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N FFI Cl ENT ARCH TECTURE FO Z BIT-SERIAL FIR, |1 R FILTERS AND

COW NATI ONALI SEQUENTI AL LOG C STRUCTURE W TH ZERO LATENCY CLOCK OUTPUT
FTELD OF THE LYYENTION The invention relates to area effichgnfanigal2008 i on
of coefricient block [A] or architecture [A] with hardware sharing

techni ques and optim zations applied toythis block. The block [A] is
connected to coefiacient lines CLin O, CLi n_I..... CLi n n and BLia 0, BLia

I, BL f
T
optim zati ogOBsBﬁ&Sm% FiRel! Bt\;‘l g‘gﬁﬁ[ % ention
al so gives the LRGEIGSARWY WEH @RQ)ﬁ-AdTF@I@X d on

coef "' nci ent_ bl ock[ A when o erated is bit serial fash| on. The

opti ni zat i SAEIRHR I&Nure of the present invention are food for
linear digital filters typ| caIIy a finite inpul se response(FIR) filter,
infinite inmpul se response filter(IIR) and for other filters and

appl i cat i oRg, ﬁaﬁ% ?Sgﬁggg% (r}gt apga&ﬁc@g{tcg%?ﬁﬁa{ Id’t‘%é&‘fu@ﬁ:‘n@bl@lzﬁmﬁ_) 1

mul tiplier(1l~, subtractor ( Brief description of

acconpanyi ragch:{tm:&aﬁd.]l withhBardeeeeshaying dtedlitiviierg and Fiptimieatioshapslisdao
field of invention, lications of the device Figure ? shows the_synbol of

conponent s ﬂmléedblaoﬁkde ge blaiigula] 3l$ héwsnﬁdﬂ@d dts c epgfficiantoflingse @Bﬂﬂxﬂaent s

Foures. SkOEdn-lifeh a2 bRty Bl T relin st Gomimeom Tef TG 2hith

m ?' mr zat Liom! gftyag ;g;gge&g& th %e&%?ﬁeﬁ.f&‘nﬂ& @%?thoh%xeatmaﬂa@ﬁaneﬂ e@mu gn
operation with optimization in hardware and provides a zero latency output. The
invention also gives the area minimal realization of digital filters based on
coefficient block[A], when operated in bit serial fashion. The optimization
téch.niques and structure of the present inveation are good for linear digital filters
typically a finite impulse response(FIR) filter, infinite impulse response filter(IIR)
and for other filters and applicatibns based on combinational logic consisting of

delay element(T), multiplier(M), adder(SA) and subtractor (SS).

Brief description of the accompanying drawings

In the accompanying drawings:

Figure 1 shows the field of invention, applications of the device
Figure 2 shows the symbol of compoﬁents used in device.
Figure 3 shows the description of the component\s used in device.
Figure 4 shows the bit serial FIR filter implementations.

Figure 5 shows an example of FIR filter.

Figure 6 shows one of the known minimization technique due to symmetry of
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coefficient.




Figure 7 shows the structure of existing/known inplenentationtechnieuefor-

'&am‘ﬁl e FIRfilter. Figure 8 shows the generalized structure of

exi sting/ known inplenmentation technique of coefficient block. Figure 9
shows a realization of the coefficient block for coefficiemtjaniare200Pse to
| S5awer of two. Figure 10 shows the optimzation (a) for realizing the
coe~cient block for exanple FIRfilter, of the present invention. Figure 11
shows the optim zation (b) for realizing 4be coefficient block for exanple
FIRfilter, of the present invention. Figure 12 shows the optim zation (c)
for realizing the coefficient block for exanple FIRfilter, of the present

invention. Figure 13 sho t he general i zed optimzed structure, of th
present i nvESEFS. SBAVS] W\@ ﬁff“"@l‘rénﬁglteé‘ﬁsé 5 o‘ﬂgeﬁr‘ﬁﬁ“}eﬂ@t’(ﬁ’@s&?‘ihﬁfquﬁn?qfhe

basi ¢ conponent used in design are shown in "Figure 2" of the

dr awi ngs. I%aé@eﬁ?tg?ﬁh%&pl anation and usages of the device are done in the
text bel ow o@?&'§t&gow thE géﬁeﬁalfééda@duaﬁrauw istBio/kiewa" aiplRentddtd
delay (T) It s one bit delay element. It also perforns function of a

mul tiplier dyhhiguacifeoefficiéht Hlecky. For the serial input frame (0101011 in
binary or 43 in integer representation), the output of this block is
(01010110 iFigvraQrshosys Beealization efdlre copffisianittioclofgr copifisient ¥alugtclose to
usual ly a Fli‘g-flgg}y(D Flip-flop, J-K Flip-flop etc.). Full adder (FA) It
perforns biFR¥§T @Y% on. The inputs to this element are A, B, Cin
(Carryin) I t u , t : t - Ut.h I or .
full adder“ﬁg’nhg? i gb;zﬂ?ﬁ%t%% ?@e gﬁ?gnw‘%]zala%q‘ g%uff’gec‘%ﬁ%?‘gt %ﬁ%" }frggfﬁ%% bt&?‘ ?Olfl 15
January Zoo&agpllglgmﬁugt,rogg{é)igregé:@)ind.émgﬁl[form; bi nary subtraction. The
inputs to this elenent are A, B, CGn (Carryin) while the outputs are Z and
Cout ( CarryBiguyre Theshomst the abtimifationf b) fenbtenHeingr tHaimoeffomedti blodks fehown

in "Figure 3"of the draw ngs. . )
example FIR filter, of the present invention.

Figure 12 shows the optimization (c) for realizing the coefficient block for
example FIR filter, of the present invention.

Figure 13 shows the generalized optimized structure, of the present invention.

Details of Eleménts/symbol used in the description

The basic components symbol used in design are shown in "Figure 2" of the
drawings. In addition, explanation and usages of the device are done in the text
below & depicted in "Figure 3" and "Figure 4" of the drawings.

Unit delay (T)

It is one bit delay element. It also performs function of a multiplier by a factor of 2.
[e.g. For the serial input frame (0101011 in binary or 43 in integer
representation), the output of this block is (01010110 in binary or 86 in integer
representation). This element is usually a Flip-flop (D Flip-flop, J-K Flip-flop etc.).
Full adder (FA)

It performs binary addition. The inputs to this element are A, B, Cin (Carryin)
while the outputs are Z and Cout (Carryout). The truth table for full adder

functionality is shown in "Figure 3" of the drawings.



Serial adder (SA) and Serial Subtractor (SS) It perforns

T saddifti on/ subtraction of two serial dane, xI(nT), x2(nT) to generate out put
y(nT) represented as x | (nT)+x2(nT) or x I (nT)-x2(nT) . The s erial adder
(or subtractor) is inplenmented using a full adder (or subt5danuary2@008h a
Flip-Flop as shown in "Figure 3" of the draw ngs. The output Cout of
[FA/FS] is delayed using the [T] elenent and is applied to CGn |ine of [FA
FS]. This enables the [FA/FS] and [T] to8ether to function as serial adder
(SA/SS), where A, B are the inputs to this element and Z is the out put.
(e.g of serial additionis as follows, if xI (nT) _ O 10 (fi in integer)
and x2(nT) =011 | (7 in integer). Then y(nT) =01 101 (13 in integer
representation). Serial I\/UItlleer (I'Yn It multiplies two serial input
frame X(nT) and m_The output is a function represented as Y(nT) = X(nT) *
m A serial Nlbtréﬁtor Qi plier(M can be inplemented by shift regl ster

using [T] eI ment,s and.adder , el enen he,shi ft ans

factor of 2) I REMORRPLEHY: %Pﬁa?%orﬁﬁ%nr%ﬁé 03 HEeTE AES it G L)
formed by ad 0 t A
representati glr/lﬁg? mﬁ tﬁ TG e%&%’ﬂ% 52 ?) T @haga%tl)% ﬂé‘)ﬁgﬁ( rsgggactfor
data is done f@ﬁcﬁmmtyﬁgggcﬁ;b@[n (}ﬁgﬁjeesa'ogfthd:aﬂamﬁbpps (T) connected to store
and shift the input frane). The nunber of Unit del ay (T) in one del ay

el ement is ediexialtaaldergSiA)amel Serial Sibtiaetomn(iS). r J 15 January 2003 -4

PRI OR ART OR _EXI STI NG | MPLLEMENTATI ON OF FTLTE he foI . owi n scription
di scusses t hdt PREIEMS 2ddiden/FehptrackisneMfeit A seB % )m&(flﬁ*é ta,generaig

S e 4P o D AT S Pl
oS3 ') oskdsen  amhncassnuengs wol e hamok) arau e s

with the preferred e nt nane

ot her filter shasmdi@sHiphed’ 'eaﬂﬂhe%amn&”uneoéfpusw otffEEAﬁBS]Sisl d&laﬁd&ﬁiﬁw e
of bit serial FIRfilter with coefficient linés CLin 0O, CLin 1,...... CLin n

and t he coef fthel[ﬂltelemwkar{dAis dppliedgotCia limedf [(EALESS. 'Ehﬁ)enabaés) the [FA/FS]
c(?),.... c(n) é}ﬁ coefficient block is connected to delay elenent [Z-t
[

and serial ad@érld][tessthenty ﬁmﬁflpﬂlatséﬁﬂék addar (PA/S8), avhwg nB arepthe |141E’-€-P ]t°

equation in t

Xine) v ShloiBRes) 0E S M R (9 e S9aitoR is(any olows, B @D
c(4) Z ~ + C utZ%u' res%e)é) Zn&éillgln@n = QUL (T iny mie’a%éj‘mén( (‘r‘;ef@ﬁ(e 1‘1

the input an ctrvely @nd ¢c(0), c( 19.7.." epresent
coefficients m@lﬁgrmbm@m‘d nes the characteristics of the filter and each
delay [Z-i] bl 0Ck represents one sarrpl e delay. The filter equation can be

i npl enent ed iSerialdvimdtiplies(dhown i n F| gure 4" of the drawings In

i npl enentatiqQn 1, cqQefficient, |ines in 1, ...... in n are_conmon
anrg connect eg rBu‘tH’g’&F W%]sen?LénPﬁf-t a%nq &(@%@Eﬁ@o%%@%lﬁ.a.ﬁm@%t
n are connecte 0 t n a nent ser
odors LoA - SFEmsRRtOR Y& £ R L B & s bR I b B ilen Y G e
mul tiplier | fi¢l n f LEs e

mul ti BI ier w t coe?ﬁpc?)grﬁtﬁﬂ%/a%gg#%@l[ﬂsel? ust rgla?e&agﬁe I gutr EeS‘AZ]' .(Ol}%e
realization chift hesisaaekhiply byfactoeRERIt Ak ¥howhdinlHigade)3 200the &rawings, the

multiplier is formed by adding the outputs corresponding to ones in the binary

representation of the coefficient.
Delay (Z') .

~ Delay by one frame of data is done by shift register (series of Flip-flops (T)
connected to store and shift the input frame). The number of Unit delay (T) in one

delay element is equal to the frame size of the input.



woul d require 4[T], 3[SA] elenents. By virtue of CLin_0) CLin_1,... being
conmon, the hardware is realized using 3[T], 2[SA] elenents. Another
feature of the structure is that the structure inherently requires nore
storage area, represented by [Z 1], as conpared to inpl enggtjahiiary 2003si nce
the storage is done after the nultiplication. For input dame of n bit and
coeff cient of size mbit, the storage area of each delay elenent [Z't ] is
(mtn). The total storage space of the delday elements is (mtn) * (nunber of
coe~cients -1). In inplenentation 2, the coefficient Iine CLin_O,
CLin_1,..... are not common. By virtue of connectivity of different input
lines to the coefficient elenents [c(0), c(1)..... ], the realization of
coefficient ' ﬁ’ﬁlﬁ‘G MEN-F- ' - Anot her
feature of tﬁ?gg‘sf%%%'{ul?%%t at ??Jlfn%erent ﬂ%ﬂft?g?mg?& st orage
space, repreFhatfetloadng Aestription Widduksesi thepretsthents usedl éoreirhplenventatien eoft he
storage is done before nmultiplication. For input frame of mbit and

coef ficient &dsign zandh thiet exishiagsimplayeeriadonoffosadigitrdl &jters. edbnt propasedi s
(m. The total ,storage. space, i nunber of coefficients_:-1 The .
vent on 1 CRHRIBUSAHRY siNiAdALIeD et EBRRTAATS Sk 25 LRIER A} Sisfieh BigGRgsing
shar eabl e el { j.cients, even if the coefficient lines CLin O,
CLin1,..... %gg@?%t ﬂg%frfr%g%{sff’%ébnnect ed. For existin~ configuration as shown
in "Figure 7" and "Figure 8", the share-ability of hardware in block [A] is
alimtation. Al so, as described in previous section, inplenentation 2 is
area effici eftomM hdre" vaspeds; 410 theplilamstratiahi evoulddbe dene exitle ethed gireferred

el enents size. Over and above this by having share-able nultiplier or,
reduced coefémbodimens namely AR fiter nwhick is rxteadabieta otkes Bitensmas Apsasibedon,

i npl enentation,.2 bgcones, stilt re atea-efficient.. This red i IS
ext endabl e t?ﬁrg?%e?ﬁgwet r B9¥EqWNen & i & ﬁt?'u'?)l‘?’fcglt[ ATnésﬁ%a%i@ri Withhe
first sectio : Y 4.0n op i : val .
coefficient .&eﬁggﬁgaﬁgfg%%%Fgf’t"ﬁgl'?ﬁf-% agg(ﬂl gE%\lA%ﬁ?t#@&a%] having
Crochi ere (Dalelcyedidests KON cCONYENL. lctn). TEE dUeEASieRPbIbER is CORYEI SN0 ERY)
"Bit-serial architecture reduce the iInt'erprocessor comrunication down to 1
bit. Gener al ¢lgmiehe[Zitjdmet seofal pddere §SA] o farny fitgr Staugere. but because each

processor is so snall, the overall econony is very high. Bit serial
ar chi t ect ur eStating the HER Ifiltemequatisf isctime enfidrequencydemaivi ng a few state

Feason, b t- YT a0 K tedEnS 1 ) Kot B ORI e 0 FIR

structures, egi \ en thefilt l-8ngt N 4\S—»nel atjveky. | P By
However, the?gr esex;\lté)i [r%@n?i Cgrﬁ%p-ﬂ ‘g@ O%t %mgg"a}t?on' t%i%)n% qﬁe‘g(g?c% r+e8{168i ng
the area in Z'éq.g.em_s.i"z._e_dq.g(gyﬂﬁci ents by applying a nunber of optimzations
in FIRIILT~ filter structures  To el aborate the applicant's optim zation
t echni ques, whesi Hei are theRnbit taewd eutpht sespeetivély andos{o],fd(C).ent(ndsepresdnt,
25, 30, 25, 14, and 5. Though, the size of the coefficients in this exanple
is small, itthesosfatigntstvaled whinhadefinasgheicharactesistion of tupSliar and sach dalgyt he
FIR filter e tion in tine and frequenc ongjn Y(n), = X( + c(,1)
1) oo 810k eprbddiis o sagnils s, THOiesr pauiabipn £o0 b irp hmeniatizh
Z-z + ¢c(3) 4 3. & 4+ 6 ) ( S L +c(n) Z "]
where X, Y é-r“go Wﬁggﬁ%\ﬁlﬁ?éﬁ% %%%15%% ?gtsh%ec@-)f?@efsy and c(0), c(1)..... c(n)
represent -the coeff cients value. Using the coefficient values in above
equation Y(n) =5 X(n) + 14 X(n-1) + 25 X(n-2) + 30 X(n-3) + 25 X(n-4) +14
X(n-5) + 5 i«n?hﬁple;:f(em):atim?((lz)co{aﬁﬁcienllllizierCLiﬁ_BZ' @Lin_30..Z/CLin_7A%ré-commb4
Z-5+5 72726 EQ 1 ‘

and connected to input X(n]. The output lines CLout_0, CLout_1,......CLout_n are

connected to block [E], consisting of delay element [Z"'] and serial adders [SA]
elements. The structure makes easy realization of share-able multiplier in the
coefficient block [A]. An example of share-able multiplier with coefficient values

3,11 is illustrated in "Figure 4". The realization of these coefficient separately



15 January 2003 _7_ The E~cisting Method and | ~linimzation "Figure 5" of
the drawi ngs shows FIR filter structure of |rrplerrentat|on 2. This figure
illustrates the realization of FIR filter represented by "Equation 1"

one of the known optim zation technique, is taken advantag - try
in the coefficients. The streans , which have to be rrultlpﬁl ‘E)am%ﬁge

sane coefficients can be added first and then nultiplied. For a | arge
filter structure, this leads to a reductison by 45%in the coe~cient bl ock.
(see "Figure 6" of the acconpanying drawi ngs) This is done by restructuring
the equation as under: Y(z) = x(z)[~*(1+Z~) + 14*(Z 1+Z's) + 25*(Z Z+Z' ~) +
30 * 23] CEQ ?) For the rest of the optim zation proposals it will be

LE'XKLQ?g??%fgSr it o LA %5@%%‘3&] er-»i&?céa?‘e? Lige 05 oLl o nBSingows
LA wher SoRIR0G e Birlabs BTRAL BB BT ea ST Refel. 0 %Fe%&r‘%%u
t hrough 'ﬂ&@s&eﬁx&é ma%eﬁsu%c%euﬁﬁ@:@nu recﬁtmrxgoﬁe stafadeged! }Mé&eﬁtecﬂhe

Lines S1to are separately connected to 'enent for performng a
mul tiplicadlyi (@ ])ya.§ aoinpatsal tmfunalermrdatﬁdﬁﬂ)?_,lssndlaetm stovege tio doaefaksn geri al

addition of data. This represents the nultiplier less realization of filter
coef f i ci emulbipbiertipm) Fominaus fTame pf ad:ét ayd oeogfficient |ofsizeTm B, the 5tppageer of
two i s used. the i.cal t~ ~ ctured e uatl on _accor

Structur o 3a O soen GAley eldrem 4%l GhinY slie Sy el shhedt sBice o i defey' "
(16+8+4+2) %}ne&ﬁ %j(%zhlcﬁu#@{' Sf@ﬁfﬁrc e?ﬁ% 1, S?, S3, $4 lines are not

commonl y conn I's restric o’achi eve a share-abl e hardware
in coefficient block [A]. Thus all the 15 January 2003 _g_
function/operations of this block represent uni que hardware. The el enents
requi red Ry itipdementatioar?; the soefficéent HinesCLire OnCLIA[ T].,.. ird 5] ceahmonnBy
Second term = 3[T], 2[SA] elenents Third term= 4[T], 2[SA] el enents Fourth
term = 4] Mrug[afapoweskviy sof Hifarentqinput dinast toathe chefficaent elementso(3(@),

require 3| ?f)lej YHE M Sization of coefficient block [A] using share-able elements is not
present. Another feature of this structure is that it inherently requires lesser storage
space, represented as [Z], as unlike in previous implementation, here the storage
is done before multiplication. For input frame of m bit and coefficient of size n bit,
the storage area of each delay element [Z"'] is (m). The total storage space is (m) *

(number of coefficients -1).

The invention reduces the hardware of the coefficient block [A] by having share-
able elements in coefficients, even if the coefficient lines CLin_0, CLin_1,.....are
not commonly connected. For existing configuration as shown in "Figure 7" and

"Figure 8", the share-ability of hardware in block [A] is a limitation.

Also, as described in previous section, implementation 2 is area efficient with
“respect to implementationl due to reduced delay elements size. Over and above
this by having share-able multiplier or reduced coefficient block [A], which are the
key features of the invention, implementation 2 becomes still more area-efficient.
This reduction is extendable to other filter based on coefficient block [A] as stated

in the first section. The present invention operates on integer valued coefficient.



Ihe generalized structure of "The Existing Method-and Mnimzation" is
depicted in "Fzaure 8". In the structure, each colum represents a
coefficient value. The [T] elenents, shown as T1 1 to T1 min columl,
defines connectivity with line S1. In. simlar fashion, [Tlge hown
as Tn 1 to Tn min colum n, defines the connectivity mjthhpfkﬁﬁéﬁ{éq%%
presence of one of the elenents in colums 1 ton (i.e T1 1to Tl m T2_1
to T2 m..... Tn_1to Tn m is determ nedgby coeffcient value. Thus
dependi ng on coefficient value on |ines g 1 to Sn, the nunber of [T]
element in a colum is determ ned. Al so the nunber of serial
adders/subtractor [SA/ SS] in colums is represented as (SAl _1 to SAl
mSA2 1 to SA2 m..... SAn 1 to SAn_m. The presence of one of these

el ements is again defined by the coefficient value. In the structure, the

[T] elenents,are . arran LN ift .reqgister £0rmq.The Lnpu o fir T]
o breont 1 & B0 e dp e Nirk gy bd CRcRisEE (U Sina® RAfk CobBorted TEEE |
-connect e i . one of the output of [T] elenents of shift
register, qjéé% d?gg’u%oﬁg}%ﬁg/gg?)fi cient value. Finally, usinj SAe_1 to SAe
n-1 elenents, the addition/subtraction of [SA/SS] of all the coefficient
terms depicted in colums is done . The final output is the output of |ast
addi ti on/ $Tit-eriali anchispets} reduce thelBitIprocasyor coBmupicAngonmetd ilnel. S 1
nts. are.not share-able and  al

to Sn, the [T] el “the [SA] i h col
om0 anecly B prBbok B DGR TE e FoH, 1o G Rer e seanrate o o

t t . ) T | LaY- i h
b dur o ST Ah orePRDEEb i very btan (B sEL! Al harul Bl RRS "
coef fi ci enderetige ot Alter$ UEink N FRE stalDVEHAERRS! stk MEREAIER &0PHHE Ghagsd

lines CLin O, CLin 1,..... aré& not comonly connected (shown as architecture
[A]). Thi digitaiufikteksh&odwhiserebson; et fserinbtéchhiqks asbdessafrpuenly applied to
i npl enentation2 ("Figure 4I£y makes it still nore area- efficient. This

t

wllytwiken thel filésr longthds aelativelyfloogent.”"bl ock [A], as

reduct i on FIR sxuctugapgspecis
stated in the first section. The device of 'the present invention reduces
the area by approximately 3 0- 50% of "Figure 7" of the draw ngs by

reduci ng t ) opt.t M i i r

st o 4Rt e PhaflHaRARY, arkles A R0n BriBal8 MR Sichs s sea

equation angh wg& WiRDEodiRiedRVEF 8pbying 2SRBheE: oﬁsgﬂﬁaﬂdﬂm,mtmesem

invention (Fig. 13) provides a devic or providing ah area efficient .

real i zat i diltezfstaoefrés ci ent, said device conprising of architecture [A] with

har dwar e sharing techni ques and optim zation applied to this architecture,

~ the said architecture [A] is connected to coefFcient lines CLin_O,
.....BLin n com ng ock .| E]

%'d/: o t _tﬂo%lﬁeé‘at%&ﬂ%gép L%’%&Eﬁﬁﬁﬁl@!t?éehmages@ﬁewﬁ%ﬁ;lmmt? with ™ |
T eron) aeemE R CPeeRERaLs 57110 25 8 fre (et 2, "Iy e sPR‘GPIR] s

as S1, 5 3 il I t h f o GBS t he
filter] aﬁogeﬁlcele%dlint ?ﬁ%% e’tﬁgirﬁr%[séa%? gljtﬁﬁ'lel’ th%fatgxl1 o# | ?%8’?5303%%0@%2# .. .%rélifoo*nSn) ,

(al *S 1+lprdpdsals: Stating Kie FIROJilter equaticaifiitiné thdifetency domukdt Sn)] are
represented as blocks [B] , the values of a0, bO,..... etc. are represented

]

as [(+ /-)Y@e&tcO) Xmhe ed) X(n-19 416(2) 3maR)y+200¢)-XA) B lock [B] is a

conbi nat i -S ential block consjstin' of serjal adders (SA) . & serial

subt r act o?&azb S—S)%gép gﬁ@t 3, C(tlhg ﬁ'o"n?@gtz gn“' 63 kelentra@) (Zé‘,&/"‘SSé)t%&S" £(0)

S2....8n ?’(;m_gs and iq;ce(‘rﬁgmgecti on of the elenents (SA, SS) depend on the

val ue of ef'f1rerenits, o\ ASS el enents are arranged in matrix form SAO O

to SAO n i fat hid s Patl [ 0Sd1ki O

i1 arty S P o Hotfind hput feepéefhl ol LORORIN 2512 SPRsRAL

el enment s khe deéfficeshtbyaheef fici ent val ue, the output of each block [B] is

connected to [T] elenents through line b |, b 2,.... b m the nunber of T

el ement s déqirgdse ovefficéergivatuesfin mbaveraquatomf f i ci ent and i s share-able for

all the caoefficient in the coefficient architecture [A], the output of

el enent [ T{(W$" dohtiict dd Kéndned 2F X(Re2) hpdt X (of3) coddiHartbnkt X(ggi)c*'éf

bl ock [ B] ‘g ext bit position (i.e connected to input of elenent (SA or

SS) of bld 'F ] dependi ng upon the sign value+/-), Linest 1, t 2,..... t m
id

are used t Al i R} ej-C ' 4 kust er,-{ Cl< +t8,[B], in,Re sa
structuref@&?, gf%)kﬁhtlg%n%%??%%@%cé%? a-?i&& ugtse ed toget hQLr:bals)
block [D] and all the unit delay elenments (T[1], T[2]...... T[n} are
clustered to?ether in block [C], thereby separating the

conbi nati onal -sequenti al and sequential logic, while the sequenti al
elenments [T] of block [C] are common for all the coefficients and are

o o o ) ) - Y o - ~ r r~=



15 January 2003 - 11 we proceed to share the shift registers (multiply-by-
2) of the design. =(S3+S4)* | 6+(S2+S3+S4)* 8+(S 1+S2+S4) *4+(S2+S4) *2+(S |
+S3) =(S | +S3) +2* (S2+54+2* (S | +S2+54+2* ( S2+S3+54+2*(S3+54)))) The

i npl enentation flow for this equation is presented bel ow t1blknh91312003

par agraph and the hardware inplenentation is shown in "Figure 10" of the
drawi ngs. In the flow of inpl errentatlon S 1, S2, S3, $4 represents four

i nputs. The primary additions are 'done ing ~ serial adders SA( 1), SA(3
), SA(5), SA(8), SA( 11 ) representing addition of terms S 1+S3, S2+S4, S

| +S2, S2+S3, S3+S4. Wil e the secondary and tertiary additions are done

he addey : . Th
lrJnSJ: ??pf [ ga’iil on %?E‘ifgﬁg @qg%%aq%kgkf@'ﬁégﬁﬂ tsﬁ\(eél)el eﬁégltZ)s T;rl;a, T(2),
103), T(4). | gk ggRngabt e bhaWhgd SRAWAPIRNA{eP Striltfd oP Holdm&bifton 25T’

=(S1+33) +~*(SZﬂgiﬂ*éZﬂﬁiﬁd&tswhfléﬁwm%t&fépﬁaer&é)ib)y)"Equhtxon ) S R I
T I SA(l) © SA(3) SA(~) SA(3) ' SA(11) , > ~ 11 I'i SA(6) ; SA(9)

L~ T(1)= *SA(ll)' o~ =1, 05 sA(zO ,,I' , T(2)T2 7
SA(10) ' SA(7)

Tn one of the known optimization technique, is taken advantage of the symmetry in
the coefficients. The streams which have to be multiplied with the same
coefficients can be added first and then multiplied. For 2 large filter structure, this
leads to a reduction by 45% in the coefficient block. (see "Figure 6" of the

accompanying drawings)

This is done by restructuring the equation as under:

Y(2) = X@)[5*(1+Z%) + 14%(Z'+Z%) + 25%(Z+ZH + 30 * Z7) EQ2)

For the rest of the optimization proposals it will be talking about only the
multiplier adder series which is shown in the dotted box referred to as coefficient
block [A]. "Figure 7" of the drawings shows the traditional way of implementation
of the example structure for block [A], wherein S1 to S4 represent the lines
connected to delay block [Z'] through line CLin 0 to CLin 6 depicted in
"Figure 6" of the drawings. The Lines S1 to S4 are separately connected to [T]
element for performing a multiplication by “a factor of 2” and (SA) is being used -
to perform serial addition of data. This represents the multiplier less realization of
filter coefficient block [A)] where the property of flip-flop (T) as multiplier of two
is used.

Mathematically, the restructured equation according to the structure is stated as

Y(T)=(4+1)S1 + (8+4+2)S2 + (16+8+1)S3 + (16+8+4+2)S4 (EQ 3)
In this implementation, S1, S2, S3, S4 lines are not commonly connected. Hence

this restricts to achieve a share-able hardware in coefficient block [A]. Thus all the



'~ T T(3)=2* SA7), ,, """ SAY) T~ T(4)--r * S
A4 i, " SA(2 D Qutput g | 15 January 2003 - 12 As
shown in the above inplenentation flowhart, the equation defines the bit
position as BITOto BIT4, which is the position of "multipl4zCald ower
of two". (e.g BITO represents nultiplication by 2). At BIT SD%U%B/O%UO:?
addition of S3+S4 is perfornmed and the output is termnated at T( 1 ). The
output of T{ 1 ) defines the next bit posigion BITl, which perforns
addi ti on of S2+S3+s~ and output of T( 1) by using the [SA]. The output of
this addition is main termnated at T(2). The structure is repeated in next

BIT positio T | ot £ Bl Sktl O { 0 of
the coo-ci entssiesiRetAond BEL Be S rddesk WaduE BB e TR R sy Bl
0", wherei nb}lhﬁeité}%aﬂeilﬂ?edsasl to S4 represent the lines connected to delay
bl ock [Z-1J through coe~cient line Cin O to CLin_6 depicted in "Figure 6"
of the drawFigsterthe ALTTe{SA] kldmentt are connected to block [B] for
perform ng the serial addition/ subtraction, for which [SA], [SS] el enents
are used wi SerendteankFRIT], AI8A]skrmentdy [B] bl ock is connected to line S1

to S4 and also from] I ts as would be explained later in this
section. Th tﬁml-a;h;ﬁ@m?s@w‘*ﬁa is termnated with [T] el ement, which

represents I d 0 i multiplied by "a factor of 2". Each
[ T el enent ggggpitggé bﬁT]pgg)ﬁ%E&ﬁggked as BIT1, BIT2, BIT3, BIT4. The

output b_1 gind)ladakidBof aNieCout ferf wBlild Rglidel 378 Al elénkstsf ed to the input
of the T( 1 ), in turn the output l[inet | of elenent [T(1)] is fed to next

section of block[B]. The connectivity is done in simlar fashion for other
[T] blocks. Thus all addition/subtraction in block éB] .defines a bit,
posi ti on beflbeeegeralizsg stmucturppf cdhe Exisingdviesrodandg ) i ntp depictedt

Phe boot 11 oRbnFiEresn Bt seonire, SopralyBe rehrsstpta & brambiens vafue BT
t ed i t .l p- i . .

oD o oot Gl an MO o T o ik Rio bR, EEnd OBRERLID Hiny line S1.

January 200%n sidfar fashion, [T] elements, shown as Tn_1 to Tn_m in column n, defines the

connectivity with line Sn.

The presence of one of the elements in columns 1 ton (i.e T1_1 to T1_m, T2_1 to
T2_m....Tn_1 to Tn_m) is determined by coefficient value. Thus depending on
coefficient value on lines S1 to Sn, the number of [T] element in a column is
determined. Also the number of serial adders/subtractor [SA/ SS] in columns is
represented as (SA1_l to SAl_m,SA2 1 to SA2 m.....SAn_1 to SAn_m). The

presence of one of these elements is again defined by the coefficient value.

In the structure, the [T] elements are arranged in shift register form. The input to
first [T] element is connected to one of the S line. While the input to {SA/ SS] is
~connected from input S* and/or one of the output of [T] elements of shift register,
depending on the coefficient value. Finally, using SAe_1 to SAe_n-1 elements, the
addition/subtraction of [SA/SS] of all the coefficient terms depicted in columns is

done . The final output is the output of last addition/subtraction[SA/SS].



coefficient values and their nunber is determ ned by maxi mum coefftcient
value. This is in contrast to "Figure 7" of existing structure where the

el ements are not share- able between S 1 to S4 lines. The nunber of
clip-flops (T) in "Fi jure 7" is 13 vs. nunber of flip-II|agsfahuarn2003rent
proposal is 4. Also for both the inplenentation, the nunber of the one-bit
serial adders (SA) remains the sanme [ 11 in each case]. In present

m nim zati on, apprOX| mate area calculatiogs is = 11 serial adder + 4 T = 26

Units, wherea e mnlmzatlo 11, s 13
T35 unics. Anate e ind $fke Shledt] sl ah ndl oot abis Ed s ML Faf i
subtractor (Sghdptofurtn 'a!fk' A1So nomaela%l@pmmm&s'm&ﬁxﬁ%me podsiBleh s
"Figure | O as conpared to "Figure 7". For filter havin? |arge size
coefficient, shustur@ads to a drastic reduction in the area (30-50% of the
coefficient block). Another enbodi nent of the invention or Optim zation (b)
This optim zation reduces the hardware of block [D] which essentially

out the commB WEMLER HESC BT O SRk BrikiergNyr "R o Ton 4 Tcan
The 11ow of | e ORiATA o e A s, O qo kb S el heig e

expl anatory. eingerits i ceetficieat bﬁack [AgPeesE theligiplerhéttbtion wHeee EHd ¢8¥fHcient
addition is done using serial adders SA(1), SA(3), SA(9) representing

addi ti on of thmsCE,mMLﬁZ{SA., a:S&eSdonmm:ﬂg cbhnecxeatéshdswasammecmreaw])
addi t.ion i s dgne using the 15 January 2003 - 14 adders SA(5), SA( 7)
SACS}, SA(6), 1oag gpducss QFdWFHé mpmf@cmpétbleﬁkb\thaap@he iy plemepsaion2

ysing the el ek mallly sl Hors hith: JHERESENARL AiRlidd W RentlUR 19"
Zf SL+S3) +5*AE ?%&%‘ﬁfﬁe’é%?@ﬁ%@&&‘g@m%s Aé@ge%t}g)ﬁrgt decfioh t ~ T ~ T

The device of the present invention reduces the area by approximately 30- 50% of
"Figure 7" of the drawings by reducing the number of components. The
optimization techniques are illustrated mathematically and towards the end of this
section generalized equation and structure of the device is presented.

Accordingly, the present invention (Fig. 13) provides a device for providing an
area efficient realization of coefficient, said device comprising of architecture [A]
with hardware sharing techniques and optimization applied to this architecture, the
said architecture [A] is connected to coefficient lines CLin_0, CLin_1.....CLin_n
and/or BLin_0, BLin_1,..BLin_n coming from block [E] and/or {F], to be
connected to perform filtering operation or a mathematical computing operation
with optimization in hardware and provides a zero latency output, the said
architecture [A] has serial input bit lines as S1, S2,.....Sn. [where n represents the
number of coefficients of the filter] and the addition terms of the equation
[(a0*S1+b0*S2+....+k0*Sn),

(al*S1+b1*S2+.....+k1*Sn)........ (am*S1+bm*S2+.......+km*Sn)] are represented
as blocks [B], the values of a0, b0,..... etc. are represented as ((+/-)1 or 0], the said



L

I i - 1 i i_ SA(j) ~ SA(7) af T(t)=Z * SA(9)—=1}. =<1 ~——SAAB) T(2)=2 *
SA(8) SA(6) ' ' T(3)=? * SA(6 ~ S A(4) ; ;! T(4).? * SA(4) ! f ~~, SA(?)
Qut put 15 January 2003 - 15 "Figure 1 I " shows the inplenmentation of

the structure, wherein the input line S 1 to S4 represent 16Ranuane2003
connected to delay block [Z ~] through coeffcient tines Cin_0 to CLin 6
depicted in "Figure 6" of the drawings. The Lines S| to S4 are connected
to block [B] for performng the serial agdition/subtraction, for which
(SA), (SS) elements are used within bloc

. W, K[.B].. The input to [.B %%c iﬁiom
line S1 to SBlesk [(Rlds & cmbinrlioraleseanertial tiecly Gopsisting of SeHahp S?&ﬁ i
t inated w th b i.ch ts t b bgj
ot W haf gl S AP 85 Ul btk Bl RS O ¥,
position Bl TQy I Syl ekks! shd iAeertbOittcrioh dfiife Lehlents gSA,USS) HBSerlibP e Valbe Qf
[T(1)] is fed to next section of block[B]. Thus all addition defines a bit
posi tion bef ayceffieiehisntheBAISP kleatkrty afnatrangeal in?matix fome I8 A0T0 toe$ ADnatihon

is represented by block[C]. The optin zatjons in reducing the har dwar e of
bl ock [D] ar ebitipesitionh and Sdl_B o Sédrasihbitnposifien by tango%mula&y AT hal

L 0L 8 R BITESEY e B A 1S Ll BRI
o057 SRS A, S GO DB LIE et L1 et

input of addghreutoline BENCS® REJUCH)Ghé hmdtdesf T lethehtsUdspeats n the dips @f
how A | and A2 are sharé&d in the~Structure. Conparing the hardware

i mpl enent at i qnaxiimurEi cpeffcitt andds "sharpsalple 1forall the coefficdentoin thid eoeffiniant
m ni m zed by having cormpn adders A, A2. This optim zation is_purel

dependent on &Fhigesterecbihhe anputi o elemrent [ddunFoapested dpednss of [he H%Pﬁ’é%r?tf
inimzation, i mgt I ti is = 9.serial_ add SA) _+. 4
(n = 55 ni oo atet el GF plot 1B br SRRe o BosHiR -2 oPbEhe Boinglh 46
isl1l1l (SA+ T 3 { . i Unif. = FA.& I F

sori al <(31dd)er %@’i{)@{i@lﬁﬁ ?’g% Eﬂ%@‘si%%igg%wgl & ﬂgfié}ﬁr%k%ﬁi-)mizlgﬁ b
the "Optim zat pon { & areifed (P hidk 2Ré iiﬁﬁérdd%ﬁéctio@ﬂ*@hﬂ@msfﬁs[%]egﬁum]%dpitﬁe
37% saving inTarea™( 13 / 35 15 January 2003 -16 * 100). "Optim zation
(b)" is an i rgaidsEuente PA], lallSke ietements iff biock® Jare kclustéred togdtberkas bloek [D]

"Optimzation (a)”
Optim zation (2)1 the unit delay elements {T[1], T[2]... T[m]} are clustered together in

block [C], thereby separating the combinational-sequential and sequential logic,
while the sequential elements [T] of block [C] are common for all the coefficients
and are share-able and positioned at end position of each block [B], the Block [D]
has combinational-sequential element block [B] which are essentially SA, SS, In
the structure the hardware within block [B] are share- able across various [B]
blocks and also within block [D]. The final output is taken from the output of the

elements of last bit position.

An embodiment of the invention or Optimization (a)

Continuing the same example of FIR filter & using "Equation 3" of previous
section.

y(aT)=5*S1 +14*S2+25* 83 +30*S4

Y(nT)=(4+1)S1 + (8+4+2)S2 + (16+8+1)S3 + (16+8+4+2)S4



Yet anot her enbodi nent of the invention or Optimzation (c) In realization
of block jD], further optimzation is done by realizing the coefficient
val ue using subtraction instead of addition. This is good for nunbers which

——

have val ues closer to power of 2. (e.g. for realization of 4 3
value 63, the realization (63=64 -1) is better than (63 = +18+§ 4+42+1) .
In first case the nunber of subtractor is | while in second case the nunber
of adders are 5. To illustrate this by q R exanpl e, consider the coefficient

Val e, - Ar r SERRE D S ne R Feats (omblliph BY 20 07 e Srouhy 5+ o1 195+ S
48* S3- 63* S4 - +4+2+1)*S4 =(S
52 5a) 42+ (S BHSUSERIR §§%+§ SENCU YN (b o)
Al t er nat el y—esre@mmg(smctm* 1%2#8@*37*(824-Q§+S“2*§®338ﬁ9))§t eqzﬁ@ﬁn
reduces =(1+4)*SI + (I6+8+l (32+16) *S3 + (|

=( S1+S2 +54) @t(la'tp(l@nerzt’a;xsa SQr Bads Eq(lafﬂaﬁfﬁpge)syr)t):d(ﬂé@ﬂ)thiﬁhkext paialgia;ih on
of "Equation d "Eq uatl i,S shown ijure_ 12"

respecti vel 9“ Iﬂﬁe Bﬁ@‘éﬁr{eéﬁ% %?fitéfr\%n 1 P@W% Flgﬁfe [1@] Oé'ltbﬁr@ﬁ%\gma§ bnéhenor e

are 1ose i niohe & FobaRaREl Sibrstn By Sfqsariens o nBe ) GRS o
Thi 515 begausas e SR saﬂqﬁraad@fses'mz SAGS SR(sEASAEPTRALI 0

the area of the two reali 2ati oh, From "Equat "Area” dbt al

SA+6 SS - 2Pepoesdnsing-addiiibe of rterms S18S3pg0asy, 80982, $7+5EA83+EaNWhile the
representing optimzation(c), results an area cal cul ation of = 6T + 6SA +
2SS = 22 Unpeeondessangriergany aidigions arerdone vsing-the Tddens SAESSAZO)IBAEY),
This is an % t 4% n redugi ng area of coe~cient block for the
current exaﬁg}zzf g‘%@ g‘% TPRHP YR e d2ciPR 211 YO rieafnsatisisg i
negative co e ation is also efftcient realization of
coefficient gf ae\(ﬁ +TFE\)éjt(:ie>S @ts power of two. Further mnimzation is
possi bl e by taking subtractl on as comon factor and using addition instead
of subtractlon V\/nereverélposs ble.in the reali t|on This result in an

i nproverrent [Fplefpetatign foprotiequation {optymzatipn a subtractor is nore

than the area of Bhl‘%hdder. BENERALI ZEDB§=I'7RUCTUREE(§]T1THE +TVEOTTON The
i nvention prO\HtFer+%31) ’éasbf$44c2’émlﬂf%$@alﬁ b$12’033*f$ 13t (SbeF4l bl bnt

bl ock[ A] applicabl et o if i |_er sydevi ysucdh as RIRy I IR and etler filter
structures). Th{$A@y hl‘t e{tSl-:N(@ i $ al s,q;;ap i caql SA8p ¢pnbi ng qnd
ors, mu

f"

sequential |ogi ¢ gonsisting of add tir agt [ pl iersfand Tlip
flop [T]. This ardhltec'turels réa' g ﬂs serijal adders
(SA), serial subtriacti on (SS)| and 1LiS€) op [ TL_dPer al il zed stpucture of
t he present inventlion iis depigt ed in "F gurenl3 The get -7 uation
of the structure i|s al sio cal cul ated herke. Be?inni ng|{wth ’11; Ez; Qz i zed
equation of FIR fillter 'coeffifieht block(A) Y(nT) =ya * $1 ¥ b * S2 + c*
S3 +. . ..k': Sn..|.......(1) where a, |b,..sakorepriesents filter
coefficients. S I,|] S2..... represents bjt Ilnes c to the coeff
cients. Now, reprgsentihng each C(?effi ci pnt afaddltl oq(gtrz&(gy,\m)arrapged in
power of two and applying it fo the equatl on:} v
t { !
! LT "SACT) T
' - v
\ [ b T(3)=2 "‘S/‘s(7)1 }
: h ‘ j Y :
o SAG) 1o
! \ v T !
) T(4)=3 * SA(4) : i
v ¥ : :
[ sam ] | :
) [ \ i
s : | |

» Output



15 January 2003 -18 y(nT) (2mram +. ... .. 2~*al +2*a0) * S1 + (2mfbm
+......21%pbl +2*b0) * S2 + (2mcmt. .. ... 21*cl +2*c0) * S3+....... +(2m
*kmk. ... 2' ~*kl +2*k0) * Sn Further, takzng "2" as comon factor we get the
general i zed equation for architecture as: Y(nT) _ (a0*Sl #BQandary. 20030* Sn)
+21 ( (al *S1+bl *S2+. ... +kl *Sn) + 21 ((a2*S1+b2*S2+...+k2*Sn)+ 21((a3 *S | +b3

*S2+. .. +k3 *Sn)+.. ... ... + 21 ((anmr Sl +bntS2+. .. ... +km*Sn))))) where ao,
al,..... amand b0, b 1,...bm and kO, kI_,1 ..... km represents the sign of
coefficients [i.e they have value (+ / - ?) or 0]. The architecture

realization in "Figure 13" is done using the sequential elenments like unit
del ays [T] and conbi national el enents such as serial adder (SA) and seri al
subtractor (SS). The highlights of the architecture are: 1) A common
share-able [T] elenments for all the coe~cients. The maxi mum nunber of [T]
el enment is équskhoWn inethte abuvegem;yleaieuatmh flohvehanf theequanomdelined e bit
coefficient” in the coefficient blo 2) . Area-optinizations in reducing
t he conbi naPP%‘ﬁl&Fl 3o BIE0 9 BIT4, e“’%bﬂﬁﬂﬁ&tﬁ%‘ﬁ&o%ﬁﬁl TetipHcatiag iy power of

T oure 1 o9ty e RO Bardlenl RS el TR BOTY apSEior Bdgion of
[where n regresgntSptisHMERE BE GRFL ICaRlifarl dhe (). 1T’ buthe ad¢tty on

terns of the

equat i on. [ ( defifdstle Bkt bit pddi&n)BITa 1l Whith| fevforms. addilofi SO S2+53+84 (adidn™ S1
+b nMFS2+. ... -1 +km*SniJ3 are represented as blocks [B]. Block [B] is a

conbi nat i onattpagwéni(il xby Msimgkthe §BA 1 sThianguipfit obthiskdditiberis agam) teamihasedt atal
subtractors }%S) el enents.  Since the val ues a0, b0O,..... represents

value [(+ I Th SBRCtuIh i EpRREEL NGRS IBEY @WS(%@alt@dglqn ofBIT. . sn

lines and in . t f the. e end on the val ue of
coefficient Bg?ﬁlﬁﬁyﬁg %&gzgmgeo%@%tgciﬁﬂe %t‘:lf(c nf@%‘%\%ﬂgﬁy 2003 19
coefficient determ nes the value of a0, al,...... etc. and hence it defines
t he i nterconnections between thenj. The out put of each block [B] is

nul tiplied Dypldnventasdmof hijdvelre iesisat THeFRhese0t swherkin thd &]put line S1Tbn
are used for nultiplication by factor of 2}.” The nunber of el enent s

depends on Sherepresentfthesliasucomeeferictee rielan blick @é}ehmmlah toaffialeht tline
coe$icient in the C@f ci ent bl ock Thus in the structure the final

out put s 01; th_i)rfe Beibsd qpasftegrl@"{”@um toﬁdhmdr@mmgsﬁha}@c%%ﬁ@s%arp
t t N t t
Lo are. of uboaiey frbied Bl iseriimind e sertehdditibmng Marachif, B pTRg”

T2]...... r r ugnt i

combi nat | oney A A afe ud At BEl loBiE THENERRERHEN VIR feRorifibhed
archi tecturg lihBeS] 1984 oid khe foint [TetlametteaRriodid]be xflamall 1awet Ry tthiaf
bl ock [B] and the output of elenent [T] is connected to the one of the

i nputs of ceedtiomatTheautpwgof eadh blaukk [BB)is aermmatediwitipddi]t élemed, . which
connected to input of elenent (SA or SS) of block [B] depending upon the

si gn val ue+¥epresente the bdeo iR b oufmvisbaing rmultiplied, by C}a f@tquOﬁ %"s Each [T]
d 1 d f
D o ked sitsiytelind bit postigl marked % e A Bida, BTk orns Subbut v2T°

flip-fl I

f1ip-Tlops] Eﬁ’ M&?‘é P8 P8 OGS BRTB S0 B ot BTN

Al 'so optini gafpudniig@n_heoapdemest i[T(Dh ogk fAdlto Eleﬁt gs%l:ﬁoz& NoPNESBEN The
conmpared Wi th the exiSting design’is'illustrated bel ow. Hardware reductlon

in block (Croisdetivetybdgi dohegirt osiptifave fadhtost &rensther {E] pylocleed Thas all
forrrul arize the cal culation of nunber of f<ip-flop (cgw for structure of
"The Exi sti addinpnssobtraciomimbloak {Bhdefines biypasition before Eetiogengltiplied biye

drawi ngs. The_.nunbeg_of Flip- flops in the coeffjcient ck depends on the
e of a1 % Rtgn gk R aehanedomst b1 RS mthe BIpsk 1B @A AFabbRos on

represents the output of the coefficient block [B].

In the structure, all [T] elements are represented as block[C] wherein the flip- flop

[T] representing multiplication by “a factor of 27, is share-able among various



-20 pessimstic formula for calculation of total flip-flops (T) in coeff.

bl ock is (_ average size of coefficient * nunber of coefficient], where
average size of coefficient can be calcul ated pessim stically as (Maxi mum
coefficient size / 2). (Refer " The Existing Method and M {4 hg@dry 2003
"Figure 8" of the drawings). Applying this fornmula, to exanple of ""Figure
7" for verification, where coefficient (~, 14, 25, 30) are represented in
4,5,6,6 bits (using signed notation). Accegding to fornula, average size of
coefficient is (6 / 2) = 3 and total nunber of flip-flop =3 * 4 = 12. This
is pessimstic as conpared to the inplenentation (where total nunber of
flip-flops are 13, refer "Figure 7"). Simlarly, the approximte fornula
for cal cul atiaefatidnehaluddtR helrFmbet i§RIErmiROYY MmakimdhecdetfiGiehinvalue.
Met hod and M nim zation” , and " "Detail ed Description of the Invention"” in
"Fi gure 8" anThisHsginr eoritdist its "Figanel @' o fpexistoaefduciuientvirmites elzinents are not
coefficient]. Adders ger coe~ci ent solely depend on the val ue of
coefficient. S&@é@rmbll@ pirasarS lop Sfdkdesss as (=nunber of coefficients *

maxi mum coefficient size / 2). . Now, as an exanple, the Applicants provide
her ebel ow use of the above nentioned fornul ae of previous two paragraphs in

filter of 20 £ iCi S 2: M coefihi gd IS :
r epr esent ed |?R§é{d§ﬁ?§n%gf@§%n§§|¢¥2%ng?éf icl egfl\'}a ugtﬂ%rrsly%; 55&?51@?@27%18
in 2's conpl ep@ibént SRHBSANS &l A0S forBRh ale ibblenditatibie, thoefumitsrefithe one-bit
approximated by the fornula is (16/2=8 bit). In "The Existing Method and
M ni mi zat i on"sertaheaddetsal( S A)memainofthe |samef [ldpin Tach egsa]r énl pregent minimization,
i npl enentation is 8 * 20 = 160, In contrast . to this "Detailed Pescyiptiqgn
of the | nvent2RRTOXyBAleRTFaGaickitions ys Tel IFperinl pddpe+( Thd TidPpEpitefwhereas the

flip-flops of_all ghe coefficient are.share-. ab n eddm t.he
coel Fi ot ont vHCERAEETE O s refar Sy T Roelfids ¥ ndbrat® TRbEtedeliffe,
i's no optim zgtt a , =t EHMTP& : =

in both the cggﬁetggal(r)g‘%sarre and lraTrs e equaFaI?{gidgr/%é é%@?éét&g%@g?} " F?gﬁ?{es%"
and "Figure 1Bhisdk appeq:dmwggs%sfévm igadrealirt Fighrd DO dsTéempadedtth NBigved hod
and Mnimzation" , "Figure 38" of the drawings 1s 160 T +160 SA = 480. Area
calculation for "Detail ed Description of the Invention" , "Figure 13" is 16

T +160 SA = 336. This is an inprovenent of 30% [ (480-336)1480] over "The
Exi sting Met Woer BHET NaNMing l2sgq sae coelffigseninitig lerdpipra drastie-aedilcpiqn ia the 2gaed

serial adder/ L sHpht ractor. Al = 2 Units). The area gain by
structure cou@'%@/%gy eg?‘?eggc%%ﬁalegf%)'t he coefficient block) for big filter
where min ~mation of adders and other mnimzation optimzation{a),
optim zation(b) and optim zation(c), as discussed earlier, are applied. The

preferred embagioneet epfhddifichPyptiid Biventionl RoOpURmRLLEd By a real example

of filter coefficient device. This is referred"'to as optim zation(a) and
shown in "Fi glhis dftimidatioheeducesitnghardwdre iof blockd® | whichessentizllyaonsists. of
Area calculation for "Figure 10" is 11 SA+4T=26 units whil e, area of "Figure

7" of the dr alhhhang éx3elemenisnBeginning With | Equativneiargiriiggingqutdhe gpmgion
results a gain $&32&%i n area (of coe~.cient design block) for this exanple
desi gn as conpHPEYEIBOM sting i npl ement ation, supporting the general i zed
statement. Hapduaig ggduction in block (D] The optim zations in block [D]
are referred 1o as optim zation (b), optimzation (c) and shown in "Figure
11 ", "Figuread2=s gafi-Sdhe drawings. In optimzation (b), beside sharing the
flip-flop (T) for all the coefficients and sharing the conmon adders (SA)

t echni ques i sTHerfEquatioh4Stcen b Birthdidveduced sie to presence of (SA), (SS) in
bl ock [D] and separate clustering of elernents in block (D] and [(]. 15
January 2003 y(rJ =Tﬁl’SSB)S"QJ*KAM%,T(&I@hﬁ@*ﬁ@thé+é§{éﬂb))e of previ od&EQ 3)
section Using 1 = S2+54, A2 = S3+S4 in this exanple. Total .area for thi
exanpl e afterTﬁﬁeﬂ&aYi oF s mAlsmenationaof quaiion xgnillﬂ%str.at%?é@%emdcm d

wth optim zatj esul i B akgazxlain of 37% in_ar f fici .
desi gn bl ock) 5)%@?‘1?‘%9{2 @%&iﬁﬂeg%e i’g§4e{§p5e(§ﬁ%§rr§8r tx%px.étg.?zfx?rpéﬁﬁfrfy Aacdxt‘?@& 13

i npl enentatio g ; 5 hts e I M i Hesernt
before can be%é%ﬁ@% a%g%“@ e%osc%%t gé(?%]spg?ja?éllﬂggﬁggfgﬁéd&ﬁmq BF ibra
optim zati on(g)+83dSOpEl 53884 ONhAL thd SR ohasRNAfR @y RRldidH RAdrBusing the
coefficient value using subtraction (SS) instead of addition(SA) is used
here. This saves quite in area when the coefficient value is close to power
of 2. (e.g. for realization of coefficient value 63, the realization (63=64
-1) is better than (63 = 32+ 6+8+4+2+l). In first case the nunber of
subtractor is 1 while in second case the nunber of adders are 5.). The two
cases are illustrated in previous section with exanple and are shown in
"Figure 12" and "Fi Pure 9" of the drawi ngs. The area cal cul ati on w t hout

e o ~ Y " ~NA 1L o



consi sting of adders, subtractor, nultiplier and-unit—delays-[T]. *Note
that the input to adders in [B] are interchangeable e.j adders SA(~), SA(6)
i nputs could be interchanged. Also the sighals t_ 1, t 2 etc. can be
connected to any input of adders of block [B] of next bit pgpsiLion 5
January 2003 -23 * *For approxi mate area cal cul ation foll ow?id '&lé%r%?pﬁ

is mde (1 Unit of Area = 1 FA = 2HA = 1T & SA=SS= 2 Units of Area). The
present invention is nost economcal in te{gs of area of coeff cient block/
architecture. In fact, the present invention provides an area inprovenent
of 3050% of the coei~cient block desi~ or conbinational |ogic consisting of
adders, subtractor, nultiplier and unit del ays. 15 January 2003 - 24
CLAI1~1S 1. A device for providing an area efficient realization of
coefficient, said device conprising of architecture [A] with hardware

shari ng t echni gues, an zation applied to this architecture, the said
ar chi tect ur ea?ﬁlsl%@éngéé?)e@&@) o‘b‘éf%t SAéht SA@esTim mulopliaatian by factor of
..... CLi n_n_and/ g from bl ock [EJ and/ or
[F] to be c8ﬁ?né5c§%%F %mﬂg?? E{Em‘ﬂtﬁ TED; ﬂ;)oﬁé’f)a or a mathemati cal
conputing operation with optim zation in hardware and provi des a zero

| atency output, the said architecture [A] has serial input bit lines as S
1, S2,..... Sn. [where n represents the nunber of coefficients of the
filter] and the addition terns of the equation [(a0*S1+b0*S2+....+k0*Sn),
(al *S 1+b 1 *S?+..... +kl *Sn)........ (antS | +bntS2+. .. .. .. +kntSn)] are
represented as blocks [B] , the values of a0, bO,..... etc. are represented
as [(+ /-) 1 or 0], the said Block [B] is a conbinational -sequential block
consi sting (bfnpﬂﬁflé@ﬂatlﬁddﬁﬁﬁoﬁeﬁ&ht;@rﬂ@o[ﬁﬂngho§ggl}I‘aCt ors (SS) elenents, the
connection of eleBgds (SABFH3to S I,gH> n lgimes and igitrer connecti on

of the el enents 4155333 ~ gepeng,. §ﬂ_§ a%H_ez*o %e;féflf,n 33‘7’4{]) ASS

el enents are arranged in mt“x, or s Ion S
SAL_| to SAl n tfpﬁ!r ' posiy nd (s

ENt St ‘S nff ci ent
val ue, the out put of egch bl ock [ B]

IS cc@nect to [Q’] leI enentis t hrough
line b 1, b 2,.....bm tthe nunber of S'Kgle ntfs “dgpan 5 0n the {size of
maxi num coefficient and is share- abtre—for—al!l i\Ci

fiici ent t he
coefficient architlecture [A],|the output of ‘eI ement| [ TJ @Tx_ﬁgﬂj to one
of the inputs of g¢onbinati ona{l l,ogi c of| bl ook [B] of nex —t+ton (i.e
connected to inputf of elenent] (SA or SS) of bl ock Bl _depend¥n; upon the
sijn value+/-), Lines tn 1, t-2,.....t_mare used Lo meSA8) he

i nterconnections firom cl uster [C:] to [B], inthe said s¥ructure [A], all
the elenents in bljock [,B] arel cliustered toj ét her as bTEa2 T BMBand aljl the

unit delay elenmentts {T[} 1 J, T[Z] ...y 1} are cl ust,ered together in
15 January 2003 -25 bl ock (C], t'herefby separ.asA(fg the
conbi nati onal - seq%aentl al and sequentiat—togie: e quent i al

I

elenments [T] of b

ock [ are c mon for all tmes)fmeszﬁ(sm ents and are
share-abl e and positioned at poSTTTonm ofegrir otk TB]——r'h'e—Brjcl) ck [D]
has combi nati onal {sequent i il eI enent 551“9( B[ wWhT ch are essenti ally SA
SS, In the structfire the h e share- abl e across
various [B] bl ocks and al SO Wl[m D ock [{Hlﬁ“ _A} rlllou output—s—taken
fromthe output of -of—1-as+t b:tmm" o2 Aoyl cea
clainmed in claifr i ni mal »reallzatlonrof digital filters
based on coeffi ¢ ~when dperated in bit serial fashion,
the structure [A] prow. ) . g@gatlonfor finite inpul se
response(FIR) filter, i'nfini te i rrpul se response filter(BR) and for other
applications related to conbinational |ogic consisting of delay elenent(T),
mul tiplier(N 1], adder(SA) and subtractor (SS).

the ,CI etretS—




3. A device as clainmed in claim1 wherein further optim zation technique in
cluster [D] is done by using common adders (SA) and common subtractor (SS)
in Block [B] and using this shared outputs. 4. A device as clainmed in claim
1 wherein further optimzation technique in cluster [D] isq6988,5% 34t3n9
subtractor (SS) instead of adders, when the coe~cient value is closer to
power of two. 5. A device as clainmed in claiml| wherein further

optim zation technique in cluster [D] i-syglone by mnim zing the use of
subtractor by taking conmon subtraction operator and using adder instead.
15 January 2003 - 26 6. A device as clained in anyone of the preceding
clainms wherein when used in inplenentation 2 of FLR/IIIR filter and simlar
structure offfdurkans)shbesithé &nFemﬁtﬁ)@é%e%fufulcﬁkemhé&ﬁ{ tHeRinipRf 118k S1 to
filter, this is due to the fact that storage area of delay el enents of
filter in iS4l esprasattithe2linss, sonhéaed ita délap Heck jEPankrbugh Cogffieimmtlitdson
1 which is present due to inherent property of the structure of

i npl ement at (@i tnkldadd depisiad walhisgre 6" af & fravings. ethabingsi 81 éniS4 are
feal Lzatlon desidly! s @ @{ciﬁﬁﬂfg??ﬁg?@%égﬁe SeAb BB MG HE&ISH, for which

. AY[ . AY. AL. Ak A: A2 ? TR ; x A
RO A | 1 Oos ST Eemer S ey e Vo 17 The oot S MR bIASK i€ i s %
] ca] cal] ca] &1] wRek ozl slad dedra 11T 2l eadreta] The oakma] cfodaehlwlaie dB] is terminated

i Rof y! $#% % %2 %% ' +(=(z) **+d+t +x+++?, -- . OF1}xsni d_Z] ] ca] ca] ca] ca] ca]ca]ca]c

a] ca] ca] ca] odllta] [&'d]bia‘}lf(;ar}/bi&]lca@maqmama]abza:](c@]cm.]_tp‘at] being apelsipliafl dy] faatara) c
| F111. 2>2B22; 3} 3468888k9u; 7K ?BOGGG L . .

ﬁqu 1 JJIKL K|°J%n2wh§"eﬂ‘}t93] g] @Eﬁgfﬂ% SHick) is 2t b pasitéen BAT RaiscRrda thaierytc a]

o e ol o] OES T L dn U T8 QU REKKIAUIS Fecbio et £etion pf blockBl T .

a) ca] ca] ca] &

T o s i st sdeigplacapbisiesr AR 8 ©

ThTTTTT#Uv UPWY O eN R To/vedreseed[th Bloek{@)\\ \ \ zuoj d_Ynmhc”] ca] c”a] ca] c”a] caU
] ca] cal] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
cal] ca] ca] ca
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R
2] Ca] cha] CAFERFSSTIAR ) EUPOR O RN A58 SHEL ey o C AL RO S0
Sif | w o Vieg) salisahe skeedoak o8l ook aokealnl el ke ehealis 7 Ankeabesksal oa

] ca] ca] ca] ca] ca]calca qa]ca ca
109& () -!f 1Q¥iRB8ets) SA 3P8/&bKo):kéj§'B}Qﬂ/@E'it(ﬁos'iﬁé@%&T@ is fed at two points. One to the
Y1090JU&' () - | Ca?! A9S, 109&' ()-'c9S, 10% & ()-*@0%& () -

input of adders SA(4) which eventually terminates at [T4] element and other to the

input of adder SA(S), hence reducing the adder count further by 1.

Note how Al and A2 are shared in the Structure. Comparing the hardware
implementation of "Figure 10" and "Figure 11", the number of adders are
minimized by having common adders Al, A2. This optimization is purely

dependent on finding common addition terms among coefficients.

In present minimization, approximate area calculations is = 9 serial adder (SA) +
4 (T) = 22 Units, whereas the area of the existing minimization of "Figure 7" is 11
(SA)+ 13 (T) = 35 units. (assuming 1 Unit =1 FA =2HA = 1T and serial adder
(SA) = 2 Units). Thus compared to the existing minimization, the “Optimization

(a)" and “Optimization (b)” , combined has resulted in 37% saving in area (13 /35



(10%& () -

' 109 ()-)3"109%& ()-]1>FPQRSAYNC! 10 10 10#S;

109& () - SH6109& () -, 5109 ()- 3F'109%& ()-1109% ()- SZjn8 dEYNC
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* 100). “Optimization (b)” is an improvement of 5% in area (of the coefficient

block) over “Optimization (a)”

Yet another embodiment of the invention or Optimization (c)

In realization of block [D], further optimization is done by realizing the coefficient
value using subtraction instead of addition. This is good for numbers which have
values closer to power of 2. (e.g. for realization of coefficient value 63, the
realization (63=64 -1) is better than (63 = 32+16+8+4+2+1). In first case the
number of subtractor is 1 while in second case the number of adders are 5.

To illustrate this by an example, consider the coefficient values as 5, 25, -48, -63).

Writing the FIR equation using these coefficient values.

Arranging the terms with 63 as (32+16+8+4+2+1)

y@T)=5*S1+25*S2- 43*S3-63*84

= (1+4)*S1 + (16+8+1)*S2 - '(32+16)*S3 - (32+16+8+4+2+1)*S4
=(S1482-S4)+2*(-S4+2*(S1-S4+2*(S2-S4+2*(S2-S4- (S3+2(S3+584)))))) (EQ6)
Alternately arranging the terms with 63 as (64 -1), the first equation reduces
=(1+4)*S1 + (16+8+1)*S2 - (32+16)*S3 + (1-64)*S4
=(S1+82+84)+2*(2*(S1+2*(S2+2*(S2-S3-2*(S3+2*S4))))) EQT)

The realization of "Equation 6" and "Equation 7" is shown in "Figure 9" and

"Figure 12" respectively.

In these realizations, the number of [T] elements is one more in "Equation 7" due
to presence of term “64”. However, the number of adders are less in the structure
represented by "Equation 7" than by "Equation 6" . This is because the number of
adders are less in former case.Comparing the area of the two realization, From

"Equation 6" , Area obtained is 5 T+6 SA+6 SS = 29 Units. While from



fj}724C 10810%&' ()- 7 "10%&' ()-!L1#10%+& ()-!L1#10900& ()-# "109& ()-1 #
"109& ()-1 kIC 10! " 10%u& ()-+ "10%& ()-+10% u& ()-!10% u& ()- 10% u& ()-
10 101 W23zY7) 10uu! $"10%IU& ()-+ "109& ()-+ "10%IU& ()- +

"10908& () -+ " 10%u& ()-+ "10% & ()-+34591 M gH 10uu! $" 10S@"* ggréqu?@) (gg
"109& ()-310%08& ()-! 10%08& ()-, 10%0& ()- 10uu 10uuQ i OPQRAYNEUU! 9B 100
100S0! 109%0% () - @ 10%0% ()-: @ 10%0% ()-: @ 109%& () -: @ 10%0% () - : Rbf y! $##IEYNC
uul'$ 2"10%& ()- )3"10%& ()- 3"10%& (): ' 10%& ()- F10%& ()-"10%& ()-

"Equation 7" , representing optimization(c), results an area calculation of = 6T +
6SA + 28S = 22 Units. (assuming 1 Unit = | FA = 2HA = 1T and SA=8S=2
Units). This is an improvement by 24% in reducing area of coefficient block for

the current example.

Thus, the optirnization reduces area for realization of negative coefficient. This
optimization is also efficient realization of coefficients having value close to power
of two. Further minimization is possible by taking subtraction as common factor
and using addition instead of subtraction wherever possible in the realization. This
result in an improvement in area, due to the fact that area for a subtractor is more

than the area of an adder.

GENERALIZED STRUCTURE OF THE INVENTION

The invention provides an area efficient realization of filter coefficient block[A]
applicable to filters devices such as FIR, IIR and other filter structures). This
architecture is also applicable to combinational and sequential logic comsisting of
adder, subtractors, multipliers and flip flop {T]. This architecture is realized using
the elements serial adders (SA), serial subtraction (SS) and flip-flop [T].
Generalized structure of the present invention is depicted in "Figure 13". The

generalized equation of the structure is also calculated here.

Beginning with the generalized equation of FIR filter coefficient block(A)
y(nT)=a* Sl +b*S2+¢* 83 +................ k* Sn........ (D
where a, b,..k represents filter coefficients. S1, S2..... represents bit lines

corresponding to the coefficients.

Now, representing each coefficient as addition of terms arranged in power of two

and applying it to the equation:



HUBOR) % %2 %8bCuu! $9° 10% u& ()- | G'10% u& ()- | 10%u& ()-"10% u& ()- 10z

10z 10z2"10%& () -
% ' +(=(z)) dEbCuu! $S& 10% >& () - &S&nt 10% u&' () - &": 10% u&' () -

G'10% u& () -

G'10% u& ()- G'10% u& ()-)' ***+a+b+c+d+dYNCuul $ 10- 10- 1015‘]5;,&3/%- @
"10% u& ()-s6 10% u& ()- S& 10% u& () - &S&nt 10% U& () - &d+t +XFE+7° cuu! $

LI 109%<& ()- 10%& ()- L!10%& ()- L 10%& ()-

109%& ()-!Y10%& ()---. OF111dEYNCuu! $ L_GIIE%O_(V&&' ()- L5 10%& ()-

LFZ" 10%& () - FLFZ" 10%& () - FLFZ" 10%& () -
3bCuu! $ 3"109%Z& ()- 3"109&Z& ()-L10%Z& ()-"1109@& ()- 10<

FZ'109& () - F1+2, 2- 2. 2>2B22;

y(nT) = (2™ am +.....2"*al+2%a0) * S1 + 2™bm +....2"*b1+2%*b0) * S2 +
(2™ cm +.....2 % 142%%¢0) * S3+......+(2™ *km +.....27 ¥k 1+27*k0) * Sn

Further, taking “2” as common factor we get the generalized equation for
architecture as:

Y(aT) = (a0*S1 +b0*S2+....+k0*Sn)

+21( (al*S1+b1*S2+....+k1*Sn) +

2! ((a2*S1+b2*S2+..+Kk2*Sn)+

21((a3*S1+b3*S2+...+k3*Sn)+........+

where a0, al,.....am and b0, bl,..bm aﬁd kO, ki,.....km represents the sign of
coefficients [i.e they have value (+ / - 1) or 0]. The architecture realization in
"Figure 13" is done using the sequential elements like unit delays [T] and
combinational elements such as serial adder (SA) and serial subtractor (SS). The
highlights of the architecture are:

1) A common share-able [T] elements for all the coefficients. The maximum
number of [T] element is equal to next integer value of “log of the maximum value
of coefficient” in the coefficient block [A]

2) Area-optimizations in reducing the combinational logic [D] (i.e optimizations

applied on serial adders(SA), serial subtractor (SS) as stated in previous section).

In "Figure 13", the input serial data is present on bit line S1, S2,.....Sn. [where n
represents the number of coefficients of the filter] The addition terms of the
equation.[(a0*S1+b0*S2+....+k0*Sn),(al *S1+b1*S2+.....+k1*Sn)........ (am*S1+b

m*S2+.......+km*Sn)] are represented as blocks [B]. Block (B] is a combinational-
sequential block consisting of serial adders (SA) and serial subtractors (SS)
elements. Since the values a0, b0,..... etc. represents value [(+ / -)1 or 0]. The
connection of elements (SA/SS) to S1, S2...Sn lines and interconnection of the

elements (SA, SS) depend on the value of coefficients [This is because the value of
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coefficient determines the value of a0, al,.....etc. and hence it defines the
interconnections between them]. The output of each block [B] is multiplied by two
using [T] elements {The elements T[1], T(2],......T(m] are used for multiplication
by factor of 2}. The number of T elements depends on the size of maximum
coefficient and is share-able for all the coefficient in the coefficient block [A].
Thus in the structure the final outputs of all the blocks [B] are terminated at unit
delay elements [T] (connected through b_1,b_2,....b_m).

In the structure, all the elements [B] are clustered together as [D] and all the unit
delay elements {T[1], T[2].....T[m]} are clustered together in [C]. The sequential
[C] and combi.national—éequential logic [D] are quite separated in this architecture.
The input of the unit delay element [T] is final output of block [B] and the output
of element [T] is connected to the one of the inputs of combinational logic of block
[B] of next bit position (i.e connected to input of element (SA or SS) of block [B]
depending upon the sign value+/-). The interconnections from cluster [C] to [B] is
represented as t_I, t_2,....t_m. The bit positions of serial data frame are marked as
BITO, BITI,.....BITm.

In the generalized structure, flip-flops{T] of all the coefficient are share-able and
the number of flip-flops[T] are limited to the coefficient which has the maximum
value. Also optimization can be applied in block [D]. The gain in area when

compared with the existing design is illustrated below.

Hardware reduction in block [C]

Before beginning to prove the statement, we proceed to formularize the calculation
of number of flip-flop (T) for structure of “The Existing Method & Minimization™
in "Figure 7" and "Figure 8" of the drawings. The number of flip-flops in the

coefficient block depends on the size of all the coefficients. The approximate and
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average size of coefficient * number of coefficient], where average size of
coefficient can be calculated pessimistically as (Maximum coefficient size / 2).
(Refer “The Existing Method and Minimization”, "Figure 8" of the drawings).
Applying this formula, to example of "Figure 7" for verification, where coefficient
(5, 14, 25, 30) are represented in 4,5,6,6 bits (using signed notation). According to
formula, average size of coefficient is (6 / 2) =3 and total number of flip-flop = 3
* 4 = 12. This is pessimistic as compared to the implementation (where total

number of flip-flops are 13, refer "Figure 7").

Similarly, the approximate formula for calculation of total adders (SA) in coeff.
block for “The Existing Method and Minimization” , and “Detailed Description
of the Invention” in "Figure 8" and "Figure 13" is [=adders per coefficient *
number of coefficient]. Adders per coefficient solely depend on the value of
coefficient. Assuming number of adders as (=number of coefficients * maximum

coefficient size / 2).

Now, as an example, the Applicants provide herebelow use of the above
mentioned formulae of previous two paragraphs in filter of 20 coefficient. Assume
the maximum coefficient value is represented in 16 bits (e.g. maximum coefficient
value is +32767 or -32768 in 2’s complement representation). Average size of the
coefficient approximated by the formula is (16/2=8 bit). In “The Existing Method
and Minimization”, the total number of flip-flop (T) required for implementation
is 8 * 20 = 160. In contrast to this “Detailed Description of the Invention” would
require only 16 Flip-Flops (The number of flip-flops of all the coefficient are
share- able and are limited to the coefficient which has the maximum value).

Assuming in worst case that there is no optimization of adders, the number of
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and "Figure 13" of the drawings)

Area calculation for “The Existing Method and Minimization” , "Figure 8" of the
drawings is 160 T +160 SA = 480. Area calculation for “Detailed Description of
the Invention” , "Figure 13" is 16 T +160 SA = 336. This is an improvement of
30% [(480-336)/480] over “The Existing Method and Minimization” . (assuming
1 Unit=1FA =2HA = 1T and serial adder/serial subtractor (SA/SS) = 2 Units).
The area gain by structure could be as high as 50% (of the coefficient block) for
big filter where minimization of adders and other minimization optimization(a),

optimization(b) and optimization(c), as discussed earlier, are applied.

The preferred embodiment of the invention is also supported by a real example of
filter coefficient device. This is referred to as optimization(a) and shown in
"Figure 10" of the drawings and discussed in previous section. Area calculation for
- "Figure 10" is 11SA+4T=26 units while area of "Figure 7" of the drawings
(existing implementation) is 11SA+13T=35 units. This results a gain of 26% in
area (of coefficient design block) for this example design as compared to existing

implementation, supporting the generalized statement.

Hardware reduction in block [D]

The optimizations in block [D] are referred to as optimization (b), optimization (c)
and shown in "Figure 11", "Figure 12" of the drawings. In optimization (b), beside
sharing the flip-flop (T) for all the coefficients and sharing the common adders
(SA) techniques is done in cluster [D]. This is due to presence of (SA), (8S) in

block [D] and separate clustering of elements in block [D] and [C].
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This is illustrated using the example of previous section Using Al = S2+84, A2 =
S3+S84 in this example. Total area for this example after the optimization is 9SA +
4T = 22 Units*. This, when combined with optimization(a) results in area-gain of
37% in area (of coefficient design block) for this example design as compared to

existing implementation (where area was 35 units).

The optimization(c) as described before can be further applied to cluster [D]. That
is beside optimization(a) and optimization(b), the technique of realizing the
coefficient value using subtraction (SS) instead of addition(SA) is used here. This
saves quite in area when the coefficient value is close to power of 2. (e.g. for
realization of coefficient value 63, the realization (63=64 -1) is better than (63 =
32+16+8+4+2+1). In first case the number of subtractor is 1 while in second case
the number of adders are 5.). The two cases are illustrated in previous section with
example and are shown in "Figure 12" and "Figure 5" of the drawings. The area
calculation without optimization and using adders ("Figure 9" of the drawings) =
29 Units*. While optimization applied ("Figure 12" of the drawings) results in area
= 22 Units*. This is an improvement by 24% in reducing area of coefficient block

for this example.

With all the optimization applied, the invention while in use results in an area
improvement of 30-50% of the coefficient block design or combinational logic

consisting of adders, subtractor, multiplier and unit delays (T].

*Note that the input to adders in [B] are interchangeable e.g adders SA(S), SA(6)
inputs could be interchanged. Also the signals t_1, t_2 etc. can be connected to any

input of adders of block [B] of next bit position.
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**For approximate area calculation following assumption is made (1 Unit of Area

=] FA =2HA = IT & SA=88= 2 Units of Area).

The present invention is most economical in terms of area of coefficient block/
architecture. In fact, the present invention provides an area improvement of 30-
50% of the coefficient block design or combinational logic consisting of adders,

subtractor, multiplier and unit delays.



. 10G,10G 10G7/mL0%=&' () - 5! 109%6:& () - psO! 10%3&' () -s0! 10%&' () - XxmbC 10"

10%& ()- 10 U 10 U 10 U "10% U& ()-M @.0% U& ()-!10% U& ()-Lz10% U& ()-bC

100 "10%<& ()-f10%& ()-"10%& ()- 10z 10z 10z"10%& ()-z/f10%& ()- GoOdELC
15 January 2003

- 24 -

CLAIMS
L. A device for providing an area efficient realization of coefficient, said
device comprising of architecture [A] with hardware sharing techniques and
optimization applied to this architecture, the said architecture [A] is connected to
_coefficient lines CLin_0, CLin_l....CLin_n and/or BLin_0, BLin_I,...BLin_n
coming from block [E] and/or [F], to be connected to perform filtering operation or
a mathematical computing operation with optimization in hardware and provides a
zero latency output, the said architecture [A] has serial input bit lines as SI,
S2,.....Sn. [where n represents the number of coefficients of the filter] and the
addition terms of the equation [(a0*S1+b0*S2+....+k0*Sn),
(al*S1+b1*S2+.....+k1*Sn)........ (am*S1+bm*S2+.......+km*Sn)] are represented
as blocks [B] , the values of 20, b0,..... etc. are represented as [(+/-)1 or 0], the said
Block [B] is a combinational-sequential block consisting of serial adders (SA) and
serial subtractors (SS) elements, the connection of elements (SA/SS) to SI,
S2....Sn lines and interconnection of the elements (SA, SS) depend on the value of
coefficients, the SA/SS elements are arranged in matrix form SAQ: 0 to SAO_n in
bit position 0 and SA1_1 to SAl_n in bit position 1 and similarly SAm_1 to
SAm_n in bit position m, the presence of one of these elements is defined by
coefficient value, the output of each block [B] is connected to [T] elements
through line b_1, b_2,...b_m, the number of T elements depends on the size of
maximum coefficient and is share-able for all the coefficient in the coefficient
architecture [A], the output of element [T] is connected to one of the inputs of
combinational logic of block [B] of next bit position (i.e connected to input of
element (SA or SS) of block (B] depending upon the sign value+/-), Lines t_1,
t_2,....t_m are used to mark the interconnections from cluster [C] to [B], in the
said structure [A], all the elements in block [B] are clustered together as block [D]

and all the unit delay elements {T[l], T[2].....T[m]} are clustered together in
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block [C], thereby separating the combinational-sequential and sequential logic,
while the sequential elements [T] of block [C] are common for all the coefficients
and are share-able and positioned at end position of each block [B], the Block [D]
has combinational-sequential element block [B] which are essentially SA, SS, In
the structure the hardware within block [B] are share- able across various [B]
blocks and also within block [D]. The final output is taken from the output of the

elements of last bit position.

2. A device as claimed in claim 1 wherein the area minimal realization of
. digital filters based on coefficient architecture[A], when operated in bit serial

fashion, the structure [A] provides hardware minimization for finite impulse

response(FIR) filter, infinite impulse response filter(TIR) and for other applications

related to combinational logic consisting of delay element(T), multiplier(M),

adder(SA) and subtractor (SS).

3. A device as claimed in claim 1 wherein further optimization technique in
cluster [D] is done by using common adders (SA) and common subtractor (SS) in

Block [B] and using this shared outputs.

4. A device as claimed in claiml wherein further optimization technique in
cluster [D] is done by using subtractor (SS) instead of adders, when the coefficient

value is closer to power of two.

5. A device as claimed in claim 1| wherein further optimization technique in
cluster [D] is done by minimizing the use of subtractor by taking common

subtraction operator and using adder instead.
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6. A device as claimed in anyone of the preceding claims wherein when used
in implementation 2 of FIR/IIR filter and similar structure of filters, results in quite
area efficient realization of filter, this is due to the fact that storage area of delay
elements of filter in implementation2 is smaller in size as compared to
implementation | which is present due to inherent property of the structure of
implementation 2, An additional saving in area in filter coefficient realization

design is achieved by using the claimed structure of coefficient architecture [A] of

"Figure 13"



