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Abstract

The poblem of estimating lower bounds on the power
consumption in dwduled data flow gphs with a fixed
number of allocated esouces prior to binding is
addressed. The estimated boundemknto account the
effects of esouce sharing It is shown that by inbiducing
Lagrangian multiplies and elaxing the low power bind-
ing problem to the Assignment didem, whib can be
solved inO(n3), a tight and fast computable bound is
achievable Experimental esults show the good quality of
the bound. In most casesyddions smaller than 5%dm
the optimal binding wer observed. The pposed te-
nigue can for gkample be applied in Bnd and bound
high-level synthesis algorithms forfieient pruning of the
design space

1. Introduction

This paper addresses the problem afdo bound esti-
mates for lav powver HLS and related applications. In par-
ticular, a lover bound estimation procedure for thevpo
consumption of datapath resources, i.gisters and func-
tional units (FUs) like adders and multipliers, in scheduled
data flav graphs (DFGs) with resource constraints for a
given input data stream isvgh. In the assumed design
flow the binding of operations an@nables to functional
units and rgisters respeately follows allocation and
scheduling. Diferent bindings produce most probably dif-
ferent datapath asities due to the arying data multi-
plexing schemes if resources are shared.

Due to the gien schedule, a squarewer cost matrix
PCM as defined in [1] sfites to store all required cost
information.

2. Problem For mulation and Results

The ILP z=miny" _ PCM;Xx;

— subject to
Xi; 0{0,1} and the gclic¢ tonstraints:
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provides a lover bound on the peer consumption fom
resources by discarding the precedence constraints result-
ing from the gien schedulex;, = 1 iff operation/ari-
able i precedes directly operatioafiable j in the
binding on the same ressource.

The solution of the ILP is approximated from hwelo
by relaxing the constraingy . . x; = m with Lagrange
multipliers [2] and iteratte Iyzéolving the resulting ILP
with the Hungrian method [3]. dble 1 shws the good
quality of the bound for an imagewaass filter (LPF), a
FDCT (both transforming images), and the EWF HLS
benchmark (speech input signalvd different cost func-
tions are applied: Thevg. Hamming distance at the res-
sources inputs and aTR power model. At most 10
Lagrange iterations were needed to produce these results.
It took about 8 s for a 200 operation problem instance.

=1 i=1..

Table 1. Deviation of lower bound from best bindingin
%, averaged over all possible resource constraints.

benchmark | ressource typgl Hamming | power model
distance

LPF add 0.2 0.4
add 0.3 0.4

FDCT
mul 4.9 0.6
add 0.6 0.5

EWF
mul 1.7 0.3
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