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Message

rivilege for the Commerce department to host the conference of NATIONAL CONFERENCE ON

thJanuary, 2017. The objective of the conference

in India to have a healthy discussion

Itisap
STRATEGIC HUMAN RESOURCE PRACTICES on 24

isbringing together the faculty and students of the various colleges

on the topic of human resources and to bridge the gap between theoretical knowledge and practical

implementation of human resources management strategies and to explore the conventional practices in

human resources management and to provide an insight into the advancements in the same. This

conference is meant to stimulateconsciousness among the students and faculties of the need to consider

human resources as a valuable asset to every organization.

I offer my felicitations and congratulations to the convener and the student representatives for

conducting this conference a priority area of the Jesuits of the Madurai Province.

Best wishes

Scanned with CamScanner



[nternational Journal of Management and Social Science
Research Review (IJMSRR)

D | Py T
8. NO FITLE OF THE ARTICLE P.NO |
| A STUDY ON THE ORGANIZATIONAL | wrsaes e TR WG
AS & st S VUL - FACTORS THAT LEAD TO V ) ) 'R 1 '
;. PRIVATE COMPANIES AND THE SATISFACTION THEY l)lii{lvllfll-'R((;ulﬁlARY ik gt 18
[—— Dr. Hannah Frederick , Joy Christy Hemema .
| THE IMPACT OF PERCEIVED PSYCHOLOGICAL CONTRACT '
2. L - - CONTRACT AND JOB SATISFACTION 9.13 |
—— Ms. Shiny Isaac, Dr. Nirmala Mohan |
3 'IVE S ON SUCCESS S 1 R i |
; C[(V(;l\grl\g%lc\)ff STUDY ON SUCCESSION PLANNING AT DECISION MAKING V§ DECISION IMPLEMENTATION | 1 46 |
5 . Prof. Sivaprakash J S, K.T. Manivannan, Dr. A. Jesu Kulandai Raj |
" o
4 ROLE OF HR TO REVIVE THE BUSINESS AS-IS DURING CHENNAI FLOODS- 2015. 17-21 ‘
. D.Nirmalraj, Dr. N. Santhosh Kumar |
- TIME MANAGEMENT BY EMPLOYEES — A STUDY WITH SPECIAL REFERENCE TO PRIVATE SECTOR 2228
EMPLOYEES IN CHENNAL Dr. Hannah Frederick, V.Nithya
~ =g |
IMPACT OF WORK LIFE BALANCE ON JOB SATISFACTION AND ORGANISATI ) : i
o WOMEN BANK EMPLOYEES IN PUDUCHERRY. ONAL COMMITMENT AM({/lti‘zmum 29.34 |
HIGH PERFORMANCE WORK PRACTICES AND BEHAVIOURAL OUTCOMES. 2
7. VeenaMurali, Dr.Panjabi Mala Devidas 3540 :
A FEASIBILITY STUDY FOR IMPLIMENTING KNOWLEDGE MANAGEMENT SYSTEM TO IMPROVE TEACHING e |
8. PERFORMANCE IN SELF FINANCING COLLEGES WITH REFERENCE TO INDIA. S.Suresh
A STUDY ON THE FACTORS INFLUENCING THE QUALITY OF WORK LIFE OF TEACHERS IN AIDED COLLEGES
9. | WITH SPECIAL REFERENCE TO PALAYAMKOTTAL Ms. M. FatktmaFarhans | 58
{0. | “FACTORS INFLENCING JOB STRESS AND JOB SATISFACTION OF WOMEN EXECUTIVES IN INDIAN IT & ITES 51-61
INDUSTRIES™. Ms, Shakila. P
1 A STUDY ON SCORESHEET ASSESSMENT OF THE MULTIPLE ROLES OF HUMAN RESOURCE MANAGERS IN 62-64
' PRIVATE COMPANIES IN CHENNAL Dr.J.Arul Suresh, Prof. M.Sivakumar, S.Nikhil, K.Karthick
12 THE ROLE OF EMOTIONAL INTELLIGENCE IN DETERMINING PERSONALITY TRAITS OF WORKING PEOPLE. 65-72
¥ Majeetha Parveen.S.M, Dr. Nirmala Mohan S
) A HUMAN RESOURCE INFORMATION SYSTEM USING CLOUD TECHNOLOGY- A CASE STUDY OF TATA AIG 737 i‘
13. | GENERAL INSURANCE COMPANY LIMITED. MS. Ayisha Jothi.T, Dr. Tamilarasi.M 375 |
14 A STUDY ON CHALLENEGS IN IMPLEMENTING GREENHRM PRACTICES IN MANUFACTURING UNITS AT 1681
2 KANCHIPURAM DISTRICT. Ms. Lavanya.V, Dr. S. John Gabriel |
; 15. A STUDY ON HUMAN RESOURCE PRACTICES IN INSURANCE COMPANIES OF CHENNAI CITY. 82-86
jt & Prof.M.Rajeswari
‘ 16. CHALLENGES OF GREEN HUMAN RESOURCE (HR) PRACTICES IN BUSINESS PROCESSING & OUTSOURCING 87-94
(BPO) INDUSTRY IN CHENNAI- A STUDY. B.Chinnamuthu , Dr.S.John Gabriel
: 17. HUMAN RESOURCE ACCOUNTING - IS [T REALLY ACCOUNTED BY THE COMPANIES IN INDIA?. 95-99
& S. Sivaprakkash, Dr. T, Joseph
‘: ¥ 18. SUCCESSION PLANNING AND ITS IMPORTANCE IN TATA GROUP - CASE STUDY. 100-102
: Prof. M. Sivakumar, Prof. Hermina Coreara,  Suraj Bajaj
19 AN ASCERTAINMENT OF TRAINING AND DEVELOPMENT PROGRAMME IN NEYVELI LIGNITE CORPORATION 103-107
g LIMITED. Dr.John Benedict. D
A STUDY OF COMPETENCIES OF TEACHING FACULTY AND ITS IMPACT ON TEACHING PERFORMANCE
20. | (WITH SPECIFIC REFERENCE TO SELECT ARTS AND SCIENCE COLLEGES IN CHENNAICITY). 108-113
Teena Dhariwal, Rajarajeswari S
21 A STUDY ON EMOTIONAL INTELLIGENCE AS A BUFFER OF OCCUPATIONAL STRESS WITH SPECIAL 114-118
: REFERENCE TO WORKING WOMEN IN IT SECTOR -CHENNAL M. Theboral Victoriya

Scanned with CamScanner



International Journal of Management and Social S¢;

.
Research Review (IJMSRR)
22, HUMAN RESORUCE DEVELOPMENT PERSPECTIVE OF UNORGANIZED WOMEN WORKERS AT VIRUDHUNAGAR r:\\
DISTRICT. Dr. J.M. Arul Kamaraj | ''*124
23. A STUDY ON EMPLOYEE EGAGMENT ACTIVITIES OF AN ORGANISATION(WITH REFERENCE TO E-FUNDS 12
CORPORATION LTD). Dr.D.John Benedict, Prof.M.Siva Kumar, Mr.E.Yeshwanth S
[ 24, / EMPLOYEE ENGAGEMENT: AN IMPETUS IN ACHIEVING ORGANIZATIONAL GOALS.A CONCEPTUAL STUDY. ?
Xavier BinayKandulna "136
[ 25 f A STUDY ON FACTORS CONTRIBUTING TO EMPLOYEE ATTRITION IN INFORMATION TECHNOLOGY SECTOR 137-14
IN CHENNAI CITY. Ms. Gracia. A, Dr, Tabitha Durai 4
i

Scanned with CamScann




About the Editor
prof.M.Sivakumar is a professor OF commerce in Loyola Colle
rcaching and research experience. HIIS primary expertise is Man
Management and Accountmg. He is presentlydoing a resear,
Madrasin the field of Successm.n Planning an extensjve module
master’s degree in from Presidency College, Chenpa; 4§
philOSOPhy S C.ouegeChennai. He developed an interest in teaching which
made him to do other Bachelors in Education from Annamalaj University, Chidambar :i
has cleared the National Eligibility Test(NET) with JRF. He has submitted and uzll?s'h ;
Research papers in various topics in reputed Journals. He hag been an active part?cipantei:n
yarious national and international conferences.He has a solid track record of being an active
e R et Lersoul Management, Chennai Chapter and Human

Resource Sangam, Chennai. He has shown keen interest in helping the less fortunate people
through the Department of Service learning.

ge. He has over 7 years of
agement, Human Resources
ch under the University of
in human resources, He has 3
ell as a master’s degree in

T
&

¥y

About the Organizing Secretaries

Prof. HerminaCorera is a professor in the Department of Commerce (Shift-II), Loyola
College. She has more than 24 years of teaching and research experience. Her primary
expertise is in the field of Accounting and Management Studies. She is presently doing a
research in the field of Human Resource Management. She completed her Bachelors and
Masters degree in Commerce from St. Mary’s College, Tuticorin (Afﬁliatqd to Madurai
Kamaraj University). She developed an immense interest in teaching which made her
complete Masters in Education from Annamalai University, (?hldambafam. Moreover, she
has completed Masters in Philosophy from Madurai Kamaraj University and MBA from
Madras University. She has cleared the National Ehglblhty Test (NET). Shg has been an
active participant in various National and International conferences. Her primary field of

interest isaccounting.

Scanned with CamScanner



stant Professor of Commerce Loyola College. He has over
ce. His primary expertise is in the field of
he field of finance from Pondicherry University,
rial Indices of National Stock Exchange
bility Test (SET) on 2012 and Nationg|

Dr D John Benedict is an Assi :
four years of teaching and research experien

Finance. He was awarded Ph.D in t
Puducherry.His dissertation was “Implications Secto

on CNX Nifty Index”. He has cleared the State Eligi ; .
Eligibility Test (NET) on 2014. He has pursed his Master's Degree in Commerce from

Pondicherry University, Puducherry. He completed his MBA from the Pondicherry
University, Puducherry. He has also done Bachelors in Education from Pope John Paul II
College of Education, Puducherry. Presently he is the Coordinator for Entrepreneurial
Development Cell in Loyola. He has published four research papers and presented many
papers in National and International conferences. His areas of _mter_est are Investment and
Portfolio Management, Management Accounting, Banking and F inancial Institution.

. ,‘____‘
Scanned with CamScanner



Prof. K. Sangeetha,
Founder & Managing Editor
International Journal of Management And Social Science Research Review
No.11/A, Seethapa Layout
Bangalore - 560032.

EMail: ijmsrrjournal @gmail.com.

Scnned wih CamSanner



DR. P. MARY VIDYA PORSELVI, DEPARTMENT OF ENGLISH, LOYOLA COLLEGE, CHENNAI-34 2016

Nature, Culture and Gender

P. Mary Vidya Porselvi




DR. P. MARY VIDYA PORSELVI, DEPARTMENT OF ENGLISH, LOYOLA COLLEGE, CHENNAI-34 2016

ISEN~13: 978-1-138-L7674-1

900
i Rou“edge "" ‘" || Ill
g Tindos & Francis Groar

95781138%7674




Scanned with CamScanner




kﬁ
]

EGL-] SH.

LANGUAGE
TEACH]NG

Edited by Dr. K. Balachandran

Scanned with CamScanner



Contents

Preface
Acknowledgements

Approaches to English Language Teaching —
A Short Review
- Sheila Royappa R.C.

Spoken English Courses: A Critique
- Bharathi S. & Sheila Royappa R.C.

Gender and Socio-cultural Perspectives in
Second Language Acquisition
- Kamatchi P

Concentrating on Communication: An Essential
Component in the Learning of English
- Miss Sudha N. & Anju S. Nair

The Effectiveness of Multiple Intelligences in
ESL/EFL Classrooms

- Somasundaram G. & Ganesan S

Attitude of English Teachers in the
Use of Smart Class

- Cornelia Latha Rayane & Ruby Davaseeli

Fostering Communication Instruction
- Anju S. Nair

Scanned with CamScanner

19

40

59

~J
(R

85

108




[Language L eaching: New p,,..

inplish
e on Eng .
btl)’h ‘)"(‘li'u.,

tea] 158
(pitica
16 o i
b 1 [‘:Ill :
1] earnig and ioin ELT
8 lr o }.’, SCC”””() 11 )

: The Changth
Kamini R.

a Pcdng()glcnl ['ool in 111

Songs A8 |
9, Songs 1
David ]cyalmlan V.
loping Reading Skills Through Internet
weloping 1 : '
‘){f E Wﬁni Paulraj & Lily Arul Sharmila 14
ear ‘
Teaching English Languapc
11. 'The Aspects of Tea g ng guag s

Lily Arul Sharmila

jj 12, Modetn Techniques in English Language ’I'cuchinsg 17

Chitra P.

13, Techniques in Teaching English as a
Second Language "
Natanam G.

14. Using Context in the Teaching of Vocabulary 101

Santhosh Kumar C.

15. Metacognition: A Tool in EFL Learning 202
Asra Sultana Mouda & Katyayini Sangam

16. Effective Strategies and Skills in Teaching English
as a Foreign Language 4
Suneetha Reddy K.

17.

fepatation of Te, o A
ng M 220
Kunjaban page g Materials
18. EffeCﬁv :
Langmgz Ilrjatzuncuonal Strategies for English 4
et . e
Indumath-i MR, b Mamstteam Classrooms 2

Scanned with CamScanner



Y 10 * e
e : R
Developing Reading Skij

through Internet
Peatline Paulraj & Lily Arul Sharmjj,

—\\\

English is an International language and is one of the .
popular languages in the world. It 1s estimated that around ty,
billion people in the world communicate in English, The rapid
changes in business, media and communication have mgqe

English a global language. Apart from being the domingpy
business language, it has almost become inevitable for those who

aspire to enter the global work force. It is the official language in
most of the countries in the world. Many of the world’s best
books, films, documentaries etc., are in English. Although learning
English can be time consuming and challenging, it is indeed
valuable and important. In India, a multilingual country, English
is taught as a second language. It serves two purposes. Firstly, it
provides a linguistic tool for administrative cohesiveness of the
country, bringing the population that speaks different languages
together. Secondly, it serves gs a language of wider commu-

nication, including a large number of people living in different |
states in Indig, l
: \

|

| o nelshisalink langugge in Tndia and it is the firs acgrie
B v Creamy | ._leaye_r of the society. It binds us togethet Td
“b%‘ldge that connects India to the rest of the Yt
Q Nt T I e Y ; c1atys
40 extraordinary role ¢ play in the patliament, judiciat)

- Scanned with CamScanner



English is no more the native language of the British. It has become 3
world language because of its broad-mindedness; it borrows words
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Minimum Layout of Circulant Graphs
into Certain Height Balanced Trees

Jessie Abraham®™) and Micheal Arockiaraj

Department of Mathematics, Loyola College, Chennai 600034, India
jessie.abrt@gmail.com, marockiaraj@gmail.com

Abstract. A graph embedding comprises of an ordered pair of injective
maps < f,p > from a guest graph G = (V(G), E(G)) to a host graph
H = (V(H), E(H)) which is formulated as follows: f is a mapping from
V(G) to V(H) and p assigns to each edge (a,b) of G, a shortest path
p(a,b) in H. The minimum layout problem is to find an embedding <
f,p = from a graph G into a graph H such that > ;) EC<fp»-(€) =
> |(a,b) € E(G) : e € E(p(a,b))| is minimized. In this paper we develop
an algorithm to find the minimum layout of embedding the circulant
graph into certain height balanced trees like Fibonacci tree and wounded
lobster.

Keywords: Height balanced tree - Layout + Circulant graph - Fibonacci
tree

1 Introduction

Graph embedding has been an integral tool in efficient implementation of par-
allel algorithms on parallel computers with minimal communication overhead.
A graph embedding comprises of an ordered pair of injective maps < f,p >
from a guest graph G = (V(G),E(G)) to a host graph H = (V(H),E(H))
which is formulated as follows: f is a mapping from V(G) to V(H) and p
assigns to each edge (a,b) of G, a shortest path p(a,b) in H [1,7]. Figurel
illustrates a graph embedding. The edge congestion of an embedding is defined
by EC=(e) = |(a,b) € E(G) : ¢ € E(p(a, )] [6].

The layout L.y, (G, H) of an embedding is defined as the sum of edge
congestion of all the edges of H [3,5]. The minimum layout of G into H is given
by L(G,H) = min L.,y (G, H). The minimum layout problem is to find the
embedding that induces L(G, H). When the host graph is a tree, the layout
problem finds application in graph drawing, data structures and representations
and networks for parallel systems [5,10].

Maximum Induced Subgraph Problem [3]: Let G = (V(G), E(G)) and S C
V(G). Let Ig(S) = {(u,v) € E(G) :w € S and v € S} and for 1 < k < |[V(G)],
let Ig(k) = Sc‘r/nz‘nsc‘ k|Ig( )|. Then the problem is to find § C V(G) with

© Springer International Publishing AG 2017
S. Arumugam et al. (Eds.): ICTCSDM 2016, LNCS 10398, pp. 90-97, 2017.
DOI: 10.1007/978-3-319-64419-6_12
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Fig. 1. Embedding of an enhanced hypercube G into rooted complete binary tree H

|S| = k such that I (k) = |Ig(S)|. Such a set S is called an optimal set with
respect to the maximum induced subgraph problem.

Min-cut Problem [3]: Let G = (V(G), E(G)) and S C V(G). Let O¢(S) =
{(u,v) € E: uw € S and v ¢ S} and for 1 < k < |[V(G)], let Og(k) =

SC\I/ni\Isl‘|—k |©c(S)|. Then the problem is to find S C V(G) with |S| = k such

that Og(k) = |O¢(S)]. Such a set S is said to be optimal with respect to the
min-cut problem. For any graph G, Og(V —S) = O¢(S) forall S CV(GQ). If G
is an r-regular graph, then O¢ (k) = rk—2Ig(k) for every k € {1,2,...,|V(G)|}.

The following results provide a method for partitioning the edges of the host
graph which in turn can be effectively used to solve the minimum layout problem.

Lemma 1 (Congestion Lemma) [6]. Let G be an r-regular graph and < f,p >
be an embedding of G into H. Let S be an edge cut of H such that the removal
of edges of S splits H into 2 components Hy and Hy and EC<y . (S) denote
the sum of edge congestion over all the edges in S. Let G1 = G[f~*(Hy)] and
Go = G[f~Y(H>)]. Suppose the following conditions hold.

1. For every edge (a,b) € G;, i = 1,2, p(a,b) has no edges in S.

2. For every edge (a,b) in G with a € G1 and b € Ga, p(a,b) has exactly one
edge in S.

3. G7 is optimal with respect to the maximum induced subgraph problem.

Then ECZip-(S) is minimum and ECZ;,(S) = Og(|V(G1)]) =
Oa(lV(G2)])-

Lemma 2 [6]. Let < f,p > be an embedding from G into H. Let
{S1,82,...,8p} be a partition of E(H) such that ECZy py (S;) is minimum for

P

alli. Then L.y py (G, H) is minimum and L<gpe (G, H) = Y ECLf s (S;).
i=1

Definition 1 [10]. A circulant undirected graph G(n;£S), S C {1,...,|n/2]},

n > 3 is defined as a graph consisting of the node set V.={0,1, ..., n—1} and
the edge set E = {(i,7) : |j —i| = s(mod n), s € £5}.
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In this paper, we confine our work to the circulant graph G(n;+S), where
S={1,2,...,5},1<j<|n/2|].Forn>3,1<j<|n/2|, G(n;£{1,2,...,5}) is
a 2j-regular graph. Figure 2(a) illustrates a circulant graph.

Lemma 3 [8]. A set of k consecutive nodes induces an optimal set with respect
to the mazimum induced subgraph problem in G(n;£S) on k nodes.

Lemma 4 [8]. Let G be the circulant graph G(n;£S), n > 3. Then for 1 <
k<n,

k(k —1)/2 k<j+1
Ig(k) = q kj—3j(i+1)/2 jjtl<k<n-—j
H{n—k)P?+ @i+ D)k—(2j+1)n}in—j<k<n.

Fig. 2. (a) Circulant graph G(8;+{1,2,3}) (b) Wounded lobster Ly

A height balanced tree T is a rooted binary tree in which for every node v,
the difference between the heights of the left and right child denoted as v; and
v respectively is at most one [2].

Fibonacci trees are a type of height balanced trees which are built recursively
in one of the following two ways.

Fibonacci Tree f;, [4]: The trees f; and fo consists of only the root node. For
h > 3, fy is constructed by taking a new root node and attaching f,_1 on the
left side and f,_o on the right side of the root node by an edge as shown in
Fig. 3(a).

Fibonacci Tree f,; [2]: The tree f! consists of only the root node and f, is
formed by attaching a pendant node to the root node. For h > 3, the left
subtree of f), is f,_; and its right subtree is f), _,. Figure3(b) illustrates f, for
h=1,2,...5.

Let |V (fn)| = mp and [V (f,)| = m),. Then, my, = 2F,—1 and mj, = Fj10—1,
where F}, denotes the Fibonacci number.
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Fig. 3. (a) fr type Fibonacci trees (b) f;L type Fibonacci trees

Definition 2 [9]. A lobster is a tree with the property that the removal of pen-
dant nodes leaves a caterpillar. A wounded lobster L,, is a lobster satisfying the
following conditions:

(i) There are 2”2 spine nodes and every spine node is adjacent to exactly one
node of degree 2 and one node of degree 1.
(i) Remowal of pendant nodes incident at nodes of degree 2 leaves a caterpillar.

Figure 2(b) illustrates a wounded lobster.

There are several techniques for traversing the nodes of a tree according to
the order in which the nodes are visited. In this paper we confine our study to
postorder.

Algorithm 1. Postorder Tree Traversal Algorithm
Do the following recursively until all nodes are traversed:
Step 1 - Traverse left subtree.

Step 2 - Traverse right subtree.

Step 3 - Visit root node.

2 Main Results

In this section we embed the circulant graph into Fibonacci trees and wounded
lobster to minimize their layouts.

Theorem 1. The minimum layout of circulant graphs G = G(mp;£S) and

’

G = G(m,;+S) into the Fibonacci trees is given by (a) L(G,fn) =
Fh_g.@c(m;;) +Fh_3.@g(m4) + ...+ F2.@G(mh_1) + 2‘S| and (b)L(G/, fh) e
Fh1.0¢ (M) + Fr2.0¢ (mg) + ... + 204 (my,_5) + Ogr (my,_y) + 2|S].

Proof. We split the proof into three parts comprising of labeling the guest and
host graphs, followed by the proposal of embedding and layout computation.

Guest and Host Labeling: Label the circulant graph and the two types of
Fibonacci trees as in the pattern given in Table 1.
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Table 1. Labeling algorithm

Labeling 1 Labeling 11

Guest Graph: Label the consecutive | Guest Grapb: Label the consecultive
nodes of G(mp; £S5) as nodes of G(my;+S5) as 0,1,...,m;, — 1
0,1,2,...,mp — 1 in the clockwise in the clockwise direction

direction

Host Graph: Label the nodes of f, by | Host Graph: Label the nodes of f;L by
postorder tree traversal from 0 to pqstorder tree traversal from 0 to

mp — 1 my, — 1

Proposed Embedding: Define an embedding < f,p > from G(my;£S) into
fn and G(m,; £S) into f, such that f(z) ==z

Layout Computation: We split the proof into two cases.

Proof for (a): For 1 <i < my;, — 1, let S; be an edge cut of f; such that its
removal disengages f;, into two components X; and X; as shown in Fig.4(a),
with the node set V; of X; being as follows.

For 1 <i<mp_q,

(0,1,...,i—1}, ifi=mg1<g<h—1
Vi= {ma,ma—l—l,...,i—l},ifizma+mb,1§b<a§h—l
{i — 1}, otherwise.

For mp_1+1<i<my—1,

{mp—1,mp_1+1,..i—1}if i=mp_1 +mg, 1 <g<h-—1
v, — {mp—1+ma,mp_1+mg+1,...,0—1},if i = mp—1 + mg + my,
1<b<a<h-1
{i—1}, otherwise.

Let G; be the graph induced by {f~!(u) : u € V;}. It can be noted that X; is
consecutively labeled for all ¢ and hence by Lemma 3, V; is an optimal set with
respect to the maximum induced subgraph problem. S; also satisfies conditions
(i) and (ii) of Lemma 1. In addition, {S;} " forms a partition of E(f). Hence
by Lemma2, L.y s (G, f) is minimum.

Let mp—1=F,+Fy_o+Fy_3+Fn_4+...F5, where my — 1 represents the

number of edge cuts of f, and F},, Fr_o, F_3, ..., F3, F5» denote the number of
node sets V; of cardinality mo, ms,...,mn_o and mj,_1 respectively.

mhfl mhfl Fh
Layout: L(G.fi) = £ BCuppe(S) = £ Oc(Vi) = 3 Oc(ms) +
Fp_2

Z Oc (ms3) + Z Oc(ms) + ... + Z@G(mh 2) + Z@G(mh 1) =
Fh 2.0G(m3) + Fj,— 390(m4)+ A+ Py @G(mh 1) +2[S].
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Proof for (b): Let S;, 1 < i < mj, —1 be an edge cut of f;l such that removal of
S disconnects f,; into two components Y; and Y; as depicted in Fig. 4(b) where
the node set Vi/ of Y; is defined by replacing mg, mq, my, and my—1 in V; of case
(a) by mlg,m;,m; and m),_, respectively.

Let G;» be the graph induced by {f~!(a) : a € V;} Clearly X; is labeled
consecutively for all ¢ and hence by Lemma 3, Vi/ is an optimal set with respect
to the maximum induced subgraph problem. S;» also satisfies the remaining two

conditions of Lemma 1. In addition, {S;};ihl_l forms a partition of E(f,). Hence
by Lemm‘?2a L<f,p>-(Ga fh) = L(Gv fh)
Let my, — 1=F,+F 1+ Fp_o+...Fy, where Fy, Fy,_1,Fy_o,..., F3, F>

denote the number of nodes sets Vi/ of cardinality m;, mIQ, ey m;kz and m}hl
respectively.

P m;L_l , m;L_l , Fp ,
Layout: L(G,f,) = Zl ECpp-(81) = 2 Oc (Vi) = Zl@c’(ml) +

1= 1= 1=

Fp_1 , F3 , F , ,
‘21 O (my) + ... + .Z:leG’(mhfﬁ + 260’(mh71) = Fh1.0¢ (my) +
1= 1= 1=

Fy_2.00 (mé) +...+ 260 (m;hz) + O (m;kl) +2|5|.

Theorem 2. The minimum layout of G = G(2"™; £5) into the wounded lobster
Ly is given by L(G, L,) = ${2"71(12j(2"* + 1) + 2"3(3 — 2") — 7)}.

Proof. Guest and Host Labeling: Label G(2"; £5) in the clockwise direction
as described in Table 1. Label L,, using postorder tree traversal order from 0 to
2" — 1.

Proposed Embedding: Define an embedding < f,p > from G(2";+S) into
L, such that f(z) = x.

Layout Computation: Table2 gives three sets of edge cuts covering F(L,,)
and the node set of the components obtained by the removal of these edge cuts
as depicted in Fig. 4(c).

Let G, G; and G: be the inverse image of Y., YT/ and YTH respectively under
=< f,p ». By Lemma 3, the node set of all the three inverse images are optimal in G
with respect to the maximum induced subgraph problem. All three edge cuts S, S;

Table 2. Edge cuts of L,

Edge Cuts Components | V(Component)
_ 4(r—1 ; )
S r=12. . o1 Y. ¥, VY,) = {4(r — 1)} Z'frz's odd
{2(r —2)+ 1} if r is even
Sir=1,2,....22 Y.V, VY,) = {4(r — 1) + 1,4(r — 1) + 2}
S;,r:1727"'52n7271 Y?"ll??r V(YT//):{4(T71)+0’74(7.71)4»3}
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and S, also satisfy the remaining two conditions of Lemma 1. In addition, {S,,r =
L,2,...,277 1 u{S,,r = 1,2,...,2" 2} U {S,,r = 1,2,...,2""2 — 1} forms
a partition of F(L,,). Hence by Lemma 2, the layout induced by the embedding

=< f,p > is minimum.
211.71 271.72 ,

From Lemmas 2 and 4, L(G,Ly,) = Y, EC<fpe(Sr) + > EC<fp-(S,) +
r=1 r=1

on—2_1 n—1 on—2 { on—3

S ECp(8) = X 6clVOID + T ea(vi)) + | T 6o

VOD+ "5 ealVIh ) = 55 (12 @t =7 ).

() (b) (©)

Fig. 4. Edge cuts of (a) f5 (b) fs (c) La

3 Conclusion

In this paper we have embedded and found the minimum layout of the cir-
culant graph into certain classes of height balanced trees like Fibonacci trees
and wounded lobster by using edge partitioning techniques and isoperimetric
methods.

Acknowledgement. This work was supported by Project No. 5LCTOI14MAT002,
Loyola College - Times of India, Chennai, India.
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Optimal Embedding of Locally Twisted
Cubes into Grids

Jessie Abraham®™) and Micheal Arockiaraj

Department of Mathematics, Loyola College, Chennai 600034, India
jessie.abrt@gmail.com, marockiaraj@gmail.com

Abstract. The hypercube has been used in numerous problems related
to interconnection networks due to its simple structure and communica-
tion properties. The locally twisted cube is an important class of hyper-
cube variants with the same number of nodes and connections per node,
but has only half the diameter and better graph embedding capability
as compared to its counterpart. The embedding problem plays a signifi-
cant role in parallel and distributed systems. In this paper we devise an
optimal embedding of the n-dimensional locally twisted cube onto a grid
network.

Keywords: Locally twisted cube - Embedding - Edge congestion -
Optimal set

1 Introduction

In a parallel distributed system, the execution of parallel algorithms devised
for a particular network on other networks in such a way that communication
overhead could be minimized when they are run concurrently, can be modeled
as a graph embedding problem.

Let G = (V(G),E(G)) and H = (V(H),E(H)) be undirected connected
graphs on n nodes each known as a guest graph and host graph, representing the
network underlying the algorithm and the network on which it is to be embedded
respectively. A graph embedding is an ordered pair <f,p> of injective maps
where f maps V(G) onto V(H) and p maps the edges of G into simple paths of
H such that if e = (a,b) € E(G), then p(e) is a simple path in H with f(a) and
f(b) as endpoints [11].

The edge congestion ECLj s (e) [3,10] of an edge e € H denotes the max-
imum number of edges of the guest graph that are embedded on e and is
denoted as

ECsp-(€) = [{(u,v) € E(G) : e € E(p(u,v))} |-

For any set S C V(G), let Ig(S) = {(u,v) € E(G) : u € S &v € S} and
< k< = i . )
for 1 < k < |V(G)|, let Ig(k) ng{gl)ﬂS\:kuG(S” The mazimum subgraph
problem is to find S C V(G) with |S| = k such that I(k) = |Ig(S)]. Such a set
S is called an optimal set [8].

© Springer International Publishing AG 2017
D. Gaur and N.S. Narayanaswamy (Eds.): CALDAM 2017, LNCS 10156, pp. 1-11, 2017.
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Lemma 1 (Congestion Lemma). [10] Let G be an r-regular graph and < f,p >
be an embedding of G into H. Let S be an edge cut of H such that the removal
of edges of S splits H into 2 components Hy and Hs and let Gy = f~'(Hy)
and G = f~1(Hz). The following conditions are sufficient for EC<y s (S) to
be minimum where ECLf . (S) denotes the sum of edge congestion over all the
edges in S.

1. For every edge (a,b) € G, i = 1,2, p(a,b) has no edges in S.

2. For every edge (a,b) in G with a € G1 and b € Ga, p(a,b) has exactly one
edge in S.

8. G1 or Go is an optimal set.

Let {S;}/, be a partition of E(H) such that ECLj . (S;) is minimum over
all embeddings for every i. An embedding <f,p> from G into H for which
such a partition can be determined is known as an optimal embedding [10].
Finding an optimal embedding helps in solving the layout problem [12-14], which
finds application in VLSI circuit design [4], graph drawing [2], crossing number
problem [5] and structural engineering [9].

The rest of the paper is organized as follows. Some fundamental definitions
and preliminary results for locally twisted cube and grid are given in the next
section. In Sect. 3, we devise a labeling algorithm and prove that it yields the
optimal embedding for locally twisted cubes into grids. In Sect. 4, we conclude
the paper.

2 Basic Definitions and Terminologies

The binary hypercube is one of the most popular, versatile and efficient topolog-
ical structures of interconnection networks having simple deadlock-free routing,
a small diameter, bounded link traffic density and a good support for parallel
algorithms.

Definition 1. [8] For n > 1, the node set of an n-dimensional hypercube Qy,

is made up of n-bits binary strings labeled in order using {0,1,...,2"™ — 1}

beginning with 0 at 00...00 and ending at 11...11 with 2™ — 1. Two nodes
—_— ——

n times n times

z,y € V(Qn) are adjacent if and only if their corresponding binary strings differ
in exactly one bit. An incomplete hypercube on ¢ nodes of Q, is the subgraph
induced by L; = {0,1,...,i—1}, 1 <i < 2", and is denoted by Qn[L;].

Theorem 1. [7] For 1 <i<2", L; is an optimal set in Q.

Definition 2. [15] For n > 2, an n-dimensional locally twisted cube is defined
recursively as follows:

1. LTQ is a graph consisting of four nodes labeled with 00,01,10,11 respec-
tively, connected by four edges (00,01), (00,10), (01,11) and (10,11).
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2. Forn >3, LTQ, is built from two disjoint copies of LTQ,_1 as follows:
Let OLTQ,—1 denote the graph obtained by prefizing the binary representa-
tion of each node of one copy of LTQ,_1 with 0. Let 1LTQ,_1 denote the
graph obtained by prefixing the binary representation of each node of another
copy of LTQ,,—1 with 1. Connect each node Oxsxs ...z, of OLTQ,_1 to the
node 1 (xo @ xp) 3 ... 2T, of LLTQ,—1 by an edge, where & denotes addition
modulo 2.

0010 0011 1011 1010
2 3 1l © 00 0001 10 0101 00, 0 11 1101
oL f\ o1 o 0000 000 0100 010 00 0 00 0

3 0 1 4 5 8 9 12 13

0110
6, 13 4

0010 0011 1 o111 01 01 1110 1111

(@ (b

Fig. 1. Isomorphic 4-dimensional locally twisted cubes with decimal and binary
labeling

Figure 1 depicts a 4-dimensional locally twisted cube. LT'Q,, can be equiva-
lently defined non-recursively as follows.

Definition 3. [15] For n > 2, an n-dimensional locally twisted cube is a graph
with node set of the form {0,1}". Two nodes v = z1x2T3...7, and y =
Y1Y2ys ... Yn of LTQ, are adjacent if and only if either of the following con-
ditions is satisfied.

1. (a) There is an integer i with 1 < i < n — 2 such that x; =77, and x4 =
Yir1 B Xy
(b) All remaining bits of x and y are identical.

2. There is an integer i € {n — 1,n} such that x and y differ only in the i*" bit.

For 1 <i <2771 let E; = {0,2,...,2i — 2} and let (TO); = {a; : 1 <t < i}
Wherea1:1,a2:3andfor2§k§n—1,1§j§2k*1,

Jay 2k 42t 1< <ok
T ot k2o j <ok

Lemma 2. [I] For1<i<2",

E; cl<i<ond

ETO i =
( ) {Ein U (TO),L',QH—I : 277.—1 < ’L S 2n

is an optimal set in LTQ,,.
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In what follows, A ~ B represents an isomorphism between A and B.
Lemma 3. [1] For1<i<2" ' LTQ,[E;] ~ LTQ,[(TO);] ~ Qn[Li].

Definition 4. [6] Annxm grid Glnxm] is a graph with node set V(G[nxm]) =
{agj |1 <i<n,1 < j<m} and edge set E(Gln x m]) = {(ay, a5541)) | 1 <
i<n,1<j<m—1}U{(rp, arr)p) | 1<k<n—1,1<p<m}. A2%x2b
grid is of the form G[2% x 2°], where a < b, a+b=n.

3 Optimal Embedding Methodology

The optimal embedding proof comprises of three steps namely, node labeling,
embedding proposal and proof of optimization for the proposed embedding.

3.1 Node Labeling Algorithm

In this section we label the nodes of LT'Q,, and G[2% x 2°] in a particular pattern
and prove that this labeling pattern gives the optimal embedding of LT'Q,, into
G[2 x 27].

LTQ,, Labeling: Label the nodes of LTQ,, by lexicographic order [10] using
{0,1,...,2" — 1} starting with 0 at 00...... 00 and ending at 11...... 11 with
—_— —

n times n times

2™ — 1. A clear illustration for this decimal labeling is given in Fig. 1(b).

Grid Labeling: For 1 < k <2¢, 1 <1< 2" let g(k,l) denote the node located
in the k" row and I*" column of the grid G[2¢ x 2°]. We shall split the grid
labeling into two cases.

Case 1. For 1 <k<2% 1<I< 2b_1,
g(k,1) =2k — 1) +2(1 - 1).

Case 2. For 1 < k < 29, 271 < [ < 2° labeling g(k,l) is divided into three
sub-cases.

Sub-case 2(a). When [ = 2°~1 4 1, let

22k—-1)+1 k=1
k1) =
9(k,) {2b(k—1)+2b—1+1:k:2.

For 3 < k < 2%, let p be a positive integer such that 2r—1 « k< 2P Then

(k1) = 2k-1)+1 &:gk—2r"1 1) =2k—-2r"1 1)+ 2071 41
TEUZ 0 1) 4201 11 &ogk—22 1) =20(k—20 1 — 1)+ L.

Sub-case 2(b). When | = 20~ 4 2,

g(k,1) = g(k, 271 +1) 4 2.
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I=11=2 [=3 [=4 [=5 |=6 [=71=8 1=9 [=10 I=111=12 I=13 I =14 [=151=16
34448
0+2(/-Df0 2 4 3 B 10 12 14 0+1[1 3142 12M[T 5342 a3 PO T s,y
i | ) 293 18 .
o+ Do e o S P? 25Ep 2 ram IR [ v/ e
2420 | e \ ’ 458 478 43 i1
U7 3 T T o e PR AR cy A e crmmer IR FRaE M
- 1 1942 1448 ||
B DTz e s o Jo sV AT 404486 s3af0 Sol5344
778 79-3
64+2(-1) ! 2 7342 73 73-3
R - T v T e e o MR e A A T [ S 7 o
80+2(/ - 1 ) ' 5 34448
U] o e o e v Comm (YA T AR o RIS s AN oy N
96+20-Df— | | iy - 0saes L]
96 |98 00 oz Joz o6 s Juo Ot oo 72 97+2+4imor Tor09+2 O 00 11T L 07 108,014
J 2 12342 9
ERS PN TE TP 1Y VTS O -2 I (PO [EIIE: TRURRE T R P VIR N ERES TENTE. W
M _ ~—————" - \|, \|, v R
ol Case 2(a) Case 2(b) Case 2(c,) Case 2(c,)

Fig. 2. The different cases of node labeling of G[2% x 2]

Sub-case 2(c). For 27! + 3 < [ < 2° we shall represent [ in the form [ =
26=1 4 211 4 4 where 2 <i < b—1,1 < j < 27!, The labeling of g(k, 1) for this
case is subdivided into two cases.

Case 2c;: Suppose [ =2071 42071 45 1 <i<b—-2,1<j <271,

ey = JoR2 T D2 2 12 <20
g\, g(k72b71 _|_]) 4 27271 . 22'72 <j < 21'71.

Case 2ca: Suppose [ = 2071 42072 4 j 1 < j < 2b=2,

gk, 207 1) 42072 2 gk, 20 1) = 2%k - 1) + 1
&j< 9b—3

gk, ) =14 gk, 2P+ ) #2072 gk, 2" 1) =22k - 1) + 1 & j > 2073

g(k, 2071 42072 1) — 207 g(k, 257 1) = 2%(k - 1)
+2071 41,

Figure?2 illustrates the node labeling pattern of a 23 x 2% grid.

3.2 Embedding Optimization

The following results are used to obtain the proof of optimization for the
embedding.

For 1 <i<2%let D;={(i—1)2°,(i—1)2°+1,...,(i—1)2°+(2° - 1)} and
R; ={Dy,Ds,...,D;}.

Lemma 4. For1<1i<2% R; is an optimal set in LTQ,.

Proof. We prove this result by induction on 7. By the recursive definition of
locally twisted cubes, LTQ,[R;] ~ LTQ, and hence |E(LTQ,[R;])| = b.2°71.
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By Lemmas 2 and 3, R; is an optimal set in LT'Q,,. Assuming that the result is
true for ¢« = k — 1, we prove that Ry is optimal in LTQ,,.

We first show that LTQ,[Dy] ~ LTQ, for every k, 1 < k < 2*. We have
that LTQ,[D1] ~ LT Q. We prove the hypothesis for every other k by showing
that LTQ,[Dy] is isomorphic to LTQ,,[Dj_s»-1], where 1 < p < a and 2°~1 <
k < 2P, Define a mapping ¢ : V(LTQn[Dy_ovo-1]) — V(LT Q,[Dg]) such that
o(z) =z +20P~ L,

Let the binary representation of z be 00...00 0xq_pi2...2,. Then the

(a—p) times
binary representation of ¢(z) is 00...00 lzq—pio...Tn.
(a—p) times

For j € {a—p+2,...,n—2}, the bits variation of (z,y) € E(LTQy[Dj,_20-1])

and the corresponding (¢(z), ¢(y)) € E(LTQ,[Dy]) is as follows.

x=000...... 000xq—ps2...%j ... Tn_1%, and

(a—p) times

00...00 0...Z;(xj41 B Tn).. . Tn_1Zp:jE{a—p+2,...,n—2}
(a—p) times

OOOO Oxa_p+2...fjxn ij’n,—l

(a—p) times

00...00 O0xq_py2...Tn_17T; 1j=n

(a—p) times

then the binary representations of ¢(x) and ¢(y) are

o(z) =000...... 001Tq—pt2...Tj.. . Tn_12Tyn and

(a—p) times

00...00 1...Zj(xj41®2pn)...2n12n:jE€{fa—p+2,...,n—2}
(a—p) times

00...00 lxa_p+2...fj$n :j:n—l

(a—p) times

00...00 lzq_py2...%p 17T, j=n

(a—p) times

Hence (x,y) € BE(LTQn[Dy_or-1]) & for j € {a—p+2,a—p+3,...,n—2},
the binary representations of = and y differ in the j*" bit and have either identical
or different (j + 1)** bit depending on x,,, the remaining bits being identical or
their binary representations differ only in the (n — 1)** or n*” bit < the binary
representations of ¢(z) and ¢(y) differ in the j** bit and have either identical or
different (j+1)*" bit depending on z,,, the remaining bits being identical or their
binary representations differ only in the (n — 1)** or n** bit < (¢(z),¢(y)) €
E(LTQ,[Dg]). Therefore  is an isomorphism and hence LTQ,,[Dy] ~ LT Q.

Let E(LTQn[Dg] A LTQn[Ri—1]) = {(z,y) : © € V(LTQu[Dy]) and y €
V(LTQn[Rik-1])}- Let k be represented as k = 2™ + 22 + ... + 2" + 1 such
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that r1 > 70 > ... > r, > 0. Each node in LTQ,[Dy] is adjacent to ¢
nodes in LTQ,[Rx—1]. For m € {1,2,...,a}, the binary representation of x
and y such that (z,y) € E(LTQn[Di] A LTQn[Rk—1]) are of the form x =
T1T2 .. . Tyy—1Tpy -« - Tp—10 and y = 2122 ... T—1TmTm+1 - - - Tn—10, when = €
{(k—=1).2% (k—1).2b+2,..., (k—1).2°4+(2"-2)},y € {0,2,..., (k—2).2b+(20-2)}
and x =21...Cm-11Tpm41 ... Tp1land y =21 ... 10T 41 . .- Tp—11, when
e {(k—1).20+1,(k-1)2+3,...,(k—1)2+(2* — 1)}, y € {1,3,5,..., (k-
2).2° + (2° — 1)}. Clearly, there is no edge (x,y) where z € {(k — 1).2° (k —
12042, (k—1).2°+(2* —2)} and y € {1,3,5,...,(k—2).2° + (2 — 1)} and
vice versa. Therefore, |E(LTQ,[Ri])| = |E(LQn[Rr-1])| + |E(LTQn[Dk])| +

[E(LTQn[Di] N LTQu[Ri])| = [E(LTQu[(ETO)-1.20])| + [E(LTQy)[ +
q(2°) = |E(LTQu[(ETO)1).20])| and hence by Lemma 2, Ry, is an optimal set in
LTQ,. O

For 1 < j <271 let S; = {01;,02;,...,024;} be the set of all nodes in the
(2671 + j)th column of G[2% x 2°] taken in a distinct order, where o;; is defined
as follows.

1. Fori=1,2,1<j<2b1

Qj =1
Oij = S
agb—1+j 1= 2.
where a denotes the k** element of (T'0)q0-1.

2. For 3 <i<2% 1< j <21 let ¢t be a positive integer such that t < n and
2t=1 « 4 < 2t Then

o — O(Z‘_Qtfl)j + 2b+t—1 4 2b+t—2 . 2t—1 < g S 2t—1 + 2t—2
Y Oi—zr-1y; + 207172 2t pot2 <ot

Let COJ = {SQb—l,SQb—l_l, ey SQb—l_j+1}.
Lemma 5. For1 < j <20~1, COj is an optimal set in LTQ,.

Proof. The proof consists of two parts. First we prove that for 1 < j < 201,
LTQ,[S;] is isomorphic to a copy of @Q,. In the second part we prove that
|E(LTQ,[CO;])| = |E(Qn[Lj.24])| for all j, which asserts the optimality of CO;,
according to Lemma 3. 4

For 1 < j < 271 let CJ, = {o1;,02;}. For 2 < r < a, 1 < j <271 let
C%} = C’gr,l U X, where C’gr,l ={0;;:1<i<2'}and X ={0;;: 2" <i<
2"}. We prove the first part by induction on r. By verification, LTQ,, [C’gl] ~ Q.
Assuming that the result is true for r = k — 1, we show that LTQ, [C’gk] ~ Q.
For this we first prove that LTQ,,[X] ~ LTQn[Cgk_l].

Define a function f : V(LTQn)[Cgk,l] — V(LT Q,[X]) such that

- T + 2b+k71 + 2b+k72 X E CQk—Zj
J(@) = T+ 2R 0 € Corr; \ Ogisj
. 2k—1J 2)"72]'
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Author Proof

Fig. 3. (a) LTQ7[CEs] (b) LTQ7[COs] both isomorphic to Q7[La4]

If the binary representation of z is 00...00 O0zg4gy2...2Zn—11, then the
(a—k)times
binary representation of f(z) is 00...00 1T,ik+2%a+k+3---Tn—11. The bits
(a—k)times
variation of (z,y) € E(LTQn[C;._,]) and the corresponding (f(z), f(y)) €
E(LTQu[X]) forie{a—k+3,a—k+4...,n— 3} is as follows.
The binary representations of x and y are

z= 00...00 0$a_k+2 BRI 0 o xn—ll and
(a—k)times
Yy = 00...00 Ol‘a_k+2 .o xi_lii§i+1xi+2 .o Jin_ll.

(a—k)times
Then the binary representations of f(x) and f(y) are

f(.i?) = 00...00 1fa—k:+2 e Lyl .’L‘n_ll and
(a—k)times

f(y) = 00...00 1fa—k+2 c.e mi—ljifi-l-lmi—i-? . mn—ll-

(a—k)times

Hence (z,y) € E(LTQn[Cgk,,l]) & there exists an i € {a — k+ 3,0 — k +
4,...,n — 3} such that the binary representations of x and y differ only in the
ith and (i + 1)** bits < the binary representations of f(x) and f(y) differ only
in the same i*" and (i + 1)** bits < (f(z), f(y)) € E(LTQ,[X]). Therefore f is
an isomorphism. ,

Next we prove that there is a perfect matching between LTQ.,, [C;k,l] and
LTQ,[X]. For any o0;; € V(LTQ,[X]) and o(;_or-1y; € V(LTQ,[CJ, ,]), let the
binary representation of o;; be
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Oij = Q102 ...06_kQg—f41 - - - Ozn_ll
Then the binary representation of o(;_2»-1; is
O(j—2k—1)j = Q10O . .. Qo kOlg—kt10%q—k+20g—k+3 - - - Op—1 L.

The binary representations of 0;; and o(;_ox-1); differ only in the (a—k+1)t
and (a — k 4 2)™ bits. Hence (05, 0(;_25-1);) is an edge in LTQ,, for 2871 <
i < 2% implying that there is a perfect matching between the two isomorphic
components, similar to a hypercube connectivity. Therefore LTQn[Cgk] ~ Qg
and LTQ,[S;] is isomorphic to Q, for all j € {1,2,...,2071}.

We prove the second part by induction on j. Clearly LTQ,[CO;1] ~ Q,.
Hence |E(LTQ,[CO1])| = |E(Qn]L1.24])|- By Lemma 3, it is optimal. Assuming
that the postulate is true for j = ¢ — 1, we prove that |E(LTQ,[CO,])| =
|B(QulLy20])l

V(LTQ,[CO,]) can be represented as V(LT Q,[CO,]) = V(LTQ,[COq-1])U
V(LT Qn[Sop-1_g11]). Let BE(LTQn[COq—1] AN LTQ,[Sov-1_g41]) = {(u,v) 1 u €
V(LTQn[CO¢-1]),v € V(LT Qn[Sop-1_441])}. Let ¢ be represented as ¢ = 2% +
2%2 4 ... 4 2% 4 1 such that s > so > ... > s,,, > 0. For any ¢, there are m.2%
edges in E(LTQ,[COq—1] AN LTQn[Sov-1_441])-

Fort e {a+1,a+2,...,n— 1}, the binary representations of u and v such
that (u,v) is an edge in E(LT'Q,[COq—_1] A LTQn[S2v-1_444]) are of the form

U= UIUQ ... UtUt4] - . . Up—11 and
UIUg . . Wlpy .- - Up—1l:tE€{a+1l,a+2...,n—2}
v =
ULUL « . . Up—1 Uz 1 t=n—1.

Hence the number of edges in LTQ,[CO,] is given by |E(LTQ,[CO,])| =
|E(LTQn [COq—lm + |E(LTQTL[S2b—1—q+1])| + ‘E(LTQn[COq—l] A LTQH[

Sov-1 i)l = | E(Qn[Lq-1.2e)| + |E(Qa)| + m.2% = | E(Qu[Lq.2:])|. Figure3(b)
depicts LTQ+[COs). O
Lemma 6. For1 < j < 2b—1
{o0, 1x2°, ,(2¢ — 1) x 2°,
2, 1x2b 42 ... (20 —1) x 20 + 2,
CE; = &...
&

2(7—1),1x 28 +2( —1),...,(22 = 1) x2° +2(; — 1) }
is an optimal set in LTQ),,.

Proof. We have to prove that LT'Q,[CE;] is isomorphic to LTQ,[(ETO),.2].
But 5.2 < 2”71 and hence by Lemma 3, it is enough to show that LTQn[CE}]
is isomorphic to @, [Lj.2«]. Define a function 7 : V(LT Q,,[CE;]) — V(Qn[Lj.24])
such that for 0 < g <2971 0<h<j—1,7(g x 2b +2h) = h x 2% + g. Let the
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binary representation of g x 224 2h be ara ... ap_101 .- . Ba+1. Then the binary
representation of h x 2% + g is B10s2 ... Bar10102 . .. Cp—1.

Two nodes ¢ = x122...2, and ¥y = y1y2 ...y, are adjacent in LTQ,[CE)]
< there exists an integer ¢ € {1,2,...,n — 1} such that z; = J;, < w(z) and
7(y) differ only in the i*" bit < (7(z),7(y)) € E(Qn[Lj.24]). Hence LTQ,[CE;]
is isomorphic to @, [Lj.2«]. Figure 3(a) illustrates this result. O

Proposed Embedding. Define an embedding f from LTQ,, into G[2¢ x 2]
such that f(z) = x, together with p(u,v), a shortest path irrespective of choice
in G[2% x 2°] between f(u) and f(v) for every (u,v) € E(LTQ,).

Theorem 2. The embedding <f,p>= from LTQ,, into G[2% x 2] is optimal.

Proof. Table1 gives a list of certain edge cuts covering the entire edge set of
G[2% x 2] and the node set of the components obtained by the removal of these
edge cuts, which is illustrated in Fig. 4.

Table 1. Edge cuts of G[2% x 27

Edge Cuts Type of Cuts Components | V(Component)
X; Horizontal cut Aiy A; V(A;) = R;
i=1,2,...,29-1

Ye; Left to middle vertical cut | Bej, Be; V(Be;) = CE;
j=1,2,...,27t —1

Yo, Right to middle vertical cut | B, Bo; V(Bo;) = CO;
j=1,2,...,27t —1

Z Middle vertical cut Py, P V(P1) = Egn—1
S S N iy

3 48 50 |52 |54 [56 [s8 60 [62 [49 |51 |55 |53 et [e3 |59 |57

64 o6 J68 |70 |72 |74 [76 78 [73 [75 |79 [77 |69 |71 |67 |65

IR() 82 g4 0)

80 [82 |84 |86 [88 [90 [92 [94 |81 |83 |87 |85 193 [95 [91 |89

1 og|_og| 100] 102

96 [98 [100 102 [104 [106 [108 [110 [97 |99 [i03 [I01 JO9 [111 [107 [105

121 114 116] 118]
112 114 116 118 120 122 124 126 121 123 127 125 117 119 115 113 =

Fig. 4. Edge cuts along the rows and columns of G[2% x 2%].

All the edge cuts satisfy conditions (¢) — (ii¢) of Lemma 1. In addition, {X; :
i=1,2,...,20 -1 U{Y; : j=1,2...,2°" 1 —1}U{Y,; : = 1,2,... 2" —1}uZ
is a partition of E(G[2% x 2°]). Therefore by the definition of optimal embedding,
<f,p> is optimal. |
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Conclusion

In this paper we have devised a rigorous node labeling algorithm and proved that
this labeling gives the optimal embedding of an n-dimensional locally twisted
cube into a 2% x 2° grid structure, where a < b < n, using Congestion Lemma
and edge partitioning techniques. It would be an interesting line of research to
find another elegant and simple node labeling pattern which induces an optimal
embedding.
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A STUDY ON TECHNOLOGY READINESS FOR POINT OF SALE (POS)
USAGE AMONG FEMALE GARMENT FACTORY WORKERS IN
BENGALURU, KARNATAKA, INDIA

CHERIAN THOMAS AND DR. N. SUNDARAM
RESEARCH SCHOLAR AND PROFESSOR AND HEAD, DEPARTMENT OF COMMERCE,
SCHOOL OF SOCIAL SCIENCES AND LANGUAGES, VIT UNIVERSITY, VELLORE

Abstract: Technology Readiness refers to an individual’s positive and negative attitude and
experiences with regard to technology usage. This paper has discussed the present scenario of femal
garment factory workers in Bengaluru on the usage of POS (Point of Sale), in the absence of non
working of ATM (Automated Teller Machine), due to demonetization. Those plastic cards which
used to fetch money from kiosks, seem to be useful no more. A three point Likert scale was used in
order to prepare the questionnaire. A pilot study was conducted with 15 respondents. Later, the
questionnaire was rectified. 384 respondents were surveyed. Cronbach’s Alpha was used to test the
reliability of the data which was collected. Pearson’s Chi Square Test was used to analyze
demographic variables. Pearson’s Chi Square Test was used to analyze the factors. The study
concludes by saying that there are enough and more opportunities available to raise the optimism
and innovativeness of these workers, if they are to use these technology in a hassle free manner.

Keywords: Technology Readiness, ATM, Garment workers, Bengaluru

1. Introduction :

The demonetization announcement made by the Government of India on November g
2016 had changed the payment transaction scenario in India. Lack of cash in the economy had
opened up a wide array of possibilities to go even more cashless. Mobile Wallet, Mobile Banking
and Internet Banking needed Internet to operate together with host of other issues. As per World
Bank Data, in 2014-15, 26 out of 100 people are internet users in India. A readily available
opportunity was making use of plastic money. Banks had already armed their customers with debit
and credit cards, due to which common man started possessing it. There was a fair growth of credit
cards in the economy from 23.78 million in January 2016 to 26.38 million in August 2016 and a
steady growth of debit cards in the economy from 653.4 million in January 2016 to 712.5 million in
August 2016 as per Reserve Bank of India. But, the past data posts a feeble growth in terms of
transactions made out of these cards. There were only 18 out of 100 debit card users who conducted
a transaction, in the month of August 2016 and 3 out of 100 credit card users who conducted a
transaction, in the month of August 2016, Even though demonetization had greatly spurred up
cashless means of payment transactions, a change in the usage of cards for POS (Point of Sale)
transactions had not picked up due to following reasons: POS machines were in usage only in urban
areas (70% of it concentrate in only 15 cities in India as per ‘Ernst and Young’s Accelerating
financial inclusion - The role of payment systems’, 2014). Their penetration towards rural areas
were rare or nil. Hence, this study focuses only on the urban parts of Bengaluru. Federation of
Indian Chambers of Commerce and Industry (FICCI) and Indian Banks' Association (IBA) and
Boston Consulting Group (BCG) in 2014 reported on digital channels. Out of total transaction in
banks, 26% were cash, 19% cheque, 37% ATM (Automated Teller Machine), and rest 18% were
digital channels like EFT-POS, including mobile, internet, NEFT (National Electronic Fund
Transfer) and ECS (Electronic Clearing Services). But, on the brighter side, digital channels are
growing at a healthy rate of 67% in the latest report of 2016. Still, India remains on the backburner
when compared with a developing country such as Brazil which has got 32,995 POS terminals per
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million people compared to 693 POS terminals per million people in India as per Ernst and Young’s
‘ Accelerating financial inclusion- The role of payment systems’, in 2014.

The report of India Committee of the Netherland says that eighty percent of these female
work forces are migrants. They earn between Rs. 3,000 and Rs. 10,000 per month (based on skill
and hierarchy) and work in around 800 factories in Bengaluru. There are around 5 Lakhs of workers
as per 19" April, 2016 reports of the Times of India.

Technology Readiness was chosen to find out the acceptance level among such workers who
were forced to undergo salary cuts due to low sales caused by demonetization. They were stopped
paying in cash and rather they started getting their salary in bank accounts. Living in a Metropolitan
area like Bengaluru, this is a study to identify the change in the attitude towards payment
transactions among these workers.

Table 1.1: Technology Readiness

Technology
Readiness

Discomfort

Innovativeness

Source: Parasuraman, A. (2000)

Table 1.1 shows the factors used in this study. The factors are explained below:-
a) Optimism (OP): This factor exhibits an individual’s opinion on how useful technology is going
to be for her or him. It tells us that they appreciate it’s effectiveness, efficiency and the role that
technology is going to play in their day to day lives.
b) Innovativeness (IV): This factor points at the individual's attitude towards change. Technology
changes every now and then. Hence, it keeps creating disruption. Are these changes accepted or
averted is the question here.
¢) Discomfort (DI): This factor is an effect of innovativeness. The rapid changes make the
individual think whether to stick on with the changes or leave.
d) Insecurity (IN): This is a factor experienced in users who experienced bad situations due to
technology downtime or hardware problem. They doubt the role that technology could play and thus
may downplay it’s usage completely.
2. Literature Review

This paper is based on the term technology readiness, defined by Parasuraman(2000). He
defines it as "an individual’s natural tendency to adopt new technology for fulfilling daily needs”.
Many other studies followed after that. This paper has considered only select articles post 2014, in
order to keep up with the current scenario in this field, in recent studies.
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A Structured Equation Modeling (SEM) analysis done by Koivisto & Et Al., (2016) noted
that Technology Readiness Index (TRI) and Technology Acceptance Model (TAM) was better than
Personal Innovativeness in Information Technology (PIIT) and Technology Acceptance Model
(TAM).in describing user’s intention to use a technology and ease of use and usefulness of a
technology to a user. Boon-itt (2015) study notes that there is a positive relationship between
Technology Readiness and Service Quality of Self- Service Technology. The study stresses that
technology is not merely about infrastructure availability, but it is beyond it. He says that there is an
element of e-satisfaction that must be increased by studying the user's perceived value of any
transaction. On an organization level, Ramaseshan et al., (2015) maintains that Technology
Readiness is not related to users alone, but rather it is collaborative and it involves the management,
channel operators, employees and users. Technology Readiness may bring easiness to users, but it
will not create any drive to use a Self- Service Technology (SST).

Technology Readiness was used in different arenas. Joo (2015) combined Technology
Readiness (TR), TAM (Technology Acceptance Model), and TPB (Theory of Planned Behavior), in
order to study social commerce behavior. It was stated that Technology Readiness is the apt model
that could predict people’s social behavior in social networking websites and the studied behavior
could later be applied to understand people’s e commerce websites behavior. Lin et al., (2016)
observes that without self directed learning from the individual’s side. he is not going to adopt a
Self- Service Technology. They further add that Optimism developed out of self learning makes
users to appreciate a particular technology. Ricardo et al., (2016) used Technology Readiness Index
(TRI) in order to study Columbians. The study had few mentions on how Technology Readiness
needs to be studied on three levels viz.,- Demography, Attitude and Personality. Demographically,
the study stated that there is gender inequality, since men use Technology more than women. As far
as attitude was concerned, Columbians were open to innovation, but had inherent fears about
technology uncertainty. The Personality of Columbians showed that they were collective and not
individualistic and thus the authors suggested for a Self-Service Technology (SST) system which
was developed keeping all these in mind. Focusing on the Indian Context of E-Governance, a study
by Supriya et al., (2014) found that India lagged behind other developed countries in terms of
Technology Readiness in using Information and Communication Technology for Development
(ICT4D) due to lack of technology utility awareness and aversion to innovativeness. A study
conducted by Florestiyanto (2015) among the participants in Gadjah Mada University, Indonesia, .
where they were enquired about the usage of any Information system in managing finance, the study
concluded by stating that technology readiness is influenced by discomfort (which had the highest
ranking), innovation and insecurity. Optimism was considered to have no influence. Discomfort,
low income and female participants were found to lacking Technology Readiness. McDonough
(2016) study among the elderly directly points at age being a stimulant in creating discomfort and
lack of innovation among the elderly people. Croatian retail customers were studied and the results
of Kovac et al., (2016) points that users are ready to embrace technology based on two fronts-
Maximum gain attained and through awareness of minimizing fear about technology frauds.
Behavioral study of Abbade (2014) among undergraduate students of a private university for
technology readiness found that neither income nor gender have any significant impact on
technology readiness, but unpreparedness can be an obstruction towards attaining Technology
Readiness.

This paragraph will deal with studies already done on banking field, specifically with regard
to Technology Readiness. Shin & Lee (2014) focused on usage of Near Field Communication
(NFC) Mobile Payments using both Technology Acceptance Model (TAM) and Technology
Readiness (TR) and observed that the elements found in Technology Readiness (TR) did influence
perceived ease of use. This perceived ease of use would propel perceived usefulness. In turn, this
would predict user’s intention to use Near Field Communication (NFC) Mobile Payments.
Kamaludin & Purba (2015) conducted a survey among bank employees in Indonesia in order to test
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their Technology Readiness. On the optimism and innovation fronts, they appreciated technology
usefulness. But, on the discomfort and insecurity fronts, they were overwhelmed when technology
downtime was seen. In a conceptual paper by Illia et al.. (2015) all the elements of Technology
Readiness was attributed to a factor known as “Trust’. Trust was seen as the product of Optimism,
Innovativeness, Insecurity and Discomfort.
3. Research Methodology

A three point Likert scale was used in order to prepare the questionnaire. A pilot study was
conducted with 15 respondents. Later, the questionnaire was rectified. 384 respondents were
surveyed. Cronbach’s Alpha was used to test the reliability of the data which was collected.
Pearson’s Chi Square Test was used to analyze demographic variables. Pearson’s Chi Square Test
was used to analyze the factors.
4. Results and Discussions
a. Data Reliability

High reliability of 0.927 was found when the data was tested using Cronbach’s Alpha.

Reliability Statistics

laonbach's Alpha [N of Items

[0.927 7

b. Descriptive Analysis

40% of the respondents came under the age range between 21 and 30. 80% of the
respondents had studies only upto 7% standard. 50% of the respondents were semi- skilled.
c. Inferential Analysis
i. Demographic variables of the respondents

The demographic independent variables were related with technology readiness factors
using Pearson’s chi-square to identify the association. The results were illustrated in Table 1.2.
Table 1.2 Relationship of demographic statuses of respondents with technology readiness
factors using Pearson’s chi-square
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Independent variables [Dependent variables Value |df | Asymp. Sig. (2-sided)

Age of the respondent Optimism 348.61 |8 |0.000
Innovativeness 259.52 |8 |0.000

Discomfort 371.25 |8 [0.000

Insecurity 295.85 [8 |0.000

Highest Educational Optimism 66.6.1 |6 [0.000
Qualification Innovativeness 2335 |6 |0.000
Discomfort 69.54 |6 |0.000

Insecurity 54.03 |6 |0.000

‘Worker Category Optimism 367.86 |4 0.000
Innovativeness 139.97 {4 [0.000

Discomfort 384 4 10.000

security 29837 [4 ]0.000

In Table 1.2, all the demographic variables had no significant association with other factors
(p<0.05). All the respondents irrespective of their socioeconomic status had equal opinion on
Optimism, Compulsive Usage, Technology Availability and Insecurity.
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A. Hypothesis relating to Optimism
Hyl: Optimism has no significant evidence of relationship with insecurity
Table 1.3: Hypotheses testing relating to Optimism
Chi-Square Tests

Value df |[Asymp. Sig. (2-sided)
Pearson Chi-Square [627.973 4 10.000

Since p < 0.05, the hypothesis was rejected. From Table 1.3, it was inferred that Optimism
had significant evidence of relationship with insecurity.
B. Hypothesis relating to Optimism
Ho2: Optimism has no significant relationship with discomfort

Table 1.4: Hypotheses testing relating to Optimism

Chi-Square Tests

Value |df [Asymp. Sig. (2-sided)
IPearson Chi-Square [702.032 4 [0.000

Since p < 0.03, the hypothesis was rejected. From Table 1.4, it was inferred that Optimism
had significant evidence of relationship with discomfort.
C. Hypothesis relating to Optimism
H3: Optimism has no significant relationship with innovativeness

Table 1.5: Hypotheses testing relating to Optimism

Chi-Square Tests

Value |df |Asymp. Sig. (2-sided
Pearson Chi-Square 303.158 4 [0.000

Since p < 0.05, the hypothesis was rejected. From Table 1.5, it was inferred that Optimism
had significant evidence of relationship with innovativeness.
D. Hypothesis relating to Innovativeness
Ho4: Innovativeness has no significant relationship with discomfort

Table 1.6: Hypotheses testing relating to Innovativeness

Chi-Square Tests

Value |df Asymp. Sig. (2-sided
IPearson Chi-Square 320.732 4 10.000

Since p < 0.05, the hypothesis was rejected. From Table 1.6, it was inferred that
Innovativeness had significant evidence of relationship with discomfort.
E. Hypothesis relating to Innovativeness
H,5: Innovativeness has no significant relationship with optimism

Table 1.7: Hypotheses testing relating to Innovativeness
Chi-Square Tests

Value |df |Asymp. Sig. (2-sided)
Pearson Chi-Square (320.732 4 [0.000

Since p < 0.05, the hypothesis was rejected. From Table 1.7, it was inferred that
Innovativeness had significant evidence of relationship with optimism.
F. Hypothesis relating to Insecurity
Ho6: Insecurity has no significant relationship with innovativeness

Table 1.8: Hypotheses testing relating to Insecurity

Chi-Square Tests

Value | df [Asymp. Sig. (2-sided
IPearson Chi-Square 303.158 4 10.000
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Since p < 0.05, the hypothesis was rejected. From Table 1.8, it was inferred that Insecurity
had significant evidence of relationship with innovativeness.

4. Conclusion

An appreciation of technology helps to reduce insecurity. These workers were found to be
having insecurity over technology usage. With the pessimism around, there was discomfort attached
with it. Innovativeness comes as a result of optimism. The workers were found to be averse to
innovation. These workers were used to opting ATMs (Automated Teller Machines) for all their
transactions. Such a change was unprecedented. Lack of innovativeness also caused discomfort
apart from optimism. Since the workers had no bent over innovation, there was pessimism.
Insecurity stops the willingness to be innovative in approach.

The above study was done among a sample which is low on technology readiness factors.
However, a phenomenon like demonetization is an opportunity to try the unchartered waters for
these workers. Such an opportunity might not bring innovativeness for them, but might produce
optimism or insecurity or discomfort, depending on individual experiences. Though the workers
seemed to be lacking on the innovation and optimism factors, one is sure that they are currently
undergoing discomfort and insecurity. Concrete measures from the Business Correspondents,
Government, Unions, NGOs (Non Governmental Organizations) and Banks can help ease the
transition pain.

5. Limitations, Implications and Future research

The study was conducted within a short time frame of one month. It has taken only one
model and not a mixture of many. It implies for the immediate attention of the government for
uplifting such workers from the mental trauma that demonetization has caused them. Future
researchers can focus on the family members that are dependent on these workers, whose life gets
affected with the way these workers suffer.
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