; e3eFe’ "alLc4c<d6dTFet |4 30 COct ober 2002 - 1AREA EFFI Cl ENT REALI ZATI ON OF
COEFFI'Cl ENT ARCHI TECTURE FOR BI T- SERI AL FI R, Il R FILTERS AND
COVBI NATI ONAL/ SEQUENTI AL LOd C STRUCTURE W TH ZERO LATENCY CLOCK QUTPUT
FIELD OF I NVENTION The invention relates to area efficiengoisadbaragoon of
coefficient block [A] or achitecture [A] with hardware sharing techni ques
and optim zations applied to this bl oclq The bl ock [A] IS connected to
coefficient lines CLin O, CLin 1..... n_and BLin IéJrEg:ﬂtr’ BLin n
coni ng fr om ARBAKEFEICIENY BEA{LFI]ZATtI@Nb@Fc%(HEEEKHENTOA BEH REering
oper ati on SORaBIBSERIAL EE, [ERFLTERG ANBr GOMBINATIONAL/SHQHENIAALN

hardware and prigYGHe$ TRUECT UREAWETHYZEROPLUATENGY CROGK IQETRUdo gives the
area mnimal realization of digital filters based on coefficient block[A],

wh L : . hion. Th A . hni q
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filter(ll or other frlters and applications on co t 1 onal

| ogi c Conatkﬁtécweqf g@eitﬁ!&aﬁi@ﬁ‘é%@nh g tedRHi§hddl ArRY ¢pimizaEbhebppldetetd #A8 and

serial subtractor (SS). Brief description of t he acconpanying drawi ngs In
the accormpiotki ﬁ'@ecblar:k (43 is Eogneated ts koeiciénd lires| CLinf 0j @ldnt 1.onCLin_n
appl i catlons of the_device Figure 2 shovvs t he synbol of conmponents used in
the devi cend Blgor@ Blimdwe Bhin_acomingirem 901% or B lutbe canpented

ure vvs the bit _.serjal errent atlons F|

o an tpSfamy R lﬁ?@s.?ﬁ%ﬁlorp%@e ety <Ohriing. ohetaton Wi © °

m ni m zatl Pn{]% Fn%u OM¥so t he
structure g pri gﬂ% Eﬁown | npl eneﬁgtsg'g#%ngtge ﬁalft%ﬂcg/' @5&3 P@ll énlt%Hb ock
Figure 8 givuastheedeiigimdll p‘eaﬁzéﬁdm@f digtadffilRrd Badddnenvaoe i eteslbak(iAd)
techni que of coefficient block r 30 October 2002 -2 Fi gure 9 shows the

m ni m zat iwirent epdratequia binsetizkfhshionE Mhef optimizatibn dectmiqessamdistrutiere of
generalized structure of the mnimzation technique involved in FIR filter.
Fi gure 11 ththpieserhiavantiomasegoed fq;cbltrrs@n%lfdlgﬁalsﬁlés@amléahty R finite brpulse t he

Phe pr eseRPHORSEATRO IR, R e ISR e EREs ELrsr LNaRA Ejeoe! EETS PRt ur o
b€ gett'agglﬂ:ﬁf"odgarb%éc?lox?uagﬁ{t)m%'noﬁglt lRng co ﬁtiﬂéegf n&elh{)\/g%ﬁém(l'),
multiplier(M), serial adder(SA) and serial 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 components used in the device.

Figure 3 shows the description of components used in the 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
- coefficient.

Figure 7 shows the structure of prior/known implementation technique for

coefficient block.

Figure 8 shows the generalized structure of prior/known implementation technique
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Details of Elenents/synbol used in the description The basic conponents
synbol’ used in design are shown in "Figure 2" of the drawings. In addition,
expl anati on and usages of the device are done in the text bel ow and
depicted in "Figure 3" and "Figure 4" of the drawi ngs. Ungp Qbwer 2002 It is
one bit delay elenent. It also perfornms function of a nultiplier by a
factor of 2. [e.g. For the serial input2frane (0101011 in binary or 43 in

i nteger representation), the output of this block is (01010110 in binary or
86 in integer representation). This elenent is usually a Flip-flop (D
Flip-flop, J-K Flip-flop etc.). Full adder (FA) ' It perfornms binary

addition. & J 1:S.: : 11l HIRA e N) While the
out put's ar%ggréa%g@%Eﬁ(@klﬁy%%tfw{%ﬁg&ﬁe ﬁ}rﬁ%théqlg#or 11?%% adder

functi onalfighMrd 50 SHOWS thé gefréralited Struétird BE tiEd MM iRASati dritdchaliuer iaobed( FS)
It perfornms binary subtraction. The inputs to this element are A, B, Cn

(Carryin) whFIRfiltee. out puts are Z and Cout (Carryout). The truth table for
full subtractor functionality js shown in "Figure 3" he draw ngs.
Serial addégurssh) shews dae minimized sgaichire ofghis exam,p?%‘ﬁg@éil%%eptt %@o&resgltl t
perfornms addition/subtraction of two serial franme, x 1 (nT), x2(nT) to
generate o orf}(nT) represented as x|l (nT)+x2(nT) or x|l (nT)-x2(nT) . The

ial adder, S ) : :
subt ract orh B 12 SHEYS B idlertiioo dULBIRRL HhotBloot e PHCbERBAORT . he
out put Coukigate [ FAhEWE thé oftRr @Qentast ¥ thé srhddirel.€ gafd pasalfiRutRd to
Cnline of TFA/ FS]. This enabl es fhe [FAIFS] and [T] together to flunction

as serial didebtly, oSMeSResenttinventiyn.B are the inputs to this elenent and Z is
the output. (e.g of serial addition is as follows, if x 1 (nT) _ O 110 (6
in integer) and x2(nT) = O 111 {7 in integer). Then y(nT) = 01101 { 13 in

i nt tat,l . I Ml ti i M-.11 [tipli t i al
put 1 aneGE Y Eheren AR 3t in B¢ BReBHOR epr esent ed as v(nT) -
(P ) T rs | ! hif
Fegi Ster VB oRRShe! LAy Meslel pre S dh T RIRESS Do
nul tiply birabdggNrinodddlionAexsiaeator Bnd fisegéscoBtheofievib® afy dvhe 38 thé hext

multiplier is formed by addi ng the outputs corresponding to ones in the

bi nary r epbelserdnst depictefl it MEigwe Bf' iand éFigurBdl" aof tiezdrbjvifed.ay by one dane of
data is done by shift register (series of Flip-flops (T) connected to store
and shift Uﬁéta/ﬂﬁlﬁt('rblarre). The number of Unit delay (T) in one ' delay

| (O | .t he f [ f.the d t. PRLOR.ART .OR EX| STI

| VPLENENT A ORE B AIoPE o RE 1 PISB HH HSLRRtY o BRURE Y ' S
LENENT, Ny | P B BSHUS _

For di of tal O Tobr o0 e BEy e IO o8, BN okl £ aorhes s

?pgloi Cof;‘: iogiée?r%gt;tmmmi b@tpubiognBis BloeRgs0N01(11¢l & BindrPogigéain dasgans.
representation). This element is usually a Flip-flop (D Flip-flop, J-K Flip-flop etc.).
Full adder (FA) o
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.
Full subtractor (FS)
It performs binary subtraction. The inputs to this element are A, B, Cin (Carryin)
while the outputs are Z and Cout (Carryout). The truth table for full subtractor
functionality is shown in "Figure 3" of the drawings.

Serial adder (SA) and Serial Subtractor (SS)



-4 From here onwards, all the illustration would be done with FIRfilter
vhich’is extendable to other filters as described earlier. "Figure 4"shows
the existing structure of bit serial FIRfilter with coefficient Iines
CLin_0, CLin_1,...... CLin n and the coefficient block [A] 3b®diesertdvn2
coefficients c(0), c( 1), c(2) .c(n). The coefficient block is
connected to delay elenent [Z' '] and se&d¥tal adders [SA] to formfilter
structure. Stating the FIRfilter equation in time and frequency donain
Y(n) =c(0) X(n) + c(1) X(n-1) + c(2) X(n-2) +..... c(n) X(0) Y(z) = X(z)
[c(O) +c¢c(l) Z1 +c(2) 272 +c(3) Z-3 + c(4) Z 4 + c(5) Z S + c(6)

Cespect | vt yegﬁe&h&a&sﬁdﬂ%?%b%ac% kg Rvéss%%fé‘ 315982#&’2 ' Brate i i

def t
T it oen - i A TR e
two ways awbgaeier) [@mglleﬁith&d‘lusmé 4 Rell ddayy (@ssubtracrp) N ElipFldp as

cofficient lines CLin CLin 1,...... CLin n are common_and connected to

i nput X[ n]shoWmeinoRigute 3" wfethe(dmumgs, The eutput Cout .of [EASES] is delayadousiegt ed
to block [FE],_consistin ye,e nt - 1] d.seri al

el enent s. tradTdeiqmentan st9 ¢’@a m%&%ﬁ#ﬁqsﬁﬁee%ﬂl‘? I&N?Sir in

coof 1 ci e ige8des I %@ *BP????S?E%Eagﬁﬁsmﬁig‘“ﬁﬂ@%@p%’ﬁei@é%&of
these coefijscligplen? SRAIZIEIE IRULC (80 feietlaiich] FAls RIBRROGE 1@t ue

of CLin O bel ng conmho ware I's rea

2[ SA] el engEios(6 nitéwEsr) é@ditm(ﬁ’rgv& OhEl 67 ingityge). 'Shémy@nlt)he 0310ugt Biig
inherently requires nore storage area, represented - by [Z-1] as conpared
t o i npl eneinteger vepesaitation)t he storage is done after the nmultiplication. For
input frame of n hit and coefficient of size mbit, the storage area of
each del ays%!'Il%‘r’Mrﬂltlpker U}'I)l s (m-n). The total storage space of the del ay

it enment At G iblies, B CRFR hefie BamC AT oA, m T F’?&&tﬁgfoﬁw &
By virtue @Pgs@ﬂﬂa? %g vmsr)c& :@{I@e* SRt A NG 'c'o fivid &ﬂuh a% ngent

elenments [cT{0), c( [ ).%.. 7. real i zat1on o coe fICI

usi ng Sharmp-?lbdnenwdebyrshm lrég1§téi' WS €T] eleﬁﬁbﬁtb%ﬁdfﬁﬁi‘ewe%rﬁéntt ESAE] gOngct ure
is that it inherently requires | esser storage space, represented as LLZ~ |
unli ke in ghifivhears mupimgydyt facioorof 2)eses shwmtrn?ﬁlgare 3" dbtiee Brafings,
mul tiplication., For input frane of mbit and coefficient of size n bit, the
storage ar@altgl leéa;éhfoa@pé)JDYeaématthpzoqpui%cqrﬁssznomgt@t ane%ub%bn@gxce is
{m (nunber of coe: £0Ls =1). The invention is proposed in reducing the
area of thrépEﬁngffzﬁ ﬁt %F%%f@cfeﬂ]t and have share-able el enents in
coeff|C|e ﬁ if the coefficient lines CLin 0, CLin 1,..... are not
connnnly conn cte For existing configuration as shown in "Figure 7" and
"Figure 8"DeldyNBy B &l bf td4tDfs m@hévw %hlff‘ r@% Bk (séfied of Flip-Hops(TYN-
Al so, as descfiibed in previous section, tation 2 is area efficCient
Wi t h r especdnrteoteidntol mzerumltsmﬁlthduqnﬁ(ﬁ-am@ud'hd miedteey of (e deliy T én ofeer
and above this by having share-able nultiplier or reduced coefficient block
[A], whi chdeley elemeentdy equal tothssframetsige oftheimpwn, i npl ementation 2 becones
sti II nore area-efficient. This reduction is extendable to other filter
based on coefficient block [A], as stated in the first section. The present

‘NBYSQL‘r?Eﬁ%ﬁ%ﬁ’%@?mﬁ@sﬁ@%&“@mmm@ﬁ@@%&ﬁ§°ES- 435,
copyri ght 489 %11'63}11‘1%%6%&@18%3{15&& %Mﬁ#&&ﬁ@ st %Fhﬁé&?ﬁ‘éﬁﬁfon of
comruni cati on own t nera the nu er O processors 1s very

| arge, but afegitactace eantd the As@sERY uhﬁle&ibnfiéf&lds fdrh@l§€t‘dp'fﬁﬂei‘s enw%%pdsédver y

high. Bit serial architectures are usually nost 0 COctober 20
minimization is extendable to other applications such as Digital Signal Processing

field and Digital designs.



effective for filters having a few state variables, such as IIRfilters and
the wdve digital filters. For this reason, bit- serial techniques are |ess
frequently applied to FIR structures, especially when the filter length is
relatively long....... " However, the present invention apghi&oBet2@gazati on
techni ques for reducing the area in |arge sized coefficients by applying a
nunber of optimzations in FIR/IIR filt4r- structures. To el aborate the
applicant's optim zation techni ques, consider a FIRfilter with coefficient
as 5, 14, 25, 30, 25, 14, and 5. Though the size of the coefficients in
this exanple is small, it is enough to elaborate the mnim zation

proposal s. _In nost of the practical cases, coefficgie e .
synmet ri caf Torsthare RpwaHEsFalk th?l“cl\éﬁxraé’(?ﬁaWPBH]i%ﬁ qq?ewéﬁli’dg iﬁeﬁ{ﬁ‘w’é’nwlﬁbﬁ%i n
Y(n) = c(0). X(m), Do X(nl) + C(2) . -2) 4t ws " = X(7
[6(0) + o Eeadoie i Hndt Tl fug 0GBl Gidy: Figfifsdiouls The Jorisclg)

Z' 6%..... . structur ofB't’fé‘eﬁ?Hﬁvﬂue Eﬁe&%fﬁ%ié{ﬁi&eﬁ%mp t.c%,iﬁUI,RH.t.cpn n
respectlve?y and ¢ 5 c(l)y..... c(n) represent the coefficient’s valuer
Using the gedliid coefficiz M@Ski[ﬁi&ﬁﬁiﬁﬁr greuaddffBieRtN (09, o(H RI2):.. ,fn)(The 1) +
25 X(n-2) + 30 X(n-3) + 25 X(n-4) +14 X(n-5) + 5 X(n-6) Y(z) = X(z) [5 + 14
Z't + 25 zeeeffickmt blackHisz®nrected td delzy 8lemént{76] ang@erial adderefSA] tanforivet hod
and M nim zation "Figure 5" of the drawings shows FIR filter structure of

i npl enent aflt8RSPUCTEFR figure illustrates the realization of FIRfilter

! [ e 30 b 2002 f the k
opti mi 2ot | S R iequion t B AL e R Somlhi 1y i the
iz . e Stetry in
oot 1ol ontat b DL A e PR e R B S 2 L arge i1 ter

structure, Y s Kegd$c(0p 4o c( §oBet+ @R)br 245% (BN Zhe g@yfZt ot e(8) Bosks(6) see
"Figure 6" of the acconpanying drawi ngs) This is done by restructuring the
equation aZ tnder..Y(AE[m) &z) [5* (1+Z s) + 14*(Z 1+Z'S) + 25%(Z' 2+Z~) + 30
* 7'3] ~Q2) For,the rest ,of the optim zation proposals it wll_ be talking
about  onl y“t)h?ée |\biq5f~‘i ¢ inpH ands eptRg rmeeHVFg' %9&3)5 ﬁ(]bhe-c@tlte%”&&?(
referred tq as efficient bl.ock LAl. . "Figqure 7".of e awi ngs sh t he
{rad t & onaP S e et EREHER Samars e Bbiaic ot B8 i MR BeR R oy
wherein S g4 r [ t l.ay. Al '
through 11 He Poideiseptestt %méﬁ‘%dé%%?’i?feﬁﬂ’%‘- nnﬁfeﬁﬁgﬁ# gq%%gfca?’hg&g?%#\d&?d The
Lines S 1 11ptwd wiyR Sabohalial " Fisaepaeof ek davwings el enent for performng a
mul tiplication by a factor of and (SA) is berng used to performserial
addi ti on ofn daipdemehtationepyr essffitient hinesn@Itinp0j @Liheks.. . €hlin zntreocontindn | t er
coefficient block (A) where the gﬂoperty of flip-flo (T? as multiplier of
factor of 4@ cpaneeted 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
would require 4{T], 3[SA] elements. By virtue of CLin_0, CLin_lI,... being
common, the hardware is realized using 3[T], 2[SA] elements. Another feature of
the structure is that the structure inherently requires more storage area, represented
- by {Z'], as compared to implementation2, since the storage is done after the
multiplication. For input frame of n bit and coefficient of size m bit, the storage
area of each delay element [Z''] is (m+n). The total storage space of the delay

elements is (m+n) * (number of coefficients -1).



Mat hematical ly, the restructured equation according to the structure is
stated as Y(nT)=(4+1)S1 + (8+4+2)S2 + (16+8+1)S3 + (16+8+4+2)S4 (EQ 3) In
this inplenentation, S 1, S2, S3, S4 lines are not comonly connect ed.
Hence this-restricts to achieve a share-able hardware in goahdtbserEczd0d! ock
[Al]. Thus all the function/operations of this block represent unique

har dware. The elements required by the 8erns are listed as First term=

2[ T], 1[ SA] Second term = 3[T], 2[SA] 1 30 Cctober 2002 g Third term=
4[T], 2[SA] Fourth term= 4[T], 3[SA] Final addition of all the four term
woul d require 3[ SA]. The generalized structure of "The Existing Method and

M nim zation" is depicted ~n "Flgure 8". In the_structure, each colu

r epr esent dndnydemeniation 2, vhe G@?tlﬁ%#‘é“[hﬂe %ﬂ-@a@n&&mslhomargsmﬂcﬂmen’r Ymin

columl, defines connect.ivity.mith line,S1..1n,SLml . i T

ol enmont 5, QbR ORMETRY ok HidfbRt iAgiE iRk, 10 BURh BTt et e « 1

line Sn. pr ; i Q<6 e! t i lto

T m 12 Pyl S SE a8 iRoc RSB A leifg s alle defents B MGG

Thus depergiegunt. ARoteeifédtarecsf thivdtrectane ik it &h&rdn@lfy&ﬂqu_trbe lessebstorage [ T]

element in a colum is determned. Al so the nunber of serial i

adder s/ sulspreg;treprgsgaredss] (71, volikenirs previowpimeplementhtian, hera the-stopagAls

mSA2 1 to SA2 m..... SAn 1, to_SAn m .. The presence of e of these .

el ement s chonéé%ﬁr?ﬁredm%@aca&vnt Fer duitframe af m Bitgad cae Wée%twfﬁ‘d%neblt,t he
T] elenenis are arranged {n, shift regisier fQr The | t to fi.rst T

o brent 1 ahE sREeS Y e Usre kRIS gy The 08 SrRBiEs et ]

connect ed @ﬁﬁ@e&‘@?%e@ic}er{@-ﬁn and/ or one of the output of [T] elenents of -

[

shift register, depending on‘the coefficient value. Finally, using SAe_1 to
SAe n-1 elenents, the addition/subtraction of [SAISS] of all the
coefficient terns depicted in colums is done. The final output is the

out put of Thesinweddiion isrpropbsedait redhicBiy 88 areanafnthet ¢nefficient tdodk {A] 3md t he
[T] elenents are not share-able and _al so the [ in each colum gre al so
hot shar o-ebteeShaFRUAb1S (el eatS it F PR ERISPE quenp@ﬁﬂﬁbwf%ﬁl%léneﬁ e
130 Gt Ob@ﬂmz_ (,) ..... artnot 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.

Further, to quote Norsworthy and Crochiere (Delta-Sigma Data Converters IEEE
- press pp-435, copyright 1997)

“Bit-serial architecture reduce the interprocessor communication down to 1 bit.
Generally the number of processors is very large, but because each processor is so

small, the overall economy is very high. Bit serial architectures are usually most



M txim zation- (A ready-applied as patent) This structure reduces the

har dware of the coefficient block [Al by having shareable el enents in
coefficients, even if the coefficient lines CLin O, CLin_1,..... are not
comonly connected. This structure reduces the area by appypskigakebyo3050%.
of "Figure 7" of the draw ngs by reducing the nunber of conponents and by
havi ng share-ability of conponents. Her® -the optim zation techniques are
illustrated with exanples and end of this section depicts the generalized
equation and structure of the device. Continuing the sane exanple of FIR
filter and using "Equation 3" of previous section.

y(nT) =5*S1+14* S2+25* S3+30*S4 Y(nT)=(4+1) S, + (8+4+2 + (16+8+1)S3 +

( 16+8+4+2)abtective éﬁ;ﬂ teg® ta%msr%éeé%at%vg%blss,t%hs# ﬁf{ FiEgrssand Yo Wayei pl y

Vs o datee, F B e W BRI I B SRR P
O e n PR, U B fed kM RA2 A BERoTRS, St on & can

5) The ' inplenentation flow for this equation and the hardware

inpl ementation is illustrated here, also the hardware inplenentation in
shown in "Hbwewver,3he presehFi pvertid applies bptinkizationgtechriqyesAr teducingAthe)
etc. are used fqr representjng adders, T(1), T(2) S{éc. .are used far

r epr esent g2 dndangs; $1zekresfficients by,applyang Gfmi‘?ré?re APtmizAtions|n IER/MIR3 54
representszfour, inputs. The primary-addition is done using serial adders
SA( 1), Sﬁ&'?ﬁ%&%@f representing addition of terns 30 Cctober 2002 - 10
S 1+S3, S2+S4, S3+S4. Wiile the secondary and tertiary addition is done

usi ng the adders SA(5), SA(7), SA(8), SA(6), SA(4), SA(2). The

nul tiplicalhaflatdratereicdbpflicantd ortirfizaton teelthihles, edondRitr 2 FIR) filtdd( Rith
T(3), T(4). Inplenentation flow of equation BIT4 ~ BIT3 ' BIT2 ~ BIT! ;

Bl TO =( S1+Sffictenbas 314 2513822541, ~ar(dSS + Tho gl th¢ SkxeSd) the) caefficients in ~ i
~ i SA(1) ~_ A =SA(3)~ A1=SA(~) ; 2=SA(9)~ A?=SA(9), i i, I i i i ~ SA(5 -~
SA(7) i outhiuexample)issmallgitispnough to elaborate the minimization proposals. In most

of the practical cases, the coefficients are symmetrical.

Stating the FIR filter equation in time and frequency domain

Y(n) = c(0) X(n) + c(1) X(@-1) + ¢(2) X(n-2) +.....c(n) X(0)
Y(z) = X(2) [c(0) + c(1) Z' + ¢(2) Z? + c(3) Z° + c(4) Z* + ¢(5) Z° + ¢(6)
YA +¢(n) Z-n]

where X, Y are the input & output respectively and c(0), c¢(1).....c(n) represent the
coefficients 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
X(n-6)

Y@2)=X(z)[S+14Z'+2522+30Z3+25Z2*+14 2% +5 79 (EQ 1)
The Existing Method and Minimization
"Figure 5" of the drawings shows FIR filter structure of implementation 2. The

figure illustrates the realization of FIR filter represented by "Equation 1" .



30 Cctober 2002 - 11 |Inplenentation of hardware is shown in "Figure 9" of
the dr'awi ngs, wherein the input line S1 to S4 represent the |lines connected
to delay block [Z-1] through coefficient line din O to CLin 6 depicted in
"Figure 6" of the drawings. The Lines S 1 to S4 are conne@pedcioBebogk (Bl
for performng the serial addition/subtraction, for which (SA), (SS)

el ements are used within block[B]. The putput of each block [B] is
termnated with a [T] block, which represents the bl ock [B] output being
multiplied by a "factor of 2". The output b_1 of block [B] which is at bit
position O is fed to the input of the T(1), in turn the output linet 1 of
element [T(1)] is, fed to next, section of block[B]. Thus all addition,
defines a IBidnefshe kaawsaRsiraizaten tsehniAne: iquar(%‘ﬂ agyantage, of theRNmeY dnnext
bit positipgn. A Tl elkenents are repr nted b | ] i e
structur e,tg? h%oq‘]fﬁlc%-#ﬁ'ogﬁfﬁtr?aé‘bsr e‘gé’r‘f?‘i ﬁ’égﬁufb{ |$¥|'§3&fpg{r?§byv lg{]"#lgcf‘aorpeof
2", is pu : j (e e i ng
the number SHFTS ERCHO AR, B B FRRIQIEE T i Rltel MG TS
drawi ngs, |api exi Agedudtiona bgal$%l & ithescoesficiet Phodlal (saeldBigureds'Tof tBe
Units, whereas the area calculation of "Figure 7" of the drawmngs is 11
seri al addecompafyifigdrawings)ts. (assuming 1 Unit = 1 FA = 2HA = 1T & seri al
adder = 2 Units). This resulted in 37% saving in area (13135 * 100).

DETAI LED DESCRI PTI ON OF THE | NVENTI ON M ni m zation Proposed in the present
i nvention fhe.igvengi,on reduces,,the area ofnahe coefficient block [Al by

havi ng sha SHPRE BY EFbc %Wﬁg?%ﬁf 8, ®ven in the i npl enment ati on

where t he i veient 1LJ i eBr-1Q >-5CLJ 72 74 Rag-3yconmonl @Nnect ed-
(shown as g hi%{g@igrgmﬁ??‘. QFKIZgQ-CZO ff?sc*ia(gntq—zbl)grcgo[% en apg’?gé' in

i mpl ement aidrofke (edt gOrthe 4optirRfzafibit ?ﬂobb?éls iewes be talkind avoue on.lc?' the
area-efficient. This reduction is extendable to other filter based on

coef fi ci emhubipdiek adder sarsesswhichds ishowhenfthe slotted diaxoreferred o @k cotffici202 -
12 An area efficient inplenentation of filter coefficient block is done

usi ng ful Iblagkaép].('Fagus Dol the sraxingsshowsithe traditonal way. ofjimplemgeigiiant hat

i al i st f fyll FA). flip-fl
ol oment. (el SKRRgH STSonEY TohOIRFa MRS, Sl ridkad TSR ditoResa)
tw ' [ -yd I d FAY : bl . f
ser i al - agdRrnyeRs 5" el OGP I8 R Y CLA BTH Y @ Hpigh ¥ 1R
this inpl emmpiRleoBs the drAMinet] Phe Tnéy 82 1f S4 Nee Gephrhidly Adhnbegko () i s
achi eved by faxi m sing the uSe of full adder (FA) i.e by replacing serial
adders ( SAlemiehhfdruparfasidag 3 thiiplicatiombyhd fetor[d¥2 ald€SADGy being uwehitoved

by providing a device for area efficient realization of coefficient, said
devi ce conpirf@nngerak addition nfedqta] Thist teprescatsathe mudtiplieg less nenligatien aid
optim zati applied to this . architegture, the archijecture [Al,JS .
connect ed ﬁlgercg&ﬁcﬁrggblo& r(és ‘('EE?W e PIORSIYY. .OF.ﬂ}E:L R %ﬂﬁ&/lﬁaﬂnﬁi‘f"ﬁ o,
BLin_1,...:BLin om ng,fromblock [E] and/or [F], to be connected to
performfiﬁaf:#axiorfgw%lélné?q'on or a mathematical conputing operation with
optim zation in hardware and provides a zero | atency clock output, the
serial input bit line of said architecture [A] are S1, S2,..... Sn. [where
n repr esenﬁ/&tﬁéi'ﬁat'fd-ﬂlffgﬁ rth@restRRbirk & egiitforPicdob@inkith t1es strudthie RQeitéd &0 terns
of the equation [(a0 81+b0*S2+, . .. +KO* Sn),

(al *S1+bl * SAnT)=(4+1RE1 SN(8+4+2)S2 +(A6+ S HIIr-SRI6+8+4+2)Sknt Sn) | (BOe3)
represented as blocks [B], the said block [B] is a conbinational block
consisting of full adders (FA) & full subtractor (FS) el enents, the val ues

3 %% gl o35 5 ST B ottt B o
N i

nunber  of ﬁln%kiﬁﬁﬁﬂ)te&gidhs(‘dflfﬁits%ﬁoc{)ﬁqep?%?ﬁgﬁfiqtgﬁgtagt‘éfé%ﬁiz?hé’feléﬁeﬂt ired

coefficient value“and 1s share-able clent 1n the

coef fi ci enpy gHeClrine Gka!listeiAs, in the said architecture all the

conbi nati onal el enents 30 Cctober 2002 - 13 [B] are clustered together as
[Dl and alEirtttermrs 2[Tlglf§ARl ements f T[ 1], T[2]...... T[m } are
clustered together in LC% t hereby separating the sequential and

conbi nat i ofegondogrms,= Bhlk RESARi d architecture [A] the output of element [T]
is connected to the one of the inputs of conbinational |ogic of block [B]
of next bit position, the interconnections fromcluster [C] to [B] is
represented as t I, t 2,.:...t m the elenments [FA/FS] are arranged in
matrix formFAO O to FAOn in bit position O, FA1_1 to FAL nin bit
position 1,.... FAmM1 to FAmn in bit position mwhose presence is defined

Y Y g, o Y r 1

Y e



- 14 multiplier(M, adder and subtractor. Further optim zation technique in
clustér [D] is done by using conmon adders (FA) and common subtractor (FS)
and using this shared outputs or by using subtractor (FS) instead of
adders, when the coefficient value is closer to power of BaD®6bd2002

m nimzing the use of subtractor by taking common subtraction operator and
usi ng adder instead. The present devi%e, when used in inplenmentation 2 of
FIRTIR filter and simlar structure of filters, results in quite area
efficient realization of the filter, the storage area in inplenentation2,
referred as delay elenents [Z-1], is smaller as conpared to inplenentation

1 which +g; A at i nherent property of the structure of
TERERS AT AR

i npl ene dditional saving in area in filter coefficient
reali zatj:@lﬁrﬂql@@-hgad[zf],ag{shived by using the clainmed structure of
coefficient architecture [A] of "Figure 12". In the inplenentation flow
expl ai neBinahdéditionhdf atlathe WounterrtaGabillyl rpquireB[{3Al.l adder (FA) of each stage
is fed to (CIN input of full adder (FA) of previous stage i.e stage
preceding the flip-flop (T) elenent. In this way, Flip- Flop (T1, T2, T3,

1) A B SAI
sect | on -5t rrg RIS Suohi, cbh SOl S MUE TSRS IR 1)

adder ( Félenais)ahenn 47T ENU@ 10 & colunini, defined chhgéctiving Wwithlate of. ful |
adders used are the sane as the nunber of one-bit serial adders used in the

earlier b similardhashien, [Trelemenisy sipmseds dat_dnto, Tnlapandiohgmnm, dafingothe of

Bl TO position,, sone hal f adders or sone extra elenents are present. 30
Oct ober O@WRECLVEY |Widh HR® Sat i on fl ow of equation B IT~l , (i 1T3; f3 1T? ,
QIl"t" I ; Li I 1"U=(S1+S3) +;

3' (52+S4+Y" ( S1+S2+S4+~* ( S?+S3+S4+~2" (S3+S41)1) i ~~i | |1 ; , Al= HAS ) )

o) e o f 9oy oty fiop i T YT, B )

(~1F:[°~ (3) T2_MA.(Th_t t6ATH Sh) TAdetBhidedoby Zoefiéieht value CPHEs depitinéon » '
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 (SAI_I 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’l‘] 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 S1 to Sn 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].

Among the lines S1 to Sn, the [T] elements are not share-able and also the [SA] in
each column are also not share-able. Thus limited minimization is possible in this

structure.



~~Te( I )=2*FAC I | )(2 , , it T(1)=2 = A 10)(2
T(2) =2 * FA(8)(2) T(3)=2 * FA(6)(Z) OJtp As shown in the above
i npl enentation flow, the equation defines the bit position as BITO to BI T4,
which is the position of "nultiplication by power of two"g3o(@stébd 2002
represents nmultiplication by 20). At BITO position addition of S3+34 is
performed and the output is termnated &% T( 1 ). The output of T( 1)
defines the next bit position BIT1l, which perfornms addition of S2+S3+S4
using the [FA] and also the output of T(1). The output of this addition is
again termnated at T(2). The structure is repeated in next BIT positions.
The carryout of [FA]'s are fed to the 30 Cctober 2002 -16 previous bit
position. The final addition of BIT position BIT4 gives the out put of the

coeffici ek rmlﬂﬁ %’ékAlég§Ylag;bﬁ effy ucture is showmn in "Figure 11 ",

wherein the' I npu rese t lines connected to del ay bl ock

[Z' 1] throggdseRetts eédides lﬂlenﬁar@vvaﬁe Qfttke eheffickeriteflbelt ¢A] 'bg hdvigysBae- of

the drawings. The Lines S 1 to S4 are connected to bl ock for perform ng
t he seri alabrdelietriemts fuboefficients) efven ifithhe boéfflient (1kSs CéLfrm@mGLmr ¢, used
within block[B]. Al [T] elenents are represented by block[ (. The adders

at all thexobmrrpngnb’ eorneryd, Hveqarsgg@wwe@b}cqwm)are&mbzﬁppr.ox.unam13@y are
| ust er ed The _adde t ted ffi

i hes s 53080 gxg%%?“‘@%tf«;hm»%ﬂse%ﬁg‘égécéééﬁ%%‘%e SRRt 6T i on
The addi t'h%P](_:Fc“béHa?&‘abﬁﬁ% . pf&ﬁ?ﬁ:f%‘#' Ryd:El tﬂé 08 ﬁ%ti‘o%e &E#Iﬂﬁhu&“té}é’t of

Iast adde I's conne enent's, 'S US
“mul tipli Qﬁﬁstﬁd”te@yzvﬂd@@kﬂhpléfs ahd- enEh@f tHig eé&waslsmnmérgyﬁefﬁizeal aptatibp [ T]
bl ock is represented as b b 2 3, 4. The ‘outputs of [T] are

connect ed and stmetot dfhnhaedemues of conbl nat| onal |ogic of block [B] of next
bit position (i.e connected to input_of first elenment (FA) of block [B].
These i nt &quhndeg ithesame example o IR lter and] using BEquationep!! efepreviouas
t 1, t 2, t 3, t 4 and Bit positions are marked as BITO BIT1, BIT2, BITS,
Bl T4. An éﬁ%ﬁlr?)‘i‘e il ust ration of connectivity is explained here. The out put

b_1 of bl ty BI TO fed to the i t of th
T 1), | AR R S bheh s R SRR SPrenc [7(1)) 1S fed tonext
section ofyﬁcﬂti 'gF‘_{.BjJSI'Eh @ler)sgid.otlzlgq.gml}gej Neg+g+pigygrosi tion before

getting "nmu acto and” changing to ‘next bit position. The
connect i o agglldhn{sc praceed tg sinire alhd sHifterefisfdrs ¢muttisly Hyel)eofl the ehesigai ned

here. The connect"l‘ on of carry -*out § *I n of fuI*I adder (FA) of each
cluster  =(83+S4)*16+(S2+S3+54)*8+(S1+S2+S4)*4+(S2+S4)*2+(S1+S3)
=(S1+83)+2*(S2+54+2*(S1+82+S4+2*(S2+53+34+2*(S3+S4))))  (EQ 4)
Finding out the common additive factors
Al =S8S2+84
A2 =S3+54
The "Equation 4" can be further reduced as

y(nT) = (S1+S3)+2*(A 1+2%(S1+A 1+2*(S2+A2+2*A2))) (EQ 5)

The 'implementation flow for this equation and the hardware implementation is
- illustrated here, also the hardware implementation in shown in "Figure 9" and
"Figure 10" of the drawings [e.g SA(l), SA(2) etc. are used for representing
adders, T(1), T(2) etc. are used for representing the unit delay]. In the flow of
implementation, S1, S2, S3, S4 represents four inputs. The primary addition is
done using serial adders SA(1), SA(3), SA(9) representing addition of terms



stage[B] is fed to one of the inputs of full adder (FA) of previous stage
cluster [B] 30 Cctober 2002 -17 i.e stage preceding the flip-flop [T]

el ement of cluster [C]. Thus utilizing the [T] element of that bit positi on
again. This enable using the [T] elenment for carry storagesq @\‘:toﬂe'erEQ‘] S
element in that bit position, during serial addition operation

invention, the flip-flop [T] is used f-orQdual purpose 1 ) Miltiplication of
out put of block [B] by factor of two, used by all coefficients. 2)
Utilizing the same [T] elenents commonly by block [B] for using with [FA]
to enable it to performas a serial adder (SA). For exanple, at bit
position g ég’e%g% )..perforns addition data on S2, S4 |ines The output Z,
represent Ig %%é?ﬁ@?%‘@n@m@%% addten 1sﬂ9éxeomrpg;thez of

FA(3) def o] e [ el.e pi ns
at this b%&g%gﬁ(sgg@‘ik?)tgﬁﬁggsé%&)%6@2 gf‘\a(gpﬁy{é&l%]&mf[’l ’@P]byf? i ous
bit | ocat DGRCEsike to enable all the FA s at
this Iocagtv?%hs to Wo ggé %I'CFQR}ShP(IIR prug of [SA] is essentially [FA]
along with [T] el ement connecting the Cout of FAtoit's CGnopin. In this
i npl ementation, there are sone extra elements such as FA( 11 ) and Te(2),
Te(1 ) which are required to termnate the carry out(Cout) at the bit
position 0. The nunber of [FA] elenents is equal to the (number of Cout
lines-1 ) in Bit position 0 and the nunber of [T] elements is equal to the
(nunmber of Cout lines) in Bit position 0. The extra elenents are
represented as [Ex] block. The-circuit is structured into sequential block
[C] consisting of [T] elenments and conbinational Block (D] consisting of
FA, FS el e “élﬁ ﬁﬁﬁ % LCh hav1 ng sequential el'ements is comon for all
the coeffi crAHFTERIANLTRY ShAT¥E MY e el enents [T] POSI tioned at end
position of each Blbtk:[B].BIT3qd Cct ob&T2002 BliockBITO] havi ng
conbi nat i onal =bEbER B]*?Mﬁ@ﬁsér*e**e(sﬁée‘ﬁtzl*'él‘ll*'?*IiﬁzF'§3+ﬁét““orfls§5 i 'Rar dwar e

wi thin bl ock[ B]x har e- ss Val ‘B] Hence

t he conponent s |Batidwar ¢ tlh$fh(30.D I@GISN(Q i ni mMA2e8A(OThe |MIFESA(DAt i on in

bl ock[D] is achiejed by using fol ng m ni rn zat 1 on it echni queI 1 ) Sharing
of conmon adder term i.e. ut|I|7|. eYe miltiple|tinmes. 2) -

Usi ng subtraction|instead of |addst Lnﬁ en the idient is ¢lose to

power of 2e.g 63 |s betfter rdal i zed as (64- 1} t han |( 32+ G+4+72+1)
former case the nunber ! of sultractor i 1 as!conparfed t lwm | atter
case. 3) Taking cpnmonisubtrgctipn operiati on'and |mangvkhe use of

adder are applied| This is bgcause subtjracti ®n |s|:xpeg)§(3)ve aj conpared to
addi ti on operatiop '

In

: ' L T(7)-*2 *SAG®) |
: || y L Y L
" L L SA0) |
E | =T SA®)] ]
: . 3 l
| i sa@) | ]
' H Y N
! T(4)=2 * SA(4) ; |
\ - ¥ : :
{  Sa@) | : |
L 2 ; :
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In present mnimzation of "Figure 11 ", approximate area calculations is
done as [9 FA+ 2 HA + 6 T = 16 Units]. As the applicants have seen that
the area in mnimzation under section "The Existing Method and

M nim zation" and "Figure 7" is 35 units. Area in mnim zg)iGdoberd02
section "M nim zation (A ready applied as patent)" ("Figure 9") is 22
units. Current mnimzation is an inprdtenment of 54% {(35-16)135} & 27%
{(22-16) 1 22} of coefficient block respectively over the two structures.
(assuming 1 Unit =1 ~FA = 2HA = 1T & serial adder = 2 Units) GENERALI ZED
STRUCTURE OF THE | NVENTI ON -- The-invention provides an area efficient

realizatio fi L r..cC LGl : Al i t Bl ter Vi ges
Such as Fi b pebffon ARl ARG IR Lt el daliad Stnéigly R

ar chi t ect ugnhtS1i M4 ¢ahibeart Othe Old N 3bASRE (o] i ap-lh Qgy

consi sting %ﬁtaggg?s,)l gﬁbt r a??gr ;It rrulqti psrieer S an%lQ?I |e?)§}19:bg%m[ $]Z h‘%ﬁ#@gh 30
Cct ober 20Q@3efficientatinbi Chintlte Chin Gabegietbdiin Figure 6¢1 efrelnd sirdwidgsadiy s
(FA), full subtraction (FS) and fli p-flopgT]. Begi nning with the

gener al i zed-iBegiabil oo ofS4FI1aRe f cprractedetd | bloskt [Bﬁmfm( Aperfemring= the * sgdal+ b
* 82 + c* wher

epresent < Adbicasisidion; B which GRSESS) elemerty atbammed itk blosk{B]. The
S &1 on oSt GERTASCK (151 8 B i b wiER COVIBLEM SRR Te6ASkRihE Rl |,
y(nT) = (27B]aBtput being #hilfiblied 8Y)a *fastbr of( MG Gutput b - Pbf Bld&*@) whick? *
(2mem +. .. . 21*cl +2*C0) *"S3+.7..... +(2m *km +. . .7 .. Z1*kl +2*k0) ™* Sn

Further t akis g BiRposisioadriwfed & thoy ingrut geft thehE(10¢ ire tradn thedowtgualinert f osf
architecture under _claimas. Y(nT) = (a0*S1 +b0*S2+....+k0*Sn) +21 (

(al *S1+bl * Spement Fk(19kis fedoto pwzsesmenchslzlo.ckgak Fims)all addition3defirgsia bif3 +
s befire etk ERARERT RY 2 and chagink 46ree WHAsios: 4 b
ool o Poiclehoft, BB % (oo hast ol B L SRR (T
del ays [T] x?g%se&elﬂgg ﬁﬂ}ltigﬁé‘iticﬁi BPaMEcRUOE 25 i ﬁhéheﬂdt%e{hafé:&wﬁélk?x {a&éus

subt ract or "Figtire 12",” the (nput data’'rs present on I ne S1,

S2,..... Sn.cdefficiest valueq Haretrsdidisg tebembef oEﬂ%ﬁ-ﬂbp(’E)nt s of the filter]
The addition ternms of the equation. [(a0*S 1+b0*S2+....+k0*Sn), (al *S 1+b 1
* OS24, . ... +KkI* Sn)........ (amr S 1+b mrS2+. . ... .. +km*Sn)] are represented

bl ock Block.[B] is.a. inatjonal . 30 Qctoper 2002 - 20, bl pck
22nsi gtc i ﬁg[ %thﬁmn&c:abéf@]@'%ﬁi}g%ﬁg?'n | 3 Q?Mmgéi%ppre%g?artaa&?e%lsu a@pm:gsct he
| 0, bQ, . .... ) ..val +./ -) 1 . _Fhe. t 4
o erenan; o brmipetfs ARSI HETL atuinle DiRRRE S
el enent s . — 4Ll Sa | S e
Carue of wobp CrAnSERGE 108kl Saddt 4183 %) ~COCRhirE I Bitnibg 1 Ok = PEAELOAANC,
defines the=iTt&rsefianedddrens UiRtsWEEHs réfiled in 37% saving in area (13/35 * 100).

DETAILED DESCRIPTION OF THE INVENTION

Minimization Proposed in the present invention

The invention reduces the area of the coefficient block [A] by having share- able
elements in coefficients, even in the implementation where the coefficient lines
CLin_0, CLin_l,.....are not commonly connected (shown as architecture [A]). This
coefficient block [A] when applied in implementation2 (“Figure 4") of FIR filter,
makes it still more area-efficient. This reduction is extendable to other filter based

on coefficient block [A], as stated in the first section.



All the addition/subtraction operation at a bit location is perforned in

bl ock [B] and the output of each block [B] is terminated at [T] el enents,
which are essentially used to nultiply the block [B] output by "a factor of
two" and passing the output to next bit position. {The el agapétebét 2002

T2],...... T[m are used for this}. The connections (b_I, b 2 .bm are
used for termnation of output of bloekdB]. The bit positions of serial
data frane are marked as BITO, BITL,..... Bl Tm The nunber of [T] elenents

depends on the size of maxi num coefficient and is share-able fox all the
coefficient in the coefficient block [A]. Also all the elenents [B] are
clustered together as [D and all the unit delay elenents {T[1],
T[2]......T[mM} are clustered together in [C]. Thus separating the

o nal oAt SRR nentfoios By soBHlsi Sl bl o Ul AT B, (o
t he one of I } 1 | pgt Rit

e, one Ol RAplbeRUAReRl ofssAIRIdP okl R RaBlabbick sbill Mlactembieof
LBl 1’5 ropreoonted ae L s e he (0772 enenteclusi ered
as [ is dmwirgnbhis orakes serihkadder($A)itente exprhsiveeinf atea asddemparedt toact or
FA/ FS d D.. Th - [ f full add
P oo moR T fa e STk aReb Pl e A o RN D e BT
Ol ust er [ 21 of s b o My RS RGRRRl R 1, FoBip g e
used for to i | td pldsCatd:Qn \J ,
Tae Ty GTHEERPRRIcCRRbs chielid by Malmiing By u ST AL At e o1
seri al addeplachxg seridlcidde with Fedleaddess inxthe blsukk[ &Y. e used for
connecti ng ?h;ﬂ%rr;-out gs?(ISngIS)I t he adders/gﬁ%jtracteor:s (H:A?/r FS) of |ast
stage of [D] i.e bit position BITO Full adders/full subtractor[FA/FS] and
unit delays [T] are used in this block. The [ine COUT (carryout) of bit
posi tion BFF®©3beVedsnchieved oby mepvidingle devisedler 1ayea ¢ 1@9&%’ §eai%23tipén@ﬁ1t

ach one ofSERRiCRS) oAl (SR, SRETERRE of ‘Eg@%a@f‘e 20 Edsst ping”
bi nary 1 oCRuuR: and piinlzRibd SpbRel o s fhobisgDlity sheBro AR A1,

bl ock .are fenseid ofo CedefRGidht Piifss - Liamd [CUmbEr. ofifaK I ¥edor PIBISh 0

respectively. In the invention, optim zations im hardwafre in both clUster
[C and [ OBLirs lgchBRirech edrhing freny kldeke {E and/otl €F hys bk Conaectet ite perform
adder/subtractor area (FA FS). The gain in hardware is explai ned bel ow

Har dwar e rBHeidng caperation ocle pothematical| eampuiing wgerasiogewithzeptimigationi iant
this structure reduges the area qf coefficient block [A] [by 50-75% of the
area of codddwareand prevides agzpro gé‘ie&F)é CL@;Q PR theysgsrad Pyttt bpg of saic: |

t he cal cul atjqn of men LS foO rize for -1 nber, of flipzflo T
oy nunbor BFDSREs TATAES ST 83y oSt Tiaierd utsiteschly Boned ot sadifenB Gone
here. The LAE tru : . i St ‘ni hon"
o i1 st rof O AleAES (\ghatttndenn oF ¥, Sl VOIST BOES M DL RS,

Cct ober  20Qd *S22ba* £2+ M. Akl gAY, | ON(Ari¥ S BASH{*SPP!. | efl@B SAYt @R ) représentddour e
10" and "CGeneralized structure of the invention” in "Figure 12" "of the
drawi ngs. as blocks [B], the said block [B] is a combinational block consisting of full adders

(FA) & full subtractor (FS) elements, the values a0, b0,..... etc. are (+ / -1 or 0),

the connection of elements (FA/FS) to S1, S2....Sn lines and interconnection of the
- elements (FA,FS) depend on the value of coefficients, the final output of last
element [FA/FS] of each block [B] is terminated through lines b_1, b_2,...b_m at
[T] elements, the number of T elements in cluster [C] depends on the size of
maximum coefficient value and is share-able for all the coefficient in the

coefficient architecture [A], in the said architecture all the combinational elements



1) The nunber of flip-flops [T] elements in the coefficient block depends
on the size of all the coefficients. The approxi mate and pessim stic
formula for calculation of total flip-flops (T) in coefficient block in
"The Existing Method and M nim zation" is [= average size3gfodeledf2002ent *
nunber of coefficient] ("Figure 8") , where average size of coefficient is
cal cul ated pessimstically as (Maxi mumg8goefficient size / 2). Wile in the
"Mnimzation (Already applied as patent)" and "Proposed M nim zation
(Proposal for Patent)" , the nunber of [T] elenents are [= naxinum size of
coefficient, since the flip- flops (T) are share-able here]. 2) The
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are applied. 30 Cctober 2002 -24 The | ast proposed architecture ("Fi gure
12") is alptfcqo@atp%@tﬂmryﬁ@smu ne. Many a tines, the output has to be
converted back to parallel data format. In that case, the outputs fromthe
sanme shift registers can be used ("Figure 13 ").

- In the present device, preferably, the area minimal realization of digital filters
based on coefficient architecture [A] is achieved when it is operated in bit serial
fashion. The structure provides hardware minimization for finite impulse
response(FIR) filter, infinite impulse response filter(IIR) and for other filters and

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



One bit-serial multipliers could be still multiplexed for the proposed
architecture if the specifications permt (i. e, if the frequency of
operation is not very high.) 30 Cctober 2002 - 25 dainms: 1. A device
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fromblock [E] and/or [F], to be connected to performfiltering operation
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(FS) instead of adders, when the coefficient value is closer to power of
two. 5. The device as clained in claim wherein further optim zation
technique in cluster [D] is done by mnimzing the use of subtractor by
taki ng common subtraction operator and using adder i nstead.
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used in inplenentation 2 of FIR'IIR filter and simlar structure of
filters, results in quite area efficient realization of the filter, the
storage area in inplenentation2, referred as del ay elenengg(hgogénzoog
smal l er as conpared to inplenentation 1 which is present due to inherent
property of the structure of i npl enent &bi-on 2, and an additional saving in
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As shown in the above implementation flow, the equation defines the bit position
as BITO to BIT4, which is the position of “multiplication by power of two”. (e.g
BITO represents multiplication by 20). At BITO position addition of S3+S4 is
- performed and the output is terminated at T(1). The output of T(1) defines the next
bit position BIT1, which performs addition of S2+S3+84 using the [FA] and also
the output of T(1). The output of this addition is again terminated at T(2). The
structure is repeated in next BIT positions. The carryout of [FA]’s are fed to the
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previous bit position. The final addition of BIT position BIT4 gives the output of
the coefficient block [A].

The implemented structure is shown in "Figure 11", wherein the input line S1 to
S4 represent lines connected to delay block [Z''] through coefficient line Clin_0 to
_CLin_6 depicted in "Figure 6" of the drawings. The Lines S1 to S4 are connected
to block [B] for performing the serial addition/subtraction for which (FA), (FS)
elements are used within block[B]. All [T] elements are represented by block[C].

The adders at all the bit positions [B], represented by FA(1), HA(2),......FA(10) are
clustered in [D]. The adder [FA]’s inputs is connected from coefficient lines S1,
S2, S3, S4 and from unit delay element of previous bit position. The
addition/subtraction is performed in [B] block and the final output of last adder
[FA] is connected to [T] elements, which is used for “multiplication by factor of
2”. The interconnection from [B] block to [T] block is represented as b_1, b_2,
b_3, b_4. The outputs of [T] are connected to one of the inputs of combinational
logic of block [B] of next bit position (i.e connected to input of first element (FA)
of block [B]. These interconnections of [T] from cluster [C] to [B] is represented
ast_1,t 2,t 3, t 4 and Bit positions are marked as BIT0, BIT1, BIT2, BIT3,
BIT4. An example illustration of connectivity is explained here. The output b_1 of
block [B] which is at bit position BITO is fed to the input of the T(1), in turn the
output line t_1 of element [T(1)] is fed to next section of block[B]. Thus all
addition defines a bit position before getting “multiplied by factor of 2” and

~ charrging to next bit position.

The connection of COUT (carryout) of all the [FA] of one stage is explained here.
The connection of carry-out (COUT) pin of full adder (FA) of each cluster
stage[B] is fed to one of the inputs of full adder (FA) of previous stage cluster [B]
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i.e stage preceding the flip-flop [T] element of cluster [C]. Thus utilizing the [T]
element of that bit position again. This enable using the [T] element for carry

storage, by all [FA]’s element in that bit position, during serial addition operation.

In the invention, the flip-flop [T] is used for dual purpose
_1) Multiplication of output of block [B] by factor of two, used by all coefficients.
2) Utilizing the same [T] elements commonly by block [B] for using with [FA] to

enable it to perform as a serial adder (SA).

For example, at bit position 3, the HA(2) performs addition data on S2, S4 lines
The output Z, represents shared adder Al, being fed to FA(3) and FA(5). The
output Z of FA(3) defines bit position 3 is terminated at [T(4)] element. The Cout
pins at this bit position is connected to Cin of any adder [FA(5)] in previous bit
.Iocation, hence utilizing the [T(4)] element to enable all the FA’s at this location to
work as 4 [SA]. The structure of [SA] is essentially [FA] along with [T] element

connecting the Cout of FA to it’s Cin pin.

In this implementation, there are some extra elements such as FA(11) and Te(2),
Te(1) which are required to terminate the carry out(Cout) at the bit position 0. The
number of [FA] elements is equal to the (number of Cout lines-1) in Bit position 0
and the number of [T] elements is equal to the (number of Cout lines) in Bit

position 0. The extra elements are represented as [Ex] block.

- The-circuit is structured into sequential block [C] consisting of [T] elements and
combinational Block [D] consisting of FA,FS elements.
a) Block [C] having sequential elements is common for all the coefficients and

have share-able elements [T] positioned at end position of each block [B].
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b) Block [D] having combinational block{B] which are essentially FA,FS. Not
only the hardware within block[B] are share-able but also across various [B]

blocks. Hence the components hardware within [D] block is minimized.

The minimization in block[D] is achieved by using following minimization
_techniques

1) Sharing of common adder term, i.e. utilizing the common adder multiple times.
2) Using subtraction instead of addition when the coefficient is close to power of
2e.g 63 is better realized as (64-1) than (32+16+8+4+2+1). In former case the
number of subtractor is 1 as compared to 5 adders in latter case.

3) Taking common subtraction operation and maximizing the use of adder are

applied. This is because subtraction is expensive as compared to addition operation

In present minimization of "Figure 11", approximate area calculations is done as [9
FA + 2 HA + 6 T = 16 Units]. As the applicants have seen that the area in
minimization under section “The Existing Method and Minimization” and
"Figure 7" is 35 units. Area in minimization under section “Minimization (Already
applied as patent)” ("Figure9") is 22 units. Current minimization is an
improvement of 54% {(35-16)/35} & 27% {(22-16)/22} of coefficient block
respectively over the two structures. (assuming 1 Unit =1 FA =2HA = 1T & serial
adder = 2 Units)

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 based on
this block. This architecture is also applicable to combinational and sequential

logic consisting of adder, subtractors, multipliers and flip flop [T]. This
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architecture is realized using the elements full adders (FA), full subtraction (FS)
and flip-flop[T].

Beginning with the generalized equation of FIR filter coefficient block(A)
ynT)=a*S1+b* 82 +c* 83 +............... k * Sn.......... (1)
_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.

y@T) = (2™*am o 21%a1+2%a0) * S1 + (2™bm +.....2'*b1+2%%b0) * S2 +
(2%*cm +......2"%c1+2%%c0) * S3+......+(2% *km +......21*k1+2%%Kk0) * Sn

Further taking “2” as common factor we get the generalized equation for
architecture under claim as.

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

+2'( (al*S1+b1*S2+...+k1*Sn) +

2! ((@2*S1+b2*82+...+k2*Sn)+

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

2! ((am*S1+bm*S2+......+km*Sn)))))

where a0, al,....am and b0, bl,..bm and k0, kl,......km represents the sign of
coefficients [i.e they have value (+ / -) 1 or 0]. The architecture realization in
"Figure 12" is done using the sequential elements like unit delays [T] and

combinational elements such as full adder (FA) and full subtractor (FS).

In "Figure 12", the input 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
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block consisting of full adders (FA) and full subtractor (FS) elements. Since the
values a0, b0,..... etc. represents value [(+/ -)1 or 0]. The connection of elements
(FA/ES) to S1, S2....Sn lines and interconnection of the elements (FA,FS) depend
on the value of coefficients [This is because the value of coefficient determines the

value of a0, al,......etc. and hence it defines the interconnections between them].

All the addition/subtraction operation at a bit location is performed in block [B]
and the output of each block [B] is terminated at [T] elements, which are
essentially used to multiply the block [B] output by “a factor of two” and passing
the output to next bit position. {The elements T[1], T[2],......T[m] are used for
this}. The connections (b_1, b_2,...b_m) are used for termination of output of
block [B]. The bit positions of serial data frame are marked as BITO,
BIT1,....BITm. 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].
Also 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]. Thus separating the
sequential and combinational logic. 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 first element (FA or FS) of block [B] depending upon the sign value+/-).

The interconnections from cluster {C] to [B] is represented as t_1,t_2,.....t_m.

Thus, the [T] elements clustered as [C] is share-able for all the coefficients and the
" full-adder/subtractor (FA/FS) components are clustered as [D]. The carry- out pin
of full adder (FA) of each cluster stage[B] is fed to input of full adder (FA) of
previous stage cluster [B] i.e stage preceding the flip-flop (T) element of cluster

[C]. In this way, we will share the same Flip-Flop [T] which is used for
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multiplication by factor of two (T1, T2, T3... Tn) to the implementation of the

carry structure in the one bit serial adder.

Extra components represented as [Ex] block are used for cdnnecting the carry-out
of all the adders/subtractors (FA/FS) of last stage of [D] i.e bit position BIT0. Full
adders/full subtractor[FA/FS] and unit delays [T] are used in this block. The line
COUT (carryout) of bit position BITO is connected to [Ex] block (typically to
inputs of element such as [FA] or [FS]}. Now using a [T] element, the carryout
(COUT) of each one of [FA/FS] is fed to the CIN of the same element. Also, for
connection of Z of [FA]’s to the input A or B of next [FA] element. A binary tree
can be formed here. The number of [FA], [T] elements in [Ex] block are [number

of carryout pins -1] and [number of carryout pins] respectively.

In the invention, optimizations in hardware in both cluster [C] and [D] is achieved
with the reduced unit delays [T] and the adder/subtractor area (FA,FS). The gain

in hardware is explained below.

Hardware reduction in block [C]
For filter having large size coefficient, this structure reduces the area of coefficient

block [A] [by 50-75% of the area of coefficient block [A]).

Before beginning to prove the statement, the calculation of elements is formularize

for
- 1) number of flip-flop (T)
2) number of serial adders (SA) or full adders (FA)
This comparison is done here. The generalized structure of “The Existing Method

and Minimization” in illustrated in "Figure 8". The other structure for comparison

L-
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are “Minimization (Already applied as patent)” in "Figure 10" and “Generalized
structure of the invention” in "Figure 12" of the drawings.
1) The number of flip-flops [T] elements in the coefficient block depends on the
size of all the coefficients. The approximate and pessimistic formula for
calculation of total flip-flops (T) in coefficient block in “The Existing Method and
Minimization” is [= average size of coefficient * number of coefficient]
("Figure 8") , where average size of coefficient is calculated pessimistically as
(Maximum coefficient size / 2). While in the “Minimization (Already applied as
patent)” and “Proposed Minimization (Proposal for Patent)” , the number of [T]
elements are [= maximum size of coefficient, since the flip-flops (T) are share-able
here].

2) The approximate formula for calculation of total adders (SA) in coefficient
block for the mentioned above cases is [=adders per coefficient * number of
coefficient]. Adders per coefficient block solely depend on value of coefficient.
Assuming no optimization in worst case, number of adders per coefficient is

(=number of coefficient * maximum coefficient size / 2).

Now using the mentioned formula on an example filter having 20 coefficient. The
coefficient having maximum value is in 16 bits (e.g. maximum coefficient value is
+32767 or -32768 in 2’s complement representation). In the present example,
average size of the coefficient approximated by the formula is 8 bit. For “The
Existing Method and Minimization”, total number of flip-flop (T) required for
-~ implementation is 8 * 20 = 160. In contrast to this, “Minimization (Already applied
as patent)” and “Proposed Minimization (Proposal for Patent)” would require
only 16 Flip-Flops (The number of flip- flops of all the coefficients are share-able

and are limited to the coefficient which has the maximum value). Using the
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formula for adder’s calculation, the number of adders for three cases are 8 * 20 =

160 (approx.).

Area calculation for “The Existing Method and Minimization” is 160 T +160 SA
= 480 units. Area calculation for “Minimization (Already applied as patent)” is 16
_T +160 SA = 336. Area calculation for “Proposed Minimization (Proposal for
Patent)” is 16 T +160 FA +(extra elements 8T+7 FA)=191. [Assuming that
average number of full adder per bit position is 8. We will generalize the
calculation of number of extra elements here. These extra elements are needed to
terminate the carry-out of last (LSB) position. Thus if the average number of FA’s
is 8, the extra elements (7 FA, 8T) are needed to terminate the carry-outs’ of LSB
position. This is shown in "Figure 12"]. Thus we see that current proposal has an
area improvement of approximately by 60% {(480-190)/480} of coefficient block

over “The Existing Method and Minimization” .

Hardware reduction in block [D]

For hardware reduction in block [D], following minimization are applied.

1) sharing of common adder term and using it in block [D]

2) using subtraction instead of addition when the coefficient is close to power of 2
e.g 63 is better realized as (64-1) than (32+16+8+4+2+1)

3) Taking common subtraction operation and maximizing the use of adder

For approximate area calculation following assumption is made (1 Unit of Area =

1 FA=2HA = IT & SA=S8S= 2 Units of Area).

Advantages involved in the present invention
The Area gets reduced by 50-75% (of the coefficient block[A]) for big filter

structures, if all the 3 optimization steps, as discussed in previous section

“Hardware reduction in block [D]”, are applied.
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t propose{i) architecture (“"Figure 12") is a proper Mealy type machine.
Many a times, the output has to be converted back to parallel data format. In that
case, the outputs from the same shift registers can be used ("Figure 13").
One bit-serial multipliers could be still multiplexed for the proposed architecture if

the specifications permit (i. e. if the frequency of operation is not very high.)
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Claims:
I. A device for area efficient realization of coefficient, said device comprising
architecture [A] with hardware sharing techniques and optimization applied to
this architecture, the 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 clock output, the serial input bit line of said architecture [A] are S1,
S2,.....8n. [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*S8n)........ (am*S1+bm*S2+......+km*Sn)] are represented
as blocks [B], the said block [B] is a combinational block consisting of full adders
(FA) & full subtractor (FS) elements, the values a0, b0,..... etc. are (+/ -1 or 0),
the connection of elements (FA/FS) to S1, S2....Sn lines and interconnection of the
elements (FA,FS) depend on the value of coefficients, the final output of last
element [FA/FS] of each block [B] is terminated through lines b_1, b_2,...b_m at
[T] elements, the number of T elements in cluster [C] depends on the size of
maximum coefficient value and is share-able for all the coefficient in the
coefficient architecture [A], in the said architecture all the combinational elements
[B] are clustered together as [D] and all the unit delay elements {T[1],
T[2]......T[m]} are clustered together in [C], thereby separating the sequential and
combinational logic, In the said architecture [A] the output of element [T] is
connected to the one of the inputs of combinational logic of block [B] of next bit
position, the interconnections from cluster [C] to [B] is represented as t_I,
t 2,...t_m, the elements [FA/FS] are arranged in matrix form FAQ_0 to FAQ_n in
bit position 0, FA1_!l to FAl_n in bit position 1,... FAm_1 to FAm_n in bit

position m whose presence is defined by coefficient value, the carry-out pin of full
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adder (FA) of each cluster stage[B] in the said architecture [A] is fed to input of
full adder (FA) of previous stage cluster [B] i.e stage preceding the flip-flop (T)
element of cluster [C], in this way the same Flip-Flop [T] (T1, T2, T3... Tn) is used
for multiplication by “a factor of two™ and also in the implementation of the carry
structure in the one bit serial adder, in the said architecture some extra components
_represented as block [Ex] are being used for connecting the carryout of all the
adders/subtractors [FA/FS] of last stage of [D], the element [FA/FS] and [T] are
used within this block, and hence, the said architecture [A] structures the circuit
into sequential block [C] consisting of [T] elements and combinational [D]
consisting of [FA,FS] elements, while the [T] elements 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 element block[B] which are essentially
[FA,FS], thereby making share-able hardware within block [D] and the final output
is the output of BITm position.

2. The device as claimed in claiml wherein provides the area minimal
realization of digital filters based on coefficient architecture [A], when operated in
bit serial fashion, the device provides hardware minimization for finite impulse
response(FIR) filter, infinite impulse response filter(lIR) and for other filters and
applications related to combinational logic consisting of delay element(T),
multiplier(M), adder and subtractor.

3. The device as claimed in claiml wherein further optimization technique in
cluster [D] is done by using common adders (FA) and common subtractor (FS) and

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

value is closer to power of two.

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

subtraction operator and using adder instead.

6. The device as claimed in one of the previous claims (1-5) wherein when
used in implementation 2 of FIR/IIR filter and similar structure of filters, results in
quite area efficient realization of the filter, the storage area in implementation?2,
referred as delay elements [Z!], is smaller as compared to implementation 1 which
is present due to inherent property of the structure of implementation 2, and an
additional saving in area in filter coefficient realization design is achieved by using

the claimed structure of coefficient architecture [A] of "Figure 12".



