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Abstract—The majority of current instruction level energy
models for processors do not consider how data values affect the
energy consumption of the instruction. This is important when
attempting to find the largest possible energy an instruction se-
quence can consume (worst case energy consumption). This pa-
per outlines the research questions and direction needed to ad-
dress this problem.

I. INTRODUCTION

NERGY consumption of software running on embedded devices
has become increasingly important, as a growing number of de-
vices rely on batteries. Of particular interest is bounding this energy
consumption — finding an upper bound for the amount of energy
an application could consume, and the conditions under which this
happens.

Traditional energy models typically assign a single energy value to
each instruction. Energy predictions are made by counting the num-
ber of times each instruction would be executed in a program and
applying these energy values to them [1]. However, this approach
is simplistic and potentially inaccurate or unsafe when a worst case
energy figure is needed — each instruction takes various parameters
and is affected by the state of the computation. The effect of data on
the energy consumption of an instruction is particularly important,
with a potentially large difference in energy consumption achievable
due to different datasets being given to the same application.

Figure 1 shows the effect that data can have on a single instruction.
These data were gathered from an XMOS-L1 processor, with the ac-
tual energy measured. The graph shows additional power (compared
to all zero input) required by different data inputs. It can be seen that
power changes by up to 15% depending on the data operands given
to the instruction.

II. RESEARCH CHALLENGES

A worst case energy model (WCEM) should incorporate this data
effect to obtain bounds that are both safe and tight, which ensures
dependable and meaningful predictions for the dataset an application
operates on. Energy is a more challenging metric than time due to
its dependence on both time and power. A WCEM may require two
components, a time analysis, plus an analysis to determine the worst

possible power [2].

Modelling individual instructions. The power values seen in Fig-
ure 1 need to be modelled such that the power can be predicted,
given operand values.

Instruction sequences. The model needs to be able to compose in-
dividual instructions into instruction sequences, so that larger
programs can be modelled.

Dependencies between instructions. While an individual instruc-
tion could be modelled with a lookup table (making the problem
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Figure 1: The effect of data values on the and instruction, for the
XMOS-LI processor. These values are on top the base power of
350mW.

a data gathering exercise), the output from one instruction pro-
vides the input to another. This can make it challenging to find
the input data that gives the maximum energy for instruction se-
quences with data dependencies, without bruteforcing every in-
put. The maximum energy for such instruction sequences is po-
tentially less than the sum of individual instruction’s maximum
energy. How can data dependencies be adequately reflected in
an energy model?

Type of bound. Energy is hugely dependent on environmental fac-
tors, as well as being challenging to model in fine detail. This
means that it is likely infeasible to construct a reasonable hard
bound on the maximum energy. Instead, it may be better to use
a probabilistic bound, where a tight bound can be given to a
high level of confidence [3].

These topics must be addressed to create a satisfactory worst case
energy model.

ITI. TowARDS A WCEM

In a first step towards a WCEM we have investigated techniques to
predict the worst case energy consumption of instruction sequences.
Our approach is based on the observation that the transition between
instructions is significant and can not be represented using a single
energy cost [4]. Instead, we use a distribution dependent on the in-



put and output values of the two consecutive instructions. To validate
our findings, the transition distributions for several instructions in the
AVR instruction set have been characterised. This gives a tight and
safe upper bound on the energy consumption. The distributions can
be composed to form a distribution for a larger sequence of instruc-
tions. The top tail of the distribution can then be used to compute a
maximum energy for a given confidence level.

Our approach still requires any dependencies between instructions
to be addressed. This is motivated by experimental results that show
that the maximum energy when composing multiple instructions is
lower than the prediction when there are many data dependencies be-
tween instructions. While the predicted bound without considering
dependencies is still valid, it is not as tight as one that may be ob-
tained using a model which does include instruction dependencies.

Overall this approach models the distribution of an entire pro-
gram’s energy consumption, allowing the largest possible consump-
tion of energy to be probabilistically estimated.
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