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Abstract — Data path is the core of the processor, where
all computations are performed. The other blocks in the
processor are support units. At present, most of the popular
processor hardware synthesis tools give higher priority to
delay. So the processor synthesis tools tend to generate data
path architecture for faster implementation. With increasing
importance of power reduction on a processor, it is becoming
necessary to evaluate different data path architectures from
the point of view of both delay and power. This work is
aimed at characterizing various ar chitectures
implementations of common operators for power, delay and
area for different algorithms of adders, multipliers,
comparators, shifters etc. and selecting a particular low
power architecture where delay is not critical. Finally
optimizing the data paths for a general purpose processor.
Most of power consumption in the processor is dueto adders,
multipliers, shiftersand comparators.

Keywords — Bypass multipliers, tree multipliers, mixed
style multipliers, clock gating.

|. INTRODUCTION

Low power issues have become an important factor in
modern VLS| design, for both environmental reasons as
well as to preserve battery life. However, different
implementation technologies present different power
optimization opportunities. Dynamic power dissipation is
the result of charging the load capacitances in a circuit. It
is given by equation Pd:CLVZDDE(SN)de where C, is the
output capacitance, Vpp the supply voltage, E(sw) is the
average number of transitions and fcx is the clock
frequency.

In the past, different architectural optimizations have
been applied in order to minimize dynamic power
dissipation in arithmetic circuits, and especialy in digital
multipliers [1],[2]. Multipliers are very important devices
in DSP applications, like for example FIR filters.
Multipliers are much larger than adders and also more
power consuming. Multiplication is actualy a process of
addition of multiple partial products. These partia
products are formed by operating the multiplicand by each
bit/bits of the multiplier. There are different multiplier
architectures formed depending on the method of
generation of partia product and its addition to finally
give the complete product. The partial products can be
computed using the normal ANDing operation or by using
some encoding method. Multiplications are expensive and
dow operations. In the performance of many
computational problems often is dominated by the speed at
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which a multiplication operation can be executed.
Multipliers are in effect complex adder arrays.

The analysis of the multiplier gives us some further
insight into how to optimize the performance of complex
circuit topologies. There are different approaches to partial
product generation, accumulation and final summation.
Clock gating was originally conceived as a system level
power optimization technique aiming to reduce the power
dissipated on the clock network (which accounts up to
40% of the total)by deactivating parts of the system that
areidle. Its applicability has been extended to the RT level
as a power efficient implementation of registers on a hold
condition. During a hold condition, the register preserves
its previous value at a high power cost. Unnecessary
power is consumed on the clock line, the register itself and
on the multiplexer on the feedback path. By controlling
the clock driving the clock input of the register, reloading
is only conditionally performed resulting in both reduced
power consumption and area overhead.

The two main choices for the design of a multiplier are
the tree form, like the Wallace tree, which has the
advantage of a logarithmic circuit delay, and the array
form, like the Carry-Save array, where the delay is linear
[3]. The advantage of the array multiplier is its regular
structure, which leads to a dense layout, ideal for
fabrication.

Il. NORMAL AND BYPASSMULTIPLIERS

Conventiona design of hardware multipliers using the
serial-shift and parallel-add techniques are less expensive
to implement, especially with micro programmed controls.
However, the add-shift approach is still considered too
slow to satisfy today’s scientific and engineering demands
for faster multiplication. Ever since the advents of LS|
circuits, high speed cellular array multipliers have been a
logical and feasible improvement over the serial-parallel
design. Their gains in the speed are obtained at the
expense of extra hardware investment.

Consider two unsigned integer A= gy, 1.......8,8 and B= by,
PR b1,bo with values A, and B,, respectively,

Ay =Fmotg 2t 21

By =¥ b; 25 .22

In binary multiplication, the (m+n) bit product P=P,.
1,-.--P1,Pyis formed by multiplying the multiplicand A by
multiplier B. The product P has a value,

Py=A,B,= Eipt a; 22 B0t b 2
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The normal 4X4 carry save array multiplier FA* cell is
used. The carry save array is a straight forward technique
in vector implementation. It consists of partial product
reduction tree, which is used to calculate partial product in
carry save redundant form and final chain adder to
transform the redundant form into normal binary form.
The functionality of the carry save array multiplier is as
follows. X= (Xn.1,-..X1,Xg) @nd Y= (Yn.1,-..Y1,Yo) &€ inputs
and these inputs are fed to the array of FA* cells shown in
figure 2.1, Each FA* cell performs xi*y; using an AND
gate and then adds the resultant with the incoming carry
bits, to produce an output sum and output carry. Here Sin
is the incoming sum input, X and Y are multiplier and
multiplicand bits, Cin is the incoming carry bit, Sout is the
sum output and Cout is the carry output.
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Fig. 2.1 FA* cell

Thisfull adder cell is repetitively used in the multipliers
operation. Multiplication is nothing but the repetitive
addition of partial products. In general the array
multipliers give the advantage of dynamic power savings.
Due to the large no. of amost identical critical paths,
increasing the performance of the structure through
transistor sizing yields marginal benefits. A more efficient
realization can be obtained by noticing that the
multiplication result does not change when the output
carry bits are bypassed diagonally downwards instead of
only to the right. We include an extra adder called vector
merging adder to generate a final result. The resulting
multiplier is nothing but carry save multiplier, because
carry bits are not immediately added, but rather are saved
for the next stage. In the final stage carries and sums are
merged in a fast carry propagate adder stage. While this
structure has a dightly increased area cogt, it has an
advantage of that its worst case critica path and are
uniquely defined.

All the FA* cells are placed appropriately as shown in
the fig 2.2 to perform multiplication. The final adder in the
figure is used to merge the sums and carries from the last
row of the every array, since in every row the carry bits
are not immediately added but rather propagated to the
row. There is drawback of the norma multiplier that is
uses FA* cell that when Y is zero the corresponding cells
are functioning unnecessarily. So to block the operation a
new cell structure that blocks unwanted diagonal. It uses a
new architecture, bypass multiplier.

Mixed style Architecture, was proposed here to
minimize the power dissipation in digital multipliers,
gtarting from dynamic power and concentrating on
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switching activity. Minimization of switching activity in a
digital circuit can be performed by isolating units
producing non valuable partial products, in order to save
power [4]. The estimation and minimization of switching
activity in combinational circuits by considering both
transitions, 1 - 0 and 0 - 1. To minimize the switching
activity, eliminating input inverters or increasing the
number of inputs to a gate.
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Fig.2.2 A 4x4 Carrysave array Multiplier

There have been lot of techniques to reduce the
switching activity; the one of the most important technique
is that clock gating. To save power, clock gating support
adds more logic to a circuit to prune the clock tree, thus
disabling portions of the circuitry so that its flip flops do
not change state. Their switching power consumption goes
to zero and only leakage currents are incurred. Here a new
technique in the place of clock gating is used i.e. use of
transmission gates [5].

The main drawback of the normal carry save multiplier
is that when Y is O then the corresponding cells are
functioning unnecessarily. If X;*Y; and carry input is zero
then the sum output is nothing but sum input.
Consequently, the sum output of the above cell can bypass
the unimportant diagonal with the use of transmission
gates. So, FA* cell can be replaced by FAB cell(as shown
in figure 2.3) means full adder cell with bypassing
technique[6].

The operation of the FAB cell is that X and Y are
multiplier and multiplicand bits, Sin and Cin are the sum
input and carry input respectively. In figure 2.3 Y is used
as control signal. Here the transmission gates are
implemented using CMOS gates
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Fig.2.3 FAB Cell
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Fig.2.4 The proposes 4X4 Carry save array multiplier with
bypass

In the FAB cdl, if Y=0, the X and Sin inputs are
blocked rather than that Sin input is send to the
multiplexer and the same way if Y=0 the Sin input is send
to the Sout terminal. Suppose if Y=1 then the sum output
of the cell is propagated from the full adder. The carry
input does not generate any new value since the diagonal
carry input is always 0. If Y=0, to fix the erroneous carry
generated from previous blocks, an AND gate is used
before the final adder to make the final diagona carry
output to 0. Thisis the modified bypass multiplier that can
be used in our mixed style multiplier architecture. Because
of this bypassing technique the delay can be reduced with
the area overhead. All the FAB cells are placed
appropriately as shown in the fig 2.4 to perform
multiplication. The final adder in the figure 2.4 is used to
merge the sums and carries from the last row of the every
array, sincein every row the carry bits are not immediately
added but rather propagated to the row.

[11. WALLACE TREE MULTIPLIERS

The partial sum adders can also be rearranged in a tree
like fashion, reducing both the critica path and the
number of adder cells needed [7]. The number of full
adders needed for this operation can be reduced by
observing that only column 3 in the array has to add four
bits. All other columns are somewhat less complex. The
example for tree arrangement is as shown in figure 3.1.

6 5 4 3 2 1 0
OO0 OO0
OO0 O
0 00
o 0 0 O

Fig.3.1 Partial products
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Fig. 3.2 First stage
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Consider a simple example of four partial products each
of which isfour bits wide, as shown in figure 3.1. In figure
3.2, where the origina matrix of partial products is
organized into atree shape to visually illustrate its varying
depth. The challenge is to realize the complete matrix with
a minimum depth and minimum number of adder
elements. The first type of operator that can be used to
cover the array isafull adder, which takes three inputs and
produces two outputs: the sum, located in the same
column and the carry, located in the next one. For this
reason, the FA is called 3:2 compressors. It is denoted by a
circle covering three bits. The other operator is the half
adder, which takes two input bits in a column and
produces two outputs. The HA is denoted by a circle
covering two hits.

To arrive at the minimal implementation, we iteratively
cover the tree with FA’s and HA’s, starting from its
densest part. In first stage introducing HA in column 4 and
3 as shown in figure 3.2. The reduced tree is as shown in
figure 3.3. A second round of reductions creates a tree of
depth 2 as shown in figure 3.3. Only three FAs and three
HAs in the reduction process, compared with six FAs and
six HAs in the carry save multiplier of figure 2.2 and 2.4.
The final stage consists of simple two input adder, for
which any type of adder can be used.

The tree multiplier realizes substantial hardware savings
for larger multipliers. The propagation delay is reduced as
well. It can be shown that the propagation delay through
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the tree is equal to O (lagz N). While substantially faster

than the carry save structure for larger multiplier word
lengths, The Wallace tree has the disadvantage of being
very irregular, which complicates the task of coming up
with dense layout. Thisirregularity visible even in the four
bit implementation

X3Y2 XY XY1XYo XYoXiY1 XYo XoY1
Partial products  Xay3  poys X1Y3 | XYz XYyXoy2 Yo |XoYo
|

First stage HA HA
Second stage | FA| | FA| | FA| | FA|

( o o~ o o~ d d
Final adder o o o

272 Z5 24 Z3 L o

Fig.3.5 Wallace tree for four bit multiplication

There are numerous other ways to accumul ate the partial
product tree. A number of compression circuits have been
proposed in the literature. They are all based on the
concept that when full adders are used as 3:2 compressors,
the number of partial productsis reduced by two thirds per
multiplier stage.

V. MIXED MULTIPLIERS

In general, array multipliers offers dynamic power
saving but it fails to give a reduced area and fast speed
advantages because of their regular interconnection

pattern. So, tree multipliers are introduced to achieve
reduced area and fast speed. Therefore to achieve both
delay and power advantages, it is better to use a different
architecture that is having two different parts one is tree
based part and other is bypass architecture[5],[8].

8 bit 8 bit

FINAL ADDEFR 1

6 bit

Fig.4.1 8 bit multiplication split in parts

The 8x8 Mixed style multiplier shownin fig. 4.1.Two 8-
bit values can be multiplied by splitting each one of them
in two 4 bit parts. If the first value is (A,B) and the second
(C,D), four 8 bit partial products are generated, X=AxD,
Y=BxD, Z=AxC and W=BXxC. These four partial products
shifted and added together generate the final 16-bit result.
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In the modified architecture, bypass technique offers
minimum dynamic power compared to normal carry save
array multiplier and the tree based part offers good
performance.

V. RESULTSAND CONCLUSIONS

Performance Evaluation:

Tablel
Implementation Results of Multiplier Architectures
Switching | Critica ?;a %‘:{‘:
Multiplier . Power | 1Path N
Bits P terms Product
Topelogy Dissipatio | Delay .
n (mW) (ns) of (pico
LUTzs) | Jouls)
Carry
save . 7 A 5 2 4 7
Amay 4xd 289 14.15 26 | 40893
Miultiplier
Carry
save . _ . N .
Aray 8x8 411 2234 | 124 | 91817
Miultiplier
Carry
save ) = 4z 4o 23225
Aray 16x16 5.06 459 404 B
Miultiplier
Carry
::; 32x32 6.7 876 | 2014 | 38682
Multiplisr
Bypass Ixd 265 2131 27 32147
Evpass =8 302 2 117 66 44
Evpass | 16%16 ! ITET [ 295 | 138
Eypass | 32x32 ER) T30% | 2013 | 20082
Wallace | 2x4 267 12782 31 3412
Wallace | =8 313 pEXL 137 T3
Wallace | 16X16 634 ET] 532 | 20164
Timed
Style 8x8 3.31 19.8 135 | 63338
Multiplisr
Wimed 11352
Style 16x16 3.57 31.8 549 E‘ -
Miultiplier
WMimed
Style | 3232 5.22 5342 | 2170 | 27885
Miultiplier

The Performance Evaluation of Bypass Multipliers was
performed for the resolution of 4x4, 8x8, 16x16 and 32x32
using Xilinx tool suite. They are power efficient, when
compared to other architectures, such as Wallace tree and
normal array multipliers. The test cases that were used for
this purpose are generated in a counter fashion. But they
suffer from performance point of view, such as high delay.
So, they cannot provide an optimized Power Delay
Product (PDP). Therefore to achieve an optimized PDP,
Wallace tree and array multipliers can be combined, the
resulting topology is known as mixed style multiplier.
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These Multipliers of resolution 8x8, 16x16 and 32x32
were implemented on Xilinx Spartan 3E FPGA. From the
table I, it can be observed that, the mixed architecture
offers advantages in the reduction of dynamic power,
combined with advanced performance (best PDP).The
table also shows the performance metric, such as area in
terms of LUTS, for al the Multipliers.

VI. CONCLUSION

In thiswork, | have implemented Multipliers[9] [10] for
Low power Applications. For power optimization, two
basic algorithms, namely Wallace Tree and Array
Multiplier, are combined to exploit the low power and
High Performance gains from the individual architectures.
This topology, called as mixed style Multiplier was
implemented on Spartan 3E FPGA and it was observed
that the power dissipation and the critical path delay are
fairly lower than the norma multiplier. Power
Measurements were performed using Xilinx “Xpower
Analyzer “[11]], for various test cases like counter type
and random patterns. It is possible to extend the resolution
of the mixed style multiplier, without affecting the
performance. Also, this design can be implemented by
using standard cell libraries designed for low power, with
ASIC Development Kit for improving the performance
relatively.
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