2230122 DI G TAL WORD- SERI AL MULTI PL% %RCUI TRY This invention is rel ated
to circuitry for producing the scal 2) Rk Df2¢wo binary nunbers.
Frequently in digital signal processing systens.t is 5 Tecessary to
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factors in the form of sines and cosines to produce appropriate
color vectors. The fractional values representing the sines and
cosines are typically provided by memory circuits programmed
to provide the sines and cosines multiplied by 2R where R is

25 equal to the number of bits that would be used to represent a _
fractional sine or cosine. The multiplied sines and cosines are C
thus provided as whole numbers which are then utilized in the
correction circuitry. Note however, that if a fraction of X-bit
precision is placed in floating point form to multiply a whole

30 number of X bit precision, the product will be a 2X bit number
before proper justification and truncation. Thus, regardless of
whether or not an X-bit fraction is placed in floating point format
for multiplying an X-bit whole number, typical multiplier circuits
provide 2X-bit products.

35 Pursuant to the principles of the present invention, a
multiplier is provided for multiplying a whole number by a
floating point fraction and producing a properly justified and
truncated product of precision equal to that of the whole
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nunber, utilizing circuitry sinplifigd relative to that of typica
multiplier circuits. Illustratively, the novel nultiplier may conveniently
be used to generate the product of a first nunber tinmes -an X-bit 5 second
nunber, which product is scaled by 2-(X-1). The present invention is a
word-serial multiplier including a first |oop responsive to a |oad pul se

for 1 02ChidbRe PR Bhioufil { sithbAliedFRlafivE fo! RROBE WRicA = SyStem

cl ock, for producing, ,as cont ses e bits I'plier sanple
10 |n “a madtiphies Fﬂmlﬁest S|gn|f|cant bit first to least significant bit

laﬂ lAsecond lOf)nlﬁﬁgmvsl wetlke hltseel!t andliplier mgdscoaxmmhdl | -bit

mul tipli e and. r 0 e e rOVI a sequence
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T e O e b o oL pul see. bacaes
subsanpl es t hat oc@ﬁg @6‘% 8‘? &@I}aléft Q “(y)‘ﬁt(‘# g?ﬁgﬁlrg'gmé@%rsanpl es which
are 20 ingluding Byfirstelopp iregponsiveito ar toadpulsel foo leading @ circuit | oop

i ncl udi emﬁtmhm ief Namplemaiy &Qfg&d&iéé”mef fémActoeR! ator is

reset to zero onsive to es and I‘OVI es a product after a
pr edet erf@rnBEQ Sr asf CPHE'OQ iﬁeﬁultg%sb“%fpfn thé ' mu luplier 1is a

vaveor nindiaagéquende FROMC neobts signiificamd bid Tirst wov téant nﬁguiﬁéaﬂt in
descri bi n? %hf invention. FIGURE 2 is a bl ock diagram ol exenpl ary
mul tipl itél Stcui t ry enbodying the invention. FIGURE 3 is a bl ock diagram

of a further enbodAnsetorRD loop responsivento cthe loadUpalse ileads @artial di agram
of an aldeniRiine ERIGHIERRE_ Qsmg,w%{.,a PHBlorIVE Wl g SyBaR © Structure

of the presen gen rating scal ed
product Fleckpprevidesda sequenaed@f apétﬁ letehit S&hﬁﬂmﬂ ese.¢pch bi nary sanpl es).
They gar tgybsanipleUdrAespondeRg Nté Othe hanipliand Ssampléiuadr ant wherein

successively divided by two.

A gating circuit coupled to the first and second loops,
and responsive to the control pulses, passes subsamples that
occur concurrently with a control pulse. Subsamples which are

20 passed by the gating circuit are coupled to a third circuit loop
including an accumulator for summing the subsamples. The
accumulator is reset to zero responsive to the load pulses and
provides a product after a predetermined number of the clock
pulses.

25 FIGURE 1 is a waveform diagram of selected sample

- and clock waveforms useful in describing the invention.

FIGURE 2 is a block diagram of exemplary multiplier
circuitry embodying the invention.

FIGURE 3 is a block diagram of a further embodiment

30 of the invention.

FIGURE 4 is a partial diagram of an alternative
embodiment of a multiplier circuit.

The basic structure of the present invention is a one
quadrant multiplier for generating scaled products of pulse code

35 modulated (PCM) samples (e.g., binary samples). The particular
quadrant chosen for discussion is the quadrant wherein
multiplier and multiplicand are both positive. Other quadrants




mul tiplier and nmultiplicand are both positive. O her quadrants 2 may be
chosen with mnor nodifications to the circuitry to be described. The
systemis a word-serial system which in the context. of this disclosure
means that the PCM sanples to be 5 nultiplied (rmultiplicand and nultiplier)
occur as parallel-bit sanples at a predetermned rate [err] but the
processi ngmay bechhesemp|withsminof onodifications itvethe eicuigynp tke e.g., the
nunber of Jl’é.*:énbada rTLI|tI pI ier sanple. In FIGURE 1 the sanple rate is equal
to the frequency of &E nal .Lp. The, periods of the 10 nultiplicand_
sanpl es A are indica £ 1§|%1‘H8r‘!ﬂsﬁﬁﬂk systeranwhich jerthed of the

nul tipli ercomaxt eff dhis disclosuredmieans hhat i thien POMOSH ld% to/péyst em cl ock

or oces3i ndAuife ajg\“iwﬂ%a@ﬁ s F%#ﬁapﬂ érbhég‘é'sé? gl e et
(0]

havi ng ni rﬁ? edetermined, rafe. Fnbyt cthespregessing ofoeachi dth of the
mul tiplier I n S va plier
sanpl es ha§/e ??sls&f f‘m@ﬂ ﬁe%u*egn ka‘r:r%btL \?Eg a eetlis'% W éf per

sanpl e per in G““mp fer samp ef | thersample rrate d's FequakE br oad

arrows i ndiocthe fpaqlwncgl ofothsesigm:h ssdhe peﬂodgcufath&l ash through a bus

bus. RAI' [‘ﬁﬁ“ﬁéﬁ'ﬁi%ﬁ‘@ssﬁ He, ﬁﬁ &flefl; bin el diRis MoeRAE! shoany "o
an i nput déhdbei period. ofuthe phuhlpitbtsaampées axe mdicaw ibyd theom a further

source (NQimedPBlbck® "@r. i nput connection 20. The nultiplicand sanples are
coupled to aﬁt?rc}l}ft el‘ement 22 wherein they are rrultlplled by the factor

2. In this discussioft system elockqEe is shownin WUR@ i erwblnh clocki pl i cand —
sanpl es arig ufilize@ tdiiMApenictTEhe némﬂ%ﬂ Ucéési 'e&bhﬁﬂ&*f’” of

o THE3sahueTonty ol phe svelim crlogks ERcls S“'d{w #18 BRBoARserting o
zero at t Iperl mplesmgmdd caMhi®idonstrafs phei bitowidthh ofi ie e 2 el enent 22 is
a hard w rhdiepiier $hbdp1€§ (3" BeChind® St {es8" Alternatively, if the
multiplier samples have N bits, the system clock must have at
least N cycles per sample period.
20 Refer now to FIGURE 2. In the FIGURE broad arrows
indicate parallel connection busses. A diagonal slash through a
bus with a number adjacent the slash indicates the number of
connections in the bus.
Multiplier samples, B, are applied from a source (not
25 shown) to an input connection 10. Multiplicand samples, A, are
applied from a further source (not shown) to an input connection ~
20. The multiplicand samples are coupled to a circuit element 22
wherein they are multiplied by the factor 2. In this discussion it
is assumed that both multiplier and multiplicand samples are in
30 Dbinary format. In binary format multiplication of samples by
the factor two is accomplished by shifting the respective bits of
the sample to one position of greater bit significance and
inserting a zero at the least significant bit (LSB) position. In
Figure 2 element 22 is a hard wired bit shift of one bit position
35 of greater significance.
The multiplier samples B are coupled to one input
port of a multiplexer 12 and the two-times multiplicand samples
(2A) are coupled to one input port of a further multiplexer 24.
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- 3 5 of greater.significance. The nultiplier sanples B are coupled to one

i nput port of a nmultiplexer 12 and the two-tinmes nmultiplicand sanpl es (2A)
are coupled to one input port of a further nmultiplexer 24. 3 When t he

| oad pul se signal Lp is high the sanples 2A and B are | oaded into
respective system processing |oops by the multiplexers 24 and 12. One | oop

conmpr i sesyhér dhel lead Piflse MgndPLpis highthe safipRECDIS ahfl B14rd8. El enent
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i npu‘f“ of miultiplexeds D&l abide lrmst significant bit connection is utilized as a

ate control signal _ L Chlkt 0 and 10
32. El errent 18 |gs Q%rllg%g arr genemec\?\ﬂ @lg%gft@aq%ﬁhgbbﬁ of a-
sanpie t elegnents d4pandi 18n cElegmétM isi merelynia wwmga aepngationg an LSB
posi ti onwiivh nelifniagted YRé umosvm nifli@adtoaﬁ reahaec idn! %meflﬁ“i{ﬁs 14,. 1atch

16 and el enent .18 e confi | osed t he t exer 12. 1
5 The sSAPRECtng e@“ﬁPl‘l“o%l(}lhﬁLe I@Bﬁlﬂﬁgx@f rteuﬁ!ﬂpéﬂ\éﬁf cﬁfngﬁ? hi?t‘l’lbop by the
:atcﬂ 1616hi (The mostosignifidant bét Toahectioh dskufilized adscla gﬁtcmay be g Elhtype
atch w ul-at S an e
system CFQ%{IQEIS%{A@ b} E‘ﬂgdg%‘l%?s% rf?’ﬁg‘l ﬁl\?pﬁﬁﬁDﬁ}%Hgse%@rP“&erl od of the
systldin cB23ck ElsmenthéSZIB a swininige aprangenientuwhichl shiftsnallt the bitsp, and a

| esser s t 5{\@3 t that the bits
of a sa bFrH 'aﬁgﬂb fromﬁ/’g i¢h (?g et tesslhgﬂtg%cégéf ¥] B6, Bl , Bo.
Wen t head én|L rEQsm@&d%VthB ze18 IVGB&- bit [err] is in the MSB

posi tion and appl | Shes theclemd pulSe is Slow\akldment 14, Hﬁtcﬂ\lfmlahau' ts 30 and

32. b of , t,h B7

the noB Sl 18 B TR i?@ﬁcﬂps&t@n& e iabRer 2 orat oo o
i n FISGUREhe sdmple r&tlmdedemsteqtlnscbopf is airdudated: around: fther bopoupl ed to
control bheNRicch” £ WBidh 54 MoHEAP Y e SR Glofic FE! ' Rdfon The second

| oop CO”P I ses rru B
may be a D-type latch with the circulated samples B coupled

to its "Data” input and the system clock signal coupled to its
"clock" input. During each period of the system clock, Fc, the
20 sample B is circulated around the loop, and a lesser significant

bit is moved to the MSB position. Assume that the bits of a
sample B, arranged from MSB to LSB, are designated Bg, B7,

Bg,...B1, Bg. When the sample is first loaded into the loop, bit Bg
is in the MSB position and applied as the gate

25 signal Gs, to the AND circuits 30 and 32. During the next

i subsequent period of the clock signal Fc, bit By is in the MSB

position and applied as signal Gs. The row of symbols designated
Gs in FIGURE 1 illustrates the sequence of sample bits which are
coupled to control the AND circuits during respective clock

30 periods. .

The second loop comprises multiplexer 24, circuit
element 26 and latch 28. Latch 28 may be a D-type latch
clocked by the system clock Fc. Element 26 is a wiring
arrangement which shifts all bits of the sample 2A to one bit

35 position of lesser significance. This bit shift performs a divide by
two function. Element 26 may be arranged to either precede or
follow the latch 28. If element 26 is located after latch 28, latch
28 need be only an ‘N-bit latch rather than an N+1-bit latch.
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el ement 26 and latch 28. Latch 28 nmay be a D-type latch cl ocked by the
systemclock Fc. Elenment 26 is a wring arrangenent which shifts all bits
of the sanple 2A to one bit 35 position of |esser-significance. This bit
shift perforns a divide by two function. Elenment 26 may be arranged to
either precede or followthe latch 28. If elenent 26 is |located after |atch

28, "1 atch 28 need biygnbyyibldbidt shities " dfees c{]diﬂiédarhréﬁif\gb'tﬁe'awh 4
a

The nul tiplicand sanples a t aroun con d th
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Cs exhi bi ihe Rafi depﬁéﬁueadbyoms muwiﬁexerm aregicoupted Vil the and provi de

zero valu en th t th

pr edet er é%(g %Ebgﬁraé%gﬁn@i g“ t§fa’t°h§%Déikﬁsl§ﬁp égo |§

C?UFEéﬁAtAl\H)f cnre![nts POt aneb 32 qx’asarthaduarvalnesumupled twhaheirt put connecti on

0 e | a té‘:{lﬂb lq0f th

adder 40'\RF§EE # lfta" E?ﬁﬂ%ﬁgs ée‘?etlhg l’aye's'?ﬁﬁﬂp!j I N it}tfSI pgrt ofe t he

cl ocked |amd¢tmnme|del@gn<=pl§tatporqgef Qgi¢ cong sV vepaad 1P§°Y 28Ut port of

an AND ci 651%& when fife Zate OsigRal GPréxhibits e 16 glgé(sm@uup pasité heoupl ed to —
&

a second in oft ,of t%]ii er 40. The adder at 2 d. AND t
38 form aP¥ %‘p m&'&'cﬁﬁ"‘"at gfh%lquf cofpec the [ﬁgpd' %a{],lﬂhdl ti glmragiuiz)y

the $isgnaB0Llis wupledn té e firsc unpuatprm foé‘eatbaadderompcmmﬂ he’rl‘hby

reinitial h &ﬂ.gf pl Nto the

system (dﬁﬁﬁ’ﬁ‘é ?%@ puI ses‘?é Aﬁ %dég??ﬁg%@ﬁg?or su% eq ent periods

of the syinpah terouna 'nfethP Hehes DutPets agdexcis 24 are
coupled to the input port of the clocked latch 42 the output port

of which is coupled to the input port of an AND circuit 38. The
20 output port of the AND circuit 38 is coupled to a second input
port of the adder 40. The adder
40, latch 42 and AND circuit 38 form a typical accumulator
circuitt. The AND circuit 38 is conditioned by the signal Lp to
open the accumulator feedback loop and thereby reinitialize the
25 accumulator each time a new sample is loaded into the system
(during the Lp pulses) and to close the loop for subsequent
periods of the system clock.
The N MSB's of the samples from multiplexer 24 are
coupled to the N LSB positions of the input port of the adder 40.
30 This connection performs a further division by two. The sample
values coupled to the A input port of the adder for each clock
period are shown in the row of values of FIGURE 1 labeled AIN.
Note each of these values is a product of a fractional A sample
times a bit value (one or zero) of the B sample. The sequential
35 output values provided by the adder circuit 40 are shown in part
beneath the row AIN. The output values provided by the
accumulator, i.e., latch 42 are the same as the output values
provided by the adder but occur one period of the system clock
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coupled to the N LSB positions of the input port. of the adder 40. 30 This
connection perforns a further division by two. The sanpl e val ues coupled to
the A input port of the adder for each clock period are shown in the row of
values of FIGURE 1 | abel ed AIN. Note each of these values s a product of a
fractional A sanple tines a bit’ val ue (one or zero) of the B sanple. The

I 40 h
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fﬁgp!;nuin@mﬁieﬁ Qathp lbsre&rre( TpositiveSealued 501?8/ 3RO twd%Picothp nem&wel eme\r/]ter ; olr];n
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va: ues |samg@monutpeet vabids2 36 fromA A tinresz255/256a¢0 Af ttﬂmezgwut put sarrPIS
val ues i S e represente
by the s?f?é:ﬁ %6 ﬁ%ﬁ% Gﬁ%%bﬁrgsk Wésﬁﬂgﬁeg? @gﬁdﬂ? &B-f%ﬁ%‘f‘ There]l‘oore t he
adder 40samplehvalmeady and thuscoan bs repeesemied by bihe samecity no greater

t hart @ hahuftibdBf bl | 84 i@ thulhiplichd Hdshble t&esql{@rﬁfﬂi@t Shg! e provi ded

o ovi a0 S99FT Al 185 L AR AND Ry 38 mees s an Ol CARBSLE corr upt

1Hcap ‘F‘§)§ corrupting
t he procass grdktenrthannﬂiatfoﬁtthe emultiplicartd. GURE tRe CFIGURE ytheget he

e Lkﬁ?&?@#ﬂ%ﬁﬁe?& kﬁ%ﬁéﬁ% "Gt A, e By 6, BEGoRPhateR ol at g
partial peralMSE oft the sample4B. andet@ provisie overhens toypreciudat e 32
reprlgenfélmrrﬁ{rq ?dg{, ﬁ){ dfhﬁﬁfgev § o‘dgtﬁe Iggldded as a carry I nput

provi des a roundin unc he carry-in
prevents truncati o rORSIan |2 QIEC‘& s the ciose to

the propgpplieatibh 66 thBeLSBeQJifStlﬁﬂ nditiplivafdnierthef cdiry Sinput 86  provi de.
the accumulator adder. AND gate 30 provides a
divided by 2 and truncated partial product to the adder 40. The

20 LSB provided by AND gate 32 represents the remainder of the
division, which when added as a carry input provides a rounding
function. The addition of the LSB by the carry-in prevents
truncation errors. The accumulator result is always as close to
the proper result as the precision of the number of bits can

25 provide.

Referring to the lastmost product in FIGURE 1 it is
seen that the number of bits in the multiplier sample B is 9 but
the product is divided by 28. Therefore, if the multiplier sample
has m-bits the system of FIGURE 2 performs the function

30 AB/2m-1,

Note further that if the multiplier sample B has fewer
than 9 bits, the affect on rows Gs and AIN in FIGURE 1 would be
a substitution of zero for lesser significant bit positions. For
example, if the samples B are five bits wide, each box in rows Gs

35 and AIN having bits B3, B3, B; and Bg would become zero
valued. The output product will equal AB/24 = AB/16. It does
not matter that the number of bits in the samples B are less than
the number of system clock periods per sample. The only
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Referring to the lastnost product in FIGJURE 1 it is seen that the nunber of
bits in the multiplier sanple Bis 9 but the product is divided by [err]
Therefore, if the multiplier sanple has mbits the system of FIGURE 2
performs the function 30 AB/2m|. Note further that if the nultiplier
sanple B has fewer than 9 bits, the affect on rows Gs and AINin FIGIRE 1
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det o]
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fronrst héamnlﬁﬁp&@ﬂ the waluph Fgrfé&ﬂt %&S}ﬂltqdr |tht=eappmpmalp I n FI GURE 3
sanpl es qfolaritg! t [P FIGURE 1304 w@f i\malt?plmcl I enenting

ol
f th I toacontrol
ﬂ]{)ﬁ?l :e%‘? ﬂ?ﬁ@%qn Hlt 3 ‘Bﬁ%ﬁ’[‘] nﬂr?:'flf éﬁt esfb‘&?sa Sop&e o€ gn bits of
t he i nputinput sampies care atm coupladmatar@pmmlcmpu@%mﬁmlte ofie pol a{l ty tv
f e inpu por
50 of ¢ e, CopIEmeRtiflgPEREER. ! RedrtiRive) 13 & I&\“pﬁ@""’ st fupils "B
appl} &d Samp Eém:lhénﬁﬁm gm@mm tCIMIWﬁQ:Hnwpﬂm pdnpityésoe of si ngI e

polarity de‘gatlva@UtsaﬁiblB@Chh&np&&besz%alter d osmveTQ gof the
?g?c CII‘C |ncumg AND gat es

| | Al
fsslélggﬁd gg es gﬁf @f6§’°a%ﬁﬁw§g§cc’é¢m&'m .t rimijar Yhé slpipliess  OR gate

68, mput slgnal B’ is applied to a complementing circuit 62 which
provides samples B of single polarity to input connection 10.
20 The sign bits of the signal samples A' and B' are
coupled to logic circuitry including AND gates 64 and 66 and OR
gate 68. This logic circuitry, at the output of OR gate 68,
produces a polarity control signal having a logic one state
whenever the samples A' and B' are of opposite polarity and a
25 logic zero state otherwise. The polarity control signal is loaded
into a latch 72 at the negative going transition of the load pulse.
Latch 72 stores the control signal for a period equal to a sample
period and which extends over the interval where the multiplier
output signal is valid. The stored polarity control signal is
30 applied to the control input terminal of a further complementing
circuit 74. Complementing circuit 74 is arranged to pass output
products from the FIGURE 2 circuitry unaltered when the
polarity control signal exhibits a logic zero state and to
complement output products when the polarity control signal
35 exhibits a logic one state.
FIGURE 4 is an alternative arrangement for a portion
of the FIGURE 2 circuitry. In FIGURE 4 the first loop for
processing the multiplier samples B is replaced by a parallel-
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produces a polarity control signal having a | ogic one state whenever the
saples A and B are of opposite polarity and a 25 —logic zero state

ot herwi se. The polarity control signal is |loaded into a latch 72 at the
negative going transition of the |oad pulse. Latch 72 stores the control
'signal for a period equal to a‘sanple period and which extends over the
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out mlﬁt cmﬂmﬁngngamlél;e%gdt rmbﬂ:mctilbfncsl??ﬁesp@nding:am thet sx??;eeoﬁgreleego
{0, L BHIAEI bR off AL 8t 0 i iRl US I ging P oL ve ¢
one posi¢tircwita30. eRegister 180, mﬁomsmeodhehsymcmﬁlmktﬂm clock Fc. The
most sequentially shifts the bits loaded in register 80 to one position
of lesser bit significance each period of the clock Fc. The most
20 significant bit position that is vacated by the shifting operation is
conditioned to exhibit a logic zero. Operated in this manner, the
shift register 80 performs a divide-by-two function each system
clock cycle. '
The output connections from gating circuits 30 and
25 32 are coupled to circuitry similar to that illustrated in FIGURE 2.
b Note that the circuitry of FIGURE 4 is conceptually
simpler than that illustrated in FIGURE 2; however, the FIGURE 2
circuitry is preferred because it is more parts efficient and more
readily realizable in integrated form.
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20 significant bit position that is vacated by the shifting operation is
conditioned to exhibit a logic zero. Qperated in this manner, the shift
regi ster 80 perforns a divide-by-two function each system cl ock cycle. The
out put connections fromgating circuits 30 and 25 32 are coupled to
circuitry simlar to that illustrated in FIGURE 2. Note that the circuitry
of FIGURE 4 is conceptually sinpler than that illustrated in FI GURE 2;
however, CRAIMSYRE 2 circuitry is preferred because it is nore parts
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| ast; second nmeans firspanedns: respomsive |toadaid.lead spylisel sigmal | fordi ng a
sanple A, L ent i I ' vEdi ng a
seqguence %‘%@“ﬁ%@@% gég%lﬁgirgmigé;ité g@ﬁpﬁﬂgmsgg%ksgé\;e*-& di vi ded by
two; thirproyading b gategsignak gogrespeadingrdana, sequencespb ity oft o sai d gate

si gnal exddifli §ample Drﬁﬁ@cﬁééﬂdiﬁﬂ &id¥reof csﬁgmhae fromn LMSPffissti d
sequence OfLﬁgﬁ et.s corresponding to said sanple A successively divided by
t wo; f our th §s,'coupl ed to said second neans and responsive to said gate~

si gnal exhibiting ssecomt arieans mespohsivetw shid loadspulset lségmalr for

oI oot oo SRHEE, Ghq "ot Y B eibck Mgk
for providing a sequence of samples corresponding to said
sample A successively divided by two;

third means coupled to said second means, and
responsive to said gate signal exhibiting a predetermined state
for passing the LSB of said sequence of samples corresponding to
said sample A successively divided by two;
fourth means, coupled to said second means and

responsive to said gate signal exhibiting said predetermined
state, for passing the more significant bits exclusive of said LSB
of samples of said sequence corresponding to said sample A
successively divided by two; . | ~
' -adder circuitry, having & first input terminal and an
output terminal coﬁpled via a latch responsive to said system
clock signal Fec, to configure said adder circuitry as an
accumulator, said adder circuitry having a second input terminal
coupled to said fourth means with said more significant bits
coupled to lesser significant bit positions of said second input
terminal, and having a carry input terminal coupled to receive
said LSB passed by said third means, and wherein said
accumulator provides a scaled output product on the occurrence
of said load pulse signal.
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successively divided by two; -adder circuity, having first input term nal
and an output term nal coupled via a |latch responsive to said system cl ock
signal Fc, to configure said adder circuitry as an accumrul ator, said adder
circuitry having a second input termnal coupled to said fourth means with
said nore significant bits coupled to | esser significant bit positions of
said second input termnal, and having a carry input term nal coupled to

recei ve said LSB pggseﬂhé);ehscgji t §de BortR3iS Claid !\mpgi.ansg*g accunul at or
provi des a si:alﬁd out put ?ro ¢l on,the joccurrence of sald Toad pul se
si gnar . sample: B censistsyof gm bits gnd slazld freumulator : provides rssaled in Ol aim 1
wherei n gatphes proliacB euil sic ARV syigd Maidhdd ovi des
scal ed oué!ottﬁ*[ éﬁgduct %ggjaqlpét AB/ errJ where A an?ggpié?reggeﬁe t he val ues
of sanpl ¥&'UKSaAY BMRRESely | & r§§£q?¥é ¥rcuitry set forthin daiml
wherein said first means conprises: a nultiplexer having a first input
termnal for receigin i | £.,B Vi n . SegQ | put. .L.erm nal and an
out put term nal; agé|g@§§é§?§§§ﬁ ﬁgVFﬁgﬁi%bgyggﬁdfdﬁﬂﬁhﬁgt%?hinals and
responsiﬁéStt dNCANY CYMPEIBCS! ock Fc for storing a sanple applied to its
input termnal; fift ﬁlﬂfﬁﬁl@x&aﬁh"ﬁ(}é @Lﬁrﬁnﬁlﬁ“t i@yt i ons for
receiving a,parallg] bit sagglﬁ and shifting.,each of the sanple bits to one
posi ti on “E}F‘Saﬁé Sample; Banhaving,a \d f15put SETMRAL @BANARt i ng sai d
cl ocked bafput aedndarl} fifth means between the output and second input
termnals of said |11 plax and_wher.ein sai te signal {s accessed
fromthe MSB of sqggctﬂf?(ﬁat ?éfsl‘n?‘%&“%fﬁ'?élf dg'ﬁﬂl ‘?‘?alﬂuéxte?ml&.ai%he circuitry
set fortand responsive thesaid rsysténmt ckookn Femfan stoxingr a ssampleeans coupl ed to
recei ve fﬁﬂlﬁe&at'g)lif‘s /}nf)ﬂf t'EWntiﬁﬂLyi ng said sanple A by the factor 2;
fifth means having input-and output connections for
receiving a parallel bit sample and shifting each of the sample
bits to one position of greater significance; and
means for serially connecting said clocked latch and
said fifth means between the output and second input terminals
of said multiplexer, and wherein said gate signal is accessed from

the MSB of said output terminal of said multiplexer.

4. The circuitry set forth in Claim 1 wherein said
second means comprises:

means coupled to receive said sample A for

g multiplying said sample A by the factor 2;

- a multiplexer having a first input terminal coupled to
receive said sample A multiplied by two, having a second input
terminal and an output terminal;

a clocked latch having respective input and output
terminals and responsive to said system clock signal for storing
samples applied to its input terminal;

fifth means having respective input and output
connections for dividing samples applied to its input connections
by the factor two;

means for serially coupling said clocked latch and
said fifth means between the output terminal of said multiplexer
and the second input terminal of said multiplexer, and wherein
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a nmultiplexer having a first input termnal coupled to receive said sanple
A multiplied by two, having a second input term nal and an output term nal;
a clocked | atch having respective input and output term nals and responsive
to said systemclock signal for storing sanples applied to its input
termnal; fifth means having respective input and output connections for

di viding sanples applied to its input connections by the factor two; neans

for seri alsajd Cmitd o sfoudtle | mekns! dret ebuﬁnﬂ 181 thed 'cixitbui“eﬁi:i‘ﬁmd?&\t ween the

out put ter | ti pl exer and the second input termnal of said
mul ti pl exé) ggﬁh Zﬁgw * CcC L MS * sai d
third and fourth neans are coupl ed to the output termnal of said

mul tipl exer. 5. The gi r?ﬂbtfﬁ‘céﬁfy fsef thrthn tg@la'i‘?nA' ctbin § f first neans

conpri sesf. a further rrultlg exer “having a |rst I nput term n for
recei vi ng T¥&F dMEARS| COMPHICS:ng a second input terninal and an out put

 eSpOnai Vet O sgi il cya ?“‘“gé“’?%“r Havinp.a fgt “‘"“*ﬂﬁ“""alf. fe
oot ter 30h deEBlvtoR SECSEEC, B haYing' & iptnd, IAPR, frbinal and o

recei vi ngaa pmtautetermwaiarrpl e and shifting each of the sarrpl e bi ts to one
position of greater fﬂ?i drce cHeawbl{g éﬁ{ %M @g@?ectl ng said

further cl ocKed | at c Si xt nmeans and second
i nput t er A¢TFRAINAl%fa T&SPﬂil%lMErth}Iaid Fysiem, clock \ﬁ‘fe or (steeing gat e si gnal

S accessgdnfplonnpbﬁefys&,q‘fts sﬁgp@tot&ﬁuha; .erm nal of said further
mul ti pl exer. 6. rcwélay for generatin ucts of parall.el-bjt PCM

sanpl es A and B, sai’¥* %885“} éBa QUIRMt, LONRSCHPRS AT ascendi ng—
si gni fi caneeeiving Lailpa;alaleLEIﬁt asampleMaRd shuftingl each tofy thenmmplmg

respectiveildeadSod® pdsifib' BF grdhfbr TYntACRIGS and
means for serially connecting said further clocked
latch and said sixth means between the output and second input
terminals of said further multiplexer, and wherein said gate
signal is accessed from the MSB of said output terminal of said
further multiplexer.

6. Circuitry for generating products of parallel-bit
PCM samples A and B, said samples A and B respectively having
bits of ascending significance including a LSB and a MSB, said
circuitry comprising:

respective means for applying said PCM samples A ~
and B, a load pulse signal and a system clock signal Fc;

first means responsive to said load pulse signal for
loading a sample B, and responsive to said system clock Fc, for
providing a gate signal corresponding to a sequence of bits of
said sample B in descending order of significance from MSB first
to LSB last;

second means responsive to said load pulse signal for
loading a sample A, and responsive to said system clock signal
for providing a sequence of samples corresponding to said
sample A successively divided by two;

third means, coupled to said second means and
responsive to said gate signal exhibiting a predetermined state,
for passing the more significant bits exclusive of said LSB of said
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and B, a load pulse signal and a systemclock signal Fc; first neans
responsive to said | oad pul se signal for |oading a sanple B, and responsive
to said systemclock Fc, for providing a gate signal corresponding to a

- sequence of bits of sai d sanpl e B i.n descendi ng order of significance from
MSB first to LSB | ast; second nmeans responsive to said | oad pul se signal
for Ioadlagasarrg and resg B‘iijvetos dts’}/te cl ock signal for
provi di RFIHCBEGLL c@‘ﬁ?leéaﬁﬁff& eR¢NEs §8n R i ssé‘ﬁﬁP@lxcbuccesm vel y
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cL MsS 7. Multiplier circuitry substantially as
L hereinbefore described with reference to Figure 2, 3 or 4

of the drawings.
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