 
Z,BD30 
81H 
NC,BD30 
( HI.. ) , , - , 

OUTPUT PTR IN HI.. 

DEFAULT SIGN 
GET BIASED EXP 

ZERO EXPON 
REMOVE BIAS, DECR BY 1 
POSITIVE EXP 
- SIGN 
CALC MAGNITUDE 

CONVERT HUNDREDS 

BD30 INC HI.. 
LD (HL), '0' DEFAULT DIGIT 
CP 100 
JP (':,8040 EXP <: 100 
LD ( HI.. ) , , 1 ' 
SUB 100 

DIVIDE BY 10 

BDltO INC 
LD 
LD 

BD50 SUB 
INC 
JR 
ADD 
LD 
INC 
OF!: 
LD 
LD 
SUB 
RET 

HL 
B,2FH 
C,10 
C 
B 
NC,BD50 
A,C 
( HI.. ) , B 
HI.. 
' 0' 
(HL.),A 
A,(IX+7) 
80H 

QUOTIENT COUNTER 
DIVISOR 
SUBTRACT 10 
INC G!IJOTIENT 
RESULT NOT NEGATIVE 
RESTORE REMAINDER 
STORE QUOTIENT DIGIT 

STORE REMAINDER DIGIT 
GET EXPONENT 
I<:EMOVE BIAS 

'lI-H RND 
'I ~ ,. ,. 'I 't ,. " .. .. 'I .. " .. ., .. .. ... .. 't 'It .. ,. ,. .. ., ., ,. ., ,. ,. ,. ., ,. ., ., ., .. .. 'I 'I " 'I ., ., ., .. ., 't .. .. 'I 'I ... .. .. ., 'I .. .. .. .. 'I ., 'I 'I " 'I .. .. ., .. 

""F177""7"""""""""'I","""7'7""""",7"."""""""" 

RANDOM NUMBER GENERATOR 

INPUT; IX PTS TO OUTPUT/WORK AREA 
SEED CONTAINS PREVIOUS RANDOM NUMBER 

OUTPUT~ IX PTS TO RANDOM NUMBER 
SEED CONTAINS NEW NUMBER 

ERRORS; NONE 
ALGORITHM; ARITHMETIC DONE MODULO 10.13, 

X ;= 3141592653581 * X + 2718281828459 
RESULT IS DIVIDED BY 10.13, AND NORMALIZED 

""'1., • .,., .... ., ........... "'1'1., .. ., .. .,,, .. .,,, ... .,..,.,.., ... '1',. .. ., .... ,. .. ., • .,"' •• '1 ................... 'W.'1" .. ., .. ., •• 

""""'177717"""""""""'1'1'1""7""'"'''''''''' """"""""" 

; INITIALIZE REGISTERS 

RND LD IYrCRNDA PT TO MPLIER 
PUSH IX 
POP DE 
LD HL,6 
ADD HLrDE PT TO LS BYTE OF (IX) 

• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
c 

c 

I 

• 
I 

• 
• 
• 
• 



{ . ' 
• 
• 
• 
• 
e' 

c 

C: 

• 
c 

•• 

c 

• 
• 
• .' 

\ 

LD 
LD 
CALL 
(: AI, L 
LD 
,IF' 

(SAVE),HL 
HL.SEED 
MDTl . 
7.FI':O 
B,7 
RN2D 

SAVE FOR MLDIG 
PT TO LAST NUMBER 
SAVE MULTIPLES IN 
ct" EAR WORK AI':EA 
SET MULTIPLY LOOP 

TEMPO,··3 

COUNTER 

MULTIPLICATION, USING (IX) AS ACCUM, (IY) AS 
MULTIPLIER, (SEED) (SEED=IY-8) AS PRODUCT 
MULTIPLY BY 31415 92653 581 (CRNDA) 

RN1D PUSH AF SAVE DIGIT SHIFTFD OUT 
CAL.L ML.DIG MULTIPLY BY 2ND DIGIT 
XOR A 
CALL t.;RD SHIFT ACCUM fUGHT 
RLA PUT DIGIT IN HIGH 4 BITS 
RLA 
RL.A 
RLA 
AND OFOH 
LD C,A SAVE UPPE~: DIGIT 
POP AF GET LAST DIGIT 
OF,: C COMBINE 
LD (IY-i),A STORE IN SEED 

RN20 LD C.(IY+6) GET NEXT =~~ MPLJER DIGITS 
DEC IY DECR PTR 
CALL MLDIG MULTIPLY BY 1ST DIGIT 
XOR A 
CALL SRD SHIFT ACCUM RIGHT 
D,JNZ RN10 
tD <IY-1),A STORE LAST DIGIT 

ADD 27182 81828 4~j9 (CRNDC) TO (SEED) 

LO B,7 LOOP COUNTE~: 

LD HL,CRNDCO PT TO CONSTANT 
LD DE,SEED10 PT TO LS BYTE OF SEED 
AND A CLEAR CY 

ADD LOOP . , 
RN:~O LD A. (DE) GET 2 DIGITS 

ADC A, ( HU ADD 2 DIGITS 
DAA 
LD <DE) ,A STORE SUM 
DEC DE 
DEC HI. 
DJNZ RN30 COUNTER NOT 0 

SCAl.E AND NORMALIZE RESUl.T 

INC DE PT TO MS BYTE 
AND OFH CLEAR SIGN DIGIT 
LD (DE) • A 
EX DE,HL PUT PT~: IN HL 
CAl.L LD COpy SEED TO (IX) 
tD C,80H SET EXPONENT 
CAL.L. NORML.l NORMAL.IZE 
RET 

'l " ... 'It 'It ., " . ., ., ... ., • ... ... ., ., ... 'It 'It ., 'It .. ... ., .. " .. ... .. ., .. 'It ,. 'It ., ., .. ., ., 'It .. ., ., .. .. " .,. ., ., ., 'It ., .,. ., .. " ., .. 'I' ., .. 'f ., .. If .. 'If 'I 'It .. ., ., 
, J , '1 t f f 1 , , , ,. ,. ., '1 , , ,"., , , , , f , , , ,. , , , , ,. , , ,. , , , '1 , ,. , , , ,. , , , , , , , , , , po , , , , , , , , , , , , , , '1 

• 
• 

• 
t 

t 



• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• 

• 

• 
C; 

" 

• 

.' 

F::ANDOMIZE USES REFRESH REGISTER TO MODIFY SEED 

..... "" ... " ... ., ••• " ........ "" ....... " ................ "" ...... " ..... , ...... ., ..... '1'1'1 ............ .. 

fr1""""""""''''''''''''''''''''''''''''''''''''""""""".,.", 
RANOMZ LD A,R 

A 
GET REFRESH REGISTER 

OR 
DAA ; CONVERT TO DECIMAL 
LD (SEED10),A 
RET 

*H INT 
.. "", ..................... " ....................... .,.,., .... " ..... "',. ............... ., .......... ., ................. ., .... .. 
"""""""""""""""""""""""""""""'I"""""'" 

; INTEGER FUNCTION -- FLOOR FUNCTION 
INPUT,OUTPUT: IX POINTS TO FL PT NUMBER 

... .,,. ............................. .,., •• ,. • ., ......... '1 .... ,, .................... ,, ..... .,., ........ ,. ............ .. 

"fr"""'""""""""""""""""""""","~"~,"~"~"~"~"~"~, 

INT XOR A 
CP (IX+7) 
RET Z X WAS ZE!':O 
LD A,8DH 
SUB (IX+7) # DIGITS IUGHT OF PT 
RET C X ~) :: 101-13 
RET -. 

l., X )= 10 1'12 
CP 13 
\' R NC,INT40 X < 1 
I..D B,A 

SET POINTEF:: TO 1ST DIGIT RIGHT OF PT 

LD A,14 
SUe. B 1+# DIGITS L.EFT OF PT 
LD E,A 
SRL E # BYTES TO SKIP 
LD D,D 
PUSH IX GET PT!': 
POP HI.. 
ADD HL,DE 

CL.EAR FIRST DIGIT IF A If; ODD 

AND 1-

\' F:: Z,INT10 DEC PT IS BETWEEN BYTES 
LD A, (Hl) GET BYTE WITH DEC PT 
LD C,A SAVE !':IGHT HALF 
AND OFfJH CLEAR RIGHT HALF 
LD (HL) , A REPLACE IT 
INC HL 
LD A,C GET RIGHT HAL.F 
AND OFH 

CLEAR REMAINING BYTES. OR-ING EACH INTO A FIRST 

INT10 S!':L e. CALC # BYTES 
JR Z,INT30 NONE TO CLEAR 

INT20 OR (HI. ) 
LD (HU 10 
INC HL. 
DJNZ INT20 

POSSIBLE CORRECTION FOR NEGATIVE NUMBERS 

• 
• 
• 
t 

• 
• 

• 
• 
• 
t 

• 

• 



• 
• 
I 

• 
• 

• 

I 

•• 

I 

(" 

INT30 BIT 7,(I}C) 
PET Z 
AND A 
~:E:T Z 
LO 1Y,C1 
C AL.L S;UB 
RET 

POSITIVE 

INPUT WAS AN INTEGER 

SUBTRACT 1 TO CORRECT 

x < 1, NONZERO: OUTPUT 0 IF +, -1 IF -

INT'tO BIT "/,(IX) 
JP Z,ZERO POSITIVE FRACTION 
CALL ONE 
SET 7,(DO 
PET 

NEGATIVE 1 

*H SHORT FUNCTIONS 

BRK SEPAPATES INTEGER AND FRACTION PARTS 

B F.:K 

INPUT: DC PTS TO )( 
OUTPUT: IX PTS TO FRACTIONAL PART OF X (POSITIVE) 

HL CONTAINS Z'S COMPL INTEGER PAPT OF X, 

LD 
PUSH 
Cf:H .. L 
CALL 
LD 
CAL.L 
PU:~;H 

LD 
CALL 
POP 
E )( 
POP 
E" /\ 

RET 

LOW ORDER 16 BITS VAl.ID IF X < 10+13 
CY SET IF INTEGER WON'T FIT IN 16 BITS 
Z SET IF EXACT INTEGER 
A' IS ORIGINAL SIGN 

A,(1}n 
AF 
ST04· 
INT 
I Y , TEt1P4 
f<:SUB 
IV 1\ 

IX,TEMP4 
FIXA 
IV I'. 
AF,AF' 
AF 
AF,AF' 

COpy }{ 
TAKE INTEGEP PART 

CALC. FRACTION PART 
SAVE r:'TF.: 

CALC. BINARY INTEGER PART 

GET ORIGINAL SIGN 

.. ,. 'f " 'J ,. .. .. " .. " " ,. .. \' ,. ,. .. .. .. ,. ., ,. 't ,. , ., "" ., ,. 'I ,. " 'I' .. .. .., ,. '" ., 'V " 'I .. " '" ,. y .. ., ., " ,. .. .. .., \" .. ,. .. .. ., " .. ., ,. ., " .. ,. ,. .. 
1 r ~' , , , )' 1 ,. r , ,. )' , r '1 f :r , , 1 , , '1 7 f ,. 'I ,. ., 'I 'I , , , , , , ,. , , , '1 , J , , ,. ,. , , , , , ,. , , '1 , , , 7 , 'I 'I , , ,. , , ,. , 

ABSOLUTE VALUE FUNCTION 
INPUT,OUTPUT: IX POINTS TO FL PT NUMBER 

'f ., ., .. ,. ,. ,. " 'I 'I " ,. .. ,. 'II .. ,. ., " ,. ., ., ., ,. ., ,. ., ., ., ., ., 'I ., ., ., ., " .. ., ., .. ., .. ., ., OJ .. ,. ,. ., .. ,. ,. ., ,. .. .. , 'I " ,. ., ,. ., 'I ., ., ,. .. " 'I ,. 

""""'7"""""""""""''1','7'77'11'''''17'1'171'1771'1'!'1'177'1'77'1"7' 
RES 7, ( DO 
F.:ET 

; TUPN OFF SIGN BIT 

" ,. ,. " , " 'It ., " " " , " ... " " ., " .. " .. " ,. • ., ., ,. ., ., .. .. " " " " .,. " " " 'I 'I " ., " 'It 'It " .. ., " .. .. ,. " .. ., ... ., 't .. ., ., " ., 't " " " 'l 'II " " 
71'1!7fY'1',fr1'11""fff""7f7777f777'1'l771,J177'l'l"f"',7'11'77717777771 

SIGN FUNCTION 
INPUT,OUTPUT: IX POINTS TO FL PT NUMBER 

., .. " ,. ,. ., 11 " 'I 'I " " ., .. , 'I ., ., " ., 't .. " " " '¥ ., ., .. " ., ., ., ., ,. ., ., .. " " ,. ., .. " " ,. .. .. " ,. ., " .. .. .. " .. 'I ., " .. 'I 'I ... ., .. ., " 'I .. ., .. 
,. '1 '1 ., 't '1 '1 7 r 'I '1 '! 'I 'I 1 1" 7 , , 1 '1 7 1 1 '1 , ., '1 , 7 , r , , , f 7 'f 1 f '0 I I f ,- 7 , 'I , 7 f ,. , ., f 7 J J J J , J J f f 7 J f J }' , J 

~::;GN ){ 0 F.: A CLEi~P A 
CP (IX+7) 
RET Z ZEIW INPUT IC ~ ..... NOP 
LO A, (no GET SIGN 

( 

• 
• 
c 

t 

• 
t 

• 
• 



• 
• 
• 
• 
• 
• 

AND 
CALL 
OR 
L.D 
RET 

BOH 
ONE 
(IX) 
(IX),A 

OUTPUT 1 

SIGN OF INPUT 

, ............... " • ., ... ., .......... , .... .,.,,,'1,, ........ ,, ........ ., ............. ., .............. " ...... . 
'7"""""""1""""""""""""""""",,, ."""""""""""., 

NEGATE FUNCTION 
INPUT,OUTPUT; IX POINTS TO FL PT NUMBER 

., .. ., . .,,..,.,., , ... ., ..... , . ., .... ,. ."'. ,.., ... .,., ........... , ... .,., .. .,., ..... ., .. .,., ....... ., ..... ., ., . ., ... ., ........ " 
""r"""""""".""""""""",.".""""",r""".""""""", 
NEG LD 

XO": 
1 .• 0 
RET 

A,(IX) 
BOH 
(IX) , A 

*H INTEGER ADD AND SUB 

GET SIGN BIT 
COMPLEMENT IT 

; RESTORE 

.. ,..,,. ........... ., •• ., •••••• ,. • ." .... ." • ., • .,.,,. ......... .,,. .. .,,. .. "''V •• " ••••• ., .. .,., .... 't • .,., 

""""""""""""""","""""",""""",",""",,,,,,,," 

.: IADD, ISUB INTEGER ADD AND SUBTRACT 

• 
• 
• 

• 
• 
• 
• 

INPUT; IX PTS TO X 
IV PTS TO Y 

OUTPUT; IX PTS TO SUM OR DIFFERENCE 
ERRORS; OVERFLOW (POSITIVE OR NEGATIVE) 

, • ., • .,.,.,., • .,.,., ..... " ...... .,ow" ...................................................... " .... " .,.,., .. '1." .... ".'1 ....... . 
"""""""""""""""""""""""""'77"""""""""" 
IADD CAl.L ASl.OAD LOAD ARGUMENTS 

ADC Hl.,DE 
JP PO,ASSTO NO OVERFl.OW 

ASOV ,jp P,NINF OVFLW SIGN POS 
,JP PINF 

I SUB CALL ASl.OAD LOAD Af<:GUMENTS 
SBC HL,DE 
JP PO,ASSTO NO OVERFLOW 
,)R ASOV 

ASLOAD l.OADS ARGS TO HL, DE, RESETS CV 

ASI...OAD tD 
tD 
LD 
LD 
AND 
RET 

H,<IX+1) 
L,(I}{) 

l),(IV+l} 
E,(IV) 
A 

ASSTO STORES HI.. AS RESULT 

ASSTO LD (IX),l. 
LD (IX+1),H 
RET 

*H INTEGER MULTIPLY 
" ...... ".,,, .. ., .. ,,,, ...... ,, .. ,, .. ,, .... ,,."I .. "I.'It ..... "I"t"l"l"l'l .................... ,, ............................. . 

",''1''11'.'''''''''''''''''''''''''''1'1'''''''''''''''''' """"""""" 

IMUL INTEGER MULTIPl.Y 

INPUT: IX PTS TO X 
IV PTS TO V 

OUTPUT; IX PTS TO PRODUCT 
ERRORS; OVERFLOW (POS OR NEG) 
REGISTEf<:S: ,DE IS MUI.. TIPLICAND 

• 
• 

• 
• 
c 

I 

• 
• 
c 

c 

• 
• 
• 
• 
411 

411 

• 



• 
• 
• 
• 

•• 
• 

.' 
•• 

.: 
• 

.' 
c' 

AC IS MULTIPLIER AND ACCUM EXTENSION 
HI ... IS ACCUM 
B IS LOOP COUNTER 

............. ., ................................ ., ..... ., ......... '1 ....... , •••••••• " .... .. 

"",r"",.""""""""""""""""""""","r""""""", 
IMUL CALL MDLOAD 

LO A,B 
; LOAD ARGS 
; X IN AC 

16 BIT BY 16 BIT UNSIGNED MULTIPLY 

L.O 
LD 
R 1': A 
RR 

IMI0 ~J/,: 

ADO 
IM20 RI': 

RR 
RRA 
RR 
DJNZ 

HL,O 
B,16 

C 
NC,IM20 
HL,DE 
H 
L 

C 
IM10 

CLEAR ACCUM 
SET COUNTER 
INITIALIZE CAf.~F~Y 

MPLIER BIT IS ZERO 
ADO MUl.TIPLICAND 
ROT ACC-MPLICAND INTO CY 

; COUNTER NOT 0 

TEST FOR > 16 BIT PRODUCT 

LD 
LD 
OR 
JR 

TEST FOR 

MDSTO E\I .1\ 

AND 
J 1': 

NEGATE BC 

LD 
SBC 
,II.: 
JP 

MDSI0 LD 
LD 
RET 

. TEST FOR , 

MDS20 BIT 
J r.:: 
LD 
LD 
RET 

BrA 
A,H 
L 
NZ,INF? 

>15 BITS, 

AF,AF' 
BOH 
Z,MDS20 

HL,O 
HL,BC 
2,MDSI0 
P,NINF 
(IX) ,L 
(IX+1),H 

> 15 BITS 

7,B 
NZ,PINF 
(IX),C 
(IX+1),B 

AND 

PRODUCT IN BC 

OVEf<:FLOW 

STORE RESULTS 

GET SIGN OF RESULT 

POS f<:ESUL T 

RESUl.T WAS ZERO 
NEGATIVE OVERFLOW 
STORE f<:ESUL T 

POSITIVE OVERFLOW 

INF? CHECKS SIGN BIT IN A' 
PINF PRODUCES POS OVERFLOW 
NINF PRODUCES NEG OVERFLOW 

IDVO 

INF? 

LO HL ,ERROf<: 
SET 4, (HU 
EX AF,AF' 

FLAG ERROR 
GET SIGN BIT 

( 

• 
I 

I 

41 

t 

• 
• 

• 
• 
• 
• 
• 
41 

41 

• 
• 



• 
• 
• 

• 

• 
• 
• 
• 

•• 

• 

• 

• 
• 
• 

AND 80H 
J f<: NZ,NINF NEG SIGN 

PINF LD (IX),OFFH RESULT IS 7FFFH 
LD (IX+1),7FH 
dR FINF 

NINF l.D (IX) ,0 RESUL.T IS 8000H 
LD (IX+U,80H 

FINF to HL,ERROR 
SET 6, ( HI.. ) FLAG ERROR 
RET 

*H INTEGER 'DIVIDE 
""<t ...... OW" ........... ""' ...... ""'I't"" .... " ........ ".,,, .... ,, ............. ,,,, ...... .,,,,, ...... " .......... ., •• 
"""","""""''1'1'''''''''1'''''''''''''''''''''''' "".""""""" 

IDIV INTEGER DIVIDE 

INPUT; IX PTS TO X 
IY PTS TO Y 

OUTPUT; IX PTS TO X/Y 
ERRORS; Y IS ZERO 
ALGORITHM; NON-RESTORING DIVISION, 16 BY 15 
REGISTERS; AC IS DIVIDEND, ACCUM EXT 

DE IS DIVISOR 
HI.. IS ACCUM, REMAINDER AT END 

"" ............ .,., .... "" ....... .,,, ... .,.,.,"' ..... ., .... ., ... ,,.,,. ........ .,.,.,., .. ., ...... .,.,.,.,.,., ... ., ..... ., . . """""""""""""""""""""""""",""""""""" IDIV 

16 

lDV10 

lDV20 

lDV30 

lDV40 

IDV50 
IDV60 

BIT 

CALL 
LD 
OR 
JR 
LD 

BY 

LD 
1..0 

RL 
RLA 
ADC 
sse 
CCF 
,JR 
D,JNZ 
,JP 

RI.. 
IH..A 
ADC 
AND 
ADC 
" R 
,)R 
DJNZ 
RL 
Rl.A 
LD 
,JP 

MDLOAD LOAD ARGS 
A,D 
E 
Z. IDVO DIVISOR IS ZERO 
A,B X IN AC 

15 BIT UNSIGNED DIVIDE 

HL,O CLEAR ACCUM 
S,16 SET COUNTER 

0 {= HL ,." 
'. DE 

C ROT Aee~·RESULT LEFT 

HL,HL NO CY POSSIBLE 
HL,f)E SUB DIVISOR 

CALC RESULT BIT 
NC,IDV50 ACCUM WENT NEGATIVE 
IDViO COUNTER NOT 0 
IDV60 

-DE {= HL <: 0 
C RO ACC-RESULT l.EFT 

Hl.,HL 
A TURN OFF CY 
HL,DE ADD DIVISOR 
[:,IDV30 ACC:UM WENT POSITIVE 
Z,IDV20 ACCUr1 BECAME ZERO 
IDV40 COUNTEf<: NOT 0 
C SHIFT IN L.AST RESUl.T 

B,A QUOTIENT IN BC 
MDSTO STORE RESULT 

MDLOAD LOADS X INTO BC, Y INTO DE 
TAKES ABS OF EACH, STORES XOR OF SIGNS 

BIT 

• 
t 

t 

• 
• 
t 

.t 

• 

• 

• 
t 

• 

• 



( 

• 

« 

• 
c 

• 
• 
« 

• 

• 

• 
• 

IN A • 

MOI..OAD tD 
LO 
LD 
AND 
\,11': 

NEGATE X 

LO 
sse 
to 
to 

LOAD Y 

MOLlO I ... [) 
LO 
X OF.: 
EX 
BIT 
RET 

NEGATE Y 

l.D 
AND 
SBC 
EX 
RET 

*H lABS AND 

B.(IX+i) 
C,(lX) 
A.e. 
BOH 
Z,MDL10 

HL,O 
HL,BC 
B,H 
C,L 

O.(IY+1) 
E,(IY) 
0 
AF,AF' 
7,0 
-, 
l~, 

HL..Cl 
A 
Hl.,DE 
OE,HL 

lSGN 

LOAD X 

; X IS POSITIVE 

FORM SIGN OF RESULT 
SAVE IT 

Y IS POSITIVE 

......................... , .. " .................. " ..... ,. ... ,.., ............. ,,,., ..... ., ......... " ............ , . .,.,.,., 
"1'1"r7'17'7,""''177''''''''''''''''''''''''''''''''''""""""""'1'1 

i lABS, INEG 

.... , .... .,.,., ..................... ., ................... .,., ............ ., • .,., ...... .,., ..... " ........... .,., .. .,., ...... T"I,. 

".,7,1,7"""""""'7"""""""",,,,'1,"""'""'I""""""", 
lABS BIT 7,(IX+i) 

F.:ET 2 X IC' .",' POSITIVE 
INEG LO D,(IX+l) LOAD X 

L.O E,(IX) 
LD HL.O NEGATE X 
AND A 
SBC HL,DE 
JP PE,NINF NEG OVERFLOW 
to <IX+1),H STORE X 
LD (IX),L 
RET 

,,,,, .... .,., ........................... ., ...... ., ...... ,,,,.,, .............. ,,,.., .... ., ........ " .. .,.,." ......... .,., 
"""""""""""""""""""""""""""""""""""" 
i 18GN 

'l .. ~ 't 't .............. 't ............ " .. ,. .. " " 't ..... ., ............ 't .. " ,.. ., .... 'I ., 't .... ,. ., ., ., ,. ., ., ,. ., .... 'I ,. .. 't .. ., ............ .. 

'1'1""'1"""""""""""""""""'1""""'" """"""""" 
ISGN LD A,(IX+l) GET SIGN 

BIT 7,A 
J~: 2,18G10 }{ IS NON NEG 
L.O (IX),OFFH STORE -1 
LD (IX+l) ,{)FFH 
RET 

ISG10 OR <IX) 

( 

• 
( 

• 
c 

I 

• 
t 

• 
• 
• 

• 
• 
c 

• 
• 
• 
• 



• 
• 
• 
• 
• 

• 
.-

• 
c 

• 

• 

• 
• 

RET Z 
LD (IX+1),1 
LD <IX).O 
RET 

}( IS ZEf':O 
STORE +1 

*H rcp 
'" ~,.,. ..... .,., .. 't"""."'1" ..... 't ....................................................... 't .... .... ., .......... ., ........... .. 

""r"""""""""""""""""""""""",""",""""," 

ICP INTEGER COMPARE 

RETURNS CV SET IF X < V 
RETORNS Z SET IF X = V 

... .,'11 ............................. ., ... .,.,., .. , .......... .,,,,, ........... .,., ...... ,, ......... ., ... ., ... .,.,., ... . 
""""""""""""""""""'11""""7'1"",,, """""",r"" rep LD 

L.D 
AND 
.JR 
BIT 
RET 
LD 
CP 
RET 
lD 
CP 
RET 

B,(IX+l) 
A,B 
BOH 
NZ,ICP10 
7,(IV+1) 
NZ 
A.B 
(IV+l) 
NZ 
A, <IX) 
<IY) 

GET SIGN OF X 

TEST SIGN. CLEAR CY 
X IS NEG 

Y IS NEG 

SIGNS ARE BOTH POS 

repI0 >WR (IY+l) TEST SIGN, CLEAR Z 
SIGN BIT INTO CY 
SIGNS DIFFEF.:ENT 

RLA 
RET C 
l.D A,B 
CP (IV+I) BOTH SIGNS NEG 
RET NZ 
LO A,(IX) 
CP (IY) 
RET 

REFEr.:ENCES 

EXTERNAL MULT.DIVI.ERROR,OVER.UNDER.SAVE 
EXTERNAL SEED.SEED10,CRNDA,CRNOCO 
E>nERNAL. SRD, tD. MI ... DIG, MOTl 
EXTERNAL ZERO,ONE,NORML1,SlD,SUB,C1.MAO 
EXTERNAL ST04,TEMP4.RSUB.FIXA 
EXTERNAL LMARK.LREST,l.BACK,RC2,lIN 
GLOBAL DT08,BTOO 
GLOBAl. RND,RANDMZ,INT,BRK,ABS.SGN,NEG 
GLOBAL IADD,ISUB,IMUL,IDIV.IABS.ISGN,ICP.INEG 

*H POWER 
.""., .......... .,., ....................... .,., ••• ., ............ " .. ., ................ "."" .... " ... 't" •••• 

"""""",."""""""""""""""""""",""""""""" 
X TO THE Y POWER 

INPUT: IX PTS TO X 
IY PTS TO Y 

OUTPUT: IX PTS TO X~V 

ERRORS: NONE DIRECTLY 
SPECIAL CASES: IF V IS 0, RETURN 1 
ALGORITHM: IF Y IS AN EXACT INTEGER -32768 <= V < 32768 

THEN USE A SEQUENCE OF SQUARING AND 
MULTIPLYING BV X TO PRODUCE RESULT 

OTHERWISE, RESULT IS EXPCY*LOG(X» 

• 
• 

• 
t 

t 

• 
c 

• 
• 
• 
c 

• 
• 

• 
• 
• 

• • 



• 
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t: 

f 

• 

,,,,, •• ,,"' ... ,, .. ,,, ...... ,, ........... ,. ..... ,.., .. \',, ............... '1'1, ... ,, ....................... ,. .... ., ........ .. 

J""",,"""""""""""""""""""""'"""""""""" . , 
; DETERMINE IF Y IS AN INTEGER 

POW 

FOR 

PUSH IY 
PUSH IX 
PUSH IY 
POP IX 
CALL FIXA 
POP IX 
Jr;,: Z,POWI0 

NON INTEGER Y, 

CALl. 
POP 
C Al.L 
CALL. 
RET 

L.OG 
IY 
MUL.T 
EXP 

TAKE 

SAVE PTR TO Y 
SAVE PTR TO X 
PT TO Y 

CONVERT TO INTEGER 
RESTORE IX 
Y WAS AN INTEGEr;,: 

EXP (YH.OG 00 ) 

l.OG OF X 
RESTORE IV 
MPY BY Y 
EXP OF PRODUCT 

Y IS INTEGER. SET UP FOR LOOP, GET MAGNITUDE 

POWI0 XOR A 
POP IY 
CP (IY+7) 
JP Z,ONE 
PUSH HL. 
BIT 7.H 
JR Z,POW15 
EX DE,Hl. 
LO Hl..O 
AND A 
SBC HL,DE 
EX ( SP ) • HI .. 
CALI.. REC 

POW 15 CALL ST04 
POP HI.. 
LO B,16 

; l.OOK FOR FIRST BIT 

POW20 PUSH BC 
ADD Hl.,HL 
J r.;: C.POW40 
POP BC 
D\.JNZ POW£~O 
,JP ONE 

SQUARE FOR EACH ZERO BIT 

CHECK FOr;,: 0 
RESTORE IY 

X TO 0 POWER 
SAVE Y 

Y I~; F'()~;ITI VE 
NEGATE Y 

SAVE NEGATED Y INSTEAD 
CAl.C l/X 
SAVE COpy OF X 
GET Y 
SET COUNTEr;,: 

SAVE COUNTER 
SHIFT Y LEFT 1 
1 BIT FOUND 
GET COUNTER 
COUNTER NOT 0 
THIS JUMP SHOUL.D NOT HAPPEN 

SQUARE AND MULTIPLY FOR EACH 1 BIT 

POW30 PUSH BC SAVE COUNTEr.: 
ADD HL,HL SHIFT Y LEFT 1 
PUSH Hl. SAVE V 
PUSH AF SAVE CV 
CALl. ST05 SAVE COPY OF ACCUM 
LD IY,TEMP5 
CALL MUl.T SQUARE X 

• 
t 

• 

• 

• 
t 

• 
t 

POP AF GET CY • • 
C t 
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• 
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• 

• 
• 
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• 
• 

J F.: NC, POW3~i WAS A 0 BIT 
C~)LL MULT'. MPY BY X 

POW3~i POP HL GET Y 
POW40 POP BC GET COUNTER 

D,,'NZ POW30 COUNTEF.: NOT 0 
RET 

IPOW POWERS FOR INTEGER ARGUMENTS 

IF-OW 

USES REAL POW ROUTINE BY FLOATING ARGS 
I N TEMPS, TEMPb, (UNUSED BY POW WHEN Y 
IS INTEGER), CALLING POW, AND FIXING RESULT 

PUSH 
LD 
LD 
l.O 
CALL 
POP 
PUSH 
L.D 
LO 
L.D 
CAL.L 
LD 
CAL.L 
CALL 
POP 
LO 
LD 
RET 

IX 
l.,(IY) 
H,(IY+1) 
IX,TEMPb 
FLOAT1 
IX 
IX 
L.(IX) 
H.(IX+l) 
1>(. TEMPS 
FL.OAT1 
IY,TEMP6 
POW 
FIX 
IX 
(IX).!.. 
(IX+i),H 

SAVE ORIGINAL PTR 
GET Y 

FLOAT Y IN TEMP6 
GET ORIGINAL PTR 

GET X 

FLOAT X IN TEMP5 
PT TO Y 
CALL REAL ROUTINE 
FIX RESULT 
GET OIUGINAL PH,: 
STORE RESULT 

'* H SI~UAF.:E ROOT 
't 't \ '" .. " ,. ,. ., " ., ,. .. ,. ,. '" ,. .. ... ,. ... ,. .. ., ,. .. .. " ,. 'J .. ,. ... .. '" .. ,. It' " .. .. ,. 't " ., .. ,. ., ., .. ., ., ,. .. .. .. .. ., ,. .. " 't .. .. .. .. " .. ., .. 't Y 

"Ii,.""""""""""""""""""""""""""""""",,7"'1' 

SQUARE ROOT FUNCTION 

INPUT; IX PTS TO X 
OUTPUT; IX PTS TO SQR(X) 
ERRORS; X IS NEGATIVE. RETURNS SQR(ABS(X» 
SPECIAL CASES: X IS 0 
ALGORITHM: INPUT IS SCALED TO .1 (= X ( 1 

BY REMOVING THE EXPONENT. HALF THE 
EXPONENT IS ADDED TO THE RESULT EXPONENT 
AND THE RESULT Xs MULTIPLIED BY SQR(10) 
IF THE ORIGINAL EXP WAS ODD. 
AN INITIAL APPROXIMATION IS GIVEN BY 
A 1ST ORDER POLYNOMIAL. AND IMPROVED TO 
REQUIRED ACCURACY IN 4 ITERATIONS OF 
NEWTON'S METHOD. 

............. " ... 'I'll .... " .. ",.,. ............ ".,., .... ".,.,,,,, ......... " ................. .,,. .... .,.,,,. .'t.'t .. 
""""""""'''''''''''''''''''7'''''''''''''''''''7,","77777""", 

l CHECK VALID ARGUMENTS 

LD 
OR 
Jf' 
BIT 
CAL.L 

A,(IX+7) 
A 
Z.ZEF.:O 
7, (IX) 
NZ, SI~ERR 

ZERO INPUT 

NEGATIVE INPUT 

SCALE BY STRIPPING EXPONENT 

• 

• 

• 
• 

• 
• 
• 
c 

• 
• 

• 
• 
• 



• 
• 
• 
• 
• 
• 
• 

c 

I 

I: 

• 
c 

• 

c 

PUSH AF SAVE ORIGINAL EXP 
lD (IX+7),80H' SET ZERO EXP 

CALC INITIAL APPROX 

CALL 
PUSH 
LO 
CALI .. 
POP 
LO 
CALL 

STOlt 
IX 
IX,TEMP4 
HALF 
IX 
IY,PSQOO 
ADD 

PERFORM 4 ITERATJONS 

to 8,4 
SI~HO PUSH Be 

CALL ST05 
LO HL,TEMP4 
CALL to 
LD IY, TEMP~j 
CAI...L DIVI 
PUSH IX 
LD IX,TEMP5 
CALL HAL.F 
POP IX 
CALL ADD 
POP BC 
D.JNZ SQI0 

SAVE X 

CALC X/2 IN TEMP4 

INIT APPROX. 

SAVE COUNTEI<: 
SAVE LAST APPRO X IN TEMPS 

GET X/2 

DIVIDe BY LAST APPROX 

DIVIDE LAST APPRO X BY 2 

CAL C NnJ APPROX 

COUNTER NOT .0 

CALC EXPONENT, SCALE RESULT 

POP 
. AND 

RI':A 
RR 
ADD 
LD 
BIT 
RET 

.1.0 
CALL 
RET 

AF 
A 

B 
A,40H 
(IX+7),A 
7,B 
Z 
IY,SQRI0 
MULT 

GET ORIGINAL EXP 

DIVIDE BY TWO 
SAVE CY 
CORI':ECT THE BIAS 
STORE IT 
TEST ODD OR EVEN 
ORIGINAL EXP EVEN 

MPY BY SQ":(10) 

SQUARE ROOT OF NEGATIVE NUMBER 

SQERR LD HL,ERROR 
SET 3,(HL) 
RES 7,(IX) 
RET 

*H EXP 

FLAG ERROR 
MAKE POSITIVE 

.,,, ..... ,, .... .,,, ............................. .,. ............... .,,,,,,, ....... ,,,, ... .,\" ................ .,.,,, .. ,, .. .,,. .. .,., .. .,.,. 
'7'1''17.,',1''''"""""".""""""""""""", """"""""" 

EXPONENTIATION ROUTINE 

INPUT: IX PTS TO X 
OUTPUT: IX PTS TO E+X 
ERRORS: OVER/UNDERFLOW IN HANDLING EXPONENT PART 
ALGORITHM: X;=X*2*LOG BASE 10 OF E 

( 

• 
• 
t 

t 

• 
t 

t 

• 

t 

t 

• 
t 

• 

• 
• 
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• 

• 
c 
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• 
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• 
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!::;AVE:::::: HIT (}{) 
X:=FRACTION PART(X) I 2 
X:=10~X, WHERE 0 (= X ( .5 
IF SAVE IS ODD THEN X:=X*SQR(10) 
X::::::X*10~INT(SAVE/2) 

THE APPROXIMATION TO 10~X IS GIVEN BY : 
(Q(X.2) + X*P(X.2» / (Q(X.2) - X*P(X.Z» 

WHERE Q IS 3RD ORDER POLYNOMIAL, P IS 2ND ORDER. 
REFERENCE IS "COMPUTER APPROXIMATIONS", HART, JOHN r. 

ET AL, FUNCTION NUMBER 1444 

" .. ,. .. ,. 'It .. 'It , .. .. 'I .. .. .. .. 'It ,. 'I .. .. ,. 'It " " ,. .. ., 'It .. ., .. ,. ., 'It 't ., .. " ., .. .. " ,. " .. , or ,. ,. ,. ,. ., ~ ,. .. ., 'I: .. .. ,. .. ,. ,. .. ,. .. 'I: ,. ,. .. .. 

1'177777777717777717""'''''''''7777''7717''777777'''',",,'1"'7'1777'1'1'17' 

EHP I...D IY,LOGE2 ; MULT BY 2*LOGI0(E) 
CALL MULT 

GET 8 BIT 2'S COMPL INTEGER PART IN A 

C?~LL Bf':K Bf':EAK INTECiEf': MW 
,)P C ,EXERf': 1 INTEGEF<: PART > 16 
LD A,H 
AND 1 SIGN BIT IN AO 
I~DD A,H 0 IFF H Wf"iS FF OR 
JP NZ , E}O:='f':R2 INTEGEf': > 9 P.ITS 
PUSH HL :3AVE IT 

SCALE FRACTION PART TO 0 (= X ( .5 

CP 
JR 

(D{+7) 

Z,E}{10 
Cf"iLL HM.F 
,JP C,UNDEF.: 

FF.:ACTION IS 2EF.:O 

UNDEF.:FL OW 

EVALUATE RATIONAL APPROX. TO 10.X 

Ff':ACT I ON 
BITS 

DO 

E }<1.0 C{~L L \I \Il"'~ 
1\ 1\ .. ~:. STOf':E }{ , },·t· ? , .. IN TEMP/t 7 

<: 
.~J 

LD I Y ,PE}{o~: 
LD B f ~~ :'::~ND OFWEF.: POL.Y 
CALL POLY EVALUfHE P ( ){·t·~: ) 

C~lLL MUL.Tit CAL.C. ;{-!!.p (}{·t·2) 
CA!..L 8T04 :3?WE }{*P IN TEt"!P 4 
LD HL, TEI'1F'5 
CI~LL LD GET }Ct · 2 
tD I y, G!E>W2 
LD f?,,2 ~HW OF.:DEF.: POL.Y(l) 
Cf~LL POLYl EVALUAH: G!(X·t·Z) 
CAL.L :::;T05 S{WE G! IN TEMP5 
LO IY,TEMP4 
CAL.L SUB 
CAL.L ST06 ~;AVE G!-'}{ F' IN TEMP6 
LD HL,TEMP5 
C AL.L LD GET G! 
LO IY, TEMp/t 
CAL.L ADD CALC. G! + }{ P 
LO IY r H:MP6 
CALL DIVI FINAL F.:E::HJL T 

PARTS 

• 
• 
• 
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• 
• 
• 
• 
I 

I 
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• 
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I 
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• 

. , 

POSSIBLE SCALE BY SQR(10) 

POP HL 
SRA H 
RF.: L 
PUSH HI. 
LD IY,SQRI0 
CALL. C,MULT 

GET 9 BIT INTEGER 
DIVI()l:: BY 2 

SAVE B BIT INTEGER 

INTEGER WAS ODD 

ADD INTEGER PART TO RESULT EXPONENT 

POP 
LD 
SUB 
ADD 
JP 
ADD 
,IP 
tD 
~:ET 

EXP ERRORS 

BC 
A,(IX+7) 
BOH 
A,C 
PE, E}{ERR3 
A,80H 
Z,UNDER 
(IX+7),A 

PUT INTEGER IN C 
GET EXP 
I':EMOVE B I AS 
ADD INTEGER PART 
OVEF.:/UNDERFLOW 
ADD BIAS 
UNDERFLOW 
STORE EXP 

E XEI':I': 1 EX AF,AF' GET ORIGINAL SIGN 
LD H,A 

E XERF~2 BIT 7,H 
JP blZ,UNDER - SIGN 
,JP OVER 

EXERR3 .JP P,UNDER + SIGN AFTER OVERFLOW 
dP OVER 

*H LOG 
.,.." .............. " ... ., ............... , ........ ., ................ .,.,." ... ., ............. .,., •• " •• '1'11 

"11,''11''''''''''''''''''''''''''''''''''''''''''''''7 """"""""" 

.; LOG ROUTINE 

INPUT: IX PTS TO X 
OUTPUT: IX PTS TO NATURAL LOG OF X 
ERRORS: X IS NEGATIVE, RETURN LOCCABS(X» 

X IS ZERO, RETURN NEGATIVE OVERFLOW 
SPECIAL CASES: X IS 1, RETURN ZERO 
ALGORITHM: SAVE:=INT(X) 

X:=SQR(10)*FRACTION-PART(X) 
X:=LOG BASE E (X), WHERE 1/SQRCI0) < X < SQR(10) 
X:=X - LOG BASE ECSQRCI0» + SAVE*LOG BASE E (10) 

LOG IS APPROXIMATED BY : 
Z*P(Z 4 2) I Q(Z 4 2) WHERE Z = (X-i) I (X+l) 

AND P IS A 3RD ORDER POLYNOMIAL, AND Q IS 4TH ORDER. 
REFERENCE FUNCTION IS 2686. 

'I .............. ., ...... ,,. ..... ., • .,.,,,,, .. "'.,..,.,. ................... ., ...... y'i't • ., ......... , ... " •• 

""'"''''1'7''1''''''''''''''''''7'''''''''''''''''''''""""""""" 
; CHECK FOR VALID ARGUMENTS 

LOG BIT 7,(IX) 

( 

c 

• 
t 

t 

• 
• 

• 

I 

• 
• 
• 
• 

CALI.. NZ, LGEI<:fU NEGATIVE ARG 
tD lY,C1 • • CALL CP 
JP Z,ZERO LOG(1) • • 

( C 



• 
LD 
OR 
,.IP 

A,(I}{+7) 
A 
Z 7 L GE F.: F.: ? 

GET EXPONENT 

TAKE LOG OF EXPONENT PART 

!::;UB BOH REMOVE BIAS 
LD L,A PUT IN HI.. 
LD H,O SIGN E>{TEND 
,JR NC,I...01D + SIGN 
LD H,OFFH 

c 

• 

LOlO PI.J!:;H HL SAVE INTEGER • • 
« 
, 

• 
• 
f 

« 
( 

• 

SCAL,E TO 1/SQR(10) < X < SQR(10) 

LD (IX+7),BOH; SCALE TO 0 < X < 1 
LD IY,!3G!fUO 
CALL MULT 

APPROXIMATION FOR LOGARITHM 

CflL L 
PUSH 
LD 
LD 
Cf11.. L 
POP 
ID 
CALL 
LD 
CALL 
CALL 
to 
LD 
CALL 
CALL 
LD 
C{~LL 

LD 
LD 
CALL 
CALL 
lD 
CALL 
LD 
CALL 
C(:')LL 

ST04 
IX 
I}{, TEMpit 
IY,Cl 
ADD 
I" ;\ 

Iy,el 
SUB 
IY,TEMP4 
DIVI 
\1\11") 
1\ 1\ ....... 

IY,OLOO3 
B,3 
POLYl 
ST06 
HL,TEMP5 
LD 
IY,PLOO3 
B,3 
POL.Y 
t1UL Tit 
IY,TEMP6 
DIVI 
IY,LNSQ1D 
SUB 
ST04 

!:::AVE ){ IN TEt'1pLt 

SAVE PTP 

X+1 IN TEMP4 

}{·"'i IN (1}0 

STORE Z,Z.? IN TEMP4,5 

EVAL.UATE O(z·t·?) 
G! IN TEMP6 

LOAD -:r·t·? l. • ... 

EVALUATE P (z·t·?) 
CALC. Z*P(z·t·2) 

CALC ZP I I~ 

SUB LOGE(SQR(10» 
!;:::AVE IN TEMp/t 

CONVEfH 16 BIT EXPONENT PAfn TO FLOf~TING PT 

E 1': F.: 0 F.: S 

POP 
CALL 
LD 
CALL 
LD 
CALL 
PET 

HI.. 
FLOAT:!. 
IY,LN10 
MULT 
IY,TEMP4 
ADD 

GET INTEGEF.: 
FLOAT IT 

MPY BY LOG BASE E(10) 

FINAL RESULT 

• 
• 
• 
c 

( 

« 

( 

f 

• 



• 
• 
•• 

• 
« 

• 

• 
• 

• 
I: 

• 

LGERIU LD HL , ERF::O"~ 
SET 2, (HI. ) FLAG LOG OF NEG 
RES 7, (HU TAKE ABS VALUE: 
RET 

l GERF.~2 SET 7,(IX) SET NEGATIVE SIGN 
,JP OVER LOG OF ZERO 

*H TANGENT 
.,,. ... ,,., • .,."',. ... .,.,,,.~.,'10 ... .,,.,..,,.~.~,.,.,,,'Iii' ..... ., .. ,.,,.,"1,.,.., •• ., ... ., •••• ... ,.,.,..,., .. ,..,.,., ... .,"" .... 
""""""""""""',"""7"""""""""""""""""""" 

TANGENT f:WUT I NE 

INPUT; IX PTS TO X (IN RADIANS) 
OUTPUT: IX PTS TO TAN(X) 
ERRORS: NONE DIRECTLY 
ALGORITHM; X;= X*4/PI 

SAVE := INT(X) LAND 3 (SAVE LOW 2 BITS ONLY) 
X ;= FRACTION-PART(X) 
IF SAVE IS 0,2 THEN X ;= i-X 
X := TAN(X*PI/4), WHERE 0 (= X (= PI/4 
IF SAVE IS 0,3 THEN X := l/X 
IF SAVE IS 0,1 THEN X ;= -X 

THE APPROXIMATION TO TAN(X*PI/4) IS GIVEN BY; 
X*P(X.2) I Q(X.2) 

WHERE P IS ORDER 3 POLYNOMIAL, Q IS ORDER 4 
REFERENCE FUNCTION IS 4286 

,..,,. ... .,,,.,.,.,,. .... ,, ..... .,.,,..,.,.,"' ...... .,,,,..,,. .............. ,.'1'1'1'1.,,, ... 'I .. .,,,,, .. ,,"'.,"',. .. ,.., ... ., 

""",."",.""""""""""""""""".,"''1'"7,,.,""7,7r,,,,,, 

; SCAl.E BY 4/PI 

TAN LD IY,FOVRPI 
CALL MULT 
GALL BF~f< GET INTEGER, Ff<~ACT I ON 
to A,L 
PUSH AF SAVE FLAG BITS 
AND 1 TEST FLAG 
" ,,~ Z,TAI0 FLAG WAS 0 OR 2 
LO IY,Cl 
GALL F~SUB CALC, i-FRACTION PART 

TAN APPROX 

TAID CAL.L XX2 SAVE X, X1'2 IN TEMP4,5 
LO IY,QTA03 
LD P,,3 
GALL POLY! EVALUATE ';!(X1'2) 
CALL ST06 SAVE n .'. 
LD HL,TEMP5 
CALL LO GET X1'2 
LD IY,PTA03 
LD 8,3 
CALL POLY EVAL.UATE P (X1'=~~) 
CALL MULT4 CALC. X*P(}(1'2) 
POP AF GET 2 BIT FL.AG 
PUSH AF 
AND 3 
JP PE,TA2D FLAG WAS 0 OR 3 
CALL ST04 SAVE X*P 
lO HL,TEMPb 

( 

• 
• 

• 



• 
• 
• 
I 

• 
• 
• 

• 
• 
c 

I 

• 

• 
• 
• 

T {1;':'O 

TA30 

Ci~LL LD 
LD 
,JP 
LD 
CALL 

IY,T~MP't 
TA:30 
IY,TEMP6 
DIVI 

GET Q 

SET FOf': G! I>(P 

~:; E T FOf': XP/I~ 

CALC. SIGN OF RESULT 

POP AF 
ANO 2 
F~F.:T Z 
SET 7r(I>O 
F.:ET 

GET FLAG 

ON 0 OF.: 1 

*H CO!3INF.:,SINE 
.. ... " .. ., V .. ,. 'II ~ .. 'II ., 'I' " 'If .. .. V'll" ... .. .. 't ... .. " 'II 'II " 'II 'V 'I 'I .. .. .. 'II ,. ., ,. ,. ., " " .. ,. .. ,. 'II Of .. ,. 'I"\, ., ., 'II , " ,. .. ,. 'II........ 'Ii 'II 
1171'11'1"'1777"7'77171'11'7""""'77"""",,7'7""77"""777'7"'7'1 

COS I NE f,:OLJT I NE 
EFFECTIVELY ADDS PI/2 AND CAllS SINE 

• .. " 'II ., 'II .. 'II " ,. " ,. 'II .. " " " 'II ,. 'II .. ,. " ,. , .. .. ., ,. .. 'I ,. ... .. '1 'f 'f .. ,. ., " .. .. ., .. 'f 'II 'Ii .. .. " 'II 'I .. ., .. 'II ... 'I 'II' " ,. 'I ... .. , .. ,. .. ., 'I .. 
, t '1 'I f 'I 'I F 'I , 'I ,. 7 7 , ,. , 'I , , , , , , '1 , , ,. , , 7 , 'I 'I , 7 7 ., , , '1 , , ,. 'I 'I '1 , , 7 1 'I 'I 7 ,. 'I 'I , 'I 'I , , , , 7 1 , 'I 'I 'I 'I 'I 

LD 
CALL 
Cf".\I.L 
LD 
ADD 
,)P 

IY,FOVRPI 
MULT 
BRK 
A,L. 
A,2 
SIlO 

!~;CALE BY 4/PI 
GET INTEGERr FRACTION 

ADD EFFECTIVE PI/2 

" 't V " " ... " ., 'f , 'II .. 'f .. .. 'I ., 'I 'II ., 'II .. 'II " .. , 'II 'I 'II 't ... 'I' ~ .., 'II ~ ... .. 'I.' 'II , " ., 'II ,. 'I. 'II " ., ., .. .. " .. .. 'I .. 'II " .. ., ... '1 ., ,. 'II"" .. " .. 'II' 

7Y1,1,',7'1)'t'7"',!,!"''1,17'1f'1'1'1'1,,1ff'11''17,7'''''''''1''7""1,,177"7"" 

::::1 NE F.:OUT I NE 

INPUT: IX PTS TO X (IN RADIANS) 
OUTPUT: IX PTS TO SIN(X) 
E F.:f':OF.:S: NONE 
ALGORITHM: X:= X*4/PI 

SAVE := INT(X) LAND 7 
X . _. FRACT I ON--PAfn (}{) . -
IF SAVE I c-

' .. ,' 1 ,3,5,7 THEN 
IF ~3AVE H:; 0,3,·4,7 THEN 
IF !:;~\VE I ~::; 1 ,2,~,i7(::' THEN 
IF SAVE IS 't,5,6,7 THEN 

}{ · -, --
)( · --· -
}{ ,-
v · --1\ · .-

1-- X 
SIN(}{*PI/it ) 

COS(}{*PIll~} 
- }{ 

THE SINE APPF.:OX FOF.: 0 (= X (= PI/4 IS: 
x*pex.z) I Q(X.2) 

WHERE P IS A 3RD ORDER POLYNOMIAL, Q IS 3RD ORDER. 
REFERENCE FUNCTION IS 3063. 

THE COSINE APPROX IS: 
P O{-t-2) I G! (}{-t-2 ) 

WHERE P IS A 3RD ORDER POLY, Q IS 3RD ORDER. 
REFERENCE FUNCTION IS 3843. 

,. ,.. " " ,. ,. ... .. ., , ,. .. ,.. ,.. .. ,. 'lI \' " , ,. ,. ,. " ,. , 'I' " " ,. " ,. ,. ,. ... " " " ,. "i 'II ,. 'f " " " ., .. T '\I' " V 't " " 'V \' ,. 'Ii'll" " " 'lI ,. 'lI Of 'I'll\' ,. 'Ii 
1'117"7,.,.,.,7"""1"'71'71777777,7",71f1,,.,,1,7,7'7.,1'11'1'77"'7,7.,'7" 

SIN 

SI10 

LD 
CALL 
CALL 
LD 
PUSH 
f)ND 
,! f': 
LD 

IY 1 FO\/RPI 
MULT 
BRI< 
(.-\ , L 
AF 
1 
Zr8120 
IYrCl 

SCALE BY 'tiPI 
GET INTEGER AND FRACTION 

!:;?WE ~3 BIT FLAG 

FLAG IS 0,2,4,6 

« 
I 

« 

c 

• 
• 
• 
• 
c 

( 

" 

• 



( 

• 

• 
• 
• 
• 
• 

• 
•• 
• 
I 

• 

f 

CALL RSUB 
SI20 POP AF 

CALC. l--X 
GET FLAG 

PUSH 
AND 
,) F' 

SIN APPr<:OX 

CALL 
LO 
LD 
CALL 
CAl.l. 
LD 
CALI.. 
tD 
l.0 
CALL 
CALL 
LD 
CALL 
JP 

COS APPRO X 

AF 
~5 

PO.SI30 

XX2 
IY, QSIO~~ 
8,2 
POLYI 
ST06 
HL.,TEMP5 
to 
IY.F'SI03 
B,3 
POLY 
MULT4 
IY,TEMPb 
DIVI 
814·0 

EVALUATE G! (}{·t·2) 
SAVE Q 

GET }(·t· 2 

EVALUATE P (Xi'2) 
CALC. X*P (}{·t·2) 

CALC. XP/Q 

8130 CALL XX2 
LD IY, I~COO2 
l.D 8.2 
CALL POL.Yl EVALUATE (~{ Xi'Z) 
CALL ST06 
LD HL.,TEMP5 
CALL LD 
LD IY,PCOO3 
LO B,3 
CALL POLY EVAL.UATE P (Xi'2) 
to IY,TEMP6 
CALL OIVI CALC. P/Q 

CALC !:::!CiN OF I':ESUL T 

8140 POP AF GET FLAG 
AND 4 
RET Z 
SET 7,nX) 
RET 

*H ARCTANGENT 
" \' .. " .. ., .. ., ., T .. ., 'I' ., .. ~ ., " 'I' " ., .. " 't ., T " .. .. .. .. ., .., ., ... ~ ., ., .. " " ., .. .. " .. " ,. ., \' ., .. ., ~ 't .. ., " ., ., " 'f .. .. ., 'I ., .. .. .. .. .. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,'I!1'17'1"'77'1'11","'".,""'1"'''''''"", 

ARCTANGENT ROUTINE 

INPUT: IX PTS TO X 
OUTPUT: IX PTS TO ATN(X) (IN RADIANS) 
ERr.::ORS: NONE 
ALGORITHM; SAVE:= SGN(X) 

FLAG ;:::: 0 
IF TAN(J*PI/8) (= X THEN X:=I/X, FL.AG~::::1 

IF TAN(PI/8) (= X THEN X=={X-l)/(X+l), FLAG:=2 
X ;:::: ATN(X) , WHERE 0 (= X (:::: TAN(PI/8) 
IF FLAG:::: 1 THEN X ;= X + PI/4 
IF FLAG = 2 THEN X ;:::: PI!Z - X 

( 

• 
c 

t 

• 
• 
• 

• 
• 

• 
• 

• 

• 

• 
c 



•• 
• 
• 
• 
• 

• 

• 
• 
• 

• 
• .' 

y 

C: 

c: 

-, .' 

• 

X ;::: X*SAVE 

APPROXIMATION FOR ATN(X) IS: 
X*P(X.Z) / Q(X.Z) 

WHERE P IS 3RD ORDER POLYNOMIAL, Q IS 4TH ORDER. 
REFERENCE FUNCTION IS 5075 

"""" .... " .. .,. ... ""' ....... .,,..,.,. .. .,,. .......... ,, ................... ,. ............. ., ................. ., ... ".,.,.,., .. " .. 
,r"""",,"""'''''''''''''''''''''''''''''''''''''',pr""""""", . , 
; TAKE ABS VALUE, DETERMINE f\:ANGF. 

ATN LD A,(IX) GET SIGN 

. , 

AND BOH 
PUSH AF SAVE SIGN 
RES 7,(IX) MAKE POSITIVE 
LO IY,TAPI8 
CALL CP COMPAf\:E TO 1ST 
LD B,O 
J R: C,ATZO ( TAN(PI/8) 
LD IY,TA3PIB 
CALL CP COMPARE TO ZND 
,)R C,ATI0 ( TAN(3*PI/8) 

TAN(3*PI/8) (= X 
-TAKE l/X NOW, SUB FROM PI/2 AT END 

CALL REC 
LD B,2 
JP ATZO 

RECIPROCAL 
SET FLAG TO 2 

TAN (PIIB) (= X ( TAN(3*PIIB) 
CALC (X-1)/(X+l) NOW, ADD PI/4 AT END 

ATiO CALL STOlt SAVE }( IN TEMP4 
PUSH 
LD 
LD 
CALL 
POP 
LO 
CAL.1.. 
LD 
CALL 
LD 

APPROX FOR 

ATZO PUSH 
CALL 
LO 
LD 
CALL 
CALL 
LD 
CALL 
LO 
LD 
CALL 
CALL 
LO 

IX 
IX,TEMP4 
Iy,e1 
ADD 
IX 
Iy,el 
SUB 
IY,TEMP4 
OIVI 
B,1 

ARCTAN 

Be 
XX2 
IY,QAT03 
S,3 
POLY1 
ST06 
HL ,TEMP5 
LD 
IY,PAT03 
B,3 
POLY 
MULT4 
IY,TEMP6 

X+1 IN TEMP4 

X-I IN ACCUM 

SET FLAG TO 1 

SAVE FLAG 
SAVE X, }{.1' 2 

CALC. fH X1'Z) 
SAVE I:::! 

GET X1'2 

CALC P(X1'Z) 
X*P 

l.IMIT 

LIMIT 

• 
• 
• 

• 
• 
• 
• 
• 
I 

c 

• 
c 

t 

• 



, 
" 

• 
• 
• 
• 

-- • 
• 
• 
I: 

e 

I, 

c; 

• 
I 

C 

, 
• 
.' 
• 
• .: 

CALL DIVr 
POP Be GET FLAG 
BIT O,B 
JR Z,ATJO FLAG IS 0 OR 2 

SECOND INTERVAL (FLAG IS 1) 
LD IY,PIl" 
CALL ADD ADD PI/4 
,JF' AT40 

AT 30 BIT 1,e, 
JR ?,AT40 FLAG IS 0 

THIRD INTERVAL (FLAG IS 2) 
LD J.Y,PIZ 
CALL RSUB SUB FROM PI/2 

GIVE RESULT SIGN OF ARGUMENT 

AT40 

*H POLY 

POP AF 
RET Z 
SFr 7,(IX) 
RET 

POLYNOMIAL EVALUATOR 

GET SIGN 
SIGN WAS POSITIVE 
l'1AKE NEGATIVE 

INPUT; IX PTS TO ACCUM 
IY PTS TO HIGHEST COEFFICIENT 
TEMP5 CONTAIN::; X 
B CONTAINS ORDER (ORDER-1 FOR POLY1) 

OUTPUT: IX PTS TO RESULT 

POLY PU~;H 

PUSH 
JP 

POLYi PUSH 
PUSH 
CALL 
LD 

POLYiO CALL 
POP 
POP 
LD 
ADD 
D .. JNZ 
CALL 
RET 

POLYNOMIAL 

X}{Z CALL 
CALL 
CALL 
RET 

MULT4 LO 
CALL 
RET 

*H CONSTANTS 
SI;!~:10 OEFW 

DEFW 
DEFW 

(POLY1 ASSUMES FIRST COEFF. IS 1) 

Be 
IY 
POLY10 
BC 
IY 
ADD 
IY,TEMP5 
MULT 
IY 
Be 
DE,-8 
IY,DE 
POLVI 
ADD 

UTILITIES 

ST04 
MIJLT't 
ST05 

IY,TEMP4 
MULT 

1603H 
772ZH 
0166H 

SAVE COLINTER 
SAVE COEFF. PTR 

SAVE COUNTER 
SAVE PT": 

PT TO X 

AOdUST PTR 

COUNTE~: NOT 0 
FINAL ?)DD 

STOF.:E X IN TEMF'4 
CALC. X·t-Z 

3.16Z2 77660 168 

• 

• 
• 
• 
• 

• 



DEFW 8168H • l. W;;G! 1. 0 DEFW 1.5D1H 1 . 1 ~:'.i1 2 9:?546 497 

• DEFW 9212H • OEFW 6/t~i/tH 

DEHJ 8197H 

• LNlO DEFW 300:::~H 2lt3025 8509:::~ 99 ft • DEn.! 85251-1 
DEFW ?909H 

I DEFW 8194H • LOCE2 DEFItJ 6P.D8H . 86858 8963e . D6:i 
DEFW 8958H 

• DEFW B0631-1 • ()EHJ 806~:i H 
FOVRPI DEFW 2701H i ,,27:32 39544 7'7 '" t ... ,} 'pJ 

• DEHJ 39321-1 • DEFW 't7:i4·H 
DEFW 8135H 

• TAPI8 DEFW 1 Lt 04H .4i4~?i ]5623 7~H • DEFW 3521H 
DEFW 3762H 

• DEFW 80~HH • Trl~l,PIB DEFW 41021-1 ?,;it 14·2 13~i62 373 
DEFW 1342H 

I 
DEFW 2356H 

I DEFW 817:3H 
PI lj. DEFW 8507H ,7H539 81£<33 974 

• DEn~ Bl:~9H 
C DEFW 3963H 

DEFW 8fJ74H 

• P I:;'~ DEFW 5701H 1,5707 96326 7C]'5 • DEFW 9607H 
DEFW 6732H 

e· DE:Fl~ 819~:iH 
.~ PSGlOD DEFW 7101H .17157 28752 538 

DEFW 2857H 

f: DEnJ 2~.i75H 
C DEFl.J 80~58 H 

F' E>WO DEFW 1705H 5178.0 91991 ~516 

I: DEFW 9180H 
DEFW 1 :i99H 
DF.:nJ 84UlH 

I PE}W1 DEF~~ 3108H 831. l;·O 672:1.2 937 ( DEnJ 6740H 
DEFW 211\21 H , DEFhl 83:T7H • PD<02 DEFW S301H l8.3l2 3t)01!5 928 
DEFW :J6L~H 

• DEFW 5901H 
DEFW 8228H 

G!E}WO DEFI-J i t 904·H Lt L1·97.6 33~)57 406 

C 
DEFW J~57 61-1 • DEn) 7 it f:i ~:;H 
DEFhl .:3 1tD6H 

• flE>Wl. DEFW 7002H 2709.3 1694·0 8~52 
DEFW 1693H 
DFFW Ogc,'itH 

• DEFt..J f.34~)2 H 
G!E}-W2 DEnJ 5901H 159,37 415;:~] 603 

DEFW it137H 

• DEFW 3&,~i2H . 

• 



( DEn,! 8:30:3 H . G!E }{03 IC' 1 , . ... -

• PLOOO DEnJ 6~)02H :::~f.~5 It ~~i? ?'t9De. 516 • OFF!"! :Z452H 
DEFW 8~)9DH 

• DEFlrI 8316H • PL.OO1 DETW 29e.4H -.lI29.48 ]lt828 6~)B 

DEFW :5It 1t8H 

t DFnJ 86e.2H • DEFW 83:'HHI 
PLOO2 DEFW 9701H 197,64· 46:~>97 ()3~;i 

• DEnJ 466'tH 
DEFW 7029H 
OEFIIJ 8T3~5H 

• PLOO] DEFItJ 27e.2H -?2" 761.:· 76:1.~i7 115 • OEFW 7664H 
DEFW 711 ~:iH 

I DEFW 8215H t G!LOOO DEFW 3201H 132.76 :1.24·54 259 
OEFW 1276H 

• DEnJ 42 l t5H 
OEFW 8359H 

G!L001 DEFW 5e.e..2H -258.99 5[1·899 200 

•• DEFW 5499H I DEFW 92e.9H 
DEn~ 8300H 

• ('H.OO2 DEFW 580:l.H :1.58.60 1896:2 727 
DEFl~ 1860H 
DEFW 2796H 

• DEFW 8327H 
G!LOO3 DEFW 1483H -<H.4l6 484· 48 2 8i:~ 

DEFW Lt 816H 

• DEFW 82 LI· i l·H 
DEFW 828~~ H . 01.004 IS 1 , 

I PTAOO DEFW 08D1H 10888 600.4·] 728 
DEFW 6088H 
DEFW 3704H 

C 
DEF'W 88~~8 H 

PTAOl DEFW 9588H ···e8588 8.4400 677 
DEFW 8488H 

• DEFW 064·0H 
OEFl.J 867?H 

PTA02 DEFW ii-l0lH 1 lt189. 8~j4~~~) 276 , DEFW 8589H 
DEFW ~;242H 

DEFW 85?6H 

• PTA03 DEn~ 56841-1 -. 't56 ll·9 31943 867 
OEFW 3149H 
DEFW 38941-1 

I 
DEFW 8267H 

I) T (,~OO DEFW 38D1H 13ft.c.3 796.66 3:i7 
DEFW 7963H 

I 
DEFW 636t.-.H 
DEFl"j 8857H 

G!TAOl DEFW 99831-1 -:~9913 09, ~H 8 03:i 

• DEFW 09LsH 
DEFltJ 8051H 
DEFi~ 8 7~55H 

• G!TA02 DE FIt} 35011-1 1 :~~:i38 2.7128 051 

( 4 



C DEFH 27381-1 • DEFW 801?H 

• DEFW 8651H • G!TA03 DEFW 01811-1 -1014·.6 56190 2~j3 

DEFW ;5646H 

• DEFW Ot~lc?H • DEnJ 8 Lt53H 
, G!T ?W4· F' 1 I ~ .:;:, 

I 
F' f; I 00 DEFW 0602H 2066't 34· • 333 700 

C OEFH ~5464H 
DEFW 3733H 

• OEFW 87()()H • P!:;JOl DEFW BHHH -·lB160 3.9879 7 it! 
DEFW 3960H 

• DEFW 9787H • '". DEFW 8641H 
PSIO~?, DEFW 5903H 3~f99 t: \:1 30694· 964· 

• DEFW ]099H • DEnJ Lt 969H 
DEFl~ 8464H 

C 
P!:;I03 DEFW OlB2H -·20.107 "·fl.329 459 • DEFW 4807H 

DEFW 9432H 

I' 
DEFW 8259H • G!!:n:OD DEFW 63D2H :;:6310 65.910 265 
DEFW 6510H 

• [! EFl·J 0291H ( DEFW 8765H 
QS10l DEFW 9::::03H ~39270 • 2 i t277 465 

• DEFW 2 /t 70H t DEFW 74·27H 
DEFt.! 8565H 

• 1;,8102 DEFW 7B02H 27B,U 9194·8 lOB e DEFW 9111H 
DEFW B194H 

• DEFW 830HH C , 08103 IS 1 , 
PCOOO DEFW 2901H 129()~i 39. !.16~j 904 

C' DEFW :390~jH • DEnl 59 11·6H 
DEFW H 7i]itH 

tt PCOOl DEFW 7 /tB3H -37/t~j6 7.D391 t:7? .. J, ,,, • DEFW 70;561-1 
DEFW 1539H 

I 
DEF~,J 8672H 

PC:002 DEFW :~II·OlH 1.:34:32, 3D09B 654· 
DEFt~ 3032H 

C~ 
DEFW Es6D9H 
DEFt,.! g5~54 H 

PC003 DEFW 12B1.H -'112,31 i~50B2 3:~4· 

C 
DEFW (1'5311-1 
DEFW ~?30BH 

DEFW J33~5ft H 

I: 
(),COOCl DEF~J ~~'901H 12905 39, 11·6~j 904 

DEFW 3905H 
DEFW ~i946H 

•• 
OEFW J3701.tH 

pe001 DEFW 3I.t O:?H 234·67. 77310 72~) 

OEFl-J 776ir H 

• DFFW 0731H 

• 
..,....,......,,~-,--"-



• 
• 
• 

• 

• 

• 
I 

« 

( 

• 

• 
• 
• 

~!C:002 

i G!(;003 
P{\TOO 

P (no 1 

PATO:::~ 

PAT03 

C!?'iTOCl 

G!fHOl 

I~ATO~:: 

1;!AT03 

G!() T04 

[)EF~J 8 5:;:~~) H 
DEnJ D9Di.'H 
DEFW 5169H 
DEFW 9681H 
DEft.; 8373H 
IS 1 
DEFW 1602H 
DEFW 2306H 
DEFW e.907H 
DfF"" 83r~H 

DEFW 2203H 
DEFW 2066H 
DEFW 0170H 
DEFt.; 8333H 
DEHJ 3;~01H 

DEFW 2370H 
DEFW 169e.H 
DEFH 13340H 
DEFU 28011-1 
DfFW 3888H 
DEFW 3'130H 
DEFW 8216H 
DEFW 1602H 
DEFH 2306H 
DEFW 8907H 
DEFW 1337~~ H 
DEFW 9403H 
DEFW 21.3613H 
DEFW 3139H 
DEFW 8323H 
DEFW 21021-1 
DEFW D8D5H 
DEFW 0~:'e.3H 

DEFW 83134H 
DEFW 850:~H 

DEFW '1'801.H 
DEFW 0865H 
DEFVJ 8235H 
IS 1 

GLOBAL 
E}{TERNAL 
E HTEF.:NAL 
E}{TERNAL 
E }(lERNAL 
EXTEF.:NAL 
E }(TFI':NAL 

?D9,69 ~)HH9 673 

~~16.06 23078 97'2 

322.66 20700 133 

1~32. 70 2:5981 640 

12.8B8 38303 4-16 

216.06 23078 972 

221 . 0~5 OBfno 284 

POW,IPOW,SQR,EXP,LOG,TAN,COS,SIN,ATN 
ERROR,OVER,UNDER.ZERO,ONE,Cl 
ADD,SUB,RSUB,MULT,DIVI,REC 
HALF 
ST04.ST05.ST06,TEMP4,TEMP5,TEMP6 
LD,CP,FIX,FIXA,FLOAT,FLOAT1,BRk 
::;I':B ,NOF.:t1L. Z 

'\" 'II .. .. 'II ,. .. .. .. 'If .. .. .. .. 't 'I 'I' ... 'If 'I' 'I • .. ... .. ., .. " ., ., 't " ,. " 'I' \' 't " 'f 'II " ., .. " .. '" ., " "" .. .. 'II ,. ., ., ,. 't 't " ,. 'I ., .. ,. ,. ., ,. .. ., .. ., " 177711'''''17''''''77'.'7771'1''''''77''''''''''''''77''''1.,,77711771111111 

I MISCELLANEOUS ROUTINES REQUIRED AS EXTERNAL.S FOR MATH PACkAGE 

,,. ... ,. .. ,, .. ,, .. ., ..... ,,,, .. ,,,,,,,..,,. .. .,.,,,,,,, .. .,.,,,..,.,,, .. .,.,.,.,.., ... ., ... ,,,,.,.,,.,,,...,,, .... "",,'1-,,'1'1.,.,"' ...... ., ..... 
J' , 'I 'I 1 ,- 'I 'I 'I 'I , t , 'I. i 'I "J 1 1 :r f 'I 'I , 1 'I , ,. 'I )' Y r 7 )' 'I 'I 1 'I 'I , 'I , f 'I , f ,. , , ,. , , 'I t 7: ,. ,. r 'I , , , f 7: 'I 'I 'I , 1 'I 1 1 

LMARk 

l r;':EST 
LBACk 
RC2 

LD (POINT),HL 
F.:ET 
F~ET 

RET 
F.:ET 

STORE PTR FOR DT08 

ENTRY FOR UNSUCCESSFUL DTOB (NO DIGITS FOUND) 
DUMMY ROUTINE (BACk UP PTR FOR BASIC) 
NORMAL RETURN. IF SOME kIND OF NUMBER FOUND 

« 

• 
t 

t 

• 

• 



•• L.IN 

J 

• 
• 

• LINI0 

SCP 
POINT 
E f<:ROR 
ILL.NUM 
OVRFLW 
UNDFLW 
DVDZRO 
SQRNGN 
LOGNGN 

PUSH 
L.D 
1..0 
INC 
CP 
JR 
tD 
POP 
RET 
f<:ET 
DEFS 
DEFB 
EQIJ 
EQU 
EQU 
EQU 
EQU 
EQU 

HL 
HL,(POINT) 
A, (HU 
HI-. , r 

Z,LINI0 
(POINT> ,HL 
HL 

2 
0 
7 
6 
5 
4 
3 
2 

REFERENCES 

• GLOBAL 

• 

• .' 
• 

SAVE HL • GET PTR 
GET NEXT CHAR • ADVANCE PTR 

IGNOF~E BLANI(S I SAVE PTR 
RESTORE HL 

STRING COMPARE • TEMP PTR STORAGE 
Ef':ROR FLAGS FOR MATH PAC~:AGE • ILLEGAL NUMBER (DTOB) 
OVERFLOW 
UNDERFLOW • DIVISION BY ZERO 
SQUARE ROOT OF NEGATIVE NUMBER 
LOG OF NEGATIVE NUMBER • 

ERROR,SCP.LMARI(,LREST,LBACI(.RC2,LIN 

• 
• 

• 

• 
• 

• 

• 



I 

• 
I 

I 

• 

• 

" .. " ,. .. 'If .. " or .. ., " 'I' 'I 'I ., .. " 'I " ... 'I T " .. '\' ., ,. " ,. " or" ...... 'I' 't .. " " ,. '" .. 'I' .. ,. ., .. 'r " .. ,. , .. , 'I ,. 'I ., ... ., 'I ,. .. ' " os: ,. os: 'I\' 'I\' os: 
1 ,. ). t ,. , , f f f , f r , '1 , '1 , J' )' 'I )' f , ~ 1 'I , 1 'I , f , )' f 'I , f 'I '1 1 ,. ,. , ,. " ,. )' r f t :- , 'F '! 1 : ,. 'I '1 1 '1 ,. )' t 1 f , 1 , , t 

; CALCULATOR PROGRAM USING BCD MATH PACKAGE 

.. " 'I\' .. 't " ., v .. 't ., ., 'II ., ,. ,. ,. ,. ,. ,. ,. ,. 'II .. 'II or " ., " ,. ,. ... , " " .... " 'I\' ow .. 'I V ,. 'I ,. 'I ., 'I: " " .. ,. " ,. " ,. .. ., " " 'I\' 'I\' ., .. ., ,. 'I 'I 't .. .,. 

"""""""'7"""1"1""7,1""111'11""""""11'11"'1""""'" 
INIT 

INITiO 

LD 
CALL 
CALL 
CAL.L 
LD 
CALL 
L. [) 
CAL.L 
CALL 
CALL 
HOI? 
l.D 
CALL 
CALL 

t'1AXN LOOP 

LOOP 

LOOP05 
I.. OOPlO 

I..D 
CALL 
LD 
{~ND 

LD 
C{~LL 

C?ILL 
LD 
LD 
CF' 
,IF.: 
CP 
,I F.: 
CP 
J F.: 
CALL 
ep 
JP 
LD 
I...D 
F' U::;;H 
CP 
JP 
CP 
JP 
CP 
\,1 P 
CP 
,.IF' 
CP 

LD 
LD 
O( 

CP 
,IP 
CP 
,I F' 

(SSP),SP 
INOPN 
OUTOPN 
F.:AND~1Z 
HI.. , CI.R::;Cf<: 
OUTSTF.: 
HL, HEi-IDNG 
OUTSTF.: 
t-'IENIJ 
CI..F.:ALL 
A 
(EF.:fWF.:) ,(i 

DPY I'LL 
DPn1EM 

HI.., CI .. F.:LIN 
OUT::;;TF.: 
A, (Ef<F.:OF.:) 
A 
HL, E:RF.:NSG 
NZ, OUTSTF~ 
INCH": 
HI.. ,EF.:F.:OF.: 
( HI.. ) r 0 , , , 

Z, L OOPO~:; 
, D r 
C,LOOP10 
'9'+1 
NC,LOOP10 
NUM 
, K 7 

Z,INIT10 
HI.. 1 LOOZF.: 
1>( 1 r,:EGT 
HI. 
1 # ' 
7"F.:ND 
T "'7 , 

L 

Z, ZEF.:O 
, P , 
7"PI 
r ::: r 

Z,DUP 

IH,REG4 
HL,LOOUN 
(SF') ,HL 
7 G! ' 
Z r :::;(~ R: 
T E t 

SAVE STACK PTI:;;: 
OPEN TTY INPUT 
OPEN TTY OUTPUT 

CLEAr.:: scr:':EFN 

F'r.::INT HEADING 
PIUNT MENU 
CLEAr.:: F.:EGISTEP:::; 

CLEAP EF.:F.:Or.:: FLAG 
DISPLAY REGISTERS 
DI:~;PL{iY "1Et·iOF.:'{ 

CL.EAF.: INPUT LINE 

CHECK FOf': EF.:fWI':S 

PRINT EPROR MESSAGE 
GET A CHAR 

CLEAr.: ERROR S 

NOT A DIGIT 

NOT (..\ DIGIT 
{' DIGIT 

RE::nAfn 
SET UP FOR ZERO ARG OPS 

SET UP r.::ET {WDP 

DUPL.ICATE 

SET UF' FOR UNARY OF'S 

SG!UAF.:E F.:OOT 

( 

• 
• 
c 

• 

• 



-'- ' .. '.'--' -'--""--

CP , L' • JP 7.., LOG 

• CP , T' • ,IP Z,TAN 
CP , C' 

• JP Z,COS • CP , S' 
JP Z,SIN 

• CP , A' 
" F' Z,ATN 
CP , V' 

• " P Z,REC • CP , F' 
JP Z,BRK 

• CP , I' • ,) F' Z,INT 
CP , B' 

• JP Z,ABS 
CP , N' 
JP Z,NEG 

• CP , X' • JP Z,XCH 
CP 'w' 
JP Z,MEMW 
LD IX,REG3 SET UP FOIt: BINAIt:Y OPS 
LD IY,REG4 

• LD HL,L.OOBIN 41 EX (SP) ,HL NEW RET ADDR 
CP , + ' 

• JP Z,ADD ADDITION 
CP , - , 
,IP Z,SUB 

• CP , "* ' • ,IF' Z,MUL.T 
CP , I ' 

" P 7.,DIVI 
ep , 1· , 

JP Z,POW 
CP , D' • RET .... POP COMMAND ,-
LD HL,LOOP SET UP FOR OTHERS 

• EX (SP) ,HL NEW RET ADDR • CP ODH CR 
RET .... 

l.. Cit: IS ENTER 

• LD A,OFFH 
LD (ERROR) ,A FLAG COMMAND ERROR 
RET ALL UNDEFINED CHARS 

• LOOZR CALL PllSH • ,JP LOOP 
LOOBIN L.D HL ,1t:EG4-1 SRC 

• LD DE,REGT-l 
LD BC,NlIMSIZ*3 
L DDR COPY It:EGl,2,3 INTO 2,3,4 

• CALL DPYALL REDISPLAY REGS 
JP L.OOP . , 

• LOOUN LD HI .. , DREG4 • tD IX,REG4 
CALL DPYR REDISPLAY REG4 

• CALL DPYROU DISPLAY ROUNDED RESULT 

• --.--~-~--
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• 
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I 
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t. 

•• 

,iP LOOP 
*H SPECIAL OPERATIONS 

INPUT A NUMBER AND PUSH IT 
DIGITS ••• E. N. ARE ACCEPTED 
D ABORTS ENTER MODE 
A DIGIT HAS ALREADY BEEN TYPED 

INITIALIZE BUFFER, FLAG, COUNT, PTR 

iliUM LD <INBUF+i) ,A; SAVE FH:ST DIGIT 
LD A, , + ' 
LD (INBUF),A INIT SIGN 
LO HL,INBUF+2 
LD (INBPTR) , Ht; INIT P T F.: 
LD B,INBLEN--2 

NUM10 LD (Ht) • ' , INITIALIZE BUFFEF.: 
INC HI.. 
D\.JNZ NUM10 
LD A,O 
tD (NFLG) ,(.) CLEAR E){P FLAG 
LD fl' ENTLEN+~: 
tD (ENTEFa .. ) ,A INIT COUNT 

CONVERT AND DISPLAY INBUF--REGT 
SEND ERROR MESSAGES 

NUI'i20 

NUM25 

LD 
CAL.1.. 
CALL 
LD 
LD 
AND 
LD 
JR 

ep 
J F;: 
CP 
,JR 
CP 
\oj F.: 
ep 
,J F.: 
CP 
,j F;: 

HL, ENTEF.:L 
OUT:~;TR 

INCHR 
FL A 
(4, (NFLG) 
A 

NZ,NUM35 

, 0 ' 
C , NlI~12~; 
'9'+1 
C,NUM60 , , . 
Z,NUM6Cl 
• E • 
Z, NUM6~i 
, N t 
Z , NUM~i~5 

DISPLAY ENTER LINE 
GET A CHt"lR 
SAVE CHAF.: 

TEST Fl. M;; 
F.:E::HOF.:E CH~"l R 
IN E){PONENT PAFn 

NOT (l DIGIT 

(.) DIGIT 

A DECIM{\L. PT 

SET UP FOR EXPONENT 

NEGATE 

END OF NUMBER INPUT, PUSH RESULT 

Nut-BO 

NUMJ2 

CP 
,J R 
POP 
JP 
PUSH 
L.D 
LD 
CALL 

, D ' 
NZ ,NUt'B~~ 
HL 
LOOP 
AF 
HL,INBUF 
IX,REGT 
DTOB 

NOT DELETE 
KILL RET AOOR 
I GNOF.:E NUMBEF.: 
S{WE THIS CHAR 

CONVERT NUMBER IN REGT 

• 

t 

• 
t 

• 
• 
• 
• 

• 
• 
• 
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• 
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C: 

.\ 
~ 

• 
• 
• 

CALL PUSH PUSH REGT ONTO STACK 
LD HL,Cl.Rl.IN 
(: AL.L OUTST~: CLEAR NUMBER DISPLAY 
POP AF 
RET 

PROCESS EXPONENT PART 

NUM35 CP , 0 ' 
J f': C,NUM37 
CP '9'+1 
JR C,NUM60 

NUM37 CP • N' 
,"'R NZ.NUM30 

. NEGATE EXPONENT , 

NOT {% DIGIT 

A DIGIT 

NOT NEGATE 

NUM40 LD HL. (ESGPTR); GET PH.: TO 
LO A, (HU 
CF' '+ ' 
J 1': Z,NUM50 
1..0 ( HI.. ) , , + ' 
JP NU~12() 

NUM50 1..0 ( HL ) , ' ... , 
"JP NUM20 

. NEGATE MANTISSA , 

NUM5~j to A,(INBUF) 
CP , -I- • 

JR Z,NUM57 
LD A, ' + ' 
LD (INBUF),A 
,)P NUM20 

NUM57 LD A, '- , 
LO (INBUF) , A 
JP NUM20 

STORE CHAR IN INBUF 

NUM60 CALl. NUM70 
,)P NUM20 

GET SIGN 

POSITIVE 

GET SIGN 

POSITIVE 

; STORE CHAR 

; SET EFLAG. ADJUST COUNT, PTR 

NUMb5 CALL NUM70 STORE E IN 
LO A.OFFH 

SIGN 

INBUF 

LD (NFLG) ,A TURN ON FLAG 
LO (ESGPTR),HL; SAVE PTR TO 
LD A, '+' 
CALL NUM70 DEFAULT EXP 
,JP NUM20 

ROUTINE TO STORE INTO INBUF 
RETURNS PTR VALUE IN HL 

NUM70 LD 
LD 
LD 
CP 

BrA ; SAVE CHAR 
HL,(INBPTR); GET PTR 
A r (ENTERL) ; GET COUNT 
ENTLEN+INBLEN 

SIGN 

SIGN 

• 
• 
• 
• 
• 
• 
• 
• 
• 
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1': E T 
INC 
LD 
LD 
INC 
LD 
RET 

-, 
t .. 

A 
(ENTEF.:L) I fi 
( HI.. ) ,B 
HL 
(H'BPT~:) , HL 

COUNT MAX, IGNORE 
INC IT 

STORE CHAR 

DUP DUPLICATE TOP OF STACK 

DUP L.D Hl ,F.:EG't 
LD DE , F:~EG T 
LD BC,NlH1SIZ 
L Drr.: COPY REG4 TO REGT 
f<:E T 

EXCHANGE REGISTERS . 
1 

XCH LD DE,REGT+7 DEST 
LD HLrREGT-l SRC 
LD DC, Nlm::;;IZ*2 
LDDR COPY REG3,4 TO REG4,T 
LD HL, f-<:EGT 
LD DE,REG3 
LD BC,NUf1SIZ 
LDIR COPY REGT TO REG3 
LD HL,DF.:F:G3 
LD I}{,REG3 
CALL DPYR DISPLAY NEW REG3 
RET 

[iUT TO F.:IO . 
t 

RIO I..D SF', (::;::;P) 
F.:E T 

; PI ROUTINE RETURNS PI 

PI F'U!~;H I}{ 

POP DE 
LD HL.,CPI 
LD BC, NUM:=.: I Z 
L DIF.: 
RET 

F;:E:;:;TOPE SF' 
f<:ETUF.:N TO RIO 

COPY I}( TO DE 

C MEMORY READ 

• 1'1 E t1 F.: CALL GETDIG GET 11EM f~ D [) 1': 
,J F.: C , MEf·1R99 EF.: F.: OR 
PUSH IX COPY F.:EG P T F.: TO Hl.. 

• POP HL 
LD DE, F.:EGT PT TO TEMP f,:E G 
LD BC,NUMSIZ 

• L DIF.: COPY VALUE 
RET 

M Et'IR99 POP HL THF.:OW AWAY F.:ET A[)DF~ 

• ,)P LOOP 

MEMOF;:Y l~fHTE .! 
(' 

( 

• 
• 
• 
t 

• 
t 

• 

• 
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e. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

1'1 Ft1~J Cr.l!.!... 
f,:ET 
PUSH 
PUSH 
POP 
tD 
LD 
LDIR 
POP 
CrilL 
RET 

GETDlCi 
C 
HL 
D{ 
DE 
Ht. , I':EG4 
BC,NUt1!3IZ 

HL 
DPYF.: 

GET MEM ADDF.: 
ERROf.;: 
SAVE DIF;PUiY PTF.: 
COpy REG PTR TO DE 

SI':C IS REG4 

COPY F.:EG't TO t1H1 
ca~T DPY PTR 
F.:EDISPIJ\Y ~1EM f':EG 

*H SPECIAL FORMATTING 
DPYROU LD HL,REG4 SRC 

LD DE, f':EGT 
LO BC r NUM!:::I Z 
LDIR COpy REG4 TO REGT 
1..0 D{, F.:ECiT 
LD IY,ROUCON ROUNDING CONSTANT 
LD A,(IX+NUMSIZ-l) 
LD (IY+NUMSIZ-l),A 
LD A, (DO GET SIGN 
AND 80H 
LD (IY),A 
CALL ADD ROUND TO 10 PLACES 

CLEAR DISPLAY AREA 

LO HL,DROU+ADRSIZ+l 
LD B,18 

DPYr;,:O~; LD (HL) " , 
INC HI... 
I) ,)NZ DF'YF.:05 
LD HL.DREGT 
F'U!;:;H HI.. !;:;AVE Ht 
CALL BTOD CONVERT NUMBER 
EX AF,AF' SAVE EXPONENT IN A' 

SET UP HL PTING TO INPUT, DE TO OUTPUT STRINGS 

POP HI.. ; GET PTR TO ASCII STRING 
LD DE.OROU+ADRSIZ+l; OUTPUT PTR 

CHECK FOR ZERO INPUT 

}{OR A CHECK FOR ZEf,:O 
CP (D{+7) 

elf': i?,,:HF.:9Cl INPUT I::; ZHW 

CALCULATE # SIGNIFICANT DIGITS 

PUSH 
LD 
ADD 
1..0 

STRiO CP 
,JR 
DEC 
DEC 
lJF!: 
POP 

HI.. 
Be ,10 
HL,[3C 
A, 70 7 
(HL) 

NZ,STR20 
HI.. 
r-0' 

NZ,SH::iD 
HI.. 

SAVE INPUT PTF.: 
M.AX COUNT 
PT TO L;~!:;T DIGIT 
ASCII ZERO 
CO~1PAF.:E DIG I T 
DIGIT IS SIGNIFICANT 
DEeF.: PTF.: 
DECr~: COUNT£:: R 
COUNTEf': NOT 'ZEF.:O 
RE:::;rORE PTF,: 

• 
• 
• "\ 

• 
• 
• 
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• 
c 
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• 
t 

t 

• .1 F:: ~::; T f;: 9 0 
POP HI.. 

LD A. (HI..) 
LD (DE)'{:) 
INC HL 
INC DE 

CHECK IF X >= 1 

EX AF,AF' 
LO B,A 
AND A 
,,II": ;~, ~:nF~4·0 

,,IF' f'! , ~:H f<: 6 iJ 
CP U. 
,! P NC, ~;nF.:80 

THIS JR SHOULDN'T HAPPEN 
I'-<:ESTORE PTR 

GET EXPONENT 
SAVE IN B 

E}<PONENT IS ZEI<:O 
E:><PONENT I~:: .{ () 

TOO BIG 

PRINT nJGITS TO LEFT OF DECIMAL PT 

L.D A,(HL) 
LD (DE) ,A 
INC HL 
INC DF 
DEC C 
DdNZ STR3D 

GET CHAf': 
:3TOf~E IN STrUNG 
ADVANCE PTI<:S 

DECR # SIGNIF DIGITS 
EXP COUNTER NOT ZERO 

CHECK IF ANY SIGNIFICANT DIGITS LEFT 

LD A,C 
AND ?l 
,!P ~1,SHUOO 

,) r,: Z , S T f,,: 1 0 () 

PI<: I NT DEC I Mf\L PT 

LD 
to 
INC 

A ' , , . 
(DE),?l 
DE 

GET # DIGITS 

NONE LF:FT 
NONE LEFT 

t PRINT SIGNIFICANT DIGITS TO RIGHT OF PT 

, LDn:: ; (B IS ZERO, C IS COUNTER) 
,.11'-<: sn::100 

; CHECK IF NUMBER WILL FIT IN lOPlACE FI":ACTION 

L.D A.e 
~:HJB B 
CP 11 
,!R NC,~:nr<:80 

GET # SIC; DIGIT!:; 
ADD • LEADING ZEROS 

WON'T FIT, USE E NOTATION 

• OUTPUT DECIMAL PT AND LEADING ZEROS 

LD A,'.' 
LD (OE),A 
INC DE 

• LD A, '0' 

, 
f 

• 
c 

• 

• 
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:3TR70 LD (DE) ,jO.,\ 

INC DE 
INC B 
JF.: NZ, SHaD 
,JR STR50 

STORE A 0 
ADV PTI": 
INC COUNTER 
COUNTEI': NOT 0 
GO PRINT SIG DIGITS 

USE E NOTATION FOR NUMBER 

LD 
LfH 
lD 
LD 
INC 
tDIR 
INC 
INC 
INC 
INC 
1..0 
LDIR 
JR 

BC ,10 

A ' , , . 
(DE) ,A 
DE 

HL 
HI. 
HL 
DE 
BC,5 

STR100 

OUTPUT A ZERO 

8 TF~90 LO 
INC 
LD 

STRiOO LD 
CALL 
RET 

*H UTILITIES 

A, , 0' 
DE 
(DE) , A 
HL,oROIJ 
OUTSTI': 

DISPLAY A REGISTER 

#DIGIT8 
TRANSFER LEADING DIGIT 

DECIMAL PT 

I":EST OF DIGITS 
SKIP 3 DIGITS 

SKIP A SPACE 
CHARS LEFT IN EXP 

DISPLAY IT 

HI.. PTS TO DISPLAY BUFFER 
IX PTS TO REGISTER VALUE . , 

DPYR 
IX 
HL 
DE,REGT 

PUSH HI.. 
PUSH 
POP 
tD 
LD 
LDIR 
1..0 
LD 
CALL 
POP 
PUSH 
LD 
ADD 
EX 
tD 
1..0 
LDI 
1..01 
LD 
LD 
INC 
LDIR 
Lo 
LD 

BC,NUMSIZ 

IX,REGT 
HI.., DRE:GT 
BTOo 
Ht 
HI.. 
BC,ADRSIZ+3 
HL,Be 
DE,HL. 
HL, DI":EGT 
BC,NUMDIG+1 

A ' , , . 
(DE) , A 
DE 

A,' , 
( DE ) , A 

SAVE OUTPUT PTR 
COPY D{ TO HI.. 

DEST IS TEMP REG 

COPY REGISTER TO TEMP 
PT IX TO IT 
PT TO TEMP DPY REG 
CONVERT TO ASCII 
GET PTR 

PT TO SIGN BYTE 

PT TO BTOD OUTPUT 

COpy SIGN 
COpy FIRST DIGIT 

DECIMAL PT 

COPY REST OF DIGITS 

BLANK 
j 

• 
• 
• 
• 
• 
• 
• 

• 
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I 

c 

• 
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INC DE 
INC HL 
10 BC,i\lUME}{P 
LDT!': 
POP HI.. 
e ALL OUT:::;T": 
RET 

PUSH, DPY?,L!... 

E}{PONENT 

Pf<:INT F!:E::;ULT 

VALUE IN TEMP REG IS PUSHED ONTO STACK 
ALL REGISTERS ARE REDISPLAYED 

PUSH lD HL.REG2 SOURCE 
LD DErREGl DEST 
LD BC,NI,IMSIZi!·4 
!..DIR MOVE ALL VALUES UP 1 

OPYALL LD HL,DREGl 
I...D I}(rF~EGl 

CALL DPYR 
LD HL,Df<:EG2 
LD I}{ r REG2 
CAL.L DPYF!: 
LD HL,DREG3 
L.D 
C{~LL 

LD 
LD 
C {iLL 
CALL 
f;,:ET 

I}{ r F.:EG3 
DPYR 
HL ,DF.:ECi4 
I}{rf~EG4 

DPYF.: 
DPYI~:OU ; DISPLAY ROUNDED RESULT 

CLf':ALL. CLEAR ALL REGISTERS 

ClRALL. LD HL,REGl 
LD B,Ntn1:3IZ*15 

CLF.:AID L.D OH,,),Q 
INC HL 
D,.JNZ CLRAiO 
F.:ET 

DISPL.AY MEMOF.:IES 

D F'Yt'1 E t"l LD HL, DMHlO 
LD I>{ .t1 E t1 fJ 
LD B, i 0 

DPYMI0 PUSH Be 
PU:::;H HI.. 
PUSH IX 
CAL.L DPYF.: 
POP IX 
LD Be, NUM:::;IZ 
ADD I >{ r Be 
POP HI.. 
LD BC,[)SIZ[+l 
ADD Hl..,BC 
POP Be 
D,JNZ DPYMI0 
f<:ET 

DISPLAY 1'1ENU 

F IF.:8T t"lEt'! F.:EG 

COUNT 
::;AVI.:: COUN T 
:::;AVE F.:ECi PTf,: 
Sf.'iVE DPY F'TR 

DISPLAY SIZE 
PT TO NEXT DISPLAY 

PT TO NEXT F.:EG 

COUNT NOT 0 

c 

( 

c 

t 

• 
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MENU LO 
CALL 
LD 
CALL 
L.O 
CALL 
LD 
CALL 
1...0 
CALL 
L.D 
CALL 
RET 

HL,NENLll 
OUTSTR 
HL..NENLl2 
OUTSTR 
HL,NENl.I3 
OUTSTR 
HL.,NENLl4 
OUTSTR 
HL, MENU~i 
OIJT::HR 
HL.,NENLl6 
OUTSTR 

GETOIG GETS ADDRESSES FOR MEMORY OPERATIONS 
INPUTS A CHAR. MULTIPLIES BY NUMSIZ AND DSIZE, 
ADDS TO REG AND DPY PTRS 
RETURNS CY IF NOT SUCCESSFUL 

GETDIG 

GETD10 

GETD20 

GETD30 

GFTD99 

CALL. I NCH"~ 
CP 
J F~ 
CP 
JR 
AND 
LD 
XOR 

, 0 7 

C,GETD99 
'9'+1 
NC.GETD99 
OFH 
C.A 
A 
B.NUMSIZ 
A,C 
GETD20 
IX, MEMO 
E,A 
D,O 
IX.DE 
DE,HL 
E,e 

GET A CHA"~ 

NOT A DIGIT 

NOT A DIGIT 
CONVERT TO BINARY 
SAVE IN C 
CLEAR A 

MULTIPLY BY NUMSIZ 

PT TO FIRST I':EG 
PUT RESULT IN DE 

PT TO ADDRESSED NEN 
PUT DISPL IN HI... 
PUT ORIGINAL VAL IN DE 

l..D 
ADD 
DJNZ 
LO 
LD 
L.D 
ADD 
EX 
to 
LD 
LO 
ADD 
D~!NZ 

LD 
ADD 
AND 
RET 

0,0 
B,DSIZE+l-NUMSIZ 
HL,DE MULTIPLY BY DSIZ 

CP 

GETD:30 
DE.DMEMO 
HL,DE 
A 

'D r 
SCF 
RET Z 
LO A,OFFH 
LD (ERROR),A 
RET 

PT TO F I I':ST DPY 
PT TO ADDRESSED MEM OPY 
CY OFF 

TUF~N ON CY FLAG 
DELETE COMMI4NO 

FLAG E":I':OR 

~!I"I 1/0 UTILITIES 

. INPUT FIL.E OPEN , 

INOPN LD IY,INVECT PT TO VECTOR 
LD (IY+l),4 OPEN 
LO (IY+4),O LEN 
CALL SYSTEM 
RET 

• 
• 
• 
• 
• 
• 
• 
• 
« 
( 

c 

• 
• 
• 
• 
• 
• 
• 
• 



• 
c 

• 

• 
• 
c: 

• 

• 
c 

• 
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Ol.lTOF'N LD 
LD 
LO 
CALL 
~:ET 

IY,OTVECT 
(IY+1),4 
(IY+4),Q 
SYSTEM 

INCHR INPUT 1 CHAR 
RETURNED IN A 

; 
I NCHF.: LD IY,INVECT 

LD (IY+l),QCH 
LO (lY+4),1 
LD HL,INCBUF 
to (IY+Z),L 
LD (IY+3),H 
CALL SYSTEM 
LD (IY+l),40H 
LD (IY+4),1 
LO HL,CSTAT 
1..0 (IY+2),L 
tD (IY+3)rH 
CALI.. SYSTEM 
LO A, (CSTAT) 
BIT 5,A 
JP Z,RIO 
tD A,(INCBUF> 
BIT t"A 
RET Z 
RES 5 ,{ .. ~ 
RET 

OUTSTR OUTPUT A STRING 

PT TO VECTOR 
OPEN 
I ... EN 

READ LINE 
DATA L.ENGTH 

DATA AOOR 

F.:EAD STATU~; 

DATA LENGTH 
GET CSAT ADDF~ 

GET FLAGS 

ESC PENDING 
GET CHAR 

NOT UPPEF.: CASE 
MAKE UPPER CASE 

HI.. PTS TO COUNT FOLLOWED BY STRING 

OUTSTF.: LO 
1..0 
tD 
1...0 
INC 
LD 
LD 
CALL 
RET 

VECTORS 

A, (HL ) 
IY,OTVECT 
(IY+l),lOH 
(IY+'t),A 
HL. 
(IY+2),L 
(IY+3) ,H 
SYSTEM 

INVECT OEFB 1 
OEFB 4 
DEFW 0 
DEFW 0 
DEFW 0 
DEFW i) 

DEFB 0 
DEFW 0 

OTVECT OEFB 2 
DEFB 4 
DEFW 0 
OEFW 0 
DEFW 0 
DEFW 0 

GET COUNT 

WRITE ASCII 

-
I 
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OFF'B 0 
DEFW 0 

*H CONSTANTS, WORK AREAS 

; EQUATES 

A SCESC ECHJ 
SYSTEt1 EQU 
NUMSIZ HW 
NUMOIG EQU 
NUMEXP EQU 

; CONSTANTS 

lBH 
l't03H 
8 
13 
4 

cpr DEFW 1403H 
DEFW 9215H 
DEFW 3565H 
DEFl"J 8190H 

ROUCON DEFW 0 
DEFW 0 
DEFW 500H 
DEFW fJ 

MESSA~ES, STRINGS 

HEADNG DEFS 27+ADRSIZ 
ADDR 1,20 

ESCAPE CHAr:<: 

SIZE OF DATA 
NUMBER OF SIGNIF. DIGITS 
NUMBER OF EXPON DIGITS + 1 

3,14,1592653590 

OFFM '7 8 0 CAL C U L A TOR' 

MENU LINES 

t1ENU1 DEFS 60+ADRSIZ 
ADOI': 4,8 
OEFM '+ Y+X 
OEFM ' G! SG!R 00 
OEFM 'T TAN(X) 
DEFM 'V 1/X 
OFFM 'X EXCH X,Y 

MENU2 OEFB 60+ADF:~SIZ 
('~DDF<: 5,8 
DFFM ' - V-X 
OEF~i 'E E}{P(X) 
DEFM "8 SINon 
DEFM 'N CHG SGN 
DEFM '::: DUP X 

~1 FNU~ DEFB 60+ADF<:SIZ 
ADDR 6,8 
DEFM ' -1[, Y*X 
DEFt'l 'L LOG(X) 
DEF~1 'c C:OS(X) 
DEFt'l 'B ABS(X) 
OEFM 'D DEL/POP 

MENU4 DEFB 60+ADRSIZ 
ADDF<: 7,13 
DEFt'1 ' I Y/X 
DEFM '# RANDOM 
DEFM 'A ARCTAN(X) , 
DEnt 'F FF~ACT I ON 
DEFM ' f<:<N> READ 

MENU5 DEFB 60+ADF~SIZ 

• 
• 
• 
• 
• 
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, 
AD OR B,8 4 
DEFM ' 'I' y-t·x 

• DEFM '2 ZERO • OEFM ' P PI 
OEFt1 ' I INTEGER 

• DEFM 'W(N) WF.:ITE • MENU6 DEFB 60+ADRSIZ 
ADDI': 9,8 
DEFt'1 , • DEF!1 , • DEFt'l , 

• DEFM '(ESC> EXIT • DEFt"'! ' K CLEAR ALL , 
E I<:RMSG DEFB 5+ADI':SIZ 

• ADOR 22,1 t DEFM ' EF~ROF.:' 
NOP DEFB 1 

DEFB , , • CL":LIN OEFB 39+2*ADRSIZ • ADDR 22.1 ROW 20. COL 1 
DEFM , 

•• DEFM , 
AD OR 22,1 ROW 20, COL 1 

C 
PF.:MPTA DEFB 2+ADRSIZ • ADDR 22,1 ROW 20, COL i 

DEFB ' > t 

I: 
FRS TOG DEFS 1 
P F.:OMPT DEFB 1 

DEFB ' )- , 

• C U':SCR DEFB CLRSIZ • CLEAR 

, DISPLAY BUFFERS 
I 

, 
C 

DSIZE EG!LJ 22+ADRSIZ 

• DREG1 DEFB DSIZE • ADOI': 13,8 
DEFM • 

C 
DEFS 20 • DREG2 DEFB OSrZE 
ADDF.: 14,8 
DEFM , 

t, DE:FS 20 
DREG3 DEFB OSIZE 

•• 
ADDR 15,8 • DEFM 'y , 
DEFS ~~o 

•• 
DREG4 DEFB DSIZE 

41 ADDR 16,8 
DEFt'1 'X 1 

C 
DEFS 20 

DREGT DEFS NUMD IG+NUME:XP+ 2 41 
DNEMO DEFB DSIZE 

• AD DR 13,40 
DEFM '0 , • DEFS 20 

DMEMl DEFB OSIZE • ADDR 14,40 
DEFM ' 1 

, 

• DE:FS 20 • 
•• 



• DMEM2 DEFE'. D~;IZ.E 

ADDR 15,40 

• DEFM ' 2 
, 

DEFS 20 
DMFM3 DEFf?. DSIZE 

• ADDR 16,40 
DEnl '3 , • DEFS 20 

• DEFB DSI2E 
AD DR 17,/tO 

DMEM4· 

DEFM ' i l 
, 

• DEFS 20 
DEFB DSIZE DMEM5 • ADOR 18,40 

• OEFM '5 , 

DEFS 20 • DMEMb DEFB DSIZE 

• ADDR 19,40 
DEFM '6 , 
DEFS 20 

• DEFf?. DSIZE 
ADDR 20,40 

DMEM7 • OEFM '7 , 

DEFS 20 
DEFB DSIZE • DMEM8 
AODR Zit/tO 
DEFt1 ' B 

, 
OEFS 20 • C DMEM9 DEFB DSIZE 
AOOR 22,40 
DEFM '9 , • DEFS 20 
DEFB i8+AORSIZ 
AODR 19.10 • OFWU 

OEFS 18 

• REGISTERS • 
• REG1 DEFS NUMSIZ 

REG2 DEFS NUMSIZ • REG3 DEFS NUMSIZ 

.' REG4 DEFS NUMSIZ 
REGT DEFS NUMSIZ • MEMO DEFS NUMSIZ 

• MEM! DEFS NUMSIZ 
MEM2 DEFS NUMSIZ • ~lEM3 DEFS NUMSIZ 

• MEM4 DEFS NUMSIZ 
MEM5 DEFS NUMSIZ • MEM6 DEFS NUMSIZ 

• HEM7 DEFS NUMBI2 
MEM8 DEFS NUMSIZ • MEM9 DEFS NUMSIZ 

• . BUFFERS r 

• ENTLEN EQU 7+ADRSIZ SIZE OF ENTE~: MSG 
INBl.EN EQU 30 SIZE OF INBUF • ENTERL DEFS i MSG LENGTH 

• ADDR 22.1 ENTER MESSAGE • 
• • 



( 

• 
• 
• 

• 

• 
, 
, 

• 

• 
• 

DEFM 
XNBUF DEFS 

DEFS 
NFLG OEFS 
INBPTR DEFS 
ESGPTR OEFS 
INCBUF DEFS 
CSTAT DEFS 
S!:;rl DEFS 

'ENTt:F.:; 
INBL.EN 
1 
1 
2 
2 
1 
1 
:? 

, 

EXP SIGN MAY GO HERE 
NUMBER FL.AG 
PTF.: I N I NBUF 
PTR TO EXP SIGN 
INPUT CHAF.: 
CONSOLE STATUS 
SAVED STACK PTF( 

r'::EFEF~ENCES 

EXTERNAL DTOB,BTOD 
EXTERNAL AOO,SUB,MULT,OIVI,POW 
EXTERNAL INT,ABS,SGN,BRK,RND 
EXTERNAL REC,NEG,RANOMZ,ZERO 
EXTERNAL SQR.EXP,LOG,TAN,COS.SJN,ATN 
EXTERNAL ERROR 

ASM 11 CAL (M NOL O=CAL.OBJ) 
LINK $:::::4400 CAL DI"IATHM DMATHO DMATHl DMATH2 (NOM) 

• 
c 

• 
• 
• 
• 
• 
c 

c 

• 
c 

• 
• 
• 
• 
• 
• 
• 
• 
• 



• 
• 
• 

• 

• 
• 
• 
• 
• 
e" 

IH MULTIPLICATION 

8 BIT BY a BIT UNSIGNED MULTIPLY 306 CYCLES AVG. 

MULTIPLICAND IN E 
MULTIPLIER IN C 
PRODUCT IN AE 

MPaa XOR A CLEA~: ACCUl'l 
LD B,8 SET COUNTER 
R ,,~ E 1ST MPLIER BIT IN CY 

MP88A ,)R NC, $+:5 BIT WAS A 0 
ADD A,C ADD t1UL TIPLICAND 
RRA ROTATE ACC-MULTIPLIER INTO 
RF~ E 
D~JNZ MPBBA COUNTEF: NOT 0 
RET 

16 BIT BY 16 BIT UNSIGNED MULTIPLY 930 CYCLES AVG. 

MULTIPLICAND IN DE 
MULTIPLIER IN AC 
PRODUCT IN HLAC 

1.0 HL,O 
LD B,16 
RRA 
RR C 

HP161 JF: NC,MP162 
ADD HL,DE 

HP162 F:R H 
RR L 
RRA 
RR C 
D~JNZ MP161 
RET 

CL EA~: ACCUM 
SET COUNTER 
1ST MPLIER BIT IN CY 

t1F'LIER BIT IS 0 
ADD MULTIPLICAND 
ROT ACC-MPLIER INTO CY 

COUNTER NOT 0 

CY 

24 BIT BY 24 BIT UNSIGNED MULTIPLY 2D22 CYCLES AVG. 

MP2Lt 

1'H.lL.TIPl.ICAND IN CDE 
MULTIPLIER IN H'L'D' 
PRODUCT IN AHL.H'L'D' 

}{I)R {~ 

LO H,A 
LD L,A 
LD B,24 
EXX 
R f': H 
RR L 
RF: D 
EXX 

MF'241 ,JR NC,MP242 
ADD HL,DE 
ADC A,C 

MP242 F:RA 
RR H 
R 1': L 

CLEM,: ACCUM 

SET COUNTEf': 
ALT BANK 
ROT lST MPLIEF: BIT INTO CY 

I'1AIN BANK 
MPLIER BIT l4AS 0 
ADD t'lPL. I CAND 

I':OT ACC···l'lPL I ER INTO CY 

• 
• 
• 
• 
• 
• 
• 
c 

• 
• 
I 

• 
• 
• 
• 
• 
• 
• 
• 
• 



I 
• • 

• 
, 

I: 

I 
i& 

\ 

f<:P H 
Rf.!: L 
f;: f',: 0 

D,)j\IZ t-1P21~1 

~: E T 

f.lLT BANK 

l'ltt r N B{)Nf( 
COUNTFP NOT I] 

32 8IT 8Y 32 BIT UNSIGNED MULTIPLY 3619 (:YCLFS {{VG. 

MULTIPLICf.lND IN O'E'DE 
MULTIPLIER IN B'C'CA 
PRODUCT IN H'L'HLB'C'CA 

LD HL,(l 

LP HL,(l 

LD B,]3 
,IP MP323 

C:LEAf.!: (lCCUt1 
~~L T B~~NK 

~1{\IN B{~NK 

SET COUNTER 

HP321 JP Ne, HP3~?;? !'IF'LIFr.;: BIT I~; 0 
ADD MtH.. T I PI.. I CMW 
ALT BANK 

ADD HL,f)[ 
E \.1 \l 

l\ I'. 

{~[)C HI. t DE 
E'I\I 1\ 1"\ 

Ei{i{ 

F.:r<: H 
F.:R L 
E }{}{ 
RP H 
r<:P L 
E ){}{ 
RR B 
RF:: C 

RR C 
F<:f.!:A 
D ,)NZ 1'1P321 
F.:ET 

-ll-l-l DIVISION 

1'1 A I N BANK 
ALT BIHH::: 
f,:OTtITF (')CC!.!I'1 INTO CY 

M{\ I N BANK 

t~LT B(')NK 
ROTATE MPLIER INTO CY 

1'1 A I N BANK 

COUNTEf~: h!OT (l 

8 BIT BY 8 BIT UNSIGNED DIVIDE 346 CYCLES AVG. 
USES RESTORING DIVISION, PRODUCING COMPLEMENTED QUOTIENT 

E IS DIVIDEND 
C IS fHVI!::;M~ 

(~ IS G!LJOTIFNT 
B n::; f-<:EMA I NDE f<: 

D Vl:H~ }-( t) f,: A 
LD Br8 

D ve.{.\ F.:L E 
F.: L i) 
SUB r-.-
,) F.: Ne, :$+] 

ADD (.i,C 
[),JNZ DV8A 
l.D B, () 
1..1) ?~, E 
F~ LA 

CL.EAF.: {~CCLJM 

LOOP COUNTF::R 
ROTATE CY INTO ACC-DIVIDEND 
CY ~JI L.L 8E OFF 
TRIAL SUB DIVISOR 
::;UB TF::(:)CT OK 
RESTORE AeCUM. SET CY 

PUT PEMAINDFR IN B 
GET GllJOTIENT 
SHIFT IN LAST RESULT BIT 

• • 
t 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

CPL 
RET 

COMPLEMENT BITS 

16 BIT BY 8 BIT UNSIGNED DIVIDE 473 CYCLES AVG. 
RESTORING DIVISION, FAKING A 9 BIT ACCUM 

. ; 
DIVIDEND IN AE 
DIVISOR IN C 
QUOTIENT IN E 
REMAINDER INA 
CY ON FOR OVERFLOW 

DV168 

DV161 
DV162 

DV163 

DV165 

CF-
CCF 
RET 
LD 
JP 
SUB 
SCF 
DEC 
J F:~ 
RL 
RLA 
J F:~ 
SUB 
,) F:~ 
ADD 
AND 
OJNZ 
RL. 
f<:ET 

C 

C 
B,a 
DV163 
r-.0 

B 
Z,DV165 
E 

C,DV161 
C 
NC,DV162 
A,C 
{~ 

OV163 
E 

(A )= C ON INPUT) 

CHECK FOR OVERFLOW 

A )= C 
LOOP COUNTER 

SUB DIVISOR 
FORCE RESUL.T TO 1 

COUNTEF:: ISO 
ROTATE CY INTO ACC-DIVIDEND 

NE:ED 9 BIT ACCUN 
TRY SUB DIVISOR 
SUB OK. OUTPUT A 1 
RESTORE ACCIJM 
NAKE CY 0 
COUNTER NOT 0 
GET LAST RESULT BIT. 0 CY 

16 BIT BY 15 BIT UNSIGNED DIVIDE 1164 CYCLES AVG. 
NON-RESTORING OIVISION ALGORITHM 

DIVIDEND IN AC 
OIVISOR IN DE (15 BITS) 
tH.J(JTIENT IN AC 

, , 
REt1AINOER IN HL 

DV15 CLEAR ACCUM LD HL,O 
to B.16 SET COUNTF'::F:: 

DV151 0 (= HL ( DE 
Rl. 
RLA 
A DC 
sse 

DV152 CCF 
.JR 

o V 15:~ D\.JNZ 
RL 
RL.A 
RET 

DV154 
RL 
RI..A 
ADC 
AND 

C 

Hl...HL 
HI .. , DE 

NC,DV155 
DV151 
C 

C 

HL,HL 
A 

ROTATE ACC-RESULT LEFT 

NO CY POSSIBLE 
SUBTRACT DIVISOR 
CAl.C I':ESULT BIT 
ACCUM WENT NEGATIVE 
COUNTER NOT 0 
SHIFT IN LAST RESULT BIT 

-DE (= HL. -( 0 
ROTATE ACC-RESULT LEFT 

TURN OFF CY 

1 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• 

• 
( 


