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INTRODUCTION

This application note presents an implementation of
the following floating point math routines for the
PICmicro microcontroller families:

« float to integer conversion

* integer to float conversion

e normalize

 add/subtract

« multiply

 divide

Routines for the PIC16/17 families are provided in a

modified IEEE 754 32-bit format together with versions
in 24-bit reduced format.

A Glossary of terms is located on page 8.

FLOATING POINT ARITHMETIC

Although fixed point arithmetic can usually be
employed in many numerical problems through the use
of proper scaling techniques, this approach can
become complicated and sometimes result in less effi-
cient code than is possible using floating point meth-
ods[1]. Floating point arithmetic is essentially
equivalent to arithmetic in scientific notation relative to
a particular base or radix.

The base used in an implementation of floating point
arithmetic is distinct from the base associated with a
particular computing system. For example, the IBM
System/360 is a binary computer with a hexadecimal or
base-16 floating point representation, whereas the VAX
together with most contemporary microcomputers are
binary machines with base-2 floating point implementa-
tions. Before the establishment of the IEEE 754 floating
point standard, base-2 floating point numbers were typ-
ically represented in the form

A= (-1)°f B8
n-1

f= gk) [p-(k+1),
2,

where f is the fraction or mantissa, eis the exponent or
characteristic, n is the number of bits in f and a(k) is the
bit value where, k =0 ,.., n - 1 number with a(0) = MSb,
and s is the sign bit. The fraction was in normalized
sigh-magnitude representation with implicit MSb equal
to one, and e was stored in biased form, where the bias
was the magnitude of the most negative possible expo-
nent[1,2], leading to a biased exponent €b in the form

m-1
eb=e+2 )

where mis the number of bits in the exponent. The frac-
tion f then satisfies the inequality

05<f<l.

Finalization of the IEEE 754 standard[4] deviated from
these conventions on several points. First, the radix
point was located to the right of the MSb, yielding the
representation

A= ()%t [@°

n-1

f= gk) 278
2,

with f satisfying the bounds givenby 1< f <2,

In order to accommodate a slot in the biased exponent
format for representations of infinity to implement exact
infinity arithmetic, the bias was reduced by one, yield-
ing the biased exponent eb given by

eb = e+2Mm-1_1.

In the case of single precision with m = 8, this results in
a bias of 127. The use of biased exponents permits
comparison of exponents through a simple unsigned
comparator, and further results in a unique representa-
tion of zero given by f = eb = 0. Since our floating point
implementation will not include exact infinity arithmetic
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at this time, we use the IEEE 754 bias but allow the rep-
resentation of the exponent to extend into this final slot,
resulting in the range of exponents

-126 <e<128.

Algorithms for radix conversion are discussed in
Appendix A, and can be used to produce the binary
floating point representation of a given decimal num-
ber. Examples of sign-magnitude floating point repre-
sentations of some decimal numbers are as follows:

Decimal e f
1.0 0 1.0000000
0.15625 -3 1.0100000
0.1 -4 1.10011001100....
1.23x10**3 10 1.0011001110

Itis important to note that the only numbers that can be
represented exactly in binary arithmetic are those
which are sums of powers of two, resulting in non-
terminating binary representations of some simple dec-
imal numbers such as 0.1 as shown above, and leading
to truncation errors regardless of the value of n. Float-
ing point calculations, even involving numbers admit-
ting an exact binary representation, usually lose
information after truncation to an n-bit result, and there-
fore require some rounding scheme to minimize such
roundoff errors[1].

ROUNDING METHODS

Truncation of a binary representation to n-bits is
severely biased since it always leads to a number
whose absolute value is less than or equal to that of the
exact value, thereby possibly causing significant error
buildup during a long sequence of calculations. Simple
adder-based rounding by adding the MSb to the LSb is
unbiased except when the value to be rounded is equi-
distant from the two nearest n-bit values[1]. This small
but still undesirable bias can be removed by stipulating
that in the equidistant case, the n-bit value with LSb = 0
is selected, commonly referred to as the rounding to
the nearest method, the default mode in the IEEE 754
standard[4,5]. The number of guard bits or extra bits of
precision, is related to the sensitivity of the rounding
method. Since the introduction of the hardware multiply
on the PIC17[6], improvements in the floating point
multiply and divide routines have provided an extra byte
for guard bits, thereby offering a more sensitive round-
ing to the nearest method given by:

n bit value | guard bits result
A <0x80 |roundto A
A =0x80 |if A,LSb=0, roundto A
if A,LSb =1, round to A+1
A > 0x80 |roundto A+1

In the equidistant case, this procedure always selects
the machine number with even parity, namely, LSb = 0.
However, the PIC16 implementation still uses the less
sensitive single guard bit method, following the nearest
neighbor rounding procedure:

n bit value | guard bit result
A 0 round to A
A 1 if A,LSb =0, round to A

if A,LSb =1, round to A+1

A+1 0 round to A+1

Currently, as a compromise between performance and
rounding accuracy, a sticky bit is not used in this imple-
mentation. The lack of information regarding bits
shifted out beyond the guard bits is more noticeable in
the PIC16CXXX case where only one guard bit is
saved.

Another interesting rounding method, is von Neumann
rounding or jamming, where the exact number is trun-
cated to n-bits and then set LSb = 1. Although the
errors can be twice as large as in round to the nearest,
itis unbiased and requires little more effort than trunca-
tion[1].

DS00575B-page 2
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FLOATING POINT FORMATS

In what follows, we use the following floating point formats:

eb fo f1 f2
IEEE754 32-bit XXX XXXX y&xx XXXX XXXX XXXX XXXX XXXX
Microchip 32-bit XXXX XXXX s [ dxx xxxx XXXX XXXX XXXX XXXX
Microchip 24-bit XXXX XXXX s Ddxx xxxx XXXX XXXX

Legend: sis the Sign bit, y = LSb of eb register, L= radix point

where €b is the biased 8-bit exponent, with bias = 127,
Sis the sign bit, and bytes f0, f1 and f2 constitute the
fraction with fO the most significant byte with implicit
MSb = 1. It is important to note that the IEEE 754 stan-
dard format[4] places the sign bit as the MSb of €b with
the LSb of the exponent as the MSb of f0. Because of
the inherent byte structure of the PIC16/17 families of
microcontrollers, more efficient code was possible by
adopting the above formats rather than strictly adhering
to the IEEE standard. The difference between the for-
mats consists of a rotation of the top nine bits of the
representation, with a left rotate for IEEE to PIC16/17
and a right rotate for PIC16/17 to IEEE. This can be
realized through the following PIC16/17 code.

IEEE_to_PIC16/17 PIC16/17_to_IEEE

RLCF AARGRO, F RLCF AARGRO, F
RLCF  AEXP, F RRCF  AEXP, F
RRCF  AARERO, F RRCF  AARERO, F

Conversion to the 24-bit format is obtained by the
rounding to the nearest from the IEEE 754 representa-
tion.

The limiting absolute values of the above floating point
formats are given as follows:

[Al
eb e f decimal

MAX | OxFF | 128 | 7FFFFF | 6.80564693E+38
MIN | Ox01 | -126 | 000000 1.17549435E-38

where the MSb is implicitly equal to one, and its bit
location is occupied by the sign bit. The bounds for the
24-bit format are obtained by simply truncating f to
16-bits and recomputing their decimal equivalents.

0 1997 Microchip Technology Inc.
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EXAMPLE 1: MICROCHIP FLOAT FORMAT TO DECIMAL

To illustrate the interpretation of the previous floating point representation, consider the following simple example con-
sisting of a 32-bit value rounded to the nearest representation of the number

A = 16T1=50.2654824574 =A= 0x84490FDB ,

implying a biased exponent eb = 0x84, and the fraction or mantissa f = 0x490FDB. To obtain the base 2 exponent €,
we subtract the bias 0x7F, yielding

e=eb - bias = 0x84 — 0x7F = 0x05.

The fraction, with its MSbh made explicit, has the binary representation

C 9 0 F D B
f=1.100 1001 0000 1111 1101 1011

The decimal equivalent of f can then be computed by adding the respective powers of two corresponding to nonzero
bits,

f=2042 1404407 421207130714,
2715 4016 4 0717 4 27194 920 4 9224 923 _ | 5707963705,

evaluated in full precision on an HP48 calculator. The decimal equivalent of the representation of A can now be obtained
by multiplying by the power of two defined by the exponent e.

A =28 [F = 32 [1.5707963705 = 50.265483856.

24-bit Format

It is important to note that the difference between this evaluation of A and the number A is a result of the truncation
error induced by obtaining only the nearest machine representable number and not an exact representation. Alterna-
tively, if we use the 24-bit reduced format, the result rounded to the nearest representation of A is given by

A = 16T1= 50.2654824574 = A = 0x844910 ,

leading to the fraction f

f=204+2142% 42742112 157080078125
and the decimal equivalent of A

X: 2e [¥ =32 [1.57080078125 = 50.265625

with a correspondingly larger truncation error as expected. It is coincidence that both of these representations overes-
timate A in that an increment of the LSb occurs during nearest neighbor rounding in each case.

To produce the correct representation of a particular decimal number, a debugger could be used to display the internal
binary representation on a host computer and make the appropriate conversion to the above format. If this approach is
not feasible, algorithms for producing this representation are provided in Appendix A.
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EXAMPLE 2: DECIMAL TO MICROCHIP FLOAT FORMAT
Decimal to Binary Example:

A =0.15625 (Decimal Number)

(see algorithm A.3)

Find Exponent; z
27 = 0.15625

In(0.15625)

z=——— = -2.6780719
In(2)

e=int(z) = -3

Find fractional part: X = 0.15625 _ 1.25 (x will always be > 1)
.

k=0 125220 o, yes a(0) =1 ; x=125-1=025

k=1 025527 2, no a(l) =0 ; x =025

k=2 0252272 2, yes a2)=1 ; x=0

Therefore,

f =1.25 decimal = 1.010 0000 0000 0000 0000 0000 binary

S e . .
A=(-1)f2" ; where f =x, s = 0 (sign bit) 0.15625 = 1252 >

Now, convert 0.15625 to Microchip Float Format
eb = Biased Exponent

eb=e+ 7Fh

eb=-3 +7Fh

eb=7Ch

Microchip Float Format:
Exp i{0] fl 2

0.15625 = 7C 20 00 00

Remember the MSb, a(0) = 1 is implied in the float number above.
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FLOATING POINT EXCEPTIONS

Although the dynamic range of mathematical calcula-
tions is increased through floating point arithmetic,
overflow and underflow are both possible when the lim-
iting values of the representation are exceeded, such
as in multiplication requiring the addition of exponents,
or in division with the difference of exponents[2]. In
these operations, fraction calculations followed by
appropriate normalizing and exponent modification can
also lead to overflow or underflow in special cases.
Similarly, addition and subtraction after fraction align-
ment, followed by normalization can also lead to such
exceptions.

DATA RAM REQUIREMENTS

The following contiguous data RAM locations are used
by the library:

AARGB7 = ACCB7 = REMB3 LSB to MSB

AARGB6 = ACCB6 = REMB2

AARGB5 = ACCB5 = REMB1

AARGB4 = ACCB4 = REMBO renai nder

AARGB3 = ACCB3

AARGB2 = ACCB2

AARGB1 = ACCB1

AARGBO = ACCBO = ACC AARG and ACC fract

AEXP = EXP AARG and ACC expon

SIGN sign in Msbh

FPFLAGS exception flags,
option bits

BARGB3 LSB to MSB

BARGB2

BARGB1

BARGBO BARG fraction

BEXP BARG exponent

TEMPB3

TEMPB2

TEMPB1

TEMPBO = TEMP tenporary storage

The exception flags and option bits in FPFLAGS are
defined as follows:

PFFLAGS |SAT|RND|DOM|NAN|FDZ|FUN|FCN|ICN|
7 6 5 4 3 2 1 0

SAT SATurate enabl e bit

RND RouNDi ng enabl e bit

DOM DOvai n error exception flag
NAN Not - A- Nunber exception flag
FDzZ Fl oating point Divide by Zero
FUN Fl oating point Underfl ow Fl ag
FOV Fl oating point Overflow Fl ag
I ov I nteger Overflow Fl ag

USAGE

For the unary operations, input argument and result are
in AARG. The binary operations require input argu-
ments in AARG and BARG, and produces the result in
AARG, thereby simplifying sequencing of operations.

EXCEPTION HANDLING

All routines return WREG = 0x00 upon successful
completion and WREG = OxFF, together with the
appropriate FPFLAGS flag bit is set to 1 upon excep-
tion. If SAT =0, saturation is disabled and spurious
results are obtained in AARG upon an exception. If
SAT =1, saturation is enabled, and all overflow or
underflow exceptions produce saturated results in
AARG.

ROUNDING

With RND = 0, rounding is disabled, and simple trunca-
tion is used, resulting in some speed enhancement. If
RND =1, rounding is enabled, and rounding to the
nearest LSb results.

INTEGER TO FLOAT CONVERSION

The routine FLOxxyy converts the two's complement
xx-bit integer in AARG to the above yy-bit floating point
representation, producing the result in AEXP, AARG.
The routine initializes the exponent to move the radix
point to the right of the MSb and then calls the normal-
ize routine. An example is given by

FLO1624(12106) =
FLO1624(0x2F4A) =
0x8C3D28 =
12106.0

NORMALIZE

The routine NRMxxyy takes an unnormalized xx-bit
floating point number in AEXP, AARG and left shifts the
fraction and adjusts the exponent until the result has an
implicit MSb = 1, producing a yy-bit result in AEXP,
AARG. This routine is called by FLOxxyy, FPAyy and
FPSyy, and is usually not needed explicitly by the user
since all operations producing a floating point result are
implicitly normalized.

FLOAT TO INTEGER CONVERSION

The routine INTxxyy converts the normalized xx-bit
floating point number in AEXP, AARG, to a two's com-
plement yy-bit integer in AARG. After removing the bias
from AEXP and precluding a result of zero or integer
overflow, the fraction in AARG is left shifted by AEXP
and converted to two's complement representation. As
an example, consider:

INT2416(123.45) =
INT2416(0x8576E6) =
0x7B =

123

DS00575B-page 6
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ADDITION/SUBTRACTION

The floating point add routine FPAxx, takes the argu-
ments in AEXP, AARG and BEXP, BARG and returns
the sum in AEXP, AARG. If necessary, the arguments
are swapped to ensure that AEXP >= BEXP, and then
BARG is then aligned by right shifting by AEXP - BEXP.
The fractions are then added and the result is normal-
ized by calling NRMxx. The subtract routine FPSxx
simply toggles the sign bit in BARG and calls FPAXxx.
Several examples are as follows:

FPA24(-0.32212E+5, 0.1120E+4) =
FPA24(0x8DFBAS, 0x890C00) =
0x8DF2ES8 =

-0.31092E+5

FPS24(0.89010E+4, -0.71208ES5) =
FPS24(0x8C0B14, 0x8F8B14) =
0x8F1C76 =

0.80109E+5

MULTIPLICATION

The floating point multiply routine FPMxx, takes the
arguments in AEXP, AARG and BEXP, BARG and
returns the product in AEXP, AARG. After testing for a
zero argument, the sign and exponent of the result are
computed together with testing for overflow. On the
PIC17, the fractions are multiplied using the hardware
multiply[6], while a standard add-shift method is used
on the PIC16, in each case followed by postnormaliza-
tion if necessary. For example, consider:

FPM32(-8.246268E+6, 6.327233E+6) =
FPM32(0x95FBAT7FS, 95411782) =
0xACBDDOBD =

-5.217606E+13

DIVISION

The floating point divide routine FPDxx, takes the
numerator in AEXP, AARG and denominator in BEXP,
BARG and returns the quotient in AEXP, AARG. The
PIC17 implementation uses the hardware multiply in an
iterative method known as multiplicative division[6],
achieving performance not possible by standard restor-
ing or non-restoring algorithms. After a divide by zero
test, an initial seed for the iteration is obtained by a
table lookup, followed by a sequence of multiplicative
factors for both numberator and denominator such that
the denominators approach one. By a careful choice of
the seed method, the quadratic convergence of the
algorithm guarantees the 0.5ulp (unit in the last
position) accuracy requirement in one iteration[6]. For
the PIC16 family, after testing for a zero denominator,
the sign and exponent of the result are computed
together with testing for dividend alignment. If the argu-
ment fractions satisfy the inequality AARG >= BARG,
the dividend AARG is right shifted by one bit and
the exponent is adjusted, thereby resulting in
AARG < BARG and the dividend is aligned. Alignment
permits a valid division sequence and eliminates the
need for postnormalization. After testing for overflow or
underflow as appropriate, the fractions are then divided
using a standard shift-subtract restoring method. A
simple example is given by:

FPD24(-0.16106E+5, 0.24715E+5) =
FPD24(0x8CFBAS, 0x8D4116) =
0x7EA6D3 =

-0.65167E+0

0 1997 Microchip Technology Inc.
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GLOSSARY

BIASED EXPONENTS - nonnegative representation of
exponents produced by adding a bias to a two's com-
plement exponent, permitting unsigned exponent com-
parison together with a unique representation of zero.

FLOATING POINT UNDERFLOW - occurs when the
real number to be represented is smaller in absolute
value than the smallest floating point number.

FLOATING POINT OVERFLOW - occurs when the real
number to be represented is larger in absolute value
than the largest floating point number.

GUARD BITS - additional bits of precision carried in a
calculation for improved rounding sensitivity.

LSb - least significant bit
MSb - most significant bit

NEAREST NEIGHBOR ROUNDING - an unbiased
rounding method where a number to be rounded is
rounded to its nearest neighbor in the representation,
with the stipulation that if equidistant from its nearest
neighbors, the neighbor with LSb equal to zero is
selected.

NORMALIZATION - the process of left shifting the frac-
tion of an unnormalized floating point number until the
MSb equals one, while decreasing the exponent by the
number of left shifts.

NSb - next significant bit just to the right of the LSb.

ONE'S COMPLEMENT - a special case of the dimin-
ished radix complement for radix two systems where
the value of each bit is reversed. Although sometimes
used in representing positive and negative numbers, it
produces two representations of the number zero.

RADIX - the base of a given number system.

RADIX POINT - separates the integer and fractional
parts of a number.

SATURATION - mode of operation where floating point
numbers are fixed at there limiting values when an
underflow or overflow is detected.

SIGN MAGNITUDE - representation of positive and
negative binary numbers where the absolute value is
expressed together with the appropriate value of the
sign bit.

STICKY BIT - a bit set only if information is lost through
shifting beyond the guard bits.

TRUNCATION - discarding any bits to the right of a
given bit location.

TWO'S COMPLEMENT - a special case of radix com-
plement for radix two systems where the value of each
bit is reversed and the result is incremented by one.
Producing a unqug {epresrclagtlation of zero, and cover-
ing the range -2 to 2 — 1, this is more easily
applied in addition and subtraction operations and is
therefore the most commonly used method of repre-
senting positive and negative numbers.
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APPENDIX A: ALGORITHMS FOR DECIMAL TO BINARY CONVERSION

Several algorithms for decimal to binary conversion are given below. The integer and fractional conversion algorithms
are useful in both native assembly as well as high level languages. Algorithm A.3 is a more brute force method easily
implemented on a calculator or in a high level language on a host computer and is portable across platforms. An ANSI C
implementation of algorithm A.3 is given.

Al Integer conversion algorithm([3]:

Given an integer |, where d(K) are the bit values of its n-bit binary representation with d(0) = LSb,

n-1

| = d(k) 2
2,

k=0

(k) =1

while I(k) =!' O
d(k) = renminder of I(k)/2
I(k+1) =1 I(k)/2]
k =k +1

endw

where [ ] denotes the greatest integer function.

A.2 Fractional conversion algorithm[3]:

Given a fraction F, where d(k) are the bit values of its n-bit binary representation with d(1) = MSb,

n

-k

F=§ dk
2

k=0

F(k) = F

while k <= n
d(k) =[ F(k)*2]
F(k+1) = fractional part of F(k)*2
k =k +1

endw

A.3 Decimal to binary conversion algorithm:

Given a decimal number A, and the number of fraction bits n, the bits in the fraction of the above binary representation
of A, a(k), k=0,2,...,n-1, where a(0) = MSb, are given by the following algorithm:

z In A/ In 2
e int (1 z)
if e>z
e=e- 1
endi f
x = A/ (2**e)
k =0
while k <= n-1
if x >= 2**(-k)
a(k) =1
el se
a(k) =0
endi f
X = x - a(k) * 2**(-k)
k =k +1
endw
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Formally, the number A then has the floating point representation

n-1

A= (~1)sf 2° f= S ak 2~
2,

A simple C implementation of algorithm A.3 is given as follows:

#i ncl ude <stdio. h>
#i ncl ude <mat h. h>
mai n()
{
int a[32],e,k,j;
double A x, z;
printf("Enter A ");
whil e(scanf ("% f", &A) == 1)

{
z = log(A)/log(2.);
e = (int)z;
if((double)e > z)e = e-1;
X = A pow 2., (double)e);
for(k=0; k<32; k++)
{
if(x >= pow(2., (double)(-k)))
a[ k] =1;
el se
a[ k] =0;
X = x - (double)a[k] *
pow( 2., (double)(-k));
}
printf("e = %i\n",e);
printf("f = 9%i.",a[0]);
for(j=1; j<4; j++)
printf("odi",a[j]);
printf(" ");
for(k=1; k<8; k++)
{
for(j=0; j<4; j++)
printf("odi",a[k*4+j]);
printf(" ");
}
printf("\'n");
printf("Enter A ");
}

DS00575B-page 10
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FIGURE A-1: INTEGER TO FLOAT CONVERSION
FLO24 > < |
\
Y Yes |Left Shift A by 1-bit
AHI MSb = 0? EXPDEC =
Initialize EXP EXPDEC + 1
add bias No
clear SIGN A
Yes
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Yes
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SeMSb - EXPDEC Set FUN Flag
I .
> \ \
\ No
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_ MSb to A MSbh and indicate
EXPDEC =0 Error
RETURN
Yes No and indicate
AHI = 0? No Error y
v Saturate to
smallest number
AHI = ALO, module sign bit
ALO =0,
EXPDEC =8 v
RETURN
No and indicate
ALO =07 Error
Yes
\ No
AHI nibble = 0?
RES024
Yes
Y RETURN
A=0 and indicate
Shift A by nibble No Error
EXPDEC =
EXPDEC + 4
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FIGURE A-2:  FLOAT TO INTEGER CONVERSION
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A _ P p
RND = 0? Significant bit
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Make MSb explicit Yes
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Yes
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Right Shift by Y
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EXP =0?
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Yes

No

Y
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Yes
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Y
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FIGURE A-3: FLOATING POINT MULTIPLY
Yes No Add Next
A=0o0rB=0? RND = 0? Significant bit
 / for Rounding
No Yes
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A No
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No
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\
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FIGURE A-4: FLOATING POINT DIVIDE

No Compute Next
RND = 0? Significant bit and
] add for Rounding
No Yes
Set FDZ Flag \
No
Carry =17
Y y
RETURN Yes
and indicate
Error
\
Compute Sign ) .
Make MSbs Right Shn‘t by
Explicit 1-bit
EXP=EXP +1
y Shift-Restore
Yes . Division \
A = B Mantissa? No
A Carry =17?
No
\  / Yes
Align Dividend Overwrite Explicit y
MSb with
Sign bit SETFOV24
\
\
Compute EXP RETURN
and indicate
No Error
\
Yes No
AEXP = BEXP? Overflow?
No Yes
\
SETFOV24
\
No
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FIGURE A-5:

FLOATING POINT SUBTRACT
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Make MSbs Explicit ALIGNED24
\
Compute Shift
Count in BEXP
\
No No
BEXP = 87 BEXP =47
Yes Yes
\ \
Right Shift B Right Shift B
by Byte by Nibble
BEXP = BEXP - 8 BEXP = BEXP - 4
v >
No No \i
=0? BEXP > 8? Yes
BEXP =0 < BEXP=0?
Yes Yes

No

Y

Right Shift B
by 1-bit
BEXP = BEXP - 1
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FIGURE A-6: NORMALIZATION

ALIGNED24

\
No
TEMP MSb = 0? B=-B
Yes |
Y
A=A+B
\
Yes Yes Right Shift by
TEMP MSb = 0? > Carry = 1? > 1-bit
EXP =EXP + 1
No No
\ \
Yes No
Carry =1? EXP =07?
No Yes
A A \
A=-A Overwrite Explicit
Toggle Sign bit MSb with Sign bit SETFOV24
\ A

RETURN
NRM24 and indicate
No Error
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TABLE A-1: PIC17CXXX FLOATING POINT PERFORMANCE DATA

Routine Max Cycles Min Cycles Program Memory Data Memory
FLO1624 49 34 72 6
FLO2424 64 39 130 7
INT2416 41 41 101 6
INT2424 48 44 156 7
FPA24 63 52 212 10
FPS24 120 0 213 10
FPM24 61 56 224 10
FPD24 172 168 377 11

1465 11 Total Memory
Routine Max Cycles Min Cycles Program Memory Data Memory
FLO2432 60 35 120 7
FLO3232 74 40 189 8
INT3224 47 43 155 7
INT3232 47 43 219 8
FPA32 66 55 329 12
FPS32 100 83 330 12
FPM32 101 95 382 13
FPD32 317 312 661 14

2385 14 Total Memory

TABLE A-2: PIC16C5X/PIC16CXXX FLOATING POINT PERFORMANCE DATA

Routine Max Cycles Min Cycles Program Memory Data Memory
FLO1624 81 35 37 6
FLO2424 108 28 65 7
INT2416 47 41 64 6
INT2424 46 44 64 6
FPA24 74 74 102 11
FPS24 196 46 104 11
FPM24 298 11 80 11
FPD24 469 348 117 11

652 11 Total Memory
Routine Max Cycles Min Cycles Program Memory Data Memory
FLO2432 83 35 52 7
FLO3232 129 28 83 8
INT3224 90 15 83 6
INT3232 126 15 103 7
FPA32 248 50 136 14
FPS32 250 52 138 14
FPM32 574 12 94 14
FPD32 929 704 152 14

841 14 Total Memory

0 1997 Microchip Technology Inc.
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NOTES:
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Please check the Microchip BBS for the latest version of the source code. For BBS access information,
see Section 6, Microchip Bulletin Board Service information, page 6-3.

APPENDIX B:

B.1 Device Family Include File

; RCS Header $ld: dev_faminc 1.2 1997/03/24 23:25:07 F.J.Testa Exp $

; $Revision: 1.2 $

; This file takes the defined device fromthe LIST directive,

DEV_FAM I NC Device Family Type File,

Version 1.00

device fanmily type and the Reset Vector Address (in RESET_V).

’
s kkkkkkk
’

jREEEKRK Device Fanmily Type,

ckkkkk ok Kk
’

M crochi p Technol ogy, Inc.

and specifies a

Returns one of these three Synbols (flags) set

REEE KK (other two are cl eared) depending on processor selected in LIST Directive:
M P16C5X, P16CXX, or P17CXX
jREEEKRK Al so sets the Reset Vector Address in synbol RESET_V

KRR AR Fil e Nane: DEV_FAM | NC

sk Ak Kk Revi si on: 1. 00. 00
KA Kk 1.00.01
sk k ok ok ok ok ok

TRUE EQU 1
FALSE EQU 0
P16C5X SET FALSE
P16CXX SET FALSE
P17CXX SET FALSE
RESET_V SET 0x0000

P16_MAP1 SET FALSE
P16_NMAP2 SET FALSE

’
;****** 16CXX  FEEE X KKk Kk ®

| FDEF 14000
P16CXX SET  TRUE
P16_MAP2 SET  TRUE

ENDI F

| FDEF __ 16C554
PL16CXX SET  TRUE
P16_MAP2 SET  TRUE

ENDI F

| FDEF  _ 16C556
P16CXX SET  TRUE
P16_MAP2 SET  TRUE

ENDI F

| FDEF __ 16C558
P16CXX SET  TRUE
P16_MAP2 SET  TRUE

ENDI F

| FDEF 16061
PL16CXX SET  TRUE
P16_MAP1 SET  TRUE

ENDI F

08/ 24/ 95 MP
03/ 21/ 97 AL

I f P16C5X,
I f P16CXX,
I f P17CXX,

Def ault Reset Vector

use INHX8M file format.
use INHX8M file format.

the INHX32 file formt
in the LIST directive

(16Cxx and 17Cxx devi ces)
FOR 16060/ 61/ 70/ 71/ 710/ 711/ 715/ 84 Menory Map
For all other 16Cxx Menory Maps

I f P14000,

I f P16C554,

I f P16C556,

I f P16C558,

I f P16C61,

use INHX8M file format.

address of Oh

is required

use INHX8M file format.

use INHX8M file format.

use INHX8M file format.

use INHX8M file format.

0 1997 Microchip Technology Inc.
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| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP1
ENDI F

| FDEF

16062
SET  TRUE
SET  TRUE
__16C62A
SET  TRUE
SET  TRUE
16063

SET  TRUE
SET  TRUE
_ 16064

SET  TRUE
SET  TRUE
__16CB4A
SET  TRUE
SET  TRUE
__16C65

SET  TRUE
SET  TRUE
__160B5A
SET  TRUE
SET  TRUE
_ 160620
SET  TRUE
SET  TRUE
160621
SET  TRUE
SET  TRUE
160622
SET  TRUE
SET  TRUE
__16C642
SET  TRUE
SET  TRUE
__16C662
SET  TRUE
SET  TRUE
__16C710
SET  TRUE
SET  TRUE
__16C71

P16C62,

P16C62A,

P16C63,

P16C64,

P16C64A,

P16C65,

P16C65A,

P16C620,

P16C621,

P16C622,

P16C642,

P16C662,

P16C710,

use INHX8M file format.

use INHX8M file format.

use INHX8M file format.

use INHX8M file format.

use INHX8M file format.

use INHX8M file format.

use

use

use

use

use

use

use

I NHX8M fil e
I NHX8M fil e
I NHX8M fil e
I NHX8M fil e
I NHX8M fil e
I NHX8M fil e
I NHX8M fil e

format.

format.

format.

format.

format.

format.

format.

DS00575B-page 20
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P16CXX
P16_MAP1
ENDI F
| FDEF
P16CXX
P16_MAP1
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX
P16_MAP1
ENDI F
| FDEF
P16CXX
P16_MAP1
ENDI F
| FDEF
P16CXX
P16_MAP1
ENDI F
| FDEF
P16CXX
P16_MAP1
ENDI F
| FDEF
P16CXX
P16_MAP1
ENDI F
| FDEF
P16CXX
P16_MAP2
ENDI F
| FDEF
P16CXX

SET  TRUE
SET  TRUE
__16C711
SET  TRUE
SET  TRUE
__16C72

SET  TRUE
SET  TRUE
__16C73

SET  TRUE
SET  TRUE
__16C73A
SET  TRUE
SET  TRUE
__16C74

SET  TRUE
SET  TRUE
__16C74A
SET  TRUE
SET  TRUE
__16C84

SET  TRUE
SET  TRUE
__16F84

SET  TRUE
SET  TRUE
__16F83

SET  TRUE
SET  TRUE
__16CR83
SET  TRUE
SET  TRUE
__16CR84
SET  TRUE
SET  TRUE
_ 160923
SET  TRUE
SET  TRUE
_ 160924
SET  TRUE

P16C71, use INHX8M file format.

P16C711, use INHX8M file format.

P16C72, use INHX8M file format.

P16C73, use INHX8M file format.

P16C73A, use INHX8M file format.

P16C74, use INHX8M file format.

P16C74A, use INHX8M file format.

P16C84, use INHX8M file format.

P16F84, use INHX8M file format.

P16F83, use INHX8M file format.

P16CR83, use INHX8M file format.

P16CR84, use INHX8M file format.

P16C923, use INHX8M file format.

P16C924, use INHX8M file format.

0 1997 Microchip Technology Inc.
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P16_MAP2
ENDI F
| FDEF

P16CXX

P16_MAP2
ENDI F

sk kkkkk
| FDEF
P17CXX

ENDI F
| FDEF
P17CXX
ENDI F
| FDEF
P17CXX

ENDI F
| FDEF
P17CXX

ENDI F

s kkkk kK
’

| FDEF

P16C5X

RESET_V
ENDI F

| FDEF

P16C5X

RESET_V
ENDI F

| FDEF

P16C5X

RESET_V
ENDI F

| FDEF

P16C5X

RESET_V
ENDI F

| FDEF

P16C5X

RESET_V
ENDI F

| FDEF

P16C5X

RESET_V
ENDI F

SET  TRUE
_16CXX

SET  TRUE
SET  TRUE
17CXX *khkhkkkkkkkkk
_17c42

SET  TRUE
1743

SET  TRUE
_17c44

SET  TRUE
_17CxXX

SET  TRUE
16C5X *hkkkkkkkkkk
_ 16054

SET  TRUE
SET  OxO1FF
__16C54A

SET  TRUE
SET  OxO1FF
__16C55

SET  TRUE
SET  OxO1FF
_ 16056

SET  TRUE
SET  OxO3FF
16057

SET  TRUE
SET  OxXO7FF
__16C58A

SET  TRUE
SET  OxO7FF

Generic Processor Type

I f P16CXX

If P17C42, t
i

If P17C43, t
i

I f P17C44, t
i

use INHX8M file format.

he INHX32 file format is
n the LIST directive

he INHX32 file format is
n the LIST directive

he INHX32 file format is
n the LIST directive

Generic Processor Type

I f PL7CXX, t
i

I f P16C54,

Reset Vector

I f P16C54A,
Reset Vector

I f P16C55
Reset Vect or

If P16C56
Reset Vector

If P16C57
Reset Vector

I f P16C58A,
Reset Vect or

he INHX32 file format is
n the LIST directive

use INHX8M file format.

at end of 512 words

use INHX8M file format.
at end of 512 words

use INHX8M file format.

at end of 512 words

use INHX8M file format.

at end of 1K words

use INHX8M file format.

at end of 2K words

use INHX8M file format.
at end of 2K words

required

required

required

required

DS00575B-page 22
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| FDEF _ 16C5X ; Generic Processor Type
P16C5X SET TRUE ; I f P16C5X, use INHX8M file format.
RESET_V SET OxO07FF ; Reset Vector at end of 2K words
ENDI F

if ( P16C5X + P16CXX + P17CXX = 1)
MESSG “WARNI NG - USER DEFI NED: One and only one device fanmly can be sel ected”
MESSG “ May be NEW processor not defined in this file”
endi f
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B.2

Math16 Include File

RCS Header $l1d: mathl6.inc 2.4 1997/02/11 16:58:49 F.J.Testa Exp $

$Revision: 2.4 $

MATHL16 | NCLUDE FI LE

| MPORTANT NOTE: The nath library routines can be used in a dedicated application on

an indivi dua

on the PICLl7, P type registers nust

were used to realize sonme performance inprovenents.

basis and nmenory allocation may be nodified with the stipulation that
remain so since P type specific instructions

B R R
’

BO
B1
B2
B3

B5
B6
B7

LSB

#define
#def i ne

GENERAL NMATH LI BRARY DEFI NI TI ONS

general litera

define assenbl er

equ
equ
equ
equ
equ
equ
equ
equ

equ
equ

C

z

constants

STATUS bit definitions

~N~No oh WNEFEO

~

define commonly used bits

constants

STATUS, 0
STATUS, 2

general register variables

IF ( P16_MAP1 )

ACCB7
ACCB6
ACCB5
ACCB4
ACCB3
ACCB2
ACCB1
ACCBO
ACC

SI GN

TEWVPB3
TEMPB2
TEWVPB1

TEMPBO
TEMP

equ
equ
equ
equ
equ
equ
equ
equ
equ

equ

equ
equ
equ
equ
equ

0x0C
0x0D
Ox0E
0xOF
0x10
Ox11
0x12
0x13
0x13

0x15

0x1C
0x1D
Ox1E
Ox1F
Ox1F

nost significant byte of contiguous 8 byte accumul ator

save location for sign in MSB

tenporary storage
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; bi nary operation argunents

AARGB7 equ 0x0C

AARGB6 equ 0x0D
AARGB5 equ 0x0E
AARGB4 equ OxOF
AARGB3 equ 0x10
AARGB2 equ 0x11
AARGB1 equ 0x12
AARGBO equ 0x13
AARG equ 0x13 ; most significant byte of argument A
BARGB3 equ 0x17
BARGB2 equ 0x18
BARGB1 equ 0x19
BARGBO equ Ox1A
BARG equ Ox1A ; most significant byte of argument B

; Note that AARG and ACC reference the sane storage |ocation

B R R R R R R I R
; FI XED PO NT SPECI FI C DEFI NI TI ONS

: remi nder storage

REMB3 equ 0x0C

RENVB2 equ 0x0D
RENVB1 equ 0x0E
RENMVBO equ 0xO0F ; nost significant byte of renminder

LOOPCOUNT equ 0x20 ; loop counter

’
BEEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; FLOATI NG PO NT SPECI FI C DEFI NI TI ONS
; literal constants
EXPBI AS equ D 127’

; bi ased exponents

EXP equ 0x14 ; 8 bit biased exponent
AEXP equ 0x14 ; 8 bit biased exponent for argument A
BEXP equ 0x1B ; 8 bit biased exponent for argunent B

; floating point library exception flags

FPFLAGS equ 0x16 ; floating point library exception flags

| oV equ 0 ; bit0 = integer overflow flag

FOV equ 1 ; bitl = floating point overflow flag

FUN equ 2 ; bit2 = floating point underflow flag

FDz equ 3 ; bit3 = floating point divide by zero flag

NAN equ 4 ; bit4 = not-a-nunber exception flag

DOV equ 5 ; bit5 = domain error exception flag

RND equ 6 ; bité = floating point rounding flag, O = truncation

;1 = unbi ased rounding to nearest LSB

SAT equ 7 ; bit7 = floating point saturate flag, O = terninate on
; exception without saturation, 1 = ternminate on
; exception with saturation to appropriate val ue

ENDI F

IF ( P16_MAP2 )
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ACCB7 equ 0x20

ACCB6 equ 0x21

ACCB5 equ 0x22

ACCB4 equ 0x23

ACCB3 equ 0x24

ACCB2 equ 0x25

ACCB1 equ 0x26

ACCBO equ 0x27

ACC equ 0x27 ; nmost significant byte of contiguous 8 byte accumnul ator
SI GN equ 0x29 ; save location for sign in MSB
TEMPB3 equ 0x30

TEMPB2 equ 0x31

TEWVPB1 equ 0x32

TEMPBO equ 0x33

TEMP equ 0x33 ; tenporary storage

; bi nary operation argunents

AARGB7 equ 0x20

AARGB6 equ 0x21
AARGB5 equ 0x22
AARGB4 equ 0x23
AARGB3 equ 0x24
AARGB2 equ 0x25
AARGB1 equ 0x26
AARGBO equ 0x27
AARG equ 0x27 ; nost significant byte of argument A
BARGB3 equ 0x2B
BARGB2 equ 0x2C
BARGB1 equ 0x2D
BARGBO equ 0x2E
BARG equ 0x2E ; nost significant byte of argunent B

; Not e that AARG and ACC reference the same storage |ocation

BEEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

; FI XED PO NT SPECI FI C DEFI NI TI ONS

; remai nder storage

RENMB3 equ 0x20

RENVB2 equ 0x21

REMB1 equ 0x22

REMBO equ 0x23 ; nmost significant byte of remai nder
LOOPCOUNT equ 0x34 ; | oop counter

’
B R R R
’

; FLOATI NG PO NT SPECI FI C DEFI NI TI ONS
; literal constants
EXPBI AS equ D 127

; bi ased exponents

EXP equ 0x28 ; 8 bit biased exponent

AEXP equ 0x28 ; 8 bit biased exponent for argunent A
BEXP equ Ox2F ; 8 bit biased exponent for argunent B
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; floating point library exception flags

FPFLAGS equ 0x2A ; floating point library exception flags

I ov equ 0 ; bit0 = integer overflow flag

FOv equ 1 ; bitl = floating point overflow flag

FUN equ 2 ; bit2 = floating point underflow flag

FDz equ 3 ; bit3 = floating point divide by zero flag

NAN equ 4 ; bit4 = not-a-nunber exception flag

DOM equ 5 ; bit5 = donmin error exception flag

RND equ 6 ; bité = floating point rounding flag, O = truncation

;1 = unbi ased rounding to nearest LSh

SAT equ 7 ; bit7 = floating point saturate flag, O = ternminate on
; exception without saturation, 1 = ternminate on
; exception with saturation to appropriate val ue

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; ELEMENTARY FUNCTI ON MEMORY

CEXP equ 0x35
CARGBO equ 0x36
CARGB1 equ 0x37
CARGB2 equ 0x38
CARGB3 equ 0x39
DEXP equ 0x3A
DARGBO equ 0x3B
DARGB1 equ 0x3C
DARGB2 equ 0x3D
DARGB3 equ Ox3E
EEXP equ 0x3F
EARGBO equ 0x40
EARGB1 equ 0x41
EARGB2 equ 0x42
EARGB3 equ 0x43
ZARGBO equ 0x44
ZARGB1 equ 0x45
ZARGB2 equ 0x46
ZARGB3 equ 0x47
RANDBO equ 0x48
RANDB1 equ 0x49
RANDB2 equ Ox4A
RANDB3 equ 0x4B

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; 24-BI T FLOATI NG PO NT CONSTANTS

; Machi ne preci sion

MACHEP24EXP equ Ox6F ; 1.52587890625e-5 = 2**-16
MACHEP24B0 equ 0x00
MACHEP24B1 equ 0x00

; Maxi mum ar gunent to EXP24

MAXLOG24EXP equ 0x85 ; 88.7228391117 = | og(2**128)
MAXLOG24B0 equ 0x31
MAXLOX24B1 equ 0x72

; M ni mum ar gunent to EXP24
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M NLOG4EXP equ 0x85 ; -87.3365447506 = | og(2**-126)
M NLOG24B0 equ OXAE
M NLOX24B1 equ OxAC

; Maxi mum ar gunent to EXP1024

MAXLOGL024EXP  equ 0x84 ; 38.531839445 = | 0g10(2**128)
MAXLOG1024B0 equ 0x1A
MAXLOG1024B1 equ 0x21

; M ni mum ar gunent to EXP1024

M NLOGL024EXP  equ 0x84 ; -37.9297794537 = | 0gl0(2**-126)
M NLOG1024B0 equ 0x97
M NLOG1024B1 equ 0xB8

; Maxi mum r epr esent abl e nunber before overfl ow

MAXNUM24 EXP equ OxFF ; 6.80554349248E38 = (2**128) * (2 - 2**-15)
MAXNUM24BO equ Ox7F
MAXNUM24B1 equ OxFF

; M ni mum r epr esent abl e nunber before underfl ow

M NNUM24EXP equ 0x01 ; 1.17549435082E-38 = (2**-126) * 1
M NNUM24BO equ 0x00
M NNUM24B1 equ 0x00

; Loss threshold for argument to SIN24 and COS24

LOSSTHR24EXP equ 0x8B ; 4096 = sqrt(2**24)
LOSSTHR24B0 equ 0x00
LOSSTHR24B1 equ 0x00

B R R R EE]

; 32-BI T FLOATI NG PO NT CONSTANTS

; Machi ne preci sion

MACHEP32EXP equ 0x67 ; 5.96046447754E-8 = 2**-24
MACHEP32B0 equ 0x00
MACHEP32B1 equ 0x00
MACHEP32B2 equ 0x00

; Maxi mum ar gunent to EXP32

MAXLOG32EXP equ 0x85 ; 88.7228391117 = | og(2**128)
MAXLOG32B0 equ 0x31
MAXLOG32B1 equ 0x72
MAXLOG32B2 equ 0x18

; M ni mum ar gunent to EXP32

M NLOG32EXP equ 0x85 ; -87.3365447506 = | og(2**-126)
M NLOG32B0 equ OXAE
M NLOG32B1 equ OxAC
M NLOG32B2 equ 0x50

; Maxi mum ar gunent to EXP1032

MAXLOGLO32EXP  equ 0x84 ; 38.531839445 = | 0g10(2**128)
MAXLOG1032B0 equ Ox1A
MAXLOG1032B1 equ 0x20
MAXLOG1032B2 equ 0x9B

; M ni mum ar gunent to EXP1032
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M NLOGLO32EXP  equ
M NLOG1032B0 equ
M NLOG1032B1 equ
M NLOGL1032B2 equ

; Maxi mum r epr esent abl e nunber

MAXNUMB2 EXP equ
MAXNUMB2BO equ
MAXNUVB2B1 equ
MAXNUMB2 B2 equ

; M ni mum r epr esent abl e nunber

M NNUMB2EXP equ
M NNUMB2BO equ
M NNUMB2B1 equ
M NNUMB2B2 equ

0x84
0x97
0xB8
0x18

OxFF
OX7F
OxFF
OxFF

0x01
0x00
0x00
0x00

; -37.9297794537 = | 0g10(2**-126)

bef ore overfl ow

. 6.80564774407E38 = (2%*128) * (2 - 2**-23)

bef ore underfl ow

; 1.17549435082E-38 = (2**-126) * 1

; Loss threshold for argunent to SIN32 and COS32

LOSSTHR32EXP equ

LOSSTHR32B0 equ

LOSSTHR32B1 equ

LOSSTHR32B2 equ
ENDI F

0x8B
0x00
0x00
0x00

; 4096 = sqgrt(2**24)
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B.3 Math17 Include File

; RCS Header $ld: mathl7.inc 2.9 1997/01/31 02:23:41 F.J.Testa Exp $

; $Revision: 2.9 $

; MATH17 | NCLUDE FI LE

; | MPORTANT NOTE: The nath library routines can be used in a dedicated application on
; an individual basis and nmenory allocation may be nodified with the stipulation that

; P type registers nust renain so since P type specific instructions were used to
; realize sone perfornmance i nprovenents. This applies only to the PICl7

B R R
’

; GENERAL NMATH LI BRARY DEFI NI TI ONS

; general literal constants

; define assenbl er constants

BO equ 0
Bl equ 1
B2 equ 2
B3 equ 3
B4 equ 4
B5 equ 5
B6 equ 6
B7 equ 7
VSB equ 7
LSB equ 0

; define comonly used bits

; STATUS bit definitions

#define _C ALUSTA, 0
#define _DC ALUSTA, 1
#define _Z ALUSTA, 2
#define _OV ALUSTA, 3

; general register variables

ACCB7 equ 0x18

ACCB6 equ 0x19

ACCB5 equ Ox1A

ACCB4 equ 0x1B

ACCB3 equ 0x1C

ACCB2 equ 0x1D

ACCB1 equ Ox1E

ACCBO equ Ox1F

ACC equ Ox1F ; nmost significant byte of contiguous 8 byte accunul ator
SI GN equ 0x21 ; save location for sign in MSB
TEMPB3 equ 0x28

TEMPB2 equ 0x29

TEMPB1 equ 0x2A

TEMPBO equ 0x2B

TEMP equ 0x2B ; tenporary storage
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; bi nary operation argunents

AARGB7 equ 0x18
AARGB6 equ 0x19
AARGB5 equ Ox1A
AARGB4 equ 0x1B
AARGB3 equ 0x1C
AARGB2 equ 0x1D
AARGB1 equ Ox1E
AARGBO equ Ox1F
AARG equ Ox1F ; most significant byte of argument A
BARGB3 equ 0x23
BARGB2 equ 0x24
BARGB1 equ 0x25
BARGBO equ 0x26
BARG equ 0x26 ; most significant byte of argument B

; Not e that AARG and ACC reference the same storage |ocation
BEEE R R R EEEEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
; FI XED PO NT SPECI FI C DEFI NI TI ONS

; remai nder storage

RENMB3 equ 0x18
RENVB2 equ 0x19
REMB1 equ Ox1A
REMBO equ 0x1B ; nmost significant byte of remai nder

B R R R R R R R R R R R R
’

; FLOATI NG PO NT SPECI FI C DEFI NI TI ONS
: literal constants
EXPBI AS equ D 127’

; bi ased exponents

EXP equ 0x20 ; 8 bit biased exponent
AEXP equ 0x20 ; 8 bit biased exponent for argunent A
BEXP equ 0x27 ; 8 bit biased exponent for argunent B

; floating point library exception flags

FPFLAGS equ 0x22 ; floating point library exception flags

I ov equ 0 ; bit0 = integer overflow flag

Fov equ 1 ; bitl = floating point overflow flag

FUN equ 2 ; bit2 = floating point underflow flag

FDz equ 3 ; bit3 = floating point divide by zero flag

NAN equ 4 ; bit4 = not-a-nunber exception flag

DOM equ 5 ; bit5 = domain error flag

RND equ 6 ; bité = floating point rounding flag, O = truncation

; 1 = unbi ased rounding to nearest LSB

SAT equ 7 ; bit7 = floating point saturate flag, O = terninate on
; exception without saturation, 1 = terninate on

; exception with saturation to appropriate val ue

B R R R EED
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; ELEMENTARY FUNCTI ON MEMORY

CEXP

CARGBO
CARGB1
CARGB2
CARGB3

DEXP

DARGBO
DARGB1
DARGB2
DARGB3

EEXP

EARGBO
EARGB1
EARGB2
EARGB3

FEXP

FARGBO
FARGB1
FARGB2
FARGB3

GEXP

GARGBO
GARGB1
GARGB2
GARGB3

ZARGBO
ZARGB1
ZARGB2
ZARGB3

RANDBO
RANDB1
RANDB2
RANDB3

equ
equ
equ
equ
equ

equ
equ
equ
equ
equ

equ
equ
equ
equ
equ

equ
equ
equ
equ
equ

equ
equ
equ
equ
equ

equ
equ
equ
equ

equ
equ
equ
equ

0x34
0x33
0x32
0x31
0x30

0x39
0x38
0x37
0x36
0x35

0x3E
0x3D
0x3C
0x3B
Ox3A

0x43
0x42
0x41
0x40
Ox3F

0x48
0x47
0x46
0x45
0x44

Ox2F
Ox2E
0x2D
0x2C

0x4C
0x4B
Ox4A
0x49

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; 24-BI T FLOATI NG PO NT CONSTANTS

; Machi ne preci si on

MACHEP24EXP
MACHEP24B0
MACHEP24B1

; Maxi mum ar gunent

MAXLOG4EXP
MAXLOG24B0
MAXLOG24B1

; M ni mum ar gunent

M NLOG4EXP
M NLOG24B0
M NLOG24B1

equ
equ
equ

equ
equ
equ

equ
equ
equ

OxX6F
0x00
0x00

to EXP24
0x85
0x31
0x72
to EXP24
0x85

OxXAE
OxAC

; 1.52587890625e-5 = 2**-16

. 88.7228391117 = | og(2**128)

. -87.3365447506 = | og(2**- 126)
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; Maxi mum

MAXLOG1024EXPe
MAXLOG1024B0
MAXLOGL024B1

; M ni mum

M NLOGL024EXP
M NLOG1024B0
M NLOGL024B1

; Maxi mum

MAXNUMR4 EXP
MAXNUMZ4BO
MAXNUM24B1

; M ni mum

M NNUMR4EXP
M NNUM24BO
M NNUM24B1

; Loss thr

LOSSTHR24EXP
LOSSTHR24B0
LOSSTHR24B1

ar gument

qu
equ
equ

ar gument
equ

equ
equ

to EXP1024

0x84 ; 38.531839445 =
Ox1A

0x21

| 0g10(2**128)

to EXP1024

0x84 ; -37.9297794537 =
0x97

0xB8

| 0g10(2**-126)

represent abl e nunber before overfl ow

equ
equ
equ

OxFF ;
OX7F
OxFF

6. 80554349248E38 = (2**128) * (2 - 2**-15)

represent abl e nunber before underfl ow

equ
equ
equ

0x01 ;
0x00
0x00

1.17549435082E-38 = (2**-126) * 1

eshol d for argument to SIN24 and COS24

equ
equ
equ

Ox8A ;
0x49
0x10

LOSSTHR = sqrt (2**24)*Pl/ 4

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; 32-BI T FLOATI NG PO NT CONSTANTS

; Machi ne preci si on

MACHEP32EXP
MACHEP32B0
MACHEP32B1
MACHEP32B2

equ
equ
equ
equ

; Maxi mum ar gunent

MAXLOG32EXP
MAXLOG32B0
MAXLOG32B1
MAXLOG32B2

equ
equ
equ
equ

; M ni mum ar gunent

M NLOG32EXP
M NLOG32B0
M NLOG32B1
M NLOG32B2

; Maxi mum ar gunent

MAXLOGL032EXP
MAXLOG1032B0
MAXLOG1032B1
MAXLOG1032B2

equ
equ
equ
equ

equ
equ
equ
equ

0x67 ;
0x00
0x00
0x00

5.96046447754E-8 = 2**-24

to EXP32

0x85 ;
0x31
0x72
0x18

88. 7228391117 = | og( 2**128)

to EXP32

0x85 ;
OXAE
0xAC
0x50

-87.3365447506 = | og(2**-126)

to EXP1032

0x84 ;
0x1A
0x20
0x9B

38. 531839445 = | 0gl0( 2**128)
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; M ni mum argunent to EXP1032

M NLOGL032EXP
M NLOG1032B0
M NLOGL032B1
M NLOG1032B2

equ
equ
equ
equ

0x84
0x97
0xB8
0x18

. -37.9297794537 = | 0g10(2**- 126)

; Maxi mum r epr esent abl e nunber before overfl ow

MAXNUVB2 EXP
MAXNUMB2B0O
MAXNUMB2B1
MAXNUMB2B2

equ
equ
equ
equ

OxFF
Ox7F
OxFF
OxFF

. 6.80564774407E38 = (2**128) * (2 - 2%*-23)

; M ni num r epr esent abl e nunber before underfl ow

M NNUMB2EXP
M NNUMB2BO
M NNUMB2B1
M NNUMB2B2

equ
equ
equ
equ

0x01
0x00
0x00
0x00

; 1.17549435082E-38 = (2**-126) * 1

; Loss threshold for argument to SIN32 and COS32

LOSSTHR32EXP
LOSSTHR32B0
LOSSTHR32B1
LOSSTHR32B2

equ
equ
equ
equ

Ox8A
0x49
0xOF
0xDB

. LOSSTHR = sqrt (2+**24)*Pl|/ 4
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see Section 6, Microchip Bulletin Board Service information, page 6-3.

Please check the Microchip BBS for the latest version of the source code. For BBS access information,

APPENDIX C: PIC16CXXX 24-BIT FLOATING POINT LIBRARY

RCS Header $Id:

fp24.al6 2.7 1996/ 10/07 13:50:29 F.J.Testa Exp $

$Revision: 2.7 $

PI C16 24-BI T FLOATI NG PO NT LI BRARY

Unary operations: both input and output are in AEXP, AARG

Bi nary operations: input in AEXP, AARG and BEXP, BARG wi t h out put in AEXP, AARG

Al'l routines return WREG = 0x00 for successful conpletion, and WREG = OxFF
for an error condition specified in FPFLAGS.

Al timngs are worst case cycle counts

Rout i ne

FLO1624 16 bit
FLO24

Functi on

integer to 24 bit floating point conversion

Ti m ng: RND
; 0 1
; 0 83 83
; SAT
; 1 88 88
; NRMR2424 24 bit normalization of unnornalized 24 bit floating point nunbers
; NRM24
; Ti m ng: RND
; 0 1
; 0 72 72
; SAT
; 1 77 77
; I NT2416 24 bit floating point to 16 bit integer conversion
; | NT24
; Ti m ng: RND
; 0 1
; 0 83 89
; SAT
; 1 83 92
; FLOR2424 24 bit integer to 24 bit floating point conversion
; Ti m ng: RND
; 0 1
; 0 108 117
; SAT
; 1 108 123

0 1997 Microchip Technology Inc.
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; NRVB224

; Ti m ng
; SAT
; | NT2424

; Ti m ng
; SAT
; FPA24

; Ti m ng
; SAT
: FPS24

; Ti m ng
; SAT
: FPMVR4

; Ti m ng
; SAT
: FPD24

; Ti m ng
; SAT

B R R R R R R R R R R R R R EE]
’

BEE R R R R R R R R R R R R R R R R R R R R R R R R R

; 24-bit floating point

; EXPONENT

32 bit normalization of unnormalized 24 bit floating point

RND
0
0 94
1 94

24 bit floating

RND
0
0 105
1 105
24 bit floating
RND
0
0 197
1 197

24 bit floating

RND
0
0 199
1 199

24 bit floating

RND
0
0 298
1 298

24 bit floating

RND
0
0 472
1 472

103
109

point to 24 bit integer conversion

113
115

poi nt add

208
213

poi nt subtract

240
215

point multiply

309
313

poi nt divide

494

498

representation

8 bit biased exponent
It is inportant to note that the use of biased exponents produces

a unique representation of a floating point 0, given by
EXP = H GHBYTE = LOABYTE = 0x00, with O being the only

nunber with EXP = 0

nunber s

DS00575B-page 36

0 1997 Microchip Technology Inc.



ANS75

; H GHBYTE 8 bit nmost significant byte of fraction in sign-nagnitude representation,
; with SIGN = MSB, inplicit MSB = 1 and radix point to the right of MSB

; LONBYTE 8 bit least significant byte of sign-magnitude fraction

; EXPONENT HI GHBYTE LOMBYTE

; XXXXXXXX S. XXXXXXX XXXXXXXX

; I

; RADI X

; PO NT

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R R EED

Integer to float conversion

; Input: 16 bit 2's conplenent integer right justified in AARGBO, AARGB1
; Use: CALL FLO1624 or CALL FLO24

; Qutput: 24 bit floating point nunber in AEXP, AARGB0, AARGB1l

; Result: AARG <-- FLOAT( AARG )

; Max Ti m ng: 11+72 = 83 cl ks

; 11+77 = 88 cl ks

; M n Timng: 7+14 = 21 cl ks

; 7+18 = 25 cl ks

; PM 11+26 = 37

FLO1624
FLO24 MOVLW D 15’ +EXPBI AS ; initialize exponent and add bias
MOVWF EXP
MOVF AARGBO, W
MOVWF SIGN
BTFSS AARGBO, MSB ; test sign
GOoTO NRM2424
COWF AARGBL, F ; if <0, negate and set MSB in SIGN
COVF AARGBO, F
| NCF AARGBL1, F
BTFSC 4
I NCF AARGBO, F

B R R R EE]

; Normal i zation routine

; Input: 24 bit unnornalized floating point nunber in AEXP, AARGBO, AARGB1
: with sign in SIGN, MSB and other bits zero

; Use: CALL NRMR424 or CALL NRM24

; Qutput: 24 bit normalized floating point nunmber in AEXP, AARGB0, AARGB1l

: Result: AARG <-- NORMALI ZE( AARG )

0 1997 Microchip Technology Inc.
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; Max Ti mi ng:

; M n Tinmng:

CLRF
MOVF
BTFSS
GOTO
MOVF

BTFSC
GOro
CLRF
BSF
NORM2424 MOVF
SUBWF
BTFSS
BTFSS
GOTO

BCF
NORMVR424A BTFSC
GOoro
RLF
RLF

DECFSZ

GOTO

GOoro
Fl XSI G\24 BTFSS
BCF
RETLW
RES024 CLRF
CLRF
CLRF
CLRF
RETLW

10+6+7*7+7 = 72 cl ks
10+6+7*7+1+11 = 77 cl ks

14 cl ks

5+9+4 = 18 cl ks

TEMP
AARGBO, W
Z
NORMR424
AARGB1, W
AARGB0

Z

RES024
AARGBL
TEMP, 3

TEWP, W
EXP, F
Z

_C
SETFUN24

C
AARGBO, M5B
FI XSI G\24
AARGBL, F
AARGBO, F
EXP, F
NORMR424A

SETFUN24

SI GN, V5B
AARGBO, MSB
0

AARGBO
AARGB1
AARGB2
EXP

cl ear exponent decrenent

test if highbyte=0
if so, shift 8 bits by nove
i f highbyte=0, result=0

clear carry bit
if MSB=1, nornmulization done

ot herwi se, shift left and

decrenment EXP

underflow i f EXP=0

clear explicit MSB if positive

result equals zero

cl ear extended byte

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R EE]

; Integer to float conversion

; I nput :

; Use: CALL

; Qut put :

; Result: AARG <--
; Max Ti m ng:

24 bit 2's conpl ement

24 bit floating point nunber

FLO2424

FLOAT( AARG )

14494 =
14+103
14+109

108 cl ks
117 cl ks
123 cl ks

integer right justified

in AEXP, AARGBO

in AARGBO, AARGB1, AARGB2

AARGB1
RND = 0
RND = 1, SAT =0
RND = 1, SAT =1
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FLO2424

M n Timng: 6+28 = 34 cl ks AARG = 0
6+22 = 28 clks
PM 14451 = 65 DM 7
MOVLW D 23’ +EXPBI AS ; initialize exponent and add bias
MOVWF EXP
CLRF SIGN
BTFSS AARGBO, MSB ; test sign
Qoro NRVB224
COWF AARGB2, F ; if <0, negate and set MSB in SIGN
COVF AARGBL, F
COVF AARGBO, F
I NCF AARGB2, F
BTFSC Z
I NCF AARGB1, F
BTFSC Z
I NCF AARGBO, F
BSF S| GN, VsB

B R R R R R R R R R R R EE]
’

NRVB224

Nor mal i zation routine

I nput :

Use:
Qut put :
Resul t:

Max Tim

Mn Tim

32 bit unnormalized floating point nunber in AEXP, AARGB0, AARGB1l
AARGB2, with sign in SIG\ MsB

CALL NRVB224
24 bit normalized floating point nunber in AEXP, AARGBO, AARGB1l

AARG <-- NORMALI ZE( AARG )

ng: 21+6+7*8+7+4 = 94 clks RND = 0O

21+6+7*8+20+4 = 103 cl ks RND = 1, SAT =0

21+6+7*8+19+11 = 109 cl ks RND = 1, SAT =1
ng: 22+6 = 28 cl ks AARG = 0

5+9+4+4 = 22 cl ks

DM 7

CLRF TEMP ; clear exponent decrenent
MOV AARGBO, W ; test if highbyte=0
BTFSS 4
GOTO NORMB224
MOVF AARGB1, W ; if so, shift 8 bits by nove
MOVWF AARGBO
MOVF AARGB2, W
MOVWF AARGB1
CLRF AARGB2
BSF TEMP, 3 ; increase decrenent by 8
MOV AARGBO, W ; test if highbyte=0
BTFSS Z
GOoTO NORMB224
MOV AARGB1, W ; if so, shift 8 bits by nove
MOVWF AARGBO
CLRF AARGB1
BCF TEWP, 3 ; increase decrement by 8
BSF TEMP, 4
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MOV AARGBO, W ; i f highbyte=0, result=0

BTFSC Z

GOoTO RES024
NORMB224 MOVF TEMP, W

SUBWF EXP, F

BTFSS 4

BTFSS _C

GOoTO SETFUN24

BCF _C ; clear carry bit
NORMB224A BTFSC AARGBO0, MsB ; i f MBB=1, normalization done

GOTO NRVRND3224

RLF AARGB2, F ; otherwi se, shift left and

RLF AARGBL, F ; decrenent EXP

RLF AARGBO, F

DECFSZ EXP, F

GOTO NORMB224A

GOoro SETFUN24 ; underflow if EXP=0
NRVRND3224 BTFSC FPFLAGS, RND

BTFSS AARGBL, LSB

GOoTO FI XSI G\24

BTFSS AARGB2, VBB ; round if next bit is set

GOTO FI XSI G\24

| NCF AARGBL1, F

BTFSC 4

I NCF AARGBO, F

BTFSS Z ; has roundi ng caused carryout?

GOTO FI XSI G\24

RRF AARGBO, F ; if so, right shift

RRF AARGBL, F

I NCF EXP, F

BTFSC Z ; check for overflow

GOTO SETFOV24

GOTO FI XSI G\24

B R R EE]
’

B R R R R R R R R R R R R R R R R EE]
’

; Fl oat to integer conversion
; Input: 24 bit floating point nunber in AEXP, AARGBO, AARGB1
; Use: CALL I NT2416 or CALL I NT24

; Qutput: 16 bit 2's conplenment integer right justified in AARGBO, AARGB1l

; Result: AARG <-- |INT( AARG)
; Max Ti m ng: 29+6*6+5+13 = 83 cl ks RND = 0
; 29+6*6+5+19 = 89 cl ks RND = 1, SAT =0
; 29+6*6+5+22 = 92 cl ks RND = 1, SAT =1
: M n Timng: 18+5+7 = 30 cl ks
; PM 63 DM 6
| NT2416
| NT24
MOVF EXP, W ; test for zero argunent
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TSHI FT2416

SHI FT2416

SHI FT2416CK

I NT24160K

BTFSC
RETLW

MOVF

BSF

MOVLW
SUBWF
BTFSS
GOro

I NCF

MOVLW
SUBWF
BTFSS
Goro

RLF
MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOTO

RLF
CLRF
MOVF
BTFSS
BCF
GOro

MOVF
BTFSC
GOoro

BCF
RRF

DECFSZ
GOoro

BTFSC
BTFSS
GOTO
BTFSS
GOoro
I NCF
BTFSC
| NCF

BTFSC
GOoro

BTFSS
RETLW

| NCF
BTFSC
I NCF
RETLW

Z
0x00

AARGBO, W
SI GN
AARGBO, MSB

EXPBI AS+D' 15

EXP, F
EXP, VBB
SETI OV16
EXP, F
EXP, F

8
EXP, W

C

TSHI FT2416
EXP
AARGBL, F
AARGBO, W
AARGB1
AARGBO

8
EXP, W

Ke

TSHI FT2416
EXP
AARGBL, F
AARGB1
EXP, W

z

C

SHI FT24160K

EXP, W
Z
SHI FT2416(OK

_C
AARGBO, F
AARGBL, F
EXP, F

SHI FT2416

FPFLAGS, RND
AARGB1, LSB
| NT24160K
Ke

| NT24160K
AARGBL, F

Z

AARGBO, F

AARGBO0, VBB
SETI OV16

SI GN, VBB
0
AARGBL, F
AARGBO, F
AARGBL, F
z
AARGBO, F
0

save sign in SIGN
nake MSB explicit

renove bias from EXP

do byte shift if EXP >= 8

rotate next bit for rounding

do byte shift if EXP >= 8

rotate next bit for rounding

shift conpleted if EXP = 0

right shift by EXP

round if next bit is set

test for overflow

if sign bit set, negate

0 1997 Microchip Technology Inc.

DS00575B-page 41



ANS75

SETI OV16

BSF
BTFSS
RETLW

CLRF
BTFSS
MOVLW

RLF
RRF
RETLW

FPFLAGS, | OV
FPFLAGS, SAT
OxFF

AARGBO
S| G\, MsB
OxFF
AARGBO
AARGB1
SI G\, F
AARGBO, F
OxFF

set integer overflow flag
test for saturation
return error code in WREG

saturate to largest two's
conpl ement 16 bit integer

SI GN
SI GN

0, Ox 7F FF
1, Ox 80 00

return error code in WREG

B R R

B R R R R R R R R R R R R R R RS

; Fl oat to integer conversion

; I nput :
; Use:
; Cut put :

; Resul t:

; Max Tim

; Mn Tim

; PM 82

24 bit floating point nunber

CALL | NT2424

24 bit 2’s conplenment integer

AARG <-- |NT( AARG)
ng: 41+6*7+6+16 = 105 cl ks
41+6*7+6+24 = 113 cl ks

41+6*7+6+26 = 115 cl ks

ng: 5 cl ks

in AEXP, AARGB0O, AARGB1

right justified in AARGBO, AARGB1l, AARGB2

;
I
J_‘
wn
2
I
o

I NT2424

CLRF
MOVF
BTFSC
RETLW

MOVF
BSF
MOVLW
SUBWF
BTFSS
GOro

I NCF
MOVLW
SUBWF
BTFSS
GOoro

RLF
MOVF

MOVF

AARGB2
EXP, W
z
0x00

AARGBO, W
SI GN
AARGBO, MSB

EXPBI AS+D 23
EXP, F

EXP, M5B

SETI Ov24
EXP, F

EXP, F

8
EXP, W

C

TSHI FT2424
EXP
AARGB2, F
AARGB1, W
AARGB2
AARGBO, W
AARGB1

test for zero ar gunment

save sign in SIGN
nake MSB explicit

renove bias from EXP

do byte shift if EXP >= 8

rotate next bit for rounding
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CLRF AARGBO
MOVLW 8 ; do another byte shift if EXP >= 8
SUBWF EXP, W
BTFSS C
GOoro TSHI FT2424
MOVWF EXP
RLF AARGB2, F ; rotate next bit for rounding
MOVF AARGB1, W
MOVWF AARGB2
CLRF AARGB1
MOVLW 8 ; do another byte shift if EXP >= 8
SUBWF EXP, W
BTFSS _C
Qoro TSHI FT2424
MOVWF EXP
RLF AARGB2, F ; rotate next bit for rounding
CLRF AARGB2
MOVF EXP, W
BTFSS Z
BCF _C
GOoro SHI FT2424OK
TSHI FT2424 MOVF EXP, W ; shift conpleted if EXP = 0
BTFSC Z
GOTO SHI FT2424CK
SHI FT2424 BCF _C
RRF AARGBO, F ; right shift by EXP
RRF AARGB1, F
RRF AARGB2, F
DECFSZ EXP, F
Qoro SHI FT2424
SHI FT2424CK BTFSC FPFLAGS, RND
BTFSS AARGB2, LSB
GOoro I NT24240K
BTFSS _C
Qoro I NT24240K
I NCF AARGB2, F
BTFSC Z
I NCF AARGB1, F
BTFSC Z
I NCF AARGBO, F
BTFSC AARGBO, MSB ; test for overflow
GOoro SETI Ov24
I NT24240K BTFSS SI GN, MsB ; if sign bit set, negate
RETLW 0
COVF AARGBO, F
COVF AARGB1, F
COVF AARGB2, F
I NCF AARGB2, F
BTFSC Z
I NCF AARGB1, F
BTFSC Z
I NCF AARGBO, F
RETLW 0
| RES024 CLRF AARGB0O ; integer result equals zero
CLRF AARGB1
CLRF AARGB2
RETLW 0
SETI Ov24 BSF FPFLAGS, | OV ; set integer overflow flag
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BTFSS
RETLW

CLRF

BTFSS
MOVLW

RLF

RETLW

FPFLAGS, SAT

OxFF

AARGB0O
SI GN, MsB
OxFF
AARGB0O
AARGB1
AARGB2
SIG\, F
AARGBO, F
OxFF

test for saturation
return error code in WREG

saturate to largest two's
conpl ement 24 bit integer

SI GN
SI GN

0, Ox 7F FF FF
1, 0x 80 00 00

return error code in WREG

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R

; Fl oating Point Miltiply

; I nput :

; Cut put :
; Resul t :

; Max Tim

; Mn Tim

M24BNEO

MIUN24

MOK24

24 bit floating point nunmber in AEXP, AARGBO, AARGB1
24 bit floating point nunber

CALL FPMR24

24 bit floating point product

AARG <-- AARG * BARG
ng: 25+15*16+15+18 =
25+15*16+15+29 =
25+15*16+15+33 =
ng: 6+5 = 11 cl ks
24+15*11+14+15 =
MOVF AEXP, W
BTFSS Z
MOVF BEXP, W
BTFSC 4
GOTO RES024
MOVF AARGBO, W
XORWF BARGBO, W
MOVWF SI GN
MOVF BEXP, W
ADDWF EXP, F
MOVLW EXPBI AS- 1
BTFSS _C
GOoro MIUN24
SUBWF EXP, F
BTFSC _C
GOTO SETFOV24
GOTO MOK24
SUBWF EXP, F
BTFSS _C
GOoro SETFUN24
MOVF AARGBO, W

298
309
313

218

in BEXP, BARGB0O, BARGB1

in AEXP, AARGB0, AARGB1

cl ks
cl ks
cl ks

cl ks

RND = 0
RND = 1, SAT = 0
RND = 1, SAT =1

AARG * BARG = 0

test for zero arguments

save sign in SIGN

set multiply overflow fl ag
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MOVF

MOVF

BSF
BSF
BCF
CLRF
CLRF
MOVLW

M.OOP24 BTFSS
GOro

MADD24 MOVF
ADDWF
MOVF
BTFSC
I NCFSZ
ADDWF

MNOADD24 RRF
RRF

BCF
DECFSZ
GOro

BTFSC
GOro
RLF
RLF
RLF
DECF

VROUND24 BTFSC
BTFSS
GOTO
BTFSS
GOoro
I NCF
BTFSC
| NCF

BTFSS
GOoro

| NCF
BTFSC
GOro

MJL24OK BTFSS
BCF
RETLW

SETFOV24 BSF
BTFSS
RETLW

MOVLW

AARGBO, W
AARGB2
AARGB1, W
AARGB3
AARGB2, M5B
BARGBO, VBB
C

AARGBO
AARGB1

D 16’

TEWP

AARGB3, LSB
MNOADD24

BARGB1, W
AARGBL, F
BARGBO, W
C

BARGBO, W
AARGBO, F

AARGBO, F
AARGBL, F
AARGB2, F
AARGB3, F
C

TEWP, F
MLOOP24

AARGBO0, MSB
VROUND24
AARGB2, F
AARGBL1, F
AARGBO, F
EXP, F

FPFLAGS, RND
AARGB1, LSB
MUL240K
AARGB2, VBB
MUL240K
AARGBL, F

z

AARGBO, F

Z
MUL240K
AARGBO, F
AARGBL, F
EXP, F

Z
SETFOV24

S| GN, MsB
AARGBO0, VBB
0

FPFLAGS, FOV
FPFLAGS, SAT
OxFF

OxFF
AEXP
AARGBO
AARGB1

nmove result to AARG

make argument MSB's explicit

clear initial partial product

initialize counter

test next bit

check for postnornalization

round if next bit is set

has roundi ng caused carryout?

if so, right shift

check for overflow

clear explicit MSB if positive

set floating point underflag
test for saturation
return error code in WREG

saturate to largest floating
poi nt number = Ox FF 7F FF
nodul o the appropriate sign bit

0 1997 Microchip Technology Inc.
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RLF SIGN, F
RRF AARGBO, F
RETLW OxFF ; return error code in WREG

B R R EE]
’

B R R R R R R R R R R R R R R R R R R EE]
’

; Fl oating Point Divide

; Input: 24 bit floating point dividend in AEXP, AARGBO, AARGB1
; 24 bit floating point divisor in BEXP, BARGBO, BARGB1

; Use: CALL FPD24
; Qutput: 24 bit floating point quotient in AEXP, AARGBO, AARGB1l

; Result: AARG <-- AARG/ BARG

; Max Ti mi ng: 32+13+15*26+25+12 = 472 cl ks RND = 0
; 32+13+15*26+25+34 = 494 cl ks RND = 1, SAT =0
; 32+13+15*26+25+38 = 498 cl ks RND = 1, SAT =1
; M n Timng: 7+5 = 12 cl ks
; PM 120 DM 11
FPD24 MOV BEXP, W ; test for divide by zero
BTFSC Z
GOoTO SETFDZ24
MOVF AEXP, W
BTFSC Z
GOTO RES024
D24BNEO MOVF AARGBO, W
XORWF BARGBO, W
MOVWF SI GN ; save sign in SIGN
BSF AARGBO, M5B ; make argunment MSB's explicit
BSF BARGBO, MsSB
TALI G\24 CLRF TEMP ; clear align increnent
MOVF AARGBO, W
MOVWF AARGB2 ; test for alignnent
MOVF AARGB1, W
MOVWF AARGB3
MOVF BARGB1, W
SUBWF AARGB3, f
MOVF BARGBO, W
BTFSS _C
I NCFSZ BARGBO, W
SUBWF AARGB2, f
CLRF AARGB2
CLRF AARGB3
BTFSS _C
GOTO DALI G\N24COK
BCF _C ; align if necessary
RRF AARGBO, F
RRF AARGBL, F
RRF AARGB2, F
MOVLW 0x01
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DALI GN24COK

AGEB24

ALTB24

DARGOK24

DLOOP24

DREST24

DOK24

DROUND24

MOVF
SUBWF
BTFSS
Goro

MOVLW
ADDWF
ADDWF
BTFSC
Goro
GOTO

MOVLW
ADDWF
ADDWF
BTFSS
GOTO

MOVLW

RLF
RLF
RLF
RLF
RLF

MOVF
SUBWF
MOVF
BTFSS
I NCFSz
SUBWF

RLF
I ORWF

BTFSS
GOro

BSF
GOro

MOVF
ADDWF
MOVF
BTFSC
I NCF
ADDWF
BCF

DECFSZ
GOTO

BTFSC
BTFSS
GOro
BCF
RLF
RLF
RLF

MOVF
SUBWF

TEVP

BEXP, W
EXP, F
C
ALTB24

EXPBI AS- 1
TEWP, W
EXP, F

_C
SETFOV24
DARGOK24

EXPBI AS- 1
TEMP, W
EXP, F

_C
SETFUN24

D 16
TEWVPB1

AARGB3, F
AARGBZ, F
AARGB1, F
AARGBO, F
TEMP, F

BARGB1, W
AARGBL1, F
BARGBO, W
_C

BARGBO, W
AARGBO, F

BARGBO, W
TEMP, F

TEMP, LSB
DREST24

AARGB3, LSB
DOK24

BARGB1, W
AARGB1, F
BARGBO, W
_C
BARGBO, W
AARGBO, F
AARGB3, LSB

TEMPBL, F
DLOOP24

FPFLAGS, RND
AARGB3, LSB
Dl V24K

_C
AARGBL1, F
AARGBO, F
TEMP, F

BARGB1, W
AARGBL1, F

save align increnent

conpare AEXP and BEXP

set overflow fl ag

set underflow fl ag

initialize counter

left shift

subtract

test for restore

restore if necessary

conmpute next significant bit

for rounding

subtract
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MOVF BARGBO, W
BTFSS _C
I NCFSZ BARGBO, W
SUBWF AARGBO, F
RLF BARGBO, W
| ORWF TEMP, W
ANDLW 0x01
ADDWF AARGB3, F
BTFSC _C
I NCF AARGB2, F
BTFSS Z ; test if rounding caused carryout
GOTO DI V240K
RRF AARGB2, F
RRF AARGB3, F
I NCF EXP, F
BTFSC A ; test for overflow
GOTO SETFOV24
DI V240K BTFSS S| G\, MsB
BCF AARGB2, VBB ; clear explicit MSB if positive
MOVF AARGB2, W
MOV AARGB0O ; move result to AARG
MOVF AARGB3, W
MOVWF AARGB1
RETLW 0
SETFUN24 BSF FPFLAGS, FUN ; set floating point underflag
BTFSS FPFLAGS, SAT ; test for saturation
RETLW OxFF ; return error code in WREG
MOVLW 0x01 ; saturate to snallest floating
MOVWF AEXP ; point nunmber = Ox 01 00 00
CLRF AARGB0O ; modul o the appropriate sign bit
CLRF AARGB1
RLF SIGN, F
RRF AARGBO, F
RETLW OxFF ; return error code in WREG
SETFDZ24 BSF FPFLAGS, FDZ ; set divide by zero flag
RETLW OxFF

B R R EE]
’

B R R R R R R R R R R R R R R R EE]
’

; Fl oating Point Subtract

; Input: 24 bit floating point nunber in AEXP, AARGBO, AARGB1
; 24 bit floating point nunmber in BEXP, BARGB0, BARGB1l

; Use: CALL FPS24
; Qutput: 24 bit floating point sumin AEXP, AARGBO, AARGB1l

; Result: AARG <-- AARG - BARG

; Max Ti m ng: 2+197 = 199 cl ks RND = 0

; 2+208 = 210 cl ks RND = 1, SAT =0
; 2+213 = 215 cl ks RND = 1, SAT =1
; M n Timng: 2+12 = 14 cl ks
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; PM 2+112 = 114 DM 11
FPS24 MOVLW 0x80
XORWF BARGBO, F

B R R e R

; Fl oating Point Add

; Input: 24 bit floating point nunber in AEXP, AARGBO, AARGB1
; 24 bit floating point nunmber in BEXP, BARGBO, BARGB1l

; Use: CALL FPA24
; Qutput: 24 bit floating point sumin AEXP, AARGBO, AARGBl

; Result: AARG <-- AARG - BARG

; Max Ti m ng: 25+28+6* 6+5+31+72 197 cl ks RND = 0
; 25+28+6*6+5+42+72 = 208 cl ks RND
; 25+28+6* 6+5+42+77 = 213 cl ks RND = 1, SAT =1

I
J_‘
w
2

I
o

; M n Timng: 8+4 = 12 cl ks
; PM 112 DM 11
FPA24 MOVF AARGBO, W ; exclusive or of signs in TEMP
XORWF BARGBO, W
MOVWF TEMP
CLRF AARGB2 ; clear extended byte
CLRF BARGB2
MOVF AEXP, W ; use AARG i f AEXP >= BEXP
SUBWF BEXP, W
BTFSS _C
GOTO USEA24
MOVF BEXP, W ; use BARG if AEXP < BEXP
MOV AARGB4 ; therefore, swap AARG and BARG
MOVF AEXP, W
MOVWF BEXP
MOVF AARGB4, W
MOVWF AEXP
MOVF BARGBO, W
MOVWF AARGB4
MOVF AARGBO, W
MOVWF BARGB0
MOVF AARGB4, W
MOVWF AARGBO
MOVF BARGB1, W
MOVWF AARGB4
MOVF AARGB1, W
MOVWF BARGB1
MOVF AARGB4, W
MOVWF AARGB1
USEA24 MOVF BEXP, W ; return AARGif BARG = 0
BTFSC 4
RETLW 0x00
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ALl G\B24

ALOCOPB24

ALl GNED24

ACK24

MOVF

BSF
BSF

MOVF
SUBWF

BTFSC
GOro

MOVLW
SUBWF
BTFSS
GOTO

MOVF

MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOoro
MOVF

RETLW

MOVF
BTFSC
GOTO

BCF

RRF
DECFSZ
GOro

BTFSS
GOro

| NCF
BTFSC
I NCF
BTFSC
I NCF

MOVF

ADDWF
MOVF

BTFSC
I NCFSZ
ADDWF
MOVF

BTFSC
| NCFSz
ADDWF

BTFSC

AARGBO, W
SI GN
AARGBO, MSB
BARGBO, M5B

BEXP, W
AEXP, W
BEXP

Z

ALl GNED24

8
BEXP, W
C

ALl GNB24
BEXP
BARGB1, W
BARGB2
BARGBO, W
BARGBL
BARGBO

8
BEXP, W
C

ALl GNB24
SIGN, W
AARGBO
0x00

BEXP, W
Z
ALl GNED24

C
BARGBO, F
BARGBL, F
BARGB2, F
BEXP, F

ALOOPB24

TEMP, VB
AOK24
BARGB2, F
BARGBL, F
BARGBO, F
BARGB2, F
Z
BARGBL, F
Z
BARGBO, F

BARGB2, W
AARGB2, F
BARGB1, W
C

BARGBL, W
AARGBL, F
BARGBO, W
C

BARGBO, W
AARGBO, F

TEMP, MSB

save sign in SIGN
make MSB's explicit

conpute shift count in BEXP

if BEXP >= 8, do byte shift

keep for postnornalization

if BEXP >= 8, BARG = 0 relative to AARG

already aligned if BEXP = 0

right shift by BEXP

negate if signs opposite
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GOTO
BTFSS
GOTO

RRF

I NCFSZ
GOTO
GOTO

ACOVP24 BTFSC
GOTO

I NCF
BTFSC
I NCF
BTFSC
I NCF

MOVLW
XORWF
GOro

ACOVP24
_C
NRVRND3224

AARGBO, F
AARGBL1, F
AARGBZ, F
AEXP, F
NRVRND3224
SETFOV24

_C
NRVB224

AARGB2, F
AARGBL, F
AARGBO, F
AARGB2, F
Z

AARGBL, F
Z

AARGBO, F

0x80
SIGN, F
NRV24

shift right and increnment EXP

nornmalize and fix sign

negate, toggle sign bit and
then nornalize

0 1997 Microchip Technology Inc.
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NOTES:
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see Section 6, Microchip Bulletin Board Service information, page 6-3.

Please check the Microchip BBS for the latest version of the source code. For BBS access information,

APPENDIX D: PIC17CXXX 24-BIT FLOATING POINT LIBRARY
; RCS Header $1d: fp24.al7 2.8 1996/12/21 20:59:37 F.J.Testa Exp $

$Revision: 2.8 $
; Pl C17 24-BI T FLOATI NG PO NT LI BRARY

; Unary operations: both input and output are in AEXP, AARG

; Al'l routines return WREG = 0x00 for successful conpletion, and WREG = OxFF

for an error condition specified in FPFLAGS.

Bi nary operations: input in AEXP, AARG and BEXP, BARG wi t h out put in AEXP, AARG

; Max timngs are worst case cycle counts, while Mn timngs are non-exception

best case cycle counts.

; Rout i ne Function

; FLO1624 16 bit integer to 24 bit floating point conversion
; FLO24

; Max Ti m ng: RND

; 0 1

; 0 48 48

; SAT

; 1 55 55

; NRM2424 24 bit normalization of unnormalized 24 bit floating point nunbers

; NRVR4
; Max Ti m ng: RND
; 0 1
; 0 39 39
SAT
; 1 46 46
; I NT2416 24 bit floating point to 16 bit integer conversion
; | NT24
; Max Ti m ng: RND
; 0 1
; 0 58 66
; SAT
; 1 58 70
; FLO2424 24 bit integer to 24 bit floating point conversion
; Max Ti m ng: RND
; 0 1
; 0 64 77
; SAT
; 1 64 83

0 1997 Microchip Technology Inc.
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; NRMB224 24 bit nornalization of unnornalized 32 bit floating point nunbers

; Max Ti m ng

; SAT

; I NT2424

; Max Ti mi ng

; 0
; 1
; FPA24

; Max Ti mi ng

; 0
; 1
; FPS24

; Max Ti mi ng

; 0
; 1
; FPMR4

; Max Ti mi ng

; 0
; 1
; FPD24

; Max Ti mi ng

52

52

0

71

71

133

133

134

134

0

60

60

176

176

RND

24 bit floating

RND

24 bit floating

RND

24 bit floating

RND

24 bit floating

RND

24 bit floating

RND

65

71

point to 24 bit integer conversion

1
79
82

poi nt add

1
146
152

poi nt subtract

1
147
153

point multiply

1
72
79

poi nt divide

185

192
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BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R EE]
’

24 bit floating point

EXPONENT

H GHBYTE

LOMBYTE

EXPONENT

XXXXXXXX

representation
8 bit biased exponent

It is inportant to note that the use of biased exponents produces
a unique representation of a floating point 0, given by

EXP = HI GHBYTE = LOWBYTE = 0x00, with 0 being the only

nunber with EXP = 0.

8 bit nost significant byte of fraction in sign-magnitude representation,
with SIGN = MSB, inplicit MSB = 1 and radix point to the right of MSB

8 bit least significant byte of sign-magnitude fraction
H GHBYTE LONBYTE
S, XXXXXXX XXXXXXXX
I
RADI X
PO NT

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R R
’

Integer to float conversion

; Input: 16 bit 2's conplenent integer right justified in AARGBO, AARGB1
; Use: CALL FLO1624
; CALL FLO24
; Qutput: 24 bit floating point nunmber in AEXP, AARGB0, AARGB1l
; Result: AARG <-- FLOAT( AARG)
; Max Ti m ng: 9+39 = 48 cl ks SAT = 0
; 9+45 = 54 cl ks SAT = 1
; Mn Tim ng: 6+15 = 21 cl ks AARG = 0
; 6+20 = 26 clks
; PM 9+68 = 77 DM 6
FLO1624
FLO24 MOVLW D 15 +EXPBIAS ; initialize exponent and add bi as
MOVW\F EXP
MOVPF AARGBO, SI GN ; save sign in SIGN
BTFSS AARGBO, MSB ; test sign
Qoro NRM24
COWF AARGBL, F ; if <0, negate, set MSB in SIGN
COVF AARGBO, F
I NFSNZ AARGB1, F
I NCF AARGBO, F

0 1997 Microchip Technology Inc.
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BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; Nor mal i zati on routine

; I nput :

; Cut put :
; Resul t :

; Max Tim

; Mn Tim

NRVR2424
NRV24

TNI B2424

NORVR424

TNORMUN2424

24 bit unnormalized floating point nunmber in AEXP, AARGB0, AARGB1l
with sign in SIG\ MSB

CALL
CALL

24 bit normalized floating point nunber

AARG  <--

ng

CLRF
CPFSGT
Goro

MOVLW
ANDWF
TSTFSZ
GOTO
SWAPF
SWAPF
ANDLW
ADDWF
SWAPF
ANDLW
MOVPF

BSF

BCF

BTFSC
GOoro
RLCF
RLCF
| NCF
BTFSC
GOro
RLCF
RLCF
I NCF
BTFSC
GOTO
RLCF
RLCF
I NCF

MOVFP
CPFSGT
GoTO
SUBWF

NRVR2424
NRM24

NORMAL| ZE( AARG )

3+12+16+8 = 39 cl ks
3+12+16+15 = 46 cl ks

10+5 = 15 cl ks
3+5+4+8 = 20 cl ks

TEMP, W
AARGBO
NRMV2424A

OxFO
AARGBO, W
WREG
NORM2424
AARGBO, F
AARGB1, W
Ox0F
AARGBO, F
AARGB1, W
OxFO
WREG, AARGB1

TEMP, 2

C
AARGBO, V5B
TNORMUN2424
AARGBL, F
AARGBO, F
TEWP, F
AARGBO0, M5B
TNORMUN2424
AARGBL, F
AARGBO, F
TEWP, F
AARGBO0, M5B
TNORMUN2424
AARGBL, F
AARGBO, F
TEWP, F

TEMP, WREG
EXP
SETFUN24
EXP, F

in AEXP, AARGB0, AARGB1

SAT = 0
SAT =1

; clear exponent decrenent
; test if highbyte=0

; test if highnibble=0

; if so, shift 4 bits

; increase decrenment by 4
; clear carry bit
; i f MBB=1, normalization done

; otherwi se, shift left and
; increnment decrenent

; since highnibble !'= 0, at nost
; 3 left shifts are required

; if EXP <= decrenent in TEWP
; floating point underflow has
; occured

; otherwi se, conpute EXP
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FI XSI G\24 BTFSS SI G\, vsB
BCF AARGBO, MSB ; clear explicit MSB if positive
RETLW 0
NRMR2424A MOVFP AARGB1, AARGBO ; if so, shift 8 bits by nove
CLRF AARGB1, F
BSF TEWP, 3 ; increase decrement by 8
CPFSGT AARGBO ; if highbyte=0, result=0
Qoro RES024
MOVLW 0xFO0 ; test if highnibble=0
ANDWF AARGBO, W
TSTFSZ VREG
GOTO NORM2424A
SWAPF AARGBO, F ; if so, shift 4 bits
BSF TEMP, 2 ; increase decrenent by 4
NORMR424A BCF _C ; clear carry bit
BTFSC AARGB0, MSB ; if MBB=1, nornalization done
GOoro TNORMUN2424
RLCF AARGBO, F ; otherw se, shift left and
| NCF TEMP, F ; increment decrenent
BTFSC AARGBO, VsB
GOTO TNORMUN2424
RLCF AARGBO, F
I NCF TEMP, F
BTFSC AARGBO, MSB ; since highnibble !'= 0, at nost
GOoro TNORMUN2424 ; 3 left shifts are required
RLCF AARGBO, F
I NCF TEMP, F
Qoro TNORMUN2424
RES024 CLRF AARGBO, F ; result equals zero
CLRF AARGB1, F
CLRF AARGB2, F ; clear extended byte
CLRF EXP, F
RETLW 0

B R R R R R R R R R R R R R R EE]
’

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; Integer to float conversion

; Input: 24 bit 2's conplenment integer right justified in AARGBO, AARGB1l, AARGB2
; Use: CALL FLO2424

; Qutput: 24 bit floating point nunber in AEXP, AARGBO, AARGB1

; Result: AARG <-- FLOAT( AARG)

; Max Ti mi ng: 12+52 = 64 cl ks RND = 0

; 12+65 = 77 clks RND = 1, SAT =0
; 12+71 = 83 cl ks RND = 1, SAT =1
; M n Timng: 6+24 = 30 cl ks AARG = 0

; 6+24 = 30 cl ks

; PM 12+121 = 133 DM 7
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FLO2424 MOVLW D 23’ +EXPBI AS ;
MOVWF EXP
MOVPF AARGBO, SI GN ;
BTFSS AARGBO, MSB ;
GOro NRMB224
CLRF VREG, F ;
COVF AARGBZ, F
COVF AARGB1, F
COVF AARGBO, F
I NCF AARGBZ, F
ADDWFC AARGB1, F
ADDWFC AARGBO, F

initialize exponent and add bi as

save sign in SIGN
test sign
if <0,

negate, set MSB in SIGN

B R R EE]
’

; Normal i zati on routine

; Input: 32 bit unnornalized floating point nunber in AEXP, AARGBO, AARGBL1,
; AARGB2 with sign in SIG\ MSB.
; Use: CALL NRMB224
; Qutput: 24 bit normalized floating point nunber in AEXP, AARGB0, AARGB1l
; Result: AARG <-- NORMALI ZE( AARG)
; Max Ti m ng: 21+19+12 = 52 cl ks RND = 0
; 21+19+25 = 65 cl ks RND = 1, SAT =0
; 21+19+31 = 71 cl ks RND = 1, SAT =1
; M n Timng: A4+7+7+5 = 24 cl ks AARG = 0
; 3+5+4+8+4 = 24 cl ks
; PM 122 DM 7
NRVB224 CLRF TEMP, W ; clear exponent decrenent
CPFSGT AARGBO ; test if highbyte=0
GOoTO NRMB224A
TNI B3224 MOVLW 0xFO0 ; test if highnibble=0
ANDWF AARGBO, W
TSTFSZ WREG
GOTO NORMB224
SWAPF AARGBO, F ; if so, shift 4 bits
SWAPF AARGB1, W
ANDLW OxO0F
ADDWF AARGBO, F
SWAPF AARGBL, W
ANDLW 0xFO
MOVPF WREG, AARGB1
SWAPF AARGB2, W
ANDLW O0xO0F
ADDWF AARGBL, F
SWAPF AARGB2, W
ANDLW 0xFO
MOVPF WREG, AARGB2
BSF TEMP, 2 ; increase decrement by 4
NORMB224 BCF _C ; clear carry bit
BTFSC AARGBO, M5B ; if MBB=1, normalization done
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GOTO
RLCF
RLCF
RLCF
I NCF
BTFSC
GOTO
RLCF
RLCF
RLCF
I NCF
BTFSC
GOTO
RLCF
RLCF
RLCF
I NCF
TNORMUN3224 MOVFP
CPFSGT
Goro
SUBWF

NRVRND3224
BTFSC
BTFSS
GOoro
BSF
MOVLW
CPFSGT

CLRF
ADDWFC
ADDWFC

BTFSS
GOTO
RRCF
RRCF
I NFSNZ
GOro
GOoro
NRVMB224A MOVFP
MOVFP
CLRF
BSF
CPFSGT
GOTO
TNI B3224A MOVLW
ANDWF
TSTFSZ
GOoro
SWAPF
SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF
BSF

NORVB224A BCF

TNORMUN3224
AARGBZ, F
AARGBL1, F
AARGBO, F
TEMP, F
AARGBO, MSB
TNORMUN3224
AARGBZ, F
AARGBL1, F
AARGBO, F
TEMP, F
AARGBO, MSB
TNORMUN3224 ;
AARGBZ, F
AARGBL1, F
AARGBO, F
TEMP, F

TEMP, WREG

EXP ;
SETFUN24

EXP, F

FPFLAGS, RND :
AARGB2, VBB :
FI XSI G\24

_C ;
0x80

AARGB2 ;
AARGB1, W :
WREG, F

AARGB1, F

AARGBO, F

_C ;
FI XSI G\24

AARGBO, F :
AARGB1, F

EXP, F :
SETFOV24

FI XSI G\24

AARGB1, AARGBO ;
AARGB2, AARGB1

AARGB2Z, W

TEMP, 3

AARGBO

NRVB224B

OxFO ;
AARGBO, W

WREG

NORMB224A

AARGBO, F

AARGB1, W

Ox0F

AARGBO, F

AARGB1, W
OxFO

VREG, AARGB1
TEWMP, 2

c ;

otherwi se, shift left and

i ncrement decrenent

since highnibble =0

at nost

3 left shifts are required

if EXP <= decrenent in TEWP
floating point underflow has

occur ed
ot herwi se, conpute EXP

i s roundi ng enabl ed?
is NSB > 0x807?

set carry for rounding

if NSB = 0x80, select even

using I'sb in carry

has roundi ng caused carryout?

if so, right shift

test for floating point overflow

shift 8 bits by nove

i ncrease decrement by 8
test if highbyte=0

test if highnibble=0

if so, shift 4 bits

i ncrease decrenment by 4

clear carry bit
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NRVB224B

TNI B3224

NORMB224

BTFSC AARGBO, VBB
GOoTO TNORMUN3224
RLCF AARGB1, F
RLCF AARGBO, F
| NCF TEMP, F
BTFSC AARGBO0, VBB
GOTO TNORMUN3224
RLCF AARGBL, F
RLCF AARGBO, F
| NCF TEWP, F
BTFSC AARGBO0, VBB
GOTO TNORMUN3224
RLCF AARGBL, F
RLCF AARGBO, F
| NCF TEMP, F
GOTO TNORMUN3224
MOVFP AARGB1, AARGBO
CLRF AARGB1, W
BCF TEMP, 3
BSF TEMP, 4
CPFSGT AARGBO
GOoTO RES024

B MOVLW 0xFO
ANDWE AARGBO, W
TSTFSZ VREG
GOTO NORMB224B
SWAPF AARGBO, F
BSF TEWP, 2

B BCF C
BTFSC AARGBO0, VBB
GOTO TNORMUN3224
RLCF AARGBO, F
| NCF TEMP, F
BTFSC AARGBO0, VBB
GOTO TNORMUN3224
RLCF AARGBO, F
| NCF TEMP, F
BTFSC AARGBO, VBB
GOoTO TNORMUN3224
RLCF AARGBO, F
| NCF TEWP, F
GOoTO TNORMUN3224

if MSB=1, nornmlization done

otherwi se, shift left and
i ncrenent decrenent

since highnibble !'= 0, at nost
3 left shifts are required

shift 8 bits by nove
i ncrease decrenent by 8

i f highbyte=0, result=0

test if highnibble=0

if so, shift 4 bits

i ncrease decrement by 4
clear carry bit
normal i zati on done

if MSB=1,

otherwi se, shift left and
i ncrement decrenent

since highnibble !'= 0, at nost
3 left shifts are required

B R e R EE]
’

B R R R R R R R R R R R R R R R R R EE]
’

Fl oat to integer conversion

Input: 24 bit floating point nunber
Use: CALL I NT2416
CALL I NT24

Qutput: 16 bit 2's conpl ement

Result: AARG <-- INT( AARG)

Max Ti m ng: 10+36+12 = 58 cl ks
10+36+20 = 66 cl ks
10+36+24 = 70 cl ks

in AEXP, AARGB0O, AARGB1

integer right justified

i n AARGBO, AARGB1

RND = 0
RND = 1, SAT = 0
RND = 1, SAT =1

DS00575B
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; M n Timng: 4 cl ks

; PM 127

I NT2416

I NT24
CLRF
CPFSGT
RETLW
MOVPF
BSF

MOVLW
SUBWF

BTFSS
GOro
NEGW

MOVLW
CPFSGT
GOTO
SUBWF
MOVFP
MOVFP
CLRF
DCFSNZ
GOTO

CPFSGT
GOTO
SUBWF
MOVFP
CLRF
DCFSNzZ
GOoro
SNI B2416B MOVLW
CPFSGT
GOTO
SWAPF
ANDLW
MOVPF
GOro

SHI FT2416B BCF

DCFSNZ
GOTO
BCF
RRCF
DCFSNZ
Goro
BCF

GOro
SNI B2416A MOVLW
CPFSGT
GOoro
SUBWF

SWAPF
MOVFP

AARGB2Z, W
EXP

0x00
AARGBO, SI GN
AARGBO0, VBB

EXPBI AS+D' 15
EXP, W

V\REG, MSB
SETI Ov2416
EXP, F

7

EXP

SNI B2416
EXP, F

AARGB1, AARGB2
AARGBO0, AARGB1
AARGBO, F
EXP, F

SHI FT2416CK

EXP
SNI B2416A
EXP, F

AARGB1, AARGB?2
AARGBL, F

EXP, F

SHI FT24160K

3

EXP

SHI FT2416B
AARGB2, W
Ox0F

WREG, AARGB2
SHI FT24160OK

C
AARGB2, F
EXP, F

SHI FT24160K
C

AARGB2, F
EXP, F

SHI FT24160K
Ke

AARGB2, F

SHI FT24160K

3

EXP

SHI FT2416A
EXP, F
AARGB1, W
VREG, AARGB2

test for zero argument

save sign in SIGN
make MSB explicit

renove bias+15 from EXP

if >= 15, integer overf
will occur

do byte shift if EXP >=

EXP = EXP - 7
save for rounding

EXP = EXP - 1
shift conpleted if EXP

EXP = EXP - 7
save for rounding

EXP = EXP - 1
shift conpleted if EXP

do nibble shift if EXP

shift conpleted if EXP

at nmost 3 right shifts

shift conpleted if EXP

shift conpleted if EXP

do nibble shift if EXP

EXP = EXP - 3

save for rounding

| ow

8

=0

are required

>= 4
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SHI FT2416A

SNI B2416

SHI FT2416

SHI FT2416CK

ANDLW
MOVPF
DCFSNZ
GOTO

BCF

DCFSNZ
GOTO
BCF
RRCF

DCFSNzZ
Goro
BCF

RRCF
GOTO

MOVLW
CPFSGT
GOro
SUBWF
SWAPF
MOVFP
ANDLW
MOVPF
SWAPF
ANDLW
ADDWF
SWAPF
ANDLW
MOVPF
DCFSNzZ
GOoro

BCF
RRCF

DCFSNZ
GOTO
BCF
RRCF

DCFSNZ
GOTO
BCF
RRCF

BTFSC
BTFSS
GOTO
BSF
MOVLW
CPFSGT

CLRF
ADDWFC
ADDWFC
BTFSC

Ox0F
VREG, AARGB1
EXP, F
SHI FT24160OK

Ke
AARGBL, F
AARGB2, F
EXP, F

SHI FT24160K
C
AARGBL, F
AARGB2, F
EXP, F

SHI FT24160K
C
AARGBL, F
AARGB2, F
SHI FT24160K

3

EXP

SHI FT2416
EXP, F
AARGB1, W
WREG, AARGB2
Ox0F

WREG, AARGB1
AARGBO, W
OxFO
AARGBI, F
AARGBO, W
Ox0F

WREG, AARGBO
EXP, F

SHI FT2416CK

Ke
AARGBO, F
AARGBL, F
AARGB2, F
EXP, F

SHI FT24160K
Ke
AARGBO, F
AARGBL, F
AARGB2, F
EXP, F

SHI FT24160K
Ke
AARGBO, F
AARGBL, F
AARGB2, F

FPFLAGS, RND
AARGB2, VBB
| NT24160K
C

0x80
AARGB2
AARGB1, W
WREG, F
AARGBL, F
AARGBO, F
AARGBO, M5B

EXP = EXP - 1
shift conpleted if EXP

at nost 3 right shifts
right shift by EXP

shift conpleted if EXP

shift conpleted if EXP

do nibble shift if EXP

EXP = EXP - 3

save for rounding

EXP = EXP - 1
shift conpleted if EXP

at nost 3 right shifts
right shift by EXP

shift conpleted if EXP

shift conpleted if EXP

i s roundi ng enabl ed?
is NSB > 0x807?

set carry for rounding

=0

are required

>= 4

=0

are required

if NSB = 0x80, select even

using Isb in carry
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GOTO
I NT2416CK BTFSS
RETLW
COWF
COVF
I NFSNZ
I NCF
RETLW

SETI Ov2416 BSF
BTFSS
RETLW

CLRF
BTFSS
SETF
MOVPF
RLCF
RRCF
RETLW

SETI Ov2416

S| G\, MsB
0

AARGB1, F
AARGBO, F
AARGBL1, F
AARGBO, F
0

FPFLAGS, | OV
FPFLAGS, SAT
OxFF

AARGBO, F

S| G\, MsB
AARGBO, F
AARGBO0, AARGB1
SIGN, F
AARGBO, F
OxFF

if sign bit set, negate

set integer overflow flag
test for saturation
return error code in WREG

saturate to largest two's
conpl ement 16 bit integer
SIGN = 0, Ox 7F FF
SIGN = 1, 0x 80 00

return error code in WREG

B R R R EE]
’

B R R R R R R R R R R R EE]
’

; Fl oat to integer convers
; Input: 24 bit floating
; Use: CALL | NT2424
; Qutput: 24 bit 2's conp
; Result: AARG <-- | NT(
; Max Ti m ng: 11+45+15
; 11+45+23
; 11+45+26
; Mn Timng: 4 cl ks

; PM 185

ion

poi nt nunber

ement integer
AARG )
71 cl ks

79 cl ks
= 82 clks

in AEXP, AARGB0O, AARGB1

right justified in AARGBO, AARGB1l, AARGB2

I NT2424
CLRF
CPFSGT
RETLW
MOVPF
BSF

MOVLW
SUBWF

BTFSS
GOro
NEGW

MOVLW
CPFSGT
GoTO
SUBWF
MOVFP

AARGB2, W
EXP

0x00
AARGBO, SI GN
AARGBO, MSB

AARGB3, F

EXPBI AS+D' 23
EXP, W

VREG, MSB
SETI Ov2424
EXP, F

7
EXP

SNI B2424
EXP, F

AARGB2, AARGB3

test for zero ar gunment

save sign in SIGN
nake MSB explicit

renove bi as+23 from EXP

if >= 23, integer overflow
wi |l occur

do byte shift if EXP >= 8

EXP = EXP - 7
save for rounding
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MOVFP AARGB1, AARGB2

MOVFP AARGBO, AARGB1

CLRF AARGBO, F

DCFSNZ EXP, F ; EXP = EXP - 1

GOoTO SHI FT2424CK ; shift conpleted if EXP = 0

CPFSGT EXP ; do another byte shift if EXP >= 8

GOTO SNI B2424A

SUBWF EXP, F ; EXP = EXP - 7

MOVFP AARGB2, AARGB3 ; save for rounding

MOVFP AARGB1, AARGB2

CLRF AARGBL, F

DCFSNZ EXP, F ; EXP = EXP - 1

GOoTO SHI FT2424CK ; shift conpleted if EXP = 0

CPFSGT EXP ; do another byte shift if EXP >= 8

GOTO SNI B2424B

SUBWF EXP, F ; EXP = EXP - 7

MOVFP AARGB2, AARGB3 ; save for rounding

CLRF AARGB2, F

DCFSNZ EXP, F ; EXP = EXP - 1

GOoro SHI FT2424OK ; shift conpleted if EXP = 0
SNI B2424C MOVLW 3 ; do nibble shift if EXP >= 4

CPFSGT EXP

GOTO SHI FT2424C

SWAPF AARGB3, W

ANDLW O0xOF

MOVPF WREG, AARGB3

GOoro SHI FT24240K ; shift conpleted if EXP = 0
SHI FT2424C BCF _C ; at nmost 3 right shifts are required

RRCF AARGB3, F ; right shift by EXP

DCFSNZ EXP, F

GOoTO SHI FT2424CK ; shift conpleted if EXP = 0

BCF _C

RRCF AARGB3, F

DCFSNZ EXP, F

GOoro SHI FT24240K ; shift conpleted if EXP = 0

BCF _C

RRCF AARGB3, F

GOTO SHI FT2424CK
SNI B2424B MOVLW 3 ; do nibble shift if EXP >= 4

CPFSGT EXP

GOoTO SHI FT2424B

SUBWF EXP, F ; EXP = EXP - 3

SWAPF AARGB2, W

MOVPF WREG, AARGB3 ; save for rounding

ANDLW O0xOF

MOVPF WREG, AARGB2

DCFSNZ EXP, F ; EXP = EXP - 1

GOoTO SHI FT2424CK ; shift conpleted if EXP = 0
SHI FT2424B BCF _C ; at nmost 3 right shifts are required

RRCF AARGB2, F ; right shift by EXP

RRCF AARGB3, F

DCFSNZ EXP, F

GOorTo SHI FT2424CK ; shift conpleted if EXP = 0

BCF _C

RRCF AARGB2, F

RRCF AARGB3, F

DCFSNZ EXP, F

[€o))0) SHI FT2424OK ; shift conpleted if EXP = 0

BCF _C

RRCF AARGB2, F
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SNI B2424A

SHI FT2424A

SNI B2424

GOro

MOVLW
CPFSGT
QoTO
SUBWE
SWAPF
MOVPF
ANDLW
MOVPF

SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF
DCFSNzZ
Goro

BCF
RRCF

DCFSNZ
GOTO
BCF
RRCF

DCFSNZ
GOTO
BCF
RRCF

GOTO

MOVLW
CPFSGT
GOTO
SUBWF
SWAPF
MOVPF
ANDLW
MOVPF

SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF

SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF
DCFSNzZ
GOoro

AARGB3, F
SHI FT2424CK

3

EXP

SHI FT2424A
EXP, F
AARGB2, W
WREG, AARGB3
Ox0F

VREG, AARGB2

AARGB1, W
OxFO
AARGB2, F

AARGB1, W
Ox0F

WREG AARGB1
EXP, F

SHI FT24240K

Ke
AARGBL, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT24240K
Ke

AARGBL, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT24240K
Ke

AARGBL, F
AARGB2, F
AARGB3, F

SHI FT24240K

3

EXP

SHI FT2424
EXP, F
AARGB2, W
VREG, AARGB3
OxOF

VWREG, AARGB2

AARGB1, W
OxFO
AARGB2, F

AARGB1, W
Ox0F
VREG, AARGB1

AARGBO, W
OxFO
AARGBL1, F

AARGBO, W
Ox0F

WREG, AARGBO
EXP, F

SHI FT24240K

do nibble shift if EXP >= 4

EXP = EXP - 3

save for rounding

EXP = EXP - 1
shift conpleted if EXP = 0

at nost 3 right shifts are required
right shift by EXP

shift conpleted if EXP = 0

shift conpleted if EXP = 0

do nibble shift if EXP >= 4

EXP = EXP - 3

save for rounding

EXP = EXP - 1
shift conpleted if EXP = 0
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SHI FT2424

SHI FT24240K

I NT2424CK

SETI Ov2424

BCF
RRCF

RRCF
DCFSNZ
GOro
BCF

RRCF

DCFSNzZ
Goro
BCF

RRCF

BTFSC
BTFSS
GOTO
BSF
MOVLW
CPFSGT

CLRF
ADDWFC
ADDWFC
ADDWFC
BTFSC
GOro

BTFSS
RETLW
COVF
COVF
COWF
| NCF
CLRF
ADDWFC
ADDWFC
RETLW

BSF
BTFSS
RETLW

CLRF
BTFSS
SETF
MOVPF
MOVPF
RLCF
RRCF
RETLW

C
AARGBO, F
AARGBL, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT24240K
Ke
AARGBO, F
AARGBL, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT24240K
C
AARGBO, F
AARGBL, F
AARGB2, F
AARGB3, F

FPFLAGS, RND
AARGB3, M5B
| NT24240K
C

0x80
AARGB3
AARGB2, W
WREG, F
AARGB2, F
AARGBL, F
AARGBO, F
AARGBO, VBB
SETI Ov2424

S| G\, MsB
0
AARGB2, F
AARGBL1, F
AARGBO, F
AARGB2, F
WREG, F
AARGB1, F
AARGBO, F
0

FPFLAGS, | OV
FPFLAGS, SAT
OxFF

AARGBO, F

SI GN, V5B
AARGBO, F
AARGBO0, AARGB1
AARGB0, AARGB2
SIGN, F
AARGBO, F
OxFF

; at nmost 3 right shifts are required
; right shift by EXP

; shift conpleted if EXP

; shift conpleted if EXP

1
o

1
o

; is roundi ng enabl ed?

; 1s NSB > 0x807?
; set carry for

; 1f NSB = 0x80

roundi ng

sel ect even

; using Isb in carry

; if sign bit set, negate

; set integer overflow flag
; test for saturation

, return error

code in WREG

; saturate to largest two's
; conplenment 24 bit integer
; SIGN = 0, Ox 7F FF FF

; SIGN = 1,

, return error

Ox 80 00 00

code in WREG

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R R

; Fl oating Point Miltiply

; I nput :

24 bit floating point nunber in AEXP, AARGBO, AARGB1
24 bit floating point nunber

in BEXP, BARGB0O, BARGB1
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M24BNEO

MIUN24

MOK24

Cut put :
Resul t:

Max Tim

Mn Tim

CALL FPM24

24 bit floating point product

AARG <-- AARG * BARG

ng: 19+33+8 = 60 cl ks
19+33+20 = 72 cl ks
19+33+27 = 79 cl ks

ng: 5+5 = 10 cl ks
13+5+23+11 = 52 cl ks

CLRF AARGB2, W

CPFSEQ BEXP

CPFSGT AEXP

GOoTO RES024

MOVFP AARGBO, WREG

XORWF BARGBO, W

MOVPF WREG, SI GN

MOVFP BEXP, \REG

ADDWF EXP, F

MOVLW EXPBI AS- 1

BTFSS _C

GOTO MIUN24

SUBWF EXP, F

BTFSC _C

GOTO SETFOV24

GOoTO MOK24

SUBWF EXP, F

BTFSS _C

GOTO SETFUN24

BSF AARGBO, M5B

BSF BARGBO, MsSB

MOVPF AARGB1, TEMPB1

MOVFP AARGBL, WREG

MULWF BARGB1

MOVPF PRODH, AARGB2

MOVFP AARGBO, WREG

MULWF BARGB0

MOVPF PRODH, AARGB0

MOVPF PRODL, AARGB1

MULWF BARGB1

MOVPF PRODL, WVREG

ADDWF AARGB2, F

MOVPF PRCDH, WVREG

ADDWFC AARGBL, F

CLRF WREG, F

ADDWFC AARGBO, F

MOVFP TEMPBL1, WREG

MULWF BARGB0O

in AEXP, AARGB0O, AARGB1

RND = 0
RND = 1, SAT =0
RND = 1, SAT =1

AARG * BARG = 0

; test for zero argunents

; save sign in SIGN

; renmpove bias and overfl ow test

; renpove bias and underfl ow test

; make argunment MSB's explicit

; multiply mantissas
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MOVPF PRODL, WREG
ADDWF AARGB2, F
MOVPF PRCDH, WREG
ADDWFC AARGBL, F
CLRF WREG, F
ADDWFC AARGBO, F
BTFSC AARGBO0, MsB ; check for postnormalization
GOTO MROUND24
RLCF AARGB2, F
RLCF AARGBL, F
RLCF AARGBO, F
DECF EXP, F
BTFSC 4
GOTO SETFUN24
MROUND24
BTFSC FPFLAGS, RND ; is rounding enabl ed?
BTFSS AARGB2, MSB ; 1s NSB > 0x807?
GOTO MJL240K
BSF _C ; set carry for rounding
MOVLW 0x80
CPFSGT AARCB2 ; if NSB = 0x80, select even
RRCF AARGB1, W ; using Isb in carry
CLRF WREG, F
ADDWFC AARGBL, F
ADDWFC AARGBO, F
BTFSS _C ; has roundi ng caused carryout?
GOTO MJL240K
RRCF AARGBO, F ; if so, right shift
RRCF AARGBL, F
| NFSNZ EXP, F ; test for floating point overflow
GOoTO SETFOV24
MJL240K BTFSS S| G\, MsB
BCF AARGBO, VSB ; clear explicit MSB if positive
RETLW 0
SETFOV24 BSF FPFLAGS, FOV ; set floating point underflag
BTFSS FPFLAGS, SAT ; test for saturation
RETLW OxFF ; return error code in VWREG
SETF AEXP, F ; saturate to largest floating
SETF AARGBO, F ; point nunber = Ox FF 7F FF
SETF AARGBL, F ; modul o the appropriate sign bit
RLCF SIGN, F
RRCF AARGBO, F
RETLW OxFF ; return error code in WREG

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R EE]

; Fl oating Point Divide

; Input: 24 bit floating point dividend in AEXP, AARGBO, AARGB1
; 24 bit floating point divisor in BEXP, BARGBO, BARGB1l

; Use: CALL FPD24
; Qutput: 24 bit floating point quotient in AEXP, AARGBO, AARGBl

; Result: AARG <-- AARG/ BARG
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; Max Ti m ng: 10+12+30+38+67+19 = 176 cl ks RND = 0

; 10+12+30+38+67+28 = 185 cl ks RND = 1, SAT =0
; 10+12+30+38+67+35 = 192 cl ks RND = 1, SAT =1
; M n Timng: 6+5 = 11 cl ks AARG = 0

; PM 201+256 = 457 DM 13

; In addition to those registers defined in MATHL7.INC, this routine uses
; TBLPTRL and TBLPTRH wi t hout saving and restoring.

FPD24SEED macr o
; Ti m ng: 12 cl ks
; PM 11+257 = 268

; generation of FO using 16 bit zeroth degree m ni max approxi mations to the
; reci procal of BARG with the top 8 explicit bits of BARG as a pointer.

MOVLW H GH (1 BTBL256M) ; access table for FO
MOVWF TBLPTRH
RLCF BARGB1, W
RLCF BARGBO, W
ADDLW LOW (| BTBL256M
MOVWF TBLPTRL
BTFSC _C
I NCF TBLPTRH, F
TABLRD 0, 1, TEMPBO
TLRD 1, TEMPBO
TLRD 0, TEMPB1
endm

FPD24 SEEDS nmacr o

; Ti m ng: 64 cl ks

; PM 62+17 = 79

; generation of FO by interpolating between consecutive 16 bit approxi mations
; to the reciprocal of BARG with the top 4 explicit bits of BARG as a pointer
; and the remaining 11 explicit bits as the argument to |inear interpolation.

MOVLW HI GH (1 BTBL16l) ; access table for FO
MOVWF TBLPTRH

RLCF BARGBO, W

SWAPF WREG F

ANDLW OxOF

ADDLW LOW (| BTBL161)

MOVWF TBLPTRL

BTFSC _C

I NCF TBLPTRH, F

TABLRD 0, 1, TEMPBO

TLRD 1, TEMPBO

TABLRD 0, 0, TEMPB1

TLRD 1, AARGB4

TLRD 0, AARGB5

MOVFP AARGB5, WREG ; calculate difference
SUBWF TEWPB1, W

MOVWF AARGB5
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D24BNEO

MOVFP
SUBWFB

MOVPF
MOVFP
ANDLW
MOVPF

MOVFP
MULWE
MOVPF

MOVFP
MULWF
MOVPF
MOVPF

MULWF
MOVPF
ADDWF
MOVPF
ADDWFC
CLRF
ADDWFC

MOVFP
MULWF
MOVPF
ADDWF
MOVPF
ADDWFC
CLRF
ADDWFC

CLRF

RRCF

CLRF

RRCF

CLRF
RRCF

MOVFP
SUBWF
MOVPF
SUBWFB

endm

CLRF
CPFSGT
Goro

CPFSGT
Goro

MOVFP
XORVE

AARGB4, WREG
TEWVPBO, W
AARGB4

AARGB5, TBLPTRL
BARGBO0, WREG
0x07

WREG, TEMPB2

AARGBS5, WREG
BARGB1
PRODL, TBLPTRH

AARGB4, W\REG
TEMPB2

PRODH, AARGB4
PRODL, AARGB5

BARGB1
PRODL, \REG
TBLPTRH, F
PRODH, WREG
AARGB5, F
WREG, F
AARGB4, F

TBLPTRL, WREG
TEMPB2

PRODL, \REG
TBLPTRH, F
PRODH, WREG
AARGB5, F
WREG, F
AARGB4, F

Ke
AARGB4, F
AARGBS5, F
TBLPTRL, F
C
AARGB4, F
AARGBS5, F
TBLPTRL, F
C
AARGB4, F
AARGBS5, F
TBLPTRL, F

TBLPTRL, WREG

TEWMPBL, F

AARGBS5, WREG

TEMPBO, F ; FO

TEMPB3, W ; clear exponent nodification
BEXP ; test for divide by zero

SETFDZ24

AEXP
RES024

AARGB0, WREG
BARGBO, W
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MOVPF VREG, SI GN ; save sign in SIGN
BSF AARGBO, MSB ; make argunent MBB's explicit
BSF BARGB0, M5B
FPD24 SEED ; generation of FO
MOVPF AARGB1, AARGB4 7 AO = FO * A
MOVFP AARGB1, \REG
MULWF TEMPB1
MOVPF PRODH, AARGB2
MOVPF PRODL, AARGB3
MOVFP AARGBO, WREG
MULWF TEMPBO
MOVPF PRODH, AARGB0
MOVPF PRODL, AARGB1
MULWF TEMPB1
MOVPF PRODL, W\REG
ADDWF AARGB2, F
MOVPF PRODH, WREG
ADDWFC AARGB1, F
CLRF VREG, F
ADDWFC AARGBO, F
MOVFP AARGB4, W\REG
MULWF TEMPBO
MOVPF PRODL, W\REG
ADDWF AARGB2, F
MOVPF PRODH, WREG
ADDWFC AARGB1, F
CLRF VREG, F
ADDWFC AARGBO, F
BTFSC AARGBO, MSB
GOoro DAOK24
RLCF AARGB2, F
RLCF AARGB1, F
RLCF AARGBO, F
DECF TEWMPB3, F
DAOK24 MOVFP BARGB1, AARGB4 ; BO = FO * B
MOVFP BARGB1, WREG
MULWF TEMPB1
MOVPF PRODH, BARGB2
MOVPF PRODL, BARGB3
MOVFP BARGBO, WREG
MULWF TEMPBO
MOVPF PRODH, BARGB0
MOVPF PRODL, BARGB1
MULWF TEMPB1
MOVPF PRODL, WREG
ADDWF BARGB2, F
MOVPF PRODH, WREG
ADDWFC BARGBL1, F
CLRF VREG, F
ADDWFC BARGBO, F
MOVFP AARGB4, W\REG
MULWF TEMPBO
MOVPF PRODL, WREG

0 1997 Microchip Technology Inc. DS00575B-page 71



ANS75

DBOK24

ADDWF
MOVPF
ADDWFC
CLRF
ADDWFC

BTFSS
BTFSC
Goro
RLCF
RLCF
RLCF
RLCF
I NCF

I NCF
ADDWFC
ADDWFC

MOVPF
MOVPF
MOVPF

MOVFP
MULWF
MOVPF
MOVPF

MULWF
MOVPF
ADDWF
CLRF
ADDWFC

MOVFP
MULWE
MOVPF
ADDWF
CLRF
ADDWFC

MOVFP
MULWF
MOVPF
ADDWF
MOVPF
ADDWFC
MOVFP
MULWF
CLRF
ADDWFC
MOVPF
ADDWF
MOVPF
ADDWFC

MOVFP
MULWF
MOVPF
ADDWF
MOVPF
ADDWFC

BARGB2, F
PRODH, WREG
BARGB1, F
WREG, F
BARGBO, F

BARGBO, MsSB
BARGBO, MsB- 1
DBOK24
BARGB3, F
BARGB2, F
BARGB1, F
BARGBO, F
TEWMPB3, F

BARGB2, F
BARGB1, F
BARGBO, F
BARGB2, F
BARGB1, F
BARGBO, F

AARGBO, TEMPBO
AARGB1, TEMPB1
AARGB2, TEMPB2

AARGB1, WREG
BARGB1

PRODH, AARGB2
PRODL, AARGB3

BARGB2
PRODH, WREG
AARGB3, F
WREG, F
AARGBZ, F

TEMPB2, WREG
BARGB1
PRODH, W\REG
AARGB3, F
WREG, F
AARGBZ, F

AARGBO, WREG
BARGB2
PRODL, WVREG
AARGB3, F
PRODH, W\REG
AARGB2, F
AARGBO, WREG
BARGB1
AARGB1, W
AARGBL1, F
PRODL, \REG
AARGB2, F
PRODH, WREG
AARGB1, F

TEMPB2, WREG
BARGBO
PRODL, WREG
AARGB3, F
PRODH, W\REG
AARGB2, F

F1

Al

2 - BO

F1 * A
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DNORV24

DEXP24

AGEB24

ALTB24

DROUND24

CLRF
ADDWFC
ADDWFC

MOVFP
MULWF
MOVPF
ADDWF
MOVPF
ADDWFC
CLRF
ADDWFC

MOVFP
MULWF
MOVPF
ADDWF
MOVPF
ADDWFC

BTFSC
GOTO
RLCF
RLCF
RLCF
DECF

BTFSC
GOro
RLCF
RLCF
RLCF
DECF

MOVFP
SUBWF
MOVLW
BTFSS
GoTO

ADDWF
ADDWF
BTFSC
GOro
GOoro

ADDWF
ADDWF
BTFSS
GOro

BTFSC
BTFSS
GOTO
BSF
MOVLW
CPFSGT

CLRF
ADDWFC
ADDWFC

BTFSS
GOro
RRCF

AARGBO, W
AARGB1, F
AARGBO, F

TEMPB1, WREG
BARGBO
PRODL, WREG
AARGBZ, F
PRODH, W\REG
AARGBL1, F
V\REG, F
AARGBO, F

TEMPBO, WREG
BARGBO
PRODL, WREG
AARGB1, F
PRODH, W\REG
AARGBO, F

AARGBO, MSB
DNORM24
AARGBZ, F
AARGBL1, F
AARGBO, F
TEWMPB3, F

AARGBO0, MSB
DEXP24
AARGB2, F
AARGBL1, F
AARGBO, F
TEMPB3, F

BEXP, WREG
EXP, F
EXPBI AS+1
C

ALTB24

TEMPB3, W
EXP, F

C
SETFOV24
DROUND24

TEMPB3, W
EXP, F

C
SETFUN24

FPFLAGS, RND
AARGB2, M5B
DI V240K

C

0x80

AARGB2
AARGB1, W
WREG, F
AARGBL, F
AARGBO, F

C
DI V240K
AARGBO, F

; postnornalization

; conmpute AEXP - BEXP

; add bias + 1 for scaling of FO

; if AEXP > BEXP, test for overflow

; if AEXP < BEXP, test for underflow

; 1s roundi ng enabl ed?
; 1s NSB > 0x807?

; set carry for rounding

; if NSB = 0x80, select even
; using Isb in carry

; test if rounding caused carryout
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Dl V24K

SETFUN24

SETFDZ24

| BTBL16

I NFSNZ
Goro

BTFSS
BCF

RETLW

BSF
BTFSS
RETLW

MOVLW
MOVPF
CLRF
CLRF
RLCF

RETLW

BSF
RETLW

table of 16 bit approxi mations to the reciproca

AARGB1, F
EXP, F
SETFOV24

SI GN, M5B
AARGBO, MSB

0

FPFLAGS, FUN
FPFLAGS, SAT
OxFF

0x01
WREG, AEXP
AARGBO, F
AARGB1, F
SIGN, F
AARGBO, F
OxFF

FPFLAGS, FDZ
OxFF

test for overflow

clear explicit MSB if positive

set floating point underflag
test for saturation
return error code in WREG

saturate to smallest floating
poi nt nunber = O0x 01 00 00
nmodul o the appropriate sign bit

return error code in WREG

set floating point divide by zero
flag and return error code in
WREG

of BARG

with the top 4 explicit bits of BARG as a pointer and the
remaining 11 explicit bits as the argunent to |linear interpolation

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

OxFFFF
OxFOF1
0xE38E
0xD794
0xCCCD
0xC30C
OxBA2F
0xB216
0xAAAB
0xA3D7
Ox9D8A
0x97B4
0x9249
0x8D3E
0x8889
0x8421
0x8001

table of 16 bit zeroth degree m ni max approxinmations to the
reci procal of BARG with the top 8 explicit bits of BARG as a pointer

| BTBL256M

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

OxFF81
0xFE83
OxFD87
0xFC8D
0xFB95
OxFAQE
OxF9AA
0xF8B7
OxXF7C7
OxF6D8
0xF5EB
OxFAFF
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

0xF416
0xF32E
0xF248
0xF163
0xF080
OxEF9F
OxEECO
OxEDE2
0xEDO6
OxEC2B
0xEB52
OxXEATA
OxE9A4
0xE8DO
OXE7FD
0xE72B
0xE65B
0xE58D
0xE4C0
0xE3F4
0xE32A
OxE261
0xE199
0xEOD3
OxEOOE
0xDF4B
0xDE89
0xDDC8
0xDD09
OxDCAA
0xDB8D
0xDAD2
0xDAl17
0xDO5E
0xDBA6
OxD7EF
0xD73A
0xD686
0xD5D2
0xD520
0xD470
0xD3C0
0xD311
0xD264
0xD1B7
0xD10C
0xD062
0xCFB9
OxCF11
0xCE6A
0xCDC4
OxCD1F
0xCC7B
0xCBD8
0xCB37
0xCA96
0xC9F6
0xC957
0xC8B9
0xC81C
0xC780
0xCB6E5
0xC64B
0xC5B2
0xC51A
0xC483
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

0xC3EC
0xC357
oxc2C2
0xC22E
0xC19C
0xC10A
0xC078
0xBFE8
0xBF59
0OxBECA
0xBE3C
Ox BDAF
0xBD23
0xBC98
0xBCOD
0xBB84
0xBAFB
0xBA72
0xB9EB
0xB964
0xB8DF
0xB859
0xB7D5
0xB751
0xB6CE
0xB64C
0xB5CB
0xB54A
0xB4CA
0xB44B
0xB3CC
0xB34E
0xB2D1
0xB254
0xB1D8
0xB15D
0xBOE3
0xB069
OxAFFO
OXAF77
OXAEFF
OxAE88
OXAEl1l
0xAD9B
0xAD26
0xACB1
0xAC3D
0xABC9
0xAB56
0xAAE4
OXAA72
O0xAA01
0xA990
0xA920
0xA8B1
0xA842
0xA7D3
0xA766
0xA6F8
0xA68C
0xA620
0xA5B4
0xA549
OxA4DF
0xA475
0xA40C
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

0xA3A3
OxA33A
0xA2D2
0xA26B
0xA204
OxA19E
0xA138
OxA0D3
0xA06E
OxA00A
Ox9FA6
0x9F43
OXx9EEQ
OX9ETE
0x9E1C
Ox9DBA
0x9D59
0x9CF9
0x9C99
0x9C39
0x9BDA
0x9B7C
0x9B1D
0x9AC0
0x9A62
0x9A05
0x99A9
0x994D
0x98F1
0x9896
0x983B
Ox97E1l
0x9787
0x972E
0x96D5
0x967C
0x9624
0x95CC
0x9574
0x951D
0x94C7
0x9470
0x941A
0x93C5
0x9370
0x931B
0x92C7
0x9273
0x921F
0x91CC
0x9179
0x9127
0x90D5
0x9083
0x9031
Ox8FEQ
0x8F90
Ox8F3F
Ox8EEF
0x8EA0
0x8E50
Ox8EO02
0x8DB3
0x8D65
0x8D17
0x8CC9
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DATA 0x8C7C
DATA 0x8C2F
DATA 0x8BE2
DATA 0x8B96
DATA 0x8B4A
DATA Ox8AFE
DATA 0x8AB3
DATA 0x8A68
DATA 0x8A1lE
DATA 0x89D3
DATA 0x8989
DATA 0x893F
DATA 0x88F6
DATA 0x88AD
DATA 0x8864
DATA 0x881B
DATA 0x87D3
DATA 0x878B
DATA 0x8744
DATA 0x86FC
DATA 0x86B5
DATA 0x866F
DATA 0x8628
DATA 0x85E2
DATA 0x859C
DATA 0x8557
DATA 0x8511
DATA 0x84CC
DATA 0x8487
DATA 0x8443
DATA O0x83FF
DATA 0x83BB
DATA 0x8377
DATA 0x8334
DATA 0x82F1
DATA 0x82AE
DATA 0x826B
DATA 0x8229
DATA O0x81E7
DATA 0x81A5
DATA 0x8164
DATA 0x8122
DATA 0x80E1
DATA 0x80A1
DATA 0x8060
DATA 0x8020

B R R R R R R R R R R R R R R R EE]
’

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; Fl oating Point Subtract

; Input: 24 bit floating point nunber in AEXP, AARGBO, AARGBl
; 24 bit floating point nunber in BEXP, BARGBO, BARGB1

; Use: CALL FPS24
; Qutput: 24 bit floating point difference in AEXP, AARGBO, AARGBl

; Result: AARG <-- AARG - BARG

; Max Ti m ng: 1+133 = 134 cl ks RND = 0

; 1+146 = 147 clks RND = 1, SAT =0
; 1+152 = 153 cl ks RND = 1, SAT =1
; Mn Tim ng: 1+10 = 11 cl ks
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; PM 1+298 = 299

FPS24 BTG

BARGBO, MsSB

toggle sign bit for subtraction

B R R e R

; Fl oating Point Add

; Input: 24 bit floating
; 24 bit floating

CALL FPA24

; Qutput: 24 bit floating

poi nt nunber in AEXP, AARGB0, AARGB1

poi nt nunber

in BEXP, BARGB0O, BARGB1

poi nt sumin AEXP, AARGB0O, AARGBl

; Result: AARG <-- AARG - BARG

; Max Ti m ng: 81+52
; 81+65 =
; 81+71 =

10 cl ks

FPA24 MOVFP
XORWE
NOVPF

MOVFP
CPFSGT
GoTO

USEB24 MOVFP
MOVPF
BSF
BSF

MOVFP
MOVPF
MOVFP
MOVPF

CLRF
CPFSGT
GOro
MOVFP
SUBWF
BTFSC
GOoro

MOVLW
CPFSGT
GOTO
SUBWF
MOVFP
MOVFP
CLRF
DCFSNZ

133 cl ks
146 cl ks
152 cl ks

AARGBO, WREG
BARGBO, W
WREG, TEMP

AARGBZ, F

AEXP, WREG
BEXP
USEA24

BARGBO, W\REG
WREG, SI GN
BARGBO, MsSB
AARGBO0, VBB

AEXP, WREG
WREG, TEMPB1
BEXP, VREG
WREG, AEXP

WREG, F
TEMPB1
BRETURN24
TEMPB1, WREG
BEXP, F

z

BLI GNED24

7

BEXP

BNI B24

BEXP, F
AARGB1, AARGB2
AARGBO0, AARGB1
AARGBO, F
BEXP, F

;
I
J_‘
w
2
I
o

exclusive or of signs in TEMP

cl ear extended byte

use AARG i f AEXP >= BEXP

use BARG i f AEXP < BEXP
save sign in SIGN
make MSB's explicit

conpute shift count in BEXP

return BARGif AARG = 0

do byte shift if BEXP >= 8

BEXP = BEXP - 7
keep for postnornalization

BEXP = BEXP - 1
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BRETURN24

BNI B24B

BLOOP24B

BNI B24A

BLOOP24A

GOTO

CPFSGT
GOTO
SUBWF
MOVFP
CLRF
DCFSNZ
Goro

CPFSGT
Goro

MOVFP
MOVFP
CLRF
RETLW

MOVLW
CPFSGT
Goro
SUBWF
SWAPF
ANDLW
MOVPF
DCFSNzZ
GOoro

BCF
RRCF
DCFSNZ
GOro
BCF

DCFSNzZ
GOoro
BCF

GOTO

MOVLW
CPFSGT
GOTO
SUBWF
SWAPF
ANDLW
MOVPF
SWAPF
ANDLW
ADDWF
SWAPF
ANDLW
MOVPF
DCFSNZ
GOTO

BCF

DCFSNZ
GOTO
BCF
RRCF

DCFSNzZ
GOoro

BLI GNED24

BEXP

BNI B24A
BEXP, F
AARGB1, AARGB2
AARGBL1, F
BEXP, F

BLI GNED24

BEXP
BNI B24B

SI GN, AARGBO
BARGB1, AARGB1
AARGBZ, F
0x00

3

BEXP
BLOOP24B
BEXP, F
AARGB2, W
Ox0F

WREG AARGB2
BEXP, F

BLI GNED24

C
AARGB2, F
BEXP, F
BLI GNED24
C
AARGB2, F
BEXP, F
BLI GNED24
_C
AARGB2, F
BLI GNED24

3

BEXP
BLOOP24A
BEXP, F
AARGB2, W
OxO0F

WREG, AARGB2
AARGB1, W
OxFO
AARGB2, F
AARGB1, W
OxO0F

WREG, AARGB1
BEXP, F

BLI GNED24

C
AARGBL, F
AARGB2, F
BEXP, F
BLI GNED24
C
AARGBL, F
AARGB2, F
BEXP, F
BLI GNED24

do byte shift if BEXP >= 8
BEXP = BEXP - 7

keep for postnornalization
BEXP = BEXP - 1

if BEXP still >= 8, then

AARG = 0 rel ative to BARG

return BARG

do nibbleshift if BEXP >= 4

BEXP = BEXP -3

BEXP = BEXP - 1
aligned if BEXP = 0
right shift by BEXP

aligned if BEXP = 0

aligned if BEXP = 0
at nost 3 right shifts are
possi bl e

do nibbleshift if BEXP >= 4

BEXP = BEXP -3

BEXP = BEXP - 1
aligned if BEXP = 0

right shift by BEXP

aligned if BEXP

1
o

1
o

aligned if BEXP
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BCF _C ; at nost 3 right shifts are
RRCF AARGBL, F ; possible
RRCF AARGB2, F
GOoTO BLI GNED24
BNI B24 MOVLW 3 ; do nibbleshift if BEXP >= 4
CPFSGT BEXP
GOTO BLOOP24
SUBWF BEXP, F ; BEXP = BEXP -3
SWAPF AARGB2, W
ANDLW OxOF
MOVPF WREG, AARGB2
SWAPF AARGB1, W
ANDLW 0xFO
ADDWF AARGB2, F
SWAPF AARGB1, W
ANDLW O0xOF
MOVPF WREG, AARGB1
SWAPF AARGBO, W
ANDLW 0xFO
ADDWF AARGBL, F
SWAPF AARGBO, W
ANDLW O0xOF
MOVPF WREG, AARGB0O
DCFSNZ BEXP, F ; BEXP = BEXP - 1
GOTO BLI GNED24 ; aligned if BEXP = 0
BLOOP24 BCF _C ; right shift by BEXP
RRCF AARGBO, F
RRCF AARGBL, F
RRCF AARGB2, F
DCFSNZ BEXP, F
GOoro BLI GNED24 ; aligned if BEXP =0
BCF _C
RRCF AARGBO, F
RRCF AARGBL, F
RRCF AARGB2, F
DCFSNZ BEXP, F
GOoro BLI GNED24 ; aligned if BEXP =0
BCF _C ; at nost 3 right shifts are
RRCF AARGBO, F ; possible
RRCF AARGBL, F
RRCF AARGB2, F
BLI GNED24 CLRF BARGB2, W
BTFSS TEMP, MSB ; negate if signs opposite
GOTO AOK24
COVF AARGB2, F
COVF AARGBL, F
COVF AARGBO, F
I NCF AARGB2, F
ADDWFC AARGBL, F
ADDWFC AARGBO, F
GOTO AOK24
USEA24 TSTFSZ BEXP ; return AARG if BARG = 0
GOTO BNEO24
RETLW 0x00
BNEO24 CLRF BARGB2, F
MOVPF AARGBO, SI GN ; save sign in SIGN
BSF AARGB0, MsB ; make MSB's explicit
BSF BARGBO, MVSB
MOVFP BEXP, WVREG ; conpute shift count in BEXP
SUBWF AEXP, W
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ANI B24B

ALOOP24B

ANI B24A

MOVPF
BTFSC
GoTO

MOVLW
CPFSGT
GOTO

SUBWF
MOVFP
MOVPF
MOVFP
MOVPF
CLRF
DCFSNZ
QoTO

MOVLW
CPFSGT
GOTO

SUBWF
MOVFP
MOVPF
CLRF
DCFSNzZ
GOoro

MOVLW
CPFSGT
GOTO

MOVFP
RETLW

MOVLW
CPFSGT
GOro
SUBWF
SWAPF
ANDLW
MOVPF
DCFSNZ
GOro

BCF

DCFSNZ
GOTO
BCF
RRCF
DCFSNZ
Goro
BCF

GOro

MOVLW
CPFSGT
GOoro
SUBWF
SWAPF
ANDLW
MOVPF
SWAPF
ANDLW

WREG, BEXP
Z
ALI GNED24

7
BEXP
ANI B24

BEXP, F
BARGB1, WVREG
V\REG, BARGB2
BARGBO, W\REG
VREG, BARGB1
BARGBO, F
BEXP, F

ALl GNED24

7
BEXP
ANI B24A

BEXP, F
BARGB1, \REG
VREG, BARGB2
BARGB1, F
BEXP, F

ALI GNED24

7
BEXP
ANI B24B

SI GN, AARGBO
0x00

3

BEXP
ALOOP24B
BEXP, F
BARGB2, W
OxOF

VREG, BARGB2
BEXP, F

ALl GNED24

C
BARGB2, F
BEXP, F
ALI GNED24
C
BARGB2, F
BEXP, F
ALI GNED24
Ke
BARGB2, F
ALI GNED24

3

BEXP
ALOOP24A
BEXP, F
BARGB2, W
Ox0F

WREG, BARGB2
BARGB1, W
OxFO

do byte shift

BEXP = BEXP -

if BEXP >= 8

7

keep for postnormalization

BEXP = BEXP -

if BEXP stil

1

>= 8, then

BARG = 0 rel ative to AARG

BEXP = BEXP -

7

keep for postnornalization

BEXP = BEXP -

if BEXP stil

1

>= 8, then

BARG = 0 relative to AARG

return AARG

do ni bbl eshi ft

BEXP = BEXP -3

BEXP = BEXP -

if BEXP >= 4

1

aligned if BEXP = 0

right shift by BEXP

aligned if BEXP = 0

aligned if BEXP = 0
at nost 3 right shifts are

possi bl e

do ni bbl eshi ft

BEXP = BEXP -3

if BEXP >= 4
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ADDWF BARGB2, F
SWAPF BARGB1, W
ANDLW OxOF
MOVPF VREG, BARGB1
DCFSNzZ BEXP, F ; BEXP = BEXP - 1
GOoro ALI GNED24 ; aligned if BEXP =0
ALOOP24A BCF _C ; right shift by BEXP
RRCF BARGBL1, F
RRCF BARGB2, F
DCFSNzZ BEXP, F
GOoro ALI GNED24 ; aligned if BEXP =0
BCF _C
RRCF BARGB1, F
RRCF BARGB2, F
DCFSNZ BEXP, F
GOoro ALl GNED24 ; aligned if BEXP = 0
BCF _C ; at nost 3 right shifts are
RRCF BARGBL, F ; possible
RRCF BARGB2, F
GOoro ALl GNED24
ANI B24 MOVLW 3 ; do nibbleshift if BEXP >= 4
CPFSGT BEXP
Qoro ALOOP24
SUBWF BEXP, F ; BEXP = BEXP -3
SWAPF BARGB2, W
ANDLW OxOF
MOVPF V\REG, BARGB2
SWAPF BARGB1, W
ANDLW OxFO
ADDWF BARGB2, F
SWAPF BARGB1, W
ANDLW OxOF
MOVPF V\REG, BARGB1
SWAPF BARGBO, W
ANDLW OxFO
ADDWF BARGB1, F
SWAPF BARGBO, W
ANDLW OxOF
MOVPF VREG, BARGBO
DCFSNZ BEXP, F ; BEXP = BEXP - 1
[€o))0) ALI GNED24 ; aligned if BEXP = 0
ALOOP24 BCF _C ; right shift by BEXP
RRCF BARGBO, F
RRCF BARGB1, F
RRCF BARGB2, F
DCFSNZ BEXP, F
GOoro ALl GNED24 ; aligned if BEXP = 0
BCF _C
RRCF BARGBO, F
RRCF BARGB1, F
RRCF BARGB2, F
DCFSNZ BEXP, F
GOoro ALl GNED24 ; aligned if BEXP = 0
BCF _C ; at nost 3 right shifts are
RRCF BARGBO, F ; possible
RRCF BARGB1, F
RRCF BARGB2, F
ALl GNED24 CLRF AARGB2, W
BTFSS TEMP, MSB ; negate if signs opposite
Qoro AOK24
COVF BARGB2, F
COWF BARGBL1, F
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ACK24

ACOVP24

I NCF
ADDWFC
ADDWFC

MOVFP
ADDWF
MOVFP
ADDWFC
MOVFP
ADDWFC

BTFSC
GOro
BTFSS
GOoro

RRCF

I NCFSZ
GOTO
GOTO

BTFSC
GOro

I NCF
CLRF
ADDWFC
ADDWFC
BTG
Goro

BARGBO, F
BARGB2, F
BARGB1, F
BARGBO, F

BARGB2, \REG

AARGBZ, F

BARGB1, \REG ; add
AARGBL1, F

BARGBO, WVREG

AARGBO, F

TEMP, VBB
ACOMP24

C
NRVRND3224

AARGBO, F ; shift right and increnent EXP
AARGBL, F

AARGB2, F

AEXP, F

NRVRND3224

SETFOV24 ; set floating point overflow flag

_C
NRVB224 ; normalize and fix sign

AARGB2, F ; negate, toggle sign bit and
AARGB1, F ; then nornmalize

AARGBO, F

AARGB2, F

WREG, F

AARGB1, F

AARGBO, F

S| GN, VsB

NRVB224
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see Section 6, Microchip Bulletin Board Service information, page 6-3.

Please check the Microchip BBS for the latest version of the source code. For BBS access information,

APPENDIX E: PIC16CXXX 32-BIT FLOATING POINT LIBRARY
; RCS Header $ld: fp32.al6 2.8 1996/ 10/07 13:50:59 F.J. Testa Exp $

$Revision: 2.8 $
; Pl C16 32-BI T FLOATI NG PO NT LI BRARY

; Unary operations: both input and output are in AEXP, AARG

; Al'l routines return WREG = 0x00 for successful conpletion, and WREG = OxFF

for an error condition specified in FPFLAGS.
; Al timngs are worst case cycle counts

; Rout i ne Functi on

; FLO2432 24 bit integer to 32 bit floating point conversion
; FLOB2

; Ti m ng: RND

; 0 1

; 0 104 104

; SAT

; 1 110 110

Bi nary operations: input in AEXP, AARG and BEXP, BARG wi t h out put in AEXP, AARG

; NRVB232 32 bit normalization of unnornalized 32 bit floating point nunbers

; NRMB2

; Ti mi ng: RND

; 0 1

; 0 90 90

; SAT

; 1 96 96

; I NT3224 32 bit floating point to 24 bit integer conversion
; I NT32

; Ti mi ng: RND

; 0 1

; 0 104 112
; SAT

; 1 104 114

; FLO8232 32 bit integer to 32 bit floating point conversion

; Ti mi ng: RND

; 0 1

; 0 129 145
; SAT

; 1 129 152

0 1997 Microchip Technology Inc.

DS00575B-page 85



ANS75

; NRMA032 32 bit nornalization of unnornalized 40 bit floating point nunbers

; Ti m ng: RND

; 0 1

; 0 112 128

; SAT

; 1 112 135

; I NT3232 32 bit floating point to 32 bit integer conversion
; Ti mi ng: RND

; 0 1

; 0 130 137

; SAT

; 1 130 137

; FPA32 32 bit floating point add

; Ti mi ng: RND

; 0 1

; 0 251 265

; SAT

; 1 251 271

; FPS32 32 bit floating point subtract
; Ti m ng: RND

; 0 1

; 0 253 267

; SAT

; 1 253 273

; FPMB2 32 bit floating point multiply
; Ti m ng: RND

; 0 1

; 0 574 588

; SAT

; 1 574 591

; FPD32 32 bit floating point divide
; Ti m ng: RND

; 0 1

; 0 932 968

; SAT

; 1 932 971

BEE R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R EED
’

; 32 bit floating point representation
; EXPONENT 8 bit biased exponent

; It is inportant to note that the use of biased exponents produces
; a unique representation of a floating point 0, given by
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H GHBYTE

M DBYTE

LONBYTE

EXPONENT

XXXXXXXX

EXP = H GHBYTE = M DBYTE
the only number with EXP

LOABYTE = 0x00, with O being
0.

8 bit nost significant byte of fraction in sign-magnitude representation,
with SIGN = MSB, inplicit MSB = 1 and radix point to the right of MSB

8 bit mddle significant byte of sign-magnitude fraction

8 bit least significant byte of sign-magnitude fraction
H GHBYTE M DBYTE LOMBYTE
S, XXXXXXX XXXXXXXX XXXXXXXX
|
RADI X
PO NT

B R R R EE]
’

B R R R R R R R R R R R EE]
’

Integer to float conversion

Input: 24 bit 2's conplenment integer right justified in AARGB0O, AARGB1, AARGB2
Use: CALL FLO2432 or CALL FLOB2
Qutput: 32 bit floating point number in AEXP, AARGB0, AARGB1l, AARGB2
Result: AARG <-- FLOAT( AARG)
Max Ti m ng: 14490 = 104 cl ks SAT = 0
14+96 = 110 cl ks SAT =1
Mn Tim ng: 6+28 = 34 cl ks AARG = 0
6+18 = 24 cl ks
PM 14+38 = 52 DM 7

FLO2432
FLG32

MOVLW

CLRF

BTFSS

GOTO

I NCF

BTFSC

I NCF

BTFSC

I NCF
BSF

D 23’ +EXPBI AS :
EXP

SI GN

AARGBO, VBB ;
NRVB232

AARGB2, F ;
AARGBL, F

AARGBO, F

AARGB2, F

Z

AARGBL, F

Z

AARGBO, F

SI GN, VBB

initialize exponent and add bias

test sign

if <0, negate and set MSB in SIGN
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BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; Nor mal i zati on routine

32 bit unnormalized floating point nunmber in AEXP, AARGB0, AARGB1l

AARGB2,

CALL

32 bit normalized floating point nunber

AARG  <--

ng:

with sign in SIG\ MSB

NRMB232 or CALL

NORMAL| ZE( AARG )

21+6+7*8+7 = 90 cl ks
21+6+7*8+1+12 = 96 cl ks

22+6 = 28 cl ks
5+9+4 = 18 cl ks

in AEXP, AARGBO, AARGB1, AARGB2

; I nput :

; Use:

; Cut put :
; Resul t:
; Max Tim
; Mn Tim
; PM 38
NRVB232

NRVB2

NORMB232
NORMB232A

CLRF
MOVF
BTFSS
GOro
MOVF

MOVF

CLRF
BSF

MOVF
BTFSS
GOoro
MOVF

CLRF
BCF
BSF

MOVF
BTFSC
GOoro

MOVF
SUBWF
BTFSS
BTFSS
GOoro

BCF

BTFSC
GOro
RLF
RLF
RLF
DECFSZ
GOTO

GOTO

TEMP
AARGBO, W
z
NORVB232
AARGB1, W
AARGBO
AARGB2, W
AARGB1
AARGB2
TEWP, 3

AARGBO, W
z
NORVB232
AARGB1, W
AARGBO
AARGB1
TEWP, 3
TEWP, 4

AARGBO, W
Z
RES032

TEWP, W
EXP, F
Z

_C
SETFUN32

_C

AARGBO0, MSB
FI XSI GN32
AARGB2, F
AARGBL1, F
AARGBO, F
EXP, F
NORMB232A

SETFUN32

; clear exponent decrenent
; test if highbyte=0

; if so, shift 8 bits by nove

; increase decrement by 8

; test if highbyte=0

; if so, shift 8 bits by nove

; increase decrement by 8

; if highbyte=0, result=0

; clear carry bit
; if MSB=1, normalization done

; otherwi se, shift left and
; decrenent EXP

; underflow if EXP=0
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FI XSI GN32 BTFSS

RES032

BCF
RETLW

CLRF
CLRF
CLRF
CLRF
CLRF
RETLW

SI GN, M5B
AARGBO, MSB

AARGBO
AARGB1
AARGB2
AARGB3
EXP

0

; clear explicit MSB if positive

; result equals zero

BE R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R EE]
’

Integer to float conversion

Input: 32 bit 2's conpl enent

AARGB3

Use: CALL

FLC3232

Qutput: 32 bit floating point nunber

Result: AARG <--

Max Ti m ng

Mn Timng

PM 17+66 = 83

17+112
17+128
17+135

6+39 =
6+22 =

FLOAT( AARG )

129 cl ks
145 cl ks
152 cl ks

45 cl ks
28 cl ks

integer right justified in AARGBO, AARGB1, AARGB2

in AEXP, AARGB0O, AARGB1, AARGB2

FLOB232

MOVLW

CLRF
BTFSS

BTFSC
I NCF
BTFSC
| NCF
BTFSC
I NCF
BSF

D 31’ +EXPBI AS
EXP

SI GN
AARGBO, VBB
NRMVA032
AARGB3, F
AARGB2, F
AARGBL, F
AARGBO, F
AARGB3, F
Z

AARGB2, F
Z

AARGBL, F
Z

AARGBO, F
SI GN, VBB

; initialize exponent and add bias

; test sign

; if <0, negate and set MSB in SIGN
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BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

; Nor mal i zati on routine

; I nput :

; Use: CALL

; Qutput: 32 bit normalized floating point nunber

; AARGB3

; Result: AARG <--

; Max Ti m ng

; M n Timng:

NRMA032 CLRF
MOVF
BTFSS
GOro
MOVF

MOVF
MOVF

CLRF
BSF

MOVF
BTFSS
GOro
MOVF

MOVF

CLRF
BCF
BSF

MOVF
BTFSS
GOTO
MOVF

CLRF
BSF

MOVF
BTFSC
GOoro

NORVA032 MOVF
SUBWF
BTFSS
BTFSS
GOoro

NRMA032

NORMAL| ZE( AARG )

38+6*9+12+8 = 112 cl ks
38+6*9+12+24 128 cl ks
38+6*9+12+31 135 cl ks

33+6 = 39 cl ks
5+9+8 = 22 cl ks

TEMP
AARGBO, W
z
NORVH032
AARGB1, W
AARGBO
AARGB2, W
AARGB1
AARGB3, W
AARGB2
AARGB3
TEWP, 3

AARGBO, W
z
NORVH032
AARGB1, W
AARGBO
AARGB2, W
AARGB1
AARGB2
TEWP, 3
TEWP, 4

AARGBO, W
z
NORM032
AARGBL, W
AARGBO
AARGB1
TEMP, 3

AARGBO, W
Z
RES032

TEWP, W
EXP, F
Z

_C
SETFUN32

40 bit unnormalized floating point numnber
; AARGB2, AARGB3 with sign in SIG\ MSB

i n AEXP, AARGB0, AARGB1

in AEXP, AARGBO, AARGB1, AARGB2

RND = 0

RND = 1, SAT = 0
RND = 1, SAT =1
AARG = 0

DM 8

cl ear exponent decrenent
test if highbyte=0

if so, shift 8 bits by nove

i ncrease decrement by 8

test if highbyte=0

if so, shift 8 bits by nove

i ncrease decrement by 8

test if highbyte=0

if so, shift 8 bits by nove

i ncrease decrement by 8

i f highbyte=0, result=0
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BCF Ke
NORMA032A BTFSC AARGBO0, VBB
GOoTO NRVRND4032
RLF AARGB3, F
RLF AARGB2, F
RLF AARGBL, F
RLF AARGBO, F
DECFSZ EXP, F
GOoTO NORMA032A
GoTO SETFUN32
NRVRND4032 BTFSC FPFLAGS, RND
BTFSS AARGB2, LSB
GOoTO FI XSI GN32
BTFSS AARGB3, VBB
GoTO FI XSI GN32
| NCF AARGB2, F
BTFSC Z
| NCF AARGBL, F
BTFSC Z
| NCF AARGBO, F
BTFSS Z
GOoTO FI XSI GN32
RRF AARGBO, F
RRF AARGBL, F
RRF AARGB2, F
| NCF EXP, F
BTFSC Z
GOoTO SETFOV32
GoTO FI XSI GN32

; clear carry bit
; if MSB=1, normalization done

; otherwi se, shift left and
; decrenent EXP

; underflow if EXP=0

; round if next bit is set

; has roundi ng caused carryout?

; if so, right shift

; check for overflow

B R R R R R R R R R R R R R R RS

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; Fl oat to integer conversion

; Input: 32 bit floating point number in AEXP, AARGB0O, AARGB1l, AARGB2

; Use: CALL I NT3224 or

I NT32

; Qutput: 24 bit 2's conplenment integer right justified in AARGBO, AARGB1l, AARGB2

; Result: AARG <-- INT( AARG)
; Max Ti m ng: 40+6*7+6+16 = 104 cl ks
; 40+6*7+6+24 = 112 cl ks
; 40+6*7+6+26 = 114 cl ks
; M n Timng: 4 cl ks
; PM 82
I NT3224
I NT32
MOVF EXP, W
BTFSC 4
RETLW 0x00
MOVF AARGBO, W
MOVWF SIGN

23
O O
In
Ll
wn
2%
In
O

; test for zero argunent

; save sign in SIGN
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TSHI FT3224

SHI FT3224

SHI FT3224CK

BSF

MOVLW
SUBWF
BTFSS
Goro

I NCF

MOVLW
SUBWF
BTFSS
GOTO

RLF
MOVF

MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOTO

RLF
MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOro

RLF
CLRF
MOVF
BTFSS
BCF
GOoro

MOVF
BTFSC
GOTO

BCF

RRF
DECFSZ
GOro

BTFSC
BTFSS
GOoro
BTFSS
GOro
| NCF
BTFSC
I NCF
BTFSC
I NCF
BTFSC
GOoro

AARGBO, MSB

EXPBI AS+D' 23

EXP, F
EXP, VBB
SETI OV3224
EXP, F

EXP, F

8
EXP, W

C

TSHI FT3224
EXP
AARGB2, F
AARGBL, W
AARGB2
AARGBO, W
AARGBL
AARGBO

8
EXP, W

C

TSHI FT3224
EXP
AARGB2, F
AARGBL, W
AARGB2
AARGB1

8
EXP, W

C

TSHI FT3224
EXP

AARGB2, F
AARGB2

EXP, W

Z

C

SHI FT32240K

EXP, W
z
SHI FT32240K

_C
AARGBO, F
AARGBL, F
AARGB2, F
EXP, F

SH FT3224

FPFLAGS, RND
AARGB2, LSB
| NT32240K
C

| NT32240K
AARGB2, F
Z

AARGBL, F
Z

AARGBO, F
AARGBO, VBB
SETI Ov3224

; make MSB explicit

; renove bias from EXP

; do byte shift if EXP >= 8

; rotate next bit for rounding

; do another byte shift if EXP >= 8

; rotate next bit for rounding

; do another byte shift if EXP >= 8

; rotate next bit for rounding

; shift conpleted if EXP = 0

; right shift by EXP

; test for overflow
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I NT32240K

| RES03224

SETI Ov3224

BTFSS
RETLW

I NCF
BTFSC
I NCF
BTFSC
I NCF
RETLW

CLRF
CLRF
CLRF
RETLW

BSF
BTFSS
RETLW

CLRF
BTFSS
MOVLW
MOVW\F
MOVWF
MOVWF
RLF
RRF
RETLW

SI GN, M5B

AARGBO, F
AARGB1, F
AARGB2, F
AARGBZ, F

AARGBL, F

AARGEO, F

AARGB0O
AARGB1
AARGB2
0

FPFLAGS, | OV
FPFLAGS, SAT
OxFF

AARGB0
SI GN, MsB
OxFF
AARGB0
AARGB1
AARGB2
SIGN, F
AARGBO, F
OxFF

if sign bit set, negate

integer result equals zero

set integer overflow flag
test for saturation
return error code in WREG

saturate to largest two's
conpl ement 24 bit integer

SIGN = 0, Ox 7F FF FF
SIGN = 1, Ox 80 00 00

return error code in WREG

B R R R R R R R R R R R R R R R EE]
’

BE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

Fl oat to integer conversion

I nput :
Use:

Qut put :

Resul t:

Max Tim

Mn Tim

PM 102

32 bit floating point nunber
CALL | NT3232

32 bit 2's conpl ement

in AEXP, AARGB0, AARGB1, AARGB2

integer right justified in AARGBO, AARGB1, AARGB2

)
Z
lw)
I
L
wn
2
I
o

;

|
J_‘
w
2
I
-

I NT3232

AARGB3

AARG <-- INT( AARG)

ng: 54+6*8+7+21 = 130 cl ks
54+6*8+7+29 = 137 cl ks
54+6*8+7+29 = 137 cl ks

ng: 5 cl ks

CLRF AARGB3

MOVF EXP, W

BTFSC Z

RETLW 0x00

MOVF AARGBO, W

MOVWF SI GN

BSF AARGBO, MSB

test for zero argument

save sign in SIGN

make MSB explicit
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TSHI FT3232

SHI FT3232

MOVLW
SUBWF
BTFSS
GOTO

I NCF

MOVLW
SUBWF
BTFSS
GOro

RLF
MOVF

MOVF

MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOTO

RLF
MOVF

MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOTO

RLF
MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOro

RLF
CLRF
MOVF
BTFSS
BCF
GOoro

MOVF
BTFSC
GOTO

BCF

RRF

DECFSZ
GOoro

EXPBI AS+D' 31’ ;
EXP, F

EXP, VBB

SETI OV32

EXP, F

EXP, F

8 ;
EXP, W

C

TSHI FT3232
EXP
AARGB3, F
AARGB2, W
AARGB3
AARGB1, W
AARGB2
AARGBO, W
AARGB1
AARGBO

8 ;
EXP, W

C

TSHI FT3232
EXP
AARGB3, F
AARGB2, W
AARGB3
AARGB1, W
AARGB2
AARGB1

8 ;
EXP, W

C

TSHI FT3232

EXP

AARGB3, F

AARGB2, W

AARGB3

AARGB2

8 ;
EXP, W

C

TSHI FT3232

EXP

AARGB3, F

AARGB3

EXP, W

Z

_C
SHI FT3232CK

EXP, W :
z
SHI FT32320K

C
AARGBO, F
AARGB1, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT3232

renove bias from EXP

do byte shift if EXP >= 8

rotate next bit

do anot her byte

rotate next bit

do anot her byte

rotate next bit

do anot her byte

rotate next bit

shift conpl eted

for rounding

shift if EXP >= 8

for rounding

shift if EXP >= 8

for rounding

shift if EXP >= 8

for rounding

if EXP =0

right shift by EXP
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SHI FT3232CK

I NT3232C0K

| RES032

SETI OV32

BTFSC
BTFSS
GOTO
BTFSS
Goro
I NCF
BTFSC
I NCF
BTFSC

BTFSC

BTFSC
I NCF
BTFSC
I NCF
BTFSC
I NCF
RETLW

CLRF
CLRF
CLRF
CLRF
RETLW

RETLW

FPFLAGS, RND
AARGB3, LSB
| NT32320K
Ke

| NT32320K
AARGB3, F
Z
AARGB2, F
Z
AARGBL, F
Z
AARGBO, F
AARGBO, VBB
SETI Ov3224

SI GN, V5B
0
AARGBO, F
AARGBL, F
AARGB2, F
AARGB3, F
AARGB3, F
Z
AARGB2, F
Z
AARGBL, F
Z
AARGBO, F
0

AARGB0O
AARGB1
AARGB2
AARGB3
0

FPFLAGS, | OV
FPFLAGS, SAT
OxFF

AARGBO
S| G\, MsB
OxFF
AARGBO
AARGB1
AARGB2
AARGB3
SIGN, F
AARGBO, F
OxFF

test for overflow

if sign bit set, negate

integer result equals zero

set integer overflow flag
test for saturation
return error code in WREG

saturate to largest two's
conpl ement 32 bit integer

SI GN
SI GN

0, Ox 7F FF FF FF
1, 0x 80 00 00 00

return error code in WREG
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BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

B R R R
’

; Fl oating Point Miltiply

; Input: 32 bit floating point nunber in AEXP, AARGBO, AARGB1, AARGB2
; 32 bit floating point nunber

; Use: CALL

; Qutput: 32 bit floating point product

; Result: AARG <--

; Max Ti m ng:

; M n Timng:

FPM32 MOVF
BTFSS
MOVF
BTFSC
Goro

MB2BNEO MOVF
XORWF

MOVF
ADDWF
MOVLW
BTFSS
GOoro

SUBWF
BTFSC
GOro
Goro

MIUN32 SUBWF
BTFSS
GOoro

MOK32 MOVF
MOVF
MOVF

BSF
BSF
BCF
CLRF
CLRF
CLRF
MOVLW

M_OOP32 BTFSS

26+23*22+21+21
26+23*22+21+35 = 588
26+23*22+21+38 = 591

AARG * BARG

574

6+6 = 12 cl ks
24+23*11+21+17 = 315

AEXP, W
Z

BEXP, W
Z
RES032

AARGBO, W
BARGBO, W
SI GN

BEXP, W
EXP, F
EXPBI AS- 1
_C

MTUN32

EXP, F
C
SETFOV32
MOK32

EXP, F
_C
SETFUN32

AARGBO, W
AARGB3
AARGB1, W
AARGB4
AARGB2, W
AARGB5
AARGB3, M5B
BARGBO, VBB
C

AARGBO
AARGB1
AARGB2

D 24’

TEWP

AARGBS, LSB

in BEXP, BARGBO, BARGB1, BARGB2

in AEXP, AARGB0, AARGB1, AARGB2

cl ks
cl ks
cl ks

cl ks

RND = 0
RND = 1, SAT = 0
RND = 1, SAT =1

AARG * BARG = 0

; test for zero argunents

; save sign in SIGN

; set nmultiply overflow flag

; make argunent MBB's explicit

; clear initial partial product

; initialize counter

; test next bit
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GOTO

MADD32 MOVF
ADDWF
MOVF
BTFSC
I NCFSz
ADDWF

MOVF

BTFSC
| NCFSz
ADDWF

MNOADD32 RRF

DECFSZ
GOro

BTFSC
GOro
RLF
RLF
RLF
RLF
DECF

VROUND32 BTFSC
BTFSS
GOro
BTFSS
GOTO
I NCF
BTFSC
I NCF
BTFSC
| NCF

BTFSS
GOoro

RRF
I NCF
BTFSC
GOoro

MUL32CK BTFSS
BCF

RETLW
SETFOV32 BSF

BTFSS
RETLW

VNOADD32

BARGB2, W
AARGB2, F
BARGBL, W
C

BARGB1, W
AARGBL, F

BARGBO, W
C

BARGBO, W
AARGBO, F

AARGBO, F
AARGBL, F
AARGB2, F
AARGB3, F
AARGB4, F
AARGBS, F
C
TEWP, F
MLOOP32

AARGBO0, MSB
VROUND32
AARGB3, F
AARGBZ, F
AARGB1, F
AARGBO, F
EXP, F

FPFLAGS, RND
AARGB2, LSB
MUL320K
AARGB3, VBB
MUL320K
AARGB2, F

Z

AARGBL, F

Z

AARGBO, F

Z ;
MUL320K

AARGBO, F ;
AARGBL, F

AARGB2, F

EXP, F

Z ;
SETFOV32

SI GN, M5B
AARGBO, MSB

0

FPFLAGS, FOV ;
FPFLAGS, SAT
OxFF

OxFF
AEXP
AARGBO
AARGB1
AARGB2

check for postnornalization

has roundi ng caused carryout?

if so, right shift

check for overflow

clear explicit MSB if positive

set floating point underflag
test for saturation
return error code in WREG

saturate to largest floating
poi nt nunber = Ox FF 7F FF FF
nmodul o the appropriate sign bit
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RLF SIGN, F
RRF AARGBO, F
RETLW OxFF ; return error code in WREG

B R R EE]
’

B R R R R R R R R R R R R R R R R R R EE]
’

; Fl oating Point Divide

; Input: 32 bit floating point dividend in AEXP, AARGBO, AARGB1, AARGB2
; 32 bit floating point divisor in BEXP, BARGBO, BARGB1l, BARGB2

; Use: CALL FPD32
; Qutput: 32 bit floating point quotient in AEXP, AARGBO, AARGB1l, AARGB2

; Result: AARG <-- AARG/ BARG

; Max Ti mi ng: 43+12+23*36+35+14 = 932 cl ks RND = 0
; 43+12+23*36+35+50 = 968 cl ks RND = 1, SAT =0
; 43+12+23*36+35+53 = 971 cl ks RND = 1, SAT =1
; M n Timng: 7+6 = 13 cl ks
; PM 155 DM 14
FPD32 MOV BEXP, W ; test for divide by zero
BTFSC Z
GOoTO SETFDZ32
MOVF AEXP, W
BTFSC Z
GOTO RES032
D32BNEO MOVF AARGBO, W
XORWF BARGBO, W
MOVWF SI GN ; save sign in SIGN
BSF AARGBO, M5B ; make argunment MSB's explicit
BSF BARGBO, MsSB
TALI GN32 CLRF TEMP ; clear align increnent
MOVF AARGBO, W
MOVWF AARGB3 ; test for alignnent
MOVF AARGB1, W
MOVWF AARGB4
MOVF AARGB2, W
MOVWF AARGB5
MOVF BARGB2, W
SUBWF AARGBS5, F
MOVF BARGB1, W
BTFSS _C
| NCFSz BARGB1, W
TS1ALI GN32 SUBWF AARGB4, F
MOVF BARGBO, W
BTFSS _C
I NCFSZ BARGBO, W
TS2ALI GN32 SUBWF AARGB3, F
CLRF AARGB3
CLRF AARGB4
CLRF AARGB5

DS00575B-page 98 0 1997 Microchip Technology Inc.



ANS75

DALI GN32COK

AGEB32

ALTB32

DARGOK32

DLOOP32

DS132

DS232

DREST32

BTFSS
Goro

BCF
RRF

RRF
MOVLW

MOVF
SUBWF
BTFSS
GOTO

MOVLW
ADDWF
ADDWF
BTFSC
GOTO
GOro

MOVLW
ADDWF
ADDWF
BTFSS
GOro

MOVLW

RLF
RLF
RLF
RLF
RLF
RLF
RLF

MOVF
SUBWF
MOVF
BTFSS
I NCFSz
SUBWF

MOVF

BTFSS
| NCFSz
SUBWF

RLF
| ORWF

BTFSS
GOTO

BSF
GOTO

MOVF
ADDWF
MOVF
BTFSC

_C
DALI GN32COK

C
AARGBO, F
AARGB1, F
AARGB2, F
AARGB3, F
0x01

TEMP

BEXP, W
EXP, F
_C
ALTB32

EXPBI AS- 1
TEMP, W
EXP, F

_C
SETFOV32
DARGOK32

EXPBI AS- 1
TEMP, W
EXP, F

C
SETFUN32

D 24
TEWVPB1

AARGBS5, F
AARGB4, F
AARGB3, F
AARGBZ, F
AARGB1, F
AARGBO, F
TEMP, F

BARGB2, W
AARGB2, F
BARGBL, W
C
BARGB1, W
AARGBL, F

BARGBO, W
C
BARGBO, W
AARGBO, F

BARGBO, W
TEMP, F

TEMP, LSB
DREST32

AARGBS, LSB
DOK32

BARGB2, W

AARGBZ, F
BARGB1, W
C

; align if necessary

; save align increnent

; conpare AEXP and BEXP

; set overflow flag

; set underflow flag

; initialize counter

; left shift

; subtract

; test for restore

; restore if necessary
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I NCFSZ BARGB1, W
DAREST32 ADDWF AARGB1, F
MOVF BARGBO, W
BTFSC C
I NCF BARGBO, W
ADDWF AARGBO, F
BCF AARGB5, LSB
DOK32 DECFSZ TEMPB1, F
GOTO DLOOP32
DROUND32 BTFSC FPFLAGS, RND
BTFSS AARGB5, LSB
Qoro DI V32K
BCF C
RLF AARGB2, F ; conpute next significant bit
RLF AARGB1, F ; for rounding
RLF AARGBO, F
RLF TEMP, F
MOVF BARGB2, W ; subtract
SUBWF AARGB2, F
MOVF BARGB1, W
BTFSS C
I NCFSZ BARGB1, W
SUBWF AARGBL, F
MOVF BARGBO, W
BTFSS C
I NCFSZ BARGBO, W
SUBWF AARGBO, F
RLF BARGBO, W
| ORWF TEMP, W
ANDLW 0x01
ADDWF AARGB5, F
BTFSC C
I NCF AARGB4, F
BTFSC Z
I NCF AARGBS3, F
BTFSS Z ; test if rounding caused carryout
Qoro DI V32K
RRF AARGB3, F
RRF AARGB4, F
RRF AARGB5, F
I NCF EXP, F
BTFSC A ; test for overflow
GOoTO SETFOV32
DI V32K BTFSS SI GN, V5B
BCF AARGB3, V5B ; clear explicit MSB if positive
MOVF AARGB3, W
MOVWF AARGBO ; move result to AARG
MOVF AARGB4, W
MOVWF AARGB1
MOVF AARGB5, W
MOVWF AARGB2
RETLW 0

DS00575B-page 100 0 1997 Microchip Technology Inc.



ANS75

SETFUN32

SETFDZ32

BSF FPFLAGS, FUN
BTFSS FPFLAGS, SAT
RETLW OxFF

MOVLW 0x01

MOVWF AEXP

CLRF AARGBO

CLRF AARGB1

CLRF AARGB2

RLF SIGN, F

RRF AARGBO, F
RETLW OxFF

BSF FPFLAGS, FDZ
RETLW OxFF

set floating point underflag
test for saturation
return error code in WREG

saturate to smallest floating

poi nt nunber = Ox 01 00 00 00
nmodul o the appropriate sign bit

return error code in WREG

set divide by zero flag

B R R R EED

B R R R R R R R R R R R EE]

Fl oating Point Subtract

Input: 32 bit floating point nunber
32 bit floating point nunber
Use: CALL FPS32
Qut put :
Result: AARG <-- AARG - BARG
Max Ti m ng: 2+251 = 253 cl ks
2+265 = 267 cl ks
2+271 = 273 cl ks
M n Timng: 2+12 = 14 cl ks
PM 2+146 = 148
MOVLW 0x80
XORWF BARGBO, F

in AEXP, AARGBO, AARGB1, AARGB2

i n BEXP, BARGB0, BARGB1

BARGB2

32 bit floating point sumin AEXP, AARGB0O, AARGB1, AARGB2

RND = 0
RND = 1, SAT =0
RND = 1, SAT =1
DM 14

B R R EE]

Fl oating Point Add

I nput :
32 bit floating point nunber

Use: CALL FPA32

Cut put :

Result: AARG <-- AARG - BARG

Max Ti m ng: 31+41+6* 7+6+41+90 =
31+41+6* 7+6+55+90 =
31+41+6* 7+6+55+96 =

Mn Tim ng: 8+4 = 12 cl ks

PM 146

251 cl ks
265 cl ks
271 cl ks

32 bit floating point nunber in AEXP, AARGBO, AARGB1l, AARGB2
i n BEXP, BARGB0, BARGB1l

BARGB2

32 bit floating point sumin AEXP, AARGB0O, AARGB1l, AARGB2

RND = 0
RND = 1, SAT = 0
RND = 1, SAT =1
DM 14
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FPA32 MOVF
XORWF

CLRF
CLRF
MOVF
SUBWF
BTFSS
GOro
MOVF
MOVF

MOVF

MOVF

MOVF

MOVF

MOVF

MOVF

MOVF

MOVF

MOVF

MOVF

USEA32 MOVF

BTFSC

RETLW

MOVF

BSF
BSF

MOVF
SUBWF

BTFSC
Goro

MOVLW
SUBWF
BTFSS
GOro
MOVF
MOVF

MOVF

AARGBO, W
BARGBO, W
TEMP

AARGB3
BARGB3

AEXP, W
BEXP, W
C
USEA32

BEXP, W
AARGB5
AEXP, W
BEXP
AARGB5, W
AEXP

BARGBO, W
AARGB5
AARGBO, W
BARGBO
AARGB5, W
AARGBO

BARGB1, W
AARGB5
AARGB1, W
BARGB1
AARGB5, W
AARGB1

BARGB2, W
AARGB5
AARGB2, W
BARGB2
AARGB5, W
AARGB2

BEXP, W
Z
0x00

AARGBO, W
SI GN
AARGB0, VBB
BARGBO, VsSB

BEXP, W
AEXP, W
BEXP

z

ALI GNED32

8
BEXP, W
C

ALl G\B32
BEXP
BARGB2, W
BARGB3
BARGB1, W
BARGB2
BARGBO, W
BARGBL

exclusive or of signs in TEMP

cl ear extended byte

use AARG i f AEXP >= BEXP

use BARG i f AEXP < BEXP
therefore, swap AARG and BARG

return AARGif BARG = 0

save sign in SIGN
make MSB' s explicit

conpute shift count in BEXP

if BEXP >= 8, do byte shift

keep for postnormalization
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MOVLW
SUBWF
BTFSS
Goro

MOVF

MOVF

CLRF

MOVLW
SUBWF
BTFSS
GOro
MOVF

RETLW

ALI GNB32 MOVF
BTFSC
Goro

ALOOPB32 BCF
RRF

RRF
DECFSZ
GOro

ALI GNED32 BTFSS
GOro

BTFSC
I NCF
BTFSC
| NCF
BTFSC
I NCF

ACK32

MOVF
ADDWF
MOVF
BTFSC
| NCFSz
ADDWF
MOVF
BTFSC
I NCFSz
ADDWF
MOVF
BTFSC
I NCFSZ
ADDWF

BTFSC
Goro

BARGBO

8
BEXP, W
C

ALl GNB32
BEXP
BARGB2, W
BARGB3
BARGB1, W
BARGB2
BARGB1

8
BEXP, W
C

ALl G\B32
SIGN, W
AARGBO
0x00

BEXP, W
Z
ALI GNED32

C
BARGBO, F
BARGBL, F
BARGB2, F
BARGB3, F
BEXP, F

ALOOPB32

TEMP, MSB
ACK32

BARGB3, F
BARGB2, F
BARGBL, F
BARGBO, F
BARGB3, F
Z

BARGB2, F
Z

BARGBL, F
Z

BARGBO, F

BARGB3, W
AARGB3, F
BARGB2, W
C

BARGB2, W
AARGB2, F
BARGB1, W
Ke

BARGBL, W
AARGBL, F
BARGBO, W
C

BARGBO, W
AARGBO, F

TEMP, MSB
ACOVP32

if BEXP >= 8, do byte sh

keep for postnormalizati

if BEXP >= 8, BARG=0r

al ready aligned if BEXP

right shift by BEXP

negate if signs opposite

ift

on

el ative to AARG

=0
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BTFSS _C
GOro NRVRND4032
RRF AARGBO, F ; shift right and increment EXP
RRF AARGBL1, F
RRF AARGB2, F
RRF AARGB3, F
| NCFSZ AEXP, F
GOoro NRVRND4032
Goro SETFOV32
ACOWP32 BTFSC _C
Qoro NRMA032 ; normalize and fix sign
COVF AARGB3, F
COWF AARGB2, F ; negate, toggle sign bit and
COWF AARGBL, F ; then normalize
COVF AARGBO, F
I NCF AARGB3, F
BTFSC A
I NCF AARGB2, F
BTFSC A
I NCF AARGBL1, F
BTFSC Z
I NCF AARGBO, F
MOVLW 0x80
XORWF SIGN, F
GOoro NRMB2
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see Section 6, Microchip Bulletin Board Service information, page 6-3.

Please check the Microchip BBS for the latest version of the source code. For BBS access information,

APPENDIX F: PIC17CXXX 32-BIT FLOATING POINT LIBRARY
; RCS Header $1d: fp32.al7 2.8 1996/12/21 20:59:37 F.J.Testa Exp $

$Revision: 2.8 $
; PI C17 32-BI T FLOATI NG PO NT LI BRARY
; Unary operations: both input and output are in AEXP, AARG

Bi nary operations: input in AEXP, AARG and BEXP, BARG wi t h out put

; Al'l routines return WREG = 0x00 for successful conpletion, and WREG = OxFF

for an error condition specified in FPFLAGS.

i n AEXP, AARG

; Max timngs are worst case cycle counts, while Mn timngs are non-exception

best case cycle counts.
; Rout i ne Function

; FLO2432 24 bit integer to 32 bit floating point conversion

; FLOB2

; Ti m ng: RND

; 0 1

; 0 60 60
; SAT

; 1 67 67

; NRVB232 32 bit normalization of unnornalized 32 bit floating point nunbers

; NRMB2

; Ti m ng: RND

; 0 1

; 0 48 48
SAT

; 1 55 55

; I NT3224 32 bit floating point to 24 bit integer conversion

; | NT32

; Ti m ng: RND

; 0 1

; 0 70 79

; SAT

; 1 70 81

FLOB232 32 bit integer to 32 bit floating point conversion

; Ti m ng: RND

; 0 1

; 0 75 91
SAT

; 1 75 97
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; NRMA032

; Ti m ng
; SAT
; I NT3232

; Ti m ng
; SAT
; FPA32

; Ti m ng
; SAT
; FPS32

; Ti m ng
; SAT
; FPNVB2

; Ti m ng
; SAT
; FPD32

; Ti m ng
; SAT

B R R R R R R R R R R R R R EE]
’

RND
0
0 61
1 61

32 bit floating

RND
0
0 82
1 82
32 bit floating
RND
0
0 160
1 160

32 bit floating

RND
0
0 161
1 161

32 bit floating

RND
0
0 100
1 100

32 bit floating

RND
0
0 323
1 323

32 bit normalization of unnormalized 40 bit floating point

77

83

point to 32 bit integer conversion

91
93

poi nt add

176
182

poi nt subtract

177
183

point multiply

114
122

poi nt divide

337

345

nunber s
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BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

32 bit floating point re

presentation

EXPONENT 8 bit biased exponent

It is inportant to note that the use of biased exponents produces
a unique representation of a floating point 0, given by
EXP = HI GHBYTE = M DBYTE = LOABYTE = 0x00, with O being

the only nunber with EXP = 0.

HI GHBYTE 8 bit nost significant byte of fraction in sign-magnitude representation,

wth SIGN = MSB,

inplicit MSB = 1 and radix point to the right of MSB

M DBYTE 8 bit mddle significant byte of sign-magnitude fraction
LONBYTE 8 bit least significant byte of sign-magnitude fraction
EXPONENT H GHBYTE M DBYTE LONBYTE
XXXXXXXX S. XXXXXXX XXXXXXXX XXXXXXXX
I
RADI X
PO NT

B R R R

B R R R R R R R R R R R R R R R EE]

Integer to float convers
Input: 24 bit 2's conpl
Use: CALL FLC2432

Qutput: 32 bit floating

Result: AARG <-- FLOAT
Max Ti m ng: 12+48 =
12+55 =
Mn Tim ng: 6+24 = 3
6+20 = 2

PM 12+115 = 127

ion

ement integer right justified

or CALL

poi nt number in AEXP, AARGBO,

( AARG)

60 cl ks
67 cl ks

0 clks
6 cl ks

SAT = 0
SAT =1
AARG = 0
DM 7

i n AARGBO, AARGB1, AARGB2

AARGB1, AARGB2

FLO2432
FLG32

MOVLW

MOVPF
BTFSS
QoTO
CLRF

| NCF
ADDWFC
ADDWFC

D 23’ +EXPBI AS
EXP

AARGBO, SI GN
AARGBO, MSB
NRMB232
V\REG, F
AARGB2, F
AARGBL1, F
AARGBO, F
AARGB2, F
AARGBL1, F
AARGBO, F

initialize exponent and add bi as

save sign in SIGN
test sign

if <0,

negat e,

set MBB in SIGN
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BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; Nor mal i zati on routine

32 bit unnormalized floating point nunber
AARGB2 with sign in SIG\ MSB

CALL

32 bit normalized floating point nunber

AARG  <--

ng:

NRMB232 or CALL

21+19+8 = 48 cl ks
21+19+15 = 55 cl ks

4+7+7+6 = 24 cl ks
3+5+4+8 = 20 cl ks

NORMAL| ZE( AARG )

i n AEXP, AARGB0, AARGB1

in AEXP, AARGBO, AARGB1, AARGB2

; I nput :

; Use:

; Cut put :
; Resul t:
; Max Tim
; Mn Tim
; PM 115
NRVB232

NRVB2

TNI B3232
NORMB232

CLRF
CPFSGT
GOTO

MOVLW
ANDWF
TSTFSZ
GOoro
SWAPF
SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF
SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF

BSF

BCF

BTFSC
GOTO
RLCF
RLCF
RLCF
I NCF
BTFSC
GOTO
RLCF
RLCF
RLCF
I NCF
BTFSC

TEWP, W
AARGBO
NRVB232A

OxFO
AARGB0O, W
WREG
NORMB232
AARGBO, F
AARGB1, W
Ox0F
AARGBO, F

AARGB1, W
OxFO

WREG, AARGB1
AARGB2, W
OxO0F
AARGB1, F

AARGB2Z, W
OxFO
VREG, AARGB2

TEMP, 2

C
AARGBO0, M5B
TNORMUNZ232
AARGB2, F
AARGBL, F
AARGBO, F
TEWP, F
AARGBO0, M5B
TNORMUNZ232
AARGB2, F
AARGBL, F
AARGBO, F
TEWP, F
AARGBO0, M5B

cl ear exponent decrenent
test if highbyte=0

test if highnibble=0

if so, shift 4 bits

i ncrease decrement by 4
clear carry bit
i f MSB=1, nornalization done

otherwi se, shift left and
i ncrement decrenent

since highnibble !'= 0, at nost
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TNORMUN3232

FI XSI GN32

NRVB232A

TNI B3232A

NORMB232A

NRM3232B

TNI B3232B

GOTO
RLCF
RLCF
RLCF
I NCF

MOVFP
CPFSGT
QoTO
SUBWE

BTFSS
BCF
RETLW

MOVFP
MOVFP
CLRF
BSF
CPFSGT
QoTO

MOVLW
ANDWF
TSTFSZ
GOro
SWAPF
SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF

BSF

BCF

BTFSC
GOro
RLCF
RLCF
I NCF
BTFSC
GOTO
RLCF
RLCF
I NCF
BTFSC
GOoro
RLCF
RLCF
| NCF
GOTO

MOVFP
CLRF
BCF
BSF
CPFSGT
GOro

MOVLW
ANDWF
TSTFSZ

TNORMUN3232
AARGBZ, F
AARGBL1, F
AARGBO, F
TEMP, F

TEMP, WREG
EXP
SETFUN32
EXP, F

S| G\, MsB
AARGBO0, MSB
0

AARGB1, AARGBO
AARGB2, AARGB1
AARGB2, W
TEMP, 3

AARGB0O
NRVB232B

OxFO
AARGBO, W
VREG
NORVB232A
AARGBO, F
AARGB1, W
OxOF
AARGBO, F

AARGB1, W
OxFO
WREG AARGB1

TEMP, 2

C
AARGBO, VBB
TNORMUN3232
AARGBL, F
AARGBO, F
TEWP, F
AARGBO, M5B
TNORMUN3232
AARGBL, F
AARGBO, F
TEWP, F
AARGBO, M5B
TNORMUNS232
AARGBL, F
AARGBO, F
TEMP, F
TNORMUN3232

AARGB1, AARGBO
AARGB1, W
TEMP, 3

TEMP, 4

AARGBO

RES032

OxFO
AARGBO, W
WREG

3 left shifts are required

if EXP <= decrenent in TEWP
floating point underflow has
occur ed

ot herwi se, conpute EXP

clear explicit MSB if positive

shift 8 bits by nove

i ncrease decrement by 8
test if highbyte=0

test if highnibble=0

if so, shift 4 bits

i ncrease decrenent by 4
clear carry bit
i f MSB=1, nornalization done

otherwi se, shift left and
i ncrenent decrenent

since highnibble !'= 0, at nost
3 left shifts are required

shift 8 bits by nove
i ncrease decrement by 8

i f highbyte=0, result=0

test if highnibble=0
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GOTO
SWAPF

BSF

NCRMB232B BCF

BTFSC
Goro
RLCF
I NCF
BTFSC
GOTO
RLCF
I NCF
BTFSC
GOro
RLCF
I NCF
GOro

RES032 CLRF
CLRF
CLRF
CLRF
CLRF
RETLW

NORMB232B
AARGBO, F

TEMP, 2

C
AARGBO0, M5B
TNORMUN3232
AARGBO, F
TEWP, F
AARGBO0, M5B
TNORMUN3232
AARGBO, F
TEWP, F
AARGBO0, M5B
TNORMUNZ232
AARGBO, F
TEWP, F
TNORMUNZ232

AARGBO, F
AARGB1, F
AARGB2, F
AARGB3, F
EXP, F

0

if so, shift 4 bits

i ncrease decrenment by 4
clear carry bit

i f MSB=1, nornalization done

otherwi se, shift left and
i ncrenent decrenent

since highnibble !'= 0, at nost
3 left shifts are required

result equals zero

cl ear extended byte

B R R R EE]
’

B R R R R R R R R R R R R R R R R R R EE]
’

; Integer to float conversion

; I nput :

; AARGBZ,

; Use: CALL

32 bit 2's conplenent integer

AARGB3

FLO8232

right justified in AARGBO, AARGB1

; Qutput: 32 bit floating point nunber in AEXP, AARGBO, AARGB1, AARGB2

; Result: AARG <--

; Max Ti m ng:

; M n Tim ng

FLOAT( AARG )

14+61 = 75 cl ks
14477 = 91 cl ks

14+83 = 97 cl ks
6+32 = 38 cl ks
6+26 = 32 cl ks

)
Z
lw)
I
L
wn
2
I
w

FLOB232 MOVLW
MOVPF
BTFSS

ADDWFC
ADDWFC
ADDWFC

D 31’ +EXPBI AS
EXP
AARGBO, SI GN
AARGBO, MSB
NRVA032
V\REG, F
AARGB3, F
AARGBZ, F
AARGB1, F
AARGBO, F
AARGB3, F
AARGBZ, F
AARGBL1, F
AARGBO, F

initialize exponent and add bi as

save sign in SIGN
test sign

if <0, negate, set MSB in SICGN
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B R R EE]
’

NRVA032

TNI B4032

NORM4032

Normal i zati on routine

I nput :

Cut put :

Resul t:

Max Tim

Mn Tim

40 bit unnormalized floating point nunmber in AEXP, AARGBO, AARGBL1,
AARGB2, AARGB3 with sign in Sl G\ MsB.

CALL NRMA032
32 bit normalized floating point nunber in AEXP, AARGBO, AARGB1l, AARGB2

AARG <-- NORMALI ZE( AARG )

ng: 27+22+8+4 = 61 cl ks RND = 0
27+22+24+4 = 77 cl ks RND = 1, SAT =0
27+22+23+11 = 83 cl ks RND = 1, SAT =1
ng: 4+8+8+6+6 = 32 cl ks AARG = 0
3+5+4+8+6 = 26 cl ks
DM 8
CLRF TEMP, W ; clear exponent decrenent
CPFSGT AARGB0O ; test if highbyte=0
GOoro NRMA032A
MOVLW 0xFO ; test if highnibble=0
ANDWF AARGBO, W
TSTFSZ WREG
Goro NORMA032
SWAPF AARGBO, F ; if so, shift 4 bits
SWAPF AARGB1, W
ANDLW OxOF
ADDWF AARGRBO, F
SWAPF AARGB1, W
ANDLW 0xFO0
MOVPF WREG AARGB1
SWAPF AARGB2, W
ANDLW 0xO0F
ADDWF AARGBL1, F
SWAPF AARGB2, W
ANDLW 0xFO0
MOVPF WREG, AARGB2
SWAPF AARGB3, W
ANDLW 0xO0F
ADDWF AARGB2, F
SWAPF AARGB3, W
ANDLW 0xFO
MOVPF WREG, AARGB3
BSF TEWP, 2 ; increase decrenment by 4
BCF _C ; clear carry bit
BTFSC AARGB0, MsB ; i f MBB=1, normalization done
GOoro TNORMUN4032
RLCF AARGB3, F ; otherwi se, shift left and
RLCF AARGB2, F ; increnent decremnent
RLCF AARGBL1, F
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RLCF
I NCF
BTFSC
GOTO
RLCF
RLCF
RLCF
RLCF
I NCF
BTFSC
GOro
RLCF
RLCF
RLCF
RLCF
I NCF

TNORMUN4032 MOVFP
CPFSGT
GOTO
SUBWF

NRVRND4032
BTFSC
BTFSS
GOro
BSF
MOVLW
CPFSGT
RRCF
CLRF
ADDWFC
ADDWFC
ADDWFC

BTFSS
GOTO
RRCF
RRCF
RRCF
I NFSNZ
GOoro
GOTO

NRVA032A MOVFP
MOVFP
MOVFP
CLRF
BSF
CPFSGT
GoTO

TNI B4032A MOVLW
ANDWF
TSTFSZ
GOro
SWAPF
SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF
SWAPF
ANDLW

AARGBO, F
TEMP, F
AARGBO, MSB
TNORMUN4032
AARGB3, F
AARGB2, F
AARGBL1, F
AARGBO, F
TEMP, F
AARGBO0, MSB
TNORMUN4032
AARGB3, F
AARGBZ, F
AARGB1, F
AARGBO, F
TEMP, F

TEMP, WREG
EXP
SETFUN32
EXP, F

FPFLAGS, RND
AARGB3, M5B
FI XSI G\32
C

0x80
AARGB3
AARGB2, W
VREG, F
AARGB2, F
AARGBL, F
AARGBO, F

_C

FI XSI G\32
AARGBO, F
AARGBL, F
AARGB2, F
EXP, F
SETFOV32
FI XSI G\32

AARGB1, AARGBO
AARGB2, AARGB1
AARGB3, AARGB2
AARGB3, W
TEMP, 3

AARGB0
NRWA032B

OxFO
AARGBO, W
VREG
NORVA032A
AARGBO, F
AARGB1, W
OxOF
AARGBO, F

AARGB1, W
OxFO

WREG, AARGB1
AARGB2, W
Ox0F

since highnibble !'= 0, at nost
3 left shifts are required

if EXP <= decrenent in TEWP
floating point underflow has
occur ed

ot herwi se, conpute EXP

i s roundi ng enabl ed?
is NSB > 0x80?
set carry for rounding

if NSB = 0x80, select even
using Isb in carry

has roundi ng caused carryout?

if so, right shift

test for floating point overflow

shift 8 bits by nove

i ncrease decrenment by 8

test if highbyte=0

test if highnibble=0

if so, shift 4 bits
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ADDWF

SWAPF
ANDLW
MOVPF

BSF

NORMA032A BCF

BTFSC
Goro
RLCF
RLCF
RLCF
I NCF
BTFSC
Goro
RLCF
RLCF
RLCF
I NCF
BTFSC
GOoro
RLCF
RLCF
RLCF
I NCF
GOro

NRMA032B MOVFP
MOVFP
CLRF
BCF
BSF
CPFSGT
GOTO

TNI B4032B MOVLW
ANDWF
TSTFSZ
GOoro

SWAPF
SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF

BSF

NORMWA032B BCF

BTFSC
GOTO
RLCF
RLCF
I NCF
BTFSC
GOoro
RLCF
RLCF
| NCF

AARGBL1, F

AARGB2, W
OxFO
WREG, AARGB2

TEMP, 2

C
AARGBO0, M5B
TNORMUNAO32
AARGB2, F
AARGBL, F
AARGBO, F
TEWP, F
AARGBO, M5B
TNORMUNAO32
AARGB2, F
AARGBL, F
AARGBO, F
TEWP, F
AARGBO0, M5B
TNORMUNAO32
AARGB2, F
AARGBL, F
AARGBO, F
TEWP, F
TNORMUNA032

AARGB1, AARGBO
AARGB2, AARGB1
AARGB2, W
TEMP, 3

TEMP, 4

AARGBO
NRMA032C

OxFO
AARGBO, W
VREG
NORM4A032B

AARGBO, F
AARGB1, W
Ox0F

AARGBO, F

AARGB1, W
OxFO
VREG, AARGB1

TEMP, 2

C
AARGBO0, M5B
TNORMUNA032
AARGBL, F
AARGBO, F
TEWP, F
AARGBO0, V5B
TNORMUNAO32
AARGBL, F
AARGBO, F
TEWP, F

i ncrease decrement by 4
clear carry bit
if MSB=1, normalization done

otherwi se, shift left and
i ncrenent decrenent

since highnibble !'= 0, at nost
3 left shifts are required

shift 8 bits by nove

i ncrease decrement by 8

i f highbyte=0, result=0

test if highnibble=0

if so, shift 4 bits

i ncrease decrement by 4
clear carry bit

i f MSB=1, nornalization done
ot herwi se, shift left and

i ncrenment decrenent
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BTFSC AARGBO, M5B ; since highnibble =0, at npst
GOoTO TNORMUN4032 ; 3 left shifts are required
RLCF AARGBL, F
RLCF AARGBO, F
I NCF TEWP, F
GOTO TNORMUN4032
NRMA032C MOVFP AARGB1, AARGBO ; shift 8 bits by nove
CLRF AARGB1, W
BSF TEWP, 3 ; increase decrement by 8
CPFSGT AARGB0O ; i f highbyte=0, result=0
GOTO RES032
TNI B4032C MOVLW OxFO ; test if highnibble=0
ANDWF AARGBO, W
TSTFSZ WREG
GOTO NORM4032C
SWAPF AARGBO, F ; if so, shift 4 bits
BSF TEMP, 2 ; increase decrement by 4
NORMA032C BCF _C ; clear carry bit
BTFSC AARGBO, MSB ; if MBB=1, nornulization done
GOoTO TNORMUN4032
RLCF AARGBO, F ; otherwi se, shift left and
I NCF TEMWP, F ; increnent decrenent
BTFSC AARGBO, MSB
GOTO TNORMUN4032
RLCF AARGBO, F
| NCF TEWP, F
BTFSC AARGBO, MsB ; since highnibble =0, at nobst
GOoro TNORMUN4032 ; 3 left shifts are required
RLCF AARGBO, F
I NCF TEWP, F
GOTO TNORMUN4032

B R R R R R R R R R R R R R R R EE]
’

BEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

; Fl oat to integer conversion
; Input: 32 bit floating point number in AEXP, AARGB0O, AARGB1l, AARGB2

; Use: CALL I NT3224 or CALL I NT32

; Qutput: 24 bit 2's conplenment integer right justified in AARGBO, AARGB1l, AARGB2

; Result: AARG <-- INT( AARG)
; Max Ti m ng: 10+45+15 = 70 cl ks RND = 0
; 10+45+24 = 79 cl ks RND = 1, SAT =0
; 10+45+26 = 81 cl ks RND = 1, SAT =1
; M n Timng: 4 cl ks
; PM 183 DM 8
| NT3224
I NT32
CLRF AARGB3, W
CPFSGT EXP ; test for zero argunent
RETLW 0x00
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MOVPF AARGBO, SI GN ; save sign in SIGN

BSF AARGBO, MsB ; make MSB explicit

MOVLW EXPBI AS+D' 23’ ; renove bias+23 from EXP

SUBWF EXP, W

BTFSS WREG, MSB ; if >= 23, integer overflow

GOoTO SETI OV3224 ; will occur

NEGW EXP, F

MOVLW 7 ; do byte shift if EXP >= 8

CPFSGT EXP

GOoTO SNI B3224

SUBWF EXP, F ; EXP = EXP - 7

MOVFP AARGB2, AARGB3 ; save for rounding

MOVFP AARGB1, AARGB2

MOVFP AARGBO, AARGB1

CLRF AARGBO, F

DCFSNZ EXP, F ; EXP = EXP - 1

GOoTO SHI FT3224CK ; shift conpleted if EXP = 0

CPFSGT EXP ; do another byte shift if EXP >= 8

GOTO SNI B3224A

SUBWF EXP, F ; EXP = EXP - 7

MOVFP AARGB2, AARGB3 ; save for rounding

MOVFP AARGB1, AARGB2

CLRF AARGBL, F

DCFSNZ EXP, F ; EXP = EXP - 1

GOoTO SHI FT3224CK ; shift conpleted if EXP = 0

CPFSGT EXP ; do another byte shift if EXP >= 8

GOTO SNI B3224B

SUBWF EXP, F ; EXP = EXP - 7

MOVFP AARGB2, AARGB3 ; save for rounding

CLRF AARGB2, F

DCFSNZ EXP, F ; EXP = EXP - 1

[€o))0) SHI FT3224OK ; shift conpleted if EXP = 0
SNI B3224C MOVLW 3 ; do nibble shift if EXP >= 4

CPFSGT EXP

GOTO SHI FT3224C

SWAPF AARGB3, W

ANDLW 0xO0F

MOVPF WREG, AARGB3

GOoro SHI FT3224OK ; shift conpleted if EXP = 0
SHI FT3224C BCF _C ; at nmost 3 right shifts are required

RRCF AARGB3, F ; right shift by EXP

DCFSNZ EXP, F

GOoTO SHI FT3224CK ; shift conpleted if EXP = 0

BCF _C

RRCF AARGB3, F

DCFSNZ EXP, F

GOoro SHI FT3224OK ; shift conpleted if EXP = 0

BCF _C

RRCF AARGB3, F

GOTO SHI FT3224CK
SNI B3224B MOVLW 3 ; do nibble shift if EXP >= 4

CPFSGT EXP

GOoTO SHI FT3224B

SUBWF EXP, F ; EXP = EXP - 3

SWAPF AARGB2, W

MOVPF WREG, AARGB3 ; save for rounding

ANDLW O0xOF

MOVPF WREG, AARGB2
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SHI FT3224B

SNI B3224A

SHI FT3224A

SNI B3224

DCFSNZ
GOro

BCF

RRCF
DCFSNZ
GOro
BCF

DCFSNZ
GOTO
BCF
RRCF

GOro

MOVLW
CPFSGT
Goro
SUBWF
SWAPF
MOVPF
ANDLW
MOVPF

SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF
DCFSNzZ
GOoro

BCF
RRCF

DCFSNZ
GOTO
BCF
RRCF

DCFSNZ
GOTO
BCF
RRCF

GOTO

MOVLW
CPFSGT
GOTO
SUBWF
SWAPF
MOVPF
ANDLW
MOVPF

SWAPF
ANDLW

EXP, F
SHI FT32240K

C
AARGB2, F
AARGB3, F
EXP, F

SHI FT32240K
Ke
AARGB2, F
AARGB3, F
EXP, F

SHI FT32240K
C
AARGB2, F
AARGB3, F
SHI FT32240K

3

EXP

SHI FT3224A
EXP, F
AARGB2, W
WREG, AARGB3
Ox0F

WREG, AARGB2

AARGB1, W
OxFO
AARGB2, F

AARGB1, W
Ox0F

WREG AARGB1
EXP, F

SHI FT3224K

Ke
AARGBL, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT32240K
Ke
AARGBL, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT32240K
Ke
AARGBL, F
AARGB2, F
AARGB3, F
SHI FT32240K

3
EXP

SHI FT3224
EXP, F
AARGB2, W
VIREG, AARGB3
OXOF

VIREG, AARGB?

AARGB1, W
OxFO

EXP = EXP - 1
shift conpleted if EXP

at nmost 3 right shifts
right shift by EXP

shift conpleted if EXP

shift conpleted if EXP

do nibble shift if EXP

EXP = EXP - 3

save for rounding

EXP = EXP - 1
shift conpleted if EXP

at nost 3 right shifts
right shift by EXP

shift conpleted if EXP

shift conpleted if EXP

do nibble shift if EXP

EXP = EXP - 3

save for rounding

=0

are required

>= 4

=0

are required

>= 4
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ADDWF

SWAPF
ANDLW
MOVPF

SWAPF
ANDLW
ADDWF

SWAPF
ANDLW
MOVPF
DCFSNzZ
Goro

SHI FT3224 BCF
RRCF

RRCF
DCFSNZ
GOro
BCF

RRCF

DCFSNzZ
GOoro
BCF

RRCF

SHI FT3224CK
BTFSC
BTFSS
GOTO
BSF
MOVLW
CPFSGT

CLRF
ADDWFC
ADDWFC
ADDWFC
BTFSC
GOro

I NT3224CK BTFSS
RETLW

| NCF
CLRF
ADDWFC
ADDWFC
RETLW

SETI OV3224 BSF
BTFSS
RETLW

AARGBZ, F

AARGB1, W
Ox0F
VREG, AARGB1

AARGBO, W
OxFO
AARGBL1, F

AARGBO, W
Ox0F

WREG, AARGBO
EXP, F

SHI FT3224K

_C
AARGBO, F
AARGB1, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT32240K
_C
AARGRBO, F
AARGBL, F
AARGB2, F
AARGB3, F
EXP, F

SHI FT32240K
_C
AARGBO, F
AARGBL, F
AARGB2, F
AARGB3, F

FPFLAGS, RND
AARGB3, M5B
| NT32240K
C

0x80
AARGB3
AARGB2, W
WREG, F
AARGB2, F
AARGBL, F
AARGBO, F
AARGBO, VBB
SETI Ov3224

S| GN, MsB
0
AARGB2, F
AARGBL1, F
AARGBO, F
AARGB2, F
WREG, F
AARGB1, F
AARGBO, F
0

FPFLAGS, | OV
FPFLAGS, SAT
OxFF

EXP = EXP - 1
shift conpleted if EXP = 0

at nost 3 right shifts are required
right shift by EXP

shift conpleted if EXP

1
o

1
o

shift conpleted if EXP

i s roundi ng enabl ed?
is NSB > 0x807?

set carry for rounding

if NSB = 0x80, select even
using Isb in carry

if sign bit set, negate

set integer overflow flag

test for saturation

return error code in WREG
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CLRF
BTFSS
SETF
MOVPF
MOVPF
RLCF
RRCF
RETLW

AARGBO, F

SI GN, M5B
AARGBO, F
AARGBO0, AARGB1
AARGB0, AARGB2
SIGN, F
AARGBO, F
OxFF

to largest two's

; conplenent 24 bit integer

; saturate
; SIGN =0
7 SIGN = 1,

Ox 7F FF FF
0x 80 00 00

; return error code in WREG

BEE R R R R R R R