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Abstract

There are many challenges in Data Grids, and especially the data replication and the
job scheduling are significant problems. There have been many works on the data
replication and the job scheduling in Data Grids separately. However, there are still only
a few works on solving those two significant problems together in Data Grids.

In this work, we propose the optimization model for the co-scheduling problem of the
data replication and the job execution in Data Grids, which is more realistic and widely
adaptable to real systems. We use 0-1 integer programming model to formulate the co-
scheduling problem of the data replication and the job scheduling. Our final goal in this
work is to find the optimal solution, that is, the data replication and job assignment, such
that it minimizes the response time. The proposed optimization model will lead us this
goal.

1. Introduction

Data Grids primarily deal with providing services and infrastructure for distributed data-
intensive applications that need to access, transfer, and modify massive datasets stored in
distributed storage resources. There are many challenges in Data Grids, and especially the
data replication and the job scheduling are significant problems. How to replicate data files

in distributed storage resources determines their quality of service, such as response time.
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To replicate date files closer to compute sites is one solution to decrease response time.
However, due to the capacity of storage resources, it is impossible to replicate all massive
datasets to all storage resources. Therefore, we need to figure out how we can best allocate
replication of data files to distributed storage resources. In addition, it is important to
consider the data replication together with the job scheduling, since we need to know where
(which compute sites) to execute jobs in order to exactly know where to replicate data files.

There have been many works on the data replication and the job scheduling in Data
Grids separately. However, there are still only a few works on solving those two significant
problems together in Data Grids. Even in those works, the assumptions are very simple and
it is hard to apply to the real Data Grid systems. |

In this paper, we propose the optimization model for the co-scheduling problem of the
data replication and the job execution in Data Grids, which is more realistic and widely
adaptable to real systems. We use 0-1 integer programming model to formulate the co-
scheduling problem of the data replication and the job scheduling. Two kinds of 0-1
variables are defined, which are on the data file allocation to storage resources and the job
assignment to compute sites, respectively. We formulate the response time using these 0-1
variables. The response time consists of the data file transfer time, waiting time and job
execution time.

Our final goal in this work is to find the optimal solution, that is, the data replication and
job assignment, such that it minimize the response time. The proposed optimization model

will lead us this goal.

2. Related Works

The data replica allocation and the task allocation in distributed systems have been
worked for many years [1-7]. Recently, there also have been many works on the file
allocation and the task allocation in Data Grids [8][9][10]. In these works, the file allocation
and the task (job) allocation have been considered separately. However, in Data Grids, it is
important to consider the file allocation and the task allocation simultaneously.

In the work [11], they challenge the co-scheduling problem of the data replication and
job scheduling. In this work, three kind of schedulers, ie. External Scheduler and Local
Scheduler for the job scheduling and Dataset Scheduler for the data scheduling have been
proposed. For Local Scheduler, they use FIFO (First In First Out) and they define five

different algorithm for External Scheduler and four algorithms for Dataset Scheduler. In
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total, they have 20 algorithm combinations to evaluate by simulation experiments. However,
the assumptions in these algorithms are very simple and the simulation results are difficult

to apply to the real Data Grid systems.
3. Optimization Model

In this paper, we propose the optimization model for the co-scheduling problem of the
data replication and the job execution in Data Grids, which is more realistic and widely
adaptable to real systems. We use 0-1 integer programming model to formulate the co-

scheduling problem of the data replication and the job scheduling.

3.1 System Model

We introduce a system model of Data Grids (Fig.1).

There exist C computing hosts and each computing host is denoted by Cz<1S 1 < C). Also,
there exist D data hosts and each data host is denoted by di<1§ 1 < D). Computing hosts and
data hosts can be on the same machines. The service rate of a computing host of ¢; is
defined as x;. The capacity of a data host d; is defined as f.

The number of distinct data files is F and each file is denoted by ﬁ(1§ 1 < F) The size of a
file f; is defined as s, Also, the number of jobs submitted to computing hosts is / and each
job is denoted by jl-<1§ 1 < ]). The arrival rate of a job j; is defined as A,

Each job needs one or multiple data files. Here, we define the identifier of the combination
of jobs and files Z, as follows.

_ {1 (the job j;needs file £,)

# 0 (otherwise)

Moreover, the communication rate (bandwidth) between hosts is defined as b(ci, d j). We
assume that if a computing host ¢; and a data host d; is in the same machine, b(c,-, d j), is

equal to 0. We define the execution length of a job j; on a computing host ¢; as e;.

O O . " T @
sk @ F

i i ;

Fig.1 System Model of Data Grids
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3.2 Definition of 0-1 Variables

Since we propose the optimization model for the co-scheduling problem of the data
replication and the job execution in Data Grids by 0-1 integer programming model, we
define two kinds of 0-1 variables, that is, on the file allocation (data replication) and the job

assignment (job scheduling).

1. File allocation

B {1 (the file £, exists on the data hostd,)

o 0 (otherwise)
2. Job assignment

_ {1 (the job j, is scheduled on the computing host ¢;)
k

0 (otherwise)

3.3 Formulation
In this optimization model, we aim to minimize the response time, that is, the time from

submitting jobs to finishing jobs.

1. Initial Condition

As the initial condition, the following three equations have to be satisfied.

1) File allocation

All distinct files have to be stored at least one data host.

2 Xu>1
k

2) Job assignment

All jobs have to be scheduled on at least one computing host.

2Y,>1
k

3) Combination of jobs and files

All jobs have to need at least one data file.

ZZik >1
7
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2. Objective Function
We formulate the response time 7" for the job j; as the objective function. Here, we
assume the response time consists of the waiting time T, the file transfer time 7, and the

job execution time T,.
T=T,+T,+T,

We formulate the waiting time T, the file transfer time 7, and the job execution time 7,
by using pre-defined 0-1 variables.

The waiting time T, can be formulated by applying the famous queueing theory [12].
We may assume this waiting time behavior as M/G/1, and here we take M/D/1 for
analytical simplicity. We can formulate the waiting time 7', by the Pollaczek-Khinchin

mean-value formula and Little's result.

T, - z /l/u]
iy -0 )

The file transfer time is to transfer data files from data hosts to computing hosts where a
job is executed. It becomes the maximum transfer time between data files that needs the

job execution.

T,= max[?ZZ(X]kYzz zkﬁ)]

The job execution time can be formulated simply by using the definition of the execution

length of a job on a computing host.

Te = Z Ifji eij
J

3. Constraint
There is the restriction to store data files in data hosts since data hosts have their

capacity. This should be the constraint of this optimization problem.

ZXikka Bi
k

4. Considerations

In this paper, we have proposed the optimization model for the co-scheduling problem of

the data replication and the job execution in Data Grids, which is more realistic and widely
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adaptable to real systems. We use 0-1 integer programming model for it.

Our final goal in this work is to find the optimal solution, that is, the data replication and
job assignment, such that it minimize the response time. The proposed optimization model
will lead us this goal. As future works, we will propose the heuristic approach and carry out
simulation experiments to evaluate this optimization model. Moreover, we will develop the

real Data Grid systems between Japan and Australia and carry out actual experiments.
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