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ABSTRACT
Temporal dependence has been identified as an important
characteristic in workloads processed by multi-tier architec-
tures, disk drives, and communication networks. In this
paper, we discuss how to use the knowledge of temporal
dependence in flows to forecast the length of idle intervals
in storage systems. We design a new background schedul-
ing policy to determine when and for how long idle times
can be used for serving background tasks, without violat-
ing pre-defined performance targets of foreground jobs. Our
analysis shows that if idle times have low variability, then
it is not necessary to idle wait before starting a background
job. Only if idle times are highly variable, then idle waiting
is necessary to minimize the impact of background activ-
ity on foreground performance. We further show that if
there is burstiness in addition to high variability in idle in-
tervals, then it is possible to predict accurately the length of
incoming idle times and use that information to serve more
background jobs without affecting foreground performance.

1. INTRODUCTION
As computer systems operate 24 hours a day, 7 days a

week, it is becoming common to schedule maintenance jobs
during idle times. These jobs are considered background

jobs. Background jobs are used for improving system re-
liability, availability, and consistency, to enhancing system
performance, Completion of background jobs is critical to
system operation, yet their priority is not as high as that of
foreground jobs, i.e., the regular jobs of the system users.
In addition, scheduling of background activities should not
compromise the performance of foreground jobs.

We focus on the general problem of how to bin-pack non-
preemptive background jobs during system idle times. Idle-
ness is considered as an additional system resource that
needs to be effectively managed but there is a trade-off be-
tween maximizing the completions of non-preemptive back-
ground jobs while minimizing their impact on foreground
performance. Previous work focuses on monitoring the per-
formance of foreground and background job to base back-
ground scheduling decisions. Idle waiting has been proposed
to delay scheduling of a background job during an idle in-
terval. This delay is fixed and equal to the average demand
of a background job.

Here, in addition to monitoring the performance of fore-

.

ground and background jobs, measurements of the empir-
ical distribution of idle times are also collected. Resource
management of idle times is now done in a dynamic way,
using statistical information not only on the foreground and
background job demands, but also on the idle intervals of
the system. This statistical information is collected online
while the system is in operation, and is incorporated on-
the-fly into scheduling policies. Detailed analysis of vari-
ous systems with different statistical characteristics of fore-
ground/background jobs and idle times shows that the ef-
fectiveness of idle wait critically depends on the variabil-
ity in the empirical distribution of idle times. In systems
with low variability of idle times, limiting the idle wait to
zero is beneficial for system performance, the opposite holds
for idle times of high variability. We use the cumulative
data histogram of idle times to dynamically determine the
length of idle wait. Additionally, we show that estimating
the number of background jobs to be served in any given idle
interval is an effective way to meet foreground performance
targets. Furthermore, we show how to take advantage of the
burstiness (if any) in idle intervals to improve background
scheduling.

2. SCHEDULING BACKGROUND JOBS
To evaluate the effectiveness of idle waiting, the following

scheduling policies are considered.
Mean-based: This serves as a base-line comparison. When
an idle interval occurs, no background job is scheduled dur-
ing a delay period which is statically defined as the mean
service time of background jobs. After the delay period
elapses, the system starts serving background jobs until a
foreground job arrives.
CDF-based: Similar to mean-based, this policy starts serv-
ing background jobs after an idle wait until a foreground
job arrives. Different from the mean-based policy, the CDF-
based policy continuously monitors the empirical cumulative
histogram of idle intervals and the mean of background ser-
vice times to dynamically calculate the idle wait. If idle
times have low C.V., then the system does not idle wait,
i.e., it schedules background jobs immediately. If idle times
have high C.V., then the idle wait is calculated based on the
empirical CDF.
CDF/w-estimates: This policy estimates the idle wait the
same way as the CDF-based policy but is more conservative
by limiting the number of background jobs to be served in
an idle interval according to the following equation:

T ·

90th percentile of idle intervals - idle wait

Average background service time
.



1.
59 2.

33
0.

24

0.
17 0.
42

0.
05

2.
19

1.
61

0.
35 0.
40

0.
42

0.
42

   0
   1
   2
   3
   4
   5
   6
   7
   8
   9

703010

B
G

 jo
bs

 (
in

 m
ill

io
n)

FG−only utilization(%)

   0
 0.2
 0.4
 0.6
 0.8
   1
 1.2
 1.4
 1.6
 1.8
   2

703010
FG−only utilization(%)

1.07

sl
ow

do
w

n

   0

 0.2

 0.4

 0.6

 0.8

   1

 1.2

 1.4

 1.6

703010

sl
ow

do
w

n

FG−only utilization(%)

1.07

   0
   1
   2
   3
   4
   5
   6
   7
   8
   9

703010

B
G

 jo
bs

 (
in

 m
ill

io
n)

FG−only utilization(%)

Mean−based CDF−based CDF/w−estimates

(I) low CV − FG = BG (II) high CV − FG = BG

Figure 1: Overall system performance measured by number of completed background jobs in millions and slowdown of the

foreground jobs attributed to background activity (the horizontal line corresponds to 7% slowdown).
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Figure 2: Number of completed background jobs when un-

der bursty idle intervals. Three different foreground slow-

downs are considered, i.e., 1.4%, 3.4% and 5.1%.

T is a parameter that weighs the estimated number of back-
ground jobs assuming that the interval is large (i.e., equal
to the 90th percentile). This parameter controls the perfor-
mance degradation of foreground jobs, i.e., the impact on
foreground performance increases as T increases. The max-
imum value given to T is 1. This parameter is self-adjusted
to reflect variability in the distribution of idle intervals. T

is close to 1 under idle intervals of high variability and less
than 1 for low variability intervals.

All of the above policies are non-preemptive. The three
policies are evaluated via simulation of a single server queue.
We assume that there is no limit on the waiting queue ca-
pacity and the service process is FCFS. We also assume that
there are always background jobs waiting for service. The
acceptable slowdown of foreground jobs due to background
jobs is set to 7%. Service times of background jobs are ex-
ponentially distributed and service times of foreground jobs
are drawn from a Lognormal distribution. Both foreground
and background jobs have the same mean service time.

Figure 1 illustrates the performance of the three policies
under idle intervals of low variability and of high variabil-
ity. The graph shows that the CDF/w-estimates policy con-
sistently meets the performance target of foreground jobs
while serving a large number of background jobs. Under
low foreground-only utilizations there is more room to ex-
ploit idle times and serve large quantities of background jobs
with small foreground performance degradation. Similar
results are observed for systems where the average back-
ground time is larger (as much as seven times) than the
average foreground time [1].

When there is burstiness in addition to high variability in
idle intervals, the CDF/w-estimates policy is further aug-
mented into a new version called Bursty+CDF/w-estimates

policy: predict the length of incoming idle times and serve
more background jobs if the next idle interval is predicted
to be “long”. Figure 2 presents the number of completed
background jobs as a function of foreground slowdown when
short background jobs are served. There are more back-
ground jobs completed with Bursty+CDF/w-estimates than
with CDF/w-estimates. The relative performance gap be-
tween the two policies increases as foreground slowdown de-
creases. If the requirements on foreground slowdown are
relaxed, then the difference between the two policies dimin-
ishes. In general, overall system utilization improves with
Bursty+CDF/w-estimates.

3. SUMMARY
We show that monitoring the stochastic characteristics of

idle times is as important as monitoring the characteristics
of foreground and background jobs. In particular, if idle in-
tervals have low variability, then idle waiting is not effective.
However, if idle times are highly variable, then idle waiting
remains effective for scheduling background jobs without de-
laying foreground ones. For idle intervals with high variabil-
ity, we propose to compute the length of idle wait dynam-
ically using the cumulative histogram of the observed idle
times in the system.

Apart from managing effectively idle intervals by distin-
guishing between low and high variability, we have also iden-
tified correlation as a source of additional information to im-
prove idle time utilization. The analysis shows that if cor-
relation exists in the observed idle interval lengths, then it
can be used to predict the near future. For more details, we
direct the reader to [1], where we also show the effectiveness
of the methodology using actual measurements from disk
drive traces. The proposed scheduling policies can be used
to schedule background activities, scrubbing and intra-disk
parity updates, and dramatically improves storage system
reliability while keeping average user performance degrada-
tion within pre-defined targets [2].
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