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LOGARI T - -——A-TRUNCATED TAYLOR —
SERI ES AND METHOD OF USE THEREOF Rel at ed

| nventi ons The present invention is related to t Selotids N9

I nventions wﬁ?gﬁ“%P% assigned to the sanme assignee as the lt]v“e‘ﬁgiryesen\%

I nventi on: (1) "Logarithnm I nverse-Logarithm Converter and Met hod

10 of Using Sane", having Serial No. 08/38)3,368, filed on 31 January

1995. (2) "Logarithm I nverse-Logarithm Converter Utilizing a

Second- order Term and Met hod of Using Same", having Seri al No.

08/ 382, 467, filed on ﬁFP¥
"Logarit hnt | nver se- Lo?%m&?‘g ﬁlj(;.‘,%I)Inver E ' Zi n Fﬁegp I I%ol ation
and Met hod of Using PS%NNCAﬁml?@YLOR SEREES| AND. WQQFBEEF THEREPEOn 22
February 1995. (4) "Neural Network Uilizing a Logarithmc
Functi on and Met hod of Using ngﬁ' ' lal No. 08/176, 601, 20
filed on 03 ganuary 1994. atég”fn@gné?&hé

The present invention is related to the following
inventions which are assigned to the same assignee as the
present invention:

(1) "Logarithm/Inverse-Logarithm Converter and Method

10 of Using same”, having Serial No. 08/381, 368, filed on 31
January 1995,

{(2) "Logarithm/Inverse-Logarithm Converter Utilizing a
Second-order Term and Method of Using Same", having Serial
No. 08/382,467, filed on 31 January 1995. '

15 (3) "Logarithm/Inverse-Logarithm Converter Utilizing
Linear Interpolation and Method of Using Same", having
Serial No. 08/391,880, filed on 22 February 1995,

(4) "Neural Network Utilizing a Logarithmic Function
and Method of Using Same", having Serial No. 08/176, 601,

20 filed on 03 January 1994,

(5) "Computer Processor Utilizing Logarithmic
Conversion and Method of Use Thereof", having Serial No.
08/403,158, filed on 13 March 1995.

The subject matter of the above-identified related

25 inventions is hereby incorporated by reference into the
disclosure of this invention.

Technical Field

30 The present invention relates generally to computing
circuits and, in particular, to a computing circuit which
may be used to perform either a logarithmic or inverse-
logarithmic conversion on an input value.



(5) "Conputer Processor Uilizing Logarithmc Conversi on and Met hod of
Use Thereof", having Serial No._____08/403,158, filed on 13 March 1995.
The subject matter of the above-identified related 25 inventions is hereby

i ncor por at ed reference into the di sclosure of this in '

Techni cal Fi el 'g° The present invention relates gen%@%&‘s
conputing circuits and, in particular, to a conputing circuit which
may be used to performeither a logarithmc @ inverse- | ogarithmc
conversi on on an input val ue. WO 96/ 24096
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Background of the Invention
g Background of the Invention

Logarithmic converters are devices used to implement

logarithmic functions and are most commonly found in items

5 such as hand-held calculators and spread sheet software
programs. Logarithmic functions, or log functions, belong
to a class of mathematical functions called transcendental
functions which are important in wide variety applications
such as data communications, control systems, chemical

10 processes, and computer simulation. A log function is
abbreviated with the following mathematical equation: y =
logp(x). In this equation, ¥ represents an input value
which may be any number greater than or equal to zere; b
represents a base number system; and y represents a

15 logarithm value, or log value, which corresponds to the
input value x.

Inverse-log converters are devices used to implement
inverse-logarithmic, or inverse-log, functions.
Essentially, an inverse-log function is the reverse of a

20 log function. What is meant by "reverse®” is explained in
the following discussion. A log function converts an input
value, x, which is in a domain of input value into a
definite log wvalue which is in a range of log wvalues.
Basically, the log function establishes a one-to-one

25 correspondence between input values in the domain and log
values in the range. This correspondence is represented
symbolically by x -> y. An inverse-log function
establishes a reverse correspondence between log values and
input values which is represented by Yy -> x. An

30 inverse-log function is abbreviated with either of the
following equivalent mathematical equations: y = logp™l(x)
or y = b¥, In these equations, x represents an input
value; b represents a base number system; and y represents
an inverse~log value which corresponds to the input value x

35 and may be any number greater than or equal to zero. Like
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requiring limited precision and having input values within
15 a small domain. However, in many applications this
-technique is impractical because it requires too great a
memory space to store the look-up table. For example, in a
digital system using an IEEE standard 32-bit floating point
number, which has a 23-bit mantissa, such a look-up table
20 would be required to store 223 log values -- one for every
possible mantissa value. A computer memory for storing
this number of log values would be prohibitively expensive,
if not impossible, to build.
The second technique of computing log values involves
25 computing a power series to approximate a log function. An
example of a power series which approximates a log function
is given as:

y = Log(l + x) = x - %x2/2 + x3/3 - x%/4 + ... (1)
30
In this example, the log function is a specific type of log
function known as a natural logarithm, which is widely used
in science and engineering applications. The variables in
Equation 1 are defined as follows: y represents a log
35 wvalue, and x represents an input value in the domain -1 < x
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3 | og functions, inverse-log functions are inportant in a wi de
vari ety applic & Two techni ques of conputing | Qsmous

I nverse-1| og va & are comonly used today. Both techni ques are

anal ogously 5 used to conpute either log or inverse-log values; thus, for
the sake of brevity, the follow ng discussiomwi |l focus on usi ng the
t echni ques to conpute log values, with the under standi ng that the
techni ques may be used in a like manner to conpute inverse-|log val ues.

" a | ook-up 1 abi ® Tor AMBPYIboLEs HeenRgte Of U & BIPL SRRASs A al | one
a | og val ue to beapprgrimetie a log|Zurickdop gllews \a ey Vealpeakeikel for
appl i cations é&ﬁsut@dnqﬂhnatﬂbrp@@réeoafa@ﬁb&mm aapyéquﬂése% wi t hi n
;5 a small domiugae‘ n nman L;pgl |g§€ions % 5 hnl%ﬂ%
i mpractical becaus¥F9% QP@éﬁFr% %%e P§ ﬁﬁ?& 5%585 f% ®he
| ook-up tabled Foa nammtpbe;y|hong period of time to execute. In other
words, this technique is generally slow and negatively
affects the throughput of a computer.
In summary, there is a need for a converter which can
perform either a log or an inverse-log function quickly,
10 thus allowing a computer to operate with greater
throughput. Such a converter should also reduce the amount
of memory space required to perform the conversions, and it
should produce log or inverse-log values which have a high
degree of precision.
15
Brief Description of the Drawings

The invention is pointed out with particularity in the
appended claims. However, other features of the invention
20 will become more apparent and the invention will be best
understood by referring to the following detailed
description in conjunction with the accompanying drawings
in which:
FIG. 1 illustrates a logarithm/inverse-logarithm
25 converter in accordance with a preferred embodiment of the
present invention.
FIG. 2 shows a graph of a logarithmic function.
FIG. 3 shows a graph of an inverse-logarithmic

function.

30 FIG. 4 illustrates a flow chart diagram of a method of
using the logarithm/inverse-logarithm converter shown in
FIG. l.

FIG. 5 illustrates a flow chart diagram of a method of
performing arithmetic operations which is used by the
35 logarithm/inverse-logarithm converter shown in FIG. 1.
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Detailed Description of a Preferred Embodiment

It is an advantage of the present invention to provide

10 a converter which can be used to perform either a
logarithmic or inverse-logarithmic conversion in a
computer, processor or circuit, without altering the design
of the converter. A further advantage of the present
invention is that it provides a converter which computes

15 log and inverse-log values with a high degree of precision.
Yet another advantage of the present invention is that it
provides a converter which requires a significantly reduced
amount of memory space and may be efficiently implemented
in an integrated circuit which consumes little power. An

20 additional advantage of the present invention is to provide
a method of using the converter to produce either log or
inverse-log values.

Generally, the present invention provides a converter
for computing either a log or an inverse-log functions.

25 The converter comprises a memory and an arithmetic means.
The memory stores a plurality of coefficients, wherein the
coefficients are calculated using a Taylor polynomial, also
referred to as a truncated Taylor series, to estimate
either a log or an inverse-log function over a domain of

30 input values. The arithmetic means generates a log or an
inverse-log value, depending on the coefficients stored in
the memory, by performing arithmetic operations on an input
value and ones of the coefficients.

The converter may be easily re-configured to perform

35 either log or inverse-log functions, or functions having a



< 1. Alt'hough the techni que of using a power series to approximate a
|l og function allows a |log value_ta _he conputed with a high degree of

precision, it requires a | ar ge nunber of conputer operations and
therefore requjres relatively long period of tinme to exe% ;her
words, this t e ﬁ%’@‘al s generally slow and negatively %")9?1'3
throughput of a conputer. In summary, there is a need for a
converter which can performeither a log g an inverse-log function
qui'ckly, 10 thus allow ng a conputer to operate with greater

t hr oughput. Such a converter should al so reduce the anmount of menory

spdce required to ornlt e conv rsions, and i ould uce I or
i nverse-1og val ues‘%v#ﬁI r SYSHm % ‘{ﬂ‘“ ef??sf‘% dues,' 89
Brief Description Ifading Dhammempry with a difﬂén;ntnwsntpﬁnc¢%f§ﬁﬁﬂﬁn§§-out

with particularity in tghg, 1 @P@ﬁm@s%aw&arm\am&%er@éh%gé@ﬁw es of
the invention 20 will becone m)re%%garen i nventj on, will % plest

under st ood by ref FTVRFES tAREATBRRCRGY %?a?l&§#¥%rre8e§@?? BT 9
conj unction wi t5h tgeeseEncodpwentigp.dr fhengenvertem compchses a memoryri2g, a

illustrates a Iogaﬁié%%&%%ﬁf‘eé QR bt BEERd GRIMA1S k| BOaC£0§Lﬂ?c%Q:t%bh a
preferred enbodi nent of _the shows a

i nvepti o
graph of a I|ogari t'® sz?ncf“l cﬁui)ring meanst% a\sr}s‘r’r‘&ﬁsagdﬁ’r'aﬁf (ﬁnda
i nver se-1 ogarit hnsecond fadderi 3. IJhe memor¥| 22 staresust phuesl ity lodw chart

di agram of a nmethqghg¥ficients. The coefficients are based on a second-order
10 Taylor polynomial and they include a zero-order
coefficient, a first-order coefficient, and a second-order
coefficient.
The converter operates as follows. An input value 20
provides an address which is used to retrieve a set of
15 coefficients. Additionally, the set of coefficients
includes the zero-order, first-order, and second-order
coefficients which are located in the memory 22 at a common
address which corresponds to the input value 20. The
subtracting means 24 subtracts a base point value from the
20 input value 20 to produce an interval value 36. The
squaring means 26 squares the interval value 36 to produce
a squared interval value. In one embodiment of the present
invention, the squaring means 26 includes a square
multiplier which produces the squared interval value in
25 response to receiving the interval value. In another
embodiment, the squaring means 26 includes a read-only-
memory for producing the squared interval value in respond
to receiving the interval vaiue. The first multiplier 28
multiplies the interval value 36 by the first-order
30 coefficient 40 to produce a first-order term. The second
multiplier 30 multiplies the squared interval value by the
second-order coefficient 42 to produce a second-order term.
The first adder 32 sums the first-order term and the
second-order term to produce a first sum. The second adder



using the logarithniinverse-logarithmconverter shown in FIG 1.

FIG S illustrates a flow chart diagramof g nethod of perform ng
arithnetic operations which is used by the 35 |l ogarithminverse-logarithm

converter shexogk G 1. WO 96/ 24096
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illustrates one version of a conputing device whi ch incorporates an
enbodi ment of the present invention. 7 FIG 7 illustrates another
vetsi on of a conputing devi ce which incorporates an enbodi ment of the
present 5 invention. Detail ed Description of a Preferred

Erbodi ment 34 sums t te 'f Q%?(aﬁ'fcfig O;eLQ-oP&eets%ffggggﬁi%t
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In one embodiment of the present invention, the

converter is implemented with an integrated circuit.

5 However, one of ordinary skill will recognize that a
programmable logic array, application specific integrated
circuit (ASIC), or other digital logic device, as well as
software running on a processor such as a microprocessor
could also be used to implement the converter.

10 FIG. 2 shows a graph of a logarithmic function 50 over
a domain of input values. The input values are given along
the x-axis and the log values are given along the y-axis.
The domain of the input values is 1 to 2, and the range of
the log values is 0 to 1. An interval within the range is

15 bounded by a pair of base points. An example interval is
indicated with vertical dotted lines at base points a and
b. Each base point in the domain corresponds to a location
in the memory 22 which contains the Taylor coefficients
computed at the base point. The log function 50 uses a

20 Dbase number system of two.

FIG. 3 shows a graph of an inverse-logarithmic
function 52 over a domain of input values. The input
values are given along the x-axis and the inverse-log
values are given along the y-axis. The domain of the input

25 wvalues is 0 to 1, and the range of the inverse-log values
is 1 to 2. An interval within the range is bounded by a
pair of base points. An example interval is indicated with
vertical dotted lines at base points a and b. Each base
point in the domain corresponds to a location in the memory

30 22 which contains the Taylor coefficients computed at the
base point. The inverse-log function 52 also uses a base
two number system.

.One of ordinary skill in the art will realize that the
converter of the present invention may be used for

35 computing any log or inverse-log function; however, in a
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as the input value 20. Both the sign bit and exponent

10 Dbypass the converter and are later combined with the output
value 48. Essentially, the converter computes either y =
log(1.M) or y = logz"'(1.M), where y represents the output
value and M represents the mantissa. The exponent of the
floating point number is a base-two value, 2¢, where e

15 represent the exponent. A log or an inverse-log value
corresponding to the floating point input is generated by
summing of the output value 35 and the exponent, following
conversion of the mantissa. This summation results in a
value represented in a number format which includes an j-

20 bit fractional portion and an k-bit integer portion. The
integer values j and k may vary, depending on the desired
precision of the converter.

FIG. 4 illustrates a flow chart diagram of a method of
using the logarithm/inverse-logarithm converter shown in

25 FIG. 1. The method may be used for generating either a log
value or an inverse-log value. In box 70, a log (or
inverse-log) function is approximated with a second-order
Taylor polynomial having a plurality of coefficients. The
plurality of coefficients include a zero-order, first-

30 order, and second-order coefficient. Next, in box 72, the .
coefficients are stored in the memory 22. 1In box 73, an
input value 20 is received. Next, in box 74, coefficients
which correspond to the input value 20 are retrieved from
the memory 22.
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| oading the nenory with a different set of coefficients. FIG 1
il lustrates I Lthminverse-logarithm converter in ﬂﬂﬂﬁ W th
a preferred e%g%tnt of the 5 present invention. The conver e% corrgri ses

a nenory 22, a first multiplier 28, a second multiplier 30, a
subtracting means 24, a squaring neans926, a first adder 32, and a
seeond adder 34. The nenory 22 stores a plurality of coefficients. The

coefficients are based on a second-order 10 Tayl or polynom al and they
iI‘'ncl ude a zero-order coefficient, .a first-order coeffircient, and a
second- or der codff PE?‘eﬂ%'. arit%metlc-r%exaﬁvo&st érreoﬁﬁft?’ggeé\sm} 5g’1eovvs.
An input val ue BErievegdr ceefticisntadandsshainputi yalyed2q &9 @nddwre a set
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zero-order, first-order, d s nd- ar der ffici S i gh_ar.e
| ocated in the %F&r&f‘yeﬁzb%{]% w?‘%’%rrﬁﬁgeren%%dﬁoegg%\mhhe@%? e gﬁggdt o the
i nput val ue320.corfficients bincisdenghepzero-ordarcegéficterasiB .péibet val ue

fromthe 20 i npilrstabe8e2cdedXficadHEC4@) dnd &hédlsevahdeorder The
squaring neans 26 uar es e interval value 36 to produce a squared

interval val ue.® fiasR ment of the present i nvention, the
squaring means 26 i Reffedetna tjlroxe70, thelldplanst inwerae plegiudmstilons
squared intervalre/abglokimated S3RANECsécor®H b Gay 16 i pd BinoMiatal ue. In

anot her loen‘q]%@irg%ng,géggrﬁq%rr{ngg means 26 includes a read-only-

y = £(a) + £'(a)*(x-a) + (£"(a)/2)*(x-a)2 (2)

where y represents the log (or inverse-log) value; f(a)

15 represents the zero-order coefficient, which is the value
of the log (or inverse~log) function at base point a; £'(a)
represents the first-order coefficient, which is the wvalue
of the first derivative of the function at base point a;

f" (a) /2 represents the second-order coefficient, which is

20 one half the value of the second derivative of the function
at base point a; x-a represents the interval value, and x
represents an input value.

FIG. 5 illustrates a flow chart diagram of a method of
performing arithmetic operations which is used by the

25 logarithm/inverse-logarithm converter shown in FIG. 1. 1In
box 80, a base point value is subtracted from the input
value to produce an interval value. In box 82, the
interval value is multiplied by the first-order coefficient
to produce a first-order term. Next, in box B4, the

30 interval value is squared to produce a squared interval
value. 1In box 86, the squared interval value is multiplied
by the second-order coefficient to produce a second-order
term. Next, in box 88, the first-order term and the
second-order term are summed to produce a first sum. 1In



menory for producing the squared interval value in respond to receiving

the interval value. The first nultiplier 28 mul tiplies the interval
value 36 by the first-order 30 coefficient 40 to produce a first-order

term The second - multiplier 30 multiplies the squared interval value by
t he second-¥PEMOef i ci ent 42 to produce a second- or der RHYFP60014S T 0o
first adder 32 suns the first-order termand the second-order termto
produce a first sum The second adder 10 WO 96/ 24096
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first sumand the zero-order coefficient 38 to produce the out put
val‘ue 35. I n_one enbodi nent of the present |nvent|on t he
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devi ce, as well as tware runni ng processor such
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5 The computing device comprises a processing unit 102 for
executing a computer operation which utilizes a
log/inverse-log value 106; a computer memory 100 for
storing a computer program which includes the computer
operation; a bus 101 connecting the processing unit 102 and

10 the computer memory 100; and a converter 108 which receives
an input value 104.

The converter 108 may include the converter shown in
FIG. 1. 1In the example shown, the converter 108 includes a
memory 112 and an arithmetic means 110 which is operatively
15 coupled to the memory 112. The arithmetic means receives
the input value 104 from the processing unit 102 and, in
turn, generates either a log value or an inverse~log value
depending on the coefficients stored in the memory 112.
FIG. 7 illustrates another version of a computing
20 device which incorporates an embodiment of the present
invention. The computing device comprises a processing
unit 102 for executing a computer operation which utilizes
a log/inverse-log value 106; a computer memory 100 for
storing a computer program which includes the computer
25 operation; a bus 101 connecting the processing unit 102 and
the computer memory 100; and a converter 120 which receives
an input value 104.
The converter 120 may include the converter shown in
FIG. 1. 1In the example shown, the converter 120 includes a
30 memory 124 and an arithmetic means 122 which is operatively
coupled to the memory 124. The arithmetic means 122
receives the input value 104 and, in turn, generates either
a log value or an inverse-log value depending on the
coefficients stored in the memory 124.
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the log values are given along the y-axis. The donmai n of the input
values is 1484 d the range of the log values is O $@rdsochbes
interval withrn e range i s 15 bounded by a pair of base points. An
exanple interval is I ndicated with vertical dotted |lines at base points
a and b. Each base point in the domainitorresponds to a | ocation in
the nenory 22 which contains the Tayl or coefficients conputed at the

base point. The log function 50 uses a 20 base nunber system of two.

FIG 3 shows a graphy,gf, %ﬁ:e'r@"ﬁégesée%%{e:stct%sd herd #'G 'c%BcéE%EPVSé a
domai n of input val ues. e Irnpu val'ues are given along e x-axis and
the inverse-| ogwell amlau@sefipsred ampoiigggte hel @ SQVertRE WBheh MY Rene

i nput 25 val uesys&d G:d @ochput8deititer ARG ol ihverseniaygs €uhagivasues is 1

to 2. An intervagl _wthin the.r e.Js d ' f i nts.
An exanpl e int es?/%?u§es tihﬁdﬁﬁgf’g%ﬂtt ﬁfb%ﬂavgg??%%?e?doatst g‘gk%i’lﬁecsi?%?ﬁbb%?e

poi nts a and b.uEhbizdsage Taylopapokyriomiahe tdorBPFPXidIates BofUBCEHOR Hocat i on
in the menory 3@ar%oeWHothh €20hai NS IRE okayhoersoeidg Gopwessgonpusix at the

aystem | sdgyfd SeeRd, puptaa it midedo] fets ind 4 1RBipp LABLEN VNG
converter of thehjeesddovwisnacaignifinanthredyetion rinyemoriusizag- amPdog or
i nverse-| og fungtédrirert@dC¥elows beth improved data throughput and

10 . computation precision with a vast reduction in the cost and
complexity of implementation, whether on a semiconductor
chip or in a computer program.

While the various embodiments of the present invention
have been described in terms of the processing of an input

15 ~value into an output value, the present invention should be
construed to include circuits and methods implemented by -
these circuits for processing an input signal
representative of the input value into an output signal
representative of the output value.

20 While specific embodiments of the present invention
have been shown and described, it will be apparent to those
skilled in the art that the disclosed invention may be
modified in numerous ways and may assume many embodiments
other than the preferred form specifically set out and

25 described above.
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8 preferred enmbhadi nent of the_present invention, the converter
conputes the log function depicted in FIG 2 and the i nver se- | og
function depi ct gk@w An | EEE standard 32- bi téj

poi nt number ﬁa Eeam |y converted to a log or an invers Wﬁe
using the converter showmn is FIG 1. An | EEE 32-bit floating point
val'ue has one sign bit, a 23-bit mantissa, amxp an 8-bit exponent. Only
the’ mantissa is provided to the converter as the input value 20. Both

the sign bit and exponent 10 bypass the converter and are | ater conbi ned

wi'th the output vaI sen |aII nverter ofelyy t her vy
= log[err] (1. M %So giné:f Xn%réfeé:%y gb?e?@?ﬁ% ﬁ%eét?gf“ﬁufm
val ue and M repre§EWF§ 9 OﬁﬁeO%%ﬁvhéﬂﬂeathheWhlchfﬂaddtwmghpmlnt
nunber is a base-ttne vehdespiiar rahd BBepe &€ ke eRveAEISn ] he exponent. A

log or an inverse-log value corresponding to the floating point input

i s generated bé summ ng of the output value 35 and the exponent,

fol |l owi ng onversion of the mantissa. This sunmation results in a

val ue represented in a nunber format which includes an j- 20 bit fractional
portion and an k-bit integer portion. The i nteger values j and k may
vary, depending on the desired preci sion of the converter.

FIG 4 illustrates a flow chart diagram of a nethod of usi ng the

| ogarithm i nverse-|logarithm converter shown in



25 FIG 1. The nmethod may be used for generating either a |og val ue or
an innverse-| Qg value. | n box—Z0, ; i nction is

approxi mated with a second- order Tayl or polynom al having a plurality
of coefficiqgggamﬂm@ plurality of coefficients include peggdsenaaser .
first- 30 ordér, and second-order coefficient. Next, in box 72, the

coefficients are stored in the nemory 22. In box 73, an~___JJH&E*X?%;E_§O
is received. Next, in box 74, coefficients1i3 which correspond to

i nput value 20 are retrieved from the nenory 22. ”m"”""mm?mmmf
PCT/ US96/ 00145 9 76,

arithmetic operations are perfornmed on'the retrieved cOeffich et s »and
the input value 20 to produce t he out put value 35. Details of the
arithmetic operations are given bel oM reference to FIG 5. The
retrieved 5 coefficients include the zero-order coefficient 38, the
first-order coefficient 40, and the second-order coefficient 42.

Referring to box 70, the log and inverse-log functions |
5 1. A logarithm converter, which comprises:

a memory for storing a plurality of coefficients,
wherein the coefficients are based on a Taylor polynomial
which approximates a logarithmic function over a domain of
input wvalues; and

10 arithmetic means, operatively coupled to the memory,
for generating a log value by performing arithmetic
operations on an input value and ones of the plurality of
coefficients which correspond to the input value.




are approximated with a second-order Tayl or polynomal 10 having a general
form y =f(a) + f'(a)*(x=a) + (f"(a)/2)*(x-a)[err] (2)
where y represents the log (or inverse-log) value; f(a) 15 represents the
zero-order coeffici , Which is the val ue of the log (orgj -1.0Q)
function at bagid%égﬁ%% a;, f'(a) represents the fi rst-orderg’)c()lg “_k ;
which is the val ue of the first derivative of the function at base
point a; f"(a)/ 2 represents the second-opger coefficie mnﬂﬂ“‘mm
one half the value of the second derivative of the functio““M‘ "
point a; x-a represents the interval value, and x repr esent’s &n Pnpﬁt
val-ue. FIG 5 illustrates a flow chart diagram of a nethod of

perform ng arithnetic operations which is used by the 25
| ogarithniinverse-|oga?it hffieodegariths eonverte®| 6 ¢lain i, whepgingeach

base point value pg endigAGbadelr oM ddEieBehts isUWHd& bd BAO s$¥ion

I nterval value. |p_bpx Zﬁfthg interval value is multiplied by the
first-order coeffFEY%ﬂﬁ a torms produce a first-order term Next, in box 84,
the 30 interval value is squared to produce a squared interval val ue.

I n box 86, the squaredeisnt@avalymalue is multiplied by the second- order
coefficient to produce a second-order term Next, in box 88, the
first-order termand the second-order termare sumed to produce a
first sum In wherein c represents a coefficient, f{) (a) represents an

nth derivative of the logarithmic function, a represents
10 the input value, and n is an integer.

3. The logarithm converter of claim 1, wherein the
logarithmic function is approximated with a second-order
Taylor polynomial.

15

4. The logarithm converter of claim 3, wherein the
ones of the plurality of coefficients include a zero-order
coefficient, a first-order coefficient, and a second-order
coefficient, and the arithmetic means includes:

20 a first multiplier for multiplying an interval value
by the first-order coefficient to produce a first-order
term;

means for squaring the interval value to produce a
squared interval value;

25 a second multiplier for multiplying the squared
interval value by the second-order coefficient to produce a
second-order tern;

a first adder for summing the first-order term and the
second-order term to produce a first sum; and

30 a second adder for summing the first sum and the zero-
order coefficient to produce the log value.
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10 box 90 __the fi i—ci t are —_—
summed to produce the output val ue. FIG 6 illustrates one version
of a conput iwe 9esites e whi ch i ncorporates an enbodi nent pérsvenmassent
invention. 5 The conputing device conprises a processing unit 102 for
executing a conputer operation which utilizes a | og/ i nverse-| og val ue
106; a conputer nenory 100 for storingla conputer p”mlmmm]th”

i nel udes t he conputer operation; a bus 101 connecti “l
unit 102 and 10 the conputer nenory 100; and a converter 108 vthi ¢h rfecdi ves
ansi nput val ue 104. The converter 108 may include the converter
shown in FIG 1._1In e exa shown he converter, 1Q8_includes a
memory 112 and an arit hntéc?\ecfﬂgi ‘g‘*ﬂ&%‘ﬁe&%ew P el %ufgﬂﬁﬁupl ed to
the menory 112.cdiprisinglnmeti c means receives t he i nput value 104 from

the processing unit glasaRdy sibtractiti'a BESE SEM Valiler faomOghd/al ue or
an inverse-1o0g val ue ndi ng o coef%]lncvl(?ﬁnts stored in the nenory

epe n_th
112. 5 Fjrr@“tﬂ"ﬁllPﬁsY'gaR*é%d ther EOE?EY Y% -conputing 20 device
whi ch incorporates an enbodi ment of the present invention. The
conputing device Conpri Seped By ANt Wbnvertpi bt Wiafnd1a, exAEYEL AR
conput er operation \th ch uti Iizes
squaring means lincludes: _
a square multiplier which produces the squared

10 interval value in response to receiving the interval value.

7. The logarithm converter of claim 4, wherein the
squaring means includes:
‘a read-only-memory for producing the squared interval
15 wvalue in respond to receiving the interval value.



a log/inverse-log value 106; a conmputer nmenory 100 for storing a
conmput er program whi ch includes the conputer 25 operation; a bus 101
connecting the processing unit 102 and the conputer nmenory 100; and a

converter 120 %i g{g“’é ceives an input val ue 104. r&?ﬁ'ss? Jerter
120 may i nclud P onverter shown in FIG 1. In the exanple shown,
the converter 120 includes a 30 nenory 124 and an ari '

which is operatively coupled to the nenoig 124. Th Lt | C_nmeans
122 receives the input value 104 and, in turn, genéﬁﬂm i eﬂllll“ma
| og val ue or an inverse-log val ue depending on the gl oS ISty ed

I'n-the nmenory 124. WO 96/ 24096
PCT/ US96/ 00145 Thus there has been descri bed herein a
concept, as wel | & a @r dbgardthemanverter for gensnardnger Wog cRlW® be

used to conpute eidhRisdoRdifg £8VAH IHPuRIvALEE] ItIRS logariBRf agGvdriter
enbodi nent of the convérter as herein-described 5 utilizes a Tayl or

pol ynom al to app??ﬂﬁ%ﬁ%ﬁ@gé function it can performeither a | og or

i nverse-1 og cdnver si ora fdinsy memoxy rffr skdddng a pRurdldtyupPfi prefficiamt a

| ook-up table sets, wherein each of the coefficient sets is based on a
second-order Taylor polynomial which approximates a
logarithmic function at a base point within a domain of

input values, the memory providing as output a coefficient

10 set corresponding to the input value, wherein the
coefficient set includes a zero-order coefficient, a first-
order coefficient and a second-order coefficient;

a first multiplier for multiplying an interval value
by the first-order coefficient to produce a first-order

15 term;

a second memory for producing a squared interval value
in response to receiving the interval value;

a second multiplier for multiplying the squared
interval value by the second-order coefficient to produce a

20 second-order term;

a first adder for summing the first-order term and the
second-order term to produce a first sum; and

a second adder for summing the first sum and the zero-
order coefficient to produce the log value.

25



which allows a significant reduction in menmory size. Such a converter

al | ision wth a ————0
vast reduction in the cost and conpl exity of inplenentation whet her on

a sem conduCiy@lesngees CNi P OF in a conputer program ﬁﬁ)&ﬁg

vari ous enbodi nents of the present invention have been descr in

ternms of the processing of an input 15 value into an output vatue,the—

present invention should be construed 19 include cir
i mpl enent ed by these circuits for processing an inpuﬂmngmuuml m
representative of the input value into an output signal =

of -t he out put value. 20 Wi | e specific enbodi nents of the present

i nvention have been shown and described, it will be apparent to those
skilled in the art that PhEoEPYEIRE devilePenwhbeh GRMRIESES: 1odified in

numer ous ways and ney pxoteRBin@nyhianitedi erateting Didomputbanocpéreatief erred

form specifical] e Lbed above. WO 96/ 24096
PCT/ USO6/ 00]5 AL WY1 G G244 280% AR fGaT Lkt 15

a computer memory for storing a computer program which
includes the computer operation;

a logarithm converter which receives an input value
and includes:

a memory for storing a plurality of coefficients,

10 wherein the coefficients are based on a Taylor
polynomial which approximates a logarithmic
function over a domain of input values; and

arithmetic means, operatively coupled to the memory,
for generating a log value by performing

15 arithmetic operations on the input value and ones

of the plurality of coefficients which correspond

to the input value. '



Accordingly, it is intended by the appended clains to cover al

nodi fi cations of the invention which fall within the true spirit and
scope of the invention. WO 96/ 24096

PCT/U896/0014 13

CLAI M5 “wo f A logarithm converter, which conpri Sesl:'crmsssloous a
menory for storlng a plurality of coeff|C|ents, wherei n the
coefficients are based on a Tayl or polynom al8 mhlcq

| ogarithm c function over a domai n of I nput val ues ,mm,ﬂnlmmnml,
arithnmetic means, operatively coupled to the nmenor f of generats ng a
I'og val ue by perfornlng arithnetic operatlons on an i nput val ue and
ones of the plurality of coefficients which correspond to the

[
val ue. 10. A method for generating a log value, which mé%hod

comprises the following steps:
receiving an input value;

5 retrieving from a memory at least one coefficient
which corresponds to the input value, wherein the at least
one coefficient is based on a Taylor polynomial which
approximates a logarithmic function; and

performing arithmetic operations on the at least one
10 coefficient and the input value to produce the log value.
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14 2 Ihelogari-thm-convert-er—of—etat-mt—wheretrr—each —_—
?f t he pIuraIity of coefficients is based on an expression havi ng a

orm =f [err] (a)/n! wherein c repres;gﬁ
coeffi CI ent, P[’Wf‘ (a) represents an nth derivative of 9Fmgar| thmc

function, a represents 10 the input value, and n |s—aﬁ—rﬁtegET‘_“_’—__—
3.. The logarithmconverter of claim1, wherein the
function is approximated with a second- order Tayl cH““ (“ﬂ ‘m‘ M‘

11. An inverse-logarithm converter for generating an
inverse-log value corresponding to an input value, the
inverse-logarithm converter comprising:

5 a memory for storing a plurality of coefficient sets,
wherein each of the coefficient sets is based on a second-
order Taylor polynomial which approximates an inverse-
logarithmic function at a base point within a domain of
input values, the memory providing as output a coefficient

10 set corresponding to the input value, wherein the
coefficient set includes a zero—order coefficient, a first-
order coefficient and a second-order coefficient;

a first multiplier for multiplying an interval value
by the first-order coefficient to produce a first-order

15 term;

a read-only-memory for producing a squared interval
value in response to receiving the interval value;

a second multiplier for multiplying the squared
interval value by the second-order coefficient to produce a

20 second-order term;

a first adder for summing the first-order term and the
second-order term to produce a first sum; and

a second adder for summing the first sum and the zero-
order coefficient to produce the inverse-log value.



4. The | ogarithm converter of claim 3, wherein the ~ones of the

pl ucality of..coeffi.cients —ipeltde—a—zer-o—order eoeretrent—=a
first-order coefficient, and a second-order coefficient, and the
arithnetic i ncl udes: 20 a first nultiplier forpflkdeoidsNd an

i nterval va%?n"sz‘”‘by the first-order coefficient to produce a fi risldts-or der
term means for squaring the interval value to produce a

squared interval value; 25 a second multiplier for multiplying the
squar ed interval value by the second-order coefficient to produce a
second-order term a first adder 7{6@ summing the first-order term
and the second-order termto produce a first sum and 30 a second
adder for sunming the first sumand the zero- order coefficient to
produce the | og val ue. WO 96/ 24096

PCT/ US96/ 00145 5. The | ogarithm converter of claim4,
further 2]
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conpri si ng: means for subtracting a base point value fromthe 5

i nput—val-ue—toproduce t he—ipi-eriahvalte— 6- The-l-ogarithm—
converter of claim4, wherein the squari ng means i ncl udes: a
square nul tiglgieghesfi Ch produces the squared 10 interval vgéﬂﬁskﬁorgsponse
to receiving the i1 nterval val ue. 7. The | ogari converter of
claim4, wherein the squari ng neans includes: a
read-onl y-menory for producing the squared interval 15 value in respond to
receiving the interval val ue. VI{Q?}@ﬁOQG
PCT/ US96/ 00145 8. A
I'ogarithm converter for generating a |og val ue
Y
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corresponding to an input value, the |logarithm converter conprising: 5

a first menpry for storing a plurality of coefficl —-wher ek-A———
each of the coefficient sets is based on a second- order Tayl or

pol ynom al whi ch approxi mates a | ogarithm c function at A%? @91 nt

within a doﬁHPﬁ”&PﬂP i nput val ues, the menory providing éga%u %ﬁﬁ a
coefficient 10 set corresponding to the input value, wherein the

coefficient set includes a zero-order coefficient, a first- or der
coefficient and a second-order coefficieq?; afirst multiplier for
mul tiplying an interval value by the ?{Eg-order coefficient to produce
a first-order 15 term a second nenory for producing a squared

i nterval val ue in response to receiving the interval val ue; a
second nmultiplier for multiplying the squared i nterval value by the
second- order coefficigfMTO Proguce a 20 second-order term a
first adder for summi{ng the first-order tBEGIMNnd the second- orfder term
to produce a first su ' e first

sum and the zero- order coefficient to

WD 96/ 24096

roduce the | og val yezg 25
PCT/

APPROXIMATE A LOGRITHMIC FUNCTION
WITH A TAYLOR POLYNOMIAL.

STORE THE COEFFICIENTS OF THE
TAYLOR POLYNOMIAL IN A MEMORY.

RECEIVE AN INPUT VALUE.

(—74

RETRIEVE THE COEFFICIENTS FROM
THE MEMORY.

PERFORM ARITHMETIC OPERATIONS UTILIZING
THE RETRIEVED COEFFICIENTS.

END

FIce. 4



17 9. A conputing device, which conprises:
pr009<<|nn unit for executing a_sgnpuLaL—gpe¢44+4up————uh+eh—e%+L+zes -a—teg——

val ue; a conputer menory for storing a conputer program which
|ncludes th uter operation; a Iogarlthn1conv%Q?ﬁ; h
receives an%r‘ﬁ al ue and i ncl udes: a menory ors%g{sl ng a
plurality of coefficients, 10 wherein the coefficients are based
on, a Tayl or pol ynom al whi ch approxinmates a |logarithmc
function over a domain of input val ues; gn}j;s arithmetic neans,
operatively coupled to the nenory, for generating a | og val ue
by:performng 15 arithnetic operations on the input value and
ones of the plurality of coefficients which correspond
to the input val ue. WD 96/ 24096

P

CT/ US96/ 00145 (i BEGIN

SUBTRACT BASE POINT VALUE
FROM INPUT VALUE.

MULTIPLY INTERVAL VALUE BY
FIRST-ORDER COEFFICIENT.

SQUARE THE INTERVAL VALUE.

(
2
o
g

MULTIPLY THE SQUARED INTERVAL VALUE
BY SECOND-ORDER COEFFICIENT.

THE SECOND—ORDER TERM.

| l

SUM THE FIRST-ORDER TERM AND I

SUM THE FIRST SUM AND THE
ZERO-ORDER COEFFICIENT.

( oo D

FIG. 5




10. A nethod for generating a | og val ue, whi ch met hod conprises the

follLowing steps: receiving aningutvalueg.—5 retrievi ng—Hom—
a nmenory at | east one coefficient whi ch corresponds to the input val ue,
wherein th t one coefficient is based on a Tay &?W m al

whi ch S‘B'g’r g}ﬁrrgt es a logarithmc function; and Pt ir%gng
arithnetic operations on the at |east one 10 coefficient and t he i nput

val ue to produce the | og val ue. W) 96/ 24096

PET/ US96/ 00145 5/5 19 11. An

I nverse-l ogarithm converter for generati n{an

|
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' 930557570
[ nvqﬁserl og val ue corresponding to an input value, the
i nverse-logarithm converter Coapk i-s-Agr—o—————a—HeBI-y—-oF—st-orig—a —

plurality of coefficient sets, wherein each of the coefficient sets is
based on a second- or der TayI or polynom al which approxi neas, an

I nverse- | ogarithm c function at a base point within a (‘-»H“‘“ of

I nput val ues, t nory pr oxorch mmmm ent 109
carresponding to the input val ue, wh&Fef coefficient set includes
a -zero- ormum@mucwwmusmmwiwﬁgﬁmym(ﬂﬁihm
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the sq wmmwmawmm ue BGT/YSHE00LS ¢ BRPe ta %ﬁﬁé’g‘
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(57) Abstract
A converter which may be used for implementing either logarithmic or inverse-logarithmic functions is disclosed. The converter
includes a memory (22), two multipliers (28 and 30), and two adders (32 and 34). The memory (22) stores a plurality of coefficients which
are based on a second-order Taylor polynomial used to estimate a logarithmic or inverse-logarithmic function over a domain of input values.
A method of using the converter is also disclosed.




