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have been proposed in [9] for RFIR blters, specibcally x)
for SDR channelizer. Recently, Park and Meher [10] have
proposed an interesting DA-based architecture for RFIR Pplter.
The existing multiplier-based structures use either direct-
form conbguration or transpose form conbguration. But, the
multiplier-less structures of [9] use transpose form conbgura=(:1)
tion, whereas the DA-based structure of [10] uses direct-form
conbguration. But, we do not bnd any specibc block-based
design for RFIR Plter in the literature. A block-based RFIR
structure can easily be derived using the scheme proposed
in [15] and [16]. But, we bnd that the block structure obtaingdg. 1. DFG of transpose form structure fo¢ = 6. (a) DFG-1 for
from [15] and [16] is not efbcient for large Plter lengths angUtPuty(n- (b) DFG-2 for outputy(n S 1).
variable blter coefpcients, such as SDR channelizer. Therefare,
the design methods proposed in [15] and [16] are more suitalte— a i i i M M
for 2-D FIR Plters and block least mean square adaptive blteys, | M) | x| K-SR | x-S, | x50
In this paper, we explore the possibility of realization of 2 |*("HAG) | X(r-Hhd) | x(r-HhG)_ | x(n-4h2) | x(n-Ha(1), | x(n-4)2(0)
block FIR Plter in transpose form conbguration in order 3 |x(n-3)a(5) | x(n-3)h(4) P x(13)h(3)_ | x(-3)(2) | x(n-3)h(1) | x(1-3)(0)
to take advantage of the MCM schemes and the inherent, |2y [ «n2me) | x(r20h3)_| x-2h@) | xtr-20n1) [xr-200)
pipelining for area-delay efbcient realization of large ord : 5 | DhG) | <o) | 0 D). | - Dhe2), | - D(D) | D)

FIR Plters for both Pxed and reconbgurable applications. The
6 | x(mh(5) | x(n)h(4) X(n)h(3) x(mh(2) | x(mh(1) | x(n)h(0)

main contributions of this paper are as follows.
1) Computational analysis of transpose form conbgura- (a)
tion of FIR Pblter and derivation of Bow graph for,
transpose form block FIR blter with reduced registet

ccs M, M, M, M, M; M,
1 x(n-6)h(5) | x(n-6)h(4) | x(n-6)h(3) | x(n-6)A(2) | x(n-6)h(1) | x(n-6)h(0)

complexity. < S
2) Block formulation for transpose form FIR Plter. 2 |M-SAG) | Xp-5Hh(E) | (n-5h3) | x(1-5)h(2)_ | x(n-5)h(D), | x(1-5)4(0)
3) Design of transpose form block Plter for reconbgurable 3  |x@-4)i3) | x(n-4)h4) | x(n-4)h(3) | x(n-4)h(2)_| x(n-4)h(1) | x(n-4)h(0)
applications. 4 | x(n-3)h(5) x(n-3)h(4)\‘:c(n-3)h(3 x(n-3)h(2)_ | x(n-3)h(1) | x(n-3)h(0)

4) A Iow-complgxny design method using MCM scheme s x(n_2)h(5L=x(n_2)h(4) D) | D), | KAL) [ 2)
for the block implementation of bxed FIR blters. S S
The remainder of this paper is organized as follow
In Section I, computational analysis and mathematical ®)
formulation of block transpose form FIR blter are presentelig. 2. (a) DFT of multipliers of DFG shown in Fig. 1(a) corresponding to
The proposed architectures for bxed and reconbgural uty(n). (b) DFT of multipliers of DFG shown in Fig. 1(b) corresponding

icati ; : . 10 outputy(n S 1). Arrow: accumulation path of the products.
applications are presented in Section Ill. Hardware and time puty(n = 4 P P

complexitieg along with .performance compari;on arg plock of two successive outpufg(n), y(n S 1)} that are
presented in Section IV. Finally, the conclusion is drawggrived from (2). The product values and their accumulation
in Section V. paths in DFG-1 and DFG-2 of Fig. 1 are shown in data-
Row tables (DFT-1 and DFT-2) of Fig. 2. The arrows in
DFT-1 and DFT-2 of Fig. 2 represent the accumulation path of
the products. We bnd that bve values of each column of DFT-1
are same as those of DFT-2 (shown in gray color in Fig. 2).
The output of an FIR Plter of lengthl can be computed These redundant computation of DFG-1 and DFG-2 can be

6 | x(n-DhS) | x(n-Dh(@) | x(n-DhB) | x(n-Dh2) | x(n-1)A(1) | x(n-1)h(0)

N

II. COMPUTATIONAL ANALYSIS AND MATHEMATICAL
FORMULATION OF BLOCK TRANSPOSE
ForM FIR FILTER

using the relation avoided using nonoverlappe@guence of input blocks, as
NS1 shown in Fig. 3. DFT-3 and DFT-4 of DFG-1 and DFG-2
y(n) = h(i) - x(n S i). (1) for nonoverlapping input blocks are, respectively, shown

i=0 in Fig. 3(a) and (b). As shown in Fig. 3(a) and (b), DFT-3

. d DFT-4 do not involve redundant computation. It is easy
re;ggncomputatlon of (1) can be expressed by the recurrer?g%pnd that the entries in gray cells in DFT-3 and DFT-4 of
5 o Fig. 3(a) and (b) correspond to the outpfh), whereas the
Y(2) = [22Y(- - (ZH*h(N S 1) + h(N S 2))+ h(N § 3)) other entries of DFT-3 and DFT-4 correspondy(@ S 1). The
DFG of Fig. 1 needs to be transformed appropriately to obtain
-+ h(1)) + h(0)]X(2). (2)  the computations according to DFT-3 and DFT-4.

A. Computational Analysis B. DFG Transformation

The data-3ow graphs (DFG-1 and DFG-2) of transpose formThe computation of DFT-3 and DFT-4 can be realized by
FIR Plter for blter lengthN = 6, as shown in Fig. 1, for DFG-3 of nonoverlapping blocks, as shown in Fig. 4. We refer
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ccs M, M, M, M, M, M, type-1 conbguration. We have, therefore, used block transpose
1| x(n-10)4(5) | x(n-10)h(4) | x(n-10)h(3) | x(n-10)A(2) | x(n-10)h(1) | x(n-10)(0) form type-ll conbguration to derive the proposed structure.
In Section 1I-C, we present mathematical formulation of block
transpose form type-ll FIR Plter for a generalized formulation
of the concept of block-based computation of transpose form
FIR Plers.

2 x(n-8)h(5) | x(n-8)h(4) ‘x(n—g)h(?s) x(n-8)h(2) ‘x(n»8)h(1) x(n-8)h(0)
3| x(n-6)h(5) | x(n-6)h(4) nx(n-6)h(3) x(n-6)h(2) ‘x(n-6)h(l) x(n-6)h(0)
4 | x(n-4)h(5) | x(n-4)h(4) | x(n-4)h(3) | x(n-4)h(2) sx(n-4)h(l) x(n-4)h(0)

5 x(n—Z)h(S)\‘x(n—Z)h(4) x(n—2)h(3)\‘x(n—2)h(2) x(n—2)h(l)\‘x(n—2)h(0)

6 x(n)h(5) x(n)h(4) x(n)h(3) ‘x(n)h(2) x(n)h(1) ‘x(n)h(O)
(a)

C. Mathematical Formulation of the Transpose
Form Block FIR Filter

cs | My M, M; M, Ms Mo Suppose in every cycle, the block FIR blter takes a block
1 |3o-IDAG) | x(n-1DAE) | x(n-1DAG) | (n-1DAQ) | x(n-1DAC) | x(n-11AO) of L new input samples, and processes those to produce a
2| Xr9(S) | x(-9)(4) | X(n-9)h3) [*e(n-9)h2) | xn-9)h(1) | x(1-9)(0) block of L output samples. Thieth block of blter outpuyy is
3 | x(n-7)(S) | x(n-T)h(4) | x(n-T)h(3) ‘x(n—7)h(2) x(n-7)h(1) | x(n-7)h(0) Computed using the relation
Y

4 | x(n-5)h(5) | x(n-5)h(@) | x(n-5)h3) | x(n-5)h2) | x(n-5)h(1) | x(n-5)h(0)

8 8 & 8 5 Yk = X - h 3)
5 x(n—3)h(5)\ x(n—3)h(4)\ x(n-3)h(3) x(n—3)h(2)\ x(n—3)h(1)\ x(n-3)h(0)
6 | x(-DA(S) | x(n-Dh(d) | x(r-DAG) | x(n-DAQ) | x(r-Dya(1) | x(a-1h(0) where the weight vectdn is debned as

® h =[h(0), h(1),..., h(N S 1)]".

Fig. 3. DFT of DFG-1 and DFG-2 fothree nonoverlapped input blocks . . .
[x(n), x(nS 1], [x(nS 2), x(nS 3)], and[x(nS 4), x(nS 5)]. (a) DFT-3 for The input matrixXy is debPned as

computation of output/(n). (b) DFT-4 for computation of outpug(n S 1). NE1
Xe= x{ xt X X 4)
x(n) )
x(n-1) wherex; is the(i + 1)th column ofXy are debned as

l xi=[Xx(KLSi)x(kLSi$1) - - x(kLSiSL+ 1" (5)

h(s) h(3) h(1) é . . . .
|:D:| “|"_®_,® Substituting (4) in (3), the mattivector product is expressed
xl—= A& in the form of scalarbvector product as
D —&—{p | —& v
DL Pany NS1
—{D] DD | D Yk = X} - h(i). (6)
i=0
! SupposeN is a composite nhumber and decomposed as
x(n-2) - p(4) h(2) h(Q‘)_,_ég% N = ML, then indexi is expressed as = | + mL, for
7%0 R 0 | LS1,and0 m MS 1. Substituting = | + mL
5[0 -0 —d—1>B1—> v in (5), we have
—{D &[0 —b—d— 0D XM= Mg @)

Fig. 4. Merged DFG (DFG-3: transpdorm type-I conbguration for block  Sybstituting (7) in (4), we have
FIR structure).

— 0 1 LS1 0 1 LS1
" K= X X X0 Xegp Xigp o X810
x(n &
1 0. 1 LS1
| x("i : XksM+1 XkdM+1 """ XSM+1 (8)
|:D:| ' : : Substituting (8) in (3), we have
1) &) h(3) —& (1) —>Q9 LS1MS1
h(4 h(2 h — |
MLE® | TS | [T Vi = Xgm - h(l + mL). ©)
® 4 ® 1=0 m=0
Lg Le The input matrix Xx of (8) has an interesting
D [p|—& v feature. The data blockx) is the current block,
L 7] &[D] &y While  {XQs3, XQs0, ... X051} are  blocks  delayed
by 1,2,...,(M S 1) cycles. The overlapped blocks
Fig. 5. DFG-4 (retimed DFG-3) trapose form type-Il conbguration for yl 1 ( 1 ) oy ivel ppl K |
block FIR structure. {Xkél’ XkSZ’ T Xké L+ 1} are’ respeCtlve y’ 1 cloc CyC e’

2 clock cycles...,(M S 1) cycles delayed version
. . f overlapped block x&. To take the advantage of
|tt>|:o b{_%ck[;::agsgose tf)ormt'_[yped-ltcor;l;)guiitloSch ZIO?I(:.FI%B feature, the input-matrixXx is decomposed into
er. 'he ~o can be retimed to obtain the “+OTFI9- Ry small matricessg such thats) contains L input-
which is referred to bIocktransposeformtype—llconbguratloB 0 u1 L€ 1 . .
. . locks {xg, X, ..., X >7}, and §; contains input blocks
Note that both type-lI and type-ll conbgurations involve the0 ! a1 o ]
same number of multipliers and adders, but type-Il conbgufdks1 Xis1: - --» X&1}-  Similarly, — the input  block
tion involves nearlyL times less delay elements than those @K% ., 1, Xks v 10+ - -+ Xess 1} CONstitute the matrixgy'> 2.
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V. CONCLUSION [14]

In this paper, we have explored the possibility of realizatiofs,
of block FIR Plters in transpose form conbguration for area-
delay efbcient realization of both bxed and reconbgurable
applications. A generalized block formulation is presentqgﬁ]
for transpose form block FIR Plter, and based on that we
have derived transpose form block Plter for reconpgurable
applications. We have presented a scheme to identify the MG,
blocks for horizontal and vertical subexpression elimination in
the proposed block FIR blter for bxed coefbcients to reduce
the computational complexity. Performance comparison sho
that the proposed structure involves signibcantly less ADP
and less EPS than the existindgptk direct-form structure
for medium or large blter lengths while for the short-length
blters, the existing block direct-form structure has less ADP
and less EPS than the proposed structure. Application-specibc
integrated circuit synthesis result shows that the proposed
structure for block size 4 and Plter length 64 involve 42%
less ADP and 40% less EPS than the best available FIR blter
structure of [10] for reconbgurable applications. For the same
blter length and the same block size, the proposed structure
involves 13% less ADP and 12.8% less EPS than that of the
existing direct-from block FIR structure of [15].
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