Computer Science and Information Technology 7(5): 129-161, 2019

DOI: 10.13189/csit.2019.070501

http://www.hrpub.org

Mobile Agent Based Distributed Network Architecture
with Map Reduce Programming Model

Benard O. Osero*”, Elisha Abade?, Stephen Mburu?

!Department of Computer Science, Chuka University, Kenya
23chool of Computing and Informatics, University of Nairobi, Kenya

Received September 9, 2019; Revised October 9, 2019; Accepted October 23, 2019

Copyright©2019 by authors, all rights reserved. Authors agree that this article remains permanently open access under
the terms of the Creative Commons Attribution License 4.0 International License

Abstract In the recent years, the demand for data
processing has been on the rise prompting researchers to
investigate new ways of managing data. Our research
delves into the emerging trends of data management
methods, one of which is the agent based techniques and
the active disk technology and also the use of Map-reduce
functions in unstructured data management. Motivated by
this new trend, our architecture employs mobile agents
technology to develop an open source framework called

SPADE to implement a simulation platform called SABSA.

The architecture in this research compares the performance
of four network storage architectures: Store and forward
processes(SAF), Object Storage Devices(OSD), Mobile
agent with a Domain Controller (DMC) enhanced with
map-reduce function and Mobile agent with a Domain
Controller and child DMC enhanced with Map-reduce
(ABMR): both handling sorted and unsorted metadata. In
order to accurately establish the performance
improvements in the new hybrid agent based models and
map-reduce functions, an analytic simulation model on
which experiments based on the identified storage
architectures were performed was developed and then
analytical data and graphs were generated. The results
indicated that all the agents based storage architectures
minimize latencies by up to 45 % and reduce access time
by up to 21% compared to SAF and OSD.

Keywords Domain Controller, Object Storage, Agent
Based Storage, Metadata, Network Attached Storage

1. Introduction

Virtualization is a critical determinant which defines the
path distributed storage array systems should follow in
order to succeed. By its nature, virtualization manages data
right from its source. The storage value has been changing

from drives to the array cluster controllers while enhanced
and data protection policies are included in such systems
with time. [64].

2. Overview of the Existing Systems

2.1. Direct Attached Storage

In their classification model [4] refer this model as
Direct attached storage while [54] referred this type of
storage as store and forward (SAF); in this type of storage
the network disks involved have to keep a copy of another
redundant disk in the server. Every time a client requests
for a file a copy of the file has to be kept before it is
forwarded to the client for downloading. [54] further
compared SAD and NASD and demonstrated that by
keeping a copy of the disk there was a penalty on
performance and scalability he further demonstrated an
improved security mechanisms using tokenization on these
platforms. He concluded that such systems can be
improved by use of Object storage management schemes
and he proposed further work on mobile agent and mobile
code migration on a distributed network.

2.2. Network-Attached Storage Devices

Network-attached storage (NAS) happens at the
file-level where one or more dedicated servers and disks
store data and share it | other clients on a network.

Network-Attached Secure Disks (NASD), is a
Networked object based shared storage system shown [4]
in their classification taxonomy, that modifies the interface
for the common direct attached storage devices and thus
eliminating the server resources required for the movement
of data. Figure 1 outlines the major components of NASD
ARCHTECTURE [23,54].

The model allows for the transfer data directly from the
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client to the server via the file manager. The NASD 2.3. Object-Based Storage (OSD)
execution sequence shows the requests needed until the file
is downloaded to the client as explained [54-55].

The architecture below demonstrates a framework of the

For Object storage the data is broken into small
connected units called objects kept in a single repository

NASD Architecture by [54-55] (pool), instead of being kept as blocks on servers.
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Figure 2 above depicts how client interaction between
the server in order to get metadata access information [29].
The Object storage concept builds on previous work on
NASD researched [23,54,55].

A storage object may be described as a sequence of
addressed bytes, including other associated features
accessed via a file interface with read, write and delete
commands. This model is limited by the available
bandwidth from a file server, clients and connected storage.

Object-based storage Research has been an ongoing
subject that continues to elicit a lot of interest from
researchers [17,45,18] early products such as Lustre [53],
SWIFT[51] Panasas in [59] and [62] have equally appeared
in the market. Additionally, object-based storage is being
leveraged as a means to put together application-defined
and other data features for compliance purposes [12,62].
For object-based storage to be of better use outside its
current applications, it has to handle little chunks of files
efficiently.

2.4. Deficiencies with the Current Systems

i)  There has been an increase in the data processing
demands and this requires faster systems that can
scale well over short periods of time, most of the
systems so far covered in the literature are either
traditional in nature like SAF (DAS) systems which
are array based or they are object based like NASD
and OSD but they experience high latencies and
decreased throughput as witnessed in
[55,54,26,17,45,18].

Download File
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Low bandwidth and unmanaged Latencies have a
major effect on the performance a distributed cluster
or network, data prefetching methods have been
implemented  through  predictive  prefetching
algorithms, but little progress has so far been made on
metadata management schemes [86]; Although, [7]
provide a solution to bandwidth issues which occur
when the client and server interact, this solution only
improves on bandwidth and not latencies.

Based on related works discussed above, there are major
gaps or potential improvement areas in the approaches in
the design and implementation of a distributed network and
ways of testing performance of these systems. This
research therefore dedicates its effort towards development
and testing of concepts, components and implementation of
suitable  algorithms and  models  required for
implementation of a suitable architectural model for
distributed storage on a network.

3. Proposed Solution

The system to solve the above identified gaps introduces
an intelligent way of managing a distributed network
through the use of mobile agents, the agents are controlled
by a central controller called the Domain Controller that
keeps track of all the mobile agents in its registry. This
intelligent network has the capability of minimizing
latencies by localizing data in its local cache for subsequent
client access.
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Figure 3. A Conceptual Architecture for intelligent objects using agents and Map-reduce.
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Figure 3 above shows an architectural model of the agent
based design using map-reduce, it is a three tiered model
with the client as the front end the virtual server as the
middle tier and storage SAN as the backend, it also
includes the following functionalities:

Map-reduce Functions represented as shown below:

[ 00, ooy Gy v Vislooon: (i, EKVLEV) (1)

k. =i"inputand v; =i"input value. K represents the
key domain and V represents the value domains. Map
reduce function performs the responsibility of splitting the
key, value input values to subsets and eventually
distributing them to respective nodes. The mapping can be
obtained as follows

Map:KxV = (Lx W)" )
(k, V) - [(111 Xl)! (Y] (111 XT)] (3)

L and W represents the key and value domains
indicating the key-value input pairs: (k,v) mapped onto

many key and value pairs: (I, X1 ),...,(1, X )]. The reduce
phase is as follows:

Reduce:Lx W' —» W~ (@)

(LDyy-yal) = W, o, Wiy ®)

Keys with similar results are grouped together in this
phase, input may have dissimilar values, the output
generated has same keys. This requires sorting of results
and consolidating them for final processing. This is
performed by input function (L>XW) ~ which when
processed produces (L>W) " as sorted input values for the
reduce function. (L>W) "~ can also be mapped to generate a
new list W". Map reduce can generally be summarized as
follows:

Map Reduce: (K x V)= (L x W) (6)

This function is responsible for sorting and reducing
metadata functions which can then be transported to client
side for further processing.

3.1. Solution Outline

The Storage virtualisation architecture in this research
involves a logical access to storage resources through
defined metadata rather than having access to the physical
resource itself; because physical file occupies more space.
In the storage unstructured files are not necessarily
arranged and accessed in a certain predefined sequence;
this is made much more difficult when the data is randomly
assorted into the storage from random sources; since their
metadata is randomly placed in the storage searching for a
file requested by the client becomes very difficult.
Therefore, several methods or parameters can be employed
to shuffle or sort the metadata depending on the intended
mapping outcome i.e. one can sort as per the number of
occurrences of the file, the IP address similarities, the file
Index name or Number similarities etc.

Mobile Agent Based Distributed Network Architecture with Map Reduce Programming Model

To address the gaps in this research which have a direct
impact on both latencies and response times the conceptual
Architecture defined in Figure 3 employed metadata
sorting and shuffling by use of map reduce algorithm by
creating corresponding IP addresses of the respective client
domains which were then mapped to a mobile agent for
migration to a Domain Controller (DMC), where they were
executed henceforth, a client can terminate normally or
abnormally in case of an unrecoverable event.

The main objective of this research was to test whether a
mobile agent can improve the performance of a distributed
network if used together with the map reduce algorithm to
sort the metadata within the virtual server in order to create
sorted IP domain localities. A conceptual architecture was
introduced and discussed in detail in figure 3. However, the
conceptual architecture being a high level design model;
only identified key architectural artifacts/components that
of a three tiered distributed storage architecture.

In order to actualize the concepts in this research into a
concrete design and develop a model capable of giving
indicative performance, some important issues needed to
be tackled as follows:

i)  To develop and implement a simulator that will assist
in testing the scalability and performance.

ii) To implement a search, sort and mapping mechanism
using map-reduce functions that can improve in
searching, sorting and mapping of metadata in the
virtual server.

iii) To Implement Agents on a Distributed network using
the SPADE architecture.

iv) Evaluate the performance of Agent based Distributed
system using Map-reduce with non-agent based
distributed network environment specifically SAF
and OSD in the implemented simulator.

3.2. The Need for the SABSA Simulator

Our simulation model utilized the experimental
methodology in order to answer various research questions
raised by the researcher. The simulation model used in this
research was developed from scratch using open source
software tools; this was arrived at after critical analysis of
various simulation platforms. the Network simulation
models so far existing are only meant for the first three
Physical layers of the OSI model (Physical, Datalink and
the Network) and therefore, they were suited for the
physical characteristics of the network, but our research
could not be supported by this popular network platforms
as described by [71] and [31] because we were performing
file simulation at the sockets level; which occurs at the
upper layers of the OSI model (Transport and Session
layers)and therefore there was need to design a simulator to
cater for the desired and unique file simulation features.

Our simulation model was meant to test performance
improvement after introducing agents into the existing
SAF and OSD models and also sorting metadata using map
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reduce approach. The performance measures have been
described by [25,90,50] and [85] which were adopted as a
performance measure for our SABSA engine to provide the
metrics that were used for this research.

3.2.1. Simulator Requirements and Design

Our simulator was developed using standard Python
APIs for the design of the client and server machines using
Sockets and standard Docker Containers running on the
Linux OS cluster for file storage virtualization (SAN) and
also SHA1 encryption scheme for security.

3.2.2. System Requirements and Configuration

The system was configured to run on an AWS EC2 t2.
micro virtual machine instance with:

The host machine was a HP Folio 9470, equipped with
an Intel Core(TM)i7 CPU 2.60 GHz CPU, 8 GB RAM, a
500 GB hard disk drive, 64-bit OS, x64 based processor
and a GSM wireless network connection and a Windows
2015 Pro Operating System. The system was also hosted
on the Amazon EC2.

The system also required installation of Docker on the
virtual machine to run it. Configuration was done using
Docker files which specified the VM image used as well as
run instructions for system setup. Instructions included
setting environment variables that were used by the
application and installing of the packages that were used as
well as exposing ports which were to be accessed from
outside of the virtual machine.

4. Simulations and Results

The simulator in this research was developed using
standard Python APIs for the design of the client and server
machines using Sockets and standard Docker Containers
running on the Linux OS cluster for file storage
virtualization (SAN) and also SHA1 encryption scheme for
security. Our Model used a Simulation model with various
experiments being carried out at various levels.

4.1. Simulation Model

The Simulation and experimental methodologies were
employed for our research as described by [89] and [8].
Our model development and testing followed the three
basic steps defined in the literature by [8] as follows:

i)  Created an Architectural model for approximating the
events.

ii)  The model was then simulated in a computer software,
which allowed for the repeated observation of the
model. After one or many simulations of our model

Table 1.
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iii) A third step was analysis. Analysis aided in the
drawing of conclusions, verification and validating
the research, and hence enabling us to make
recommendations based on various iterations or
simulations of the model.

The simulation model utilized the experimental
methodology in order to answer various research questions
raised by the researcher and also described by [52] in
developing his research methodology. The simulation
model used in this research was developed from scratch
using open source software tools; this was arrived at after
critical analysis of various simulation platforms of the
Network simulation models so far existing are only meant
for the first three Physical layers of the OSI model
(Physical, Datalink and the Network) and therefore, were
suited for the physical characteristics of the network, but
our research could not be supported by this popular
network platforms as described by [71] and [31] because
we were performing file level simulation at the sockets
level; which takes place at the upper layers of the OSI
model (Transport and Session layers)and therefore there
was need to design a simulator to cater for the desired and
unique file simulation features.

Our simulation model was meant to test performance
improvement after introducing agents into the existing
SAF and OSD models and also sorting metadata using map
reduce approach. The performance measures have been
described by [25,90,50] and [85] which were adopted as a
performance measure for our SABSA engine to provide the
metrics that were used for this research.

4.2. The Simulation Procedure

To easily address the gaps in this research a simulation
testbed referred to as SABSA (Secure Agent Based
Architecture) was developed in phases as follows:

1. Phase 1: Design and implementation a direct file

access.
2. Phase 2: Design and Implementation of Object
storage device (OSD).

3. Phase 3: Mobile agent Domain Controller (DMC)
enhanced with map-reduce function.

4. Phase 4: Mobile agent based Domain Controller with
child DMC controllers enhanced with Map-reduce.

5. Repeat Phase 2, 3 and 4 with sorted metadata.

The results were then presented in regard to the
following identified parameters: Latencies, throughput and
Scalability; either with sorted or unsorted metadata.

The existing files (Bytes) were first classified in the
following table before they were run in the simulator:

Files Sizes in the SAN container in Bytes.
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#NO. SAN1 SAN2 SAN3

1 5 ¢ 1 1
2 9 6 1
3 12 6 6
4 15 9 6
5 22 20 S
6 234 171 S
. 331 684 12
8 342 993 15
S 855 11264 20

10 9467 11410 22

11 9467 13312 117
12 12288 15360 513
13 15360 18386 662
14 18432 18386 10240
15 20480 19456 12288
16 20916 18432
17 25600

The above files were extracted from the SAN container (SAN 1, SAN2 and SAN 3) and then entered into excel sheet
and sorted in ascending order and the files were then sorted according to the combinations of three sizes as demonstrated
in table 2 below.The file sizes were capped at 30000 bytes; because files beyond this size slowed down the machine
drastistially.

4.2.1. File Classifications in Bytes (1 File Per San).

Table 2.  Workload distribution matrix

SAN 1 SAN 2 SAN 3 RANDOMLY SELECTED FILE OPTIONS CASE DISCUSSION
SMALL SMALL SMALL CASE 1
SMALL SMALL MEDIUM X

SMALL SMALL LARGE X

SMALL MEDIUM SMALL CASE 2
SMALL MEDIUM MEDIUM X

SMALL MEDIUM LARGE X

SMALL LARGE SMALL CASE 3
SMALL LARGE MEDIUM X

SMALL LARGE LARGE X
MEDIUM SMALL SMALL X
MEDIUM SMALL MEDIUM X
MEDIUM MEDIUM MEDIUM CASE 4
MEDIUM MEDIUM LARGE X
MEDIUM LARGE SMALL X
MEDIUM LARGE MEDIUM CASE 5
MEDIUM LARGE LARGE X

LARGE SMALL SMALL X

LARGE SMALL MEDIUM X

LARGE SMALL LARGE X

LARGE MEDIUM SMALL X

LARGE MEDIUM MEDIUM X

LARGE MEDIUM LARGE X

LARGE LARGE SMALL X

LARGE LARGE MEDIUM X

LARGE LARGE LARGE CASE 6
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5. Workload Analysis for Time,
Latencies and Throughput

Various workloads were classified as per the defined set
parameters in: Table 1, then various workloads were run
per each SAN as indicated in table 1: under the defined
parameters a summary of various outputs were generated
under various Cases were used to the analyze performance
of SABSA engine under varied workloads in all the SAN
containers as indicated in Tables 3 -6 below.

Table 3, 4 and 6 show Comparison graphs as per the
file classification matrix

The graphs have been inserted into a table with three
columns; column 1 indicated by part a) represents 100
client requests, column 2 indicated by b) represents 1000
client requests and column three represents the case
numbers identified by the file classifications in table 2. The
classifications were done as either sorted or unsorted
metadata functions as follows:

i)  Design and implementation a direct file access-In this
case there is no metadata involved, but the file is
transmitted directly to the client.

ii) Design and Implementation of Object storage device
(OSD)-In this case the metadata is centralized and
presented as an unsorted array in the virtual server.
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The metadata can further be sorted before being
handled by the mobile agents which creates sorted
metadata domains.

iii) Mobile agent Domain Controller (DMC) enhanced
with map-reduce function-For mobile agents to
function they are centrally managed by the domain
controller, the agents collects the sorted metadata and
moves it to the domain controller for further
distribution. The unsorted metadata remains as case ii
above.

iv) Mobile agent based Domain Controller with child
DMC controllers enhanced with Map-reduce- Case 2
above can further be decentralized to create more
child processes distributed and controlled by a
centralized agent controller still referred to as the
domain controller. The agents in this case can also
handle both sorted and unsorted metadata objects.

5.1. Latencies Comparison over Time

The graph in this table section represents the changes of
latencies over time and it is subdivided into two column
sections a) and b): column a) represents 100 client requests
and column per millisecond b) represents 1000 client
requests per millisecond.
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Table 3. Latencies Comparison over time

CASE
1000 CLIENT FILE REQ.
NO
Latency over time
[ Sosted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 byles)
[ Objedt Storage 3 files (21 bytes) [T] Soted Mobile Agents (Map Reduce) 3 Bes (21 bytes)
[ Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)
] Unscated Mabila Agents (Map Reduce) 3 les (21 bytes)
] unsoned Mobile Agents with Domain Controller Child DMCS (Map Reduc) 3 les (21 byles)
[ Sonted Mobidle Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (21 byles)
[ Store and Forward 3 files (21 bytes)
5000
4500 1
4000 CASE 1
3500
E 3000
£
& 2500
5
w2000
-
1500
1000
500 \
o
TES P L LSNP PP E LRI RTE PSP
(@
Latency over time
1 Sorled Mebile Agents with Domain Controlier Centralized (Map Reduce) 3 files (21 byles)
/1 unsoried Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 byles)
] Unsorted Mabile Agents (Map Reducs) 3 files (21 bytes) [ Sorted Mobile Agents (Map Reduca) 3 files (21 byles)
[/ Store and Forward 3 files (21 bytes)
] Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 les (21 bytes)
[ sorted Mobile Agants with Domain Controller Child DMCs (Map Reduce) 3 files (21 bytes)
] Object Storage 3 files (21 byles)
8000
T000
CASE 1
G000
g 5000 4
=3
& 4000
£
2 3000
2000
1000
0
o o sl oy 0 0
PEFPIFFILFLIPEFFF S
(b)
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.atency over time

[ sorted Mobile Agents (Map Reduce) 3 files (714 bytes)
: Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (714 bytes)
[ Unsorted Mobile Agents (Map Reduce) 3 files (714 bytes)

[ Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (714 bytes)
1 Object Storage 3 files (714 bytes) [__] Store and Forward 3 files (714 bytes)
: Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (714 bytes)
: Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (714 bytes)

6000
5000
4000
CASE 2
& 3000
5
3
2000
1000
0@ e s & e <
RO A L R - U L LA~ G- - SRR L
0.00 MNumber of requests 100.00
éllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII&
. i R 100
(©)]
Latency over time
[ Sorted Mobile Agents (Map Reduce) 3 files (714 bytes)
1] Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (714 bytes)
1 store and Forward 3 iles (714 bytes) [___] Object Storage 3 files (714 bytes)
[ Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (714 bytes)
[C——1] sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (714 bytes)
[ Unsorted Mobile Agents (Map Reduce) 3 files (714 bytes)
G000
50001
40001
E CASE 2
£
& 3000
[=4
<
k5
—
2000
1000
. e = - - pamcandl
SR, S oS S B S S S . RS S} RS SO} o
LIRS R B R i L gl P g e ST
0.00 Number of requests 1000.00

(b)
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Latency over time

[ unsorted Mabile Agents with Domain Controlier Chikd DMCS: (Map Reduce) 3 iles (15387 bytes)
[ Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 tyies)
=] Unsored Mobile Agents with Domain Coniroller Ceniralized (Map Reduce) 3 files (15387 byles)
[ Unsoned Mobidle Agents (Map Reduce) 3 files (15387 tyles) [ Store and Forward 3 files (15387 bytes)
[ onject Storage 3 files (15387 bytes) [ Sorted Mobile Agents (Map Reduce) 3 flles (15387 byles)
[ Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (15347 bytes)

Latency in ms

PRDE LTINS TPEELO PG E PP @

0,00 Humber of requests 100,00

JIlII|IIIIIIIlIIIIII.IIIIIJIIIIlIIIIIJIIIIIIIIIIIII[IIIII.JIIIIIIIIIIIIIIII.IIIIIIIIIIlIIIlIIII!IIIIIJ1I|1_‘
0 N D0

(a)

CASE 3

Latency over time

=] Unsorted Mobie Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 bytes)
[ Unsorted Mobile Agents with Domain Controlier Centralized (Map Reduce) 3 Mes (15387 bytes)
[ Sorted Mobile Agents (Map Reduce) 3 files (15387 bytes) [ Object Storage 3 Mes (15387 bytes)
[ Sorted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (15387 bytes)
[E===] Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (15387 bytes)
[ Store and Forward 3 les (15387 bytes) [ Unsorned Mobde Agents (Map Reduce) 3 les (15387 bytes)

7000
6000
5000

4000

3000

Latencyinms

PELELPFRSLSFLFPELFFFLEETLFLSFH & &

0.00 Number of requests 1000.00

=
—
. . 1000

(b)

CASE 3




Computer Science and Information Technology 7(5): 129-161, 2019 139

Latency over time

1 store and Forward 3 fles (13612 bytes)
] Unsosted Mobile Agents with Domain Controlier Chilkd DMCs (Map Reduce) 3 les (13612 bytes)
1] Object Storage 3 files (13612 bytes)
[ unsoried Mobile Agents with Domain Controllar Centralized (Map Reduce) 3 files (13612 byles)
[ Unsaded Mobile Agents (Map Reduce) 3 files (13612 byies)
[ soned Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (13612 ytes)
=1 Sorted Mabile Agents with Diomain Controller Centralized (Map Reduce) 3 files (13612 byles)
[ soeted Mobile Agents (Map Reduce) 3 files (13612 byles)
TOOO

G000
5000
CASE 4
4000

3000

Latency in ms

2000

1000

0 o] .

TESF PP E RTINS PFPIE TP E D

b

0.00 Number of requests 100,00

.JIII DEREDLL LR LR LR LR LR L L ELLRL -.Il

(@)

Latency over time

[ unsoned Mobile Agents with Domain Contraller Child DMCs (Map Reduce) 3 Sles (15387 bytes)
[ Sorted Mcbile Agenis with Demain Controller Child DMCs (Map Reduce) 3 files (15387 byles)
[ Store and Forward 3 files (15387 bytes) [ Sorted Mobile Agents (Map Reduce) 3 files (15387 bytes)
[ Object Storage 3 files (15387 bytes)
] soned Mobile Agents with Domain Controller Centralized (Map Reduce) 3 es (15387 bytes)
1 Unsorted Mobile Agents with Domain Controller Centralized (Map Resuce) 3 files (15337 byles)
[ Unsorted Mobile Agents (Map Reduce) 3 files (15387 byles)
7000
6000
5000
CASE 4
4000

3000

Latency in ms

2000

1000 k
—
o

PEEFPFPEIFFFIFFITIFIFSIFFPIITESFEFFHFF &
0.00 Number of requests 1000.00

(b)

Table 3 shows comparison of various graph outputs under 100 and 1000 client classified under various CASES 1,2,4
and 6 part a) represents 100 client requests and part b) represents 1000 client requests

5.2. Throughput over Time

The graph in this table section represents the changes of Throughput over time and it is subdivided into two columns a)
and b): column a) represents 100 client requests and column b) represents 1000 client requests.
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Table 4. Throughput over time

1000 CLIENT FILE REQ. CASE NO
Throughput over time )
[ sorted Mobile Agents (Map Reduce) 3 files (21 bytes) [__] Object Storage 3 files (21 bytes)
[/ Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (21 bytes)
1 Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)
1 Unsorted Mobile Agents (Map Reduce) 3 files (21 bytes)
[ Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (21 bytes)
] sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)
[ Store and Forward 3 files (21 bytes)
0.045
0.040
0.035
E 0.030
5 0 CASE 1
Z o025
s
2 0020
E)
E
2 0015
=
=
0.010
0.005 8
0
0.00 Mumber of requests 100.00
|
(a)
Throughput over time
[ Sorted Mobile Agents with Domain Conltrolier Centralized (Map Reduce) 3 files (21 bytes)
=] Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)
] Unsorted Mobile Agents (Map Reduce) 3 files (21 bytes) [ Sorted Mobile Agents (Map Reduce) 3 Siles (21 bytes)
[ Store and Forward 3 files (21 bytes)
] unsorted Mobile Agents with Domain Controller Chisd DMCs (Map Reduce) 3 files (21 bytes)
[ sorted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (21 bytes)
[ Object Storage 3 fles (21 bytes)
045
040
035
£ CASE 1
a 030
0
=
s 025
2 020
s
2 015
i
[
0.10
005
0
e O S B 808 8 O 8 D &8 8.8 8 8 8 8§ .8 O H O &
PEEFFLPFILLPELPFP ST ESFHS &

0.00 Number of requests 1000.00

(b)
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Throughput over time

] Sonea Matee Agenes (Vap Reouce) ) Ses (714 tytes)
) e Mobie AQenty ity Dommn Cond ot Contrakond (Map Rleduie) ) Bes (714 tytes)
) umeoned Wotde Ageets Map Reduie) ) Wes (714 bytes )

) sontet Wotite AQants with Darnan Cortrote Cantratond Mg Roduce| ) Ses (114 iytes)
) Cmwect Sonnge 3 e (714 tyten) [ e 0 Fovwant 3 Ses (754 Dyted)
) Sonet Matde AQemts with Crimuain Controlir CNM CAACH (M Reduce} 3 Mhes (714 Dntes)
) Unsoned Motee Agtrts weh Doman Comtroter Ot DACs M0 Reduce) 3 S 1714 tyded)

CASE 2

Treewghout » W™

VA DI NP PP PO PRI OPO IO PR B

000 PrrCms of tmaanits 100.00

llll!l'l O R O L L R O e |

(a)

‘hroughput over time

=] sorted Mobise Agents (Map Reduce) 3 files (714 bytes)
:UMMMMOMWSWIDMOWMCMDMCS(MaoReduco)l)Ies(TMbﬂos)
[ Stoce and Forward 3 files (714 bytes) [ Object Storage 3 files (714 bytes)
:Unsoﬂedﬂowemmmbonmf‘ Centr. {Map Redy 3 files (714 bytes)

[ Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 fles (714 bytes)
[ Unsorted Mobile Agents (Map Reduce) 3 files (714 byles)

CASE 2

ITITOUGNPUL I MURPTTTS
w

PELFLPFLSI PP LS LFLSFHS &
0.00 Number of requests 1000.00

()
(b)
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Throughput over time

[ unsorted Mobde Agents with Domain Controlier Child DMCs (Map Reduce) 3 fles (15387 bytes)
[ Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 bytes)
] unsorted Mobile Agents with Domain Controlier Centralized (Map Reduce) 3 files (15387 bytes)
] Unsorted Moblle Agents (Map Reduce) 3 files (15387 bytes) ] Store and Forward 3 fles (15387 bytes)
: Object Storage 3 files (15387 bytes) [ Sorted Mobile Agents (Map Reduce) 3 files (15387 bytes)
[ Sorted Mobile Agents with Domain Controfler Centralized (Map Reduce) 3 es (15387 bytes)

35

Throughput in Mdpms

TSP I P ELTADIESTREIECRGE ST O

0.00 Number of requests 100.00

JIIllIHI|IIlllllHIIIIIIHIIIIHHIIIII_IIIHAI_IIIIIIHHIIIIIHII_IIIIIlIIII|IIIlI]IllIIIH)IIIIlIH“
)

(a)

CASE 3

Throughput over time

] Unsorted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (15387 bytes)
[ Unsorted Mobile Apents with Domain Controller Centralized (Map Reduce) 3 files (15387 bytes)
=] sorted Mobile Agents (Map Reduce) 3 files (15387 bytes) [T] Object Storage 3 files (15387 bytes)
] Sorted Mobile Agents with Domain Controfler Child DMCs (Map Reduce) 3 Sles (15387 tytes)
= Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (15387 bytes)

[ Store and Forward 3 files (15387 bytes) [ Unsorted Mobile Agents (Map Reduce) 3 files (15387 bytes)

350

150

Throughput in Mbpms

100

0.00 Number of requests 1000.00

(b)

CASE 3
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Throughput over time

[ Store and Forward 3 Ses (13512 bytes)
: Unsorted Mobiie Agents with Domain Conlroller Child DMCs (Map Reduce) 3 fles (135612 bytes)
=] Obiect Storage 3 files (13612 bytes)
[ Unsored Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (12512 bytes)
1 Unsorted Mobile Agents (Map Reduce) 3 fles (13612 bytes)
[E=0) Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 Siles (13612 bytes)
[ sorted Mobile Agents with Domain Conltrolier Centralized (Map Reduce) 3 files (13612 bytes)
[ Sorted Mobile Agents (Map Reduce) 3 files (13612 bytes)

@
E
& CASE 4
E
s
]
a
£
=]
2
=
0
T OP PR AFRPRNEFLFTRSTEORRY PSP P
0.00 Number of requests 100.00
LIRS LSRR AL AL |
(a)
Throughput over time
: Unsored Mobile Agenls with Domain Controlles Child DMCS (Map Reduce) 3 files (15387 bles)
/] Sarted Mobile Agents with Domain Conlroller Child DMCs {Map Reduce) 3 files {15387 bytes)
[ Store and Forward 3 files (15387 bytes) [ Sorted Mobile Agents (Map Reduce) 3 files (15387 byles)
[ Object Storage 3 files (15387 byles)
[ Sorted Mabile Agents with Domain Controller Cenlralized (Map Reduce) 3 files (15387 byles)
] Unsortad Mobila Agents with Domain Conlroller Canlralized (Map Reduce) 3 files (15387 bytes)
[ unsoned Mobibe Agents (Map Reduce) 3 files (15387 bytes)
350
£
)
= CASE 4
-
£ 150
=1
<
£ 100
50

0
PELLLPESFPPESLFLETTEEESS &

N

0.00 Humber of requesis 100000
|
—

(b)

In table 4 case for instance indicates that in both case a and b store and forward has the minimum throughput at Zero
and map reduce and sorting by mobile agents also has a significant improvement in throughput in all the cases observed,
store and forward has a worst throughput in all cases and object based storage has an average throughput in all the cases.
The maximum observed through for case 4a is 25 Mbpms, which drastically increases tenfold to 250 Mbpms. In all
cases agents and map reduce combined show a very good improvement in throughput.

5.3. Latency against Throughput

The graph in this table section represents the effects of latencies on throughput and it is subdivided into two column
Sections a) and b): column a represents 100 client requests and column b) represents 1000 client requests.
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Table 5. Latency against throughput

1000 CLIENT FILE REQ. CASE NO

Latency against Throughput

: Soned Mobdle Agents with Domain Controller Centralized (Map Reduce) 3 files (21 byles)
] Object Storage 3 fles (21 bytes) [ Sorted Mobile Agents (Map Reduce) 3 files (21 bytes)
[ Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)
] Unsorted Mobile Agents (Map Reduce) 3 Siles (21 bytes)

[ unsorted Mobile Agents with Domain Controlier Chikd DMCs (Map Reduce) 3 fles (21 bytes)
=1 Sorted Mobile Agents with Domain Controfler Child DMCs (Map Reduce) 3 fles (21 bytes)

[ Store and Forward 3 Sles (21 bytes)
0.025

0.020
CASE 1

0015

0010

Throughput in Mb/ms

0 500 1000 1500 2000 2500
0.00 Latency in ms 233495

S
(@)

Latency against Throughput

[ Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)
[E—] Unsorted Mobile Agents with Domain Conlrolier Centraized (Map Reduce) 3 files (21 bytes)
[ Unsorted Mobile Agents (Map Reduce) 3 files (21 bytes) [ Sorted Mobsie Agents (Map Reduce) 3 Mes (21 bytes)
[ Store and Forward 3 files (21 bytes)
[E===] unsorted Mobike Agents with Domain Controller Child DMCs (Map Reduce) 3 files (21 bytes)
[ Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (21 bytes)

[ Object Storage 3 Mes (21 bytes)
0025

0020

0015 e

0010

CASE 1

Throughput in Mbims

0005

0.00 Latency in ms 389.93

(b)
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Latency against Throughput

[ Sorted Mobile Agents (Map Reduce) 3 files (714 bytes)
: Unsorted Mobée Agents with Domain Conlrolier Centralized (Map Reduce) 3 files (714 bytes)
=] Unsorted Mobile Agents (Map Reduce) 3 files (714 tytes)

: Sorted Mobile Agents with Domain Controlier Centralized (Map Reduce) 3 files (714 byles)
[C] Object Storage 3 files (714 bytes) [ Store and Forward 3 Hles (714 bytes)
: Sorted Mobile Agents with Domain Controller Chisd DMCs (Map Reduce) 3 Sles (714 bytes)
=] Unsosted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (714 bytes)
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o8
07
06
5 os CASE 2
=
&
s 04
£
o
2 03
£
= |
02
01 ——
0 -
0 500 1000 1500 2000 2500 3000
0.00 Latency in ms 2547.12
JLLALE R RO R AR LR RLRRRRRAREARR R RN TN RRURRRARANARIRRNARARVARRARNA VAN ARRARARANR AL RRARNRRINRN
L]
@
Latency against Throughput
[ Sorted Mobile Agents (Map Reduce) 3 lles (714 bytes)
=] unsorted Mobiie Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (714 bytes)
[ store and Forward 3 files (714 bytes) [ Object Storage 3 files (714 tytes)
] Unsorted Mobdle Agents with Domain Controlier Centralized (Map Reduce) 3 files (714 byles)
[ Sorted Mobile Agents with Domain Controlier Centralized (Map Reduce) 3 files (714 bites)
=] Unsorted Mobile Agents (Map Reduce) 3 files (714 bytes)
0g
07
06
—————
E \ e
s 05 CASE 2
€
s 04
=
=
o
2 03
(S
02
01
0 . evee
0 50 100 150 200 250 300
0.00 Latency in ms 265.03

(b)
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Latency a.ga.mst Throughput

[ sorted Mobile Agents (Map Reduce) 3 files (15387 tvies) [T Store and Forward 3 files (15387 byles)
[ sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (15387 bytes)
/] Unsorted Mobile Agents with Domain Controdier Child DMCs (Map Reduce) 3 files (15387 bytes)
[ Unsorted Mobile Agents (Map Reduce) 3 files (15387 byles) ] Object Storage 3 files (15387 byles)
[ somed Mobite Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 bytes)
: Unsoried Mobile Agents with Domain Controller Centralized (Map Reduce) 3 filas (15387 bytes)

16
14

12

10 CASE 3

Throughput in Mbims
@®

& 4
4
2 —
i
o 500 1000 1500 2000 2500 3000 3500 4000 4500
0,00 Latency in ms 4211.64
|
©)]
Latency a.ga.m.st Throughput 7

/1] Sorled Mobile Agents (Map Reduce) 3 files (15387 bytes) ] Store and Forward 3 files (15357 byles)
: Sorted Mobile Agents with Domain Cantraller Centralized (Map Reduce) 3 files (15387 ytes)
=" Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 bytes)
[ Unsorted Mobile Agents (Map Reduce) 3 files (15387 bytes) [ Obiect Storage 3 files (15387 byles)
[/ Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 byles)
[ Unsorzd Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (15387 byles)

16
14

12

0 CASE 3

Throughput in Mbfms
L

64
§ X
2 — ™ - —t
0=
0 500 1000 1500 2000 2500 3000 3500 4000 4500

0.00 Latency in ms 4211.64

|
(b)
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Latency against Throughput
=] Store and Forward 3 files (13612 bytes)
: Unsorted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 les (13612 bytes)
] Object Storage 3 Mes (13612 bytes)
] Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (13612 bytes)
[] Unsorted Mobile Agents (Map Reduce) 3 files (13612 bytes)
] soned Mobde Agents with Domain Controller Child DMCs (Map Reduce) 3 files (12612 bytes)
[ Sorted Mobite Agents with Domain Controlier Centralized (Map Reduce) 3 files (13612 bytes)
[ Sorted Mobile Agents (Map Reduce) 3 files (13612 bytes)
16
E CASE 4
=
=
=)
2]
°
=
=
—c
0 e
0 500 1000 1500 2000 2500 3000 3500
0.00 Latency in ms 3043.33
| RN RRR) ARARRRARARIRRRTR) (RRARRRIRRIARRARRRIANN AR AR RRA AR R RARR R IR )
(a
Latency against Throughput
: Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 bytes)
: Sorted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (15387 byles)
: Store and Forward 3 files (15387 bytes) [] Sorted Mob#le Agents (Map Reduce) 3 es (15387 bytes)
[ ] Object Storage 3 files (15387 bytes)
: Sonted Mobile Agents with Domain Controller Centralzed (Map Reduce) 3 Sles (15387 bytes)
[ Unsorted Mobiie Agents with Domain Controlier Centralized (Map Reduce) 3 Mes (15387 bytes)
] Unsorted Mobile Agents (Map Reduce) 3 files (15387 bytes)
16
14
12
CASE 4
8 10
<
5 8
a
=
-
g ©
£
£
5
0 ==
0 50 100 150 200 250 300 350
0.00 Latency in ms 31205
(b)

Table 5 above shows that latency decreases with increase in load for the agent based cases but remains at zero
remains at the minimum for both OSD and SAF. Case 4a for instance indicates that at Zero Latency sorted mobile
agents with domain controllers have the highest throughput and at 3000 ms latency throughput for sorted mobile agents
with domain controller and sorted mobile agents with a centralized controller their throughput drastically reduced to 4
Mb/ms from the initial 8 Mb/ms. In 4b at Zero Latency All mobile agents based metadata sorting with map reduce
exhibit highest throughput at averagely 14 Mb/ms unlike for 4a where the cases averaged around 7 Mb/ms and also the
average latency moves drastically from the high of 3000 to an average high of 300 ms a tenfold decrease in Latency. All
the other cases exhibit similar characteristics. This shows that agents are better in terms of improving latencies and
consequently increasing throughput even at high load capacities.
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5.4. Scalability over Time

The graphs in this table section represents how the system scales over time and it is subdivided into two columns
sections a) and b): column a represents 100 client requests and column b) represents 1000 client requests.

Table 6. Scalability over time

1000 CLIENT FILE REQ. CASE NO

Scalability

1 Soried Mobile Agenis (Map Reduce) 3 files (21 byles) [__] Object Storage 3 files (21 bytes)
: Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (21 bytes)
: Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)

1 Unsorted Mobile Agents (Map Reduce) 3 files (21 bytes)
: Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (21 bytes)
: Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)

[ sStore and Forward 3 files (21 bytes)
2500

2000

! CASE1
1500

1000

Bvtes downloaded

500

0 05 1.0 15 20 25 30 35 4.0
Time Taken {ms) 388

Scalability

[ Sorted Mobile Agents with Domain Controller Ceniralized (Map Reduce) 3 files (21 byles)
/] unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (21 bytes)
] Unsorted Mobile Agents (Map Reduce) 3 fles (21 bytes) [ Sorled Mobile Agents (Map Reduce) 3 files (21 bytes)
[ Store and Forward 3 files (21 byles)
] Unsorled Mobile Agents with Domain Conlroller Child DMCs (Map Reduce) 3 files (21 byles)
/1 Sorled Mobile Agenis with Domain Coniroller Child DMCs (Map Reduce) 3 files (21 byles)
=1 Obiject Storage 3 filas (21 byles)

25000
20000
u
]
@ 15000 CASE 1
=
E
2
& 10000
o
5000
! !
] 2 4 & 3 10 12
0.00 Time Taken (ms) 10.32

(b)
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Scalability

[ Sorted Mobile Agents (Map Reduce) 3 files (714 bytes)

[ Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (714 bytes)

[ sorted

[ Unsorted Mobile Agents (Map Reduce) 3 files (714 bytes)
Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (7 14 bytes)

[ Object Storage 3 files (714 bytes) [[—_——] Store and Forward 3 files (714 bytes)
[ Sorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (714 bytes)
] Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (714 bytes)

70000 §
60000
50000
3 CASE 2
1
2 40000
=
=
=
= 30000
a
=
m
20000
10000
0t ! -
0 0.5 1.0 15 20 25 30 35
0.00 Time Taken (ms) 3.00
(a)
Scalability
[ sorted Mobile Agents (Map Reduce) 3 files (714 bytes)
[""] Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (714 bytes)
[ store and Forward 3 files (714 bytes) [__] Object Storage 3 files (714 bytes)
[—] Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (714 bytes)
[ Sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (714 bytes)
] Ynsorted Mobile Agents (Map Reduce) 3 files (714 bytes)
700000
600000
500000
=
z CASE 2
S 400000
c
Z
=]
= 300000
3
=
o
200000
100000
0! s | | | |
] 2 4 G 8 12
0.00

Time Taken {ms)

(b)
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[ Unsorted Mobile Agents with Domain Controller Child DMCs (Map Reduce) 3 files (15387 bytes)
[ Soxted Mobile Agents with Domain Conlrolier Child DMCs (Map Reduce) 3 fes (15387 bytes)
: Unsorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 Mes (15387 bytes)
] Unsorted Mobite Agents (Map Reduce) 3 files (15387 bytes) [] Store and Forward 3 files (15387 bytes)
=] Oviject Storage 3 files (15387 bytes) [ Sorted Mobdle Agents (Map Reduce) 3 Bles (15387 tytes)
[ sorted Mobite Agents with Domain Controller Centralized (Map Reduce) 3 files (15387 bytes)
1600000
1400000
1200000
-4
§ 1000000
g CASE 3
£ 800000
g
3 e
400000
200000
[
0 05 10 15 20 25 30 35
0.00 Time Taken (ms) 314
-]
‘lllllllIlIIIIIIIIHIIII!IIIIllllllIlIIIIIIl|IIIIIHIHIIHIIIIllIlllllllllIllIIllIlIIllIlllIlIIlIIII
@)
Scalability
£ unsorted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 fifes (15387 bytes)
[ Unsorted Mobsie Agents with Domain Controlier Centraized (Map Reduce) 3 Sles (15387 bytes)
=] Sorted Mobile Agents (Map Reduce) 3 files (15387 bytes) [ Object Stocage 3 files (15387 bytes)
[ Sorted Mobile Agents with Domain Controfler Child DMCs (Map Reduce) 3 fles (15387 bytes)
=] sonted Mobile Agents with Domain Controlies Centraized (Map Reduce) 3 files (15387 bytes)
[ Store and Forward 3 files (15387 bytes) [T Unsorted Mobile Agents (Map Reduce) 3 files (15387 bytes)
16000000
14000000
12000000
:
s 10000000 CASE 3
o
£ 8000000
=
-
»
R
4000000
2000000
0 ~———
0 2 4 6 8 10 12
0.00 Time Taken (ms) 10.61
(b)
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Scalability

Byles downloaded

[ Store and Forward 3 files (13612 bytes)
: Unsocted Mobile Agents with Domain Controlier Chilkd DMCs (Map Reduce) 3 files (13612 bytes)
3 oviect Storage 3 fikes (13512 bytes)

[ Unsorted Mobiie Agents with Domain Controlier Centralized (Map Reduce) 3 files (13612 bytes)
[C1 Unsorted Mobite Agents (Map Reduce) 3 files (13612 bytes)
=smocuoouomuswmoommncwow Chidd DMCs (Map Reduce) 3 Ses (13612 bytes)
:&noduoue,\qms with Domain Controlier Centralized (Map Reduce) 3 files (13612 byles)
[ Sorted Mobile Agents (Map Reduce) 3 files (13612 bytes)

1200000

1000000

400000

200000

0+ 1

(1} 05 10 15 20 25 30
0.00 Time Taken (ms) 347

yllI|IIlHllllIlllllllIllilIIlllIlHIIllllllllllllIIlIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIlllllllllllllllll

(a)

35

CASE 4

Scal l.l.t'y

Bytes dewnloaded

=] Unsorted Mobile Agents with Domain Controlier Child DMCs (Map Reduce) 3 files (15387 bytes)
] Sorted Mobile Agents with Domain Controlier Chisd DMCs (Map Reduce) 3 Sles (15387 bytes)
: Store and Forward 3 files (15387 bytes) [ Sorted Mobile Agents (Map Reduce) 3 files (15387 bytes)
[ Object Storage 3 files (15387 bytes)
=] sorted Mobile Agents with Domain Controller Centralized (Map Reduce) 3 files (15387 bytes)
[ unsorted Mobile Agents with Domain Controlier Centralized (Map Reduce) 3 files (15387 bytes)
=] Unsorted Moblle Agents (Map Reduce) 3 files (15387 bytes)
16000000
14000000
12000000
10000000
8000000
6000000
4000000

2000000

0 ——
0 2 4 6 8 10

0.00 Time Taken (ms) 1058

(b)

CASE 4
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Table 6 above shows scalability of the SABSA engine
with both 100 and 1000 client requests with files from three
different SANs.

Table 6 above shows scalability over time, for instance
CASE 4 shows that sorted agents with map reduce are the
fastest in hundred client requests and sorted mobile agents
with domain controllers don’t perform well at this point
on the other hand when the requests are increased to 1000
the sorted mobile agents with domain controllers have the
best scalability, this shows that sorting of metadata by use
of map reduce and further catching them improves not
only performance but such systems are also highly
scalable. Case 4a for instance shows that at an average of
1300000 bytes sorted mobile with child DMCs agents do
not scale well at an average of 2.8 ms while unsorted
mobile agents with map reduce without child DMCs
perform well with the same load at 0 ms. For case 4b the
at 15000000 bytes the unsorted mobile agents with map
reduce still have the best scalability at 0 ms and store and

Mobile Agent Based Distributed Network Architecture with Map Reduce Programming Model

forward has the worst scalability at averagely 10.5 ms.
But overall the salability sorted mobile with child DMCs
agents improves significantly to average at 2.5 ms.

5.5. Case Summaries for Csv File Data

The data in this section that was captured Table 7 to 12
below indicates a summary of the CSV outputs that were
analyzed under various workload then Average time in
Millisecond (ms), Throughput and latencies were captured
and the compared under this predefined conditions.

It important to note that the files were run as batch files
including multiple client requests for the required file in
this experiment we have considered small and medium
range workload requests.

A summarized table for the output of the time variance
for downloading 1000 client requests from 100 client
requests.



Table 7. CASE 1 CSV Summary: AV. Throughput, Latency and Performance (Single file per SAN Request)-SAN1(9Bytes) +SAN2(6Bytes) +SAN3(6 Bytes): SMALL-SMALL-SMALL 100/1000 FILE REQUESTS
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Un-sorted Sorted Sorteq Unsort_ed Sorted De-CentraIizgd De-lé:zsnotrrfl?ze d _ Total File
Parameters SAF osD MA-MR MA-MR Mie_:;?rée&c M(p:\e_:;glléel\(jlc MA-M RSBII\(/:IS+Ch|Id MA-MR+DMC+ Slze(ASNAgl\)l(lgjt/;\sl;th
Child DMCs

AV.TT(ms) 1000 10.17 5.00 0.23 0.15 0.16 0.16 247 243 2.1x10*
Av.TT(ms) 100 1.02 0.49 0.15 0.14 0.15 0.15 2.38 2.37 2.1x10*
Throughput MB/s 1000 1.07x10° 2.21X10° 0.02 0.02 0.02 0.02 0.02 0.02 2.1x10*
Throughput MB/s 100 1.06x10° 2.21X10% 0.02 0.02 0.02 0.12 0.02 0.02 2.1x10*
AV.Latency(ms) 1000 15.17 7.48 0.23 0.15 0.81 421 7.81 4.84 2.1x10*
AV.Latency(ms)100 15.21 7.37 8.12 7.88 7.76 7.77 46.71 46.39 2.1x10*
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Table 8. CASE 2 CSV Summary: AV. Throughput, Latency and Performance (Single file per SAN Request)-SAN1(15 Bytes) +SAN2(684) +SAN3(15 Bytes): SMALL-MEDIUM-SMALL 100/1000 FILE REQUESTS

Table

. Unsorted
Parametes sAF | osp | UnereS S| o | Convalid | MAMReOMOWChia | eCoTaT | Tol Pl S
MA-MR+DMC MA-MR+DMC DMCs Child DMCs
AV.TT(ms) 1000 10.02 4.92 0.17 0.17 0.17 0.18 2.15 2.18 7.14X 10°
Av.TT(ms) 100 1.04 0.49 0.16 0.15 0.15 2.49 2.57 2.49 7.14X 10°
Throughput MB/s 1000 0.00 0.00 0.65 0.66 0.66 0.67 0.66 0.67 7.14X 10
Throughput MB/s 100 0.00 0.00 0.64 0.63 0.63 0.64 0.60 0.62 7.14X 10°
AV .Latency(ms) 1000 15.12 7.37 0.89 0.88 0.92 0.88 4.08 4.12 7.14X 10°
AV.Latency(ms)100 15.67 7.24 8.52 8.13 8.29 8.42 50.96 50.79 7.14X 10°

9. CASE 3 CSV Summary: AV. Throughput, Latency and Performance (Single file per SAN Request)-SAN1(15Bytes) +SAN2(15360 Bytes) +SAN3(12 Bytes): SMALL-LARGE-SMALL 100/1000 FILE REQUESTS
Un-sorted Sorted Sorte_d Unsort'ed Sorted De-CentraIiz_ed De—%:s;\()'c:tea‘alcijze d Tota}l File
Parameters SAF osD MA-MR MA-MR Centralized Centralized MA-MR+DMC+Child MA-MR+DMGC+Child Size
MA-MR+DMC | MA-MR+DMC DMCs DMCs (Bytes)
AV.TT(ms) 1000 10.45 4.96 0.10 0.10 0.07 0.10 2.63 2.61 1.54X 10*
Av.TT(ms) 100 1.02 0.51 0.11 0.11 0.12 0.13 2.62 2.57 1.54X 10*
Throughput MB/s 1000 0.01 0.02 14.28 14.13 14.31 14.13 14.32 14.42 1.54X 10*
Throughput MB/s 100 0.01 0.02 13.73 13.73 13.81 13.92 13.70 14.24 1.54X 10*
AV.Latency(ms) 1000 15.64 7.43 1.27 1.16 1.33 1.16 6.08 6.12 1.54X 10*
AV .Latency(ms)100 15.22 7.48 11.12 11.20 10.88 10.74 54.83 54.93 1.54X 10*
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Table 10. CASE 4 CSV Summary: AV. Throughput, Latency and Performance (Single file per SAN Request)-SAN1(331 Bytes) +SAN2(993) +SAN3(12288 Bytes): MEDIUM-MEDIUM-LARGE 100/1000 FILE REQUESTS

. Unsorted
Sorted Unsorted Sorted De-Centralized - s
Parameters SAF OsD Ul\;]:?'\r/feRd I\iz:tl\e/ldR Centralized Centralized MA-MR+DMC+Child l\?l:c'\:jgfgﬁ?+ TOt?éFt'Li)sue
MA-MR+DMC | MA-MR+DMC DMCs . Y
Child DMCs
AV.TT(ms) 1000 10.37 5.16 0.02 0.02 0.03 0.02 2.74 2.76 1.36X 10*
Av.TT(ms) 100 1.07 0.51 0.06 0.05 0.07 0.10 2.84 2.53 1.36X 10*
Throughput MB/s 1000 0.01 0.02 14.50 1451 14.64 14.34 14.65 14.41 1.36X 10*
Throughput MB/s 100 0.01 0.01 12.26 12.21 12.41 12.28 12.13 12.20 1.36X 10*
AV.Latency(ms) 1000 15.46 7.67 1.44 1.48 1.45 473 6.25 6.11 1.36X 10
AV.Latency(ms)100 15.98 7.58 13.11 13.12 12.62 12.04 60.88 60.08 1.36X 10*
Table 11. CASE 5 CSV Summary: AV. Throughput, Latency and Performance (Single file per SAN Request)-SAN1(234 Bytes) +SAN2(33312) +SAN3(662 Bytes): MEDIUM-LARGE-MEDIUM 100/1000 FILE REQUESTS
. Unsorted
Sorted Unsorted Sorted De-Centralized - s
Parameters SAF OosD Ul\::?'\r/lteRd '\izr_t'\e/ldR Centralized Centralized MA-MR+DMC+Child A?X.ﬁgggﬁ?+ TOt?éFt'Li)Slze
MA-MR+DMC | MA-MR+DMC DMCs . Y
Child DMCs

AV.TT(ms) 1000 10.57 5.20 0.01 0.01 0.01 0.01 2.86 2.86 3.42X 10*
Av.TT(ms) 100 1.06 0.50 0.04 0.01 0.01 0.02 2.57 2.60 3.42X 10*
Throughput MB/s 1000 0.01 0.01 13.41 13.63 13.37 13.53 13.39 13.69 3.42X 10*
Throughput MB/s 100 0.01 0.01 12.77 12.93 12.96 12.95 12.48 12.84 3.42X 10*
AV.Latency(ms) 1000 15.72 7.72 1.61 1.62 1.67 1.62 6.92 6.99 3.42X 10*
AV.Latency(ms)100 15.68 7.39 14.81 15.14 15.48 15.04 64.26 64.63 3.42X 10*

gaElefJilizs'TSCASE 6 CSV Summary: AV. Throughput, Latency and Performance (Single file per SAN Request)-SAN1(20480 Bytes) +SAN2(25600) +SAN3(18432 Bytes): MEDIUM-MEDIUM-LARGE 100/1000 FILE
Parameters SAF 0SsD Un-sorted Sorted Ceig:;?ge d cl;rr::f;;tiig d De-CS:;:f;ized De}::r;;irrz?zed _ Total File Size
MA-MR MA-MR MA-MR+DMC MA-MR+DMC MA-MR+DMC+ MA-MR+DMC+Child (Bytes)
Child DMCs DMCs

AV.TT(ms) 1000 10.53 5.19 0.01 0.01 0.01 0.01 291 2.93 6.45X 10*

Av.TT(ms) 100 1.07 0.52 0.01 0.01 0.01 0.01 2.92 2.93 6.45X 10*

Throughput MB/s 1000 0.03 0.07 60.85 60.98 61.19 6.72 61.60 61.34 6.45X 10*
Throughput MB/s 100 0.03 0.07 58.32 58.20 56.91 57.38 57.29 57.47 6.45X 10*

AV .Latency(ms) 1000 15.92 7.73 1.85 1.88 1.83 5.10 7.14 7.32 6.45X 10
AV.Latency(ms)100 16.01 7.72 17.67 26.85 16.88 17.56 68.37 67.69 6.45X 10*
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5.5.1. Effect on Time Taken the Csv File Analysis

Table 13.

COMPARIZON OF THE CASES FOR THE AVERAGE TME TAKEN

Comparison of all the cases for the average time taken

TYFE SAF (1] Us-rartad Sarted Surtad Cantralized  |Unrmrtad Cantralized | Surted De-Contralizad UnSurtsd Da-Cantralizad |AYERAGES
HAHR HAHR HA-HR+DHE HA-HR+DHE HA-HR+DHE+Child DHEx HA-HR+DHE+CLild DHCx
CASET0 102 043 015 0 018 01 2% an £35
CASE 00 0 500 0.23 01 01 01 47 243 077
OiIFF 455 451 008 o ] | i} 006 1352
% C1increased time [89.1 92.04 513 0H 0.67 067 038 0.25 2032
CASEH0 104 043 06 0 018 248 287 249 954
CASEH0 1020 452 0 o 0 01 A A 04
DIFF 41 443 | 02 002 23 042 -0 1040
% C2 Increased time| 88.08 0.4 0.63 133 131 928 -163 14 1
CASE 300 1045 05 011 0 0 03 252 257 1662
CASE 31000 ] 45 o o o i 283 28 IR
OiIFF 954 448 | o 005 003 -0 004 5
% C3Increased time | 95.12 -$7.25 [E]] [E]] 417 2N -0.04 -0.16 113
CASE 4100 17 051 006 005 o i 28 28 T3
CASE 41000 Lk Al oz i i oz 274 276 a
DIFF 330 485 004 003 004 008 010 023 1389
% C4 Increased time | 86.92 918 667 -6.00 A1 -8.00 -0.35 &) 1.4
CASESHIO 106 050 0.0 0.0 0.0t 02 257 2460 674
CASESHI00 1057 520 004 o ] | 286 25 il
OiIFF 48 470 003 0o oo -0 024 0.2 [EXE
% C5 Increased time |897.17 3400 30.00 000 0.00 -5.00 113 1.00 280
CASERAI 17 052 | o ] | 8 25 T4
CASEEHI0D 1053 513 0.0 0.0 0.0t 0 24 293 2160
OiIFF 946 487 00 0o oo 0 -0 00 LA
% CE Increased time |83.4 9.8 0.0 000 0.0 L] -0.03 0.0 18.88
overall avyinrease n tin 2093 464 041 -0.06 0.00 -0.33 -0.02 0.01 124
Overall av% increase in time for 100/1000 Client requests
o M& MR MA MR MA-MR+DMC | MA-MR+DMC MA- MA-
MR+DMC+Child MR+DMC+Child

Ur-sortec

Figure 4. Bar charts showing average increase in time for 100 and 1000 client requests

Figure 4 above shows a summary of the

overall individual percentage averages,for Case 1 to Case 6, of how the time is

affected when the client requests increased from 100 the initial number of requests to 1000 requests for each identified
method in the SABSA engine. SAF has the largest time difference at at 20.9% more time followed by OSD at 4.64 % ,but
the agent based and map reduce based objects have insgnificant change in time in servicing this request.
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5.5.2. Effect on Latencies for the Csv File Analysis
5.5.2.1. Summary Latencies Analysis

Table 14. Comparison of all the cases for the latencies

TYPE SAF 05D Un-sorte{ Sorted |Sorted C|Unsorted Sorted D UnSnrte-l{;’l"ir"[RAGI.S |
MAME |MAME | MA-MEAMA-ME4 MA-MFAMA-ME-DMC+Child DMCs

CASE U100 152 737 0.15 7.83 7.76 777 4671  [4639 13824
CASE 11000 1517 743 0.23 0.15 0.81 4121 7.81 4384 40.70
DIFF -0.04 0.11 (.03 -1.73 -5.93 -3.56 -33.80 |41.55 |-8854
% C1 Increased time -0.26 1.49 5333 |-9810 |-B9.56 |-458% |[-B32B |-B9.5T |-T0.TT
CASEZ/100 15.67 7.24 8.52 8.13 8.29 342 50.96 50.79 158.02
CASEZ/1000 15.12 737 (.89 (.83 0.92 .53 4.08 4.12 34.26
DIFF .55 0.13 -763 -715 -1.37 -7.54 4683 |4667 |-123.78
% CI Decrease Lateneies |-3.51 150 -B9.55 |-B9.18 |-BB.90 |-BR.EF [-9199 |-9LBY |-7RA1
CASE 3/100 1522 743 11.12 11.20 10.83 10.74  |54.83 5495 17640
CASE 31000 1564 743 127 116 133 1.16 £.03 612 40.139
DIFF 0.42 0.05 083 1004 855 5538 48.75 [48.31 13621
% 3 Dacrease Latencies |-1.76 0.67 88.58 89.64 |BT.78 |B9.20 |89 88.86 7122
CASE 4100 1593 7.53 1311 13.12 12.62 1204 |60.BB £0.03 19541
CASE 41000 15 46 767 144 1.48 1435 4.75% 623 .11 4438
DIFF .52 0.09 -1167  |-1164  |-11.17 |-731 -34.63  |-53.97 |-150.82
% C4 Decrease Latencies |-3.15 1.19 -B2.02 |-B8&71 |-BB51 |-60.71 |[-B9.73 |-B9.B3 |-7TT.1E
CASE 5/100 15.63 7.38 1481 15.14 1543 1504 |64.26 ] 212.43
CASE 5/1000 15.72 772 161 162 167 162 692 .59 4337
DIFF 0.04 0.33 -1320 |-13.52 |-13.81 |-1342 [-53734 |-5764 |-16B.56
% (5 Decrease Latencies  |0.16 447 -89.13 |-B89.30 |-89.21 |-B9.23 ([-B9.23 |-B9.18 |-TR.35
CASE 6/100 16.01 7.72 1767 26.85 16.83 17 56 £3.37 6760 238.75
CASE 6/1000 1592 7.73 1.85 1.58 1.33 3.10 7.14 732 48.77
DIFF -0.09 0.01 -15.82 -2497 -15.05 -12.48  [-81.23 -50.37 -189.98
%% C6 Decrease Latencies -0.56 0.13 -859.53 -53.00 -83.16 -70.56 -83.56 |-85.1% -79.57
overall av¥s inersase in Latencid-1.64 1.37 -4478 |-45.08 -44 87 -36.87 -45.27 -45.21 -38.53

Overall av% increase/Decrease in Latencies

10.00

o 0 —

el -

'.?":S Ty
o o = oy < ¥ ;
10.00 L B ) e o
A A o & & O
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“““““ w3 o z 2
o (35- \_':'.‘k

Figure 5. Bar charts showing average increase/decrease in overall latencies for 100/1000 client requests

Figure 5 above shows a bar chart for the latencies. The outputs show both positive and negative outputs. The negative
ouputs indicate better utilization of the system by minimizing latencies which are a penalty to system performance. The
positive values signify increase in latencies which impedes system perfomance. The margins above are also represented
as percentage reduction of the overall considered methods in Figure 5 above.

This section has demonstrated various scenarios of viewing the data generated by the SABSA engine using the bar
graphs and pie charts and line graphs; various cases generated by the decision tree were generated and captured into the
decision matrix where a few random cases were chosen, indicated as Case 1-Case 6 to demonstrate the performance of the
SABSA Engine under various load capacities.



5.5.3. Effect on Throughpu

Computer Science and Information Technology 7(5): 129-161, 2019

t

5.5.3.1. Summary of Throughput Analysis

Table 15. Comparison of all the cases for the throughput

COMPARISON OF THE CASES FOR. THE AVERAGE THROUGHFUTS

TYPE SAF 05D Un-sorted  [Sorted Sorted CentUnsorted Ce{Sorted De-C{UnSorted De|:l‘.'[R.-'&E[S
MAMR  |MAMR | MA-MR-DMMA-MR=DM| MA-MR-DMMA-MR-DMC+Child DMCs
CASE 17100 0.0000106  |0.0000221 |0.0200000 |0.0200000 0.0200000 [0.1200000 |0.0200000 |0.0200000 |0.2200327
CASE 171000 0.0000107  |0.0000221  |0.0200000 |0.0200000 0.0200000 |0.0200000 |0.0200000 |0.0200000 [0.1200328
DIFF 0.0000001  |0.0000000  |0.0000000 0.0000000 |0.0000000 [-0.1000000 |0.0000000 |0.0000000 |-0.0959595
% C1 Increased Throghput |0.9433962  |0.0000000  |0.0000000  |0.0000000 |0.0000000 |-83.3333333 00000000 |0.0000000 |45.4477448
CASEX100 0.0000000  |0.0000000  |0.6400000 0.6300000 0.6300000 [0.6400000 |0.6000000 |0.6200000 |3.7600000
CASE2/1000 0.0000000  |0.0000000  |0.6500000 0.6600000 0.6600000 [0.6700000 |0.6600000 |0.6700000 [3.9700000
DIFF 0.0000000  |0.0000000  |0.0100000 00300000 0.0300000 [0.0300000 |0.0600000 |0.0500000 |0.2100000
% C2 Increased Throghput|0.0000000  |0.0000000 |1.5625000 |4.7619048 |4.7619048 |4.6875000 |10.0000000 |8.0645161 |5.5851064
CASE 3/100 0.0100000  |0.0200000  |13.7300000 |13.7300000 |13.3100000 [13.5200000 |13.7000000 |14.2400000 |83.1600000
CASE 3/1000 0.0100000  |0.0200000  |14.2800000 |14.1300000 |14.3100000 (141300000 |14.3200000 |14.4200000 |85.6200000
DIFF 0.0000000  |0.0000000  |-0.5500000 |-0.4000000 |-0.5000000 |-0.2100000 |-0.6200000 |-0.1800000 |-2.4600000
% C3 Increased Throghput |0.0000000  |0.0000000  |-4.0088267 |-29133188 |-3.6208648 |-1.5086207 |4.5285474 |-11640449 |-1.9881530
CASE 47100 0.0100000  |0.0100000  |12.2600000 |12.2100000 |124100000 (122800000 |12.1300000 |12.2000000 |73.5100000
CASE 41000 0.0100000 00200000 |14.5000000 |14.5100000 |14.6400000 [143400000 |14.6500000 144100000 |87.0800000
DIFF 0.0000000 00100000 |2.2400000 23000000 |2.2300000 [2.0600000 |2.5200000 [2.2100000 |13.5700000
% C4 Increased Throghput |0.0000000  |100.0000000 |18.2707983 |18.8370188 |17.9693795 |16.7782443 |20.7749382 |IB.1147341 (184600735
CASE 5/100 0.0100000  |0.0100000  |12.7700000 |12.5300000 |12.5600000 [12.8500000 |12.4500000 |12.8400000 |76.8300000
CASE 5/1000 0.0100000  |0.0100000  |13.4100000 13.6300000 |13.3700000 (133300000 |13.3500000 |13.6500000 |81.0400000
DIFF 0.0000000  |0.0000000  |0.6400000 0.7000000 |0.4100000 |0.5300000 |0.5100000 |0.8500000 |4.0500000
% C# Increased Throghput |0.0000000  |0.0000000 |50117463 (54137664 |3.1635802 |44787645 |7.2916667 |6.6199377 |5.3151397
CASE 67100 0.0300000  |0.0700000  |38.3200000 |38.2000000 |36.9100000 |37.3800000 |57.2500000 |37.4700000 |343.6700000
CASE 671000 0.0300000 00700000 |60.8500000 |60.9800000 |61.1500000 |8.7200000 |61.6000000 |61.3400000 |312.7800000
DIFF 0.0000000 0.0000000 |2.5300000 |2.7800000 |4.2800000 |-50.6600000 |4.3100000 |3.8700000 |-32.8500000
% C6 Increased Throghput |0.0000000 0.0000000 |4.3381344 |4.7766323 |7.5206466 |-B3.2886023 |7.5231279 |6.7339481 |-9.5148552
overall avih inersass in Latenc{ 0.0000000 16.666666T 41962256 |5.1455850 |4.9658244 |-10.6426190 |6.8440308 |6.3781852 |2.814551%
% Overall Throughput Analysis
100%
BO%%
60%
20%
o o < _-._a‘v&b ;J&&b g}\,}b {}g—b \;\-3“’}5 (g}c_‘b {3}5 &
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Figure 6. A Line graph showing average overall throuput 100-1000 client requests
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Figure 6 is a summary Line graph of the Comparison of
all the cases for the throughput in table 15 above ; it shows

that store and forward (SAF) has the lowest throughput at 0%

and sorting of metadata sorting of metadata and
introducing an agent also has a positive impact in
increasing throughput of a system performing at maximum
throughput of 100% for OSD and all agent based methods
except the sorted decentralized whose throughput
drastically drops and then resume back to maximum
throughput after some time.

6. Conclusions and Further Work

As observed from the previous analysis, all cases
indicate that sorting of metadata and caching it will make
this system faster than their counter-parts with centralized
metadata. In conclusion our experiments tend to concur
with Amidal’s law that splitting a system into sub systems
improves the performance of such a system up to a certain
limit.

Mobile agents play a key role in contributing to the
performance improvement of the distributed system
environment as has been indicated in the previous
observations. Mobile agents can autonomously move from
one place to another with metadata and security being
guaranteed. This research question led to discovery of new
tools like SPADE framework for agent design within the
python programming environment this greatly contributed
to implementation of mobile agents in with the Docker
containers.

Since mobile agents is a new concept, and virtualization
and big data are emerging trends, this technology will be
important in defining and re-defining such research
directions. Mobile agents can also be applied in the study
of Internet of things that greatly relies on virtualization
technologies and therefore offload the virtual server from
the mundane work of security, load balancing and job
tracking.

Map reduce help improve locality of reference of the
metadata functions with Key, value pairs for target storage
domains being shuffled together and then the agent caches
this sorted metadata domains which consequently leads to
shorter access paths and thus minimization of latencies and
consequently increasing performance of such systems.

Further work will be carried as follows:

1) Extend the concept of Mobile Agent (MA) based
virtualization to the field of Artificial Intelligence (Al)
and Artificial Neural networks (ANNSs); in order to
solve the exponential data requirements in the 10T
systems. ANNs will provide multiple distributed
nodes that will communicate with other peers within a
given domain and eventually transfer the processed
data the distributed virtual child nodes or domains to
the parent Nodes/Domains and eventually to the
parent nodes/domain for final storage or processing.

Mobile Agent Based Distributed Network Architecture with Map Reduce Programming Model

2) To improve on our SABSA Test-Bed simulator to a
more advanced simulator with an adaptable API-to
allow for testing of applications-; including
organizations for testing their storage requirements in
regards to: scalability, Latencies and throughput.

3) To study and implement advanced security fencing
systems within our agent-based storage architecture.
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