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Abstract: This study present a QoS3 based predictive Max-Min, Min-Min Switcher (QP Sy, ynespinmn) @lgorithm
for scheduling jobs in a grid. The algorithm makes an appropriate selection among the QoS based Max-Min or
Qo8 based Min-Min algorithm on the basis of hewristic applied, before scheduling the next job. The effect on
the execution time of grid jobs due to non-dedicated property of resources has also been considered. The
algorithm uses the history information about the execution of jobs to predict the performance of non-dedicated
resowrces. Simulation demonstrates that (QP Sy . minesviamin) OUtweighs the traditional QoS guided algorithms a

lot in makespan.
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INTRODUCTION

A computational grid i1s a hardware and software
mnfrastructure that provides dependable, consistent,
pervasive and inexpensive access to high-end
computational capabilities. Grid computing enables the
sharing and aggregation of geographically distributed
resources and support wide-area distributed computing
(Foster and Kesselman, 2001; Singh and Sari, 2007). As a
heterogeneous computing system, the job scheduling
strategy directly influences the performance of grid
applications, so one of the major research objectives in
grid job scheduling is to devise new and efficient methods
for improving computational efficiency. Reduction in
makespan is one of the fundamental objectives of
optimizing job scheduling problems m distributed
heterogeneous computing systems. The problem of
optimally scheduling large, diverse groups of jobs onto
machimes of a distributed heterogeneous computing
environment has been shown to be NP-complete.

In grid environment, it is desirable to compete for the
best QoS provided by resowrces to fulfill job constraints.
The scheduler in grid needs to consider jobs and QoS
comstramt to get a better match between jobs and
resowces. The algorithm, based on job requirement of
QoS (Shan et al., 2003; Dong et al., 2006), classifies jobs
mnto two categories: high QoS-requiring jobs and low-QoS
requiring jobs and schedules the two separately. It
enhances the adaptability of scheduling algorithm to take
QoS to some extent. Although the grid is aiming at
coordinated resource sharing, this sharmg 1s often

conditional: resource owner make resources available,
subject to constrain on when, where and what can be
done (Martinovic and Budin, 2004). The grid scheduler
places the jobs submitted by grid user m a job queue and
later on maps these jobs over suitable resowces to make
them run. A grid resource usually contains many jobs on
1t, including the grid jobs and the resource owner’s local
jobs. The local scheduler may schedule all these jobs na
parallel manner, which makes an impact on the execution
time of grid jobs. So, the grid job scheduling can hardly
promise the realization of its target. This study present
a Qo3 based predictive max-min, min-min switcher
(QPSyaestineminmin) algorithm for scheduling jobs in a grid.
The proposed algorithm makes an appropriate selection
among the QoS based min-min or QoS based max-min
algorithm on the basis of heuristic applied, before
scheduling the next job. The effect on the execution time
of grid jobs due to non-dedicated resources has been
reduced by using the history information about the
execution of jobs to predict the performance of non-
dedicated resowrces. Makespan is used as a bi-criterion
for job scheduling with QoS consideration.

QoS BASED GRID SCHEDULING MODEL

QoS is an extensive concept. It is used differently
based on its context while applying it to a resource
(Daniel and Casalicchio, 2004). For instance, QoS for a
network means the desirable bandwidth for the
application, QoS for a computing-intensive jobs means
the operation speed. We have used QoS parameter as
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network bandwidth (Plestys et al., 2007). A job with high
QoS request can only be executed on a resowrce
providing high quality of service (Ligang and Stephan,
2004). The traditional algorithms (Munir et af., 2007,
(Tinngquan et al., 2005) may lead to a scenario where jobs
with no special QoS requirement may be allotted to
resowrces with high QoS guarantee. To overcome this
drawback, modification has been made into the traditicnal
Min-Min and Max-Min algorithms.

Scheduling model for QoS based Max-Min and Min-Min:
Let T=4,, Js-» 0t 15 & set of jobs to be scheduled on
M = {m,, m,,., m} list of machines. The job set T is
further partitioned in two sets: I (jobs with high QoS
requests) and T (jobs with low QoS requests). The
expected execution time I is defined as the amount of
time taken by machine m; to execute job j;, when there is
no load on m,. Let C; represents the expected completion
time of job j; on m; and R, refers to the ready time of
machine m;. The makespan of the schedule is max,_,(C,)

QoS guided Min-Min begins with the set I* of all
unassigned jobs. It has two phases: In the first phase, the
set of minimum expected completion time for each job in
I' is found. In the second phase, the job with overall
minimum expected completion time from J* is chosen and
assigned to the corresponding machine. Then this job 1is
removed from J* and process is repeated until all jobs in J*
are mapped. After finishing the mapping of all jobs with
high QoS request, the algorithm repeats the same
procedure for mapping the jobs with low QoS request of
set I'. The pseudo code of the algorithm follows:

Begin
M*Mapping of jobs with high QoS
request on machines
While (I' + &)
Forj, ci"each Do
Form; € Meach Do
C; = EitR,
End For
Find the minimum completion time for j; and
the corresponding machine that obtains it.
End For
Find the job j, with the mimimum completion time
among all jobs.
Assign job j, to the machine m, that gives the
minimum completion time.
Ir= "= {5} /*Delete job ], from job set
R, = C,, /* Update the ready time of machine m,
For each j, € I" Do
C, = E, R,
End For
End While

Mapping of jobs with low QoS
request on machines
While (I # &)
Foreachj,cJ Do
Foreachm ¢ M Do
Ci-gtRy
End For
Find the minimum completion time for j; and
the corresponding machine that obtains it.
End For
Find the job j, with the mimmum completion time among
all jobs.
Assign job j, to the machine m, that gives the mimmum
completion time.
F=i=4a /*Delete job j, from job set
R,=C, /* Update the ready time of machine m,
Foreachj,c T Do
C, = EtR,
End For
End While
End

QoS based max-min 15 similar to QoS based min-min,
except in phase 2. Max-min assigns job with maximum
expected completion time to the corresponding machine
in phase 2. An example to illustrate the execution of QoS
based min-min and max-min heuristic is given below. The
expected execution time of 10 jobs on 5 machines are
shown in Table 1. In Table 1 X denotes that the machine
does not have the capability to perform that particular job
due to its low QoS provision. Figure 1 shows the results
for QoS min-min with makespan equal to 27.4 while Fig. 2
shows the result for QoS max-Min with makespan equal to
28 4.

Model for QoS based max-min, min-min switcher
algorithm: The 1dea behind min-mm (Wu et @/, 2000) 15 to
assign the jobs to the resources that will execute them
fastest and in case of max-min (Maheswaran et al., 1999)
the idea is to overlap the long-mnmning jobs with the

Table 1: ETC ¢(Expected Time to Compute) matrix

Paramelers my my My M my
in 16.3 4 4 4 4
i X X X 13.2 X
I X 4.2 X 83 X
Is X 373 6.5 X X
ja X X 8.8 93 12.5
s X X 6.3 72 4.8
s 18.2 16.8 17.4 X 242
v 31.5 13.2 4 4.9 14.3
s 7.6 9.2 13.1 384 11.5
s 9.5 19.4 20.1 37.2 25.3
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short-rumming ones. For example, if there 1s a long job,
max-min will execute many short jobs in parallel with the
long job, however, min-min will execute short jobs in
parallel and long job will follow the short job. The
proposed scheduling algorithm selects the best algorithm
between QoS max-min and QoS min-min according to the
length of jobs while making each scheduling decision.
Jobs with high QoS request are mapped first and
after finishing the mapping of such jobs, it maps the jobs
with low QoS requests. The pseudoe code of QS yunestin.
vin (Q0S based max-min, min-min switcher) algorithm
follows:

Begin
While (7* # ¢)
Initially I¥ = " and in the next call to this

algorithm T* = T

For eachm, € I* Do

Foreach meM Do
CiJ=E1J+R1
End For

Find the minimum completion time for j; and the
corresponding machine m, that obtains it.
End For
Calculate the Standard Deviation (SD).
/*Standard deviation of C;; of all unassigned jobs of
J* can be obtained
£
2C  and

M

/* as:

Sort all unassigned jobs of J* in the increasing
order of their completion time and let the
resulting job set is ST

Find a position pos in SI¥ where, the difference
of two consecutive C; is more than SD.

If |Jw‘ or SD < threshold then

0S < —
P 2

Assign first job j; of to machine m, that
provides mimmum completion time C; for J;
among all machines.

R =C; /Update the ready time of
machine m,
For eachj, €1¥ Do
C. = EARr
End For
3730408 /*Delete job j; from job set

Else
Assign j\”l to machine m, that provides minimum

completion time ¢, ¢ for j|1w| among all machines.

R, = ClJ o MAUpdate the ready time of machine m,

For eachj, €]* Do
C,=E Rr
End For
=y —{J'|JV|}
End If
End While
End

/*delete job from job set

The algorithm selects between the two conventional
algorithms, max-min and min-min, whenever one acts
better than the other on the basis of SD of minimum
completion time of unassigned jobs. A search 1s made to
find a position in sorted list (on the basis of completion
time) where, the difference between the completion times
of two successive jobs 18 more than SD. It 1s a place where
a big increase in length of jobs had occurred. Tf this
position 18 in first half of list, it shows that the mumber of
long jobs 13 more than the number of short jobs 1e., a
situation where min-min outperforms max-min, s0 min-min
15 selected by mapping the first job of sorted list on
corresponding machine. If this position is in second half,
1t means the mumber of short jobs 1s more than the number
of long jobs i.e., a situation where max-min outperforms
min-min, so max-min is selected by assigning the last job
of sorted list. If this position does not exist then SD 1s
compared with a threshold value. If SD is less than
threshold, it means length of jobs are mn small range, so
min-min 1s selected. Otherwise, Max-Min 1s selected for
assigmng the next job.
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The result of QS wine winwi algorithm corresponding
to Table 1 is shown in Fig. 3 and the makespan is 26.4.

APPLYING PREDICTIVE SCHEDULING
MECHANISM TO QS,.. pinevim pim

A grid resource usually contains many jobs on it,
including the grid jobs and the resource owner’s local
jobs. The local scheduler may schedule all these jobs ina
parallel manner which makes an impact on the execution
time of grid jobs. It is unpractical to expect the machines
m a grid to be dedicated. Due to the simultaneous
execution of local jobs, the actual execution time of grid
jobs wsually increases. If the scheduler does not know
this change, it will persist on the former schedule, which
leads to an increase in makespan. In continuation with the
earlier example, let Table 2 shows the actual execution time
of 10 jobs on the same 5 machines. Figure 4 shows the
scenario of QS yinemamin Scheduling, where scheduler
persists on former schedule and the makespan is 33.5.

Although, such change in the execution time of jobs
is unavoidable due to site autonomy (Akl and Dong,
2006), if the scheduling strategy can predict in advance,
a better schedule will be made. So, QS yinetinia
algorithm 1s modified by adding a predictive scheduling
mechanism to it, in which every expected execution time
1s treated as a random vanable rather than a predetermined
constant. By estimating the wvalue of each random
variable, the scheduler can make a better schedule, which
takes mto account the actual status of resources
(Gong et al., 2002). The random variable PE; is predicted
from past observations. The relation between PE; and E;
can be expressed as:

PE, =E, 0,

where, 0, is the additional amount of time needed by
machine m; to finish job j; caused by the execution of local
jobs and other grid jobs. Let e_j:E,(eH). Suppose
" E
i
before job j, 1s assigned to machine m, it has already
executed n jobs. 0, can be predicted as:

407 Makespan =33.5
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Fig. 4 Result of OQSyummemams on  hon-dedicated

machime with same schedule

Table 2: Actual execution time matrix

Parameters my my my m 1My
in 19 X X X X
i X X X 14.6 X
I X 6.0 X 83 X
Is X 38.9 9.0 X X
ja X X 12.8 93 12.5
s X X 14.2 7.2 8.3
s 18.2 16.8 19.0 X 242
in 38.5 14.4 X 6.8 16.5
s 12.2 9.2 16.8 39.6 12.5
s 14.5 224 26.4 38.2 25.3

0 ,= Z}X“BW z‘:x =1

where, X, 1s the weight of 0,,.
After estimating 6, we can obtain Pe; and PR, as:
PE, =E, %8,
PR, =minPC;

l=izt

where, t stands for the No. of grid jobs that machine m,
allow rnunmng simultaneously. Q Sy yines wis i algorithm 1s
modified after substituting the predicted values of C;, E,
and R, as PC,, PE; and PR, to produce QoS based
predictive max-min, min-min switcher (QPS .. yine1in1m)-
Qo5 based max-min and QoS based min-min algorithms
are modified in the same way to produce QP . and
QP algorithms.

SIMULATION AND RESULTS

A simulation program is implemented in java to
evaluate the performance of QPS, .. yin<s iy TUIIINZ ON
a Pentium 4 1.73 GHz laptop In order to compare the
performance of QPSy yinomini With  QSya e v
algorithm, the predicted value of 10 jobs on the same
5 machines is generated and recorded in Table 3 for
the previous problem. Figure 5 shows the scenario of
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Table 3: Predicted execution time matrix

Parameters My 1y 1y 1 My
o 18.9 X X X X
it X X X 14.20 X
iz X 4.60 X 846 X
ja X 40.66 845 X X
Ja X X 11.44 10.04 12.75
s X X 819 778 4.89
s 16.82 1831 22.62 X 24.68
i 36.54 14.40 X 529 14.59
iz 882 10.02 17.03 3916 11.73
s 11.02 21.15 26.13 3940 25.81

104 Iy i
0 T T T T J! 1
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Machines
Fig. 5: Result of QPSy,.. vinesyin -
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Fig. 6 Comparison of three heuristics in makespan. The
QP Sy vimesvinimn 21ves a shortest makespan

QP Sya stinesninmin Scheduling, where scheduler has already
predicted the change in completion time of jobs leading to
a new schedule and the makespan 1s 29.2.

The performance of QPS,.. 1 <uintm 15 also compared
with QoS guided Min-Min and QoS based Max-Min
(generating schedule on non-dedicated machines with
prediction). The PTC (Predicted Time to Compute)
matrices contaimng the predicted execution time of
50 ([ =30,17 =20), 100(T4=75,|T|=25), 150 (T} =110,
|T| = 40), 200 (T*| = 120, |T| = 80) jobs on 10 machines are
generated to make a comparison among these heuristic
algonithms. The expected execution time of jobs varies

from 1 to 50. The heuristic with shortest makespan is
declared the best heuristic to perform job scheduling in
gnd. As shown in Fig. 6, the QP Sy, s pin i OUt performs
the conventional scheduling algorithms. In conclusion,
the proposed algorithm by exploiting the merits of QoS
based min-min and max-min along with prediction
scheduling mechanism leads to significant performance
gain for a variety of jobs having different QoS
requirem ents.

CONCLUSION

Job scheduling is one of the important problem to be
solved in grid computing. In this study, a novel
scheduling algorithm 1s presented which merges the
efficiency of max-min along with min-min and also
considers both QoS and non-dedicated property of grid
resources. A simulation system was developed to test the
proposed algorithm and the simulation results show that
QPSy s vineminin algorithm  outperforms the traditional
heuristics. The future work will focus on job scheduling
with multi-dimensional QoS and extend the proposed
scheduling algorithm in a real grid.
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