Representation of Floating Point Numbersin
Single Precision |EEE 754 Standard

Value =N = (-1)5, X 25127 X (L.M)
«

18| 23

. \
0 < E <255 sign |S| E M
Actual exponentis: [+—__ exponent: mantissa:
e = E-127 excess 127  sign + magnitude, normalized
binary integer binary significand with
added a hidden integer bit: 1.M
Example: 0 = 0000000000...0 -1.5=10111111110...0
Magnitude of numbers that -126 127 -23
can be represented is in therange: | 2 (1.0) to 2 2-2°7)
Which is approximately: 18x 10 38 to 3.40x 10 38

EECC250 - Shaaban }
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Representation of Floating Point Numbersin
Double Precision |EEE 754 Standard

Value = N = (-1)5, X 25192 X (LM)
«

\1 11\ 52

sign |S| E M
0< E < 2047 _
Actual exponentis: [*— exponent: mantissa: |
e = E-1023 excess 1023 sign + magnitude, normalized
binary integer binary significand with
added a hidden integer bit: 1.M
Example: 0 = 0000000000000...0 -1.5=10111111111110...0
Magnitude of numbers that -1022 1023 i
can be represented is in the range: 2 (1.0) to 2 (2-2 52)
Which is approximately: | 5234 15°%% to 18x10 °98

EECC250 - Shaaban }
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|EEE /54 Format Parameters

Single Precision

Double Precision

p (bitsof precision) 24 53
Unbiased exponent

€ o 127 1023
Unbiased exponent

€.in -126 -1022
Exponent bias 127 1023

EECC250 - Shaaban

#3 lec#17 Winter99 1-27-2000



| EEE 754 Special Number Representation

Single Precision

Double Precision

Number Represented

Exponent | Significand Exponent | Significand
0 0 0 0 0
0 nonzer o 0 nonzer o Denormalized number?
1to 254 anything 1to 2046 anything Floating Point Number
255 0 2047 0 | nfinity2
255 nonzero 2047 nonzer o NaN (Not A Number)3

1May bereturned asaresult of underflow in multiplication
2 Positive divided by zero yields “infinity”
3 Zero divide by zero yields NaN “not a number”

EECC250 - Shaaban
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Floating Point Conversion Example

 Thedecimal number .75, isto berepresented in the
|EEE 754 32-bit single precision format:

-2345.125,,= 0.11,
1.1x 21 (normalized a binary number)

Hidden+——

(converted to a binary number)

« The mantissaispositive sothesign Sisgiven by:

S=0

 Thepiased exponent Eisgivenby E = e + 127

E=-1+127 = 126,, = | 01111110,

e Fractional part of mantissa M:

ThelEEE 754

i

M = MOOOOOOOOOOOOOOOOOO

0

01111110

10000000000000000000000

S

E

M

1 bit

8 bits

(in 23 bits)

WQOH representation is given by:
v

28 bits EECC250 -

Shaaban
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Floating Point Conversion Example

 Thedecimal number -2345.125,, isto berepresented in the
|EEE 754 32-bit single precision format:

-2345.125,,=-100100101001.001, (converted to binary)
=-1.00100101001001 x 211 (normalized binary)
 Themantissaisnegative sothesign Sisgiven by:

S=1
 Thepiased exponent Eisgivenby E = e + 127
E=11+127 = 138,, =|/10001010,
e Fractional part of mantissa M:

M =| ,00100101001001000000000 | (in 23 bits)

ThelEEE 754Wsion representation isgiven by:
—Y A

1 | 10001010 | 00100101001001000000000

Hidden

S E M

1bit _ 8hbits 28 bits EECC250 - Shaaban
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Basic Floating Point Addition Algorithm

Assuming that the operandsare already in the |[EEE 754 for mat, performing
floating point addition: Result = X +Y = (Xm x 2%¢) + (Ym x 29

involves the following steps:
(1) Align binary point:

* Initial result exponent: thelarger of Xe, Ye

« Compute exponent difference. Ye- Xe

* If Ye> XeRight shift Xm that many positionstoform Xm 2 Xe-Ye
o |f Xe>YeRight shift Ym that many positionstoform Ym 2 Ye-Xe

(2) Compute sum of aligned mantissas;
l.e  Xm2XeYe +Y¥Ym or Xm + Xm2Yexe

(3) If normalization of result is needed, then a nor malization step follows:

o Left shift result, decrement result exponent (e.g., if result is0.001xx...) or
» Right shift result, increment result exponent (e.g., if result is 10.1xx...)

Continue until MSB of datais1 (NOTE: Hidden bit in |[EEE Standard)

(4) Check result exponent:

 |f larger than maximum exponent allowed return exponent overflow
o |f smaller than minimum exponent allowed return exponent under flow

(5) If result mantissa is0, may need to set the exponent to zero by a special step

toreturn a proper zero. EECCZSO - Shaaban
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[ Start 1

Simplified
Compar e the exponents of the two numbers " I
(1) | shift the smaller number to theright until its FlOatl n_g _POI nt
exponent matches the larger exponent Addition
— . Flowchart
(2) Add the significands (mantissas)
v

Normalize the sum, either shifting right and
(3) incrementing the exponent or shifting left
and decrementing the exponent

Gener ate exception
or return error

Overflow or
Underflow ?

(4)

If mantissa=0
(5) set exponent to O

v

[ Done ]

EECC250 - Shaaban
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Floating Point Addition Example

 Add thefollowing two numbersrepresented in the |[EEE 754 single precision
format: X =2345.125,, represented as:

0| 10001010 | 00100101001001000000000
to Y =.75,, represented as:

0| 01111110 | 10000000000000000000000
(1) Align binary point:

« Xe>Ye initial result exponent = Ye = | 10001010 |= 138,

 Xe-Ye= 10001010 - 01111110 = 00000110 = 124,

o Shift Ym 12, postionstotheright toform

Ym2YeXe = ym2-12 = (0.00000000000110000000000
(2) Add mantissas:
Xm+Ym2-12 = 1,00100101001001000000000
+ 0.00000000000110000000000 =

1,/00100101001111000000000

(3) Normailzed? Yes
(4) Overflow? No. Underflow? No (5 zeroresult? No

Result | O 10001010 | 00100101001111000000000

EECC250 - Shaaban }
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| EEE 754 Single precision Addition Notes

If the exponents differ by morethan 24, the smaller number will be shifted
right entirely out of the mantissa field, producing a zer o mantissa.
— Thesum will then equal the larger number.

— Such truncation errorsoccur when the numbersdiffer by a factor of morethan
24 which isapproximately 1.6 x 10" .

— Thus, the precison of |EEE single precision floating point arithmeticis
approximately 7 decimal digits.

Negative mantissas ar e handled by first converting to 2's complement and
then performing the addition.

— After theaddition isperformed, theresult isconverted back to sign-magnitude
form.

When adding numbers of opposite sign, cancellation may occur, resulting in
a sum which isarbitrarily small, or even zero if the numbersareequal in
magnitude.
— Normalization in this case may requir e shifting by the total number of bitsin the
mantissa, resulting in alarge loss of accuracy.
Floating point subtraction is achieved simply by inverting the sign bit and
performing addition of signed mantissas as outlined above.

EECC250 - Shaaban }
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Basic Floating Point Subtraction Algorithm

Assuming that the operands are already in the |[EEE 754 for mat, performing
floating point addition: Result = X - Y = (Xm x 2%¢) - (Ym x 2Y9)

involves the following steps.

(1) Align binary point:

Initial result exponent: thelarger of Xe, Ye

Compute exponent difference: Ye- Xe

If Ye> XeRight shift Xm that many positionsto form Xm 2 Xe-Ye
If Xe>YeRight shift Ym that many positionstoform Ym 2 Ye-Xe

(2) Subtract the aligned mantissas:
l.e  Xm2XeYe - Ym or Xm - Xm2YeXxe

(3) If normalization of result is needed, then a normalization step follows:
L eft shift result, decrement result exponent (e.g., if result is0.001xx...) or
» Right shift result, increment result exponent (e.g., if result is 10.1xx...)

Continueuntil MSB of datais1 (NOTE: Hidden bit in |EEE Standard)

(4) Check result exponent:
 |f larger than maximum exponent allowed return exponent overflow
 |f smaller than minimum exponent allowed return exponent under flow

(5) If result mantissa is0, may need to set the exponent to zero by a special step

toreturn a proper zero.
EECC250 - Shaaban }
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D

(2)

3)

(4)

)

[ Start 1

Compar e the exponents of the two numbers
shift the smaller number to theright until its
exponent matches the larger exponent

v

Subtract the mantissas

v

Simplified
Floating Point
Subtraction
Flowchart

Normalize the sum, either shifting right and
incrementing the exponent or shifting left
and decrementing the exponent

Overflow or
Underflow ?

Gener ate exception
or return error

If mantissa=0
set exponent to O

[ Dctne ]

EECC250 - Shaaban }
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Basic Floating Point Multiplication Algorithm

Assuming that the operandsare already in the [EEE 754 for mat, performing
floating point multiplication:

Result = R = X *Y = (-1)*s (Xm x 2X¢) * (-1)"s(Ym x 279
involves the following steps.

(1) If oneor both operandsisequal to zero, return theresult as zero, otherwise:
(2) Computethesign of theresult Xs XOR Ys

(3) Computethe mantissa of the result:

» Multiply the mantissas. Xm * Ym
 Round theresult to the allowed number of mantissa bits

(4) Compute the exponent of the result:
Result exponent = biased exponent (X) + biased exponent (Y) - bias
(5) Normalizeif needed, by shifting mantissa right, incrementing result exponent.

(6) Check result exponent for over flow/underflow:

 |f larger than maximum exponent allowed return exponent overflow
 |f smaller than minimum exponent allowed return exponent under flow

EECC250 - Shaaban }
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(1)

(2)

3)

(4)
()

(6)

| Start

v

I s onefboth
operands =0?

Simplified Floating Point
Multiplication Flowchart

Set theresult to zero:
exponent =0

Computesign of result: Xs XOR Ys

v

Multiply the mantissas

v

Round or truncatetheresult mantissa

v

Compute exponent:

biased exp.(X) + biased exp.(Y) - bias

v

Nor malize mantissa if needed

Generate exception
or return error

Overflow or
Underflow?

| Done |

EECC250 - Shaaban }
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Floating Point Multiplication Example

* Multiply the following two numbersrepresented in the IEEE 754 single
precision format: X =-18,, represented as:

1| 10000011 | 00100000000000000000000
and Y = 9.5, represented as.

0| 10000010 | 00110000000000000000000

(1) Valueof oneor both operands=07? No, continue with step 2
(2) Computethesign: S =Xs XOR Ys=1XOR 0=1
(3) Multiply the mantissas. The product of the 24 bit mantissasis 48 bits with
two bitsto theleft of the binary point:
(01).0101011000000....000000

Truncateto 24 bits:
hidden ® (1).01010110000000000000000
(4) Compute exponent of result:
Xe+Ye-127,,=1000 0011 + 10000010 - 0111111 = 1000 0110
(5) Result mantissa needs normalization? No
(6) Overflow? No. Underflow? No

Result | 1| 10000110 | 01010101100000000000000

EECC250 - Shaaban }
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|EEE 754 Single precision Multiplication Notes

Rounding occursin floating point multiplication when the mantissa of the
product isreduced from 48 bitsto 24 bits.

Theleast significant 24 bits are discar ded.

Overflow occurs when the sum of the exponents exceeds 127, the lar gest
value which isdefined in bias-127 exponent representation.

When this occurs, the exponent is set to 128 (E = 255) and the mantissa is set
to zeroindicating + or - infinity.

Under flow occurs when the sum of the exponentsis more negative than -
126, the most negative value which is defined in bias-127 exponent
representation.

When this occurs, the exponent isset to -127 (E = 0).

If M =0, the number isexactly zero.

If M isnot zero, then a denor malized number isindicated which hasan
exponent of -127 and a hidden bit of 0.

Thesmallest such number which isnot zerois 2%, Thisnumber retainsonly
asingle bit of precision in therightmost bit of the mantissa.

EECC250 - Shaaban
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Basic Floating Point Division Algorithm

Assuming that the operandsare already in the |[EEE 754 format, performing
floating point multiplication:

Result = R = X /Y = (-1)s (Xm x 2¥9 / (-1)Ys(Ym x 2Y¢)
involves the following steps:

(1) If thedivisor Y iszeroreturn “Infinity”, if both are zero return “NaN”
(2) Computethesign of theresult Xs XOR Ys

(3) Computethe mantissa of the result:

— Thedividend mantissa is extended to 48 bits by adding 0'sto the right of the least
significant bit.

— When divided by a 24 bit divisor Ym, a 24 bit quotient is produced.
(4) Computethe exponent of the result:
Result exponent = [biased exponent (X) - biased exponent (Y)] + bias

(5) Normalizeif needed, by shifting mantissa left, decrementing result exponent.
(6) Check result exponent for over flow/underflow:

« If larger than maximum exponent allowed return exponent overflow
o |f smaller than minimum exponent allowed return exponent underflow

EECC250 - Shaaban }
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|EEE 754 Error Rounding

In integer arithmetic, theresult of an operation iswell-defined:

— Either the exact result isobtained or overflow occurs and the result cannot
be represented.

In floating point arithmetic, rounding errors occur asaresult of thelimited
precision of the mantissa. For example, consider the average of two floating
point numberswith identical exponents, but mantissas which differ by 1.
Although the mathematical operation iswell-defined and the result iswithin the
range of representable numbers, the average of two adjacent floating point
values cannot be represented exactly.

The |l EEE FPS defines four rounding rulesfor choosing the closest floating point
when arounding error occurs:

— RN - Round to Nearest. Break ties by choosing the least significant bit = 0.

— RZ - Round toward Zero. Same astruncation in sign-magnitude.

— RP - Round toward Positive infinity.

— RM - Round toward Minusinfinity. Sameastruncation in integer 2's
complement arithmetic.

RN isgenerally preferred and introduces less systematic error than the other

rules.
EECC250 - Shaaban }
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Floating Point Error Rounding Observations

The absolute error introduced by rounding isthe actual difference between the
exact value and the floating point representation.

The size of the absolute error is proportional to the magnitude of the number.

— For numbersin single Precison |EEE 754 format, the absoluteerror is
lessthan 224,

— Thelargest absolute rounding error occurswhen the exponent is 127 and
isapproximately 103 since 2242127 = 103!
Therelativeerror isthe absolute error divided by the magnitude of the
number which isapproximated. For normalized floating point numbers, the
relativeerror isapproximately 107
Rounding errors affect the outcome of floating point computationsin sever al
ways.
— Exact comparison of floating point variables often producesincorrect results.
Floating variables should not be used asloop countersor loop increments.

— Operations performed in different orders may give different results. On many
computers, at+b may differ from b+a and (a+b)+c may differ from a+(b+c).
— Errorsaccumulate over time. Whilethereativeerror for asingle operation in

single precision floating point isabout 107, algorithmswhich iterate many
times may experience an accumulation of errorswhich is much larger.

EECC250 - Shaaban
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68000 FLOATING POINT ADD/SUBTRACT
(FFPADD/FFPSUB) Subroutine

kkhkkkkhkkhkkhkhkhhkkhkkhkhkhkhhkhkhkhkhkhhhkhkkhkhkhhhkhkkhkkikhkhhkhkkhkkik khhhkkhkkik khhkkkkikikik kkkkki*k*k*%x

FFPADD/ FFPSUB
FAST FLOATI NG POl NT ADD/ SUBTRACT

FFPADD/ FFPSUB - FAST FLOATI NG PO NT ADD AND SUBTRACT

| NPUT:
FFPADD
D6 - FLOATI NG POl NT ADDEND
D7 - FLOATI NG POl NT ADDER
FFPSUB
D6 - FLOATI NG POl NT SUBTRAHEND
D7 - FLOATI NG PO NT M NUEND

OUTPUT:
D7 - FLOATI NG PO NT ADD RESULT

CONDI TI ON CODES:

* % X X * X b T N L T S S T R

S S O T T T S N S R S S R S S S S S

N - RESULT | S NEGATI VE

Z - RESULT IS ZERO

V - OVERFLOW HAS OCCURED

C - UNDEFI NED

X - UNDEFI NED
EECC?250 - Shaaban
[

1_

* (C) COPYRIGHT 1980 BY MOTOROLA INC. *
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L I R T B S N R B N S R T B S T R N T B N S

REA@ STERS D3 THRU D5 ARE VOLATI LE
CODE SI ZE: 228 BYTES STACK WORK AREA: 0 BYTES

NOTES:
1) ADDEND/ SUBTRAHEND UNALTERED ( D6) .
2) UNDERFLOW RETURNS ZERO AND | S UNFLAGGED.
3) OVERFLOW RETURNS THE HI GHEST VALUE W TH THE
CORRECT SIGN AND THE 'V BIT SET IN THE CCR

TIME: (8 MHZ NO WAI T STATES ASSUMED)
COWPCSI TE AVERAGE 20. 625 M CROSECONDS

ADD: ARG1=0 7. 75 M CROSECONDS
ARG2=0 5. 25 M CROSECONDS

LIKE SIGNS 14.50 - 26.00 M CROSECONDS
AVERAGE 18.00 M CROSECONDS

UNLI KE SI GNS 20. 13 - 54.38 M CROCECONDS
AVERAGE 22.00 M CROSECONDS

SUBTRACT: ARGL=0 4.25 M CROSECONDS
AR&R=0 9. 88 M CROSECONDS

LIKE SIGNS 15.75 - 27.25 M CROSECONDS
AVERAGE 19.25 M CROSECONDS

UNLI KE SI GNS 21.38 - 55.63 M CROSECONDS
AVERAGE 23.25 M CROSECONDS

b I T R T I R T R R T R R R B N T S N T N N .

EECC250 - Shaaban }
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kkhkkhkkkkkhkkhkhkhkkhkkhkkikikhhkkkkikikk*%x

* SUBTRACT ENTRY POl NT *
kkhkkhkkhkkkkhkkhkhkhkkhkkhkhkkikhkihkkkkikhk*k*%x
FFPSUB MOVE. B D6, D4
BEQ S FPART2
EOR B #$80, D4
BM.S FPAM 1
* + ARGL
MOVE. B D7, D5
BM.S  FPAMS
BNE. S FPALS
BRA.S  FPART1

kkhkkkkkkkkikhkhkkkkkikikikkk*k

* ADD ENTRY POl NT *

kkhkkhkkkkkkkhkikhkhkkkkikikikk*k

FFPADD MOVE. B D6, D4
BM.S FPAM 1
BEQ S FPART2

* + ARCGL
MOVE. B D7, Db
BM.S FPAMS
BEQ S FPART1

TEST ARGL

RETURN AR& | F ARGlL ZERO

| NVERT COPI ED SI GN OF ARGL
BRANCH ARGL M NUS

COPY AND TEST ARR2

BRANCH ARG2 M NUS

BRANCH POSI TI VE NOT' ZERO
RETURN ARGL SI NCE AR& | S ZERO

TEST ARGUMENT1
BRANCH | F ARGL M NUS
RETURN AR& | F ZERO

TEST ARGUVENT2
BRANCH | F M XED SI GNS
ZERO SO RETURN ARGUMENT1

EECC250 - Shaaban }
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* +ARGL +ARG2

* -ARGL - ARG

FPALS SUB. B D4, D5 TEST EXPONENT MAGNI TUDES
BM .S FPA2LT BRANCH ARGl GREATER
MOVE. B D7/, D4 SETUP STRONGER S+EXP | N D4

* ARGLEXP <= ARG&EXP
CwWP.B  #24, D5 OVERBEARI NG SI ZE
BCC. S FPART?2 BRANCH YES, RETURN ARG2
MOVE. L D6, D3 COPY ARGL
CLR B D3 CLEAN OFF SI G\+EXPONENT
LSR. L D5, D3 SH FT TO SAVME MAGNI TUDE
MOVE. B #$80, D7 FORCE CARRY | F LSB-1 ON
ADD. L D3, D7 ADD ARGUMENTS
BCS. S FPA2GC  BRANCH | F CARRY PRODUCED
FPARSR MOVE. B D4, D7 RESTORE S| GN/ EXPONENT
RTS RETURN TO CALLER

EECC250 - Shaaban }
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* ADD SAME SI GN OVERFLOW NORMALI ZATI ON

FPA2CGC

FPA2CS

* RETURN

FPART1

* RETURN
FPART2

ROXR L #1, D7
ADD.B  #1, D4
BVS.S FPA20S
BCC. S  FPARSR
MOVEQ #-1,D7
SUB.B  #1, D4
MOVE. B D4, D7

SHI FT CARRY BACK | NTO RESULT
ADD ONE TO EXPONENT

BRANCH OVERFLOW

BRANCH | F NO EXPONENT OVERFLOW
CREATE ALL ONES

BACK TO HI GHEST EXPONENT+SI GN
REPLACE | N RESULT

OR B #$02, CCR SHOW OVERFLOW OCCURRED
DC. L $003C0002 **** ASSEMBLER ERROR* * * *

RTS

ARGUMENT 1
MOVE. L D6, D7
MOVE. B D4, D7
RTS

ARGUMENT 2
TST. B D7
RTS

RETURN TO CALLER

MOVE I N AS RESULT
MOVE | N PREPARED S| GN+EXPONENT
RETURN TO CALLER

TEST FOR RETURNED VALUE
RETURN TO CALLER

EECC250 - Shaaban }
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* - ARGLEXP > - ARGRZEXP

* +ARGLEXP > +ARGEXP

FPA2LT CMP.B  #-24,D5
BLE. S FPART1

NEG. B D5
MOVE. L D6, D3
CLR. B D7

LSR. L D5, D7
MOVE. B #$80, D3
ADD. L D3, D7
BCS. S FPA2CGC
MOVE. B D4, D7
RTS

* - ARGL

FPAM 1 MOVE. B D7, D5
BM .S FPALS
BEQ S FPART1

? ARGUMENTS W THI N RANGE
NOPE, RETURN LARGER
CHANGE DI FFERENCE TO POSI Tl VE
SETUP LARGER VALUE

CLEAN OFF SI GN+EXPONENT
SHI FT TO SAME MAGNI TUDE
FORCE CARRY I F LSB-1 ON
ADD ARGUMENTS

BRANCH | F CARRY PRODUCED
RESTORE S| GN EXPONENT
RETURN TO CALLER

TEST ARG2'S SI GN
BRANCH FOR LI KE SI GNS
| F ZERO RETURN ARGUMENT1

EECC250 - Shaaban }
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* _ARGL +AR®

* +ARGL - ARG

FPAVS MOVEQ
EOR. B
SUB. B
BEQ. S
BM .S

* ARGl <= ARG2
C\VP. B
BCC. S
MOVE. B
MOVE. B
MOVE. L

FPAMSS CLR B
LSR. L
SUB. L

BM.S
OVERFLOW

#-128, D3 CREATE A CARRY MASK ($80)

D3, D5
D4, D5
FPAEQ
FPATLT

#24, D5
FPART?2
D7, D4
D3, D7
D6, D3
D3

D5, D3
D3, D7
FPARSR

STRIP SIGN OFF ARG2 S+EXP COPY
COVPARE MAGNI TUDES

BRANCH EQUAL MAGNI TUDES
BRANCH | F ARGL LARGER

COVPARE MAGNI TUDE DI FFERENCE
BRANCH ARG2 MUCH Bl GGER

ARG2 S+EXP DOM NATES

SETUP CARRY ON ARG&2

COPY ARGl

CLEAR EXTRANEOUS BI TS

ADJUST FOR MAGNI TUDE
SUBTRACT SMALLER FROM LARGER
RETURN FI NAL RESULT | F NO

EECC250 - Shaaban }
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* M XED SI GNS NORMALI ZE

FPANOR MOVE. B

FPANRM CLR. B
SUB. B
CWVP. L
BH .S
SWAP. W
SUB. B

FPAXQN  ADD. L
DBM
EOR B
BM .S
MOVE. B

BEQ S
UNDERFLOAED

RTS

* EXPONENT UNDERFLOWED - RETURN ZERO
FPAZRO  MOVEQ. L #0, D7 CREATE A TRUE ZERO

RTS

D4, D5 SAVE CORRECT SI GN

D7 CLEAR SUBTRACT RESI DUE

#1, D4 MAKE UP FOR FI RST SHI FT
#$00007FFF, D7 ? SMALL ENOUGH FOR SWAP
FPAXQN BRANCH NOPE

D7 SH FT LEFT 16 BI TS REAL FAST
#16, D4 MAKE UP FOR 16 BIT SHI FT

D7, D7 SH FT UP ONE BIT

D4, FPAXQN DECREMENT AND BRANCH | F POsSI Tl VE
D4, D5 ? SAME S| GN

FPAZRO  BRANCH UNDERFLOW TO ZERO

D4, D7 RESTORE S| GN/ EXPONENT

FPAZRO  RETURN ZERO | F EXPONENT

RETURN TO CALLER

RETURN TO THE CALLER

EECC250 - Shaaban }
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* ARGlL > ARR?

FPATLT CMP. B
BLE. S
NEG. B
MOVE. L
MOVE. L
MOVE. B
BRA. S

#- 24, D5
FPART1
D5

D7, D3
D6, D7
#$80, D7
FPAMSS

* EQUAL MAGNI TUDES

FPAEQ  MOVE. B
EXG. L
MOVE. B
SUB. L
BEQ S
BPL. S
NEG. L
MOVE. B
BRA. S

END

D7, D5
D5, D4
D6, D7
D6, D7
FPAZRO
FPANOR
D7

D5, D4
FPANRM

? ARGL >> ARRX

RETURN I T | F SO

ABSOLUTI ZE DI FFERENCE
MOVE ARG AS LOWER VALUE
SETUP ARGL AS HI GH

SETUP ROUNDI NG BI T
PERFORM THE ADDI TI ON

SAVE ARGL S| GN

SWAP ARG W TH ARGl S+EXP

| NSURE SAME LOW BYTE

OBTAI N DI FFERENCE

RETURN ZERO | F | DENTI CAL
BRANCH | F ARG2 BI GGER

CORRECT DI FFERENCE TO POsSI Tl VE
USE ARG2' S SI GN+EXPONENT

AND GO NORMALI ZE

* (C) COPYRIGHT 1980 BY MOTOROLA INC. *
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