AREA EFFI Cl ENT REALI ZATI ON OF CCEFI CI ENT  ARCHI TECTURE FOR

Bl T- SERI AL FIR FI LTERS AND COVBI NATI ONAL / SEQUENTI LOG C STRUCTURE W TH

ZERO LATENCY  CLOCK QUTPUT FI ELD OF THEA:RNW

invention relates to area efficient realization off fsarfn%?”t %ﬁ GE%S[A &

architecture [A] with hardware sharing techni ques @ém Lb\m za n%dﬁphgwdw
en

to this block. The block [A] is connect DrmRm gef ﬁ>81 - thpaed 27
CLin_0, CLinl .. CLin n and BLin 0 BLin. 1 m*ri’@ﬁ@homtdabgek,,_.:;_
[ E] and/or [F], to be connected to perfo H&jltg“ noP26per. At topuged . —
a mat hematical conputing operation with 6ptihi QRREGERE har dwar e ‘
and provides a zero |atency output. The i nvention al so g1 ves—te=
areda mnimal realization of digital filters based on coefici ent

bl ock[ A], when operated in bit serial fashion. The optim zation

t echni quei“md) F OHEINVENTRONor esent i nvention are good for |inear
digi-ctal filters typically a finite inpul se response(FIR) filter,
infinite inmpul se response filter(IIR) and for other filters and

ne(T) o it pearoh ot S Ahiclsab TRl Saﬁss&fﬁcm block [43°gfY ©' "

d t
i 2w ngs: it P R e SR folnigues and, SERn GRIGRCAIRRRATD < o

the devi cehis block. ﬁxaum)cz qagwsist %nﬁh’df@&' t®f coeffietunentiieys & innodevi ce.
Figure 3 shows the description of the conponents used in device.

Figure 4 $Hdnslth€llhintn andiBlinF),BLid tler.Blip| e cemisg ifins block [E] and/éi gure 5
shows an exanple of FIR filter. Fi gure 6 shows qne of the known

mi ni i zat ilBh tot e KARRRREed te perdorsy filiering qperation or a matgematicalespmputing

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
téchniques and structure of the present invention are good for linear digital filters
typically a finite impulse response(FIR) filter, infinite impulse response filter(IIR)
and for other filters and applications 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 components used in device.

Figure 3 shows the description of the components used in device.

Fiéure 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.

————
—
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- 2- Figure 7 shows the structure of existing/known inplenentation
technique for exanple FIRfilter. Figure 8 shows the generalized structure
of existing/ known inplenentation technique of coefficient block. Figure 9
shows a realization of the coefficient block for coefficient value close to
power=of two. Figure 10 shows the optim zation (a) for realizing the
coefficient block for exanple FIR filter, of the present invention. Figure
11 shows Eh@r@Pt isBbéat heNstidiurk 06 "eﬁﬁhhdﬂchgwfnhﬁnﬁl@ﬁfehta@xbﬁnﬁechxluqak fopr
exanple FIR filter, of the present invention. Figure 12 shows the
optim zat émpte)FIibﬁltexeal i zing the coefficient block for exanple FIR
filter, of the present invention. Figure 13 shows the generalized optim zed
st ruct ur eFigfret geSIpfrVas éhe gengealized nstructyst &F| @CI&HMt@@?ﬁ%‘Iangéed in
the description The b %?rgffonents synbol used in design are shown in

"Fi gure 2tecHmqueotsog %‘Qfg 9 addltlon expl anation and usages of the

Gevioe 3 BigRED Muhe bbb PR EhEROLR HFLMRSE vand Ay ¢
perforrrsﬁg {6 Qf a multiplier byafactor of 2. [e.g. For the serial
I nput fra {1'% 981011 I n binary or 43 in integer representation), the

out put of Fidire bb asHowss teD bpfitilddbionn(d)i Farr yeabizif36 then coeffiegent block for
representatlong This elenent is usually a Flip-flop (D Flip-flop, J-K

Fl i p-f | operamp eFIRlﬁltela@ﬁé‘re mrsmt mvep@onor ne binary addition. The inputs to

this elenent are_ A, Carryjn) while the, outputs ut
(Carryout Figurgel ¥r$h°WSt gtﬂ eprmization| (Rlq ey realizing 150 Cﬂ@tsh@‘kg gﬁ'
"Figure 3 ar%jplet lk'lﬁ{g o o?%e 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 Elements/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.
fe.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.
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- 3- Ful | subtractor (FS) It performs binary subtraction. The inputs to
this elenent are A, B, Cn (Carryin) while the outputs are Z and Cout
(Carryout). The truth table for full subtractor functionality is shown in
"Figure 3"of the drawi ngs. Serial adder (SA) and Serial Subtractor (SS) It
perforns addition/subtraction of two serial franme, xl(nT), x2(nT) to
generate output y(nT) represented as x1(nT)+x2(nT) or x1 (nT)-x2(nT) . The
serial adder (or subtractor) is inplenmented using a full adder (or
subtractor) with a Flip-Flop as shown in "Figure 3" of the draw ngs. The

out put CoRulbsulitriétoP|(FSy del ayed using the [T] elenent and is applied to
CGn line of [FA/ FS]. This enables the [FAFS] and [T] together to function
as seri al Iapefornishmasy subtiastion ATh®inpués tchthis alsment are AnBs Gingfamyimnd Z i s

th tput. (e. f i al _addi ti ' fql l . 1T xl = 0110 (6 i
okl St AT ) B e e Bt

i nt eger repr ation). Ser, L L,er . multiplies two seria

- npgt frgﬁ%&wggr?@%mnl?hg?%ﬁ? u?#tﬁgéﬁawlﬁ%%tion reprgsent ed as Y(nT) =
X(nT) * mse@iaqgfi%i?{.géﬁféﬁacsgﬁg%ﬂﬁé&érg%@r\l/{ [Scan be inplenented by shift

regi ster using nts an Al (One shift nmeans
nul tiply Wy peebing adHitdn/subtrastieivef itwo "setiglifan, xA(nT)) @i B\t generhatee

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

bi nary r eputgssy(al) mpredentedeascd 6 TiHa2enk). or Bdi(ad)-« And) r. [TheBetialadsier ¢ore fr ane
of data is done hy shift register (series of Flip-flops . (T) connected to
store and SYbiragtorlhis implemented psing 4Bl adasrefororubtiactor aviky a Fhp-FlePo#e del ay

el ement | Sshg%alh "E:Ll)g&rg "for € drsaiwzfgs? te%%t;;ur%%gut of [FA/FS] is delayed using
the [T] element and is applied to Cin line of [FA/ FS]. This enables the [FA/FS}
and [T] together to function as serial adder (SA/SS), where A, B are the inputs to
this element and Z is the output. (e.g of serial addition is as follows, if x1(nT) =
0110 (6 in integer) and x2(nT) = 0111 (7 in integer). Then y(nT) = 01101 (13 in
integer representation).
Serial Multiplier (M)
It multiplies two serial -input frame X(nT) and m: The oufput is a function
represented as Y(nT) = X(nT) * m. A serial coefficient multiplier(M) can be
implemented by shift register using [T] elements and adder element [SA] (One
shift means multiply by factor of 2). As shown in "Figure 3" of the drawings, the
multiplier is formed by adding the outputs corresponding to ones in the binary
representatién 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.

-
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PRI OR ART OR EXI STI NG | MPLEMENTATI ON OF FILTER The fol |l om ng descri ption

di scusses the elenents used for inplenentation of design and the existing

i npl ementations for digital filters. The proposed mnimzation is

extendabl e to other applications such as Digital Signal Processing field
and DBigital designs. From here onwards, all the illustration would be
done with the preferred enbodi nent nanely FIR filter which is extendable to
other filters as described earlier. "Figure 4" shows the existing structure

of bit serial FIRfilter with coefficient lines CLin_ 0, CLin_ 1 ....... CLin
n and t hePROVOR AREOR EXISTING IMPLEMENT ATEONIQF eFISTERO) , c(l),
c(2),.... c(n). The coefficient block is connected to delay el enent EZ[err]]
and seri alheaddBewingsAeseriptionr distusseerthe telements cusedt fri ingplementatipnf of t er

equation&n,tirre n fre_guenc%/ olomain_Y n) = géog XE.E) +’fﬁl) X(n-1) + c(2)

X(n-2) + design andy)thg gyisyng) implementafiops) for @igital Zfigess) The cproposedhr ]+
3) zZ +.c(4) Z + G(5), Z Jook c(6), Z[ elr] wh

% v ar o Pl Kiefptpbiso Al BliulofSiatin & Zfibtal it Piofpie " ©

r epr esent FdkglgRtse val ue which defines the characteristics of the
filter an lgggﬁogfé‘l’lgd% €rﬁsf']] bl ock represents one sanple delay. The filter
equation can be inplenented in two ways as shown in "Figure 4" of the

dr awi ngs In inplenentation 1, coefficient lines CLin O, CLin 1 .......
CLin n arEromonimre anwacispredcttbel dlostratpont whulfl. bdhdoreutwith the npef@redit 0,

CLout _ 1...... .. CLoutn are connected to block [E], consisting of delay
el enent [@P%‘Wl}e}“mﬁ%ﬁgl f%é‘ﬁ'd%’@h[ ispgxtendabis 1o other diltars 38 tdgseribetkes easy

S R, SR oY Pl SR AR Mt

the coefficients c(0), c(1), ¢(2),....c(n). The coefficient block is connected to delay
element [Z"'] and serial adders [SA] to form filter structure.
Stating the FIR filter equation in time and frequency domain

Y(n) = c(0) X(n) + ¢(1) X(n-1) + ¢(2) X(1-2) +.....c(n) X(0)

Y(2) = X(@) [c(0) + c(1) Z' + c(2) Z2 + c(3) Z3 + c(4) Z* + c(5) Z° + ¢(6)
A +e(n) Z™]

where X, Y are the input and output respectively and c(0), c(1).....c(n) represent

the coefficients value which defines the characteristics of the filter and each delay
[Z'] block represents one sample delay. The filter équation can be implemented in

two ways as shown in "Figure 4" of the drawings

In implementation 1, coefficient lines CLin 0, CLin_I,.....CLin_n are common
and connected to input X[n]. The output lines CLout_0, CLout_l,......CLout_n are
connected to block [E], consisting of delay element [Z‘l] 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

—_—
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woul d require 4[T], 3[SA] elenents. By virtue of CLin O, CLin |,.. being
common, ‘the hardware is realized using 3[T], 2[SA] elenents. Another
featdire of the structure is that the structure inherently requires nore
storage area, represented by [Z[err]], as conpared to inplenentation 2, .
since the storage is done after the nultiplication. For input frame of n
bit and coefficient of size mbit, the storage area of each .del ay el enent
[Z[err]] ire 1A¥EML S l®y gl Nt $eirsy- (MHN)
( nunber B‘#Oﬁtl:%re%é g?uéiee{ﬁg’ @%@J\] él%?llé?ﬁnbl negﬁl{tg% i%wn@%?ﬁr(%ec%gﬁ 'i"ci%g}'n l'ine
CLin O, Ebitaoh, the hafidvears a4 rextized nsinBy3 [T1,r 2[Sa [afleraoms eAibitict Yearfiredof f er ent
input lines to the coefficient elenents [c(O, c(1)...], the realization of
coef fi ci thetsthictete if Mhatibe stguctheeriphedehtly e¢qumees trsoriesstorage preds egpireseatast her
feature of this structure is that it inherently requires |esser storage
space, rBprl€sdn@sFoRpared de ripplerpentation e sinpepthey$iatage; Wpteiealter thih, here

Loct il of BftfupRedlfhs £R% b fmé of o 6F bhd cocthbiehlBHbigk A P fthe Hofade 2011
' : 1y * i cj . Th
v oAR8 SPER SLANAAERSRAEE | & (dlhe), THAIRA eiBlack Wpabt SRt Nty TN

shar e- ablegheite E(4-En) N(f@EHeroEcoeffRientydn. i f the coefficient Iines CLin_0,
CLin 1_ ...... are not comonly connected. For existing configuration as

shown in "Figure 7" and "Figure 8", the share-ability of hardware in bl ock
[A] is alimtation, Al so, as described in previous section,
i npl enenimimplementation atherqoeticient linet GLine SpEdin 1lo.-i-ngsE @9k GOBMBRIBYXue t o

ﬁnzf’t‘fﬁf'i gy of bRt il F (U BRE ﬁl%fegftiot e eoptEPEt RiPrRe ﬁé@ﬁhﬁes of
reauct | oRchs- i PRI of Brepeal BRRICIAL bl ol e Rs T B oy &) o

stated i Rrddagt, fAﬂcfthersﬁSﬁi'rQ Bf thi$ SrfdtBREE thit I RifktRlyBQHIRELRRR stdrthgaer

val ued coefficient.
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.
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- 6- Further, to quote Norsworthy and Crochiere (Delta-Si gma Data
Converters | EEE press pp-435, copyright 1997) "Bit-serial architecture
reduce the interprocessor comuni cation down to 1 bit. Generally the nunber
of processors is very large, but because each processor is so small, the
overal |l econony is very high. Bit serial architectures are usually nost
effective for filters having a few state vari ables, such as IIR filters and
the wave- digital filters. For this reason, bit- serial techniques are |ess
frequently applied to FIR structures, espeC|aIIy when the filter length is
rel ati véiuythennge quote NorsworthywndeCrochinse (DeliedigmaRata Convergrsi EEE

optim zation t ni ques, f educing the area in large sized coefficients
by appl W?%RP% yﬁghbﬁqiéd zations in FIR'IIR filter structures To

el aborate the applicant's optim zation techni ques, consider an FIR filter
with symetrical coefficient as 5, 14, 25, 30, 25, 14, and 5. Though, the

size of dghesGoal dihhait® ddubdli: HEBRhGsks: 80 nungagof? SYRAPUGN bt

el aboraté t mnimzation proposa tating ter equation in

t' e andGédepslUe tHeyntAbR 6f pfoBdssarsas Gerylabge, bu€ bddaué Bacb)% rocesdt iséd1- 2)
..... c(h) X(O Y(z) = X(z) [c(O + c(I) Z[err] + ¢c(2) Zerr] + c(3)

Z[ err] -soalyth&pwerall ecanpyy [ ery Jhigh.ddi)sedpleanchiteqtures are usuailts( mosk[ err])

where X, Y are the input and output respectively and c(O, c(l) ..... c(n)

r epr eserffectiie f%git ISc;haémgs a\faw ssate \vgrighles hauch st R diltess auélt%Wﬁ- above

t 14 X(n 2 30 3 4 14
Xy CRighal fer. FpE s peasortii- dorial Foornidhios aed Josh Fompiently smBBedie’ ¢
14Z[ err ]Fiﬁ dhfthirks, especially when the filter lehffR it kelatively long......”

However, the present invention applies optimization techniques for reducing the
area in large sized coefficients by applying a number of optimizations in FIR/IIR
filter structures

To elaborate the applicant’s optimization techniques, consider an FIR filter with
symmetrical coefficient as 5, 14, 25, 30, 25, 14, and 5. Though, the size of the
coefficients in this example is small, it is enough to elaborate the minimization
proposals. Stating the FIR filter equation in time and frequency domain

Y1) =c(0) X(n) + c(1) X(n-1) + c(2) X(n-2) +.....c(n) X(0)

Y(2) = X(2) [c(0) + (1) Z' + c(2) Z% + ¢(3) Z% + c(4) Z* + c(5) Z~ + <(6)
AL +¢(n) Z™

where X, Y are the input and output respectively and ¢(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) + 35
X(n-6)

Y@)=X@)[S+14Z'+25Z?+30Z>+25Z* + 14 Z° + 5 2] (EQ 1)
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-7~ The Existing Method and M nim zation "Figure 5" of the draw ngs shows
FIR filter structure of inplenentation 2. This figure illustrates the
reatization of FIRfilter represented by "Equation 1". In one of the
known optim zation technique, is taken advantage of the symetry in the
coefficients. The streans which have to be nultiplied with the sane
coefficients can be added first and then nultiplied. For a large filter
st ruct ur e, Thé ExistirgMethod: andd MinimizationtS5% i n the coefficient block. (see
This is done by restructuring

"Figure 6" of the acco nyi ng dr aw
th '%?uat Bigus ﬁn@.@me%yﬁﬁggmq B ﬁrmg étl'i:]ﬂ}ur@r ofwlzqrwf?tm 3r s +
* err or t st .0
optim zati @%%?%&Fe 1;10 %f%&‘f ‘%‘5 R%Yy'r Q‘r‘étl%lltl plier adder

series whi ch |s shown in the dotted box referred to as coefficient block
[A]. "Figure 7" of the drawi ngs shows the traditional way of inplenentation

of the exagnif éﬁthb‘gchl ay IEAt lﬁ%x?ué!"ﬁﬂaﬁdeﬂ agyarits §6fﬂ1‘é gﬁﬁﬁe%]y ide

| i'nes connected to t’hr ough 11 ne | noO t

depi ct ed ithe" Ebefificients. ﬂfhet:hﬁeaﬁrsawlﬂds haﬂeetrhllbkesmﬁmpﬂl@dsﬂvr@f ghé epieat el y
connected to [T] el ement forfgerform ng a nultiplication by "a factor of 2"

and (SA) icpeficiagtsuandet aslded firstrandstben aultiplied. (Fon adargeofilter sthictureetiiesent s
of filter_.coefficient blo ere the

the nmultiplier |ess reaJ|zt|

property oOfags ito. 4If glé %tmpmeefm?ﬁic%h%d%s(éée "ﬁb&‘ﬁ'@%ﬁt? Mgy the
restructured e acco |ng to the structure is stated as

Y(nT) =( 4+13€P0 aﬁ +d£?‘§ (16+8+1) S3 + (16+8+4+2) S4 (EQ 3) In
this inplenentation, S1, S2, S3, S4 Iines are not conmonly connected. Hence
this restricts to achieve a share-able hardware in coefficient bl ock [A].

Thus al | tTiis is done by restructuring the equation as under:
Y(2) = X@)[5*(1+Z%) + 14*(Z+Z5) + 25%(Z+ZH + 30 * 2] (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(nT)=(4+1)S1 + (8+4+2)S2 + (16+8+1)S3 + (16+8+4+2)S4 (EQ 3)
In this implementation, S1, 82, S3, S4 lines are not commonly connected. Hence

this restricts to achieve a share-able hardware in coefficient block [A]. Thus all the
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- 8- function/operations of this block represent unique hardware. The

el ements required by the terns are listed as First term= 2[T], 1 [SA

el enents Second term= 3[T], 2[SA] elenents Third term = 4[T], 2[SA]

el ements Fourth term= 4[T], 3 [SA] elenents Final addition of all the four
termwoul d require 3[SA] el enents. The generalized structure of "The

Exi sting Method and M nim zation" is depicted in "Figure 8". In the

st ruct ur gunctivBlopRhtichy dfeRiseieik epeesealdiyed Rardwasd. Tthe elér@ent reqligtent s,
shown as T1_1 to Tlmin columl, defines connectivity with line S1. In

sim|ar bgshe terms[af¢ listedrasnt s, shown as Tn 1 to Tn min colum n, defines
the connectivity with |line Sn. The presence of one of the elenents in
col ums FissbtesmyT 2ETFd[SA{ elementy T2 1 to T2.m.. Tnl to Tn.n) is

determined b oef f i,64 | .ue. Thus dependi ng on coefficient value on

li nes 51%80@]?3%—3-’Etﬁ%@xﬁ?le{ﬂﬁﬂsa ement in a colum is deternined. Also
t he nunbek, . of ri a actor [SA/ SS] in colums is represented
as (SA1L_I'to tﬁ_m@&%ﬁﬁélﬁgﬁ%ﬂ ...... SAn_1 to SAn _n). The presence of
one of t@%ﬁﬁh&kﬁﬁ&ﬁﬁjﬂg@g@lé’mmﬂ ned by the coefficient val ue. In the
structure, the [T] el énents are arranged in shift register form The input
to first Hiddl addeienef albthedomeietraovdudd oequine 3[SA] eferhénte. Whil e the input to

[ SA/ SS] is connected frominput S* and/or one of the output of [T]
el ements of shift register, depending on the coefficient value. Finally,

he oot fHHSiasRETA GERSTHERE bn o eatiaalethed aoh S irimatonf s SGBCIRR 15 | he
out put Ofin l"?iséurggd.i fn' t?l@l s?rﬂ%ﬁé”}%taaﬁ) %l%’rb‘r{rxsr%presents a coefficient value. The [T]

elements, shown as T1_1 to T1_m in columnl, defines connectivity with line S1.~

In similar 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 (1.e T1_1to 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_1 to SA1_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/ S§] 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].
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-9- Anong the lines S1 to Sn, the [T] elenents are not share-able and al so
the [.SA] ,in each colum are al so not share-able. Thus limted mnimzation
i s-possible in this structure. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
devi ce reduces the hardware of the coefficient block [Al by having

shar e- abl eARlGHERRE Sinle8 ST98 1S, e ,eﬁ’éa?i&ﬁs bf¥) not SHER -AHle H8 2ShE m&q ion

wher e t he coef ines CLin0, CLin 1 ...... e not commD

connect ed éahowiuma e ahiotest tshire-dbN.) ThubHimitéd shisiesizivart wepessible @pefif i ci ent
bl ock when applied in inplenentation2 ("Figure 4") makes it still nore

area- effigrwaire. This reduction is extendable to other filter based on
coefficient block [A], as stated in the first section. The device of the
present invention reduces the area by approxi-mately 30- 50% of "Figure 7"

O e o BN SRR LA PR HVRNRROR 5. The oy et on
section gefgs alaﬁéeQecﬁ%M%a%ééf@e%éﬁc)@énﬁb'i&xg@' @?gg@ggﬁ@gg&&@-

Accordingly, the present 1 nvention (Fig. 13) provi

provi di ng elenehtanaiobifivienttblécka] Az evercin thé iipRbddntitim whérithe deaffieRent
conprising of architecture [A] with hardware sharing techni ques and

opt i m zat i bneseghin_8d ClLin t 1hi..s arernoit comamoniy cotrestesiishoan @kiarehiteatuze [A]). i s
connected to, coefficient lines CLin0, CLin 1.CLin_ n and/or BLin_Q, BLin_
1, . ... BLi nThisceardused fhagdwaneoik cpefificiang/ Rlpcl myhen; gppléed: om sl ementgtipn? f or m

L ... BLi nTHscEH BieoEk cpefici yhen gPBkect ShriStRITRBGES f or
i har duar CEH A bovdked 1 SGITgon, i R, ot Red ko sy e e, R [y "

has seri al 44 ' [ Sk AT i’ presents the
nunber of 8%13? Plitg{ﬁtéénsteg o(E;lfec'%te ﬁgm%gtlbtl@% [@has %tﬁtgaa | ﬁxf)s‘g S%edrror?rlé of the
equation [(aO*Sl +bO*S2+. ... +kO*Sn), (al *S1+b1*S2+ ... ... +kl *Sn) . .%.

(am S1+bmrS2+ . ... .. .. +km*Sn)] are represented as blocks [B] , the val ues

of a0 bO The devicetof thapresentineasivnaddaces|the afea)lly approfimatély 30ai50% 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_l,..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*82+....+k1*8n)........ (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
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-+ 10-, Block [B] is a conbinational -sequential block consisting of serial
adders (SA) & serial subtractors (SS) elenents, the connection of elenents
(SA/SS) to S1, S2....Sn lines and interconnection of the elements (SA SS)
depend on the val ue of coeffici ents, the SA/SS elenents are arranged |n

ggts‘ir ![ i(oaorlmé%g?ganﬁg %ar %q X‘?Aﬁ‘l bﬁocgl ﬁoﬁﬁggﬁé})ﬁ#e@ fcﬁ&er% %&a te of

one of thegsiae! abBAERd IS8 félé}ﬁdntb,y e Rohh&dtiRAt ofaélé&ﬁent"s h@%‘w% gf, eaCh
bl ock [B] is connected to [T] enents through line b

nunber of S2 el&rMn&ssa:ﬂhp&!dmmntlbﬂﬂef thezeleEnts{SANSSE) depérfdim Etmtvahm@lof s
share-able for all the coefficient in the coefficient architecture [A], the

out put of @qeﬁi@nnm[ the $A/Scs)nl¢mtsdanemee®ﬁn otadrix form SAGY OderSAdan ional
tiaqn e connected tqQ inp

| f b f el
(A or OSS) iponiti O SgahcionShbpbin: i posiomy Liand i Sosiit © T

i the sa nu“?fg%tteﬁ"tf?“ gﬁyhﬁﬁh@i‘{f@ﬁéﬂe i B PP e |
toget her acael?ﬁé’i%ﬁt Jgueartﬁ ﬁthgf {:(ﬁ tgfél@[ﬁzlﬁ Ehected [th] L’B]T%:E%nents

T[m} are ustere toget reby separati

conbi nat i ofhedpugetine™ iiab zndbsmgwmﬁbeﬂ 8fTCelefehiseddgends eaudBtsiad of
el ements [T] of block [C] are common for all the coefficients and are

shar e- abl emaniinyos¢aefbeient and andharesibie dor ofl thacivefficient inBthe coaffidientk [ D]
has conbi nat j gnal - @\uentlal el errent bl ock, [B] which are essentially SA

I n t heat§ b fmfﬁ celopnent H]b}so@onﬁgpdatpeoll%af the wpues afr oss
fvf‘éh?t‘ﬁe[ cBetengioeli Shbfck 5 o8 b bosbioh: G Sonnggtel da mPreat o
2 s Hée”t R&eﬁf (X, 6*“%?3?5@?%%@@%%@“@)?&%ﬁ?%ﬁ@% Lies T, ' e

said structure [A], all the elements in block [B] are clustered together as block [D]
and all 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(nT)=5*S1+14*82+25*8S3+30* S84

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

—_—
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we proceed to share the shift registers (nmultiply by 2) of the design.
=(S3+S4) * 16+(S2+S3+S4) *8+(S 1+S2+S4) *4+(S2+S4) *2+(S 1+S3) =(S

1+83) +2% (S2+54+2* (S 1+S2+S4+2* (S2+S3+S4+2*(S3+54)) ) ) (EQ 4) The

i npl ementation flow for this equation is presented below this text

par agr aph wagrodeeditashartke sHip) &gﬁt&@(mﬂﬁpgsbyﬁﬁpmhemegghgur e 10" of the
drawings. In the flow of _i)g‘g@)l enent ati on represents four

i nput's. THE(S3PSAE Lo 813054 *EH6S G SAIdES2E84) AR HRIGE3) SA(1), SA(3),
A A A i e
e SN e el B L R b S B
|l ement addthelhpuvate BAIBIARALOAN kﬁe»%:gﬁxggg@g{ 10" of the didldgs. In the B! T3
( S2+S4+2* (6w Saf- Srpleriértati®n + S8+ 82( $3+ W) hrdpresents four inputs. The primary
additions are “done using serial adders SA(1), SA(3), SA(5), SA(8), SA(11)
representing addition of terms S1+S3, $2+S4, S1+82, S2+S3, S3+S4. While the
secondary and tertiary addifions are done using the adders SA(6), SA(9), SA(10),

SA(7), SA(4), SA(2). The multiplication by factor of two is done using the
- elements T(1), T(2), T(3), T(4).

Implementation flow of equation {optimization(a)}
BIT4 BIT3 ! BIT2 BIT1 ' BITO

=(Sl+53)+b* (82+S4«-2* S1+S2+Sd+2l* S2+SB*S4+% (83+S4) YY)
i

Y ¥ ! :
ESUN g IONE | BT i SA<8> |
: 1 v h 4 E
I | 528 kR SAQ) &
! : : '
{ : r l T(1)=2 * SA(11)]
1 i
: i : Ly
! : : [ saqo) |
‘ f ‘ v,
t
: j l T(2)42 * SA(10) |
| % v { v ]nr
E : ‘ ESAY(7) : j
I ] T TG)=2* SAD | ]
: ! R Z X
= L « SAM) I
' \ v (
\ T(4)=} * SA(4) : |
4 : L v : l
' SAQ) L | :
EL : » Output E \
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[err] - 12 - As shown in
t he above inplenentation flowhart, the equation defines the bit position
as BITOto BIT4, which is the position of "nultiplication by power of two".
(e.g BITO represents nmultiplication by 2[err]). At BITO position addition
of S3+S4 is performed and the output is termnated at T(1). The output of
T(1) defines the next bit position BITl, which perforns addition of
S2+S3+S4 and out put of T(1) by using the [SA]. The output of this addition
is again termnated at T(2). The structure is repeated in next BIT

posi ti onds shiowrf imdahe abdve iimpleptenBitionpBoivchan, teTdaquptivasdefinesothephit of t he

coefficient  bloc . | npl ntation of hardware is shown in "Figure
10", whePitHoR ﬁté%hﬁ;fo BlR& Sﬁﬁbwg#erréﬁ#&;veﬁf PREIPLIGAESN yhARWERAL t o del ay
"H qur o BI0 bl BTA eSS vhLRRice Y, s P BiBel SBefiFoebok (e
for perf ' t | |t : : kog, r i Tl $S]
clreront S5 LR AL Fieinind e bt 5 ¢niBEkhn T M FputRE AT L 10
line Sl §efires thednédtshit fﬁo@iﬁohTBI'Bl',e&ﬂEi&hS%e’tﬁqrmUMHiﬁ@n PS4SRk 4 ah@r in
this sect+-on. The output of each block [B] is termnated with [T] el enment,
whi ch r eputpatof $(1)Hey iing khe [S]A Jolhe ottpue iofi thisadditiohiiedgdiy térmihatetat of 2".

Each [T] el ements defines bit c‘Epsition marked as BIT1, BI T2, BIT3, BIT4.
The out pBf2)o Lhef stricsiar is Bppeatect i nextaBIhiposisions The fmpreddisioneef BE t he

ot of e Tl LB NE PHLRULEL 08 ode £ © eTent [T(D] 15 fed to

Implementation of hardware is shown in "Figure 10", wherein the input line S1 to”
S4 represent the lines comnected 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
[SA], [SS] elements are used within block{B]. The input to [B] block is connected
to line S1 to S4 and also from [T] elements as would be explained later in this
‘section. The output of each block [B] is terminated with [T] element, which
represents the block [B] output being multiplied by “a factor of 2”. Each [T]
elements defines bit position marked as BITt, BIT2, BIT3, BIT4. 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]. The
connectivity is done in similar fashion for other [T] blocks.  Thus all
addition/subtraction in block [B] defines a bit position before getting multiplied by
“a factor of 2”and changing to next bit position. The block [B] at final bit position
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 2”, is share-able among various

e —
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connect|V|ty S done in simlar fashion for other [T] blocks. Thus all
=addi ti on/ subt ract ion in block [B] defines a bit position before getting
“tmultiplied by "a factor of 2"and changing to next bit position. The bl ock
[B] at final bit position represents the output of the coefficient block

[ B]. In the structure, all [T] elenents are represented as bl ock[ C]
wherein the flip- flop [T] representing nultiplication by "a factor of 2",
I s shar e- aljoeffadiomovalaés Mitheir number is determined by maximum coefficient value. -
13- coefficient values and their nunber is determ ned by maxi num

coef fi ci entThialisién cPhirastite "Figureit rfexisting" fiugture Wherofthe elenénigy asa nolct ur e
where the el enents are not share-able between S1 to S4 |ines. The nunber
of flip-fl dhareableibstwenngdl to 54 lipes. 13 vs. nunber of flip-flops(T) in
current proposal is 4. Also for both the inplenentation, the nunber of the
one-bit serial adders (SA) remains the same [11 in each case]. I n present

i i zati oy =1 T = 26
Uni t 5, - wher it BRRIERE ERE AU O HiBhe o1 B3 sy Bl 7 BPMRIps (T 72
= 35 uni tcimeh@%?éﬁﬂsﬂglsh %ké for BothAbe ilpienentatiodN theS@irhBér efkdeonediii al

subtractor ((SA/'SS) 2 Uni . "This is approxi mtely 26%aving in area in
"Fi gure 10'sepial adﬂmr(SA)tmmaﬁlsgﬂhbaaﬁle [11 Froeachi ¢4sel. Inapriesent| mingmizatios,

coefficient, this leads to a drastic reduction in the area (30-50% of the

coeffi ci entam@@mate arearpalavdationstio &i Mesariabpdderet | AvEm 2o/ ndts, wherass 28 i on

(b) This optimzation,reduces. the har | oGk whi.ch essential ly
consi sts of“@%ﬂﬁeﬁﬂffv(%)mml@h@ﬁpgm IkgéFﬂ ﬁd&%ﬂ@ T hat‘ﬁnbtﬁ (@SSURBEFh ndi ng
out the CONTRf £ ‘fcikA'Q/ EHfﬁg'—t PFSand serial adder/serial subtractor (SA/SS) = 2 Units).

This is approximately 26%saving in area in "Figure 10" as compared to "Figure 7".

For filter having large size coefficient, this leads to a drastic reduction in the area
(30-50% of the coefficient block).

Another embodiment of the invention or Optimization (b)

This optimization reduces the hardware of block [D] which essentially consists of
(SA) and (SS) elements. Beginning with “Equation 4" and finding out the common
additive factors

Al =S82+54

A2 =S3+54

The "Equation 4" can be further reduced as

y(nT) = (S1+S3)+2*(A1+2*(S1+A1+2*(S2+A2+2*A2))) (EQ 5)
The flow of implementation of equation is illustrated below and is self
explanatory. Here 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
S1+S3, S2+S4, S3+S4. While the secondary and tertiary addition is done using the

——

-
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Al = S2+S4 A2 = S3+S4 The "Equation 4" can be further reduced as y(nT) (
(S 1+4S3) +2* (A 1 +2*(S 1+Al+2*( S2+A2+2*A2))) (EQ 5) The fl ow of
i npl ementation of equation is illustrated below and is self explanatory.
Here S1, S2, S3, S4 represents four inputs. The primary addition is done
using Serial adders SA(1), SA(3), SA(9) representing addition of terns
S1+S3, S2+S4, S3+S4. While the secondary and tertiary addition is done

usi ng the - 14 - adders SA(5),
SA(7), SA(8), SA(6), SA(4), SA(2). The multiplication by factor of two is

done using the elenments T(1), T(2), ST&A T( fR | mpl enentation flow
of equatdders SHDO) S A 81, 8A(8b)SA(6) SA@| (2). The ngltiglication by factorgyfro |

BI T1* BITO, =(S1+S3)+ S +S2+S4+2* ( 2+S3+S4+2* (S3+S4
)) two is done usrtlgg ,tl}e elements T((l) Zl"('7), T(Z) (.15(21 ( ) )

Implementation flow of equation {optimization (b)}

BIT4 BIT3 , BIT2 BITL , BITO
=(S1+53) +2% (S2+S4+2* (S1+S2+S54+2* ( 2+sz+s4+‘a* (S3+S4))))
Y v . Y v i v ¥ Yy v _
[sam | 1 [at=sag] | | [al=sAQ)] 12=SA(9) | | A2=SA(9)|
t T 1 T ’
\ \ v____ ¢ . 4 '! :
i L sAG) | [ sam |
1 | 1 1
i | | [T(1)=2* SAQ) |
1 1 t
| | : v i v
: : ! | SAIS) |
! ! : Y,
: ; } T(2)=2 * SA(8) |
. I v ! v
| Lo ; SAG) L
l ! i Y t
: | ' T(3)=2 * SA(6] 1
i : R :
ol : SA4) ! [
‘ T v_! L
! T(4)=2 * SA(4) ; |
A 4 ‘ L i__] ! :
I i SA(2) x i t
4 ) \ 1
E] - wll 40u_tputi :
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[err] - 15- "Figure 11 "
shows the inplenentation of the structure, wherein the input line S1 to $4
represent the lines, connected to delay block [Z[err]] through coefficient
lines Cin_ 0 to CLin_6 depicted in "Figure 6" of the drawi ngs. The Lines Sl
to S4 are connected to block [B] for perform ng the serial
addition/subtraction, for which (SA), (SS) elenents are used within

bl ock[ B] g3 ' H | ; I r [ T]

ol ement s, B LMok he Bupfuffiafh B OTSBRe iR the T 138 4 O

whi ch refdeasprisent te lihes kednBkctedttoudelbgibdackn X i) pirbegh kyeffiiemr linds 2. The
output b 1 of block [B] which is at bit position BITO is fed to the input
of the TClip, Oita Glinn6tdepicted put'Figute 61 of Teldrpwingsf ddetlanee Sl toctt aren of
bl-ock[B]. Thus all addition defines a bit positjon before getti

mul L1 pl | eensptachta Blocks (B Ton periurmrag fhe seiah e HQHSTACHER o GBIy

bl ock[ C T tim zati i ' . h f bl ack [D

done. - ThESAUSE P B R Mg HookR. sBEmiRs R EE hintos Hdritilsn t or m
A2, i k : e, 4 educi
the addes oot 15y b ApuErt) Aesa Tk dulilf ety PR (B b iR PLry ™
posi ti onwBihI8 {T] BldcRAwhlicH wWprddenfitthe btk [B] dulfutibeisl meltigitkdeby fahérd) whi ch
eventually termnates at [T4] elenment and other to the i nput of adder

SA(5), hefizeThedutpuid_tl e tddde (BT whith it bitepostiionBIThtie férbto the iapdt A2 are

shared in_the Structure. Corrparig}gf t he hardware inplementation_of "Figure
10" and oFtheuFe)iirturn the oufpwtet Lot (604 istedrte nexhsastien ofbjoskd BlnEhwsommon

agders A alfsiol i NBUL FaSAR eond ol SERERASRY Aot I SR

L4

[T] termination is represented by block[C].

The optimizations in reducing the hardware of block [D] are done. The output b_1
representing the bit position BITO and addition term A2, is connected to T[1] and
also fed to the next block [B], hence reducing the adder count by 1. Also the output
of adders SA(3) of block [B] in bit position BIT3, is fed at two points. One to the
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
g
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In present mnimzation, approxinmate area calculations is = 9 serial adder
(SA) + 4 (T) = 22 Units, whereas the area of the existing mnimzation of
"Figure 7" is 11 (SA)+ 13 (T) = 35 units. (assumng 1 Unit =1 FA = 2HA =
1T and serial adder (SA) = 2 Units). Thus conpared to the existing
mnimzation, the "Optimzation (a)" and "Optim zation (b)", conbined has
resulted in 37%saving in area (13 / 35

- 16- )‘*‘OE i3 atiohath ons (aﬁ)lmﬁr&‘?ﬂgﬂtrmf@%qﬁ%}e {efjtﬁe/ocbéﬁﬁﬁ&ﬁ (of the

coeffi ci en I ocC over t| m zat 'on anot her enbodi ment of the
i nvent i OBlork) QOéﬂ ‘f’d)m}xizatlo(x@)”l n realization of block [D], further

optim zation is done by realizing the coefficient value using subtraction

i nstead of addition. This is good for nunmbers which have val ues closer to

power of 2. (e.g. for realization of coefficient value 63, the realization
(63=64 - Y)etﬂgoﬂ&l‘[%ﬂb"@’mﬁﬂt(@@%"8@411'03811“40231'}123‘J“PP fdrst case the nunber

11 ust r apreizatiy of losk (bl AFRREARERRACbHTs BUTRY sk eBe Solltiecs '35

arrangi nga&“%@' phd bk RGATLE SO T ISR DU liEh e

48* S3- 63% ﬁ%es(élléé&*t%l owed Of 8 L)ei52for fedBzdifor o8 coeffiferkbvalud 63! 1theS4
=( S1+S2- S4) +2*(-s4+2* S1- S4+2% ( S22 S4+2*% ( S2- S4- (S3+2(S3+54)))))) (EQ 6)

Al t er nat edalizationr(§Bre4 t—h)elsthettﬂs witah @3 a32+d46+813+2+He It iftrst casguthei on

reduces =(1+4)*S1 + (16+8+1)*S2 - (32+16)*S3 + *}1 64) *S4

=( S1+S2+sumber pf sytgractor(is? whilegn sggomd: @@sme sampsn of adders are 5. (EQ 7)
To illustrate this by an example, consider the coefficient values as 5, 25, -48, -63).

4

Writing the FIR equation using these coefficient values.

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

y(nT)=5*8S1+25*82- 48*S3-63*84

= (1+4)*S1 + (16+8+1)*S2 - (32+16)*S3 - (32+16+8+4+2+1)*S4
=(S1+82-S4)+2*(-S4+2*(S1-84+2*(S2-S4+2*(S2-S4- (S3+2(S3+54)))))) (EQ 6)
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+S2+S4)+2*(2*(S1+2*(S2+2*(S2-S3-2*(S3+2*S4))))) EQ7)

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
-
This Sheet Has Bee:
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The reali zation of "Equation 6" and "Equation 7" is shown in "Figure 9" and
"Figure 12" respectively. In these realizations, the nunber of [T]

el erents is one nore in "Equation 7" due to presence of term"64". However
t he nunber of adders are less in the structure represented by "Equation 7"
than by "Equation 6" . This is because the nunber of adders are less in
former case. Conparing the area of the two realization, From "Equation 6"

Area obt'gduadony"S repfesthtify Sptimiziiobly)} fesulthiah réd ealiculation of = 6T +
- 17 - "Equation 7", representing optimzation(c), results an area
cal cul at6Sh 2SS 6122+ IBHa. (asa@8ing 2Unibit $ FAas A my 1T amd SA=SS=FA = 2HA =

| T and =SS=_2.Units). This is an_inprovenent by 24%in reducing. area of
coeffi ciséﬁttSb|ﬁm< 15 3R TREOvEmEnt By 2404 ip reducing yeeg, of ﬁ%et%\ﬁﬁnﬁ]% B reduces
area for, realization of negative coefficient. This optim zation is al so

ef fici entpelpélﬁrlepgﬁ’farn&?lleof coefficients having val ue close to power of two.
Further mnim zation is possible by taking subtraction as conmmon factor and
usi ng addition instead of subtraction wherever possible in the realization.

This r egphﬁs,itﬁeaﬂptin@iﬁé@é&?ﬁ*@dliceé Aréd 65 redlifatioh bhaefanle thaficRheaThier a
subtractor is nore than the area of an adder. ERAL| ZED STRUCTURE OF

THE | NVEdRirfieafibe is alse efficientrealvzation cdrcoefficients having valueedbseztatgosver of
filter coefficient block[A], applicable to filters devices such as FIR [IIR
and ot he?f two.tByrtherrminimization iy mossiblechy takdng subtractionses egppmosafacort o

ul 1 pi | SRLGSA MR s of SSHFCLOf MM Ropubleci i PUANAL] HS: e
el ement S;c38t i an IPTE Ferheidin 2&L, 'Rk 5 RS (AT WA Wl R AADHAckdY il nfiel TT-

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 consisting 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)
ynT)=a*S1+b*S82+c* 83 +...ccene k * Sn.......... ¢
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:
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General i zed structure of the present invention is depicted in "Figure 13".
The generalized equation of the structure is also calcul ated here.
Beginning with the generalized equation of FIR filter coefficient block(A)

y(nT) =a* S1 +b* S2 +c* S3+ ................ k* Sn .. (1) where a,
b,....k represents filter coefficients. S1, S2 ..... represents bit |ines
corresponding to the coefficients. Now, representing each coefficient as
addi tion ofy(h¥y s @Ma%&lge.d...zhawwaopf* 5Y0; g ERPEY | Q@’“BF+2°9bG)he gHuat i on:

18 - (y = {2 [err]*am + ...... 2[err]*al +2[err]*a0Q * S1 (2[err] bm
o 2[(&?‘1“¢rﬁbﬂ +zgévcr1}+aﬂxax))*ss2r ...... LD ekan++... ‘*R[e:r"r*kO):isa[err] cO *
S3+ ... ... +(2[err] *km+ ...... err]*kl +2[err]*kO) * Sn Further,

taking "2" %lxﬂmm’tdﬁnga‘&’orasvxeorgmont tore vesr aief Zbel gepsmalized fauation for
architecture as Y(nT) (a0*S1 +b0O*S2+. ... +kO*Sn) +2[err](

(al *Sl +bl * thectqqg|asgn)+ 2[err] ((a* S| +b2* S2+. . +k2* Sn) +

"21((a3*S1+ i 2[ &1 ((anTSl+bnT82+ e +kntSn)))))
where aQ, bi( %§m gﬁ?dgﬁd%%ﬁzi Jﬁlﬁfaf']ﬁ‘?j kO, k1. km represents the sign of
coef ficientgssf telRg Y- Y ++/ - 1) or Q. The architecture
realization | nt Ealgg;ﬁebiws """ ggne using the sequential elements [ike unit
del ays [T] ﬁr‘( bgasvgnarkzeg.@n%nts such as serial adder (SA) and seri al
subt ract or (S) The highlights of the architecture are: 1) A commobn
share-abl e ZNaBéSbﬁbiiﬁ&Z-ifmkﬁ‘ISIn)-t-he CbEffICI ents. The maxi mum nunber of [T]

el ement is elq« to next integer value of "log of the maxi num val ue of
coef fici ent? {(Fmfht+om&s2tei-clam™IgHR [ A] 2) Area-optinizations in reducing

the combi nat hgrréazLO é)lglcainD]cmci b0, b(iptl 0 za& i(8nﬁl ....... 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 lor 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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'a'p';ﬂ"i’emg—é—rmiwél adders(SA), serial subtractor (SS) as stated in previous

-~ section). In "Figure 13", the input serial data is present on bit |ine

" S1, S2 ...... Sn. [where n represents the nunber of coefficients of the
filter] The addition terns of the equation.[ (a0 S1+bO*S2+. .. .. +kO* Sn), (al
*S1+b1*S2+ ... ... +kl *Sn) .... (antSl+b nm*S2+ ... +kn¥Sn)] are represented

as. blocks [B]. Block [B] is a conbinational - sequential block consisting of
serial addeggeffefoht 3ddtesfines! méuwuﬁ@c(%p@?, %SES)....%i CIBI $end NE SadiiRs Vidkues
aOQ bO...... etc. represents value [(+ -)1"or 0]. The connection of

el enments ( ShtSGbnhectivhs b8Bween henl]i Tles oatpdt oféRhisieB ) i muitipiibé bglteoent s
(SA, SS) depend on the value of coefficients [This is because the val ue of

- 19 - c usiingj [di] eatemeints efThieredemente T[A], UB2¢f...alimpdre used .for matltiplicatignhence
i.t defines the_interconnections between thenj. The output of efach bl ock [ B]
i's multipli®¥ Bgtorvef dsi dge[ommbarcofe At elemrents derenghton ﬁr{el]n,ze-[cf 2NaxXIPR  are

o the i 2o cOPRIGISR AT, SoRAr 8P B tor i CEPRELGT 55 gpe iR sl FRF"S

i ot et n b o . ol
outputs of At {REnGRELE B A foisblf NS HIGLLS TB] Skt Wbk OF nithe
(connect ed dB[9udémbnid [TP(chbnnected Mrough b1 e sty upture, all the el ements

[B] are clustered together as [D] and alT the unit ‘delay elenments {T[1],
T[21 ...... T[mM} are clustered together in [C]. The sequential [C] and
conbi nati onal -sequential logic [D are quite separated in this

zglr chik tecturdn ﬂmhmﬁplﬁ, afls thetedements (B sy clusterasiiogptier rs [P aad @J]flpdmifof
ool o 23R, ST bl SRR et S8, P il
S on v ueAC) B4 kaMbrEERB eduiny IoR Y ard B s IR A DECHIBRRAE CC,

as t 1, t_2Theinput 8f ffe cHidBlay cRARI[PTS RhalSRApR otk [BPARI eouBhitk e

as

of element [T] is connected to the one of the inpufs 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_1,t 2,....t_m. The bit positions of serial data frame are marked as
BITO, BIT1,.....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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BI.TO ,BIT1 ...... Bl Tm In the generalized structure, flip-flops[T] of
all the cpefficient are share-able and the nunber of flip-flops[T] are
lim-ted to the coefficient which has the maxi mrum val ue. Al so optim zation
can be applied in block [D]. The gain in area when conpared with the

exi sting d?ééé_ilﬁidtﬁ: Foriniti3s rféi%@lc%ki@ﬂ’- of tdtal ﬁynsgé gﬁy%'&em b16&OGK [EC]
Bef ore beginning to prove the statenent, we procee o fornul ari ze the
cal cul at i oavefagausizerofb toéfficient [fomufnber f of coeffictdnt]), ewhére" dverageisize rof
Method & M nim zation" in "Figure 7" and "Figure 8" of the draw ngs. The
nunber of fpeficienspean be calsulairsk pessimisticallyo ek (oximum eeeffipient size /02).al |
the coefficjepts,..Thae approxi mate and .. . . .. . . " .

250 - pedBetiriThe FriahBe Metod cand Minimization”, oFigars 8! pf the deawings).
coeff. blogk hs:.l.3.av i f eEficient. * n [ of effpci-ent],
where aver %"é’ @in%eth%f t%grgg% foc%vgaﬁfp IE ﬁ %%;ghg%\?cg‘?ra eégﬁgﬁ%ﬁ?@%?i% Sﬁc§g‘§s
(Maxi mum coeff4 & ' f )’ b 3id ; RODrdi

M m zat | o 2 o) Stegpleséited TR 326 bl tufihl land iy, kording to
exanmpl e of fofm@d] gvefagd site vEtodtficiaht B1(6 /\Y) e+ & afdefotdl ueiber 0B fligflop253 30)
are represented in 4,5,6,6 bits (using signed notation). According to
formul a, avefiagelXiThisas pessiftfistin estcomparesl to 2he implementationa(Whemabiotalof
flip-flop = 3 * 4 :.1%@6Thi S iw§s'i nmstic as conpared to the

i mpl enent agugPer @f ir-tops are 1y Igwe 1)l ops are 13, refer "Figure 7").
Simlarly, the approximate fornmula for calculation of total adders (SA) in
coeff. block for "The Existing Method and M nim zation" , and "Detail ed

ot oti oe Sling L
coef 11 61 en Sty die" itk hee Himily 26 SaftulariShbf ol daBert ¥S Aol OGRS P!
on the val ygodi forotel ExiStiig MigsddTaRd MifiREZa®bn 2 dgR] SDRtailed DaReiptidh

coefficients * maxi mum ,
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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coeffici ent' size | 2). Now, as an exanple, the Applicants provide

~:-her ebel ow use of the above nentioned fornul ae of previous two paragraphs in

‘tilter of 20 coefficient. Assume the nmaxinmum coefficient value is
-represented in 16 bits (e.g. maxi num coefficient value is +32767 or -32768
.in 2's conpl enent representation). Average size of the coefficient

approxi mated by the fornmula is (16/2=8 bit). In "The Existing Method and

M ni m zati oRddersif Hofif fle CUdBPEfe AneldrdPark lefBal(td)g * 2OUL 160, (RRifer "Figure 8"

i mpl enentation is 8 * 20 = 160. In contrast to this "Detailed Description
of the I nveahdolFigiveuldd ofebeldraviagd)y 16 Flip-Fl ops (The nunber of
flip-flops of all the coefficient are share- able and are limted to the
coefficient which has the maxi num val ue). Assuming in worst case that there

is no optimzation of adders he nunber of ST T —— "

Z1 -  adderd¥ep ﬁﬂ)ggf%mp Tc %@&W@gmoérﬁﬂ‘da Mingrgization’s , gFigusg)8of s
(Refer "Figure 8" and_ ~F.gur " t he draw ngs ¢ C ation for
"The Exi st | ‘T{}é’tgﬁdﬂqéﬂét HiEp 54 = 1?%91 ,rmﬁa%ﬁ%%éf°5f ﬁ%@l%fg%‘lﬁ&’sdq“s" 60 T
+160 SA = 4 : cal oud: at | nf:0nr " hi | I

| nvention", W%Féfj@@"ﬁ@’ %%q'? ﬁég QXIIQDS% D’?ﬁ?sﬂlﬁé 1g%nioifm rrggeemrrg?\tt Ofof
3096 [(480- 33034 @8D-336)/430] beeEXId ERtibENIOHoanddMIbIThizatiog: (assémumi ng
1 Unit =1 FA=2HA = IT and serial adder/serial subtractor (SA/SS) = 2
Units). The laUe#t =gaiFA by2HAradfuasl ceddlddder/sexidiisgbtrastos(RA(SE) =+ AdJnits).
coefficient block) for big filter where mnim zation of adders and ot her

i ni mi zat i onthspareaigain by strasture sonldi beaas bighims H96 (op thenroefficient block) dor
di scussed earliegr, e appl.ied.., The, preferred enbadi.nent of .the . nyention
is al so supPsE¢ t?rwaﬁ%rer ﬁmézaém %gﬁ aidery png oties PRI EAHON RHRIZALOR(E), | o

i scussed | HORPRRTOT anf ot RRlaRRS, B ilysohE Bified "areBoplidd. vt oS AN

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 (¢)
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), (SS) in
block [D] and separate clustering of elements in block [D] and [C].
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"Figure 10" is 118A+4T 26 units while area of "Figure 7" of the draw ngs

“(existing inplenentation) is 11SA+13T=35 units. This results a gain of 26%

"in area (of coefficient design block) for this exanple design as conpared
to existing inplenentation, supporting the generalized statenent.

Har dwar e reduction in block [Dl The optim zations in bI ock [D] are referred
to.as optim zation (b), optimzation (c) and shown in "Figure 11 ", "Figure
12" of the THigé NUStratdd Yihg HeZddanttle 0P bre S detish WsinAl he Sbh-Bp; Abep (T)
for all the coefficients and sharing the common adders ( SA) t echni gques is
done in cl uS3¥84 [Dhis EamplesTdtabatea fpr tieaxcample aﬁSA)he ¢BBhizationi0BRA[D] and
separate clustering of elenments in block [D] and

- 22 - THESZE2| rrxeér]l‘btswlhegrcnglbm@ rﬁﬂtréquﬂ(@vreéelés geatep@riuef ng Al
i zat oW anca sotieSetfEBN fien Blot Eor°hin Magtsl eSat R gorapared 6 "°
optim zatio %r ﬁﬁaﬁpﬁ%ngﬁoﬁéwe%%@a%S% @n&t@ area (of coefficient design

bl ock) for ar e 0 exr sting inplenmentation
(where area was 35 units). The optim zation(c) as described before can be
further applied to cluster [D]. That is beside optimzation(a) and

optim zat i oTlidpptitnieationcd)rusqiescritied wefbrez¢antbe fiethepapplicd tondlustat [I2]. (iang
subtraction (SS) instead of addition(SA) is used here. This saves quite in
area when tisebeside fopdireization(a) eands Optmmtloo(h)ovtée teehiique eofy re&lmmc the
realization of _coefficient value 63, real i atron 63=64 - etter
than (63 32%0Fsigientyalye usrng ambrr@fmea lnétea@. eri iGenigiibk isse r here, Thigni | e

i n second cas rk% nunber dder ar e, 5, cases r |l ustrated

in previ ous"®, th % ?rr?ae £ 5?1 Jedt YABiRNIS; ﬁosel\gfogapgzei? zsnd? Jfoéure

9" of the d i

addgrs ('('aFi Igr;egre vbﬁl %{%@Eﬁﬁ&ﬁ%???éﬂe%aﬁéa&fbﬁ%ﬂ@ f5'1§ fﬁe'ttQP m &Brgg
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 9" 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(5), SA(6)
inputs could be interchanged. Also the signalst_1,t 2 etc. can be connected to any

input of adders of block [B] of next bit position.
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29 Units*. V\hlle optlmzatlon applied ("Figure 12" of the drawings) results

‘xin area =22 Units*. This is an inprovenent by 24%in reducing area of
.“coefficient block for this exanple. Wth all the optim zation appli ed,

“the invention while in use results in an area inprovenent of 30-50% of the
‘coefficient block design or conbinational |ogic consisting of adders,
suptractor, nultiplier and unit delays [T]. *Note that the input to

adders in [*Bi:oaaspﬂo&hﬁatemahsmﬁx SHIRIAAE asseiftlon BAhAde (INDHitofAkEad be

i nterchanged. Also the signalst 1, t 2 et €. can be connected to any i nput
of adders eﬂb‘l«%oelQHBFﬁﬂ’&r&A#S&FQIﬂmssbfAma)
- 23 - **For approximate area cal culation foll ow ng assunption i s nade

(1 Unit of Area 1 FA=2HA = 1T & SA=SS= 2 Units of Area). The present
[ [ nost economical in terns of ar

invention i a of oeffl |en
archi t eot urldie RTESSRRVETE 15 Mk REOTOMIEAL 1B ACTHIGOH doea af, o E‘?@B%mnt

G AR e e

50% of the coefficient block design or combinational logic consisting of adders,

subtractor, multiplier and unit delays.
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- 24- CLAI M5 1. A device for providing an area efficient realization
of coefficient, said device conprising of architecture [Al with hardware
sharing techniques and optim zation applied to this architecture, the said
architecture [A] is connected to coefficient |ines CLin_0O,

CLin_1..... CLin_n and/or BLin O, BLin_1,....BLin_n comng from bl ock [E]
and/or [F], to be connected to performfiltering operation or a ,
mat hemat i cal conputing operation with optim zation in hardware and provi des
a zero latency output, the said architecture [A] has serial input bit lines
as S1, S2CLAIMS. [where n represents the nunber of coefficients of the ~
filter] and the addjtion terns of .the  equatjon . .

[ (a0 S1+bbr S2+A devigerlor) proyidings anparesefficient realizpfiespf coefficientrs3idpnr 2+
e +kn¥Sn)] _are represented as,bl ocks t he.val ues .of aQ, ,bO
...... ot 865 obarmliink oAt SRt TAT 1 VEH et SBSE writhidiogy ohe 5
conbi nat i = et I PSLi | rs seri al
subt ot oPB LT Ry 0 RE riEhat, B0 < SFRAERATAEE copftBfo
S2....5n LkbémeieHidlinddt €1&OMECLInON. . OfCIliher @he/®NBEid $A BSH) 1demand gn the
val ue of -coefficients, the SA/ SSei enents are arranged in matrix form SAO O
to SAOn i poming frosi bliook [B] amidordK], tb HeaoBAkated to pérforpoflteting operatidnorm | arl y
SAm1 to SAm in hit position m the presence of one of these elenents is

defi ned by re@hempatrd pomyBIting operasiop Wity ppidmization ibhawdwarepnd provdeeat ed to

T] elements through Jineb 1, b 2. . b m the numh T el
Gepends. ofFRn PTG S ittt oditeetire AL PRI RRPU B SFOR A ¢ ne

coefficie [ h ffiLgl apchi .1 he nt [T]
i's connecl?g Zd"’?%ﬁ'oﬁxéﬁ%g ‘{k@ﬂg%%‘& g&o#ﬁ@g%%ﬁg%’ié%‘ﬁé“ 88?{%@@&81 8@@9‘?%] of
next bit dtfohon (i conrggct eckpko | ol el + SQ)oe&a P!l ock
[ B] depengia%%folk}pon %egssi gﬁal %&/-)%?%@is t i(ﬂb{%y—%ﬂt ;?(grgndsed to
mark the i(ayledinse+i.onklfI0m. cl(ast8l+bekS2-e...[ Btkmk8Sn)]hares alegrestiitegt ur e
[A], all the elenents in block [B] are clustered together as block [D and
al | the uasblatlsiB] ethervalnes of 80) BQ,.. T[€¢. are represefifedids (&t &)L b, ¢hesaidoget her

in

2

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 SA0: 0 to SA0_nin
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 l;fock (D]

and all the unit delay elements {T[1], T[2].....T[m]} are clustered togetheru n",
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- 25 - block [C], thereby separating the conbinational -sequential and
sequential logic, while the sequential elenents [T] of block [C] are conmobn
for-ald the coefficients and are share-able and positioned at end position
of each block [B], the Block [D has conbinational -sequential el enent block
[B] which are essentially SA, SS, In the structure the hardware w thin

bl ock [B] are share- able across various [B] blocks and al so within block
[D]. Thd)l(bd:kléC],oth!Emhy separaingnthier combinetionzlisequantiat had skquential logic| ast bi t
posi tion. A device as clainmed in claim1 wherein the area m ni nal

real i zatWiile Sre shayential glements {That bleck{Cd ses rommentionalthe seetficignsg . when
operated i.n bit serial fashi.on tructur A 0 e

i i OO PO pad PRtioaed Pﬂsrﬁfmg% i g o1 HIB (B RiiRn AK TR <e
réspons S ogbi pati onal
Ioch cglnélés %géﬁérﬁg'sﬁﬁgnftﬁéﬁ%n 1% k/)eésgjénglgn&%s&) % Q?
subtractihé stBSlure thé-hardwhred@¥thGe bi’&ckC[E] ri?éismech@llerwfoweaﬁbﬁh [ther

optim zation technique in cluster [D] s done by using common adders (SA)
and conroclsuditd also ovit{iSBlockn([IB). de fifdd]outmet isisdkey fdrh thes batped ofwheut s.

4. A device as clainmed in claim wherein further optim zation technique
in cl ust@fﬁmﬁwﬁq éasébﬁ-@%m@sl ng subtractor (SS) instead of adders, when the

coefficient value is closer to power of two. 5. A device as claimed in
claim1l wherein further optirrization technique in cluster [D] is done by
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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(IR) 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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- 26 - 6. A device as clainmed in anyone of the preceding clains
wherein when used in inplenmentation 2 of FIR/IIR filter and simlar
structure of filters, results in quite area efficient realization of
filter, this is due to the fact that storage area of delay el enents of
filter in inplementation2 is smaller in size as conpared to inplenentation
1 which is present due to inherent property of the structure of

i npl ement & | on A2devABe aslBlaimedal apnef the ﬁ%ceaxngrcléuﬂst Shersdie Wtieni e

realization design is achieved by using the clalnmed structure of

coef fi ci et impkementationr2 of RIR/OR fikerandesithiiar 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 1 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"
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