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Chapter 7

An Efficient Hairy Root System 
for Withanolide Production in Withania 
somnifera (L.) Dunal

Appakan Shajahan, Chandrasekaran Thilip, Kunnampalli Faizal, 

Valiyaparambath Musfir Mehaboob, Palusamy Raja, Abubakker Aslam, 

and Krishnan Kathiravan

Abstract Withania somnifera (L.) Dunal is one of the most important medicinal 

plant belonging to the family Solanaceae. Its root have been used as a drug since 

ancient times, and various pharmacological effects have been attributed to the 

occurrence of secondary compounds like withaferin-A and withanolide-A. Recently, 

huge interests are generated for production of these bioactive compounds through 

Agrobacterium rhizogenes-mediated hairy root culture techniques. The present 

review explores the culture conditions for efficient Agrobacterium-mediated hairy 

root culture system of W. somnifera for withanolide production. The hairy root 

induction is influenced by several factors like bacterial stain, type of explant, and 

cocultivation methods. The transformation efficiency could be enhanced by the 

addition of acetosyringone and SAAT treatments during cocultivation. Recent stud-

ies have also shown positive correlations of elicitors and biosynthetic pathway 

genes on withanolide production in hairy root culture of W. somnifera.

Keywords Ashwagandha • Agrobacterium rhizogenes • Transformation • 

Acetosyringone • SAAT (sonication-assisted Agrobacterium-mediated genetic 

transformation) • Elicitors
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Chapter 12

Physicochemical and Microbiological

Studies of Soils in Amaravathi River Bed

Area, Karur District, Tamil Nadu, India

A. Jafar Ahamed, K. Loganathan, S. Ananthakrishnan

and K. Manikandan

Abstract The present study has been undertaken to investigate the physico-

chemical properties of soil samples of agricultural region collected from the

Amaravathi river basin. The soil characterization was carried out for the parameters

like pH, turbidity, total dissolved solids (TDS), total hardness (TH), calcium (Ca),

magnesium (Mg), sodium (Na), potassium (K), bicarbonate ðHCO3
�Þ, nitrate

ðNO3
�Þ, sulfate SO4

2�
� �

, chloride (Cl−), fluoride (F−), phosphate PO4
3�

� �

, iron

(Fe), manganese (Mn), biochemical oxygen demand (BOD), and chemical oxygen

demand (COD). A variety of values were observed in the different physicochemical

parameters due to the soil quality in different sampling locations. Values of pH,

chloride, fluoride, sulfate, BOD and COD concentration in the soil samples also

showed wide variations. The groundwater samples of Amaravathi river were also

analyzed for different water quality parameters. Comparing the analytical data with

WHO and BIS standards, elevated concentration was observed in parameters like

TDS, TH, Ca2+, Na+, Cl−, SO4
2�, and COD which exemplify the degradation of

water quality. Correlation analysis was carried out for soil samples and groundwater

samples to investigate the relationship between the variables. Chlorinity and salinity

index were performed for both soil and groundwater samples, and it was observed

that most of the groundwater samples have medium to high chlorinity and salinity

A. Jafar Ahamed (&) � K. Loganathan
Department of Chemistry, Jamal Mohamed College (Autonomous),

Bharathidasan University, Tiruchirappalli 620020, Tamil Nadu, India

e-mail: agjafar@yahoo.co.in

K. Loganathan

e-mail: chemistrylogu@gmail.com

S. Ananthakrishnan

Department of Chemistry, Rover Engineering College, Perambalur 621212,

Tamil Nadu, India

e-mail: ananthajmc2011@gmail.com

K. Manikandan

Department of Chemistry, Velalar College of Engineering and Technology,

Erode 638012, Tamil Nadu, India

e-mail: chem_mani03@yahoo.co.in

© Springer International Publishing Switzerland 2016

P. Ramasami et al. (eds.), Crystallizing Ideas – The Role of Chemistry,

DOI 10.1007/978-3-319-31759-5_12

181







Handbook of Research on 
Geographic Information 

Systems Applications and 
Advancements 

Sami Faiz 
LTSIRS Laboratory, University of Tunis El Manar, Tunisia 

Khaoula Mahmoudi 
LTSIRS Laboratory, University of Tunis El Manar, Tunisia 

A volume in the Advances in Geospatial 

Technologies (AGT) Book Series IGI 
DISSEMINATOR OF KNOWLEDGE 

www.igi-global.com 



Published in the isted States f Ametua ry 

Infor mtic Sciee Hetereme tan immini sd Uit Hanl 
701 E Chnolate Averue 

Hersthey PA. USA 1703 
Tel:717-533-M4S 
Fax 717-533-MAI 

E-mail: cust@igi-glsal cen 
Web site. http //www.igi-gobal com 

Copyrigh 2017 by IGI Gikodbul All righds reerved No partod this pabi.auim may be repned. sunnd n duastted 
any form or by any means. electromwe ow mecthanieal, ne hudtng phunonogyng, witna writen permsaum frm the pubtr 
Product or company names used in this set are for identification purpnEs ly. luusii ed tte maret A the uA + 

companies does not indicate a clam of orwnership by GI Gobal of thhe trademark on reyered traemar 

ibrary of Congres Cataloging-in-Publkatiom Data 

Library of Congress Cataloging in-Publication Data 

Namcs. Faiz, Sasni, editor. i Mahmoudi. Khaoula. 1974 cditon 
Title: Handbook of research on geographic informatiom sysems applicaiomm 

and advancements / Sami Faiz and Khaoula Mahmonudi, cditors 
Description: Hershey PA Information Science Reference, 2016. Includes 

bibliographical references and index 
ldentifiers: LCCN 20160331 301 ISBN 97815225(9370 (hardcover) | ISBN 

9781522509387 (ebok) 
Subjects: LCSH: Geographic information systems--Research. 

Classification: LCC G70.212 H347 20161 DIC 910.285-d«23 1C recond available at hitps /fen u gn/2143313 

This book is published in the IGI Global book series Advances in Geospatial Technologies (ACT) ISSN: 2327.5715: 
elSSN: 2327-5723) 

British Cataloguing in Publication Data 

A Cataloguing in Publication record for this book is available fron the British Library. 

All work contributed to this book is new. previousiy-unpublished material. The views expresed in this book are thone uf th authors, but not necesarily of the publisher 

For clectronic access to this publication, please contact: eresources@igi-global.com 



427 

Chapter 17 

Species Distribution Models 
(SDM) - A Strategic Tool for 

Predicting Suitable Habitats for 

Conserving the Target Species 

Balaguru Balakrishnan 
Jamal Mohamed College, India 

Soosairaj Sebastin 
St. Joseph's College, Tiruchirappalli, India 

Nagamurugan Nandakumar 
Government Arts College Melur, India 

Khaleel Ahamed Abdul Kareem 
Jamal Mohamed College, India 

ABSTRACT 

Conservation of the species in their native landscapes required understanding paterns of spatial dis- 

tribution of species and their ecological connectivity through Species Distribution Models (SDM) by 
generation and integration of spatial data from diferent sources using Geographical Information System 

(GIS) tools. SDM is an ecological/spatial model which combines datasets and maps of occurrence of 
target species and their geographical and environmental variables by linking various algorithms to- 

gether, that has been applied to either identify or predict the regions fulfilling the set conditions. This 

article is Jocused on comprehensive review of spatial data requirements, statistical algorithms and 
softwares used to generate the SDMs. This chapter also includes a case study predicting the suitable 

habitat distribution of Gnetum ula, an endemic and vulnerable plant species using maximum entropy 
(MarEnt) species distribution model for species occurrences with inputs from environmental variables 
Such as bioclimate and elevation. 
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Dual and Partial Primal Solution for Solving Linear Sum 
Feasible Fuzzy Assignment Problem 

A. Nagoor Gani1 and T. Shiek Pareeeth2 
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Abstract. In this paper we proposed a dual and partial Primal feasible fuzzy assignment 
problem which cost coefficient is �-Trapezoidal fuzzy numbers. The linear programming 
problem of the fuzzy assignment problem is converted into fuzzy dual problem and also 
presented fuzzy complementary slackness by using duality theory. This paper developed 
an approach to solved proposed method called dual and partial feasible fuzzy assignment 
problem and illustrated with a numerical example.  

Keywords: Assignment problem, fuzzy assignment problem, dual and partial primal 
fuzzy assignment, fuzzy linear sum assignment problem,	�-Trapezoidal fuzzy number 
feasible and fuzzy partial assignment. 

AMS Mathematics Subject Classification (2010): 0372, 03E72 

1. Introduction 
The first algorithm for linear sum assignment problem (LSAP) was presented in 1946 by 
Easterfield. It is a non-polynomial O(2���) time approach. Based on iterated application 
of a particular class of admissible transformations. The first primal simplex algorithms, 
proposed in the mid-1970s by Cunningham and Barr, Glover and Kingman required 
exponential time due of the high degeneracy of the linear program associated with LSAP. 
The first primal(non-simplex) algorithm was proposed in 1964 by Balinski and Gomory. 
It iteratively improves through alternating path, a feasible assignment and dual solution 
satisfying complementary slackness and solves the problem O(��) time. The first dual 
(non-simplex) algorithm for LSAP appeared in the already mentioned1969 paper Dinic 
and Kronrod.  
 The algorithms for LSAP are based on different approaches: a first class of methods 
directly solves the primal problem, second one solves the dual, a third one uses an 
intermediate approach(primal-dual). this proposed method to determine a feasible dual 
solution and a partial primal solution (where less than ‘n’ rows are assigned) and 
satisfying the complementary slackness conditions. To find solution to assignment 
problems, various algorithms such as linear programming Hungarian algorithm, neural 
network and genetic algorithm have been developed. Over the past 52 years, many 
variations of the classical assignment problems are proposed. Hen [4] Projected a fuzzy 
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assignment model that considers all persons to have same skills. The fuzzy assignment 
problem is a special type of fuzzy linear programming problem the concept of fuzzy set 
theory was first introduced Bellman and Zadeh. Lin and Wen [5] proposed an efficient 
algorithm based on the labelling method for solving the linear fractional programming. 
 We proposed dual and primal partial feasible fuzzy assignment problem. Let ‘n’ 
number of jobs is performed by ‘m’ number of persons, where the costs coefficient is 
depend on �-Trapezoidal fuzzy numbers. Which stores the partial feasible fuzzy 
assignment is defined by if column ‘j’ is assigned to row ‘i’ then row(j) = i; if column ‘j’ 
is not assigned to row ‘i’ then row(j) =0. 
 
2. Preliminaries on �− Trapezoidal fuzzy number 
In this section we will review the basic concepts of fuzzy set,� − Trapezoidal fuzzy 
number, dual and primal fuzzy assignment, complementary slackness, partial fuzzy 
assignment problem. 

 
Definition 2.1. (Fuzzy set) 
A fuzzy set is characterized by a membership function mapping element of a domain, 
space or universe of discourse X to the unit interval [0,1].i.e.,Ã ={(X,��(�); x∈ �)},��: 
X → �0,1�is a mapping called the degree of membership function of the fuzzy set Ã and ��(�) is called membership value of  x∈X in the fuzzy set Ã. These membership grades 
are often represented by real numbers ranking from [0,1]. 

 
Definition 2.2. (Fuzzy number) 
A real fuzzy number �� is a fuzzy subset of the real number R with membership function ���  is satisfying the following conditions. 

1) ���  is continuous from R to the closed interval [0,1] 
2) ��	�  is strictly increasing and continuous on [��,��] 
3) ���  is strictly decreasing and continuous on [��,��] 
 

Definition 2.3. (�− Trapezoidal fuzzy number) 
A fuzzy number ��= (a, b, c, d :	�)is saidto be a � −Trapezoidal fuzzy number if its 
membership function is given by, 
 

� !  =  

"#
$
#%�&

'(�
)(�* , if	a	 ≤ � ≤ b

									�						, if	b	 ≤ � ≤ 0
� &1('	1(2* , if	c	 ≤ � ≤ 4

0					,				if		x	 ≥ 4
7 

                       where		�8 (0,1). 
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Figure 1:	� − Trapezoidal fuzzy number 
 
Definition 2.4. (Arithmetic operations) 
Let��� =( ��	, 9�, 0�,4� : ��) and ��� = (��,9�,0�,4� :��) be two � −Trapezoidal 

fuzzynumbers and : ∈ R ,then the arithmetic operations on ��� and ��� are given by, 
 

1) : ≥ 0 , :�� = (:�, :9,:0,:4 : �) 
2) : <0 , :�� = (:4,:0,:9,:�  : �) 
3) ��� + ���= (�� + ��,9�+9�,0�+0�,4�+4� : min (��, ��)) 
4) ��� − ���= (�� − ��,9� − 9�,0� − 0�,4� − 4� : (�� −��)). 

Properties of  �− Trapezoidal fuzzy number  
1) � −	Trapezoidal fuzzy number �� = (a,b,c,d :	�) is said to be positive	� − 

trapezoidal fuzzy number if and only if  a–c ≥ 0. 
2) � −Trapezoidal fuzzy number �� = (a,b,c,d :	�) is said to be zero � −Trapezoidal fuzzy number  if and only if  a=b=c=d=0. 
3) Let ��� =( ��	, 9�, 0�,4� : ��),  and   ��� = (��,9�,0�,4�:	��) are any 

two	� −trapezoidal fuzzy numbers is said to be equal if and only if ��	= ��,9�= 9�,0�= 0�, 4� = 4�, ��= ��. 
4) � −Trapezoidal fuzzy number �� = (a,b,c,d : �) is said to be symmetric � −trapezoidal fuzzy number if and only if  c = d   i.e, �� = (a,b,c,c : �). 
 

Definition 2.5. (Fuzzy Linear Sum Assignment Problem (FLSAP)) 
A bipartite graph G = (U, V; E) having a vertex of U for each row, a vertex of V for each 
column and	� − Trapezoidal fuzzy cost 0>?@ associated with edge [i, j] (i, j=1, 2....n).The 

Problem is then to determine a minimum cost perfect matching in G.   
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Definition 2.7. (Partial Feasible Assignment (PFA) or Partial Feasible Solution 
(PFS) 
If the column ‘j’ is assigned to row ‘i’ then row (j) = i, otherwise row (j) =0.(or)If the row 
‘i’ is assigned to column ‘j’ then column(i) = j, otherwise column(i) = 0,that is called 
partial feasible assignment (or) partial  feasible solution. 
 
Definition 2.8. (Fuzzy Partial Feasible Matching (FPFM)) 
In a bipartite graph G = (U,V: E) having a vertex of U for each row, a vertex of  V for 
each column and � - Trapezoidal fuzzy cost 0>?@ associated with edge [i,j] (i,j=1,2....n). 

Then the problem is then to determined partially and feasible matching in G. 
 
3. Mathematical formulation 
3.1. Fuzzy assignment problem (FAP) 
Suppose there are ‘m’ workers and ‘n’ jobs. Each job must be done by exactly one  
worker can do, at only one job. The problem is to assign jobs to the workers so as  
to minimize to the total cost, where cost is �-Trapezoidal fuzzy numbers. 
      Min Z = ∑ ∑ 0>?@�BC�CD��ED�  

Subject to   ∑ �BC�CD�  =1; for i = 1,2......,n 

     ∑ �BC�BD�  =1; for j =1,2........, n 

  �BC = 0 or 1   

 
3.2. Fuzzy dual assignment problem (FDAP) 
By associating fuzzy dual variables F>�  and G?�  with fuzzy assignment constraints and then  
fuzzy dual problem is   
 
       Max   ∑ F>��BD�  + ∑ G?��CD�  

 
     Subject to                  F>�  + G?�  ≤ 0>?@      (i,j = 1,2.....,n)   

 
3.3. Fuzzy complementary slackness   
By duality theory, a pair of solutions respectively feasible for the fuzzy primal and  
the dual is optimal if and only if (complementary slackness) 
 
  �BC(0>?@ − F>� − G?� ) = 0   (i,j=1,2.....n) 

the values 

  H>̅?J  = 0>?@ − F>� − G?�     (i,j = 1,2....n)  

are the linear programming reducedcost. This transformation from 0>?@ to 0>̅?Jis a special 

case of admissible transformation. For any feasible solution, the transformed objective 
function is  

 ∑ ∑ (0>?@�CD��BD� −	F>� − G?�)�BC 
                                        =∑ ∑ 0>?@�BD��BD�	 �BC − ∑ F>� B ∑ �BC�BD��BD�	 − ∑ G?� C ∑ �BC�BD��CD�	  

                                              =∑ ∑ 0>?@�BD��BD�	 �BC − ∑ F>��BD�	 −∑ G?��CD�	  

 



Dual and Partial Primal Solution for Solving Linear Sum Feasible Fuzzy Assignment 
Problem 

175 
 

4. An algorithm for solving feasible dual and partial primal linear sum fuzzy  
assignment problem with �− trapezoidal fuzzy numbers 

Step 1: Construct the fuzzy assignment table for the given balanced fuzzy linear  
assignment problem. 

 
Step 2: Calculate the dual variablesF>�  , G?�  and reduced cost matrix 0>?@Row reduction  

Calculate the row (F>� ) F>�  = {0>?@�	L	B	L	�MB� } ,      for ( j = 1,2......n). 

  
Step 3: Column reduction [Calculate the column (OP� )] 

G?�  = {0>?@�LC	L	�MB� − F>� } , for( i = 1,2......n). 

 

Step 4: [Reduced cost matrixQRPJ ] 
Given matrix 0>?@ and we obtain the dual variables  F>�  and G?� (shown on the  

      left and on the top of the given matrix  0>?@ then find the reduced cost matrix H>?J  
 

H>?J  = 0>?@–F	>@ − G?� ,       for(i,j = 1,2......n). 

 
Step 5: [Partial assignment] 

       Select the first column having any zero and assigned to row i, then row (j) = i 
       and cross out corresponding grow and column. select the second column having  
       any zero and assigned to rowi, then row(j) = i and cross out corresponding in      
        row and column, then row(j) = i and cross out corresponding row and column.  
 
       Suppose, if the column is not assigned to row i, then row(j) = 0. 

 
Step 6: [Partial assignment that implements the inverse of row] 
Select the ‘i’th row having any zero and assigned to column ‘j’ then column (i)=j and 
cross corresponding row and column. Suppose if the row is not assigned to column j, 
then column(i) = 0. 
 
Step 7: Draw a bipartite graph of partial feasible solution or partial feasible 
matching.    
 
Step 8: Stop. 

 
5. Numerical example 
To illustrate the proposed algorithm let us consider � −Trapezoidal fuzzy assignment 
problem with obtain ‘i’ throws and ‘j’th column from the fuzzy cost matrix by using dual 
and primal fuzzy assignment problem. In ‘i’ throws represented four persons P1, P2, P3, P4   

and in ‘j’th column represented the four jobs J1, J2, J3, J4 .The cost matrix [0̃ij] is given 
whose elements are		� −Trapezoidal fuzzy numbers.This problem is to find the feasible 
matching of the dual and partial primal fuzzy assignment problem. 



         A. Nagoor Gani and T. Shiek Pareeeth 

176 
 

Solution: The fuzzy assignment problem given in Table −1. Construct the fuzzy 
assignment table for the givenbalanced fuzzy linear assignment problem. 
 

Table 1: 
Persons/ 
Jobs 

J1 J2 J3 J4 

 
P1 

 
(1,4,9,16 : 0.3) 

 
(4,9,16,25: 0.4) 

 
(25,37,50,65:0.8) 

 
(4,9,16,25: 0.4) 

 
P2 

 
(4,9,16,25: 0.4) 

 
(25,37,50,65:0.8) 

 
(16,25,37,50: 0.6) 

 
(9,16,25,37:0.5) 

 
P3 

 
(16,25,37,50:0.6) 

 
(37,50,65,82: 0.9) 

 
(37,50,65,82: 0.9) 

 
(25,37,50,65:0.8) 

 
P4 

 
(37,50,65,82 0.9) 

 
(25,37,50,65:0.8) 

 
(9,16,25,37:0.5) 

 
(9,16,25,37:0.5) 

 
Calculate the dual variables F>�  , G?�  and reduced cost matrix 0>?@	;Row reduction and 

Calculate the row (F>� ). 
 

Table 2: 
Persons/Jobs J1 J2 J3 J4 
 
(1,4,9,16 : 0.3) 

 
(1,4,9,16 : 0.3) 

 
(4,9,16,25: 0.4) 

 
(25,37,50,65:0.8) 

 
(4,9,16,25: 0.4) 

 
(4,9,16,25: 0.4) 

 
(4,9,16,25: 0.4) 

 
(25,37,50,65:0.8) 

 
(16,25,37,50:0.6) 

 
(9,16,25,37:0.5) 

 
(16,25,37,50:0.6) 

 
(16,25,37,50:0.6) 

 
(37,50,65,82:0.9) 

 
(37,50,65,82: 0.9) 

 
(25,37,50,65:0.8) 

 
(9,16,25,37:0.5) 

 
(37,50,65,82:0.9) 

 
(25,37,50,65:0.8) 

 
(9,16,25,37:0.5) 

 
(9,16,25,37:0.5) 

 
Table 3: Column reduction and Calculate the column (G?� ) 

Persons/jobs 
 
(0,0,0,0) 

 
(3,5,7,9 ; 0.1) 

 
(0,0,0,0) 

 
(0,0,0,0) 

 
(1,4,9,16 : 0.3) 

 
(1,4,9,16 : 0.3) 

 
(4,9,16,25: 0.4) 

 
(25,37,50,65:0.8) 

 
(4,9,16,25: 0.4) 

 
(4,9,16,25: 0.4) 

 
(4,9,16,25: 0.4) 

 
(25,37,50,65:0.8) 

 
(16,25,37,50: 0.6) 

 
(9,16,25,37:0.5) 

 
(16,25,37,50:0.6) 

 
(16,25,37,50:0.6) 

 
(37,50,65,82:0.9) 

 
(37,50,65,82: 0.9) 

 
(25,37,50,65:0.8) 

 
(9,16,25,37:0.5) 

 
(37,50,65,82:0.9) 

 
(25,37,50,65:0.8) 

 
(9,16,25,37:0.5) 

 
(9,16,25,37:0.5) 
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Table 4: Given matrix  0>?@ and we obtain the dual variables  F>�  and G?�  (Shown on the left 

and on the top of the given matrix  0>?@ then find the reduced cost matrix H>?J ). 
 
(0,0,0,0) 

 
(0,0,0,0) 

 
(24,33,41,49: 0.5 ) 

 
(3,5,7,9; 0.1) 

 
(0,0,0,0) 

 
(18,23,27,31: 0.3 ) 

 
(12,16,21,25 : 0.2) 

 
(5,7,9,12: 0.1) 

 
(0,0,0,0) 

 
(18,20,21,23: 0.2) 

 
(21,25,28,32 : 0.3) 

 
(9,12,13,15:0.2) 

 
(28,34,40,45: 0.2) 

 
(13,16,18,19 : 0.2 ) 

 
(0,0,0,0) 

 
(0,0,0,0) 

Select the ‘j’ th column having any zero and assigned to row i, then row(j) = i,  
otherwise, row(j) = 0, row (j) = (1,0,4,0)   and  inverse of  row   U(i) = (1,0,0,3). 
 
5.  Conclusion 
In this paper, a new algorithm has been developed for solving assignment problem with 
costs as  � − Trapezoidal fuzzy numbers by using dual and primal of partial feasible 
linear sum fuzzy assignment problem. There are several papers in the literature for 
solving assignment problem with Trapezoidal fuzzy costs, but no one has 
used	� −Trapezoidal fuzzy number. The algorithm is easy to understand and can be used 
for all types of assignment problems as well as � − Trapezoidal fuzzy numbers. 
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1. Introduction 
Transportation Problem (TP) is based on supply and demand of commodities transported 
from several sources to the different destinations. The sources from which we need to 
transport refer the supply while the destination where commodities arrive referred the 
demand. It has been seen that on many occasion, the decision problem can also be 
formatting as TP. In general we try to minimize total transportation cost for the 
commodities transporting from source to destination. 

A Fuzzy Transportation Problem (FTP) is a Transportation Problem (TP) in 
which the supply and demand are fuzzy quantities. The objective of the FTP is to 
determine the shipping schedule that minimizes the total fuzzy transportation cost while 
satisfying fuzzy supply and fuzzy demand.   In [5], Nagoor Gani et al. presented a two 
stage cost minimizing fuzzy transportation problem in which supplies and demands are 
trapezoidal fuzzy numbers. 

The concept of Intuitionistic Fuzzy Sets (IFSs) proposed by Atanassov[1] in 
1986 is found to be highly useful to deal with vagueness. The major advantage of IFS 
over fuzzy set is that IFSs separate the degree of membership (belongingness) and the 
degree of non-membership (non–belongingness) of an element in the set. In [3], Nagoor 
Gani et al. Solving Intuitionistic Fuzzy Transportation Problem Using Zero Suffix 
Algorithm. 
            The remainder of this paper is organized as follows. Preliminaries of Intuitionistic 
Fuzzy Set’s and Accuracy Function are reviewed in Section 2. In Section 3,Arithmetic 
Operations of Triangular Intuitionistic Fuzzy Number are explained.Intuitionistic Fuzzy 
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Transportation Problem(IFTP) is explained in Section 4.In Section 5, Monalisha’s 
Approximation Method is introduced and the steps are explained. A Numerical Example 
is illustrated in Section 6.  
 
2. Preliminaries 
Definition 2.1.  Intuitionistic Fuzzy Set (IFS) 

An Intuitionistic fuzzy set (IFS) I
A
~

in  X is given by a set of ordered triples :           
I

A
~

 = {<x, I
A
~µ (x), I

A
~ν (x)>/x∈ X}, 

where I
A
~µ , I

A
~ν :X�[0,1] are functions such that 0 ≤ I

A
~µ (x) + I

A
~ν (x) ≤ 1 for all x ∈  

X. For each x the numbers I
A
~µ (x) and I

A
~ν (x) represent the degree of membership and 

degree of non-membership of the element x∈ X to A⊂  X, respectively. 
 
Definition 2.2.  Intuitionistic Fuzzy Number (IFN) 

An intuitionistic fuzzy subset  I
A
~

={<x, I
A
~µ (x), I

A
~ν (x)>/x∈ X}, of the real line R is 

called an Intuitionistic Fuzzy Number (IFN) if the following holds: 

i) There exist m∈ R, I
A
~µ  (m)=1 and I

A
~ν (m)  =0. 

ii) µA is a continuous mapping from R to the closed interval [ 0,1 ] and ∀  x∈ R, 

the relation  0≤ I
A
~µ (x) + I

A
~ν (x ) ≤ 1 holds. 

The membership and non-membership function of I
A
~

  is of the following form: 
 
                                       0               for - ∝ < x ≤ m-α 

                          f1(x)          for x ∈ [ m-α , m] 

I
A
~µ (x)  =        1               for x = m 

                             h1(x)         for x ∈  [m , m+β]  
                                                   0               for  m + β≤ x <∝  
 
where f1(x) and h1(x) are strictly increasing and decreasing function in [ m-α , m] and 
[m,m+β] respectively. 

  
1               for - ∝ < x ≤ m-α′                                        

    
f2(x)          for x ∈ [ m-α′  , m] ; 0 ≤ f1(x)+f2(x) ≤ 1 

 

                        
I

A
~ν (x) =           0               for x = m 

 
h2(x)         for x ∈  [m , m+β′] ; 0 ≤ h1(x) + h2(x) ≤ 1                                                  

          
1               for  m + β′≤ x ≤∝              
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Here m is the mean value of 
I

A
~

. α and β are called left and right spreads of 

membership function I
A
~µ (x) respectively. α′  and β′ represents left and right spreads of 

non membership function I
A
~ν (x ) respectively. Symbolically, the intuitionistic fuzzy 

number is represented as  IA
~

IFN = ( m; α , β; α’, β’ ). 
 
Definition 2.3. Triangular Intuitionistic Fuzzy Num ber (TIFN) 
A Triangular Intuitionistic Fuzzy Number I

A
~

 is an intuitionistic fuzzy set in R with the 

following membership function I
A
~µ (x) and non membership function I

A
~ν (x): 

12

1

aa

ax

−
−

for a1≤ x ≤ a2  

=)(~ xI
A

µ
23

3

aa

xa

−
−

      for a2≤ x ≤ a3 

                                0                     Otherwise         
 

'

12

2

aa

xa

−

−
for a1′≤ x ≤ a2  

                                 

=)(~ xI
A

ν
23

2

' aa

ax

−
−

       for a2≤ x ≤ a3′ 

                                    1                    Otherwise 
 

where a1′≤ a1 ≤ a2 ≤ a3 ≤ a3′ and  I
A
~µ (x) + I

A
~ν (x ) ≤1  or    I

A
~µ (x) = I

A
~ν (x ) ∀  x∈ R. 

This TIFN is denoted by  I
A
~

TIFN = {(a1, a2, a3);(a1′,a2, a3′)}. 

 
Figure 1: 
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Definition 2.4.  Accuracy Function 
 We define  

8

)2()2(
)

~
( 321321 aaaaaa
AH

I
′++′+++

=  , 

an accuracy function of IA
~

, to defuzzify the given number. 
 
3. Arithmetic operations of triangular intuitionist ic fuzzy number 

Let I
a~  = {(a1,a2,a3);(a1′,a2,a3′)}   and 

I
b
~

 = {(b1,b2,b3);(b1′, b2, b3′)} two triangular 

Intuitionistic  fuzzy number then the arithmetic operations on I
a~  and 

I
b
~

 as follows :  

Addition         : I
a~ ⊕ I

b
~

= ( a1+ b1, a2+b2, a3+b3)(a1′+b1′, a2+b2, a3′+b3′) 
 

Subtraction   : I
a~ Θ I

b
~

=( a1-b3, a2-b2, a3-b1)( a1′-b3′, a2-b2, a3′-b1′)  

 

Multiplication : I
a~ ⊗ I

b
~

 = ( a1b1, a2b2, a3b3)(a1′b1′, a2b2, a3′b3′) 
 
Scalar  Multiplication :   (i) If k>0 then k I

a~  =  (ka1,ka2,ka3)(ka1′,ka2,ka3′) 
   (ii) If k<0 then k I

a~  =   (ka3,ka2,ka1)(ka3′,ka2,ka1′)  

 
4. Intuitionistic fuzzy transportation problem (IFT P) 
Consider a transportation with m Intuitionistic Fuzzy (IF) origins and n IF destination.  
Let Cij(i=1,2,…,m, j=1,2,…,n) be the cost of transporting one unit of the product form ith 

origin to jth   destination .Let I
a~ i (i=1,2,…,m) be the quantity of commodity available at 

IF origin  i .  Let 
I

b
~

j (j=1,2,…,n)   be  the quantity of commodity needed of IF 
destination j .  Let  Xij (i=1,2,…,m, j=1,2,…,n)  is quantity transported from ith IF origin 
to jth destination.  
 
 Mathematical Model of Intuitionistic Fuzzy Transportation Problem is 

 ����������	 =	∑ ∑ 
���	 �̃��	��������  

�
���	
�

���
=	���	 ,										� = 1,2, … ,� 

�
���	
�

���
=	���	 ,										� = 1,2, … , � 


���	 ≥ 0	for all i and j  

 
 The above IFTP can be stated in the below tabular form. 
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 D1 D2 ⋯  Dn IF Capacity 

        O1 C11 
          X11 

C12 
          X12 

⋯  C1n 
          X1n 

I
a~ 1 

        O2 C21 
          X21 

C22 
          X22 

⋯  C2n 
        X2n 

I
a~ 2 

 ⋮  ⋮   ⋮   

Om Cm1 
          Xm1 

Cm2 
          Xm2 

 Cmn 
Xmn 

I
a~ m 

IF 
Demand 

I
b
~

1 
I

b
~

2  I
b
~

n  

 
5. Monalisha's approximation method (MAM's) model  
Step 1: Determine the cost table from the given problem.  

(i) Examine whether total demand equals total demand. If yes, go to step 2.  
             (ii) If not, introduce a dummy row/column having all its cost elements as zero 
and supply/ demand as the (+ve) difference of supply and demand.  
 
Step 2: Locate the smallest element in each row of the given cost matrix and then 
subtract the same from each element of that row.  
 
Step 3: In the reduced matrix obtained in step 2, locate the smallest element of each 
column and then subtract the same from each element of that column.  
 
Step 4: For each row of the transportation table identify the smallest and the next - to - 
smallest costs. Determine the difference between them for each row. Display them 
alongside the transportation table by enclosing them in parenthesis against the respective 
rows. Similarly compute the differences for each column. 
 
Step 5: Identify the row or column with the largest difference among all the rows and 
columns. If a tie occurs, use any arbitrary tiebreaking choice. Let the greatest difference 
correspond to ith row and let 0 be in the ith row. Allocate the maximum feasible amount 
xij=min(ai,bj) in the (i, j)th cell and cross off either the ith row or the jth column in the usual 
manner.  
 
Step 6: Recompute the column and row differences for the reduced transportation table 
and go to step 5. Repeat the procedure until all the rim requirements (the various origin 
capacities and destination requirements are listed in the right most outer column and the 
bottom outer row respectively) are satisfied. 
 
6. Numerical example  
Consider the following 3 X 3 Intuitionistic Fuzzy Transportation Problem whose 
quantities are Triangular Intuitionistic Fuzzy Numbers. 
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 D1 D2 D3  

O1 (14,16,18;13,16,19) (19,20,21;18,20,22) (10,12,14;9,12,15) (18,20,22;16,20,23) 

O2 (13,14,15;12,14,16) (6,8,10;5,8,11) (16,18,20;15,18,21) (15,16,18;14,16,19) 

O3 (24,26,28;23,26,29) (22,24,26;21,24,27) (13,16,19;12,16,20) (7,9,12;5,9,13) 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18)  

 
Solution: 
By Defuzzifying the quantities we get, a11=16, a12=20, a13=12, a21=14, a22=8, a23=18, 
a31=26, a32=24 and a33=16. Hence 
 

 D1 D2 D3  

O1 16 20 12 (18,20,22;16,20,23) 

O2 14 8 18 (15,16,18;14,16,19) 

O3 26 24 16 (7,9,12;5,9,13) 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18)  

 
Step 1: 
Determine the cost table from the given problem. 

 D1 D2 D3  

O1 16 20 12 (18,20,22;16,20,23) 

O2 14 8 18 (15,16,18;14,16,19) 

O3 26 24 16 (7,9,12;5,9,13) 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18) (40,45,52;35,45,55) 

 
Here total demand equals total supply, go to step 2. 
 
Step 2: 
Locating the smallest element in each row of the given cost matrix and then subtracting 
the same from each element of that row. 

 D1 D2 D3  

O1 4 8 0 (18,20,22;16,20,23) 

O2 6 0 10 (15,16,18;14,16,19) 

O3 10 8 0 (7,9,12;5,9,13) 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18) (40,45,52;35,45,55) 

 
 Step 3: 
In the reduced matrix obtained in step 2, locating the smallest element of each column 
and then subtracting the same from each element of that column. 
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 D1 D2 D3  

O1 0 8 0 (18,20,22;16,20,23) 

O2 2 0 10 (15,16,18;14,16,19) 

O3 6 8 0 (7,9,12;5,9,13) 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18) (40,45,52;35,45,55) 

 
Step 4: 
For each row of the transportation table identifying the smallest and the next - to - 
smallest costs. Determining the difference between them for each row in the 
transportation table. Displaying them alongside the transportation table by enclosing 
them in parenthesis against the respective rows of the transportation table. Similarly 
computing the differences for each column of the transportation table. 
 

 D1 D2 D3  Penalty 

O1 0 8 0 (18,20,22;16,20,23) (0) 

O2 2 0 10 (15,16,18;14,16,19) (2) 

O3 6 8 0 (7,9,12;5,9,13) (6) 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18)   

 (2) (8) (0)   

 
Step 5: 
Identifying the row or column with the largest difference among all the rows and 
columns. If a tie occurs, use any arbitrary tiebreaking choice. Let the greatest difference 
correspond to ith row and let 0 be in the ith row. Allocating the maximum feasible amount 
xij=min(ai,bj) in the (i, j)th cell and cross off either the ith row or the jth column in the usual 
manner.  

 D1 D2 D3  Penalty 

O1 0 8 0 (18,20,22;16,20,23) (0) 

O2 2 0 

(11,12,14;9,12,15) 

10 (15,16,18;14,16,19) (2) 

O3 6 8 0 (7,9,12;5,9,13) (6) 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18)   

 (2) (8) (0)   

 
Step 6: 
 Recomputing the column and row differences for the reduced transportation table and go 
to step 5. Repeating the procedure until all the rim requirements (the various origin 
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capacities and destination requirements are listed in the right most outer column and the 
bottom outer row respectively) are satisfied. 
The Optimal Solution is  

 D1 D2 D3  

O1 (14,16,18;13,16,19) 

(9,14,20;4,14,23) 

(19,20,21;18,20,22) (10,12,14;9,12,15) 

(1,6,10;-1,6,13) 

(18,20,22;16,20,23) 

 

O2 (13,14,15;12,14,16) 

(1,4,7;-1,4,10) 

(6,8,10;5,8,11) 

(11,12,14;9,12,15) 

(16,18,20;15,18,21) (15,16,18;14,16,19) 

O3 (24,26,28;23,26,29) (22,24,26;21,24,27) (13,16,19;12,16,20) 

(7,9,12;5,9,13) 

(7,9,12;6,9,13) 

 

 (16,18,21;14,18,22) (11,12,14;9,12,15) (13,15,17;12,15,18)  

 
Thus the optimal allocation is:  X11=(9,14,20;4,14,23), X13=(1,6,10;-1,6,13), 
X21=(1,4,7;-1,4,10),X22=(11,12,14;9,12,15), 
X33=(7,9,12;5,9,13). 

Total Minimum Cost   =  (14,16,18;13,16,19) (9,14,20;4,14,23) + 

     (10,12,14;9,12,15)   (1,6,10;-1,6,13)    +  

     (13,14,15;12,14,16)    (1,4,7;-1,4,10)   +  

                                            (6,8,10;5,8,11)    (11,12,14;9,12,15)     + 

                                            (13,16,19;12,16,20)  (7,9,12;5,9,13) 

Total Minimum Cost      = (306,592,937; 156,592,1217). 

7. Conclusion 
The main contribution of this paper is to deriving the optimal solution of a triangular 
intuitionistic fuzzy transportation problem using Monalisha’s approximation method with 
fewer steps in comparison to other methods. Using this method we could get the optimum 
solution directly. This method is very helpful for the decision makers, since the 
methodology is very simple and takes less number of iterations. 
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Analysis of Cosmic Dust Attack  

in Ad-Hoc On Demand Distance Vector 

Routing (AODV) Protocol 
 

 

 
 

 
Abstract - The cosmic dust attack problem is one of the 

security attacks that occur in Mobile Ad hoc Networks 

(MANET). MANET is one of the unpredictable 

networks. It has lot of challenges like Cosmic Dust 

attack, Black Hole Attack, etc.  The main objective of 

this paper is to examine Cosmic Dust attack in MANET 

over AODV routing protocol. For a secure MANET in 

unfriendly environments, particularly challenging 

problems can be combined into existing routing 

protocols for MANETs, such as Ad hoc on demand 

Distance Vector routing (AODV). The simulation result 

has been demonstrated using OMNeT++. 

 

Keywords: MANET, Cosmic Dust Attack, unfriendly, 

AODV 

 

I.    INTRODUCTION 

Mobile Ad-Hoc Networks are self-determining 

and decentralized wireless systems. A Mobile Ad-hoc 

Network (MANET), as the name suggests, is an 

autonomous network of wireless and hence mobile 

devices that comprises a network capable of 

vigorously changing topology. The network nodes in 

a MANET will be act as the ordinary network node 

as well as the router for other peer devices [1]. Nodes 

are the system or electronic gadget such as mobile 

phone, laptop, personal digital assistance, and 

personal computer may be participating in the 

network and they are part of mobile network. The 

dynamic topology having less of a fixed 

infrastructure and the wireless nature make MANETs 

vulnerable to the security attacks. The unique 

features of MANET, developing an Intrusion 

Detection System (IDS) [2] in MANET is very 

challenging task. There is no centered gateway 

device to screen the traffic within network. Since the 

medium is open for all nodes, both legitimate and 

malicious nodes can access it. Moreover, there is no 

clear split-up between normal and unusual activities 

in a mobile environment. Since nodes can move 

randomly, false routing information can come from a 

compromised node or a legal node that has outdated 

information. Cosmic Dust or sequence number attack 

is one of the most common attacks made against the 

reactive routing protocol in MANETs. The Cosmic 

Dust attack involves malicious node(s) assemble the 

sequence number, hence pretending to have the 

shortest and newest route to the destination. The aim 

of this paper is to investigate cosmic dust and 

detection methods within the aim of Ad hoc on 

Demand Distance Vector (AODV) routing protocol. 
 

II. SECURITY ISSUES 

 

Security in MANET [3] is a major problem.  It 

needs solution to provide secure communication 

between the nodes in the infrastructure less 

environment. As ad hoc network are open node to 

node connections with active topology, and modified 

resources. A secure network is that which possess the 

following characteristic: 

 

1. Confidentiality: To keep the information 

secret from the unknown users. It is 

necessary to maintain the information safe 

and secure from the attacks. 

2. Integrity of Message: To keep the accuracy 

and reliability of the data during its transit 

from node to node. So that the data is not 

limited by the unwanted access. 

3. Authorization : It specify the permissions of 

the entity to take part in the communication 

over network 

4. Availability of Nodes: As in MANET for 

communication the nodes are required to be 

available all the time so that the information 

can be transmitting over such path. 
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III. AD HOC ROUTING PROTOCOL AND COSMIC 

DUST ATTACK 

 

In Cosmic Dust attack, a malicious node uses its 

routing protocol to advertise itself for having the 

shortest path to the destination node it wants to 

anticipate. The malicious node advertises availability 

of fresh routes to the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         RREQ                  RREP             Malicious RREP 

 
Fig 1. Cosmic Dust Attack 

 

other nodes irrespective of checking its routing table. 

In this way attacker node shows the route availability 

as reply to the route request messages and thus 

capture the data packet and hold it. In protocol which 

is based on flooding, the ill-disposed node reply will 

be received by the requesting node before the 

receiving reply from actual node; hence a malicious 

and forged route is created. When this route is 

created, now it’s up to the node whether to drop all 

the packets or forward it to the unknown address An 

ad-hoc routing protocol is a practice, or standard, that 

controls how nodes decide which way to route 

packets between computing devices in a mobile ad 

hoc network.  

 

Being one of the variety of ad-hoc routing 

protocols, on-demand protocols such as AODV [4] 

(Ad-hoc on demand Distance Vector) creates routes 

between nodes only when they are need to route data 

packets. AODV is the most common ad-hoc routing 

protocols used for mobile ad-hoc networks. As its 

name shows AODV is an on-demand routing 

protocol that discovers a route only when there is a 

demand from originator mobile nodes in the network. 

 

In an ad-hoc network that uses AODV[1] as a 

routing protocol, a mobile node that wishes to convey 

with other node first broadcasts an RREQ (Route 

Request) message to find a fresh route to a desired 

target node. This process is called route detection. 

Every neighboring node that receives RREQ then it 

broadcast first path along with along with routing 

table. Afterwards its checks routing table to see if it 

has a new route to the destination node provided in 

the RREQ message. The freshness of a route is 

showed by a target sequence number that is attached 

to it.  

 

If a node finds a fresh route, it unicast an RREP 

(Route Reply) message back along  with saved path 

to the source node or it re-broadcasts the RREQ 

message otherwise. Route discovery is a weakness of 

on demand ad-hoc routing protocols, especially 

AODV, which rival can exploit to perform a cosmic 

dust attack on mobile ad-hoc networks. A un trustful 

node in the network receiving an RREQ message 

replies to source nodes by sending a false RREP 

message that contains desirable parameters to be 

chosen for packet delivery to destination nodes. After 

promising (by sending a false RREP to confirm it has 

a path to a destination node) to source nodes that it 

will forward data, a malicious node starts to fall all 

the network traffic it receives from source nodes. 

This gradual dropping of packets by a malicious node 

is what we call a cosmic dust attack. The RREQ 

messages and RREP messages are shown in the fig 2 

and fig 3. 

 

 

 

 

 

 

 

 

 

 
Fig 2. RREP Message 

 

 

 

 

 

 

 

 

 

 
Fig 3. RREQ Message 
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Fig 4.Cosmic Dust 

 

 

From the early survey author s found the AODV 

is the moderate protocol for moderate congestion 

network. 

The proposed work is pertaining to analyze 

Cosmic Dust attack against AODV reactive routing 

protocol. 

 

 

IV. RESEARCH METHODOLOGY 

 
The various terminology used in this work are 

 

• Packet Delivery Ratio [PDR]  

This is the ratio of the data packets 

received by the destination to those 

generated by the traffic source.  

 

• Routing Overhead  

Routing overhead is the number of 

routing packets is needed to transmit 

per data packet to the destination.  

 

• Throughput 

It is the average rate of successful 

message delivery over the 

communication channel.  

 

• Normalized Routing Load [NRL]  

This will be the ratio between the 

number of routing packets and the 

number of received packets. The 

Normalized Routing load must be low.  

V. SIMULATION 

 

OMNeT++ is an object-oriented discrete event 

simulation environment. Its major use is in 

simulation of network communications. The 

developers of OMNeT++ predict that one might use 

it as well for simulation of compound IT systems, 

queuing networks or Hardware architectures, since 

OMNeT++ stimulator is built generic, flexible and 

modular. As the architecture is modular, the 

simulation kernel and models can be embedded easily 

into an application. C++ is the programming 

language used for the modules in OMNeT++. The 

Table 1 shows the simulation parameters. 

 
 

 

Table 1.Simulation Parameters 

 

Simulation 

 Parameters 
Specification 

Simulation Area 600×600 

Simulation time 600s 

Channel Type Wireless 

Traffic Type 
Constant Bit Rate 

(CBR) 

Mobility 
Random 

Waypoint(RWP) 

Radio Propagation Two Way Ground 

Number of Nodes 25 and 50 

Number of Cosmic dust  

nodes 
2% 

Packet Size 512 bytes 

 
 

VI. RESULT AND DISCUSSION 
 

The AODV protocols Cosmic Dust Attack is 

analyzed by the use of three factors with six 

scenarios. 

This simulation test bed has around six different 

scenario files with 25 number  and 50 numbers node 

traffic simulation is tested in three different 

categories. The Ideal case with Cosmic Dust and 

without Cosmic Dust is calibrated using OMNET++ 

stimulator. 
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B 
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A. Comparison of different parameters for 25 nodes 

 

 

Table 2.  Different Parameters comparision with 

25 Nodes 

 

Parameters 

(For 25 

nodes) 

Ideal 

case 

Cosmic 

Dust 

Attack 

After 

removal of 

Cosmic Dust 

Attack 

Average 

Throughput 

(Kbps) 

557.64 127.7 973.29 

PDR (Packet 

Delivery 

Ratio) (%) 

1.24 0.284 1.22 

NRL 

(Normalized 

Routing 

Load) (%) 

0.24 3.48 0.076 

 

 
Fig 4. Average Throughput of 25 Nodes 

 
Fig 5. Packet Delivery Ratio of 25 Nodes 

 
 

Fig 6. Normalized Routing Load of 25 Nodes 

 

The above table and figures shows 

traffic less 25 nodes simulation result. 

According to the results this less traffic 

simulation is has less packet delivery ratio 

and throughput because of the Cosmic Dust. 

Due to Cosmic Dust the overhead also 

increases.  

 

B. Comparison of different parameters for 

50 nodes 

 
Table 3. Different Parameters Comparision of 50 

Nodes 

 

Parameters (For 

50 nodes) 

Ideal 

case 

Cosmic 

Dust 

Attack 

After 

removal of 

Cosmic Dust 

Attack

Average 

Throughput 

(Kbps) 

892.94 277.78 1572.42 

PDR (Packet 

Delivery Ratio) 

(%) 

1.987 0.6178 1.9714 

NRL(Normalized 

Routing Load) 

(%) 

0.424 1.29 0.106 
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Fig 7. Average Throughput of 50 Nodes 

 
Fig  8. Packet Delivery Ratio of 50 Nodes 

 
Fig 9. Normalized Routing Load of 50 Nodes 

 

The above table and figures shows traffic high 

50  nodes simulation result. According to the results 

this high traffic simulation has less packet delivery 

ratio and throughput because of the Cosmic Dust. 

Due to Cosmic Dust the overhead also increases this 

problem needs a solution through a new 

methodology.  

 From the two result Cosmic dust decreases 

Packet delivery ratio and Throughput and increases 

overhead of the nodes and route. The normal AODV 

does not have any prevention technique against 

Cosmic Dust Attack.  

 
VII. CONCLUSION 

 
In this paper AODV is analyzed with its 

behavior and challenges of Cosmic Dust Attack in 

mobile ad hoc networks. The normal AODV 

routing protocol does not have any Cosmic Dust 

Attack prevention technique. In future the new 

mechanism can be incorporated to find secured 

route and prevent the cosmic dust nodes in the 

MANET, a comprehensible solution for it is on the 

top of AODV protocol. 
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Compendium of the Post Graduate Dissertations: Chemistry-  2017-2018

 S.No. Title of the Project Name of the Guide Name of the Candidate 

1  SILVER OXIDE NANOPARTICLE

CATALYSED SYNTHESIS OF 3-

CYANO-7-HYDROXY-2-IMINO-4-

METHYL-2H-BENZO [1,2-

b]PYRAN

Dr. M. 

PURUSHOTHAMAN 

K. NISHARUDEEN 

2 PHYSICO CHEMICAL ANALYSIS 

OF GROUNDWATER QUALITY 

IN KUMBAKONAM AREA

Dr. K. RIAZ AHAMED M. N. 

MOHAMMED

JASIM 

3 SYNTHESIS, 

CHARACTERIZATION AND 

BIOLOGICAL ACTIVITY

OF (2E)-1-(6-CHLOROPYRIDIN -3-

YL) -3-(1H-INDOL-3-YL)

PROP-2-EN-1-ONE

Dr. M. Mohamed 

Sihabudeen

Mr. M. 

Moahmed Rafi
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Compendium of the Post Graduate Dissertations: Chemistry

MARCH 2018

S. NO. TITLE OF THE PROJECT
NAME OF THE

GUIDE
NAME OF THE CANDIDATE

1.

CORROSION BEHAVIOUR OF

CARBON STEEL IN SODIUM

CHLORIDE SOLUTION USING

BENZOTRIAZOLE AS A INHIBITOR

MR. H.

MOHAMED

KASIM SHEIT

K. BASKAR

16PCH025

2.

SYNTHESIS, CHARATERIZATION AND

BIOLOGICAL ACTIVITY OF BENZO [1,3]

DIOXOL-5-YLMETHYLENE-

BENZOTHIOLZOL-2YLAMINE

DR. A. N.

MOHAMED

KASIM

 MR. A. CHARLES

(16PCH026)

3.

SYNTHESIS, SPECTRAL

CHARACTERIZATION AND

ANTIMICROBIAL SCREENING OF

AZOMETHINE COMPOUNDS

DR. F.M.

MASHOOD

AHAMED

R. MANOJ KUMAR 

(16PCH029)

4.

CORROSION RESISTANCE OFMILD

STEEL IN SODIUM CHLORIDE

SOLUTION BY ACRYLAMIDE

MR. H.

MOHAMED

KASIM SHEIT

S. YOGESH KUMAR

16PCH034

5.

SYNTHESIS, SPECTRAL

CHARACTERIZATION AND

ANTIMICROBIAL STUDIES OF 4-

(ISOPROPYLBENZYLIDENE)-3-

(TRIFLUOROMETHYL)ANILINE

DR. F.M.

MASHOOD

AHAMED

B. KARTHICK

(16PCH037)

6.

SYNTHESIS, CHARACTERIZATION

AND BIOLOGICAL ACTIVITY OF

N-[(1E)-1-(5-CHLOROPYRIDIN-2-

YL)ETHYLIDENE]PYRIDINE-4-

CARBOHYDRAZIDE

DR. A. ASRAR

AHAMED

MR. M. PARTHIBAN

(16PCH038)

7.

SYNTHESIS, SPECTRAL

CHARACTERIZATION AND

ANTIMICROBIAL STUDIES OF

SCHIFF BASE DERIVED FROM

AMINO ACID

DR. F.M.

MASHOOD

AHAMED

S. SUBASH CHANDRABOSE 

(16PCH039)

8.

ELECTROCHEMICAL BEHAVIOUR OF

MILD STEEL IN SODIUM CHLORIDE

SOLUTION BY BENZOIN OXIME

MR. H.

MOHAMED

KASIM SHEIT

M. GOPALAKRISHNAN

16PCH044

9.

SYNTHESIS, CHARACTERIZATION AND

BIOLOGICAL ACTIVITY OF (1E)-N-(1,3-

BENZOTHIAZOL-2-YL)-1-(5-

CHLOROPYRIDIN-2YL) ETHAN-1-IMINE

DR. A. ASRAR

AHAMED

MR. S. SURIYA

(16PCH047)

10.

SYNTHESIS, CHARACTERIZATION AND

METAL ION BINDING PROPERTIES OF

2-AMINOPYRIMIDINE-2-

NITROANILINE-FORMALDEHYDE

TERPOLYMER RESIN

DR. N.

MUJAFARKANI
P. DINESH KUMAR

11. SYNTHESIS, CHARACTERISATION AND

CHELATION ION-EXCHANGE

PROPERTIES OF P-SEMIDINE-P-

NITROANILINE-FORMALDEHYDE

DR. N.

MUJAFARKANI

S. JEGADEESAN
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Compendium of the Post Graduate Dissertations: Chemistry

SUBMITTED MARCH 2018

S.No. Title of the Project Name of the Guide
Name of the

Candidate

1
GROUND WATER QUALITY USING PHYSICO-CHEMICAL AND HEAVY METAL

ANALYSIS IN AND AROUND PUDUKKOTTAI DISTRICT
K. Mahmoodah Parveen R. Chithra Devi

2

 STUDIES ON PHYSICO-CHEMICAL AND HEAVY METAL 

ANALYSIS IN AND AROUND PONNAMARAVATHY TALUK AT 

PUDUKKOTTAI DISTRICT -TAMI NADU 

K. Mahmoodah Parveen N. Dhurgadevi 

3

CORROSION INHIBITION BY NATURALLY OCCURING ABRUS 

PRECATORIUS LEAVES EXTRACT ON A MILD STEEL ALLOY IN 

HCL SOLUTION  

A. SamsathBegum D.Sivananthini

4
 Corrosion Inhibition By Naturally Occuring Luffa 

Acutangula Leaves Extract on a Mild Steel Alloy in H2SO4 

Solution  

A. Samsathbegum S.Jayapriya

5

GROUND WATER QUALITY USING PHYSICO-CHEMICAL AND 

HEAVY METAL ANALYSIS IN AND AROUND 

SANKARAPURAM TALUK VILLUPURAM DISTRICT 

K. Mahmoodah Parveen P. Kalpana

6
Corrosion Inhibition by Naturally Occuring Delonix Elata 

Flower Extract on A Mild Steel in H2SO4 Solution 
A. Samsathbegum P.Kokila

7 Corrosion inhibition by naturally occurring Bombax ceiba 

leaves extract on a mild steel in H2SO4 solution 
A. Mushira Banu R. Oviya

8  Potential of Gossypium barbadense as a Green Corrosion 

Inhibitor against Mild Steel in HCl Medium  

B. Arifa Farzana G. Rajeswari

9
 Corrosion Inhibition and Adsorption Behaviour of Mild 

Steel by Aqueous Extract of Raphanus sativus in H2SO4 

Solution 

Dr. B. Arifa Farzana M. Rubina

10  Corrosion Inhibition Potential of Aqueous Leaves Extract of

Trichosanthes Cucumerina on Mild Steel in 1.0 N HCl 

A. SamsathBegum
A. Thameem

Rishwana
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Compendium of the Post Graduate Dissertations: Commerce 

S. 
No 

Title of the Project Name of the Guide Name of the Candidate 

1. A STUDY OF ATTITUDE AND WORK 
COMMITMENT OF TEACHERS 
TOWARDS TEACHING PROFESSION IN 
TIRUCHIRAPALLI CITY 

Dr. S. GULAM 
MOHAMED 

J.ABDUL HAKKIM 

2. A STUDY ON FINANCIAL 
PERFORMANCE OF MAHINDRA & 
MAHINDRA LIMITED 

Dr. KHALEELUR 
RAHMAN 

A.JIAVUDEEN 

3. A STUDY ON JOB SATISFACTION OF 
ADMINISTRATIVE STAFF OF 
BHARATHIDASAN UNIVERSITY, 
TIRUCHIRAPPALLI 

Dr. T. M. BASHEER 
AHAMED 

B.ARAVIND 

4. A STUDY ON CUSTOMER 
SATISFACTION OF AIRTEL SERVICE 
PROVIDERS IN TIRUCHIRAPPALLI 
CITY 

Dr. A. KHALEELUR 
RAHMAN 

N. ARIVAZHAGAN 

5. A STUDY ON FINANCIAL 
PERFORMANCE OF TATA MOTORS 
LIMITED 

Dr. M MARIMUTHU FAISAL ISMAIL S 

6. A STUDY ON FINANCIAL 
PERFORMANCE OF APPLE 
INCORPORATION 

Dr. Y. MOYDHEEN 
SHA 

P.A.F MOHAMED ABSAR 
ALI 

7. A STUDY ON CONSUMER 
PREFERENCE AND SATISFACTION 
TOWARDS MARUTI SUZUKI CARS IN 
THANJAVUR 

Dr. L. ASID AHAMED J. MOHAMED ABUTHAHIR 

8. STUDY ON FINANCIAL ANALYSIS OF 
MARUTI SUZUKI INDIA LIMITED 

Dr. T. M. BASHEER 
AHAMED 

V J MOHAMED 
AZARUDEEN 

9. A STUDY ON FINANCIAL STATEMENT 
ANALYSIS 
OF BHARTI AIRTEL LIMITED 

Dr. M.SIRAJUDEEN P.M MOHAMED ISMAIL 

10. A STUDY ON CUSTOMER’S 
SATISFACTION TOWARDS 
FAST FOOD RESTAURANT IN 
MANNARGUDI TOWN 

Dr.K.VIJAYAKUMAR 
M. S. MOHAMED 
NILAVUDEEN 

11. A STUDY ON QUALITY OF WORK LIFE 
OF SCAVENGERS IN 
TENKASI MUNICIPALITY 

Dr. M. HABEEBUR 
RAHMAN 

MORRIS MOHAMED 
ASLAM M 

12. A STUDY ON EMPLOYE MOTIVATION 
IN FANTASY SOLUTION, TRICHY 

Dr. T.M. BASHEER 
AHAMED 

T. MANOBALAN 
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Compendium of the post graduate projects  (2017-18) 
 

S.No Title of The Project Name of The Guide Name of The 
Candidate 

1 A STUDY ON THE ROLE OF WOMEN SELF-HELP 

GROUPS WITH SPECIAL REFERENCE TO THENNUR 

AREA, TIRUCHIRAPPALLI CITY  

 

Mr.SALEEM DEEPAN RAJ K 

2 A STUDY ON MARKETING SERVICES TOWARDS SCM 

PRACTICES IN INDIA CEMENT LTD, TIRUNELVELI  

 

MR.P.ARIVAZHAGAN D.MOHAMED 

AZARUDEEN 

3 A STUDY ON CUSTOMER RELATIONSHIP IN FEMINA 

SHOPPING MALL (HYPER) PVT.LTD TRICHY CITY  

 

Mr.K.RIYAZ 

AHAMED  

 

M.NIJAMUDEEN  

P.SATHYASEELAN 

4 A STUDY ON WORKLIFE BALANCE PRACTICES IN 

KOTHARI SUGARS & CHEMICALS LIMITED, 

SATHAMANGALAM UNIT, ARIYALUR 

 

 

Mr.SALEEM MOHAMED 

AZHARUDEEN A  
 

5 A STUDY ON FINANCIAL ANALYSIS IN 

VIVEKS PRIVATE LTD 

 

Mr. P. ANWAR 

BASHA 

M. SANTHOSH 

KUMAR 
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Compendium of Post Graduate Projects, Commerce 2018 (SF-Women) 

 

 

S.No 

 

Title of the Project 

 

Name of the Project Guide 

 

Name of the Candidate 

 
1 

A STUDY ON CUSTOMER AWARENESS 

TOWARDS E-BANKING SERVICES OF INDAIN 

BANK IN TIRUCHIRAPPALLI 

Dr. K. INDUMATHI DHARANI M 

2 A STUDY ON WORK RELATED STRESS 

TOWARDS AN EMPLOYEES IN ASPIRE SYSTEMS 

PRIVATE LIMITED AT SIRUSERI IN CHENNAI. 

Prof. N. SABRIN 
HARINI A 

3 A STUDY ON EMPLOYEE ABSENTEEISM IN K.R.T 

MOTORS PRIVATE LIMITED,TIRUCHIRAPALLI. 

Dr. G. PHILOMINE JOAN OF ARC 
HEMALATHA S 

 
4 

A STUDY ON DEALERS 

SATISFACTION ASIAN PAINTS IN 

TIRUCHIRAPPALLI 

Prof. M. HAJEERA BEGAM JANANI M 

5 A STUDY ON EMPLOYEES MOTIVATION AT 

BILLED RIGHT HEALTHCARE SOLLUTION, 

TRICHIRAPALLI DISTRICT 

Prof. S. DHILSHATHUNNISA 
JEYANA S 

6 A STUDY ON CONSUMER‟S PREFERENCE AND 

PERCEPTION TOWARDS PATANJALI PRODUCTS 

WITHREFERENCE TO TRICHIRAPALLI DISTRICT 

Prof. M. HAJEERA BEGAM 
JOYCE P 

 
7 

A STUDY ON COSMETICS PREFERENCE BY 

COLLEGE STUDENTS IN TIRUCHIRAPPALLI 

TOWN 

Dr. S. LATHA MAHESHWARI KARISHMA R 

8 A STUDY ON RISK AND RETURN ANALYSIS OF 

SELECTED STOCKS IN BOMBAY STOCK 

EXCHANGE 

Dr. A.M. MOHAMED SINDHASHA 
KEERTHI RAMYA S 

 
9 

A STUDY ON WORK LIFE BALANCE OF WOMEN 

EMPLOYEES IN BILLED RIGHT HEALTHCARE 

SOLUTIONS PVT LTD 

Dr. K. INDUMATHI 
NANCY TRESA J 

 
10 

A STUDY ON CUSTOMER SATISFACTION 

TOWARDS OLACABS.COM IN TIRUCHIRAPPALLI 

Dr. G. PHILOMINE JOAN OF ARC RAHAMATHUL 

FARZANA K 

 
11 

A STUDY ON CONSUMERS PERCEPTION 

TOWARDS ONLINE SHOPPING IN 

TIRUCHIRAPPALLI 

Prof. M. HAJEERA BEGAM SAJEETHA BEGUM M 

12 A STUDY ON COMPETENCY MAPPING IN AMMAN 

TMT TRY STEELS IN NAGAMANGALAM, 

TIRUCHIRAPPALLI DISTRICT 

Dr. K. HALIMUNNISA 
SINDHU R 

13 A STUDY ON BRAND CUSTOMER PREFERENCE 

OF MOBILE PHONES IN TRICHIRAPPALLI 

Dr. K. INDUMATHI 
UMA YOHESWARI J 

 
14 

A STUDY ON CUSTOMER AWARENESS 

TOWARDS DIGITIAL BANKING SERVICES OF SBI 

WITH SPECIAL REFERENCE TO TRICHY CITY. 

Prof. A. NILOFER PREETHI A 

 
15 

A STUDY ON CUSTOMERS SATISFACTION OF JIO 

4G SERVICE IN TIRUCHIRAPPALLI DISTRICT 

G.PHILOMINE JOAN OF ARC THENMOZHI C 
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Compendium of the Post Graduate Dissertations: Computer Science

S.No. Title of the Project Name of the Guide Name of the Candidate 

1. ONLINE HEALTH CARE SYSTEM 
K.SYED KOUSAR

NIASI
R.DHANRAJ

2.
CIVILIAN DATA

SYNCHRIONIZATION WEB

APPLICATION

S.BALA

SUBRAMANIAN
A.RAMAN

3.
 ERP APPLICATION FOR HOTEL

MANAGEMENT SYSTEM

A.BASHEER

AHAMED
B.VISHNU
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2018

S.NO. TITLE OF THE PROJECT NAME OF THE

GUIDE

NAME OF THE

CANDIDATE

1 DEVELOPMENT OF 

EYEMASK  USING  

VACHELLIA NILOTICA 

(BABUL)    

MERLIN SHARMI. G DIVYA PRIYA.R

2 DEVELOPMENT OF HERBAL 

PILLOW  USING 

VITEXNEGUNDO (NOCHI) 

LEAVES & ALLIUM 

SATIVUM(GARLIC)SKIN

R.JEEVITHA FAYZA NAZRIN

3 DEVELOPMENT OF SPORTS 

WEAR (SOCKS) WITH 

FRAGRANCE AND

PAIN RELIEVING USING 

EUCALYPTUS GLOBULUS 

OIL

A.G. MEERA R. MEHAR NISHA

4 CONSTRUCTION OF GLOVES 

AND SOCKS WITH 

MOSQUITO REPELLENT 

FINISH USING MARIGOLD 

FLOWER

MERLIN SHARMI. G T. NIVETHA

5 EVALUATION OF 

ANTIBACTERIAL ACTIVITY 

ON COTTON FABRIC USING 

RIND OF PUNICA 

GRANATUM L.  

M.SASIKALA M.SABANA 

BARVEEN

6 DEVELOPMENT OF KNEE 

BRACE WITH GAUZE FABRIC

USING        CAESALPINIA  

BONDUC(KALACHIKAI)TO 

HEAL PERIPHERAL EDEMA 

(SWELLING)

R. JEEVITHA C.PRIYANGA

7 DEVELOPMENT OF MEDICAL

TEXTILE

(Mitten) TO INFANTS USING 

ACORUS CALAMUS

A.G. MEERA T. VINODHINI

8 A COMPARITIVE STUDY ON 

INFLUENCE OF 

ANTIINFLAMMATORY 

EFFECT IN NONWOVEN PAD 

FOR TOOTHACHE USING 

PSIDIUM GUAJAVA AND 

BLACK CARAWAY

MERLIN SHARMI.G J. BENAZIR 

FATHIMA

9 DEVELOPMENT OF FOOT 

PAD FOR DETOXIFICATION 

AGAINST CUTANEOUS 

TOXIC USING BENTONITE 

CLAY

M.SASIKALA S. JAMEE ROSE 

JAHAN
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Compendium of the Post Graduate Dissertations: Information Technology

2018 

S.No. Title of the Project Name of the Guide Name of the Candidate 

1
FINGERPRINT

IDENTIFICATION SYSTEM

S. VAAHEETHA

KFATHEEN
Z. KAMILA PARVEEN

2
SECURE BARCODE BASED

COMMUNICATION

J. FATHIMA

FOUZIA
K. KIRUTHIKA

3 PROS ‘N CONS
O.S. ABDUL

QADIR
K. NAZRINE

4

EMPLOYMENT CARD

AUTOMATIC RENEWAL

SYSTEM

MOZIBUR

RAHEMAN KHAN
C. THENMOZHI
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COMPENDIUM OF THE POST GRADUATE DISSERTATIONS: MICROBIOLOGY 2018 

S.NO. TITLE OF THE PROJECT NAME OF THE GUIDE NAME OF THE 
CANDIDATE  

1. 

STUDIES ON EFFECT OF CARBON 
SOURCES ON THE PRODUCTION OF 

POLYHYDROXY ALKANOATES 
(PHA) BY BACILLUS SUBTILIS 

Dr.A.RAJA 

 
MOHAMED IBRAHIM 

2. 

EXTRACTION AND PARTIAL 
CHARACTERIZATION OF INULIN 
FROM GARLIC AND TESTING ITS 

SYNBIOTIC EFFICACY 
Dr.N.REEHANA 

 

 
A.IRFANA PRAVEEN 

 
 
 

3. 

PRODUCTION OF CITRIC ACID BY 
ASPERGILLUS NIGER OBTAINED 
FROM SPOILED FOOD PRODUCTS 
AND EXPLORING ITS INHIBITORY 

ACTION 

Dr.N.PACKIALAKSHMI 

 
S.SUMAIYA BANU 

 
 
 
 

4. 

BIOREMEDIATION OF XENOBIOTIC 
AZO DYES BY PSEUDOMONAS 

PUTIDA ISOLATED FROM TEXTILE 
EFFLUENT COLLECTED AT 

TIRUPPUR DISTRICT 

Dr.A.RAJA 

 
NOWSEEN FATHIMA P 
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Compendium of the Post Graduate Dissertations: NUTRITION AND DIETETICS-2018

S.No Title of the Project Name of the Guide Name of the Candidate

1. Antioxidant activity and nutrient

composition of the selected amla

(Emblica officinalis) based recipe

Dr. M.Angel N. Nargeez Banu

2. Organoleptic evaluation, nutrient

composition and polyphenolic

content of peepal leaf (Ficus

religiousa)

powder incorporated recipes

Dr. M.Angel J. Shamim Nisha
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Compendium of the Post Graduate Dissertations: Physics - 2018 

S. No. Title of the Project Name of the Guide Name of the Candidate 

1 

Dielectric Studies of Insulating Material 

of ZrO2 as a Nanoparticle and its 

Characterization 

Dr. A. Mohamed Saleem MT. Sadad Abdussamad 

2 
Truth Table Evaluator and Karnaugh 

Map Plotter 

Mr. S. Mohamed Ibrahim 

Sulaiman Sait 
S. Azeezur Rahman 

3 

Solvation Analysis of Indole-3-

Aldehyde and 1-Amino-5-Nitroindole 

by Polarizable Continuum Model (Pcm) 

Dr. A. S. Haja Hameed E. Jeeva 

4 

Solute-Solvent Interaction of Optically 

Active 5-Nitroindole And 7-

Nitroindazole Molecules in Polar and 

Non-Polar Solvents 

Dr. A. S. Haja Hameed J. Kaarthik 

5 
Sliding Bifurcations in a Dry Friction 

Oscillator 
Dr. A. Ishaq Ahamed A. Eshak Nabi 

6 
Numerical Study on Chua's Circuit 

Using C Programme 
Mr. J. Umar Malik M. Niyas Ahamed 

7 Traffic Light System Using IC CD4017 Dr. A. Abbas Manthiri R. Mohamed Ismail 
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Compendium of the Post Graduate Dissertations: Physics 

 

S.No. Title of the Project Name of the Guide 
Name of the 
Candidate 

1 

CHARACTERISATION OF SPRAY 

DEPOSITED V2O5 THIN FILMS 

DOPED WITH ZINC 

A. BENAZIR 

FATHIMA 
S. YAGAVENI 

2 

LOW FREQUENCY ELECTRONIC 

MUSCLE STIMULATOR IN 

BIOMEDICAL 

INSTRUMENTATION 

T. SURYA 
ZOYA SABURA 

FATHIMA Z 

 

2018
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Compendium of the Post Graduate Dissertations: Social Work-2018

S.No. Title of the Project Name of the Guide Name of the Candidate 

1 A STUDY ON EMOTIONAL 

INTELLIGENCE AMONG SPECIAL

EDUCATORS

Mr.M.RAJALINGAM R.SURYA NARAYANAN

2 A STUDY ON MOBILE 

DEPENDENCE AMONG FEMALE 

STUDENTS

Dr.S.RAJESWARI D.PRAVEEN

3 A STUDY ON OCCUPATIONAL 

STRESS AMONG TEACHERS

Dr.S.RAJESWARI Gnana Thilakan
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Compendium of the Post Graduate Dissertations: Zoology 2018 
 

Sl. No. Title of the Project Name of the Guide Name of the 
Candidate 

1 

ASSESMENT OF MILK 
ADULTERATION IN SELECTED 
BRANDS OF UDUMALPET TOWN, 
TAMILNADU 

Dr. M. MEERAMAIDEEN Dr. M. MEERAMAIDEEN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 








