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ABSTRACT—Continual need for
performance in compute bound scientific
applications motivates the study of LUT
Optimization. LUT Optimization replaces a
complex expression with an access to precomputed
LUT data containing the expression values. This
results in faster expression evaluation and high
performance gain. The LUT approach can result in
significant improvement in terms of low latency
implementation and less dynamic  power
consumption. Memory based computing structures
are more regular than the multiply accumulate

(MAC) structures.

high

I. INTRODUCTION

A LONG with the progressive device scaling,
semiconductor memory has become cheaper, faster,
and more power-efficient. Moreover, according to
the projections of the international technology
roadmap for semiconductors [1], embedded
memories will have dominating presence in the
system on-chips (SoCs), which may exceed 90% of
the total SOC content. It has also been found that
the transistor packing density of memory
components is not only higher but also increasing
much faster than those of logic components. Apart
from that, memory-based computing structures are
more regular than the multiply—accumulate
structures and offer many other advantages, e.g.,
greater potential for high-throughput and low-
latency implementation and less dynamic power

consumption. Memory-based computing is well
suited for many digital signal processing (DSP)
algorithms, which involve multiplication with a
fixed set of coefficients. A conventional lookup-
table (LUT)-based multiplier is shown in Fig. 1,
where A is a fixed coefficient, and X is an input
word to be multiplied with A. Assuming X to be a
positive binary number of word length L, there can
be 2L possible values of X, and accordingly, there
can be 2L possible values of product C = A - X.
Therefore, for memory-based multiplication, an
LUT of 2L words, consisting of precomputed
product values corresponding to all possible values
of X, is conventionally used. The product word A -
Xi is stored at the location Xi for 0 < Xi < 2L — 1,
such that if an L-bit binary value of Xi is used as
the address for the LUT, then the corresponding
product value A - Xi is available as its output.
Several architectures have been reported in the
literature for memory-based implementation of DSP
algorithms involving orthogonal transforms and
digital filters [2]-[8]. However, we do not find any
significant work on LUT optimization for memory-
based multiplication. Recently, we have presented a
new approach to LUT design, where only the odd
multiples of the fixed coefficient are required to be
stored [9], which we have referred to as the odd-
multiple-storage (OMS) scheme in this brief. In
addition, we have shown that, by the anti symmetric
product coding (APC) approach, the LUT size can
also be reduced to half, where the product words
are recoded as anti symmetric pairs [10]. The APC
approach, although providing a reduction in LUT
size by a factor of two, incorporates substantial
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overhead of area and time to perform the two’s
complement operation of LUT output for sign
modification and that of the input operand for input
mapping. However, we find that when the APC
approach is combined with the OMS technique, the
two’s complement operations could be very much
simplified since the input address and LUT output
could always be transformed into odd integers.1
However, the OMS technique in [9] cannot be
combined with the APC scheme in [10], since the
APC words generated according to [10] are odd
numbers.
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4

Fig:Conventional LUT-based multiplier

Moreover, the OMS scheme in [9] does not
provide an efficient implementation when
combined with the APC technique. In this brief, we
therefore present a different form of APC and
combined that with a modified form of the OMS
scheme for efficient memory based multiplication.
In the next section, we have discussed the modified
APC and the combined OMS-APC approach. The
implementation of combined OMS-APC scheme is
described in Section 111, and the design of the LUT-
based multiplier for high input precision is
discussed in Section IV. The synthesis results of the
proposed multiplier and canonical-signed-digit
(CSD)-based multipliers, along with the conclusion,
are presented in Section V

BINARY MULTIPLICATION:

Multiplication in binary is similar to its
decimal counterpart. Two numbers A and B can be
multiplied by partial products: for each digit in B,

UGC Care Group | Journal.
Vol-13 Issue-02 Sep 2024

the product of that digit in A is calculated and
written on a new line, shifted leftward so that its
rightmost digit lines up with the digit in B that was
used. The sum of all these partial products gives the
final result.

MEMORY BASED MULTIPLICATION:
The input-output relationship of an N-tap FIR

filter in time-domain is given by

) =0 )+ K1) o 1)+
aln=2+hN-1)2(n-N+1)

where h(n), for n = 0,1,2,-------- N-1,
represent the filter coefficients x(n-i), while for i==
0,1,2,-------- N-1, for x(n) , represent recent input

samples y(n), and represents the current output
sample. Memory-based multipliers can be
implemented for signed as well as unsigned
operands

FIR FILTER ARCHITECTURE
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Fig : FIR Filter Architecture

SOFT MULTIPLIERS.

Soft multipliers are an extremely flexible
alternative to using DSP blocks. Instead of
implementing a combinatorial logic multiplier, they
utilize a novel implementation based on a partial
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look-up table (LUT) implementation of the
multiplication operation, where the LUT is
implemented in the memory blocks. Soft multipliers
increase by a factor of between 2 and 15 the
number of multipliers available. By downloading
different coefficient LUTS, different configurations
of multipliers and adders are generated.

Figure below shows simple Soft Multiplier
implemented with a M512 (32*18) RAM block.
The 5 bits width input data is driving the address
bus of a memory and pointing to a LUT location
that has the 18 bit result. The LUT covers all the
multiplication combinations of 5 bits of input data
with 13 bits coefficient.

1. EXISTING SYSTEM:

Several architectures have been reported in
the literature for memory-based implementation of
DSP algorithms involving orthogonal transforms
and digital filters. However, we do not find any
significant work on LUT optimization for memory-
based multiplication. Recently, we have presented a
new approach to LUT design, where only the odd
multiples of the fixed coefficient are required to be
stored , which we have referred to as the odd-
multiple-storage (OMS) scheme. In addition, we
have shown that, by the anti symmetric product
coding (APC) approach, the LUT size can also be
reduced to half, where the product words are
recoded as ant symmetric pairs.

Multiplier Table

( ADDRESS MULT_RESULT
aoooo ]
aoon C
o0010 2*C
o001 1
1114 <

C = Coefficient[12:0]
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TABLE 1
APC WoRrDS FoR DIFFERENT INPUT VALUES FORL = 5
Tnput, X pEnduu[ Tnput, X prndutft nddrcss} APC
values values J;I“!;;;f;.;-’l x| words
nonol A 111111 314 1111 154
00010 | 24 [[11110] 304 || 1110 | 144 |
Dooll 34 L1101 ] 294 1101 134
po1ron 1A 11100] 284 1100 | 124
nn1ol 54 | 11011 ] 274 L 011 1A |
00110 ] 64 11010] 264 1010 104
D111 7A 11001 ] 254 100l )4
proog 8A | L1000] 244 L 000 84 |
1001 04 10111] 234 0111 TA
prorag | A 10110] 224 n11a0 fid
OLOT1 ] 1A JJ1o1o1] 214 Jo1 01| 54
0rioo | 124 10100| 204 01001 44
Br1o1 134 100711 194 o1l 34
pririg | 144 10010] 184 no1aon 24
01111 ] 154 L0001 | 174 Dool A
LO000 | 164 L0000 | 164 0000 {
For X = (0001000), the encoded word w be stored is 164,

The structure and function of the LUT-
based multiplier for L = 5 using the APC technique
Is shown in Fig. 2. It consists of a four-input LUT
of 16 words to store the APC values of product
words as given in the sixth column of Table I,
except on the last row, where 2A is stored for input
X = (00000)instead of storing a “0” for input X =
(10000). Besides, It consists of an address-mapping
circuit and an add/subtract circuit. The address-
mapping circuit generates the desired address
(x3’x2’x1°x0”) according to (2).
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LUT-Based Multiplier For L =5 Using The APC Technique.

IMPLEMENTATION OF THE OPTIMIZED LUT
USING MODIFIED OMS

The APC approach, although providing a
reduction in LUT size by a factor of two,
incorporates substantial overhead of area and time
to perform the two’s complement operation of LUT
output for sign modification and that of the input
operand for input mapping. However, we find that
when the APC approach is combined with the OMS
technique, the two’s complement operations could
be very much simplified since the input address and
LUT output could always be transformed into odd
integers.

1) A memory unit of [(2L/2) + 1] words of (W + L)-
bit width is used to store the product values, where
the first(2L/2) words are odd multiples of A, and the
last word is zero.

2) A barrel shifter for producing a maximum of (L
— 1) left shifts is used to derive all the even
multiples of A.

3) The L-bit input word is mapped to the (L — 1)-bit
address of the LUT by an address encoder, and
control bits for the barrel shifter are derived by a
control circuit.

UGC Care Group | Journal.
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TABLE 11
OMS-Basep Deston oF HE LUT oF APC Worns FoR [ =5
input X' | product | #of | shified | stored APC | address
varyryrg | vale | shifts | npul, ) word | dydyiady
000l A 0
00101 2xA 11 pgpy | po=4 | 0000
D100 44| 2
Looolgeal 3
Dol 34 0
D110 ayaal 1| O0LT | PI=3A1] 0001
FLOO0|4x34) 2
0101 64 | 0 0101 | P2=54 | 0010
FOT0faxaa] |
DLLLL T L0 gyyg | pa=ta | 0011
LL1O0fax74] 1
[1o01] o4 [0 1001 ] Pi=oa] 0100
Crota] ua o laoti [ m=ua] oto1]

0 [ 1101 [ Pe=134] 0110
0 [ 1111 ] PT=154] 0111

(1101] 134
[1111] 154

The product values and encoded words for
input words X = (00000) and (10000) are separately
shown in Table Ill. For X = (00000), the desired
encoded word 16A is derived by 3-bit left shifts of
2A [stored at address (1000)]. For X =(10000), the
APC word “0” is derived by resetting the LUT
output, by an active-high RESET signal given by

RESET = (x0 + x1 + x2 + x3)’x4

TABLE 11l
Propucts axn Exconen Worps For X = (00000) Axp (10000)

address

dydod dy

encoded | stored | 4 of

npul X | product 0
word | values | shifls

ayrqrarry | vilues
L0000 16A {
noai 1] 164 24 3

100

-4
|

_'li:'l'l' .
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I1l. PROPOSED SYSTEM:

The proposed APC-OMS combined design
of the LUT for L = 5 and for any coefficient width
W is shown in below Fig. It consists of an LUT of
nine words of (W + 4)-bit width, a four-to-nine-line
address decoder, a barrel shifter, an address
generation circuit, and a control circuit for
generating the RESET signal and control word
(s1s0) for the barrel shifter.

Xg —=

X1 —F ADDRESS
GENERATOR
Xz —=  AND
CONTROL
X3 —s CIRCUIT

4-To-9
LIME

I
[
£
&

SHIFTER

TO SIGH-DETERMINATON UNIT
[(W+)-bit APC coded output]

Xy —=

Fig : Proposed APC-OMS combined LUT design for the
multiplication of
W-bit fixed coefficient A with 5-bit input X

The pre computed values of A x (2i + 1) are
stored as Pi, fori =0, 1, 2, . .., 7, at the eight
consecutive locations of the memory array, as
specified in Table 11, while 2A is stored for input X
= (00000) at LUT address “1000,” as specified in
Table I11. The decoder takes the 4-bit address from
the address generator and generates nine word-
select signals i.e., {wi, for 0 <i <8}, to select the
referenced word from the LUT. The 4-to-9-line
decoder is a simple modification of 3-to-8-line
decoder, as shown in below Fig(a). The control
bits sO and s1to be used by the barrel shifter to

produce the desired number of shifts of the
LUT output are generated by the control circuit
according to the relations.

UGC Care Group | Journal.
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Fig: Address Generation Unit

Note that (s1s0) is a 2-bit binary equivalent
of the required number of shifts specified in Tables
Il and Ill. The RESET signal given by (4) can
alternatively be generated as (d3 AND x4).The
control circuit to generate the control word and
RESET is shown in below Fig (b). The address-
generator circuit receives the 5-bit input operand X
and maps that onto the 4-bit address word

(d3d2d1d0), according to (5) and (6).

d(; —> LAY
w)
w2

dl —> 3-TO-8 w3

LINE -
ADDRESS i
DECODER Ws
dr—>| We
W7
ds _——— T )>ws

(a) (b)

Fig: a) four-to-nine line address decoder
Fig: b) control circuit generation of SO,S1&RESET
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IV. RESULTS

SIMULATION RESULT f prod(80

RTL SCHEMATIC

DESIGN SUMMARY
FOR EXISTING SYSTEM
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V. FUTURESCOPE

FPGAs and other programmable logic

rays are highly configurable. Further work could

still be carried out to derive such modified OMS

ased LUTs for higher input sizes with different

composition forms. Other parallel and pipelined

Idition schemes for suitable area-delay tradeoffs.

he LUT multipliers for word size L = W = 8, 16,

and 32 bits can be coded and synthesizing using
Xilinx ISE 12.2i. For the Simulation Part we are
going to use Modelsim 6.4b for More Less Area
and Less Multiplication Time.
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IV. CONCLUSION
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same addition schemes are also synthesized with
the same technology library. We have shown the
possibility of using LUT based multipliers to
implement the constant multiplication for DSP
applications.
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