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ABSTRACT 

A maximal complete subgraph of G is a clique. The minimum (maximum) clique number             is the order of a minimum 

(maximum) clique of G. A graph G is clique regular if every clique is of the same order. Two vertices are said to dominate each other if they are adjacent. 

A set S is a dominating set if every vertex in V- S is dominated by a vertex in S. Two vertices are independent if they are not adjacent. The independent 

domination number   is the order of a minimum independent dominating set of G. The order of a maximum independent set is the independence 

number . A graph G is well covered if . In this paper it is proved that a graph G is well covered if and only if  is clique regular. 

We also show that . 

Keywords: Clique, Minimum clique number, Maximum clique number, Domination number, Well covered graphs and clique regular graphs 

 
 

 

INTRODUCTION 

All the graphs considered in this paper are finite, simple and undirected. For any undefined terminologies and notations refer to Harary 

(1969). If a graph G is isomorphic to r copies of a graph H, then we write it as G = r H. Two vertices are said to dominate each other if they 

are adjacent. A set is a dominating set if every vertex in V- S is dominated by a vertex in S. 

The domination number  is the order of a minimum dominating set of G. The upper 

domination number is the maximum 
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number  is the minimum number of vertices needed to cover all the edges of a graph while independence number  is the 

maximum number of vertices in an independent set of G. These two numbers are related by classical Gallai’s Theorem: . 

The upper vertex covering number  is the maximum order of a minimal covering of 

G. The independent domination number   is the minimum order of an independent dominating set of G. Naturally, we have an 

extension of Gallai’s theorem to these numbers as: . A maximal complete subgraph is a clique. The minimum number of 

cliques (not necessarily maximal) that cover all the vertices of a graph is well known in graph theory as partition number  

introduced by (Berge, 1962) and has been celebrated in Berge’s conjecture on perfect graphs. Choudam et al. (1975) studied its edge 

analogue line clique covering number θ1(G) defined as the minimum number of cliques that cover all the lines of a graph. The minimum 

number of colours needed to properly colour the vertices of G is the chromatic number . Since independent sets and cliques exchange 

their properties on complementation . Bhat et al. (2013) defined block domination parameters and studied their relationship 

between other domination parameters. In this paper we obtain few bounds on minimum clique number and characterized well covered 

graphs using clique regular graphs. 

 
 

MINIMUM CLIQUE NUMBER 

The minimum clique number  is the order of a minimum clique of G while the maximum clique number  is the order of a maximum 

clique of G. It is immediate that . Even though these two parameters are well studied in literature, the first parameter minimum 

clique number  received less attention and we are interested in it than the later. If G has an isolated vertex, then . If G is a 

triangle free graph without isolates, then . The girth  of a graph is the length of the shortest cycle in G. Girth of a graph is 

defined if G has a cycle otherwise we define . Since girth of any graph is at least 3,  if . Moreover,  if 

then every minimum clique contains a triangle and hence 

. It is well known that . A similar result for minimum clique number is obtained in the next proposition. 

Proposition 1 For any graph G, 
 

 
Proof. Let , and S be the set of vertices of a minimum clique of G. Since independent sets and cliques exchange their properties on 

complementation, S forms a maximal independent set with minimum number of vertices in . Then by Ore’s theorem (Ore, 1962), we have 

every maximal independent set is a minimal dominating set. Therefore, S is a minimum independent dominating set of . Hence 

. 
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Figure 1. Hajo’s Graph G and its compliment (Haynes et al.,1998) 
 
 

We can observe that for the Hajo’s graph G in Figure 1,  and for the compliment of Hajo’s graph . 

The domatic number (G) is the maximum order of a partition of vertex set in to dominating sets. As  served a best lower bound for 

chromatic number is evident from the known inequality,   (Cockayane &Hedetniemi, 1977, p. 250). A clique graph 

KG(G) of G is a graph with vertex set as cliques of G and any two vertices in KG(G) are adjacent if and only if the corresponding cliques in G have 

a vertex in common. Independence graph I(G) is a graph with vertex set as set of all maximal independent sets of G and any two vertices in 

I(G) are adjacent if they have a vertex in common. We observe that any maximal independent set in G is a clique in     and vice versa. Hence 

. Cockayne &Hedetniemi (1977, 

p. 257) proved that if KG(G) is an even cycle, then . Zelinca (1981), constructively shown that the analogous assertion is false if 

KG(G) is an odd cycle. Hence  can exceed the domatic number. Thus and  are incomparable. We now provide an upper 

bound for minimum clique number in terms of minimum degree and order of G. We use the following notations. Let 

  and . Then  denote the subgraph induced by the set N[v]. Let    and  

denote the minimum and maximum degree of G while  . Let . 

Proposition 2 For any graph G with minimum degree , 
 

Further, the equality holds if and only if  is a minimum clique of G for every  

Proof. We first note that . It is well known that   (Haynes et al., 1998, p. 312). Therefore 

 . 

Suppose that . Then if    is not a minimum clique of G for some  then  a 
contradiction. 

Converse is straight forward and we omit the proof. 

The bound is sharp for the complete graph Kn and star graph K1,n. 

The following results relate the different graph parameters which appears in (Haynes et al., 1998, p.374). 
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Proposition 3. For any graph G 

 

On complementing the result [1], we get the next corollary and one can see that the fits best in 

between the known graph parameters. 

Corollary 3.1 For any graph G, 

 
 
 

[1] 

 

 
 

 
[2] 

 

The idiomatic number   is the maximum order of partition of vertex set in to independent dominating sets. The idiomatic 

number does not exist for all graphs. A graph G is indominable if G admits an independent dominating set partition. The maximal clique 

partition number  is the maximum order of partition of vertex set in to cliques of G. A graph which admits a clique partition is 

called clique partitionable. Hence . If G is indominable then   is clique partitionable. If both G and   are indominable 

then G is called strongly indominable. We now provide an upper bound to domination number of an indominable graph in terms of 

minimum clique number. 
 

Proposition 4. If G or     is indominable 
 

Proof. If G or   is indominable, it is proved that  (Walikar et al., 1979, p.109). Therefore 

. This yields the desired inequality. 

The bound is attained for any even cycle, regular bipartite graph or complete graph. 
 

Corollary 4.1 If G is clique partitionable then   is the partition vertex set in to maximal cliques of G. 

Walikar et al. (1979) has proved that for any cubic graph, if there exists a maximal clique of order 2 then . We now prove a 

stronger result with much more ease and the above result is a corollary to the next proposition. 
 

Proposition 5. For any graph G with,  then  

Proof. From Proposition 1, we have . As every independent dominating set is a dominating set we have . Suppose 

. As any singleton set is independent we then have        . This is a contradiction to the statement that . 

Therefore  . 

Corollary 5.1. If G is a cubic graph with a maximal clique of order 2, then  . 

Proof. Since G is cubic and there exists a maximal clique of order 2 together implies that . Then the result follows by Proposition 2.5. 

 
 

CLIQUE REGULAR GRAPHS 

The concept of well covered graphs is studied in (Plummer, 1970; Plummer, 1993; Dean & 
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Zeto, 1994; Ravindra, 1997). A graph G is well covered if every maximal independent set is of same order. In other words, G is well 

covered if and only if . Equivalently, . 

The above definition motivated the description of another special class of graphs called clique regular graphs. A graph G is clique 

regular if every clique is of same order. Thus G is k- clique regular graph if . For example, 3-clique regular graph and 5-

clique regular graphs are shown in the Figure 2. 

Remark 1. The maximum number of vertices in a minimal vertex cover is called maximum vertex covering number . It is proved that 

for any graph G, (Haynes, et al.,1998, p. 524). Using Proposition 5, this 

result can now be restated as  or equivalently,  . 

Remark 2. Similarly, from the above Remark 1, we may write  (Gallai’s Theorem) as    or 

equivalently, . 

Example 1. 
 
 

Figure 2. A 3-clique regular and 5-clique regular graphs (Haynes et al.,1998) 

 
The advantage of knowing   and is that one can easily determine the independent domination number and independence 

number of . Using this technique    and   for some standard graphs are obtained for some standard graph. A double star 

is a tree   obtained by joining the two nonpendant vertices of . 

 

Proposition 6 

(i) 
 

(ii) For any tree  

(iii) For any triangle free graph,  
 

Proof. Notethatforanydoublestar, , ,  
. Then the result (i) follows from Proposition 5 and Remark 1. The rest of the results can be proved similarly. 
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As any Cube graph Qn, Petersens graph, Hexagonal hub graph in Figure 3 are triangle free graphs without isolates and hence the next 

corollary. 

 
 

Figure 3. Hexagonal hub graph H (Haynes et al.,1998) 
 

Corollary 6.1 

(i) If G is a Petersen’s graph, then  

(ii) For any cube graph  

(iii) For the hexagonal hub graph H,  

(iv) For any grid graph G,  

(v) For any wheel graph,  

 
Proposition 7 For any graph G, 

(i)  

(ii)  

(iii)  

(iv)  

 
Proof. For any graph G, every block of the block graph   is a clique. Since all the blocks incident on a cut vertex of G are mutually 

adjacent, these blocks form a clique in  . Therefore, number of blocks incident on a cut vertex number of vertices in the 

corresponding block in      . Hence  . 

Similarly,     . Then the results (i) and (ii) follow by Proposition 5 and Remark 1. 

Again, for any graph G, every block of the cutvertex graph  is a clique. Since all cutvertices in a nonpendant block are 

mutually adjacent, these cutvertices form a clique in 

. Therefore, number of cutvertices incident on a block    number of vertices in 
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the corresponding block in . Hence . 

Similarly, . Then the results (iii) and (iv) follow by Proposition 5 and Remark 1. 

 

Proposition 8 For any graph G, with maximum degree   and minimum degree , (i)  

(ii)  

 
Proof. Let v be a vertex of maximum degree  and x be an edge containing the vertex 

v. Then all the edges incident on v are mutually adjacent and hence form a maximum clique of order in L(G). Hence 

. The result (ii) follows by Proposition 5 and Remark 1. 

The following corollaries are immediate from the above proposition. 
 

Corollary 8.1 If G is regular then L(G) is clique regular 
 

Corollary 8.2 If G is regular then complement of L(G) is well covered 
 
 
DISCUSSION AND CONCLUSION 

A graph is regular if every vertex is of same degree. This class of graphs are well studied in literature. Here we have introduced and 

studied a new class of graphs called clique regular graphs. It is observed that every regular graph need not be clique regular and every 

clique regular graph need not be regular. The properties of clique regular graphs can be studied in depth as future work. The effect of 

regular cliques in G can be extended to Line graph, Block graph and clique graphs. 
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ITES/ BPO Companies have become a potential of employment in the modern era. They are offered jobs depending upon their 
educational qualification. ITES/BPO sector is a subsidy of Information Technology industry. They generate huge revenue to the 
economy of the country. The competency of the work force is very important to achieve the organization goals and targets. The re 
is urgent need to map the competencies of the human resource professionals in these ITES/ BPO companies. It is understood that 
in the modern times a competent, productive and industrious persons have better demand with regard to employment. The 
competencies that are once needed for the HR professionals have become insufficient to face the present da y HR challenges, 
hence there is a need to map competencies. According to the HR literature, Competency has many dimensions such as 
Leadership competencies (LC), Interpersonal competencies (IC), Business competencies (BC), Technical competencies (TC), 
Analytical competencies (AC), and Technological competencies TGC). The present study focus on presenting the study done on 
required competency levels of the HR Professionals employed in ITES / BPO companies in Bangalore city. The Association between 
the level of leadership competency and various socio economic factors of the respondents has been analyzed in the study. 

 

INTRODUCTION 
ITES companies are increasing in number due to the growth and quick 
development of information technology. Today everywhere there is 
digitalization and maximum use of media specifically in the field of. ITES / 
BPO companies operate on voice, non-voice and both work processes. 
They are increasing in number from time to time together with employment 
opportunities for the young generation. There is huge human resources 
requirement. These companies face many HR challenges also in globalized 
environment. Welbourne and Cyr (1999) have highlighted the role of human 
resource professionals as an important determinant of organizational 
performance. Business Process Outsourcing (BPO) is the delegation of one 
or more IT-intensive business processes to an external provider that in 
turn owns administers and manages the selected process based on defined 
and measurable performance criteria. Business Process Outsourcing (BPO) 
is one of the fastest growing segments of the Information Technology 
Enabled Services (ITES) industry. Competency mapping is a process to 
identify and describe competencies that are the most critical for success in a 
work situation or work role. 

 

COMPETENCY MAPPING 
Competency Mapping is processes of identifying key competencies for 
an organization and/or a job and incorporating those competencies 
throughout the various processes (i.e. job evaluation, training, recruitment) 
of the organization. It examines strengths of the individual in areas like team 
structure, leadership, and decision-making. Competency mapping helps 
employees to overcome the weakness through right measure through the 
available opportunities. Boyatzis (1982) defined competency as 'an 
underlying characteristic of a person which results in effective and/ or 
superior performance in a job'. A competency is the capability of applying or 
using knowledge, skills, abilities, behaviours, and personal characteristics to 
successfully perform critical work tasks, specific functions, or operate in a 
given position. According to Brockbank and Ulrich (2003), a competency 
domain refers to a broad group to which homogenous and/or similar 
competencies belong. Each competency domain comprises of competencies 
(competency factors). 

 

LITERATURE REVIEW 
Boyatzis (2007) adopted the term competency an “ underlying 
characteristic of an individual that is casually related to effective or superior 
performance in a job” . He identified that there were 19 generic 
competencies that outstanding managers tend to have. He clubbed those 19 
generic management competencies into five distinct clusters as goal and 
action management, leadership, 

human resources management, directing subordinates and focus on 
others. Yuvaraj (2011) has explained the Job Competencies required 
working in a manufacturing industry, professionals for knowledge, ability and 
attitude. Gap analysis was also made to a limited extend. Md. Ishtiak 
Uddin, et. al. (2012) in his study “ Competency Mapping: A Tool for 
HR Excellence” has explained various tools for implementing Competency 
Model including Job Analysis, Job Description, Job Specification, 
Competency Matrix, 360 degree Feedback etc. He is of the view that 
Competency mapping can also be used for coaching and succession 
planning, considering the significance of Competency Mapping for 
individual and organizational growth, the present study was undertaken. In 
this study, efforts have been made to elaborate the various competencies 
with minute parameters and to correlate them with the managerial 
competence level. Solomon (2013) in his study on Competency mapping 
has tried to explore the level of Competency prevailing among the executives 
of public sector. The results of the study show that nearly half of the 
respondents have moderate level of managerial HR and general 
competencies. Schoonover (2003) suggested that a competency framework 
structured into four building blocks is vital. These include personal 
attributes, leadership and management competencies, HR core 
competencies, and HR role-specific competencies. Leadership and 
management category encompasses eight competencies namely visioning 
and alignment, strategic thinking, networking, resource management, 
teamwork, process excellence, performance development, and goal setting. 
Chen et al. (2005) advocated tha t the workplace learning and performance 
competency groups that are important for the HR practitioners in Taiwan 
are: business competency, interpersonal competency, analytical 
competency, leadership competency, technological competency, and 
technical competency groups. Dr. Murlidhar and Sunetra Khatod Jain 
(2015) stated in a paper that Competencies are enhanced through training 
and job rotation. Job rotation acts as a learning experience for the 
employees and it widens their horizon about the company itself. To do all 
this effectively and efficiently, competency mapping for each recruitment 
cycle will ease the work, competency based recruitment will result proper 
selection as per criteria found from mapping and assessment , employee will 
know his job and can perform his more independently and employee morale 
will be boost up. 

 

RESEARCH METHODOLOGY 
All human resource professionals employed in the ITES (Information 
technology enabled services) / BPO (Business process outsourcing) 
companies in Bangalore city constituted the universe. A sample of 380 
respondents was selected for the present study. A 
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snow-ball sampling method was adopted in the selection of companies and 
the HR professionals from the sample companies were selected on a 
convenient sampling basis. 43 companies were selected for the survey and 
based on the employee strength they were segregated as large, medium and 
small companies. A well structured survey questionnaire was used in the 
survey along with a detailed interview with the respondents. The 
questionnaire carried the questions relating to the socio economic profile of 
the respondents namely the type of company, age of the respondents, 
gender, marital status, educational status, type of work process, type of 
manager, income, experience of the respondents etc. The questions relating 
to the competency were based on certain competency factors having many 
sub-questions.The survey questionnaire included questions under six 
categories namely leadership competencies, interpersonal competencies, 
business 

Table: 1 Profile of Respondents 

competencies, technical competencies, analytical competencies and 
technological competencies. Both primary and secondary data were collected 
and used for the study. The Primary Data were collected through 
interviews along with well structured questionnaire. The Secondary data 
were collected through Internet and other journal publications. 

 
ANALYSIS OF DATA AND RESULTS 
Analysis of the profile of the respondents indicated that they are employed 
in Indian companies. For better and in depth analysis the respondents are 
divided into 4 categories based on their functions namely employment and 
placement   managers,   training managers, health and safety managers and 
project managers 

 
The detailed profile of respondents is presented below 

 

Factor Group Number of Respondents Percentage of respondents 
Type of the Company Indian 380 100.0 

 Foreign 0 .0 
 Total 380 100.0 
Age <25 51 13.5 

 25-30 101 26.6 
 30-35 139 36.7 
 35-40 80 21.1 
 >40 8 2.1 
 Total 379 100.0 

Sex Male 207 54.5 
 Female 173 45.5 
 Total 380 100.0 
Marital Status Married 231 60.8 

 Unmarried 133 35.0 
 Divorced 9 2.4 
 Widow/Widower 3 .8 
 Living-in 4 1.1 
 Total 380 100.0 
Educational Status PG-Professional 116 30.5 

 PG – Technical 211 55.5 
 PG – PhD 53 13.9 
 Total 380 100.0 
Type of Work Process Voice 107 28.2 

 Non-Voice 155 40.8 
 Both 118 31.1 
 Total 380 100.0 
Nature of Appointment Regular 189 49.7 

 Project Based 124 32.6 
 Probationary 67 17.6 
 Total 380 100.0 
Years of Experience in Current HR Role <2 12 3.2 

 2-4 178 46.8 
 4-6 140 36.8 
 6-8 29 7.6 
 8-10 17 4.5 
 >10 4 1.1 
 Total 380 100.0 

Monthly Income ( in Rs.1000s ) Up to20 5 1.3 
 20-30 142 37.4 
 30-40 132 34.7 
 40 – 50 40 10.5 
 50-60 40 10.5 
 >60 21 5.5 
 Total 380 100.0 
Total experience in BPO industry Below 1year 4 1.1 

 1-2 years 55 14.5 
 2-3 years 162 42.6 
 3-4 years 56 14.7 
 4 -5 years 45 11.8 
 5 years and above 58 15.3 
 Total 380 100.0 
Total experience in this company 0 1 .3 

 0-3 months 1 .3 
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Competency 1 2 3 4 5    

 Freq % Freq % Freq % Freq % Freq % Mean S.D KW test p value 
Decision making Employment and 

Placement 
1 .7 9 5.9 51 33.3 55 35.9 37 24.2 3.77 .91 1.125 .771 

 Training 2 1.4 7 5.0 39 27.9 63 45.0 29 20.7 3.79 .88  NS 
 Health and Safety 0 .0 1 2.2 15 32.6 20 43.5 10 21.7 3.85 .79   

 Project Manager 0 .0 1 2.4 17 41.5 17 41.5 6 14.6 3.68 .76   

 Total 3 .8 18 4.7 122 32.1 155 40.8 82 21.6 3.78 .87   

Knowledge of 
company's vision 
and mission 

Employment and 
Placement 

0 .0 11 7.2 48 31.4 58 37.9 36 23.5 3.78 .89 3.271 .352 

 Training 0 .0 8 5.7 44 31.4 63 45.0 25 17.9 3.75 .81  NS 
 Health and Safety 0 .0 1 2.2 16 34.8 20 43.5 9 19.6 3.80 .78   

 Project Manager 0 .0 5 12.2 16 39.0 14 34.1 6 14.6 3.51 .90   

 Total 0 .0 25 6.6 124 32.6 155 40.8 76 20.0 3.74 .85   

g i 
 

t 
 

. 

, n 
t e 

t 

  3-6 months 40       10.5   

 6-12 months 123     32.4     

 1-2 years 57       15.0     

 2-3 years 37       9.7     

 3-4 years 76       20.0     

 4-5 years 30       7.9     

 Above 5 years 15       3.9     

 Total 380     100.0     

No. of BPO companies you have worked before 0 2       .5     

 1 10       2.6     

 2 51       13.4     

 3 156     41.1     

 4 116     30.5     

 5 and above 45       11.8     

 Total 380     100.0     

Category Managers Employment and Placement 153     40.3     

 Training 140     36.8     

 Health and Safety 46       12.1     

 Project Manager 41       10.8     

 Total 380     100.0     

Source: Primary Data Collected by the Researcher compet 
compet 

In the above table 1 data regarding the demographic factors is 
presented. The respondents are from 43 ITES/BPO companies  LEADE 
situated in Bangalore region. Among the respondents 54.47  Leaders
percent are males and 45.52 percent are females, 60.78 percent of  which o
them are married and 35 percent are unmarried, rest of them are  accomp 
divorced and living in at 2.36 percent 1 percent respectively.  followe 
Majority of the respondents belong to very young age between 25  people 
years to 35 years and they number around 249 which is 63 percent  Leaders
of the respondents.85.5 percent of them are either post graduates  courage
with technical course or post graduates with pro essional course.  each ap
The respondents are involved in voice and non-vo ce based type of  Percepti
work. Majority of them are on regular job appointment order and  Leaders
more than 40 percent are on project based appointment order. 72  compan
percent of the respondents draw a salary around 20000 to 40000  Assemb
n a month. The experience of respondents working in ITES/ BPO is manage 
2-3 years only on an average; the total experience as human  training 
resource managers varies from 2 to 6 years who are 82 percent.  collecte
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ANALYSIS   OF   THE   REQUIRED/EXPECTED   LEADERSHIP numeric

COMPETENCY OF HR PROFESSIONALS of avera
As demographic factors are observed there are 4 types of as the 
categories: A) Employment and Placement managers, B) Training professi
managers, C) Health and Safety managers, D) Project managers. rating: 
The nature of the job is important, it is expected to vary. Expected Modera
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that “ Leadership is ultimately about creating a way for 
ntribute to making something extraordinary happen” . 
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Knowledge of companies' vision and mission: 
When we analyse the above table concerning knowledge of companies' 
vision and mission, 40.8 percent and 20.0 percent of the respondents opine 
that expectation towards knowledge of companies' vision and mission 
competency was high and very high respectively. And 32.6 percent of 
opinion that it was moderate. Rest of them (6.6percent + 0percent) 
6.6percent opine that expectation was low. Over all on an average (mean) 
level of expectation towards knowledge of companies vision and mission 

competency was high with mean and SD 3.74 ± .85(SD). Further when it is 
considered among different categories of respondents' expectation towards 
knowledge of companies vision and mission was high with Mean and S.D of 
employment and placement managers = 3.78 ± .89(SD), training managers 
3.75 ± .81, health and safety managers 3.80 ± .78, project managers 3.51 ± 
.90. Test shows that there is no significant difference between the different 
types of professions (categories). 

Table 3: Describes the required competency regarding inspiring and motivating others 

Competency factors 1 2 3 4 5    

 Freq % Freq % Freq % Freq % Freq % Mean S.D KW test p value 
Inspiring and motivating 
others 

Employment and Placement 1 .7 9 5.9 37 24.2 73 47.7 33 21.6 3.84 .85 2.589 .459 

 Training 0 .0 9 6.4 41 29.3 57 40.7 33 23.6 3.81 .87  NS 
 Health and Safety 0 .0 2 4.3 14 30. 19 41.3 11 23.9 3.85 .84   

 Project Manager 1 2.4 3 7.3 13 31.7 19 46.3 5 12.2 3.59 .89   

 Total 2 .5 23 6.1 105 27.6 168 44.2 82 21.6 3.80 .86   

Assembling strong teams Employment and Placement 0 .0 9 5.9 46 30.1 64 41.8 34 22.2 3.80 .85 3.601 .308 
 Training 1 .7 12 8.6 39 27.9 59 42.1 29 20.7 3.74 .91  NS 
 Health and Safety 0 .0 4 8.7 16 34.8 18 39.1 8 17.4 3.65 .87   

 Project Manager 0 .0 4 9.8 16 39.0 16 39.0 5 12.2 3.54 .84   

 Total 1 .3 29 7.6 117 30.8 157 41.3 76 20.0 3.73 .88   

Source: Primary data 
 

Inspiring and motivating others: 
When we analyse the above table with regard to Inspiring and motivating 
others 44.2 percent and 21.6 percent of the respondents opine that 
expectation towards inspiring and motivating others competency was high 
and very high respectively. And 27.6percent of opinion that it was 
moderate. Rest of them (6.1percent + .5percent) 6.6percent opine that 
expectation was low. Over all on an average (mean) level of 

expectation towards inspiring and motivating others competency was high 
with mean and SD 3.80 ± .86 (SD). Further when it is considered among 
different categories of respondents' expectation towards inspiring and 
motivating others was high with Mean and S.D of employment and 
placement managers = 3.84± .85(SD), training managers 3.81 ± .87, health 
and safety managers 3.85 ± .84, project managers 3.95 ± .8. Test shows that 
there is no significant difference between the different types of professions 
(categories) with respect to conflict management competency p = .963 >0.05. 

Table 4: Describes the required competency regarding process management and conflict management competency 
 

Competency factors 1 2 3 4 5    

 Freq % Freq % Freq % Freq % Freq % Mean S.D KW test p value 

Process management Employment and Placement 0 .0 12 7.8 51 33.3 60 39.2% 30 19.6 3.71 .87 4.202 .240 
 Training 1 .7 15 10.7 24 17.1 71 50.7 29 20.7 3.80 .92  NS 
 Health and Safety 0 .0 2 4.3 11 23.9 19 41.3 14 30.4 3.98 .86   

 Project Manager 0 .0 1 2.4 13 31.7 18 43.9 9 22.0 3.85 .79   

 Total 1 .3 30 7.9 99 26.1 168 44.2 82 21.6 3.79 .88   

Conflict management Employment and Placement 0 .0 15 9.8 47 30.7 67 43.8 24 15.7 3.65 .86 4.011 .260 
 Training 0 .0 10 7.1 47 33.6 59 42.1 24 17.1 3.69 .84  NS 
 Health and Safety 0 .0 0 .0 12 26.1 25 54.3 9 19.6 3.93 .68   

 Project Manager 0 .0 3 7.3 13 31.7 14 34.1 11 26.8 3.80 .93   

 Total 0 .0 28 7.4 119 31.3 165 43.4 68 17.9 3.72 .84   

Source: Primary Data 

Process Management: 
When we analyse the above table concerning the process management, 
44.2percent and 21.6percent of the respondents opine that expectation 
towards process management competency was high and very high 
respectively. And 21.6percent of opinion that it was moderate. Rest of 
them (7.9percent + .3percent) 8.2percent opine that expectation was low. 
Over all on an average (Mean) level of expectation towards process 
management competency was high with mean and SD 3.79 ± .88(SD). 
Further when it is considered among different categories of respondents' 
expectation towards process management competency was high with Mean 
and S.D of employment and placement managers 3.71 
± .87(SD), training managers 3.80 ± .92, health and safety managers 3.98 
±.86, project managers 3.85 ±.79. Test shows that there is no significant 
difference between the different types of professions (Categories) with 
respect to expectation towards process management competency was 
high with mean and SD 
3.79 ± .88(SD). Test shows that there is no significant difference 

between the different types of professions (Categories) with respect to 
process management competency p=.963 >0.05. 

 

Conflict Management: 
When we analyse the above table regarding conflict management, 
43.4percent and 17.9percent of the respondents opine that expectation 
towards conflict management competency was high and very high 
respectively. And 31.3percent of opinion that it was moderate. Rest of them 
(7.4percent + .0percent) 7.4percent opine that expectation was low. Over 
all on an average (Mean) level of expectation towards conflict management 
competency was high with mean and SD 3.72 ± .84(SD). Further when it 
is considered among different categories of respondents expectation 
towards conflict management competency was high with Mean and S.D of 
employment and placement managers 3.65 ± .86(SD), training managers 
3.69 ± .84, health   and safety   Managers 3.93   ± 
.68,project managers 3.80 ± .93. Test shows that there is no significant 
difference between the different types of professions (Categories) with 
respect to conflict management competency p= 
.963>0.05. 

Table 5: Describes the required competency regarding consensus and negotiation skills and empowering and training people 

Competency factors 1 2 3 4 5 

Freq %   Freq % Freq % Freq % Freq % Mean S.D KW test p value 

Consensus and negotiation skills Employment and 
Placement 

www.worldwidejournals.com 

0 .0 13   8.5  37 24.2 60 39.2 43 28.1 3.87 .92 3.639 .303 
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Training 0 .0 16    11.4 37 26.4 61 43.6 26 18.6 3.69 .90 NS 

Health and Safety 0 Project 
Manager 0 

.0 4 

.0 4 

8.7   9 

9.8   11 

19.6 21 

26.8 18 

45.7 12 

43.9 8 

26.1 3.89 

19.5 3.73 
.90 
.90 

Total 0 .0 37   9.7   94 24.7 160  42.1 89 23.4 3.79 .91 

Empowering and training People Employment and 0 
Placement 
Training 0 

Health and Safety 0 

.0 7 

 
.0 6 

.0 1 

4.6   49 

 
4.3   40 

2.2   16 

32.0 61 

 
28.6 61 

34.8 21 

39.9 36 

 
43.6 33 

45.7 8 

23.5 3.82 

 
23.6 3.86 

17.4 3.78 

.84 2.959 

 
.82 

.76 

.398 

 
NS 

Project Manager 0 .0 6 14.6 14 34.1 12 29.3 9 22.0 3.59 1.0 

Total 0 .0 20   5.3 119 31.3 155  40.8 86 22.6 3.81 .85 

Source: Primary data 
 

Consensus and negotiation skill: 
In the analysis of the above table with regard to consensus and negotiation 
skill 42.1percent and 23.4percent of the respondents opine that expectation 
towards consensus and negotiation skills competency was high and very high 
respectively. And 24.7 percent of opinion that it was moderate. Rest of them 
(9.7 percent+.0 percent) 9.7percent opine that expectation was low. Over 
all on an average (mean) level of expectation towards Consensus and 
negotiation skills competency was high with mean and SD 3.79 ± 
.91(SD). Further when it is considered among different categories of 
respondents’ expectation towards Consensus and Negotiation Skills 
competency was high with mean and S.D of employment and placement 
managers = 3.87± .92(SD), training managers 3.69± .90, Health and 
safety Managers 3.89±.90, Project managers 3.73 ± .90, Test shows that 
there is no significant difference between the different types of professions 
(Categories) with respect to Consensus and Negotiation Skills competency 
p=.303>0.05. 

 
Empowering and training  people: In the 
analysis of the above table with regard to Empowering and training people 
40.8percent and 22.6percent of the respondents opine that expectation 
towards empowering and training people competency was high and very 
high respectively. And 31.3percent o f o p i n i o n t h at i t w as m o de 
r at e . Re s t o f the m (5.3percent+.0percent) 5.3percent 
opine that expectation was low. Over all on an average (Mean) level of 
expectation towards empowering and training people competency was high 
with mean and SD 3.81± .85(SD). Further when it is considered among 
different categories of respondents expectation towards empowering and 
training people competency was high with Mean and S.D of Employment 
and placement managers = 3.82± .84(SD), Training managers 3.86 ± .82, 
health and safety managers 3.78 
±.76 and project managers 3.59 ± 1.00. Test shows that there is no 
significant difference between the different types of professions (Categories) 
with respect to empowering and training people competency p=.398>0.05. 

 
FINDINGS 

1. More than 75 % of the HR Professionals employed in the ITES 
/BPO companies are in the age of below 35 years. 

2. 85.5 percent of the selected HR Professionals are Graduates 
3. Age, marital Status, Educational Status, Present Position held, Nature of 

Appointment, Experience in Current HR Role and 
Monthly income of respondents have a significant association with the 
level of leadership competency of HR professionals. 

4. There is significant difference in their levels of leadership competency 
among the various categories of managers 

5. Male HR professionals are more compared to female HR professionals 
namely 54.47 percent 

6. Most of the HR professionals are having 2 to 6 years experience in 
present ITES-BPO. It shows that the turnover rate of HR Professionals is 
high. 

The findings of the study would be helpful in designing specific training 
programs for the low competent HR professionals in future. 
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CONCLUSION 
Competency of HR professionals is a vital factor in achieving the objectives and goals of the ITES /BPO 
companies as they face may HR challenges in the present days. Among various competency clusters of 
HR professionals, the Leadership competency is predominant. The study revealed that there is no 
considerable gap in the leadership competency among the HR professionals employed in the ITES 
/BPO companies located in Bangalore City. 
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Abstract 

A set S ⊆ V is independent if no two vertices in S are adjacent. The order of a maximum 
independent set is the independence number β0 = β0(G). A maximal complete subgraph of G is called 
a clique.    A set L of cliques of G is said to be clique independent set (CI-set) if no two cliques have 
a vertex in common. The clique independence number βc = βc(G) is the maximum number of 
cliques in a CI-set of 
G. In this paper several bounds for independence number and clique independence number are 
derived and we characterized the graphs attaining some of these bounds. 

AMS Subject Classification: 05C69 
Key Words and Phrases:Independence number; Clique independence number; Minimum clique 

number; Maximum clique number; Well clique covered graphs 

 

1 Introduction 

For any undefined terminologies and notations we refer [5]. By a graph G = (V, E) we mean a 
connected finite simple graph with  |V |= p and   E|   | = q   called the order and size of 
the  graph.  A  set  S  ⊆V   is  a  dominating  set  if  every  vertex  not  in  S  is  adjacent  to  atleast 
one vertex in S. The domination number γ = γ(G) is the minimum order of a minimal dominating set of G. 

For a detailed survey of domination theory, one can refer [3, 9]. A set S ⊆ V is a vertex cover of G if 
every edge is incident on some vertex in S. The vertex covering number α0 = α0(G) is the minimum order of a 

minimal covering of G. On the other hand, a set S ⊆ V is said to be independent if no two vertices in 
S are adjacent. The independent domination number i = i(G) (independence number β0 = β0(G)) is the 
minimum (maximum) order of a maximal independent set of G. These parameters are related by the 

classical Gallai’s Theorem α0(G) + β0(G) = p. A vertex v is a cut vertex if G − v is disconnected. A 
block is a maximal subgraph of G without any cut vertices. A 

http://www.acadpubl.eu/hub/
http://www.acadpubl.eu/hub/
mailto:smitha.holla@manipal.edu
mailto:rs.bhat@manipal.edu
mailto:surekharbhat@gmail.com
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0 .   We now characterize the graphs for which 

 
 
 
 
 
 
 
 

maximal complete subgraph is called a clique. Let K(G) denote the set of all cliques in G 

and  |K(G)  =| k. A graph G is called a block graph if  every block of G is a clique. The 

minimum number of cliques (not necessarily maximal) that cover all the vertices of a graph is well known 

in graph theory as partition number θ0(G) (also called as point clique covering number) introduced by Berge [1] 
and has been celebrated in Berge’s conjecture on perfect graphs. In section 2 we give improved upper bounds 
on independent sets and section 3 clique independent sets are studied. 

A clique graph KG(G) of G is a graph with vertex set as cliques of G and any two vertices in KG(G) are 
adjacent if and only if the corresponding cliques in G have a vertex in common. Independence graph IG(G) is a 
graph with vertex set as set of all maximal independent sets of G and any two vertices in IG(G) are adjacent 
if and only if the corresponding independent sets have a vertex in common. The minimum order of partition 
of vertex set into independent 

sets is the chromatic number χ = χ(G). Since independent sets and cliques exchange their properties  on 

complementation, we have KG(G) ∼= IG(G), θ0(G) = χ(G), ω(G) = β0(G) and 
ϑ(G) = i(G). 

 
2 Improved Bounds on Independence number 

There has been an increasing interest in the study of independence number of graphs and several 
bounds were obtained - see, for instance,[6, 7, 8, 11]. Our interest in this paper is to get better bounds for 
independence number of a graph G using existing or some newly 

defined graph parameters. Sampathkumar and Pushpalatha [19] proved that β0(G)    ≤ q. 
This bound is very weak in the sense that equality occurs if and only if G is isomorphic to 
only one family of graphs, viz the star graphs K1,n. This bound is drastically improved by Pepper[15] who 
introduced another parameter called the annihilation number a(G) defined as 
the largest k such that 

Σk    d(v ) ≥ 
Σn d(v ) where d(v ) are arranged in nondecreasing 

order.   It  is  proved  that  βi=1(G)  ≤
i
 a(G)i=≤k+1q i  i 

 
 

q δ 

β0(G) = 
δ 

. 

Proposition 1. For any graph G, β0 = q if and only if G is either a regular bipartite 
graph or a complete bipartite graph. 

q 
Proof. Suppose that t = β0 = 

δ 
so that tδ = q and S be any β0−set of G. Then the t vertices in S cover all 

the edges and hence S is a vertex cover of G. Therefore V − S is an independent set of G. Thus G is a 
bipartite graph.   Further, as every vertex in S is incident 
on δ edges, every vertex in S is of degree δ. If every vertex in V − S is of degree δ then G is a δ-regular 

bipartite graph. If G is not a regular graph then we claim that every vertex in V − S is of degree ∆, for 
otherwise, every vertex in S cannot be of degree δ. Then G is a 
Kδ,∆ complete bipartite graph. The converse is trivial. 

A hyper cube Qn is a n-regular bipartite graph with 2n vertices and n2n−1 edges. Fromthe above 
proposition we obtain the independence number of any hypercube. 

Corollary 2. For any hypercube Qn, β0(Qn) = 2n−1
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Proof. Since Qn is a regular bipartite graph, from the Proposition 1, we have β0(Qn) = 

q n2n−1 
= = 2n−1. 

δ n 

VE-Degree 

Several degree concepts are introduced in, [2, 11, 12]. Let N (v) = {u ∈   V |u is adjacent to v} and N [v] 

= N (v) ∪ {v}. Then ⟨N [v]⟩ denote the subgraph induced by the set N [v]. The ve-degree of a vertex u ∈ V, 

dve(u)=number of edges in ⟨N [u]⟩. Then ∆ve = ∆ve(G) and 
δve  = δve(G) reΣpresent the maximum ve-degree and minimum ve-degree of G respectively. It is proved that 
u∈V dve(u) = 2q +3t where t is the number of triangles in G. A vertex v V ∈ 
is unicliqual if v is incident on a single clique, otherwise v is polycliqual. Every cut vertex is 
a polycliqual vertex but not conversely. An edge x ∈ E is unicliqual if x is contained in a single clique, 

otherwise x is a polycliqual edge. For example, every edge of the corona Km ·Kn 
is unicliqual where as the spokes (the edges joining the center) of a wheel Wn are bicliqual. 

Under certain conditions, we show that the bound β0 ≤ 

minimum ve-degree δve. First, we prove the following 

p 
can be further improved using 

q 

Lemma 3. Let S be any maximum independent set of G. If every edge of G is unicliqual, 
then for any two vertices u, v ∈ S, ⟨N [u]⟩ and ⟨N [v]⟩ are edge disjoint. 

Proof. Let, if possible for any two vertices u, v ∈ S, there exists an edge x ∈ ⟨N [u]⟩ ∩ 

⟨N [v]⟩. Then x ∈ ⟨N [u]⟩ and x ∈ ⟨N [v]⟩. We observe that every clique in ⟨N [u]⟩ is incident on the vertex u. 

Therefore x ∈ ⟨N [u]⟩ implies that the edge x is contained in some clique say k1 incident on u. Similarly, x ∈ 

⟨N [v]⟩ implies that the edge x is also contained in some clique say k2 incident on v. Thus, x is a common edge 
contained in the cliques k1 and k2. Hence x is a bicliqual edge in G - a contradiction to the statement that every 
edge of G is unicliqual. This completes the proof of the Lemma. 

Proposition 4.  If every edge of G(V, E) is unicliqual then, β0(G) ≤ q . 
ve 

Further, the bound is sharp. 

Proof. Let β0 = t and S = {v1, v2, .......vt} be a β0- set of G.   Let   Li be   the   set   of edges ve-adjacent 
to the vertex vi, 1 ≤ i ≤ t and hence |Li| ≥ δve. Since every edge of G is unicliqual, from the Lemma 3, 
⟨N [vi]⟩ and ⟨N [vj]⟩ are edge disjoint for any 1 ≤ i, j ≤ t, i       j.   Therefore Li ∩ Lj   = φ for any 1 ≤ i, j 
≤ t, i       j. Further, there may be some edges which are not ve-adjacent to any vi ∈ S and hence L1 ∪ L2 ∪ 
....... ∪ Lt ⊆ E. Thus 
q = | E| ≥ |L1 ∪L2 ∪....... ∪ Lt | = | L1| +  L| 2  +| ...... + L|t | ≥tδve  which yields the desired 
bound. The bound is sharp for any complete graph, complete bipartite graph or for any block graph in 
which every block has at least one noncutpoint. 

Another approach to improve the bound is considering cliques instead of edges. A clique which contains at 
least one unicliqual vertex is called a monoclique of G. We denote the set 
of  all  monocliques  by  Kmc (G)  and | Kmc (G)| number of 
cliques in G. 

= mc.  Note that 0 ≤ mc ≤ k where k is the 
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Proposition 5. For any graph G with k cliques and mc monocliques, 

mc ≤ β0 ≤ k (1) 

Further, 
i) β0 = k if and only if every clique is a monoclique in G 
ii) β0 = mc if and only if there exists a maximum independent set S such that every vertex in S is a 

unicliqual vertex in G. 

Proof. As we can pick at most one independent vertex from each of the cliques, the maximum number of 
independent vertices cannot exceed k. Thus β0 ≤ k. 

Let {k1, k2........kmc } be the set of  monocliques of G and S = {u1, u2  ........ umc } be the set 
of unicliqual vertices picked such that ui ∈ ki, 1 ≤ i ≤ mc. Since each ui belongs to different cliques, S is an 
independent set. Hence β0(G) ≥ |S|= mc. 
To prove (i). If every clique is a  monoclique in G, then each clique contribute one to the 
independent set and hence β0(G) ≥ mc = k. We already have β0(G) ≤ k. Thus β0(G) = k. Conversely, suppose that 
β0(G) = k. Note that every vertex in any β0-set belongs to different cliques. These two conditions together imply 
that each clique has atleast one unicliqual vertex. Hence every clique of G is a monoclique in G. 

To prove (ii). This result follows from the fact that β0(G) = mc if and only if the set of unicliqual vertices 
taken one each from the monocliques of G forms a maximum independent set of G. 

 

Figure 1: Hajo’s Graph and its complement K3 · K1 

 
For example, for any block graph G in which every block has at least one noncutpoint β0(G) = mc = k. 

Further, for the Hajo’s graph and its complement K3 · K1 in Figure 1, β0 = 3 = mc < 4 = k. 

 
VC-Degree 

We now define vc-degree of a vertex u, dvc(u) as the number of cliques incident on the vertex u. Then ∆vc 

= ∆vc(G) and δvc =   δvc(G) denote the maximum and minimum vc- degree of G respectively. If u is an 
unicliqual vertex then dvc(u) = 1. For any polycliqual 
vertex u, dvc(u) ≥ 2.   In many cases, it is found that the independence number is much 
smaller than the number of cliques k. Therefore we further refine the bound obtained in Proposition 5, using the 

minimum vc-degree δvc(G). 

Proposition 6. For any graph G, 

k 
β0 ≤ 

vc 

 
(2) 

δ
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Further, this bound is sharp. 

Proof. Let β0 = t and D = {v1, v2, ...... vt} be a β0− set of G. Let Si be the set of cliques 

incident on the vertex vi, 1  ≤ i ≤ t. Therefore |Si| ≥ δvc. As no two vertices in  D can incident on the 
same clique, (for otherwise, D is not independent) the cliques incident at vi are distinct from cliques 
incident at vj for 1 ≤ i, j ≤ t, i      j. Further, there may be some cliques in G which are not incident on 
any of vi ∈ D and hence, S1 ∪ S2 ∪ .......... ∪ St ⊆ K(G). Therefore k = | K(G)| ≥ |S1 ∪S2 ∪......... ∪St | = |S1 | + 

|S2 | + ...................................................................................................... + |St | ≥ tδvc which yields 
the desired bound. 

One can check that the bound in the Proposition 6 is sharp for G = rKn and for complete bipartite graph 

Km,n. For any even cycle β0(C2n) = n = 2n = k , and the bound is attained. 
2 δvc 

 

3 Clique Independent and Disjoint maximal Indepen- dent 

sets 

The edge independence number β1 = β1(G) is the size of maximum edge independent set of G. A set L 

⊆ K(G) is clique independent (CI-set) if no two cliques have a vertex in common. The clique independence 

number βc = βc(G) is the maximum number of cliques in a CI-set of G. Similarly, the minimum clique 
independence number βmc = βmc(G) is defined as the minimum order of a maximal CI- set of G. Note that 
the CI-set exists for any graph. 

It is immediate that βmc ≤ βc ≤ β1 and βmc  ≤ θ0(G).  A graph G is clique partitionable 
if V (G) can be partitioned in to maximal  cliques of G. If G is clique partitionable, then 
βmc(G) = θ0(G). 

We have the following dual definitions. Let I(G) denote the set of all maximal indepen- dent sets of G. A 

set L ⊆ I(G) is disjoint maximal independent (DI-set) if no two maximal independent sets have a vertex in 

common. The disjoint independence number βi = βi(G) is the maximum order of a DI-set of G. Similarly, 
the minimum disjoint independence number βmi = βmi(G) is defined as the minimum order of a maximal DI- 

set of G. Note that the DI- set  exists  for  any  graph.   It  is  immediate  that  βmi        β≤i   and  βmi(G)       χ≤(G).   
A  graph G  is indominable if V (G) can be partitioned into maximal independent sets. A graph G is indominable, 

then βmi(G) = χ(G). The independent sets are also studied in literature by removing the condition of 
maximality. In chemical graph theory, the maximum number of independent sets (not necessarily maximal) in a 
graph is referred as Merrifield-Simmons index [13] and its edge analogue the maximum number of edge 
independent sets as Hosoya index [10]. However we restrict ourselves in this paper the study of disjoint maximal 
inde- pendent sets. Recently, Derikvand and Oboudi [4] partially attempted to find the number of maximum 
independent sets of a graph. Erdos et. al [14] obtained the following lower bounds on clique independence 
number and minimum clique independence number. 
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Proposition 7. [14] For any graph G with p vertices and maximum degree ∆, then, 
6p 

βi(G) ≥ 
(∆ + 3)2 (3) 

4p 
βmi(G) ≥ 

(∆ + 2)2 (4) 

We now show that the clique independence number serves as a lower bound for indepen- dence number. 

Proposition 8. For any graph G, 

βc ≤ min{β0, β1} (5) 

βmc  ≤ min{i(G), iJ(G)} (6) 

Proof. We already have βc ≤ β1. Therefore it suffices to show that βcc ≤ β0. Let βc = t and L = {k1, k2, . 

. . , kt} be the βc-set of G. Since each ki is clique-independent, we can select a vertex vi incident on each 

clique ki in L such that L1 = {v1, v2, . . . , vt} is an independent 
set  of  vertices.  Thus  t =  βc  =|  L|  = | L1| ≤β0.  Then  the  result  follows.  The  result  ( 6) can be proved 
similarly. 

The following proposition is obtained in [20] 

Proposition 9. [20] For any graph G, 

 

 
Further, βc = 

order. 

p 
βc ≤ 

ϑ 
(7) 

p 
if and only if V (G) can be partitioned into maximal cliques of minimum 

ϑ 

We state the similar result for minimum clique independent sets without proof. 

Proposition 10. For any graph G, 
p 

βmc ≤ 
ω(G) 

(8) 

and equality occurs if and only if V(G) can be partitioned into maximal cliques of maximum order. 

Proposition 11. For any graph G, 

β0(G) ≤ 

p 
(9) 

βmi
(G) 

p 
i(G) ≤ 

β (G) 
(10) 

Proof. Since disjoint independent sets and clique independent sets exchange their prop- erties on 
complementation, we have βi(G) = βc(G) and βmi(G) = βmc(G). Then from Proposition 10, we have βmi(G) = 

βmc(G) ≤ p = p which yields the desired result (9). 
ω G 0 

Similarly, the result (10) can be proved using Proposition 9. 
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Well Clique Covered Graphs 

In 1970 Plummer [16] introduced the concept of well covered graphs and further studied in [17] and   
[18].   A graph G is well   covered if i(G)   =   β0(G).    The above definition of well covered graphs motivates 
to define another class of graphs called well clique covered graphs. A graph G is well clique covered if every 

maximal clique independent set is of same order. Equivalently, a graph G is well clique covered if βc(G) = 

βmc(G). We now provide a characterization of well clique covered graphs. 
 

Proposition 12. A graph G is well clique covered covered if and only if KG(G) is clique regular. 

Proof. G is well clique covered 
⇐⇒ every maximal clique independent set in G is of same order 
⇐⇒ every maximal independent set in KG(G) is of same order 
⇐⇒ KG(G) is well covered 
⇐⇒ ,every maximum independent set in KG(G) is of same order 
⇐⇒ every clique in KG(G) is of same order 
⇐⇒ KG(G) clique regular. 
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