

















7 Performance degradation in one metric un-
der the optimal parameters of other metric

Several scheduling policies have been developed over
the years that can distribute heavy-tailed workloads
efficiently. Most of these policies have been pro-
posed for distributed web server farms (Harchol-
Balter 2000, Harchol-Balter et al. 1999, Tari et al.
2005, Broberg et al. 2006). The performance of these
policies are typically evaluated using expected slow-
down, flow time or waiting time. In such evaluations,
parameters of the scheduling policy (e.g. quanta, cut-
offs and system load) are computed so that a given
metric is optimised.

One common issue with existing work is that the
authors do not investigate the performance degrada-
tion in one metric under the optimal parameters of
other metric. The purpose of this section is to inves-
tigate this problem using a multi-level time sharing
system. We investigate the performance degradation
in overall expected slowdown under the optimal cut-
offs of overall expected flow time and vice versa. We
present our results for a range of task variabilities («
values) and system loads. For each system load and
«, we compute the value of the metric by substituting
the optimal cut-offs of other metric.

We define the percentage performance degradation
in the overall expected flow time as follows.

E[FT]sd_cutoff - E[FT]optimal
E[FT]optimal

E[FT)peg% = %
(16)

E[FT)optimai denotes the minimal overall flow
time under a given system load and task size variabil-
ity. Under the same system load and task size vari-
ability, E[FT)sqcutors denotes the overall expected
flow time when the optimal cut-offs of overall ex-
pected slowdown are used.

Similarly, we define the percentage performance
degradation in overall expected slowdown as follows.

E[SD]ft_cutoff — E[SD]optimal
E[SD]optimal

E[SD]peg% = %
(17)

Figures 11 and 12 illustrate the performance
degradation in E[FT] and E[SD] respectively. Un-
der high system loads and task size variabilities,
E[FT)peg% is very high. For example, under the
system load of 0.9 when « equals 0.4, E[FT]|pe,%
is equal to 250%. E[FT|pey% decreases consistently
with increasing «. This is because as « increases
D1_sd_opt approaches pi_rt_opt (see Figures 5 and 7).

We notice that E[SD]pey% lies in the range of
10%- 60% for all system loads and task size variabili-
ties considered. In general, small p; values (cut-offs)
improve the both the overall expected slowdown and
flow time. However, the use of very small p; values
to optimise the overall expected slowdown can result
in the overall expected flow time (or waiting time)
deteriorate significantly (250%).

8 The impact of quanta (cut-offs) for more
than 2-levels

In this section, we briefly discuss the effect of cut-
offs on a multi-level time sharing policy consisting
of 3 levels. We define the factor of improvement in
performance in a 3-level policy over a 3-level policy as
follows. The factor improvement in overall expected
flow time is given by;
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Figure 11: Performance degradation in E[FT)]
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Figure 12: Performance degradation in E[SD]
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Figure 13: Factor of improvement E[FT]

Similarly the factor of improvement in overall ex-
pected slowdown is given by;

E[SD]optimal_NZZ
E[SD]optimal_N:3

Figures 13 and 14 plot the behaviour of E[FT] 1y,

and E[SD]mp. The important point here is that
3-level policy outperforms 2-level policy for all the
cases.

E[SD]1mp = (19)
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Figure 14: Factor of improvement E[SD]

Figures 13 and 14 illustrate the effect of cut-offs
(i.e. p1 and p3) on the performance. We see from the
figures that for each metric there is minimum which
corresponds to optimal cut-offs. As we saw before,
optimal p; is small compared to the largest task, p
(=107), in the service time distribution. In this pa-
per we do not investigate the uniqueness of quanta
under 3-level policy. However, as we saw before we
see that there is a sudden drop in optimal p; and op-
timal po of overall expected flow time (see Figure 15).
As the number of levels increase, finding the optimal
cut-offs becomes more difficult. Graphical represen-
tations such as figures 15 and 16 will allow us to iden-
tify the ranges of the optimal cut-offs approximately.
However, such plots are only possible for the case of
2 and 3 levels.
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Figure 15: Overall expected Flowtime

9 Conclusion

In this paper, we investigated the effect of quanta on
the overall performance of a multi-level time sharing
under Heavy-tailed workloads. Using a 2-level sys-
tem, we showed that for a given system load and task
size variability there exists a unique set of quanta that
would produce the minimal overall expected slow-
down. The set of quanta that would produce the min-
imal overall expected flow time, however, may not be
unique when the system load is inbetween 0.5 and 0.6.
We showed that there is a sudden drop in 1°¢ optimal
quantum (and an increase in 2" ‘optimal’ quantum)
that occurs between the system loads of 0.6 and 0.7
when the performance is measured using overall ex-
pected flow time. In section 8 we showed that a 3-level
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Figure 16: Overall expected slowdown
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Figure 17: Behaviour of Optimal p;

policy with the optimal set of quanta outperforms a
2-level policy with the optimal set of quanta. In this
paper, we did not investigate the uniqueness of opti-
mal quanta for more than 2 levels.

When the number of level are equal to 2, p; (=1%¢
quantum) corresponding to minimal overall expected
slowdown is very small compared to the p; corre-
sponding to overall expected flow time. When the
policy is performing at its minimal overall expected
flow time, the fraction of tasks completed at level 1 is
more than 95% for all the scenarios considered. We
showed that under high system loads and task size
variabilities E[FT|peg% is very high. E[SD]peq%,
however, lies in the range of 10%- 60% for all sys-
tem loads and task size variabilities considered. In
general, small p; improves both the overall expected
slowdown and flow time. However, the use of very
small of p; in order to optimise the overall expected
slowdown can result in the overall expected flow time
to deteriorate significantly (by around 250%).
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