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Data Wordlength Reduction for
Low-Power Signal Processing Software

Kyungtae Han

Abstract

Reducing power consumption prolongs battery life and increases integration. In digi-
tal CMOS designs, switching activity is closely connected with the total power consump-
tion. Switching activity on programmable processors implementing linear filters, fast Fourier
transforms, and other signal processing operations is dominated by the hardware multiplier.
In this paper, we employ wordlength reduction of multiplicands to reduce switching activity
in hardware multipliers using truncation and signed right shift methods. For 32 bit x 32
bit Wallace and Radix-4 modified Booth multipliers, truncation by 16 bits achieves a 4:1
and 2:1 reduction, respectively, in switching activity, whereas signed right shift gives little
or no reduction. The key contribution of this paper is the reduction of power consumption

by altering multiplicands in software without any hardware modifications.

I. INTRODUCTION

Portable computing demands minimizing power dissipation due to a limited power sup-
ply. Many methods have been developed to reduce power consumption. Lowering supply
voltage and minimizing hardware area are used for low-power hardware. Changing instruc-
tion order and reducing the number of operations are used for low-power software.

A major focus of low power design is to reduce the switching activity to the minimal level
required to perform the computation, since power in CMOS circuits is dissipated when they
are switching [1]. The required level can be varying according to application. For example
of wireless communications, when the signal-to-noise ratio (SNR) of a channel is lower, a
full range of computation is needed. However, when the SNR is higher, a smaller range of

computation is sufficient. Therefore switching activities can be minimized by varying the
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Fig. 1. Example of data wordlength reduction in a 4 bit x 4 bit multiplier using 2-bit and 3-bit multiplicands.
The filled circles affect the switching power consumption during computation while the unfilled circles do
not.

computation range.

Multiply units are usually a major source of power consumption in typical DSP applica-
tions. Many digital blocks use the multiply unit for wireless communications. For example,
in digital transceivers of wireless LAN (IEEE 802.11), multiplication units are used in digi-
tal filters, equalizers, fast Fourier transforms (FFTs), inverse FFTs, etc. The proposd data
wordlength reduction methods are applied to multiplication.

Data wordlength reduction methods for low-power signal processing software are pro-
posed in this paper. A data wordlength reduction example is shown in Fig. 1. Fig. 1 shows
4 bit x 4 bit multiplication with 2-bit and 3-bit data wordlengths. The filled circles affect
the switching power consumption during computation while the unfilled circles do not. This
multiplication has lower power consumption compared to 4-bit and 4-bit data since there
are fewer filled circles.

The data wordlength reduction methods reduce the transition counts and power con-
sumption while not changing any hardware. The reduction methods can adaptively change

data wordlength according to demand of power minimization and robust computation.
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II. BACKGROUND
A. Software Power Minimization

Tiwari, Malik, and Wolfe [2] attempted to systematically model software power cost,
because of the increasing demand for a software power analysis tool. Lee, Tiwari, Malik,
and Fujita [3] developed power analysis and minimization techniques for embedded DSP
software. They found that in typical DSP applications, the multiplier in the multiply and
accumulate (MAC) unit is usually a major source of power consumption. They also used

the operand swapping technique for a Booth multiplier [4].

B. Minimizing Wordlength for Low-Power

Chandrakasan et al. [5] showed that the wordlength affects all key parameters of a
design, including speed, area, and power. Choi and Burleson [6] presented a general search-
based methodology for wordlength optimization and used switching power model for the
power dissipation.

Erdogan and Arslan [7] showed low power multiplication schemes for finite impulse
response (FIR) filters on DSP processors. They achieved up to a 63% reduction in switching
activity by ordering of coefficient and using a pre-calculated value memory.

Chen, Wang, and Wu [8] presented low-power two’s complement multipliers by minimiz-
ing the switching activities of partial products using the Radix-4 modified Booth algorithm
9].

Wordlength can be also changed by reconfiguring the multiplier. Kim and Papaefthymiou
[10] proposed a reconfigurable pipelined multiplier architecture by adapting its structure to

computational requirements over time.
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Fig. 2. Example of 8-bit data wordlength reduction.

III. DATA WORDLENGTH REDUCTION

For low-power design, much research on wordlength minimizing methods has been fo-
cused on minimizing hardware. Our data wordlength reduction method, however, considers

input data wordlength minimization without any hardware modification.

A. Wordlength Reduction in Multiplication

There are two kind of data wordlength reductions. One is reduction via right-shifting and
the other is reduction via left-shifting i.e., with truncation. An example of 8-bit reduction
from 16-bit multiplication is shown in Fig. 2. The 16-bit multiplication is shown in Fig.
2(a). The reduction of 8-bit right-shift moves 8 bit data in most significant bit (MSB) side
into least significant bit (LSB) side as shown in Fig. 2(b). One of the data, 'DCA9’, is
changed into "FFDC’ because the signed right shift fills the MSB side with ones when data
is negative i.e., via sign extension. The reduction via truncation masks the input data with

'FF00” and the results are shown in Fig. 2(c).
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Fig. 3. A Radix-4 multiplier based on Booth’s recoding. The a and x are multiplicands. P is product of
multiplication. Three bits in X are recoded to z.

IV. SIMULATION RESULTS AND DISCUSSIONS

The hardware multiplier on most programmable DSPs uses either the Wallace or the
Radix-4 modified Booth algorithm [9]. For example, the TT TMS320C64 uses the Wallace
algorithm and the TT TMS320C62 uses the Radix-4 modified Booth algorithm.

The Wallace multiplier in this simulation is composed of 3 to 2 compressors. Fig 3 shows
a Radix-4 multiplier of a x x, based on Booth’s recoding.

The Radix-4 modified Booth multiplier in this simulation is composed of recoding logic,
a multiplexer, and ripple carry adders. The ripple carry adders are built from 9-gate full
adders and 5-gate half adders. For this simple model, all gates are assumed to have a unit
gate delay. The gate output values are monitored and the number of transitions is counted.
We implemented both Wallace and Radix-4 modified Booth multipliers at the gate-level in
Verilog for discrete event models of computation [11] and simulated using Synopsys Verilog

Compiler Simulator.
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TABLE I
AVERAGE TRANSITION COUNTS OF A 32 BIT X 32 BIT WALLACE MULTIPLIER.
Reduction Method Data Wordlength

4 bits | 8 bits [ 16 bits | 32 bits
Signed Right Shift | 32996 | 31364 | 28634 | 22021
Truncation 404 | 1383 6138 | 22021

TABLE II
SWITCHING ACTIVITY IN A 32 BIT X 32 BIT WALLACE MULTIPLIER.
Reduction Method Data Wordlength
4 bits | 8 bits [ 16 bits
Signed Right Shift | 150% | 142% | 130%
Truncation 2% 6% 28%

A. Wallace Multipliers

Table 1 shows the average transition counts of the Wallace multipliers. For the data
wordlength reduction, the 32 x 32-bit Wallace multiplier is used during signed right-shift
and truncation operation. The data wordlength of 32 bits has same average counts. As
the data wordlegnth is reduced by a factor of 2 from 32 bits to 16 bits, the signed right-
shift reduction increases the average transition counts. The truncation method, however,
decreases the counts by a factor of 4. This implies that the average transition counts with the
truncation method decreases by n? in the Wallace multiplier. The average transition counts
with 16 bit wordlength reduction by truncation are decreased by 72%, while reduction by
right-shift increases by 30% of the counts as shown in Table II.

Fig. 4 also shows the average transition counts of the data wordlength reduction in
Wallace multipliers. The signed right-shift reduction increases the counts, and the truncated
reduction decreases the counts. The increase of the transition counts in the right-shift
reductions results from the arithmetic right-shift, i.e. sign extension that fills the MSBs with
ones causing transitions. Therefore, the signed right-shift reduction in Wallace multiplier

consumes more power than no data wordlength reduction.
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Fig. 4. Average transition counts of data wordlength reduction in Wallace multiplier.

TABLE III
AVERAGE TRANSITION COUNTS OF A 32-BIT RADIX-4 MODIFIED BOOTH MULTIPLIER.
Reduction Method Data Wordlength

4 bits | 8 bits | 16 bits | 32 bits
Signed Right Shift [ 6386 | 7008 7801 9230
Truncation 888 | 1712 3855 9230

B. Radiz-4 Modified Booth Multipliers

Table III shows the average transition counts of the Radix-4 modified Booth multiplier.
For the data wordlength reduction, the 32 x 32-bit Booth multiplier is used during signed
right-shift and truncation operation. The data wordlength of 32 bits has same average
counts. As the data wordlegnth is reduced by a factor of 2 from 32 bits to 16 bits, the signed
right-shift reduction and the truncation method decrease the average transition counts.

The average transition counts in 16 bit wordlength reduction by the signed right shift
and the truncation are decreased by 15% and 58% respectively as shown in Table IV.

Fig. 5 shows the average transition counts of the data wordlength reduction in Radix-
4 modified Booth multiplier. The signed right shift reduction induces consecutive ones as

shown in Fig. 2(b). Signed right shift reduction in Booth multipliers, however, decreases the
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TABLE IV
SWITCHING ACTIVITY IN A 32-BIT RADIX-4 MODIFIED BOOTH MULTIPLIER.
Reduction Method Data Wordlength
4 bits | 8 bits | 16 bits
Signed Right Shift | 69% | 76% 85%
Masking 10% | 19% 42%
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Fig. 5. Average transition counts of data wordlength reduction in Radix-4 modified Booth multiplier.

transition counts since the recoding logic recodes consecutive ones into zeros
The decrease of the transition counts by signed right-shifting and truncation in Booth

multipliers results in less power consumption than no data wordlength reduction.

V. CONCLUSION

Two kinds of data wordlength reduction methods in Wallace multipliers and Booth mul-
tipliers are proposed and simulated. Data wordlength reduction by the truncation method
decreases the average transition counts and power consumption. In the Wallace multiplier,
the average transition counts with reduction by truncation decreases at an n? rate, although
reduction by signed right-shift increases the counts. For 32 x 32-bit Wallace multiplier, av-
erage transition counts with 16 bit wordlength reduction by masking is decreased by 72%,

while reduction by signed right-shift increases by 30%. In the Radix-4 modified Booth mul-
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tiplier, the average counts are decreased for both the truncation and the signed right shift
methods. For 32 x 32-bit Radix-4 modified Booth multiplier, average transition counts by
16-bit truncation and by 16-bit signed right shift is decreased by 15% and 58% respectively.
The proposed wordlength reduction methods reduce power consumption by altering mul-
tiplicands in software without any hardware modifications. The drawbacks of this process
are decreasing the dynamic range and required additional truncation or signed right shift
operations. Future extensions of this work include finding optimum wordlength reduction
and minimizing the additional operations.
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