2247330 ABSOLUTE VALUE ARI THVETI C € RCUI T DESCRI PTI ON Thé ps¢*esent 1Tinverdt$dn,
relates to an absolute value 5 arithnetic circuit- for conputing the
absol.ute value of a difference between two digital values in.a digital

si grfal# processor (DSP), a microprocessor, a mcroconputer or the ARRY4TIRIS
Heretofore, technology in the above-nentioned field is disclosed in
literature "Study of Absolute Value Conputing Systen issued at the 1986th
national conference of the ABSODUTE MALUE (ARITHMETIC h@IROUEITt ut e of

El ectroni cs Conmmuni cati on Engl neers, 1-46. The arrangenent disclosed in 15
this literature will be explained her ®BEERIRTIONgs. 2a to 2d are circuit

bl ock diagrams illustrating the conventional absolute value arithnetic
circuit. Fig. 2a shows a parallel type-circuit, Fig. 2b shows a series
type 20 circuit, Fig. 2c shows an input register type circyit, and Fig. 2d
shows an out pufhe ecBTBEER: yABVERLdER: . NeHatiqf 2B tAB pabaqldite ypedlue
absol ute A USPRRLLDS SHLet M0 SoSRPBEESY She! UhedPiiactEite of o

difference between two digital values in a digital signal
processor (DSP), a microprocessor, ‘a microcomputer or the

like.

10 Heretofore, technology in the above-mentioned field is
disclosed in literature "Study of Absolute Value Computing
System" issued at the 1986th national conference of the
communication branch of the Institute of Electronics
Communication Engineers, 1-46. The arrangement disclosed in

15 this literature will be explained hereinbelow.

Figs. 2a to 2d are circuit block diagrams illustrating the
conventional absolute value arithmetic circuit. Fig. 2a

W, shows a parallel type circuit, Fig. 2b shows a series type
20 circuit, Figqg. 2é shows an input registex type circuit, and

Fig. 2d shows an output feed-back type circuit.

In Fig. 2a, the parallel type absolute value computing
circuit 10 is composed of two subtracters connected in

25



parallel with each other, and a selector 13. The subtracters 11 and 12

cal cul ate differences: betmeen two input signals Sinl and Sin2, that is
{Sinl-- Sin2) and (Sin2 - Sinl), respectively. The selector 13 selects;aod
outputs a positive result of the calculation. - In-this arrangenent, fory)
exanple, the subtracter 11 outputs the nost significant bit denoted

her ei nbel ow as "MSB") or the sign digit bit.as a control input signal Sc to
control the selector 13. The series type absolute value arithnmetic circuit

20 Showitdiidl di el daick 9eRSRY GhadasyBikaths’ 131, a sign inverter 22

conne i'n series to the subfracter 21 and a sel'ector 23. The sign

>

i nverter 2%He gupbaieterd P12asdcoupbanenlate’ diifteresded etwednverting:

circuit and an adder. In this absolute value arithnetic circuit 20, the
subt r agicerinputc @ tgnAl£sstnlli ahdr shae,behated st Y8inlpw simgplandi nl and
Sin2, that is, (Sinl - Sin2). In accordance with aresultant signal of the
conput{@inm,- |sm11p, veéspectipedyli vEhehselebtorol 2 3edequd sandie val ue as
it is, but if the value is.negative, it selects and delivers an output from

t he sioptputeera groLix bye wheshlthefviheecaicudadiond adm ithisubjected to 2's.

conpl ement conputation by addition. In this arrangenent, for exanple, the
subt r agrangement puiar téxampbenhtbe subtsecter dlcomtputs mhe moghal

significant bit dencted hereinbelow as "MSB")'or the sign

digit bit as a control input signal Sc to control the

selector 13. _ S _ N—i
The series type absolute value arichmetic Circuit 20

shown in Fig. 2b is composed of a subttaqter.21; a sign

inverter 22 connected in series to thecshbtiactér 21 and a

selector 23. The sign inverter 22 is composed of a 2's

complement circuit including an inverting circuit and an

adder. |
In this absolute value arithmetic.circuit 20, the

subttacter 21 calculates a difference between two input

signals Sinl and Sin2, that is, (Sinl -~ 8in2). 1In - g

accordance with a resultant signal of the computation, if
the value is p&sitive the selector 23 outputs the value as
it is, but if the value is negative, it selects and delivers
an output from the sign inverter 22 by which the value is
inverted and is subjected to 2's complement computation by
addition. 1In this arrangement, for example, the subtracter
21 outputs the MSB which is used as a control input signal

Sc to the selector 23,



.Sc to the selector 23. - 2- In Fié.‘Zc; the input register type absol ute
value arithnetic circuit 30 shown in Fig. 2c, is conposed of registers 31
and 32, a selector *33, and a subtracter 34. In this absol ute val ue
ariﬁﬁhétic circuit 30, two input signals Sinl and Sin2 are stored in the
~regi*dsters 31 and 32, respectitvely, and the subtracter: 34 cal cul ates a
di fference between the two input signals Sinl and Sin2, that is, (Sinl -
Sin2). If the result of the calculation is a positive value, the selector
33 outputs thawadig. a3c}tthe. inpueveegistert tiypenadsEoMete tvaluel ect or 33
exchanges the signals stored in the registers 31 and 32. The subtracter 34
agai n suldriztimetie ¢ireuitpdacshownginl Bignd 2dgl iiserconposedsaft of the
subtraction during the next clock cycle. In this arrangenent, .for exanple,
the VSB afeghirsternpull fand) 3Re gubelector 33, andsead subtracter o34 nput
signal Sc to the selector 33. The output feed-back type absolute val ue
ari thnetic ci rlouithi® absolwtenvaluei gribhmetd cceigeidt 30 Dt inPuLr 41,
a register, 42, and a_selector 43. In.this absolute val ue cquutin circuit
40, the signals Sinl and Sin2 are stored in the registers 31 and 32,
respectively, and the subtracter 34 calculates a difference
between the two input signals Sinl and Sin2, that is, (8inl
- 8in2). If the result of the calculation is a positive
U value, the selector 33 outputs the value as it is. However,
if it is negative, the selector 33 exchanges the signals
stored in the registers 31 and 32. The subtracter 34 again
subtracts the thus replaced signals and delivers the result
of the subtraction during the next clock cycle. 1In this
arrangement, for example, the MSB of an output from the
subtracter 34 is used as a control input signal Sc to the
 selector 33.
The output feed-back type absolute value arithmetic
circuit 40, as shown in Fig. 24, is composed of a subtracter
41, a register 42, and a selector 43.
In this absolute value computing circuit 40, the
subtracter 43 calculates a difference between two input
signals Sinl and S8in2, that is, (Sinl -~ Sin2), and if the
difference is positive, the value thereof is once stored in
the register 42 and is then delivered as it is. But if it
is negative, the value stored in the register 42 is selected
. by the selector 43 in accordance with a control input signal

Sc, and then the sign thereof is invérted by the subtracter



subtracter 43 calculates a difference between two input signals Sinl and
Sin2, that is, (Sinl - Sin2), and if the difference is positive, the value
thereof is once.stored in the register 42 and is then delivered as it i5y.

But if it is negative, the value stored in the register 42 is selected-g
the selector 43 in accordance with a control input signal Sc, and then the:.. ..
sign thereof is inverted by the subtracter -3- 41, then the thus - :
obt ai ned val ue being outputted. In the conventi onal absol ute val ue

! LNEYY Gfdd %dé Hids a%xg%?_éﬂeaaoglfm,.b\e/@ag*bmfh{%&.si?fgnal s Sinl and

Sin2 aré inputte ute value of a diffefence between the two

si gnal s Si il Qe SdkkentEonAE absblite ¢hldel ardaimidtiebitoupysr, the

conventional absolute value arithmetic circuits 10, 20, 30 and 40 have the
f ol | owigng 20,08 & and 40 pasRéh etwby hapabsslighalealgimlarandin®in? srecuit 10
can conpute in short tine, or one clock cycle, but requires two conputing
uni t s inputiked hthe |absbhgt e ovabupl ofaaedififedence bEtwesn i thet yywe
absol ute value arithmetic circuit 20 has advantages i-n view of the scal e .of
the haidumles i$inbrand 8im2ni thathds,olsind absdnile imiealeulabedsic
However, the conventional absolute.value‘arithmetic. |
circuits 10, 20, 30 and 40 have the fbliéﬁihg.prohlemsz
The paraliel type absolute vaiue.arithﬁetic citcuit_lo
can compute in shorﬁ time, or one'ciock.cfcléj'bﬁt?réquires':.' _Sul
two computing units 11, 12, thus leading to complicated ' o
hardware. | _ o
The series type absolute value arithmetic circuit 20
“has advantages in view of the scale of'thé'haféyé:e in
éoﬁpafison with that of the absolute vélue arithmetic
circuit 10. However, the process of addition for 2's
complement calculation carried out by the sign inverter 22
causes longer computation time. The computatidh time is |
substantially twice as 16ng as that of'the-absolute value 'QJ ”
computing circuit 10. |
With the input register type absolute'véiue'arithmetic
circuit 30, the scale of the hardware thereof is smalléf
than that of the ébSoLute value arithmetic circuits 10, 20.
But, the computation time requires two clock cycies;
With the output'feed—back tyée absolute value
arithmetic circuit 40, the scale of the hardware fhereof_één

be relatively small. But two clock cycles is required for

computation.
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circuit 10. However, the process of addition for 2's conpl efent cdkcul ati én,
carried out by the sign inverter 22 causes |onger conputation tinme. The
conpytation tinme is ‘'substantially twice as long.as that of the absolute

val ugeconputing circuit 10. Wth the input register type absol ute val ue .
arithmetic circuit 30, the scale of the yardware thereof is smaller than
that of the absolute value arithnetic citcuits 10, 20. But, the conputation

time requires {HOtRbOEkn¥RteBnal absiia el vt %@st&ﬁﬁétidp@mbﬁﬂtut eit
value arithnmetic circuit 40, the scale of the hardware thereof can

relatively smahhs bBen A filAfic cys | Rbnistueiver 2dsf @nmﬁmtﬁz@nané to
-5- In the conventional absolute value arithmetic circuits, it has been

difficult to nsatasfiyi hdght speedc cdompsitacizmd t o sati sfy hi gh speed
conputation. 5 The present invention is devised in view of the above-
menti oned pr obl ens I nher ent to the conventional arrangenents.
Accordi ngly one object of the present invention is to provide a
miniaturized hThe- frasenpsényeation is devised in view of the above-

mentioned problems inherent to  the conventional
arrangements. Accordingly, one object of the present
lnventlon is to provide a miniaturized h1gh-speed absolute

value arithmetic circuit.

According to the present invention, there is provided an
absolute value arithmetic circuit for computing an absolute
value of a difference between two binary input signals,
comprising: a computing circuit for computing a difference

15 signal'representing-the difference between said two input
signals; a 1's complementor for inverting or not inverting

the difference signal in accordance with the state of a sign

bit of the difference signal; a priority encoder for
W, searching for the location of the least significant zero bit
20 in the difference signal; and a bit inﬁerting circuit,
responsive to the state of said sigh bit, to either invert
only those bits of the difference signal from the least
significant bit to the least significant zero bit located by

the priority encoder or pass the difference signal un

25 modified so as to output a signal representing the absolute

value of the difference between said input signals.



val ue arithnetic circuit. 10 According to the presenf:in&entiowﬁ there}is
provi ded an absolute value arithnetic circuit for conputing an absolute™"
val ue of a difference between two binary input signals, conprising: a .
conputing circuit for conputing a difference 15 signal representing the\/
di fference between said two input signals; al's conplenentor for invert?Pr
or not inverting the difference signal in accordance with the state of a

sign bit ofyt he,di £{8LeQE8 S ) ari OF 1 t -gﬁﬁﬁ er | i for
the | ocati oInﬁo ! héﬁ?égg?@;ﬁ% |'caar{:t]'al:zhgtgéo@j{)c|£ t )éﬁ' | ﬁ?’t h%ﬁg)i f er@cgg.e
signal; SeRt! iRVRNitike ,Cirenet  cb! Nyig/e &9rtligtst adweoinsai @ sign
bit, to either invert only those bits of the difference signal fromthe .
| east signidiffetehté between ansd bBigaryi daputzesDghalsl oedidkcdehy the
priority encoder or pass the difference signal un 25 nodified so as to
out put a sicombplerenteentdanydris abbel dif fatercel haétweleh f dvencbibatryeen
sai d input signals. -6- In an absolute value arithnetic circuit,
enbodyi rfy timppt csignals rintn i®od,’s covplenepd: whd cheiiscobtaigedaibys the

di fference between two_binary ingut signals, and the |I's . '

_ computing element, with the use of the sign digit bit (for

example, thejmbst-significant bit) of the difference between

the two binary input signals when  the "difference is

negative, but delivérs the value of the difference as it is
10 when the differehce is positive.

The priority encoder searches;.the_ butput “of the 1’s

complementor for the position éf a biﬁ=wﬁich“is "0" bit at

first, starting from the least significant bit (LSB), and
15 delivers an encdder output which is a data_indicating'the

position of this "0" bit, (bit position output).

The bit inverting circuit receives and output from the 1’s
complementor and an encoder output from the priority e

20 encoder, and aéts upon the output from the 1’s complementor
to invert a bit pattern on the least significant bit side
(LSB side) including the "0" bit indicated by the encoder
output when the difference between.the.two]binary input
signals obtained by the computing circuit is_negative;

25 |

With this arrangement, the above-mentioned purpose of the
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conpl enentor converts the difference between two binary & isfiput si‘gnal S.s ¢_:
into al's conplenent which is obtained by the conputing elenent, wth the
use of the sign digi't bit (for exanple, the nost significant bit) of the
di f faence between the two binary input signals when the difference is
negative, but delivers the value of the difference as it is 10 when the
difference is positive. The priority encoder searches the output of
the |'s conplpareemt frorentiowosan ilpd athdebed.which.is "0" bit at first,
starting fromthe least significant bit (LSB), and 15 delivers an encoder
output which is a data indicating the position of this "0" bit, (bit
position output). The bit inverting circuit receives and output fromthe

| 's conpl emrentsy @mbedinentderf outlheit Presenhe pnventipn?0 wddoddrow anke
acts upon the output fromthe |I's conplenentor to invert a bit pattern on
the | east sigifiascrifedi tbyiwmy (@Gpxample; nWithi Agference b9 Fighrest bd
by the encqder_ output when the difference between the twp . binary input

si gnal s obtai me@ 4 RE cﬁ?ﬁnﬁ‘i’?@f“@?’@cﬁ‘? EayLgder vén VQ\'% AMth this

arrangenent, the above-nentioned purpose of the -7-

Fig. 1 is a circuit diagram illustrating an absolute value

arithmetic circuit in an embodiment of the present
invention;
2 10" Fig. 2a to 2d are circuit diagrams illustratihg conventional

absolute value arithmetic circuits;

Fig. 3 is a circuit diagram showing a 1’'s complementor shown
in Fig. 1; and

Fig. 4 is a circuit diagram illustrating an LSB bit

15 inverting circuit shown in Fig. 1.

The absolute arithmetic circuit 50 comprises a computing
circuit 51, a 1’s complementor 52, a priority encoder 53,
W : and a bit inverting circuit 54. |
20

The computing circuit 51 performs subtraction
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present invention can be achieved. An enbodi nent of the present invention

w Il now be described, by way of exanple, with reference to Figures 1, 5 3
and 4 of the acceonpanying drawings, in which: Fig. 1 is a circuit diagram
illustrating an absolute value arithnmetic circuit in an enbodinentéﬁbf
the present invention; 10 Fig. 2a to 2d are circuit diagrans illustrating .
conventional absolute value arithnmetic circuits; Fig. 3 1s a circuit
di agram showing a |I's conpl enmentor shown in Fig. 1; and Fig. - 4 is a

cl 10Ul o fha9" Al AU B A bl DL 3%l PKERAEDIGRRCUT tgfiown In

CFig. 1 absol'ute ‘arrthnet1¢c Circult conpri ses a uting Circuit
51, a ), s 45%1 Wi fU eV, s ande 3z Bt oen tj ng
Ci rcui%oﬁgﬁe%bﬁ'ﬁwﬁpﬁﬁ%?%ﬁﬁﬁt %?ﬁ?%rﬁ’gégbtg}:g%?}gogs \A%E inll -

Sinl 2) rubgie 8ienldonifta¥ i¥r? 3 CHYE NnipléhentdPesg9NPehenfiosie! cUi t 51
delivers a binary digit string @ as a result of conmputation to the

conpl cgBghoFiEant Bit BHtNY WirdnAdidit strihg pinandidates o 1ing O
sign. For example, when the most significant bit is "o", Qs
is a positive number, but if it is “1", Qs is-ainegatiQe
number which is indicated by a 2'5 complement.

The 1's complémen£Or 52 delivers a binary.digit string
Qc which is equal to the inputtéd binary digit éfrohg'Qs to V.
the priority_encoder.SS and the big inverting qitéuit_54 |
when the most_significaﬁt'digit bit of the binafy digit
string is "o". When the most significant bit is."lﬁ,'the
1's complementor 52 delivers a binary digit string Qc which :
is obtained by.invétting_all bits of'the_binary;digit string
Qs to the priority encoder 53 and the bit inverting.circuit
54. In other words, the.binary_digi; string'Qc is the one
which is obtained by'cénverting the bina:y_digit string Qs
into a 1's complement. As shown in Figf 3, the 1's | ' -\L) :
complementor 52 requires an inverter 52-1 and exclusive NOR
gates (denoted as Ex;NOR'gate) 52-2 to 52F9_i£ the binary
digit string Qs consists of 8 bits.

The priority encoder 53 searches the binary digit
string Qc for the bit which has a value of "0". Thé
priority encoder 53 delivers a data Qe which exhibits the
position of the least significant bit "0" of the bits which

have been searched. For example, if the binary digit string

Qc is "00011011", Qe becomes data indicating "3". The

m
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sign. For exanple, when the nost significant bit is "0", G is a positive
nunber, but if it is "1", & is a negative nunber which is indicated by a

2's . conpl ement. The:l's conplenentor 52 delivers a binary digit string Q

whicg<is equal to the inputted binary digit strong-Q to the priority

encoder 53 and the bit

I nverting circuit 54 when the nost significant digit

bit of the binary digit string is "0". \When the nost significant bit is
"1", the |'s conplenentor 52 delivers a binary digit string Q which is
obt ai ned by inverting all bits“of thegbinary digit string @ to the
priority encoder 53 and the bit inverting circuit 54. In other words, the

binary digit string Q is the one which is obtained by converting the
binary digit string @ into al's conplenent. As shown in Fig. 3, the l's
conpl ementor 52 requires an inverter 52-1 and exclusive NOR gates (denoted

as Ex.NOR gate) 52-2 to 52-9 if the binary di

It string @ consists of 8

bits. The pri ori prionitycensdier H3c Asscomposnd 0f MANG gaseyi NgR@aker t he
bit which has a value of_"0". The priority encoder 53 delivers a data Qe

whi ch exhi bits t@8dpEBetibkeof the |east significant bit "0" of the bits

whi ch have been searched. For exanple, if the binary digit string Q is

"00011011", Qe becones data indicating "3". The :

5
/
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The bit inverting circuit 54 delivers a binary digit
string which is equal to the inputted binary digit
string Qc if ﬁhe most significant bit of the binary
digit string Qs is "0". If the most significant bit of
the binary digit string Qs is "1", the bit inyerting .
circuit 54 inverts only bits that are less than or
equal to the position of a bit of the binafy digit
string Qc, which is exhibited by the data Qe. The bit
inverting circuit 54 delivers a binary digit string
which is obtained by the inversion. For example, if
the binary digit string Qc is 00011011 and Qe is "3,

the bit inverting circuit 54 delivers "00011100". As

shown in Fig. 4, if the binary digit string Qs consists

of 8 bits, the bit inverting circuit 54 requires
inverters 54-1 to 54-8, selecting circuit portions
(denoted as "SELs") 54-9 to 54-16, and a decoding unit
54~17. The decoding unit 54-17 converts the data Qe
into inversion control signals C7 to CO. The decoding

unit 54-17 is composed of a ROM converter, a
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- 0- priority encoder 53 is conposed of NAND gate, NOR gafe ana the |ike.

The bit inverting circuit 54 delivers a binary digit 5 string which is
equal to the inputted binary digit string Qc if the nost significant bi. t 0f
the binary digit string Q-is "0". If the nost significant bit of the .
binary digit string Q is "1", the bit inverting circuit 54 inverts only . ..
bits that are |l ess than or 10 equal to the position of a bit of the

binary digit string Q, which is_ egglblted by the data Qe. The bit
‘inverting circuit 54 delivers a blnary digit string which is obtained by =
the inversion. For exanple, if the binary digit string @ is "00011011" and -
Qe is "3", 15 the bit inverting circuit 54 delivers "00011100". As"
shown in Flg 4, if the binary digit string @ consists of 8 bits, the bit
inverting circprbgtemiable legicnaerapgrer Shel ltikel4- &'hesehvefs.ﬂgnm recuit
portions (denoted as "SELs") 54-9 to 54-16, and a decoding unit 20 :
54-17. The decountyrl giignals- €7 tonﬁ@rsaiedﬂavﬁawacqstrniothevSEbson cont r ol

signals C7 to CO. The decoding unit 54-17 is conposed of a ROM converter, a-
54-9 to 54-~16, respectively.

5 . Next, explanation will be made;of'opeﬁatiOn.of a 8-bit

absolute value arithmetic circuit.

The computing circuit 51 carries out subtraction -

between two binary input data_Sinil;'éinlzz' The -

10 computing




- - §a - progrannhbleilogic_array or the like. The inversion control signals
C7 to CO selectively control the SELs 54-9 to 54-16, respectively. 5

Next, explanation wi |l be nmade of operation of a 8-bit absolute val ue
arg;hnetic circuit. The conputing circuit 51 carries out subtraction
between two binary input data Sinll, Sinl2. The 10 conputi ng

circuit 51 delivers a binary digit string @ which is a result of the
subtraction, to the |I's conplenentor 52. The |'s conpl ementor 52 delivers

bits |7 drdifi ©f51hgebivary di Bihaty’ 829ie Sta il gk Wiitwaigsas52-2 to

52-9. The |'s conplenentor 52 delivérs the nost significant bit of the

bi nary dieghilstéf nghassubtihethoR,gabeehs21? 8 b Letentoy S2. t hehenver ter
52-1. Accordingly, if the nost significant bit is "0", Ex.NOR gates 52-1 to

52-9 dell‘\sercompleméntor 8Ri delivereqbdktst @7t Ho HIQ of Ak binhaoypriority
encoder 53 and the bit inverting circuit 54. If the nost significant bit is
"1", t haigd thNGRpingsQs2to the5Bx9NOB| gadeshiSad3 491529 { erFhewhi 8h are
obtained by inverting bits 17 to 10Oto the

complementor 52 delivers the most significant bit of the

binary digit string Qs to the NOR gates 52-2 to 52-9 by way

of the inverter 52-1. Accordingly, if the most significant

bit is "0", Ex.NOR gates 52-1 to 52-9 delivers bits 87 to 60
(Jf- which are equal to the bits I7 to I0 to priority encoder 53
and the bit inverting circuit 54. If the most significant
bit is "“1", the Ex.NOR gates 52-1 to 52-9 deliver bits 87 to
80 which are obtained by inverting bits I7 to I0 to the
priority encoder 53 and the bit inverting circuit 54. Bits
67 to 60 will be denoted hereinbelow as the binary digit
string Qc.

The priority encoder 53 searches bits 87 to 60 of.the
binary digit string Q¢ for those having a value "0". The
priority encoder 53 delivers a data Qe which exhibits the
position of the least significant bit among searched bits
having a value of "0", to the bit inverting circuit 54. It
is noted that the data Qe may-be binary, that is, for
example, if it is "3", it may be exhibited by "11".

The bit inverting circuit 54 delivers the daté.Qe and
the most significant bit of tﬁe binary digit string Qs to
the decoding unit 54-17. If the most significant bit of Qs

is a value "0", the decoding unit 54-17 neglects the data

Qe. That is, the decoding portion 54-17 delivers the

- 10 -
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priority encoder 53 and the bit inverting circuit 54. Bits [err] wll be
denot ed herei nbel ow as the binary digit string Qc. The priority encoder 53
searches bits [err] of the binary digit string Qc for those having a val ye.
"0". The priority encoder 53 delivers a data Qe which exhibits the p03|th@
of the least significant bit anong searched bits having a value of "0", to.
the bit inverting circuit 54. It is noted that the data Qe nay be binary,
that is, for exanple, if it is "3"__.it may be exhibited by "11". The bit
inverting circuit 54 delivers the ~d3da “Qe and the nost significant bit of
the binary digit string s to the decoding unit 54-17. If the nost '
significant bit of @ is a value "0", the decoding unit- 54-17 negl ects the
data Qe. That is, the decoding portlon 54-17 delivers the - 10 -

i nversion control data C7 to CO which does not invert bits [err]to the SELs
54-9 to 54-16. The SELs 54-9 to 54-16 set in accordance with the inversion
control data C7 to COso that bits [err] are 5 delivered as 17 to 10
wi t hout through the. |nverters 54-1 to 54-8. Accordlngly, the bit inverting

circuit

inversion control data C7 to CO which does hot invert
bits 67 to 60, to the SELs 549 to 54-16.  The
SELs 54-9 to 54-16 set in accordénce with the inversion ;;j
control data C7 to CO so that bits 67 to;eo are
5 delivered as I7 to I0 without through the inverters
54-1 to 54-8. Accordingly, the bit inverting circuit
‘54 delivers bits I7 to IO which are-equalito-bits
607 to 60 of the binary digit string Qc. If the
most 51gn1f1cant bit of Qs is a value "1", the decodlng
10 portion 54-17 delivers to the-SELs_54-19 to.54—16 the
inversion control data C7 to €0 for inverting only
those of bits 67 to 60 which are'leSS_than or
equai to thé position of the bit exhibitéd;bY'thg=data'
Qe. The SELs for the lower digit bits dofréqunding
15 to those of.the inversion control data C7 to CO which
| are inversion data, set so that ﬁhe-inputted_bitS'are
delivered through the inverters. The upper digit bit

SELs correspondong to those of the inversion control



54 delivers bits 17 to 10 which are_equal to bits [err] “bf .t he blhary uhg;g
string Q. If the nost significant bit of @ is a value "1", the decodi ng
10 .. portion 54-1Y delivers to the SELs 54-19 to 54-16 t he- i nversi on
contL@1 data C7 to CO for inverting thyhthose of bits [err] to eo which
are l.ess than or equal to the position of the bit exhibited by the data Qe.
The ‘SELs for the lower digit bits corresponding 15 to those of the

i nversi on conda®dla ¢at aoCE0t ¥h@enWaréNnahe inRéedisIion) ddaiad s s tHwt the
inputted bits are delivered through the inverters. The upper digit bit SELs

cor r espondong inputtast ditd here nel svared ool tivbut tHebagh7 the QRwdrtdrare
non-inversion data sets so that the inputted data are delivered without
through the inverters. According, the bit inverting circuit 54 inverts
those of 5 bits [err]of the binary digit string Qc that are I ess than or
equal to the pesionddnaf the bit @ﬂﬁQﬁQRRQtﬁurﬂ@lﬁaﬁé<39Yﬁﬁtﬂo§§QQﬁ of
invert the other bits, and accordingly, delivers I7 to IO. For exanple, if
t he blnarysdlgﬁﬁﬁnq?rﬁch i 9f" tbe1 GQErYaH&Qﬂﬁa%ﬁﬁ%PQpQFsthSt ﬁﬁﬁa%ﬁﬁ%ut

of the 10 bit invert c rc 54 be 00 0 whigch r.to
t hat obt ai ne:j tﬁ{?n\;(ﬁﬁ'l ul %'hg Bpﬁé }OHI & % t e;(ﬁlbl'l.%egl IEY athe

data Qc but does not invert the other bits, and accordingly,
delivers I7 to I0. For example, if the binary digit string
Qe is "10011011" and the data Qe is "3", the output of the

(N 10 Dbit inverting circuit 54 becomes "10011100" which is similar
to that obtained by adding "1" to the binary digit string
Qc.

As mentioned above, if the result of the subtraction

15
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Q. As nentioned above, if the result of the subtraction 15 bet ween two
data Sinll, Sinl2 is positive, the absolute value arithnmetic circuit 50,
directly delivers it as it is. However, the absolute value arithnetic 3.
circuit 50 carries out 2's conpl enent conversion w thout using add|t|0d§§or

. the result of the subtraction if the result of the subtraction is negative. .

The absolute value arithnmetic circuit 50 delivers the result of subtraction
whi ch is given by 2's conpl ement conversion. |In other -words; this output

ki Ef??vem B eﬁ%ﬁﬁ?é{é@?ﬁhé T %ﬂ%ﬁ ) BOSi e S EHE %élﬁgée{ﬁet L
pr'or 1 192 ﬁ%ﬂ%&%@%ﬁt&' EHF e -t%ﬁﬁr%}%ﬂ RIVBE T B obFudh T o
comput gL hgr 2bERLULBKIY orm“%f G AYAIfEdadYobbe gaTputi ng

el enent er to pe ue conput ation, the

oI B AP i loge sty lenpRed thE
54 perfosd@1Enefi ener sudk ralctids iowie ulthof Khe subtract:.on
is negative. The absolute value arlthmetlc c1rcu1t 50
dellvers the result of subtraction whlch is given by 2's
complement conversion. In other words, this output becomes
the absolute value. Isznll - sinl2f. . S \uj
The embodiment offers the following advaptagesal- o
A single computing circuit 51 is used for_ﬁhe absolute.
value arithmetic circuit 50. The 1's complementor 52, the
priority encoder 53 and the bit inverting oiicuitrs4'are
provided for computing the absolute value of the differenoe ”
obtained by the computing element 51. In order to perform
the absolute value computation, the 1's complementor 52
carries out 1's complement calculation, the priority encoder
53 carries out the "0" bit detection, and the bit inverting &/
circuit 54 performs the inversion of bits lower than the "0“
bit.
| Accordingly, with the absolute value arithmetic citcuit
50 in this embodiment, it is possible-to reduce the scale of
hardware and to shorten the compufation time in comparison
with the conventional absolute value arithmetic circuits 10,
20, 30, and 4o0.
It is noted here that the present_inventidn should not

be limited only to the above-mentioned embodiment, but

- 12 -
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. bit Accordingly, with the absolute value arithnetic circuit 50 in this
enbodi ment, it is possible to reduce the scale of hardware and to shorten
the conputation tipe in conparison with the conventional absol ute val ue
arﬁ%pnetic circuits 10, 20, 30, and 40. It is noted here that the present

I nvention should not be [imted only to the above-nenti oned enbodi nent, but
12- -~ various changes and nodification can be nade thereto. For exanple,
the absolute value arithmetic circuit 50 can be changed in the arrangenent.

o : : " S ) L n t ki age. d

ar ?aﬁggp rrgil Pg?‘cl%gﬂlﬁf}?g%ulﬁ@dgg‘?’ gg'tfé?ﬁ%tttﬁ'?r)& icc%nc ryre i Sﬁ%%got}%%ﬁe%g r \ggtrjged nmor e
in it le. t ' I i isgted b
an ar; thiet ¢ 1951 Coamp o FHEP abkBaRel alug Al cHhERe R AR T

arrange CBE BRafdbed ¥HCE¢nkOhrtamdementen aheelednputingicipéuibesl
absolutgaeg?ug. Fu?t Er, althougﬁ the |'s conplené%tor 5£ﬂgnd the bit

invertinggi 4cghibtp4ckare baanthied chegle,dahe hardware Gixdngenght, ofhe
nunber of conponent el enments can be changed dependi ng upon a | ength of
data. Theth€0hbs@auee ¥alukcarithmetic circuit 50 can be reduced more
in its scale. Further, the computing element 51 also may be
constituted by an arithmetic logic unit (ALU) or the like.
Accordingly, its hardware arrangement can be also used for
k,/ - computation other than that for the absolute value.

Further, although the 1's complementor 52 and the bit
inverting circuit 54 have been used for data having a 8 bit
length, the number of component elements can be changed
depending upon a length of data. The logic gates may be
modified in other arrangements. Further, the logic level
should not be limited to that stated in the above-mentioned
embodiment.

As mentioned above, the absolute value arithmetic
circuit according to the present invention is composed of a
computing circuit, a 1's complementor, a priority encoder
and a bit inverting circuit. The computing circuit can be
restrained to only one. The complement calculation in the
absolute value computation process can be made by a logic
inversion process and a "0" bit detection without using an
addition process. |

Accordingly, it is possible to realize an absolute
value arithmetic circuit which has a less hardware scale ana

a miniature size and which performs a high speed arithmetic

-13 -



nodified in other arrangenents. Further, the logic | evel should not be
limted to that stated in the above-nenti oned enbodi ment. As nenti oned
above, the absolute value arithmetic circuit according to the present >
invention is conposed of a conputing circuit, a l's conplenentor, a b -
priority encoder and a bit inverting circuit. The conputing circuit can be . . .
restrained to only one. The conpl enent calculation in the absol ute val ue
conput ati on process can be nade by a logic inversion process and a "0" bit
detection w thout using an addition process. Accordingly, it is possible to
~realize an absolute value arithnetic circuit which has a | ess hardware - '
scale and a miniature size and which perfornms a high speed arithnmetic - - -
14 - operation. As used her ei n th@' erms "1" and "O' are intended as
relative ter@¥$f ating opposite binary levels. 5 . - Thus as used in

t he descripti or the clains "1" could be replaced by'"O" throughout

wi thout altering the scope of the invention.

As used herein the terms "1" and "0" are intended
as relative terus;;indicéting'0pposite:binary levels.
5 ° Thus as used in the description and/or the claims wye
could be replaced by "0" throughout”without'éltering
the scope of the invention. | " Y



* C L M S * CLAI M5 1. An absol ute value'arrthnetrc C|tcutt
for conputing an absolute value of a difference between two binary input 5
sigsal s, conprising: a conputing circuit for conputin gnha
rephe’senting the difference between said two |nput S|£HNIHI|IIIL"|ﬁmrI,ﬂII
conpl ementor for inverting or not |nvertlz¥5 fference sk gmal sin*
accordance with the state of a sign bit 1 of the di fference signal; a
priority encg%gggif searching f or the location of the |east S|gn|f|cant
zero bit in t ference signal; and a bit inverting circuit, responsive
to the state of said sign bit, to either invert only those bits of the
difference 15 signal fromthe least significant bit to the | east
significant ziero lan abseletebyalhie ariehmbyieneddeniar flasscomputihfearnce
signal un nodified so as to output a signal representing the absol ute val ue
of the differcdrseliet walusaiof | apdiffieyarice Retgeen Awabddnamzy vihpet
arithmetic circuit according to claim1, wherein the conputing circuit is a
subtract o5 3igna¥s abeemprésiAgee arithnetic circuit according to claim

a computing circuit for computing a difference signal
representing the difference between said two input signals;
a 1l’'s complementor for inverting or not inverting the
difference signal in accordance with the state of a sign bit
\~/ 10 of the difference signal;
a priority encoder for searching for the location of the
least significant zero bit in the difference signal; and
a bit inverting circuit, responsive to the state of said
sign bit, to either invert only those bits of the difference
15 signal froﬁ. the 1least significant bit to the least
significant zero bit located.by'the priority encoder or pass
the difference signal un modified so as to output a signal
representing the absélute value of the difference between
<.) said input signals.
20
2. An absolute value arithmetic circuit according to claim

1, wherein the computing circuit is a subtractor.

3. An absolute value arithmetic circuit according to claim

25 1, wherein the computing circuit is an arithmetic logic

unit .




)

25 1, wherein the conputing circuit is an arlthnetlc hogac unlt. 4.5 v »
An absol ute value arithnetic circuit substantially as herei nbefore
described with reference to, Flgures 1, 3 and 4 O the acconpanylng
dr awi ngs.

..!b_

4. An absolute value arithmetic circuit substantially as

hereinbefore described with reference to Figures 1, 3 and:4

°££§ge accompanying drawings.
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