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Abstract

Slowdown is used to measure the fairness degree of a
scheduling algorithm in existing work. However, the fairness
degree should be considered within a scheduling algorithm,
rather than being tired with system environment. An
innovative fairness model is proposed named hereby to
intuitively measure the fairness of a server within through a
scheduling algorithm. The new scheduling algorithm is
called MPQ-LP which compromises both the fairness of PS
and the highest performance of SRPT. Namely, MPQ-LP can
easily adjust the performance and fairness degree of the
scheduling algorithm. In addition, MPQ-LP allows each job
have the fixed completion time with less computational
complexity compared to SRPT when assigning the jobs to the
queues. Simulation tests have been conducted to support our
model verification.

1. Introduction

Scheduling theory focuses on the optimal allocation of
scarce resources to activities over time [1]. This paper tries
to analyze two popular scheduling algorithms such as PS
(Processor-Sharing) and SRPT  (Shortest-Remaining-
Processing-Time). Each of them has pros and cons. In order
to depict their characteristics, we first give the following
definitions for use [1].

Definition 1: A scheduling model is defined by three
elements: the machine environment, the optimality criterion,
and a set of side constrains and characteristics.

Definition 2: All the jobs in a scheduling model form a
set denoted by J. The jobs in J set can be numbered by J;
Iy oy e

Definition 3: If the tasks can be interrupted and can be
resumed at some time later, we say that it can be preempted,
denoting this characteristic by pmnm.

Definition 4: A schedule S for J specifies, for each job

J;(1<j<n), in which p,units of time the machine uses
to process job j,. Given a schedule S, we denote the
completion time of job j; as C 5,

Definition 5: The number or the state of the processors is
called the machine environment. If there is one processor,
we call it one machine environment. If there are m
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processors, we call it m machine environments and the
process is notated as P,,.

A scheduling model can be denoted by (the machine
environment) | (side constraints and characteristics) |

(optimality criterion). For example, 1| v, p,in | Z C ;

denotes that a scheduling model which has one
processor. The jobs release the required time and can be
preempted. The criterion is to minimize the sum of all

the jobs” completion time. The 7, denotes that each job

has its own released time. Therefore, in this model, a job
can only be scheduled and processed after its released
time.

Definition 6: If we denote j,’s release time by 7;, its

D;

completion time by C,, expected process time by
then (C,—r;)/ p, is called job j, ’s stretch or

slowdown. Apparently, each job’s stretch can’t be less
than 1.

2. Related Works

The following theorem is recited in [1]:

Theorem 1: SRPT is optimal for 1|rj,p,tn | ZCJ .

The SRPT is defined to, at each point in time, schedule
the job with shortest remaining processing time,
preempting when jobs of shortest processing time are
released. We can see that SRPT is very unfair to the
jobs with long expected process time. If during a while,
many short jobs are ceaselessly released, then the long
jobs may be delayed all the time. We call that the long
jobs are starved. This is why SRPT is not popular in
practical applications. For instance, almost all the Web
servers do not use SRPT to schedule the requests of the
clients. A majority of them are using PS, for example,
Apache [2].

In the PS algorithm, each of the N tasks receives
service at a rate that is //N times the rate when there is
only one task in the system. The PS is therefore an
idealization of round-robin scheduling, in which the
scheduling quantum approaches zero, and there is no
time lost switching between tasks. But in the real world,
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in fact, there exist more or less costs in switching. So its
scheduling quantum can’t be too little. Intuitively, the PS
algorithm does with each task fairly, so it has the most
fairness. Many works use slowdown to weigh the fairness of
scheduling algorithms [-4].

Many works try to schedule the clients’ requests in
servers by SRPT algorithm. For example, in [2], the authors
designed a new architect to test the performance of the
SRPT. Their results show that using SRPT in Web servers
can not only reduce the average response time, but also make
the long connections suffer little. [3,4] got the same results.
They have done mathematical analysis to prove that for
clients which have heavy-tailed distribution, SRPT both can
decreases the average response time and has not great effects
on the long time requests. [6] indicates that standard
strategies and the metrics they optimize while producing a
schedule, are unfair since they may delay some job to an
unbounded extent. They proposed two new metrics to
optimize, namely, max-flow and max-stretch.

There are some good, new works in scheduling area
besides those recounted above, for instance, [7] proposed
“Deadline Fair Scheduling(DFS)” and ‘“proportionate-fair
CPU” which can be used in multi-processor servers. In [8],
the author summarized the weighted round-robin algorithm
and implemented it to schedule the packets in an ATM
switch chip. We will talk about this work later. [9,10] present
a new scheduling algorithm named GR3 which can narrow
down the traditional tradeoff between fairness and
computational complexity. This algorithm is something like
the one presented in section 4, but ours is more simple to
implement so it is suitable to be used in servers while the
former is more suitable to be used in operating systems.

3. Metric of Fairness

Though many papers[2,3,4] use slowdown of jobs as the
metric of fairness of the scheduling algorithms. But we don’t
think so. We believe the slowdown can only be used as a
metric of the jobs’ quality of service. The reason is that the
fairness should be each scheduling algorithm’s own
character, and it shouldn’t have direct relationship with the
jobs’ count or released time. But from the definition 6, we
can see that the “slowdown” just has the direct relationship
with the jobs’ characteristics such as expected process time
and released time.

For example, if in a scheduling, every task has equal
slowdown, we can’t ensure that the scheduling algorithm
being used is fair, because using SRPT can also make this
happen when the jobs’ released times are controlled
properly. And if one task’ slowdown is very large in a
scheduling process, we can’t say the scheduling algorithm
being used is unfair to the tasks as well, because that
algorithm being used may be PS. When using the PS
algorithm, if the requests of clients are coming continuously,
even a small request can take very long time to be processed
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and has a big slowdown since processor needs to do
with a lot of requests concurrently.

From the argument above, we conclude that the
slowdown isn’t a good metric of scheduling algorithm’s
fairness. We think that a suitable metric of fairness must
have the properties below:

Has not direct relationship with the jobs being
scheduled. This property ensures that the algorithm has
the same fairness degree in different environment.

Regards the PS as the fairest algorithm. Because the
PS does with each job equally, and intuitively it has the
highest fairness degree.

For each algorithm, it can give a certain value and all
the values are in a fixed range and by which we can
compare the fairness of the scheduling algorithms.

Obviously, the slowdown does not accord with the
first two properties. So far we have not found a suitable
metric of fairness in previous works. In this paper, we
try to propose a new metric of scheduling fairness:
Minimal-Priority-Ratio (MPR).

Definition 7: When all the jobs can be scheduled,
the probability off j,’s being scheduled is called the
Ji
priority can’t be zero.

Definition 8: The ratio of j, and j,’s absolute

>

s “absolute priority”. We assume the absolute

LT3

priority is called j; and j,” “relative priority ratio”.
Definition 9: A scheduling algorithm’s the smallest
relative priority ratio is called the algorithm’s “Minimal-
Priority-Ratio (MPR)”.
From the definitions above, we can draw some
conclusions below:

1. SRPT’s MPR is 0;

2. PS’s relative priority ratio and the smallest
priority all equal 1.

3. MPRis in [0,1]. (Though the relative priority can
be a very large integer, for example, let M denote a
relative priority, and M>>1, from definition 8, we can
get that N=1/M is also a relative priority ratio, and
N<<Mand N €[0,1].)

4. If a scheduling algorithm’s MPR is near to 0,
then there is a j; which has very small priority and can

be starved. So we can say that this algorithm is very
unfair.

5. If a scheduling algorithm’s MPR is near to 1,
then all the tasks have nearly equal priority. So we can
say that this algorithm is very fair.

From the conclusions above, we can conclude that
the MPR may be a suitable metric of fairness. By it, we
now can differentiate scheduling algorithms’ fairness.
For example, if one algorithm’s MPR is larger than the
other’s, then we can say the former is fairer. Obviously,
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