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Abstract — With the advancement in high performance
applications and building of low cost computing resources,
resource allocation to tasks in Grid Computing has became one
of the most critical job. If resource allocation is done properly, it
can lead to high performance throughput.

This paper analyzes the Windows based Grid toolkit - SCADY
(Scalable and Dynamic) and proposes the dynamic resource
allocation mechanism for tasks based on the CPU usage and load
so that high performance applications can be catered. Idle nodes
present in the network are identified and used for computation.
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[. INTRODUCTION

Scady[1][2] is a Scalable and Dynamic GUI based Grid toolkit
developed to serve high performance applications. The
objective to create the toolkit is to have a solution to the
performance related problems occurring in the present Grid
networks.

Scady[1][2] is built for the reason that the demand for the use
of distributed resources and computing cycles are increasing
day by day. Moreover, the power present in the networks
(LANSs) is not being utilized properly. Scady is based on
Alchemi[10][11] Grid Toolkit which is becoming very
popular for catering high performance applications in a grid
environment. Alchemi[10][11] is windows based, works on
.Net platform and supports all the features that are provided by
the platform.

In this paper, it is observed that the resource allocation in the
present toolkit works manually. Nodes in a network are
selected manually and the tasks are delegated to them in the
same fashion. To make the resource allocation dynamic, we
have proposed the Resource Allocation algorithm for Scady
toolkit that is based on the CPU usage and load using which
high performance applications can be catered. According to
the CPU usage, nodes are selected dynamically and tasks are
delegated to them. This helps in achieving higher performance
throughput.

The Paper is organized as follows — Section 2 is literature
review, Section 3 describes Scady and its working. Section 4
highlights the problem statement, Section 5 describes the
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Resource Allocation algorithm that removes the limitations,
Section 6 describes the experiment done, Section 7 describes
the conclusion and Last Section contains the references.

II. LITERATURE REVIEW

We studied various Grid systems and their functionality. In
[4] & [5] authors have identified that there are performance
monitoring tools like Ganglia and Autopilot, which are
simple and robust It is very easy to integrate Ganglia into
other information services. But these tools has several
drawbacks and they do not support features such as
scalability, substantial input/output activities etc..

In [6], authors have observed that there is lack of appropriate
support to handle the failure of key components in most of
the existing grid solutions. They support re-configurability to
a limited extent.

In [7], it has been identified that presently available
middleware does not satisfy the re-configurability
requirements of heterogeneous environments. They
proposed a new middleware to address the problem. But the
issues of memory and flexibility are still to be worked upon.

In [8], it has been identified that as per the requirements,
new applications are being designed. Number of failures and
fluctuations of load are critical issues. Authors have
proposed a middleware infrastructure based on MPI
implementation.

In [9], authors have described the security mechanism of
Alchemi Toolkit. A QoS based grid resource brokering
algorithm is proposed in [12] for high performance parallel
applications. Authors have proposed a behavioral modeling
of RESTful Web Services using UML in [13].

Authors have identified the need of re-configuration in [14],
[17] and [23], architecture is proposed in [15], [16] & [17]
and a dispatching system is discussed in [19]. An adaptive
middleware for distributed computing is discussed in [20] and
[21]. The scalability issue is discussed in [24] & [25].



III. SCADY TOOLKIT

Scady (Scalable & Dynamic) [1][2] is a windows based toolkit
developed for Grid systems. It is developed with the objective
to provide the features such as multithreading, inter-thread
communication, task reallocation in case of node failure etc.
Working of Scady is listed out in [1][2].

Brief of Working —

Scady has two components — Manager and an Executor. Both
can be installed on all the nodes in a network. The Manager is
responsible to delegate the task and retrieve the result.
Manager contains the information of the node like its IP
address, Port number, and MAC address. All the connected
nodes present in the network are displayed. Nodes are selected
through checkbox manually. Connection is done to these
nodes. And then the application is selected through the
manage application tab. Tasks is delegated to these nodes.
Executor executes the task and the processed result is sent to
the Manager. This working is shown in Figure-I and Figure-II.

Connection is monitored every 10 seconds to check whether
the node is available or not. If the node is not available,
another node from the list is selected and the tasks are
delegated to that node. This is done manually. If due to some
reason, a node is not able to process the tasks even when it is
available, user can disconnect it explicitly and reallocates the
task to another node with the same process as described
above.

SCADY Manager @

File  Help

Connection | Manage Application

Manager Node
Current IP Address Port
172.166.251 5000

Mac Address
0022685BCACA

[ BHATNAGAR  [C] LAB1-31 LAB1-46 [T LaB1-78
[7] LAB1-15 [] LAB1-32 [] LAB1-47 [] LAB1-79
[] LAB1-17 [] LAB1-34 [] LaB1-48 [] LAB1-80
[7] LAB1-18 [7] LAB1-35 [] LAB1-49 [] LAB1-81
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[ LAB1-23 [7] LAB1-38 [] LAB1-52 [] LAB1-84
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[] LAB1-25 [] LAB1-40 [] LAB1-54 [] LAB1-86
[ LAB1-26 [] LAB1-41 [] LAB1-55 [] LAB1-88
[] LAB1-27 [] LAB1-42 [] L4B1-59 [] LAB1-89
[] LAB1-29 [] LAB1-43 [] LABL-75 [] MCA100
[7] LAB1-30 [] LAB1-45 [] LaBL-77 [T MCA101
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Note : Continue to try and connect after every 10 seconds I

FIG. 1. SCADY MANAGER (CONNECTION)

SCADY Manager [=]

File  Help

Manage Application

List of Programs

@ calculate 2#n
© Calculate Factorial of Number n
© Print Fibonacci series till number n

© calculate sum of n natural numbers

Start Application Stop Application

FIG. 2. SCADY MANAGER (APPLICATION MANAGER)

IV. PROBLEM STATEMENT

The selection of the nodes is manual. So the tasks may get
allocated to nodes that are already loaded. There is no means
to know which nodes are less loaded and hence this can affect
the performance of the toolkit. It has been also observed that
when the nodes are increased considerably, the time taken to
complete the task increases instead of decreasing. Also there is
no provision for the user to provide the information of number
of nodes required to complete the task. User should get the
provision of providing the number of minimum and/or
maximum nodes for the task.

Hence, there is a need to change the design of the toolkit and
to have more functionality in it. There is also a need of an
efficient resource allocation algorithm that can help in getting
high performance.

V. RESOURCE ALLOCATION ALGORITHM

A slight modification is proposed in the design of Scady.
Instead of manual selection of node, automatic selection of
node is implemented in Scady. This selection is done
dynamically. If the user wants, the number of minimum nodes
and maximum nodes can be provided as per the requirement.
Minimum nodes to perform a task are kept as three. Presently,
the maximum numbers of nodes are kept equal to minimum
number of nodes. This can be changed by the user as per the
need.

Nodes in the network are found and shown to the user. These
nodes are then sorted based on their CPU usage. Nodes with
less CPU usage are displayed first. If the user wants, he/she
can select the nodes dynamically and then connect to the
selected nodes otherwise the first three nodes will be selected.
Then the task to be performed is selected from the manage
application tab and is delegated to the nodes.



Resource Allocation Algorithm

Input: Application (program) with number of nodes

Steps:
1. Begin
2. Retrieve the list of nodes with their CPU usage. Call it
nodelist.
3. If
e there are no nodes available, show message and
exit
4. Else
e sort the nodes based on their CPU usage (Less
CPU usage first)
e Get the number of minimum and maximum
nodes required
o If
= user has not changed the number of
minimum and maximum nodes, select
the first three nodes from the nodelist
o clse
= get the number of minimum and
maximum number of nodes
e Select the nodes from the nodelist equal to the
number of minimum number of nodes.
e Allocate the tasks to the selected nodes dividing
into parallel processes.
5. End

This working is shown in Figure — III.
[seinronsger ]|

File  Help

Connection | Manage Application

Manager Node Nodes
Current IP Address Port Max Nodes Min Nodes
10.208.6.251 5000 3 3

Mac Address

0022685BCACA

Nodes in Network CPU %

BHATNAGAR 105 *
MCAL00 1%
MCALO1 2%
MCAL02 29 E
MCA103 30
MCAL04 4%
MCAL07 5%
MCA115 5%
MCAL19 6%
MCA12 9%
MCAL21 9%
MCA122 12%
MCA1Z3 15%
MCA126 15%
MCA13 21% °

|
| ]

Note : Continue to try and connect after every 10 seconds

FIG. 3. SCADY MANAGER (CONNECTION)

Executor is running on each node. Executor computes the
tasks and sends back the result to the Manager. If Executor is
not running on the nodes, Manager is notified for the same.

If due to any reason an Executor goes down in between the
task, Manager dynamically reallocates it to another executor

and the task is completed. For this the Manager has to
dynamically monitor the executors. This is implemented by
checking the connection every 10 seconds through the session
variable. If a node fails, the task is reallocated to another node
by manager based on the CPU usage of nodes. CPU usage is
refreshed every 10 seconds.

With this model, node failure and unfinished task problem is
solved. Also as the number of managers and executors are
more, the time taken to complete the task is less as compared
to Alchemi .Net toolkit.

VI. EXPERIMENT

Experiment is done to calculate sum of n natural numbers. The
network taken for the experiment is intranet (campus network)
in which there are 4 sub-networks, each sub-network having a
minimum of 50 client machines. Total computers in the
network are around 300. Hardware and Software configuration
used are —
e nodes with 3 GB RAM and 4 GB RAM,
e 2.66 GHz,
e Core-to-Dual Processors, Core-to-Quad Processors
and i3 Processors,
e 24 ports Network Switch,
e Visual Studio 2012, .Net Framework 4.5 and SQL
Server Express Edition.

The test was done with 3 nodes (Executors), then with 10 and
then 50 nodes. The working is shown in Figure-IV.

SCA01 Vomger ks

File  Help

Manage Application

List of Programs

© Calculate 2*n
() Calculate Factorial of Number n
() Print Fibonacci series till number n

@ Calculate sum of n natural numbers

FIG. 4. SCADY MANAGER (APPLICATION MANAGER)



SCADY Manager @ SCADY Executor @

File  Help File  Help
Manage Application Node Information

IP Address |172.16.6.145

Calculate 2n
Mac Address [0022685BCACA

Calculate Factorial of Number n Username SCADY

| Print Fibonaci series till number n I Password s

5] ?
@ Calculate sum of n natural numbers Node Id [] Dedicated:

Manager [P Address 172166251 Port 5000

Input

FIG. 5. SCADY MANAGER (FOR SUMMATION PROGRAM) FIG. 7. ScADY EXECUTOR

The result and time taken for calculation is printed in the
result window. This experiment is repeated for 10, 20 and 50
nodes also. The results are given in Table-1.

Task is then delegated to the executors as parallel processes
and executors return the result after processing.

SEbls R ) TABLE-I: EXECUTION TIME OF SUM OF N NUMBERS PROGRAM
File Help
—
Number of — n"filme (in Secs)
List of Programs Executors che ! Scady Toolkit
@ Calculate 2%n Toolkit
i 3 1.21 1.18
| () Calculate Factorial of Number n
(2 Print Fibonaca series till number n 10 1 19 1 . 12
@ Calculate sum of n natural numbers 20 1 14 109
50 0.91 0.82
RESULTS
The results of the experiment of calculating sum of n natural
numbers (100000 in our experiment) by using 3 nodes, 10

nodes, 20 nodes and 50 nodes are shown in Figure-VIII.

1.6

Start Application Stop Application 1.4 1.21
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Time Taken 1.18 Seconds. g 1 T1.18 1.12 T |k
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FIG. 8. ScADY & ALCHEMI COMPARISON



It can be noted that the time taken to calculate sum of n natural
numbers (100000 in our experiment) decreases when the
number of nodes increases.

VII. CONCLUSION

In this paper, we studied Scady toolkit for Grid Computing.
We found that even though, performance of Scady is better in
grid computations, there was a need of Resource Allocation
algorithm that can help in achieving high performance. To
remove this limitation, we made changes in the design of
Scady and proposed a Resource Allocation algorithm based on
CPU usage. Tasks are allocated according to the CPU usage.
This usage for each node is checked every 10 seconds and if a
node is found to be failed, the task is allocated to the next
available node with less CPU load. We conducted experiment
using this Resource Allocation algorithm and found that tasks
are now scheduled effectively.

In future, high performance applications like Monte Carlo
Simulation, Histogram calculation etc. will be used in Scady
and tested.
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