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ABSTRACT

Two popular server control policies are available for reducing en-
ergy consumption while maintaining acceptable performance levels:
server speed scaling and the ability to turn servers off (and on). In
this work, we explore the question of whether there are synergis-
tic effects between these two mechanisms. To do this, we employ
a continuous-time Markov chain model where the server can be
turned off (and turning the server back on takes some time) and
where the speed of the server can take on two values: a nominal
operating speed and a reduced operating speed. For a cost function
that is linear function in the mean response time and server power
consumption, we suggest that the mechanisms are not synergistic
in that there does not exist a system load where it is optimal to use
both server speeds and to turn the server off.
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1 INTRODUCTION

It is well-known that data centre power consumption is a signifi-
cant contributor to global power consumption. This issue has been
discussed in a number of venues (for example [2, 5]). There is no
consensus on exactly what power consumption levels will look
like, due to the changing landscape of large language models, the
use of more efficient hardware, etc., However, there is agreement
that the power consumption will be high. The use of guidelines on
how to operate servers in data centres is one of the common prac-
tices that data centre operators use to lower energy consumption
without compromising performance constraints. We are concerned
with how to operate a single-server where server speed scaling
is employed and the server can be turned off (and on). The un-
derstanding of the behaviour of a single-server system is a useful
step in understanding the behaviour of more complex, multi-server
systems. The two mechanisms available are: (i) server speed scaling,
so that operating policies may vary server speed to reduce power
consumption while meeting performance requirements; and (ii)
turning a server off during periods of low utilization. In the latter
mechanism, average power consumption is reduced, as idle servers
still consume a significant amount of power. However, performance
(in terms of response times) is reduced due to the time that it takes
to turn on a server (the warming time).

In isolation, the two mechanisms described above have been
extensively studied; in the interests of space it is not possible to give
an exhaustive reference list. Representative of the work studying
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on/off servers is that of Gandhi et al. [3] and Maccio and Down [7].
For servers with speed scaling, representative work can be found
in George and Harrison [4] and Wierman, Andrew and Tang. [8].
There do not appear to be many works that combine together these
two mechanisms, but there are two that are quite relevant to the
work presented in this paper. The first, by Lu, Aalto and Lassila [6]
analyzes three models: a baseline model where the server is always
on and the server’s processing rate is optimized; a server that turns
off when idle and has an optimized processing rate when on; and
a server that turns off when idle and uses optimized linear speed
scaling (the processing rate depends on the number of waiting jobs
in a linear manner). For a cost function that is a linear combination
of the mean response time and the power consumption, it is shown
that when the mean warming time is low, there is significant benefit
from the ability to turn the server off and that it is sufficient to use a
single processing rate. When the mean warming time increases, the
on/off server with a constant processing rate may perform poorly,
while benefits can still be accrued from linear speed scaling. The
second paper, by Badian-Pessot, Down and Lewis [1], uses a Markov
Decision Process approach to show that for a similar cost function,
there exists an optimal policy that either (a) never turns the server
off and the server’s processing rate increases monotonically with
the number of waiting jobs, or (b) turns the server off when idle,
waits for a threshold number of jobs to be waiting in the queue
before turning on, then uses a processing rate that is monotonically
increasing with the number of waiting jobs.

One key question of interest is which mechanism is the most
effective at reducing costs, the ability to turn the server off, or the
ability to adjust the processing rate? Or is there synergy between
these mechanisms that make them more effective when combined?
We explore these questions using a continuous-time Markov chain
model that describes the behaviour of the system, described in the
next section. Following that, we provide an outline of our results.

2 MODEL

We consider a server which can be turned on and off, and when on
has two distinct server speeds (processing rates), one is the nominal
(faster) speed while the other is the scaled (slower) speed. This
leads to five distinct states for the server. The OFF state represents
the server being off; the WARMING state represents the server
being turned on (warmed); the SLOW state means the server is
operating at scaled speed; the FAST state represents the server is
operating at nominal speed; and lastly, the IDLE state represents
the server is idle (on with no jobs waiting). We define additional
parameters to indicate state transitions for the server. We define
a threshold to turn on the server, ki, where the server will be
transferred from OFF to WARMING as soon as there are k; jobs in
the system, and the speed scaling threshold k; is defined to signal
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the transition to FAST. Furthermore, the time to warm a server is
exponentially distributed with rate y, after which the server moves
from WARMING to either SLOW or FAST. Lastly, we also define a
turnoff delay rate, «, that captures how long the server waits when
there are no jobs, before transferring the server from IDLE to OFF
(the value of a can be controlled, in particular @ = 0 corresponds to
the server never turning off and a = oo corresponds to the server
turning off instantly). There is a buffer of infinite size and jobs are
processed in a FCFS manner. Jobs arrive to the system following a
Poisson process with rate A. Jobs can only be processed in either the
SLOW or FAST states, where the processing time is exponentially
distributed with rates cy and y for SLOW and FAST, respectively,
and ¢ < 1 is the scaled speed factor. We can model the system as a
Continuous Time Markov Chain where the state is given by (s, q).
The first entry, s, corresponds to the server state: s = 0 denotes that
the server is off (OFF), while s = 1 denotes that the server is on
(WARMING, IDLE, SLOW, FAST). The second entry, g, gives the
number of jobs in the system. An example state transition diagram
is given in Figure 1.

Figure 1: CTMC system model

The server power consumption model is as follows. In server
state OFF, no power is consumed. In server states IDLE, WARMING,
SLOW and FAST, the power consumptions are p;, Py, pPs, Py, re-
spectively. The reduction in power consumption in moving from p;
and py is not linear, power consumption is typically modelled to be
a second to third-order function of the processing rate. The mean
power consumption (averaged over all server states) is denoted by
E[P]. If we let E[R] be the mean response time (the time that a job
spends in the system from arrival to departure), we are interested
in cost functions of the form:

E[R] + BE[P], (1)

where f > 0 gives the relative weighting between performance
(mean response time) and power consumption.

3 RESULTS

It is possible to solve for the steady-state distribution of the CTMC
described in the previous section. Some general, explicit results
(with very cumbersome expressions) are available, these would be
provided (at least to some degree) in the full paper. For any fixed
set of parameters, it is of course possible to provide a numerical
solution for the steady-state distribution. Extensive numerical ex-
periments were performed to provide our key observations and
guide our analytic work. The key observation is that the optimal
server control policy can be quite cleanly described. In order to
state the following result, it must be the case that the faster pro-
cessing rate cannot be always preferred over the slower rate (in
other words, py/mu > ps/(cp). It appears that there are a series
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of thresholds A (depending on the underlying system parameters)
such that:

e For arrival rates A > Ay, only rate y is used and the server
never turns off

e For arrival rates Ay > A > Ay, both rates p and cy are used
and the server never turns off

e For arrival rates A3 > A > A3, only rate cy is used and the
server never turns off

e For arrival rates A < A3, only rate cy is used and the server
is turned on and off

In particular, a key observation from the above is that the two
mechanisms are not synergistic in the sense that it is never the case
that it is optimal to use both processing rates and turn the server
on and off.

These results have a number of implications for energy-efficient
control. They also raise a number of research questions. In terms
of implications, the main observation that which power-savings
mechanism is preferred is quite intuitive and at a given system
load, one of the mechanisms is dominant. For lower system loads,
one should take advantage of the mechanism that turns the server
on and off to avoid the power consumption of relatively long idle
periods. As the load on the system gets larger, the server idle periods
become shorter (at the nominal processing rate) and it becomes
more effective to compensate for idleness by simply slowing down
the server when the number of jobs in the system is small. So,
a simple policy would be to use the on-off mechanism (with the
slowest processing rate) below a given system utilization and speed
scaling otherwise. One issue with this is that it is often difficult in
practice to measure the arrival rate to the system, so it would be
worthwhile to explore whether effective policies could be designed
that do not use arrival rate information. Another key question is
to what degree these insights carry over to multiserver systems.
Based on our past experience analyzing multiserver systems, we
would expect that these insights for a single-server system would
indeed carry over to multi-server systems.

In the full paper, these results will be supported by extensive
numerical and analytic results.
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