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based on their configuration before implementing a suitable scheduling algorithm within
paired groups. The Priority method is employed to group jobs into four groups, while
two different methods, SimilarTogether and EvenlyDistributed, are employed to group
machines into four groups before implementing the MinMin Grid scheduling algorithm

Keywords: simultaneously. Implementing the scheduling algorithms simultaneously within paired
Grid computing groups (multi-scheduling) ensures a high degree of parallelism, increases throughput
Scheduling and improves the overall performance of scheduling algorithms. Two sets of controlled
Parallel programming experiments were carried out on an HPC system. Analysis of results shows that the Priority
Multicore-systems Grouping method improved the scheduling efficiency by very large margins over the non-

Multi-scheduling grouping method.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

As the multicore technology becomes ever more pervasive in our daily lives and as Grid computing continues to grow,
it becomes ever more appealing for a method that exploits one of the technologies for the benefit of the other. In an age
characterised by multicore systems, scheduling of Grid jobs without considering the advantages of parallelism achievable
from the evolving multicore hardware does not augur well for the current trend in computing hardware. Neglecting the
underlying hardware in scheduling Grid jobs will hamper the growth of the Grid as the technology continues to evolve be-
cause sequential scheduling constitutes a bottleneck when the number of jobs increases. Current Grid scheduling algorithms
fall short of exploiting the advantages of the underlying multicore systems, hence are inadequate to address the future of
the Grid. To achieve any commensurate gain in Grid scheduling in tandem with advances in hardware, Grid scheduling
algorithms need to be designed to exploit the available multicores. A parallel multi-scheduling method that considers the
underlying multicore hardware of the scheduler and Grid machines will not only ensure the sustenance of the projected
growth of the Grid but will also reverse the neglect by most Grid scheduling algorithms on the need for a paradigm shift
towards the exploitation of the advantages of the multicore system in Grid scheduling.

This work is intended for implementation on multicores. It uses a priority-based grouping method to split jobs into four
priority groups and splits machines into same number of groups before implementing the MinMin scheduling algorithm
between paired job group and machine group in parallel. A priority group in this context means a group containing a set
of jobs split on some priority attribute. A machine group refers to a list containing machines (Grid resources) in the same
category based on our grouping method. Two methods, SimilarTogether and EvenlyDistributed, are used alternatively to split
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machines into groups. The factors that determine whether a machine has been sorted into a particular group are either the
similarity in configuration or the non-similarity in configuration. Scheduling of jobs is carried out within the groups, hence
we can have several instances of threads executing scheduling algorithms independently. Multi-scheduling implies a method
of scheduling in parallel from within the matched groups of jobs and machine groups. Parallelism enables the optimised
use of available processing components within a system.

This paper is organised as follows. Section 1 introduces the Priority Based Parallel Multi-scheduler for Grids. Section 2
provides some background for our research and Section 3 places the research in the context of related work and current
trends. Section 4 discusses our Priority grouping method for jobs and our Machine grouping methods. Section 5 exposes our
simulation for the experiment and Section 6 describes the experimental design. Section 7 presents and discusses the results,
analysing the performance of the Priority grouping method. A conclusion and future thoughts are provided in Section 8.

2. Background

The backbone of the Grid [1] is the already established Internet, powerful supercomputers, multiple computing clusters,
large scale distributed networks and the connectivity of these resources. The aggregation and integration of these powerful
computing systems, clusters, networks and resources, implemented with policies that ensure the delivery of computing
services to users’ specifications or requirements, is what represents the Grid.

The Grid computing environment enables jobs submitted by users to be executed at Grid sites that may be located
thousands and millions of miles apart. This demands reliability of the hardware and software, efficiency in time consumption
and effectiveness in the utilisation of resources. It also requires that schedules are as optimal as possible. Finding the optimal
schedule for a set of jobs is an NP-complete problem and so heuristics are typically used. Alternatively, non-deterministic
algorithms such as genetic algorithms can be used. However if the scheduling algorithm becomes too complex, the benefits
of obtaining an optimal solution are outweighed by the time it takes to schedule. Our aim is to reduce scheduling time by
using parallelism in the multicore environment.

2.1. Pervasive Grid and multicores

With advances in chip technology, current computer systems are now imbued with multiple cores [2-4]. These advances
are due largely to the paradigm shift in hardware design and call for a retrospective paradigm shift in software design
technology if the potential gains of multicore computing are to be achieved. The requirement on Grid utility that jobs
submitted by users from several and different locations are processed at other locations millions of miles away demands an
effective and fundamental scheduling algorithm [5,6]. Scheduling of Grid jobs and the growth of the Grid will be hampered
if Grid scheduling algorithms are not designed to benefit from the hardware technology of the day [5,7].

For Grid scheduling to gain from these advances in hardware technology, meet its projected growth and the challenges
of the future and also make good the revolution in computer hardware design, a paradigm shift is imperative in software
programming model [8]. This is because sequential programs do not scale with multicore systems and therefore do not ben-
efit from parallelism [9-13]. Hence, it will be a welcome development for effort to focus on methods that ensure the gains
in computing hardware are translated generally to gains in software production and in particular Grid scheduling. This is a
necessity because Grid scheduling can become a bottleneck when the number of jobs increases and the scheduling process
remains sequential. It is therefore important to exploit parallelism in scheduling and make use of multicore availability to
improve throughput in the scheduler.

2.2. Some impediments to the impact of multicore systems

The advent of multicore systems created a gap in application designs as execution of jobs in sequence in the midst of
several processors does not optimise utilisation of available processors. Some of the impediments to legacy systems and
applications in the multicore era according to Gurudutt Kumar [9] include:

o Inefficient parallelisation — which is an impediment in legacy systems or applications that fail to support multi-threading
and in some cases too many threads,

e Serial bottlenecks — which are mostly common to applications that share a single data source among contending threads,
or serialisation of data-accessing processes to maintain integrity,

e Over-dependence on operating system or runtime environment — which arises when too much is handed to the operating
system or runtime environment to scale and optimise the application,

e Workload imbalance - where the tasks are unevenly spread to the various cores,

e /0 bottlenecks — which occur due to disk 1/O blocking and

o Inefficient memory management — which is a performance inhibitor caused by the sharing of memory by several CPUs.

To correct or eliminate these impediments, many scientific and engineering platforms have reacted appropriately by em-
bracing and implementing mechanisms that utilise multicores to greater benefit [7,11,14-16] while other researchers have
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