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Abstract

Because of the increasing importance of cross coupled
capacitances in deep submicron technologies [1], it is of
great interest to extend the existing high-level power es-
timation techniques by considering the spatial correlation
between adjacent lines. This work addresses the modeling
and estimation of power dissipation in on-chip buses based
on the statistical properties of data sequences. Using the
derived models, a power estimation technique is proposed
and evaluated for various coding schemes. For different
DSP applications, our results depict less than 5 % discrep-
ancy with precise bit level estimations.

1. Introduction

In this work we analyze the relation between the word-
level statistics of the data being transmitted over a bus and
its energy consumption. In addition to two’s complement
(K2), we will consider two more coding schemes: K1,
where each bit is xored with the MSB and K0 where each
bit is xored with the previous one.

2. Bus and data model

A bus of length L can be modeled as a distributed circuit
with unit length capacitancect to ground andce between
adjacent lines. Assuming a synchronous and complete tog-
gling of the lines [3], the energy consumption can be calcu-
lated by:

Êi =
V2

dd L

2
{ct tt +2ce te}

where: tt = 2E
[
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i ∆bi
]
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[
b+
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]

are respectively the temporal and the equivalent spatial tran-
sition activity. b+

i represents the current value of the bus
signal. In a wide spectrum of DSP applications the data
distribution can be assumed to be Gaussian [2] with corre-
lation factorρ and varianceσ2. In this case, the total signal
activity Tt andTe can be very accurately estimated by:

Tt K2 ≈ B/2−dtm log2(kσn)−β
dtmγ
√

tm

Tothers≈ 0.5 log2(kσ)−β
dtmγ
√

tm

with parameters:

k β γ

K2
Tt 3.40 0.73 1.5

Te 3.25 0.48 1

K1
Tt 1.90 0.84 2

Te 2.15 1.15 2.5

K0
Tt 2.10 0.80 1.5

Te 1.72 1.05 2

σn =
σ
2B

tm =
arccos(ρ)

π
dtm = 0.5− tm

3. Experimental results

In order to determine the applicability of the approxima-
tions described in the previous section, we compare them
with the temporal and equivalent spatial transition obtained
by bit precise simulation. In our experiments we use signals
coming from the FFT input of a OFDM receiver over differ-
ent channel models, male voice and classical music records,
and pressure measurements from a ignition knock detector.
The analysis shows that the errors (smaller than 5% for any
of the encoding schemes) are similar to those obtained by
simulation of random generated Gaussian distributed data.
The small discrepancy is induced then by the assumption of
a normal distribution.
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