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Abstract. We seek to approximate the mean sojourn time in the processor
sharing M/G/1 queue with inaccurate job size information. Suppose we are
given the arrival rate λ and random service time Ŝ = SX where X ∼ LN (0, σ)
represents the inaccuracy. Denote the mean sojourn time in an M/G/1 queue
with processor sharing with service time Ŝ by E(T̂ P S ) and with service time S
by E(T P S ). Finally, E(T̂ Re ) denotes the mean sojourn time of an M/G/1 queue
with resampling service policy and service time distribution according to S. It
can be shown that for exponential service time S, E(T P S ) < E(T̂ Re ) < E(T̂ P S )
holds for any σ > 0.
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1.

Introduction

Inaccurate job size information, when encountered in practice (in systems such as, for example, mapreduce), can lead to performance degradation of the size-based scheduling policies (see [1–3]). We understand the
inaccurate job size information as described in [3]. Suppose a job arrives
at the system. Upon arrival its (future) service time, say Ŝ, is sampled
from the known distribution B̂(x) and the value of Ŝ is used for scheduling
the job. After the job has received service, it turned out that its service
time was S 6= Ŝ. The same thing happens with the next job etc. It means
that the (true) service time is sampled from another unknown distribution
with cumulative distribution function (cdf) B(x). And the scheduler has
to use the values of S instead of Ŝ when scheduling the jobs. The use of
such inaccurate information by the scheduler may impact the system considerably. For example, the mean sojourn time in the M/G/1/ processor

sharing (PS) queue with the cdf B(x) = 1 − e−x is given in Fig. 1 by the
lowest solid line. The other two solid lines show the values of the mean
sojourn in the M/G/1 PS queue, when B̂(x) 6= B(x) and the mean of B̂(x)
is greater than B(x).

Figure 1. Mean sojourn times for different values of σ. Upper solid line
represents the value of E(T̂ P S ), the lowest solid line — the value of E(T P S ).
Dotted lines are the values of E(T̂ Re ).

Even without this example it is clear that the performance characteristics calculated from the mathematical models of the systems with inaccurate job size information will be biased. But is it possible to tune the
mathematical model so as to reduce the bias? We claim that there are
conditions when such tuning is possible.
2.

Main results

Let us put everything into the mathematical perspective. Consider the
following three systems running in parallel:
— classical M/G/1 PS queue with Poisson arrivals of rate λ and the
service time S distributed as B(x);

— classical M/G/1 PS queue with Poisson arrivals of rate λ and the
service time Ŝ distributed as B̂(x);
— M/G/1 non-preemptive LIFO queue with resampling. Arrivals are
Poisson of rate λ, the service time distribution is S(x). Resampling
means that upon arrival, the job currently in service resamples its
service time according to B̂(x).
We assume that the service time S is exponential with mean µ and the
service time Ŝ is Ŝ = SX, where S and X are independent, X has a lognormal distribution with with parameters 0 and σ. If M/G/1 PS queue is
the model of the real-life system, then the service times from the cdf B̂(x)
we will call inaccurate. On average they are greater than those from the
cdf B(x).
Denote by E(T P S ), E(T̂ P S ) and E(T̂ Re ) denote correspondingly the
job’s mean sojourn times in each of the systems. It is known that in the
classical M/G/1 PS is insensitive to the distribution of the service time,
the total number of jobs depends only on the system load and, by Little’s
law, the mean sojourn time depends on the arrival rate and the system
load:
E(SX)
λE(S)
, E(T̂ P S ) =
.
E(T P S ) =
1 − λE(S)
1 − λE(SX)
The expression for the E(T̂ Re ), which can also be derived from Little’s law,
depends on the whole distribution and follows from the paper [4]:
E(T̂ Re ) =

1 − β̂(λ)
λ(2β̂(λ) − 1)

.

Here β̂(λ) is the LST β̂(s) of B̂(x) at point s = λ.
It can be shown that for any σ > 0, the following inequalities always
hold:
E(T P S ) < E(T̂ Re ) < E(T̂ P S ).
Moreover E(T̂ Re ) → E(T P S ) in the limit as σ → 0. The dotted lines in
Fig. 1 show the behaviour of E(T̂ Re ) for two different values of σ.
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