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ABSTRACT

This work developed and simulated a mathematical model for
a mobile wireless computational Grid architecture using
networks of queuing theory. This was in order to evaluate the
performance of the load-balancing three tier hierarchical
configuration.  The throughput and resource utilization
metrics were measured and the results discussed using
descriptive statistics.
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1. INTRODUCTION

Grid computing is an emerging computing idea [1], [2], that
encompasses the combination of network of connected
computers to form a large scale, distributed system for
coordinated problem solving and resource sharing. Grid users
can use the benefit of these enormous storage, computational
and bandwidth resources that would otherwise only be found
only on multiprocessor supercomputers.

Load-

Computational grids as a type of grid represent a transparent
aggregation of many devices on a network that enhances
sharing of these distributed and accessible resources [3].
They are typically categorized in the region of sharing
processing power of many independent computers
interconnected by a wired network. Most grid applications are
focused on high performance computing mostly supporting
applications of scientific research. Thus computing devices
employed for such implementations usually consist of
collections of similar computing assets which are rich in
different resources up to the class of servers [4].

Wireless computational grids expand the capacity of grid
computing to wireless computing devices. It extends the
wired grid thus simplifying the exchange of information and
collaboration between dissimilar wireless devices [5]. Its
continuous growth is facilitated by the ever increasing
developments in wireless and grid computing technologies.
The number of cell phones, Personal Digital Assistants
(PDA), users of laptops, palmtops, notebooks and other
wireless devices is ever increasing; thus leading to more
networked wireless devices, and creating an infinite amount
of connected potential of untapped resources [6]. Wireless
computational grid computing supports sharing of these
resources and wireless devices within the organizations.
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The topological change of the mobile nature of the limited
computational and battery powered devices poses a great
challenge in the way of frequent disruptions in connections
and thus increases computation time for processing jobs for a
mobile computational grid. These challenges were addressed
by developing a fault tolerant coordination paradigm with
self-configuring and self-administering capability that allows
dynamic changes for this architecture [7]. In this work, the
architecture [7] is being mathematically modeled, simulated
and the throughput and resource utilization performances are
measured.

2. MATERIALS AND METHOD

The architecture [7] is a distributed computer system model
that consists of m heterogeneous computational mobile nodes
(resources) providing independent exponential service shared
by n level coordinators. Each coordinator i (i< n), contain the
tasks at average Poisson arrival rate A; sent by the chief
coordinator and dispatches tasks to the mobile nodes. The
level coordinator decides which mobile modes will process
the tasks and assigns tasks to those mobile nodes and finally
gathers results. There is a simple communication link between
each level coordinator and all of the mobile nodes
independent of others with predefined capacity. The goal of
the scheme is to minimize the total expected execution time
(response time). Thus the problem is formulated as a non-
cooperative game among level coordinators under the
assumption that each level coordinator attempts to minimize
the expected response time of their own tasks by assigning the
designated fraction of them to each mobile resource. Each
level coordinator has a queue of processes to be executed by
the mobile nodes as first-come-first serve. Depending on the
computational power provided by the mobile nodes, each
mobile node executes processes at an average rate of
cycles/second. For stability, it is assumed that the process
arrival at mobile node j; oj must be less than the execution
rate of mobile node j; pji.e. oj < ;.

In formulating the model, the following assumptions were
taken:

Computation power request rate at any node is less
than servicing rate of the resource.

Mobile resources are readily available.

iii. Scheduling of jobs, tasks or processes is First Come
First Served.



iv. Communication delay from level coordinator to
mobile node is negligible.

V. The Chief Coordinator and Level Coordinators are
fault tolerant.

The system is modelled as a network of interconnected
queues. The services rendered by the system are in two
phases: job dispatch and assembly. The first phase is modelled
as a network of job partitioning, where a job is broken down
into tasks by the chief coordinator and each task broken down
into processes for mobile nodes by the level coordinator
(Figure 1a). The second phase is modelled as a network of
merging of traffic where the results of processes are collated
at the level coordinators and results sent as tasks results to the
chief coordinator for further compilation for final submission
to the owner of the job (Figure 1b).

The queuing network can be analyzed using Jackson’s
theorem [8] [9]. Applying this theorem, each node is treated
as an independent queuing system with a Poisson input
determined by the principles of partitioning, merging or
Tandem queuing. For both queuing networks (job dispatch
and compilation) an M/M/1 model is applied (Figure 2 and
Figure 3).

For an M/M/1 queue, let
A= arrival rate

p= Service rate

p =M g, Traffic intensity
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Figure 1: Network of Queues Adapted from [8]

Communications on Applied Electronics (CAE) — ISSN : 2394-4714
Foundation of Computer Science FCS, New York, USA
Volume 4— No.6, March 2016 — www.caeaccess.org

. PP
A
—"ILeve\ Cocrdinalnrlﬂi*l I ‘ | I |

P2 o,
™ el coonnaor2)) -+ LT T 1]

Queue

P

Vo, i}
N
L— | Level Coordinator N ' > ED]:']

Figure 2: Job dispatch mathematical model
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A= available dispatching power of level coordinator n

= available processing power of chief coordinator

Figure3: Job compilation mathematical model

Definition:

number of jobs in the system = 1%[) = u%l 1.1
1

mean response time = 14; = u%/l 1.2
1

mean waiting time =p 14_‘; = u(ul—/l) 13

At the traffic partitioning stage (Job despatch), the job is
broken down into tasks. The tasks are broken down into
processes:

The rate of departure of tasks at the chief coordinator
(equivalent to request rate at each level coordinator) is PjA,

Pod, o , PNA where Py, Py, ool , Py are
probabilities.

N

Elpl =1 , N= Number of level coordinators

At each level coordinator, for example level coordinator X,
Request rate= P,

Service rate= oy



Similarly, at the mobile hosts, for example mobile host y on
level coordinator x; (MH,,)

Request rate= P, P,A

Service rate=pyy, Pxi, Pxo, ..coonnii P,y are probabilities such
y

that =Pxi =1
i=1

o,= Available service rate of the level coordination

M1,= Available service rate of the mobile hosts.

3. PERFORMANCE METRICS
SPECIFICATION

The three techniques for performance evaluation are analytical
modelling, simulation and measurement [10]. In this study
analytical modelling and simulation was used to evaluate the
performance of the system. The errors were not studied
because the model could not be tested on a real life grid. Thus
the study was limited to correct operations only. For each
successful job done, the time taken to solve the problem,
latency experienced, number of resources consumed per load
and the throughput was measured. This led to the following
performance metrics:

i.  Throughput (load per time)

ii. Resource utilization (number of resources used per
successful job)

The system parameters that affected the performance of a
given job are the following:

i.  Speed of the chief coordinator (during despatch and
collection)

ii. Speed of the level coordinators (during despatch
and collection)

iii. Speed of the mobile resources (speed during
despatch and collection)

iv. Migration rate of the mobile resources (due to
failures from instability)

The workload parameters that affected the performance are
the following:

i.  Number of computing cycles requested by the job

ii. Number of available computing cycles from each
level coordinator

iii. Number of available computing cycles from mobile
resources

The key factors chosen for this study were the following:

i.  Instability of mobile nodes due to mobility out of
network range

ii. Instability of mobile nodes due to power failure

These factors have been selected based on resource
availability and the interest of the grid users and resource
providers.

The workload consists of a synthetic program generating the
specified type of job requests in cycles per second. This
program also monitored the resources consumed per level
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coordinator and logged the measured results. The results were
analysed and plotted as graphs.

3.1.1 Throughput
This is defined as the rate at which the requests can be
serviced by the system. It is measured in cycles per second.

(4)

Total Load
response time

Throughput =
Traffic partitioning phase

The processes are executed by the mobile hosts:

On the mobile hosts say mobile host 1 on level coordinator 1
with request rate Py; P;A and service rate g,

P11P1A

Load = —————
(Hyy—P11P1D)

®)

load = load on mobile hosts originally scheduled + load on
hosts migrated to

LDP =31, S, — 2%

PigPiA
< + ?.'l._ k_ idi
I=1 (u,—PyPiy <=1 Ld=1 o,

Gapary O
n= number of level coordinators

k= value of the highest mobile node on the coordinators
Traffic merging phase

The tasks are executed by the level coordinators, on level
coordinator 1

request rate A;= Y5, P, )

service rate = oy

Load at the level coordinator L= 5 1A1A @)
—A1

Therefore:

. A
overall load on the level coordinators= YN | —
Oi—Aj

request rate at the chief coordinator C= YN ; A;  (10)

service rate =

Load at the chief coordinator= B—Lc (12)

Total Load at the merging stage

A c

LDM=YY | eyt (12)

Total system load: P= LDP +LDM (13)
_ total system load _ p

Throughput = total response time T (14)

3.1.2 Resource utilization
This is defined as the average resource used per load.

total number of resources used
(15)

Resource utilization =
total load

Total number of resources used = total number of mobile
resources + total number of fixed wireless resources + total
number of reallocated mobile resources

m =37 B g Ry +X0 Lt Xy X Sy (16)
Where , m= total number of resources

n= number of level coordinators

10



Rjj= mobile resource j initially allocated by level coordinator i
L= level coordinator i< n
Sjj= mobile resource j reallocated by level coordinator i.

K= the number of mobile hosts on the level coordinator with
the highest number of allocated hosts

j= number of computing cycles required to complete a job

Resource utilization = ']n— 17

3.2 Simulation Program Development

The simulation program was written in MATLAB 7.10.0. The
workload was simulated as a number of computing cycles
required to complete a job. Ten workloads were used to test
the simulation program. Different instructions were also
incorporated into the program to measure the throughput and
resource utilization performance metrics for the workload.
The processing powers, in form of computing cycles were set
betweenlMHZ and 3GHZ for mobile nodes and between
3GHZ and 100GHZ for the level coordinators using random
numbers. The simulation programs were run for different
number of level coordinators n = (10, 25, 50, 75, 100), and
mobile nodes m= (1000, 2500, 5000, 7500, 10000). The
workload for each run was increased gradually from 10% to
10% computing cycles with a step of 2. Random numbers
using the linear multiplicative congruential pseudo random
number generator were generated to simulate all the system
parameters and workload parameters. The simulation
experiments were carried out eight times (arbitrary value) for
the same set of jobs. The geometric means of these results
were taken because a single extreme value has less of an
impact on the geometric mean of a series than on the
arithmetic mean [11]. Using the geometric mean makes it
harder for a system to achieve a high score on the benchmark
suite by achieving good performance on just one of the
programs in the suite, making the system’s overall score a
better indicator of its performance on most programs. The
geometric mean of n values is calculated by multiplying the n
values together and taking the nth root of the product. The
results were plotted as graphs. The performances of the model
were tested by varying a set of conditions while keeping the
others constant. This was done in order to analyze the
sensitivity of the model [12] with respect to throughput and
resource utilization performances as the number of mobile
nodes per level coordinator and number of level coordinators
varies for different workloads.

4. DISCUSSION OF RESULTS

The performance metrics of throughput and resource
utilization were used to specify the performance of the model
formulated for coordinating jobs on the wireless
computational grid. The metrics were measured relative to
the first and lowest workload; 10% cycles, n=10 and m=1000
as the cases may be.

4.1 Throughput Performance Results

The purpose of this is to evaluate the performance of the
model in order to determine the point at which the system
could be operated for optimal throughput performance. Two
workloads, 102 and 8x10% cycles were randomly selected to
undergo this study. From figure 4 the results showed that the
highest throughput was at point n=50, m=7500 and from
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figure 5 points n=50, m=10000 and n=50, m=7500. The
worst performance was when the system was operated at
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Figure 4: Graph of throughput for 102 cycles workload

x 10°
251

—#— 10 coordinators
25 coordinators
50 coordinators

—*— 75 coordinators

—©— 100 coordinators

=
o
T

-
T

throughput(cycles/s)

0 I I I I I I I I )
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
number of mobile nodes per level coordinator

Figure 5: Graph of throughput for 8x10% cycles workload

n=25, m=10000, and n=10, m=10000 resulting in throughput
of 2x108 and 2.5 x10° cycles/s for jobs 102 and 8x10% cycles
respectively. For both workloads the highest throughput were
recorded at n=50 (see figures 4 and 5). From figure 4, the
throughput at m=5000 were (5.5, 3.8, 5.5 6.8, 2.8) x10°
cycles/s for n= (10, 25, 50, 75 and 100) respectively. These
correspond to 30% reduction, 0% increase, 23.64% increase,
and 50% reduction in throughput for n=10, 25, 50,75,100.
Also for 8x20™° cycles workload, the throughput at m=7500
reduced by 46.67%, increased by 2%, increased by 46.67%,
reduced by 20%, reduced by 66.67% for n=10, 25, 50, 75,100
respectively. This suggested that throughput reduces as n
exceeds 50. The peak points were at n=50, m>7500 for
workload 1x10% cycles and n=50, m>7500 for 8x10? cycles.
These results showed that for all jobs, the system gave the
highest throughput when operated at n = 50 and m > 7500.

4.2 Utilization Performance Results

Figures 6 and 7 showed respectively the graphs of number of
resources consumed on workloads 1x10%° and 8x10% cycles
for n=10, 25, 50, 75 and 100. The purpose was to investigate
the percentage of resources utilised in solving a specific job
for values of m. The results showed that workload 10% cycles
at n=10 gave utilization ratios 0.478, 0.460, 0.482, 0.480 and
0.482 for m= 1000, 2500, 5000, 7500 and 10000 respectively.
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Also for workload 8x10%° at n=25, for example the utilization
ratios 0.544, 0.477, 0.496, 0.549, 0.484 were recorded for m=
1000, 2500, 5000, 7500 and 10000 respectively. The results
further showed that utilization factor for workload 10%¥cycles
was 0.497 and for 8x10%cycles, 0.503. This suggested that
more resources were consumed as the workload increases for
nand m.
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Figure 6: Graph of Utilization for 10% cycles workload
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Figure 7: Graph of Utilization for 8 x 10° cycles workload

5. CONCLUSION

In this study, a mathematical model for a hierarchical load
balancing paradigm facilitating the reliability of a mobile
wireless computational grid was formulated and simulated.
The throughput and utilization performances were evaluated.
The results showed that the throughput of the simulated model
began to reduce when the number of level coordinators
exceeded 50 and number of mobile computational nodes
exceeded 7500. Also it was discovered that more resources
were consumed as the workload increases for every number of
mobile nodes and level coordinators. This is in agreement
with the fact that more jobs require more resources. From the
above results, it could be recommended that the system should
not be operated beyond 50 level coordinators and 7500 mobile
computational nodes for maximum efficiency.

This work has addressed the problem of instability resulting
from failure and mobility of mobile nodes on the grid.
However, the contribution to knowledge is not completely
exhaustive. The model should be simulated to measure further

performance metrics like bandwidth and operational cost.
Also further research work should be done to investigate the
response of the model if the level coordinators are mobile
nodes. Implementation of this model on a real life grid would
be an interesting subject for future works.

6. REFERENCES

[1] Foster 1., Kesselman C., and Tuecke S. 2001 The
anatomy of the grid, enabling scalable virtual
organization , International Journal on Supercomputer
Applications, vol. 15, no. 3, 2001.

[2] Foster I., Kesselman C., Nick J. M., and Tuecke S. 2002
The physiology of the grid, an open grid services
architecture for distributed systems integration , Open
Grid Service Infrastructure WG, Global Grid Forum.

[3] Kurkovsky, S., Bhagyavati and Arris, R. 2004. Emerging
Issues in Wireless Computational Grids for Mobile
devices. In Proceedings of the 8 Multiconference on
Systemic, Cybernetics, and Informatics, Seattle, WA

[4] McKnight, LW. and Howison, J. 2003. Towards a
Sharing Protocol for Wireless Grids. Proceedings
of International Conference on Computer
Communication and Control Technologies (CCCT
’03), Orlando FL.

[5] Agarwal, A., Norman, D. O. and Gupta, A. 2004.
Wireless Grids: Approaches, Architectures, and
Technical Challenges. A working paper 4459-04, MIT
Sloan School of Management.

[6] Manvi, S. and Birje, M. 2010. A Review on Wireless
Grid Computing. International Journal of Computer and
Electrical Engineering, 2(3): 469-473.

[7]1 Adeyelu, A, Olajubu E., Aderounmu A., Ge T. 2013. A
Model for Coordinating Jobs on Mobile Wireless
Computational Grids. International Journal of Computer
Applications, 84(13): 17-24.

[8] Stallings, W. (2000). ‘Queuing Analysis’, [Online,
Available: williamsStallings.com/ StudentSupport. .html
[accessed on 15" May 2014].

[9] Hiller, F.S. and Lieberman, G.J. 1995. ‘Introduction to
Operations Research’, McGrawHill Series in Industrial
Engineering and Management Science, sixth Edition:
709-713.

[10] Jain, R. 1991. ‘The Art of Computer Systems
Performance Analysis, Techniques for Experimental
Design, Measurement, Simulation, and Modeling’. John
Wiley and Sons Incorporated, USA.

[11] Carter, N. 2002. ‘Computer Architecture’, Schaums
Outline Series, Tata McGraw- Hill, New Delhi: 279-
287.

[12] Banks, J. 1998.’Handbook of Simulation:
Principles, Methodology, Advances, Applications and
Practice, Engineering and Management Press, USA: 23-
25.

12



