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Data Word Length Reduction
for Low-Power DSP Sottware

Kyungtae Han

Abstract

The increasing demand for portable computing accelerates the study of minimizing power
dissipation. Most power in processes is consumed by the switching activity of capacitance.
The switching power can be reduced by not only minimizing hardware but also optimizing
software. Key papers for low power techniques of hardware and software are surveyed.
Power analysis and minimization techniques make it possible to optimize software power.
Variable word lengths in arithmetic operations without any change of hardware can be a
promising software power minimization technique. The objective of this work is to analyze
and minimize power dissipation of digital signal processing (DSP) blocks at software level.
Preliminary results of an array multiplier with reduced word lengths and plans are presented.

This research will have contribution to prolong battery life in portable DSP applications.
Index Terms

Low-power, word length, switching activity, DSP, software power minimization

I. INTRODUCTION

Portable computing demands minimizing power dissipation due to limited power supply.
Since power in CMOS circuits dissipates if they are switching, a major focus of low power
design is to reduce the switching activity to the minimal level required to perform the
computation [1]. The switching activity is reduced by modifying hardware, changing of the
operation order and reducing data word length. One of the examples of data word length
reduction is shown in Fig. 1. This figure shows 4 x 4 bit multiplication with 2-bit multiplier
and 3-bit multiplicand. This multiplication has less power consumption compared to 4-bit

multiplier and 4-bit multiplicand due to unused functional blocks reduce power dissipation.
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Fig. 1. Example of data word length reduction in multiply
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The objective of this research is to analyze and minimize power dissipation of digital
signal processing blocks at software level with reducing data word length while keeping hard-
ware architectures. One of the problems is how to analyze and measure power consumption
for software level power reduction.

After a brief summary of the power analysis in CMOS circuits, two techniques will be

presented to reduce power dissipation at software level.

II. POWER ANALYSIS

There are three major sources of power dissipation in digital CMOS circuits which are

summarized in the following equation: [1]

Pavg — L switching + Pshort—cz‘rcut + Pleakage (1)

The first term represents the switching component of power, the second term is due to the
direct-path short circuit current conducting current directly from supply to ground, and the

leakage power is primarily determined by fabrication technology considerations.
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The switching component of power is,

Pswitching = aCLV;ide(:lk (2)

where « is the switching activity parameter, C7, is the load capacitance, V,, is the operating
voltage and f. is the operating frequency. The switching power can be reduced through
operation reduction, choice of number representation, exploitation of signal correlations,
logic design, and physical design. The switching activity can be also reduced by optimizing
the ordering of operations and by minimizing number of operations.

aC', can also be viewed as the effective switching capacitance of the transistors’ nodes on
charging and discharging. Therefore minimizing switching activities can effectively reduce

power dissipation without impacting the circuit’s operational performance [2].

III. SOFTWARE POWER MINIMIZATION

Because of the increasing demand of software power analysis tool, Tiwari, Malik, and
Wolfe [3] first systematically attempted to model software power cost. They formulated an
instruction level power model for the microprocessor after measuring power of instruction
sets. They made it possible to compare and evaluate programs in terms of their energy
consumption for software power optimization.

Lee, Tiwari, Malik and Fujita [4] 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.
A micro-architectural power model for the multiplier was developed and analyzed for further
power minimization. They observed the wide current variation of MAC instructions mainly
according to the two values being multiplied in MAC unit.

They also used the operand swapping technique for Booth multiplier [5]. The Booth
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multiplier does not treat two input symmetrically. Their experiment showed just swapping
the operations in register A and B can reduce power for MAC instructions. They also used

instruction packing, instruction scheduling, and memory bank assigning for low energy.

IV. MINIMIZING WORD LENGTH FOR LOW-POWER

Chandrakasan et al. [6] showed the number of bits affects all key parameters of a
design, including speed, area, and power. Choi and Burleson [7] presented a general search-
based methodology for wordlength optimization and used switching power model for the
power dissipation. Considering a voltage dropping factor and the area of computing element
according to the wordlengths, they analyzed the switching power consumption assuming the
power dissipation is proportional to the area of computing element.

Erdogan and Arslan [8] showed low power multiplication schemes for finite impulse
response (FIR) filter on DSP processors. They used data bus and coefficient bus for the
filtering operation separately. They measured the switching activity of 8, 16, and 32 bit
array multipliers for filter orders of 32, 64, and 128. They showed power reduction by
decreasing in switching activity at coefficient inputs of the multiplier and both data and
coefficient memory buses.

Chen, Wang and Wu [2] presented low-power 2’s compelment multipliers by minimizing
the switching activities of partial products using the radix-4 Booth algorithm [5]. They used
the fact that switching activities of the unused functional blocks are minimized where input
bits of unused functional blocks remain unaltered. They increased the probability that the
partial products become zero by swapping input data.

Wordlength can be also changed by reconfigurable multiplier for low-power. Kim and
Papaefthymiou [9] proposed a reconfigurable pipelined multiplier architecture by adapting

its structure to computational requirements over time. It can efficiently cope with variable
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Fig. 2. Switching count of 16 x 16 bit array multiplier with 10,000 random input

data-rate multimedia applications such as video processing. The multiplier structures can
dynamically reconfigure to lower their power consumption based on zero inputs and input-

rate variations.

V. PRELIMINARY RESULTS AND PLANS

Much research assumed fixed hardware architectures and full dynamic range for arith-
metic. However, switching activities vary according to dynamic range. For example, 16 x
16 bit multiplier has lower power consumption if input data word length is smaller. Fig. 2
shows an example of the switching result for 16 x 16 bit multiplier.

Switching activity of array multiplier is simulated using synchronous data flow (SDF)
[10] since each component in the multiplier produces and consumes same number of token.

Table I shows preliminary result for reduced data word length of array multiplier with

fixed hardware. The switching activity decreases as input data word length is reduced.
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TABLE 1
TRANSITION COUNTS FOR ARRAY MULTIPLIER OF 16 X 16 BIT MULTIPLIER WITH 10,000 RANDOM DATA

Input data | Min | Max | Std | Mean

4-bit 0 305 | 54 94
8-bit 0 | 1198 | 163 | 518
16-bit 383 | 3152 | 319 | 1863
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Fig. 3. FIR filter for SDF graph

Different architectures such as Booth Radix-4 multiplier and Wallace multiplier [11] will be
also simulated and compared.

The power can be reduced but precision has loss, if data word length is shorter. So
tradeoffs between power consumption and precision will be researched.

Power model for different input word length does not exist. So I will formulate the power
model for arithmetic operations.

FIR filter will be simulated for DSP application. The filter structure is shown in Fig.
3. On each firing, every block will consume and produce a signal token. Therefore the filter

will use SDF graph [10].
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