‘REAL-TI ME MULTI PLI ERS F present invention generagiy relates to a

real -time multiplier ( h speed multiplier) for u in a5 digital signal"
processing system In general, a digital signal processing system does not
al ways deal with positive val ues. For . instance, considering a case that
an A/D (analog to digital) 10 converter converts anal-0q j.npuf-=data into a
digital signal to obtain a new value by .subtracting so-converted digital
signals, when a subtraction of A-Bis inplenented, if the value A is bigger
‘than the value B the output will be produced as a positive value, where the
output- data is, of 15 course, valid- jHawever, if the value Ais snaller
than the value B the output data will be produced as a negative val ue,
undesirably being an invalid rReAueTIMBReMULPIPLIERS S understood that the
digital code 20 data nust be able to deal wth not only the positive

val ue (nunber) but al so the negative val ue. In practice, to neet this end
~conventional di gThel pres®Entpradoesentjonysgememabby Vveelatescodm syst ens.

25 | h L . i - i de i d.
Whi ch has dedrEHE pEIRIBRLLR ThigkoLERER, BLIRTRITREY, (a0 ity & Vo€
i ndi cat® ng dh@itel shegnaldl prosesshngcsystem.positive or negative. This

code systemis divided into a part for indicating the absolute value of 30

t he code and another part for indicating, the sign value thereof. In another
system t he so-cafRegeberadend d¥sHitadofelgnal sRioceseingspystem&asse of

this code ifoto disdaydeddal wotEeRPposiiveovplieernt mEpeinstanddEi Ng
ConSIStentlgbnsidering a case that an A/D (analog to digital)
\w/ 10 converter converts analog input data into a digital signal
to obtain a new value by subtracting so-converted digital
signals, when a subtraction of A-B is implemented, if the
value A is bigger than the value B the output will be
produced as a positiVe value, where the output data is, of
15 course, valid. However, if the value A is smaller than
the value B the output data will be produced as a negative

value, undesirably being an invalid value.

Therefore, it_is:understood that the digital code
20 data must be able to deal with not onl} the positive value
(number) but also the negative value. 1In practice, to
meet this end conventional digital signal processing
N . systems adopt various code systems. -

25 In one such conventional system a signed-magnitude
code is used, which has an extra bit at the foremost of
the code additionally for indicating whether the value of
the code is positive or negative. This code system is

, divided into a part for indicating the absolute value of

30 the code and another part for indicating the sign value

thefeof, | '

In another system the so-called 2's complement code
is used. The basic principle of this code is to use the
35 concept of complement numbers. Being consistently



-2- calcul able both fogadditi on and subtraction, 1!’5 code systemis

wi dely used in general gital signal processing sy™ens. 5 I n-a
general digital signal processing system the sanme result can be obtained
regardl ess of the code system Wen; however, a very high frequency (maybe,
tens of MHz) is wused for the operating clock, the various -
characteristics, particularly the speed characteristic of 10 the digital
si gnal processing systemis strongly dependent upon the code system The
substantial digital signal processing systemcan be regarded as a

conbi nation of an adder, a subtractors 2 mrultiplier and a divider, all of
which is for processing correspondi ngly an input data code 15 (for
exanpl e, thzaktubalghe boddh fidre additionngmd withbtxratetiont hthiss aogdepl enent

code). O t ﬁ%? LralNg rnaGt: t ltd:pdy er and
t he divi der;g%%‘/@?f% %}ei op g{sléo&]ng'nggg t%heg ag'o.(alﬁlrjr'lt}lratll %}llgéra 1aﬁg’°?%§‘t§d"?’!ﬁ der
take a rel 8ys®e®siong tine. Therefore, the systemspeed is essentially

dependent upon the construction of the nultiplier and the divider. It is
wel |l known that the 2's conpl enent. code sgsten125 I s advant ageous in that

the nedative nurbRr@ geneF@lodigital Fighad ARPI/RTINTSESEERar Wife

~ consi stencysdme e ¢ hearmdsl lobtaited Fejarailidss ofmrthee coded sksttien.ul |y in

operating the nunbers. 30 Referring . to Figure 1A _and 1%,

o6 1 on (PR HOREVERY) R ERTE A FEedrrBar, THRTRes rBREAE MY | o

subtractiongX-Ysey therci ttue t appeFiafuinglBeclotk,isthe wvarious
characteristics, particularly the speed characteristic of

10 the digital signal processing system is strongly dependent
upon the code systam{' The substantial digital signal
processing system can be regarded as a combination of an
adder, a subtractor,. a multiplier and a divider, all of
which is for processing correspondingly an input data code

15 (fdr example, the straiéht code, the signed-magnitude code

or the 2's complement'code).

Of those operations of the adder, the subtractor, the
_multiplier and the divider ébove, the operations of the
20 multiplier and the divider take a relatively long Eime.
Therefore, the system speed is essentially dependent upon

the construction of the multiplier and the divider.

It is well known that the 2's complement code system

25 is advantageoﬁs in that the'negative numbers can be easily
| expressed and operated so that the consistency for both
the addition and subtraction can be used fruitfully in
operating the numbers. |

30 Referring to Figures 1A and 1B, the addition (X+Y)
' can be implemented by the circuit of Figure 1A, while the
subtraction (X-Y) by the circuit of Figure 1B. It is
accordingly noted that the difference between the above

two circuits lies in the state of the carry input terminal

35 cCin and an inverter 108 included only in the circuit of




-accordi ngly noted 't hat fphe difference between thefgﬁpve two circuits lies
in the state of the cd®y input terminal- 35 Cn ad an inverter 108
included only in the circuit of -3- Figure 1B. That is, when the carry
input signal is O the circuit of Figure 1A inplenents the addition and,
when the carry signal is 1 the circuit of Figure 1B inplenents the
subtraction. 5 According to the general theory of the binary
operation, all the bits of a binary nunber (addend) are added to the
corresponding bits of a binary nunber to be added so as to performthe )
addition. However, for the 10 subt-r act< on. of two binary nunbers, all the
bits of an addend are added to the corresponding bits of the 2's conpl enent
nunber of FhguiienaBy natiaer isq Whenultheackedy linmitod idyrzel nict i ¢etheé n

advance that,_a 2'.s _cogpl enent . nu , bi al \ di the 1's

conpl ement €154t °§ Eg%gﬁ i’?’ﬁ@ﬁé’f‘%ﬁ?%ﬁ%‘%n&%&{%gﬁﬁéﬁﬂ v'gtige%o‘lt'l-?eows; A -

B = A+ (-BprryAsigbal is 1 the circuit of Rigurx 1B implepents thenl a

(1) can ggbgggg qfﬁp as an adder/subtractor shown in Figure 2. In the
co

|
case where 2b ement codes are to be multiplied, the 2'S conpl enent
codes are divided into a 25 sign and an absol ute val ue (rmagnitude of the

code) and the aRgelord@néd! ¥ | £nell geblerdd f ithdorgNd dfhercHde Bigdry s
corrected Sepa Ao ol the biEs 0 & SR hifBe?’ ((MReHHI® ald CaN Pe T
added to the corresponding bits of a binary number to be
added so as to perform the addition. However, for the
10 subtractioﬁ of twd binary numbers, all the bits of an
addend are added to the corresponding bits of the 2's
complement number of the binary number to be subtracted. _
It should be noticed in advance that a 2's complement
number can be obtained by adding 1 to the 1's complement

15 of a number. This relafion can be expressed as follows;

A=B=A+(=B) =A+ B+ 1 coeceeernennncenn (1)

20 .- The formula (1) can be embodied as an

adder/subtractor shown in Figure 2.

In the case where 2'S complement codes are to be.
multiplied, the 2'S complement codes are divided into a

25 sign and an absolute value (magnitude of the code) and the
' absolute value is multiplied first and then the sign is

corrécted'separately.

Considering only the magnitude of the code, it can be

30 obtained by repeatedly implementing the 2's complement
addition. However, if the multiplier and the multiplicand

are the codes of big number, then the system must be
complicated to implement:the'addition; To settle this
problem, a known apparatus for simplifying the hérdware of

35 the system is used in geﬁeral, in which the apparatus



il

- 30 obtained by rep edly inplenenting the 2's erpl ement addition.
However, if the multiWier and the nultiplicand & the codes of big
nunber, then the system nust be conplicated to inplenent the addition. To
settle this problem a known apparatus for sinplifying the hardware of 35
the systemis used in general, in whith the apparatus -4- cal cul ates the

parti al Va | oyl r I ar ded again
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appar at ughe tpartizk swes anpoadded agamba@@ @ﬁ@htﬂﬁbqnxﬁqu¢h#aspeed 5

i s consi qgjaally ¢ feliced- rdEgie, | Swﬁéﬁcbaéﬁéﬁﬁo%*&%'h @}Paéﬁé&?aév.?s speed up

t he operatlon which i ntroduces a peline-structured multiplier.

Figure 3t 1% BGnWQﬁFl6HBPrtﬁﬁ§n¢FﬁHEa§b thﬂﬁl?@?ﬂ92§r4E&9?mFH?%dp|pellne

strugturqg:tdkgmaéﬂxﬁny/&édd@g@hes in the drawi ng are synchronized with
t he system cl ock. The latch circuit 301 | atches the input value X of

n-bit and the respective adders 310, 313, 317, 323 are all provided with
the carry sigmﬁenarisﬁdﬂsnﬂaséﬁiandtherﬂapparéﬁuseﬁﬁtspeedfuprthénput

por for m ERSSREHAT opdtEt s B BPCERS D te & b Hhetnee ey ST & i T cant
bi t (Lsa)xlt[mln]cmrd t Hen - m I§SB ab| tcorfventiionads pauagnictyde At the
samg ”Dm&‘\% ’tl L 3R8vEALChSR tgf?éggl téﬂ'ﬂb }xd:eThEE dip&d. t he adder

310 is atc at the JatCh circ d to the output of the
All latches in the drawing are synchronized with the

system clock. The latch circuit. 301 latches the -input

value X of n-bit and the respective adders 310, 313, 317,

323 are all provided with the-carry signal Cin of 1logic
15 low state. | I

Thereafter, if the input value Y of n-bit is latched
in the latch circuit 302, the gates 303 and 304 perform
the ANDing operation of the value Y with the least

20 - significant bit (LSB) X,and the second LSB bit X,
respectively. At the same moment, latch 306 latches the
input value Y. Then, output of the adder 310 is latched
at the latch circuit 311 to be added to the output of the
AND gate 308, at the adder 313. Thus, the output Sn, or

25 partial sum, of the latch circuit 311 becomes

.

Sn = XY, + XY, 2

Further, the partial sum Ps at the output of latch 316 in
30 this case is -

Ps = X'¥o + X' ¥°2 + X-Y, 22
In this way, partial sums are obtained at'each adder

35 and the result will be transferred to a next stage to be
added to the next adder.

Jr




AND gate 308, at the a r 313. Thus, the output Sn,,or 25 partial

of the I|at
out put of

ch circutt 3 becomes [err] Further, the #artial sumPs a
| atch 316 in 30 this case is [err] In this way, partial

are obtained at each adder 35 and thegresult will ‘be transferred t
next stage to be added to the next adder. -5- Such a magni tude
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i verintohya fadio afravicien abmagnmtudbemuntipmieercapable of
increasing operation speed by employing the principle of
the 2's complement. - -

According to the present invention a circuit is
provided- arranged to multiply 2’'s complement codes, the
codes comprising an n-bit multiplier and an m-bit
multiplicand, the circuit comprising:

- ~multiplication means for performing a multiplication

by multiplying the m-bit multiplicand by eagh of the n
bits of the multiplier; |

a first stagerﬂbf a partial sum formation means
comprising: first adding means for adding together a
first and second prodﬁct, the first product being obtained
by multiplying together the m-bit multiplicand and a
first, least significant, bit of the multiplier, and the
second product being obtained by multiplying together the
m-bit multiplicand and a sécond bit of the multiplier; ‘a
first stage of a partial sum correcting means for
receiving a most significant bit of the first product and
a most significant bit of the second product and logically
OR-ing them together; and a first corrected partial sum
generating means for receiving an output from the first
adding means and an output from the first stage of the
partial sum correcting means, and generating a first
corrected partial sum; '

a second stage of the partial sum formation means
comprising: second adding means for adding together the

n-bit

the



20 a first stage;!.}a partial sumformation ans conpri sing:

first ‘addi ng neans for I ng together a first and ond product, the
first product being obtained by multiplying together the mbit rmultiplicand
and a first, least significant, bit of the nultiplier, and the 25 second
product being obtained by multiplying to§ether the mbit multiplicand and a
second bit of the nultiplier; a first stage of a partial sumcorrecting
means for reEErsEn@onrastedspamtiakaun mnd & thiirdi predusitodtibe shdrd nost

si gni ficant pféa@étt Balﬁece,@ﬁa%géugy R f 19aiveiald yt&&théﬁ tRe hbsmt

together; and a,first corrected parti al sun1generat ng means for receiving
an output frwtthelicereg apdi AgthtEAsPaRdOENt %tﬁﬁ}t$P #2Fhe RiBeEOBEage of
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mul tiplier; econ sum’correcting For recei vi ng
a 5 nost sp@mtiabammbqenaath@qtmmspf@umecamxagn@etoutmtffmnt bi t

of the firstyoreechbnd RarLHha meHRs2AMd QitiRid Y ItHe tdePoh@USERGE: and

a second corrected partial _sim generating neans for-receiving an ouf put
from t RO se@hd tAddi Rgrhidns HHH GHEFECTRNGM ?ﬁ@%e@dﬁ’d gepgeating a

second corrected partlal sum,

g where n is a number gréater than 3, successive stages
of the partial sum formation means are provided for the
15 generation of third through to last corrected partial
sums, each éhccessive'stage being substantially identical
to the sééond-stage; and

a 2's complement correcting means for subtracting the
20 last corrected partial sum from a value produced by
NANDlng t%g .most significant bit (MSB) of the multiplier

and the[yultlpllcand.

Preferably, said 2’s complement correcting means

25 comprises:

means operably coupled to said multiplicand and said
multiplier for selectively transferring said multiplicand
on the basis of the MSB of said multiplier; and

30
means operably coupled to said transferring means,
for subtracting the last corrected partial sum from the
output of said transferring means.
35 The invention includes a pipeline multiplier having

a plurality of latch circuits and a plurality of adders,



10 of the parti al sum‘;orrecti ng nmeans and generating a second corrected
partial sum where nis nunber greeater than 3, .sudessive stages of ‘the
partial sum formation neans are provided for the 15 generation of third
through to last corrected partial sums, each successive stage being
‘substantially identical to the secondstage; and a 2's conpl.enent
correcting nmeans for_subtracting the 20 |.ast corrected partial sumfrom

"a val ue pr R AP PRI § IR T SubsEgRTiadaNt asi RerfER) de3CE Haed.
multiplier and the mbit multiplicand. Preferably, said 2's conplenent
correcting means_25 ., conpri.ses: ans operably coupled.to said

mul tiplicand and'RSi dl?r‘ﬁggitd'loi”er af%o se’-t’g%i\"g@%y Br afidfdtang signpl

mul tiplicangktaresdiendpasiysten tcempYSl ioly sai difvlitplsudistaridalQd yreass
oper ably cqupled t Ld transferring nmeans, for subtracting the |ast
correcﬁgd;hégﬁéh é%né%%%ﬁéthe out put of said transferring neans. 35

The invention includes a pipeline multiplier having a plurality of latch
circuits and a al i .Qf,..a ya Log| udi | r.Cid t
substanti al Ly a2 P 51 Beser parrspandifiy A, LBE! flvafedoh il 'eo
digital si% hedcEbsi ﬁg@ﬂ%%nﬁﬁrgfﬁ@ angpr @lﬁ_fte%bslt%#ﬂlr%mq:? as 5
herein desifﬂlﬁe%of%e%géﬂ epyURHYT sraedan@1ef, ihe tHy idsbaning -

10 diagrammatic drawings, in which: -

Figures 1A and 1B are respectively a known adder and
a known subtractor for operating 2’s complement codes;

NN
15 _ Figure 2 is a known conventional adder/subtractor for
general use; ' B
Figure 3 is a known conventional pipeline multiplier;
20 _Figure 4 is a circuit diagram of a pipeline
multiplier according to an embodiment of the present
invention; and
Figure 5 is an example illustration for showing the
25 multiplication of 5x12 according to an embodiment of the
N _ present invention.

Referring to Figure 4, there is shown a magnitude
multiplier in which the latch circuits, AND gates, and

30 adders are like the ones shown in Figure 3. In the
drawing, it is different from the conventional magnitude
multiplier in that the most significant bit (MSB) values

of the output of the AND gates_303, 304 are applied to an

OR gate 401, the output of the OR gate 401 being applied

35 to the latch 311, and that the MSB output from the AND
gate 308 and the MSB output from the latch 311 are applied

to an OR gate 402 to correct a partial sum therein. In



show how t he sanme may carried into effect, ref ce will now be nade,

by way of exanple, to acconpanyi ng 10 di agra tic'drawi ngs, in
whi ch: Figures 1A and 1B are respectively a known adder and a known
subtractor for operating 2's conplenent codes; 15 Figure 2 is a
known conventional adder/subtractor fo# general use; Figure 3 is a known
conventional pipeline nultiplier; 20 Figure - circuit

di agram ohe aSapep#RYne the (B | UtRBE of8PRg &ﬁqﬁhxﬁﬂ%eﬂPdthFhe
present i nwepté@EpulnNerbhItheé Pat&naniexaspl proviaedrabi anNAND gheei ng the

25 | t I t f 5x12 di od t of th t
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whi ch the iﬁ@@h ternihass Aﬂﬁt@ataddeﬁnmzzoof whileh stheeothke fhputnes
hown 3 In th f f t I

mont tde SEFEERRF edsl atihed o0 rbhe ' brbBnf, eeEhliag’ (qELERE FABLACL PN
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out put from he ‘M5B out put fr atch 311 are .
appl i ed tcgéﬁﬁC$2Qaﬁéd4DQetbaEGhrééﬂ Hlé&rPPaFm§&ﬁﬁﬁﬁ§F§r I'n -8- the
same way, the MSB output fromthe |atch 318 and the MSB output fromthe

| atch 319 are provided to a NANngate 322 outg of the NAND ggﬁe 322
belndiboupled tBu¥phermore, a plu allty of the sections same as

section 40a which is composed of the latch circuits 305,
-306, 311, 312, the AND gate 308, the OR gate 402 and the
adder 313 can be succe551vely coupled to the respectlve
correspondlng output termlnals of the section 40b:

15 ' L .

' Referring now to Figure 5, a specifically
illustrated example is given, in which a multiplicand X is
of 12-bit data and a multiplier Y is of 5—pit. This
embodiment shows ahqgfample of multiplying the two values

20 X and Y.

For convenient explanation, a thégry of converting
from the straight code to the 2’s complement code will be
shortly described hereinbelow. When it is considered that

25 a multiplicand R is multiplied by a multiplier F, both two




input term nals of the gdder 323 of which the other-jnput 5 termnal is
coupled to the output t& nmnal of the latch 320, sofas to correct the 2's
conpl enent codes. In this way, a subtracting operation for the outputs of
the NAND gate 322 and the latch 320 will be inplenented. 10

Furthernore, a plurality of the sections sane as the section 40a mhlch IS
conposed of the latch circuits 305, 306, 311, 312, the AND gate 308, the OR
gate 402 and. the adder 313 can be successively coupled'to t he respective
correspondi ng output termnals of the section 40b. 15 Referring now to
Figure 5, a specifically illustrated exanple is given, in which a
multiplicand X is of 12-bit data and a9nﬂlt|pller Y is of 5-bit. Thi s
enbodi ment éa n exanppl.e of nult ing the two values 20 X and Y. For
conveni ent 8¢F 4 "P%‘h bgipge %'y ‘F°EBX9BFPFn§%n t FResEiegRaaticrie to
the 2's covana&enbaaoﬁe Weklr ikt e @d |po1dends | bed herei nbel ow. Wen it is
considered that 25 a nmultiplicand Ris nmultiplied by a multiplier F, both
two -9- code val ues being 2's conpl ement codes, the respective val ues
can be rewitteR asF{ql|Bys, [ets], 5F,, F,, F for exanple F = 101001)

------ 5 (2) Q?EE] e&%ﬁbl@xaﬁpl—eio 01)191 00D, coovogzy - (3) 10

.R=-Gh_1, G-Z’_""' Gz' G1' Go )
(for example, R =. 011001) ®e e e s e o0 (3)

N~ 10
The magnitudes (absolute values) of the above 2’s
complement codes are R _
| n-2
15 [|F |v=-F_ 2" + = F2f eererece..(4)
' i—o :
n-2 '
20 IR |[v=-R 2"+ T R2 ...........(5)
1—0 )

In the above formulas, if the MSB bit is 0 the 2’s
' 25 _ complement code is positive, while if the MSB is 1 the 2’s
complement code is negative. Therefore, the values of the

2's complement codes can:be calculated as follows

30 | Fv = -2° + 23 + 1 = -23 (Negative) ........(6)

Rv = 2¢ + 23 + 1 = 25 (Positive) ..........(7)



The magni tudes (absol val ues) of the above 2's npl ement codes are

- n-2Jerr] In the ab formulas, if the MSB bi s O:the 2's 25

conpl ement code is positive, while if the MSBis 1 the 2's conpl enent code
i s negative. Therefore, the values of the 2's conpl enent codes can be
calculated as follows [err] - 10 - I'n a simlar operation to that of
Figure 4, the multiplier of Figure 5 having a pipeline structure, perforns
repeatedly the addi ng operation, as described above, so as to inplenent a
desired multiplication. If 5 the multiplicand F and the nultiplier R are
converted into the 2's conplenent codes, the values are calcul ated as
follows: n-2 - Terr] 15 where the‘[éprr is of either 0 or 1. Therefore,
in order to achieve the multiplicatioon of two 2's conp]inent codes, the
nul tipli cand F]i‘b Per?e’d%’e’cﬂli/ spexatien Q| thak ¢ of ghp}g‘%’é%l & cbBey

addi tion, cqr to the val ue of éerrg As far as,this Egr tion is
concer ned Bty % SfneFiguse S; nBaXiRgn 2 oRIREI RS orSHHEC PFﬁrght

racteristic, of the 2.s CO

d d
codes. whbRTsamns | rebeaBedRE ine SHRLRGR, MnsHaf1Rh opdRa deRERTBERG B s
conpl enentab%%e's éjc? ngeéodllfm%ﬁre%@né ré) %&Qﬂe&‘f multiplication. If

5 the multiplicand F and tpe'multiplier R are converted into

the 2’s complemeht codes, the values are calculated as

fqllows:
\-/
n-2 -
10 IR x |F = (|F) x {-R“1 2! + 3 R;2%}
: L i=0
= |F(-R_)-2"" + ... + |F-R2' + |F'R2° ... (8)

15 where the R, is of either 0 or 1. Therefore, in order to
achieve the multiplication of two 2’s compliment codes,
the multiplicand F is repeatedly added to itself, after

_ shifted at every addition, according to the value of R,.

s .

~ As far as this operation.is conéerned, it is the same as

20 the adding operation of the straight codes. However, due
to a specific charaétériStic of the 2’s complemént codes,
when operating the MSB bits, the multiplying operation.of

the 2’s complement codes becomes different from that of

the straight codes. 'Namely, if the value of the MSB bit,

25 R_,, is 0, then there is no problem in implementing the
| multiplication of the 2’s 6omp1emeht, as in case of
implementing the strﬁight codes. But, if the value of the

. MsB bit is 1, then it is necessary for the multiplier to




the straight codes. Namgly, if the value of the MSB pit, 25 [err], is O,
then.there is no probleMmin inplenenting the multipl”cation of the 2's
conplenment, as in case of inplenmenting the straight codes. But, if the
value of the MSB bit is 1, then it is necessary for the nmultiplier to -
11 - subtract the MsB bit, i.,e., 1 in this case, fromthe partial suns
added up to that tinme. According to the basic theory of the 2's conpl enent
5 code, in order to get a 2's conplenent code, the entire bits of a code
should be inverted first (which is a 1's conplenent), and then to the
inverted result is added a binary ‘1_ ;4As shown in Figure 1B
therefore, the subtraction is carried™0ut by inverting the entire bits of

10 @ miltglieand sneodfsgngily pALYI NG difakhisS G488, Olrrldi tREIC 1 1O

the carry {8 (@] Sed updn s’ principle, the correction of the

2's conpl eﬁﬁ&'qfeélﬁ _&%& L it bYim@s illustrated in 15 Figure
4, NAND ng elou puts or# t e.'atféitgﬁes 318, 319 at the NAND gate 322 and
addi ng the output of the-NAND gate 322 to the output of the |atch 320.

Her ei nbel ow, in order to consider the correction of 20 partial suns

produced by the fdRgatffg 468, tHe2basic4thecty @farte 2Md | coBplekentt o
4-bit 2's conplenment codes. That is, if the 2's conplenent codes are given
as F =s5l10@Gcuyl, R 40dér keridet a 2’s complement code, the entire
bits of a code should be inverted first (which is a 1’s
compiement), and then tb the inverted result is added a
~ _ binary 1. As shown in Figure 1B, therefore, the
subtraction is carried out by inVerting the entire bits of

10 a multiplicand’s code and by applying a carry signal of

the légic 1 to the carry terminal Cin.

_'Based.upon this principle, the correction of the 2’s
complement codes can be carried out by, as illustrated in

15 Figure 4, NANDing the outputs of the latches 318, 319 at
the NAND gate 322 and.adding the output of the NAND gate

322 to the output of the latch 320.

Hereinbelow, in order to consider the correction of

20 partial sﬁms produced by the OR gates 401, 402 and 403, an
example will be taken to 4-bit.2's cdmplement codes. That

is, if the 2’'s complement codes are given as F = 1100 and

R = 1011,

=23+ 22 = 4

25 Fv

Rv=-=23 + 2V + 20 = .5



-12- Thus, the nultiplgmation is Fx R="-4 x -5 5 5 110 0 °
[err]. For this operatiW, the nultiplier and the 2 mul'tiplicand are
respectively logically multiplied by the AND gates 303, 304, respective
out puts of the above gates being provided to the adder 310, so that the
out put added wi th each other may be produced by way of the latch 311. 25
Thus, by nmeans of using the specific characteristics of the 2's conpl ement
codes, the multiplication can be inplenented for two codes by adding the

t wo codes At this tinme, a sign extension should be nade, which is
remarked as F in the above fornmula. *h@2s~gn extension 30 can be
expressed again'1.11 0 0 [err] - 13 - [err] The result of the above
cal cul at i omhus Adgesl hwlt el fcatbomets 313 so as to be added to the

mul tiplicand logically ANDed with the second bit of the nultiplier. Then,
the MSB's of the latch 311 and the AND gate 308 are logically ORed by the
OR gate 402 and the output of the OR gate 402 is prOV|ded to the latch 316,
the output of wiEchRs -4 x =5 = 20

5 1100
xl 1011
1100
10 ]F
0000
1100
15 .~ 1100

X XXXXXXX

 For this | operation, the multipl.ier and the

20 multiplicand are respectively logically multiplied by the
AND gates 303, 304, fespective outputs of the above gates
being provided tb the adder 310, so that the output added

with each other may be produced by way of the latch 311.

25 ' Thus, by means of u51ng the specific characteristics
of.the 2's complement ches, the multlpllcatlon can be
implemented for two .codes by adding the two codes. At
this time, a sign extens_:.on should be made, wh:Lch is
remarked as F in the above formula.' The sign extension

30 can be expressed again

<+

or
. Op
(= o
(oMo
(= =)

35 - -+




«++10 [err] It is noted frgmthe above exenpl ary opera’<mu;that when the sign
extension i's made; an o¥erflow is produced. However¥ since the overflowis

used as it is at the next 20 stage and the sign extension is naturally

made, it is not necessary to correct the codes. In this way, if n-bit

mul tiplier and nmultiplicand are respectively applied to the | atches 301 and

302, the [err] 25 (least significant bit) and [err] of "the

mul tiplier respectively provided to the AND gates 303, 304 so as to be

| ogically- ANDed (nmultiplied) with the n-bit nultiplicand, the outputs of

the AND gates each being added w th- aackh other by the adder 310.

In this 30 enbodi ment, the OR gate 401 is used to correct the partia

sum produced byladdi-ng-—of—the outputs fromthe AND gates -~ - 14 - 303,

304. The outputs o 1he adile~31i0—andPabeifR game 401 are | atched at the

| atch 311. Consequently, the same operation will be repeated until the MSB

of the nmultiplier is processed. Finally, the MsB fromthe latch 318 and 5

n-bit multiplicdfhe poeselit ofirbhghabbwve lcatlcula¥li®n dise addgedatdbythdNDed by

~the NAND gate 322. Next, the subtraction between the output of the NAND

gate 33 amdder: LiA BA a¥ thde added AP he meltiplicapd chegiealby addi ng

t he above ou%futs pg means -of the adder_ 323, while carry termnal Cnis

recei vi ng 20ed, rithgthggsecend; it 2% | YheomppEipdierti ngthemyi cEhef

MSB's of the latch 311 and the AND gate 308 are logically

ORed by the OR gate 402 and the output of the OR gate 402

s is provided to the latch 316, the output of which is
10
111100 Partial Sum
+ 110000 :
1101100 ' —Ppartial Sum
15 L Overflow

It is noted from the above.exemplary operations that
when the sign extension is made, an overflqw is produced.
However, since the overflow is used as it is at the next

20 stage and the sign_extension'is naturally made, it is not

necessary to correct the codes.

In this way, if n-bit mulfipiier and multiplicand are
respectively applied to the latches 30i and 302, the LSB,

25 (least significant bit) and LSB; of the multiplier
respectively provided to the AND gates 303, 304 so as to

be logically ANDed - (multiplied) with the n-bit
muitiplicand,'the outputs of the AND gates gach being
added with each other by_ the adder 310. In this

30  embodiment, the OR gate 401 is used to correct the partial

sum, produced by adding of the ouﬁputs from the AND gates



carry termnals Cn of gahe adders 310, 313, 317. Thgmefore, as the result
of the above operati on3@a 15 mul tiplication of Rwll be

successful ly performed. I'n contrast to the above case of not requiring for
the correction of the 2's conpl enent,

anot her exanple requiring for the

correction of the 2's conplement will 20 now be taken. If a partial sum
Is for exanple a binary 11XXXX (where X represents a "don't care"), there
can exi st two cases. That is, the one is a logic 1 which indicates a

requi renent of multiplication. The other is a logic 0 which indicates an

unnecessari ness of 25

mul tiplicatiQnyg |0 practice, when the logic is O,

there is no d!fficu[ty in multiplying the codes. However, when the logic is
1, the opersy3 on3ei." aThal ldutputdNdr atNal Hader B 08! the! bRUgats

expressed as foll ows,

this m scal cul ati on

~the result if phecessedal sRimajkyatthe MSEerfiomhehei gatictor31d aha

positive to the negative,

anot her exanple is shown in :

10

15

20

25

- logically NANDed by the NAND gate 322.

‘Next, the subtraction between the output of the NAND
gate 322 and the. output of the latch 320 will be
“implemented by adding the above outputs by means of the
adder 323, while carry .terminal cin is receiving an
inverting logic 1, contrarily to the inverting logics of
carry terminals cih of the adders 310, 313, 317.
"The;efofe, as the result of the above operations, a

multiplication of F x R will be-successfully'performed.

In contrast to the above case of not fequiring for
the correction of the 2's éomplement, another example
requiring for the correction of the 2's complement will

now be taken. If a paftial sum is for example a binary

'11XXXX (where X représents a "don't care"), there can

exist two cases. That is, the one is a logic 1 which
indicates a requirement of multipiication. The other is
a logic 0 which indicates an unnecessariness of
multiplication. 1In practicé, when the logic is 0, there
is no difficulty ih multiplying the codes. However, when

the logic is 1, the operation of "a partial sum + a value

according to the characteristics of ;he mul™t 1 plier.
1 X X X X [401 ]ars Xattched ueledrsd opgeér om ihe eR¥eqeeRt Y] Okhel Bamk0
result of the partial sum operation has caused the Ssign of the code to be

inverted froperaticgatwikl berkepeated petiill the'MsBebs theOhdEtiplieer r ect
the OR gates 401, 402, 403 are used. Furthernore,

i f

1

] ve, the OR gates 461, 402, 403 again produce the MSB,
by whi &h t mehiiht t imulitdaliiganshn passest ofpbirictighd. tRef edattol t 31Bi gare 5,



~20 ~which the nultiplicand is 12 and the nmultiplier is 5. Namely, in order
to process the 2's conplenent codes, the inventive nultiplier subtracts the
out put of the NAND gate 322 of the |ast stage, which is to process the MSB
bit of the 2's conplenent code, fromthe output of the latch 320, 25 the
-carry input termnal being provided with a given logic signal to allowthe
adder to performthe subtraction. In operation of the partial sum in order
to correct the overflow, the MSB of the partial sumis logically added to
the MSB of the nultiplicand which is provided through the - 16 - AND
gates 304, 308, 315 according to the €ortsespanding bits of the nmultiplier.
Thus, the multiplication can be perforned by the process of converting the
MSB bit. 5 to be nfiltihppiedheisbexpreéssed Bal fadlpvs, opecatriding dre
enunerated by 2'S conplenent in a concrete way, other operations can be
easi |y real thed chparaorerigtiildse®fi Fhehaudtiploanting this field, if the
NAND gate 322 of Figure 4 is turned into an AND gate as existing one and
the carry 10 Cn of the adder 323 is set at "0" when one is a 2'S

conpl enent code and #hd & KeX & a straight code instead of two 2'S

conmpl enént mul'ti Pl i{c&t %o #nX he case where MSB is corrected in the digital-
si gnal processor. consequently, the above-described enbodinent
is effective in th& L& e a correct calculation of 2'S conpl ement code
and achi eves hi gh-speed operation, nmaking it possible to calculate 2'S
compl ement . whi CR! SIS SkhhErLlobl® FXAR LAY PERLVE BBARLLYLR, Mdd P! T er

10 result of the partial sum operation has caused the sign of

the code to be inverted from a “negative number to a
positive numpgr. In order to correct this miscalculation,
the OR gates 401, 402, 403 are used. Furthermore, if the _
result of the partial sum operation inverts the sign from
15 the positive to the negative, the OR gates 401, 402, 403
again produce the MSB, by which the multiplication can be

.accomplished.

Referring to Figuré 5, another example is shown in

N 26 which the mﬁltiplicand”is 12 and the multiplier is 5.
Namely, in order to process the 2's ;omplement codes, the

inventive multiplier_subtracts the output of the NAND gate

322 of the iast“stagé,'thchiis to process the MSB bit.of

the 2's cémplement code, f:om the output of the latch 320,

25 the carry input terminal being provided with a given logic
siénal to allow the adder to.perform the subt:action. In
operation of the partial sum, in order to correct the

overflow, the.MSB.of the partial sum is logically added to

the MSB of the multiplicand which is provided through the




20 correcting the m of partial sum and M5B of multiplying,.
nunber. Wiile a prefer enbodi nent of the invent has been particularly
shown and described above, it will be 25 under.stood by those skilled in
the art that nodifications in detail may be made without departing.fromthe
scope of the invention. CLAIMS: 1. 16A<circuit arranged to nultiply 2's
conpl ement codes, the codes conprising an n-bit multiplier and an mbit 5
nul tipli cakhi gh@'e@i r304 1 GOAprixigacecutdipgi tat itdre neameggbna%tgorm ng a

mul tiplic t Is e ach of thé n bits,
of thg rruf%jf |er E% thl)é gg'legta e c'i# gl%{aérﬁﬁd }#?g?’?rﬁtfzﬁﬂ R€ans
conprlmlufeerFm%@ hyvidthg nnaquSOpfaQangrtogqthhe ¥SBi bdtt.and second

product, the first product being obtained by multiplying together the mbit
multiplicand_ and a 15 first, least significant, bit of the multiplier,

and the second ‘H‘B%‘é‘ih bEhﬁgaéﬁﬁ’ﬁl fegmy ﬁ%Tw]ﬁg QRREATEeNS haret bi t

Cnul tipli ceendnﬁémh‘@e@emndzbst cRinpileaent tip! aelcoRcfétat w<;,tyage ehep Partial
neans receivij ni ficant bjt_of ﬂ ?lrst

t
oroduct amPIRC TR AR P8 F3F LLR T ER FLERS (e Seon et bbedt Lantheogi cal 1y
" OR-ing thent cgetdreing artdis fiebd, chf rees eNRNmIgate 3220 gENPighr894 MeANS

for recel g @b a4 PHEo! AAMMIBC gLk oA 4008 TP U K LU B4 rom the

first stage
10 Cin of the adder 323 is set at "O" when one is a 2’S

complement code and the other is a straight code instead
of two 2’S complement multiplication in the case where MSB
is corrected in the digital signal processor.

15 Consequently, the aboveFdescribed embodiment is
effective in that it makes a correct calculation of 2‘S
complement code and achieves high-speed operation, making
it possible to calculate '2’S complement, which is
impossible in the known pipeline magnitude multiplier, by

20 correcting the MSB of partial sum and the MSB of
multiplying number. '

B While a preferred embodiment of the invention has
been particularly shown and described above, it will be

25 understood by those skilled in the art that modifications

N~ ~. in detail may be made without departing. from the scope of

the invention.




“parttal sum correctin ans, and generating a figmst 25 corrected
partial sum a secend ge of the partial -sumfo tion means conpri sing:
second addi ng neans for adding together the first corrected“part+al—Sﬂﬂtand

a third product, the third 30  product,;bei ng obtained
together- the mbit multiplicand and a tlhl rd bit of the L“H H cond

stage of a %8l sumcorrecting neans for rece|V|ng
bit of ttma%ﬁ?‘%rﬁroduct and a nost significant bit of the first corrected

partial sum and 35 |l ogically ©OR-ing themtogether; and a second corrected

parti al suragenﬁratreqlrteeaeafn%dreeelmulraﬂ? ozﬁ@teortﬁpé&éﬂe &84egd adding
nmeans and output fromthe secpond stage of, the parti al sum

correcting nSoLG§ d@ﬁ@?ﬁ%?h@gaa§bc%n51EoFW@€FéﬂJﬁ%Rt?%? & BwRdke n is

- a nunbey gnaeltiplbeand, tHecessewetstagpeibingeof the partial sumformation
means are provided for the generation of third through to |ast corrected
partial suns, each successive stage being substantially identical to the

second st age; amdlﬂﬁplicatioa.ﬁéansoﬁ@tqmentormimgoaimuﬂt&p&&cét&on

subtracting, d p a u o] y.. NANDi ng
t he nost si d}nlhlﬁl %gﬁt’lggf‘a ﬁé%{ hui#%f]’#g}"g an a&’i gfq g‘ﬁ}éc)and 15 -
2. A mnwhmtsa%%d¢@$ﬁgulblp a¢n11 mhereln said 2' s conplenent correcting
nmeans gPnpri ses; neans operably. coupled to said nultiplicand and said

a first stage of a partial sum formation means
comprising: first adding means for adding togethef a
first and second product, the first product being obtained
~r by multiplying together the m-bit multiplicand and a
15 first, least significant, bit of the multiplier, and the
second prodﬁct'being obtained by multiplying together the
m-bit multiplicand and a second bit of the multiplier; a
first 'stage of a partial sum correcting means for
receiving a most significant bit of the first product and
20 a most significant blt of the second product and logically
OR-ing them together; and a first corrected partial sum
7 éenerating means fdr receiving an output from the first
adding means and an output from the first stage of the
partial sum correcting means, and generating' a first

25 corrected partial sum; | '
_ a second stage .of the partial -sum formation means
comprising: second'addinglmeans for adding together the
first corrected partiai sum and a third product, the third
300 product being obtained by multiplying together the m-bit
“multiplicand and a third bit of the multiplier; a second
stage of a partial sum correcting means for receiving a
most significant bit of the third product and a most
significant bit of the first corrected'partial sum and
35 logically OR—ihg them together; and a second corrected
partial sum generating means for receiving an output from
the second adding means and'output from the second stage



mul tiplier for selecti y transferring said nmulti Ilcand 20 s
of the MSB of said nul lier;- and neans operably g“"
transferring neans, for subtractlng the | ast correct mmr W’!ﬂ
output of said transferring neans. 25 3g _ A circuit SubStant ma '
herein described with reference. to Figures 4 and 5. 4. A pi peline

mitiplier draving d;”%ﬂﬁ{é‘i S cbBLEle Mg il LhhNdeRePLLIAL ! aﬂm

adder s, i NC Crrcuit accordingto any o e’prece
5. A d|gﬁﬁ&OanQﬂﬁﬂeq#Qﬁmﬂﬁﬁﬁﬁﬁ%yﬁvéhrconprlsrng a circuit according to
any of clains 1 to 4. 35

where n is a number greater-than'B, successive stages

5 of the partial sum formation means are provided for the
generation of third through to last corrected partial
sums, each successive stage being SubStantially identical

to the second stage; and

10 a 2's complement correcting means for subtraéting the
last corrected partial sum from a wvalue produced by
NANDlng the most significant blt (MSB) of the multiplier

it
and theLmultlpllcand

15 2. A circuit according to claim 1, wherein said 2’s

complement correcting means comprises;

means operably coupled to said multiplicand and‘said
multiplier for selectively transferring said multiplicand.
20 on the basis of the MSB of said multiplier; and

means operably coupléd to said transferring means,

for subtracting the last corrected partial sum from the
output of said transferring means.
25 ' '

AN 3 .
reference to Figures 4 and S.

A circuit substantially as herein described with

4. A pipeline multiplier having a plurality of latch
30 circuits and a plurality of adders, and including a
c1rcu1t according to any . of the precedlng claims.

e b Al At

5. A digital signal p#qcesSinq system comprising a
circuit according to any of claims 1 to 4.

35




