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ABSTRACT 

The increase in complexity of business, the diversified work force, cultural diversity, globalization, expectations, 

stress in work, etc. has made HR very important today. The research tries to understand crucial aspects of HR 

function through literature review and primary data collection from companies. In this exploratory research we 

try to explore role of HR in companies and asking: Is HR truly contributing towards organizational excellence? 

We created five Aces of HR: Assessing, Acquiring, Achieving, Assimilating, and Accommodating and have made 

effort to understand if these Aces are being followed.  We found that in most of the organizations traditional role 

of HR is that of policy policing, being a regulatory watch dog and involved in the bureaucratic aspects of the 

job. HR should be able to harness the individual competencies and energies in an organization and everyone in 

the organization needs to understand that it is not processes, systems, structures, and technology that helps an 

organization grow and sustain itself but the unique capability of its people. This latent capacity can be brought 

out only with an energized, competent, and empowered HR team and with the knowledge that they are not there 

just to implement policies but also to initiate them. 

 

Keywords: Assessing, Achieving, Assimilating, Accommodating, Human Resource, Organizational 

Excellence, Training,  

 

I. INTRODUCTION  

 

In recent years there has been a raging debate over the role of HR in companies. Human resource management 

is the part of the organization that is concerned with the “people” dimension (DeCenzo and Robbins, 1996). The 

role of HR is to provide support and assistance in issues that deal with managing human resources within the 

organization. There have been management experts who have gone to the extent of saying that HR should be 

thrown in the garbage and is not required in organizations. So should we dissolve this function in organizations 

or is this rhetoric a lot of nonsense? What is HR’s contribution in an organization?  What is the reason for its 

beleaguered reputation? In many companies the HR as it is today is ineffective, incompetent, and inessential. 

However the reality of today’s globalised and complex business environment is that HR has never been more 

indispensable. [1] The increase in complexity of business, the diversified work force, cultural diversity, 

globalization, expectations, stress in work, etc. has made HR more important today than ever before. In order to 

achieve organizational excellence there are some key drivers like, focus on constant learning, quality 

enhancement, teamwork, and innovation and these are the primary HR issues. Achieving organizational 

excellence without an active HR Department is next to impossible.  
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II. RESEARCH METHODOLOGY 

 

The importance of this research lies in the fact that it makes an effort to go deeper into the HR function and 

makes an effort to give an insight related to making HR a major partner in the task of achieving organizational 

excellence.  The research tries to understand the crucial aspects of HR function through literature review and 

primary data collection from companies. Understanding just these aspects is not what this research is all about, it 

goes a step further and tries to see if HR, as it exists in Indian companies today, follows the rules of the function. 

Does it do the job it is required to do and provide real support to an organization in achieving excellence? The 

answers are shocking but true. The sample may be small but it does reflect the malaise that has crept into the HR 

function where at one end of the spectrum we found HR managers behaving like they are God’s gift to mankind 

and can just act like gatekeepers for entering a company, bully the employees, and at the other end of the 

spectrum are just passive onlookers to strategy making and customer satisfaction. In this research, we have 

created five aces of HR excellence that are imperative for contributing towards organizational excellence. We 

have then checked whether these aces are present in HR professionals in our sample taken from 30 companies of 

Chennai.  

In this exploratory research we are not asking the question: Is HR relevant? We believe it is relevant. We are 

trying to explore the role of HR in companies and asking the question: Is HR truly contributing towards 

organizational excellence? We have tried to check this by asking questions to assess if the five Aces of HR that 

we have created: Assessing, Acquiring, Achieving, Assimilating, and Accommodating are being followed.  To 

explore this area and get some possible answers we have taken a sample of 30 companies in Chennai and taken 

responses to our questionnaire. There were 5 questions for each of the five Aces – so total 25 questions were 

part of our Questionnaire.  We followed stratified random sampling. Respondents were from two stratas- a) 30 

HR Managers – 1 from each company and b) employees from all levels across all functions - 10 from each 

company – so total 30x10 = 300 employees.  Total sample size = 330 across 30 companies in Chennai. The set 

of questions asked were different from these two stratas. The questions were to test whether the five Aces are 

being followed e.g. to test the first Ace, Assessing – we asked 5 questions related to the way recruitment is 

done, the interview process etc. For knowing the company status regarding Acquiring, questions related to the 

type of training provided for improving skill sets of employees were asked. For understanding the third Ace, 

Achieving, we asked questions to get information on the type of motivation given from time to time to the 

employees so that they reach their optimal potential. Questions to check how different cultures and ideologies 

worked in harmony were a part of our questionnaire so as to check the fourth Ace -  Assimilating, and  to check 

the fifth Ace – Accommodating, we enquired about how grievances  and opinions were expressed, the forums 

available to staff for airing their views , and the grievance redressal mechanism etc. Questions were asked not 

just from employees but also from HR Managers, so as to get a complete perspective.  We also conducted in- 

depth interviews with senior management - VP and above – 10 in depth interviews across the 30 companies 

picked based on convenience sampling. This gave us valuable insights about the topic from the perspective of 

senior management.  We had given marks to the answers based on set criteria and calculated the percentage. 

 

III. THE FIVE ACES OF HR EXCELLENCE 
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We strongly believe that an organization is like a living pulsating organism and not just a set up of systems, 

processes, and technology. It is made up of a wonderful and fascinating combination of people, functions, 

talents, motivations, aspirations, and all the complexities of the human mind and heart. HR as the very word 

states is about managing this complex Human Resource in an effective manner.  The five Aces of HR excellence 

that we have created are: Assessing, Acquiring, Achieving, Assimilating, Accommodating. [2] 

 

3.1 Assessing 

Any organization needs people to grow. Assessing potential, identifying competencies, and checking and 

affirming that the competencies, the needs of the organization, and the organization culture are at sync, is not as 

simple as it sounds. Using the right psychometric tool for attitude and competency mapping and the right 

technical testing is imperative. A wrong recruitment can be a huge mistake since it costs the company time and 

money both. [3] HR managers have to gain expertise so that they are able to assess that the aptitude, attitude, 

and skills required for a job are present in the potential employee while making its hiring decisions. In order to 

create administrative efficiency, it has to become good at designing job roles and put the right person for the 

right job with the aim of reducing costs and improving quality. Attrition is a common problem in so many 

companies. If the recruitment process is scientific, thorough, and objective and the assessment is done properly 

– right person for the right job, this demon of attrition can be tackled. Ensuring their commitment to achieving 

organizational excellence is absolutely important. [4] 

 

3.2 Acquiring 

It is not enough to do the right assessment and be able to draw the brilliant and creative minds towards the 

company. It is also important that the talent pool is nurtured, developed and it keeps pace with the changing 

business environment through proper orientation and training. HR should be able to help them acquire crucial 

skills related to the job role. Business is dynamic and always in a state of flux and employees are the living 

organisms of this structure. To be able to function effectively HR plays an extremely important role – helping 

them acquire all the hard skills and soft skills required for the job through training and learning. As the business 

environment changes and business becomes more and more digital and globalised, as big data is churned out in 

large numbers and information explosion is the norm due to internet connectivity, employees need new skill sets 

– IT skills, data analytics skills, understanding global markets and different cultures, ability to work in a flat 

organization structure where there is more empowerment, delegation and less of command and control, all this 

is extremely important. [5] This requires a vibrant HR team that focuses not only on hiring or assessing and 

recruiting talent but also helps that talent pool to develop by helping them acquire new skills and honing old 

skills that are relevant for the job through appropriate training. Acquiring means helping that talent acquire 

relevant skills for organizational and personal excellence. 

 

3.3 Achieving 

The human mind and body has unlimited potential, given the right motivation. HR has to make the professionals 

achieve to the best of their abilities by pushing their boundaries, the right amount of recognition, reward, and 

praise, creating a good working environment, challenging people to move out of their comfort zones, and 

creating and leveraging team diversity for optimal results. Training, developing skills and motivation will help 
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in achieving individual and organizational excellence. HR has a very important role to play in terms of talent 

acquisition, talent nurturing, retaining talent, and grooming leaders for the future. Their role is not just to watch 

and report, but to train and groom, motivate and mentor, counsel and guide. [6] Continuous Innovation and 

improvement in HR practices, policies, and retention strategies, training in new and emerging areas is a very 

important role so that each employee raises his bar and maximizes his potential and achieves optimal result. 

 

3.4 Assimilating 

Globalization has thrown new challenges before HR. The work place has become a place with diverse cultures 

and languages, a melting pot of different ideologies, beliefs, assumptions. Assimilating, absorbing, and creating 

the right ambience where each culture is respected and not judged for being different is extremely important. 

Cultural diversity and difference of opinion that goes along with this diversity has to be treasured and not 

penalized and that is the challenge for modern HR. With globalization HR has another responsibility- managing 

work place diversity and encouraging cultural synthesis so that the diversity becomes an asset to the company 

and not a drag. [7] 

 

3.5 Accommodating 

Accommodating diverse and often conflicting opinions, so that the organization functions smoothly, is 

imperative for organizational excellence. There will be problems, demands, conflicts in any organization 

because people are different and sometimes have different views, goals, and motivations. HR has to be a 

problem solver, be like a friend, mentor, and counselor, and not like a judge. Coordination among teams, 

functions, departments, and between different levels of hierarchy is another role of HR. Employees need to feel 

that there is a grievance redressal mechanism in their company, that there is a forum to air their differences, and 

there is a feedback given on the issues raised by them. [8] A feeling of neglect, apathy, and detachment creeps 

in an employee when he feels that his views are not accommodated in the decision making process. When we 

say accommodated it does not mean that anything and everything that a member says has to be agreed to, it 

simply means that his voice is heard and he understands that all the collective voices are taken into account 

when decisions are made. When there is a structured system to listen to employees, even if the decisions are at 

variance with his thinking, he feels empowered because he was given a hearing and the logic of decision making 

process is understood by him since he was a part of that process. 

 

IV. FINDINGS 

Table 1: Hr Effectiveness as Per the Five Aces 

 Performance Rating based on responses to questions Total 

 Poor Average Good Very 

Good 

Excellent  

Assessing 28% 52% 15% 4% 1% 100% 

Acquiring 41% 45% 12% 2% 0% 100% 

Achieving 24% 54% 20% 2% 0% 100% 

Assimilating 32% 40% 22% 6% 0% 100% 
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Accommodating 40% 45% 13% 2% 0% 100% 

 

 

Fig 1: Hr Effectiveness as Per the Five Aces 

The output of our research shows that majority of the companies from our sample were not doing anything 

extraordinary in terms of the five aces. If we take the first Ace – Assessing - 28% were in the poor category, 

52% were in the average category, 15% good, 4% very good, and only 1% excellent. Take the second Ace – 

Acquiring – 41 % were in the poor category, 45% were in the average category, 12% good, 2% very good, and 

0% excellent. The third Ace – Achieving - 24% were in the poor category, 54% were in the average category, 

20% good, 2% very good, and 0% excellent. In case of the fourth Ace – Assimilating - 32% were in the poor 

category, 40% were in the average category, 22% good, 6% very good, and 0% excellent.  Finally if we see the 

last and fifth Ace – Accommodating the situation is no better in our sample - 40% were in the poor category, 

45% were in the average category, 13% good, 2% very good, and 0% excellent. While the results are taken only 

from sample of companies in Chennai they do represent to some extent the broader issues related to HR 

management. These are disappointing results and give room for serious discussion on what can be done to make 

HR play a transformational role in organizations and be a change agent. 

 

V. TRANSFORMATIONAL ROLE OF HR 

 

After our research regarding the role of HR in companies we found that in most of the organizations the 

traditional role of HR is that of policy policing and being a regulatory watch dog. It is involved more in the 

bureaucratic aspects of the job-  paperwork involved in recruitment, dismissal, implementing decisions related 

to compensation, benefits etc. taken by others. A more empowered HR may take recruitment decisions, conduct 

training programs, take efforts to improve work place diversity etc. However whatever HR does in most of the 

organizations it appears to be a routine, mundane, bureaucratic type of work totally disconnected from the actual 
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work in an organization. [9] HR was not actively giving ideas or making recruitment policies, designing 

innovative training programs and leveraging the increasing work place diversity etc. Most of the times, they 

were in their own world, totally out of sync with the real work of the company, and not working as partners in 

achieving organizational excellence. 

Our research posted some interesting findings. If we talk with reference to the five Aces we find that HR is 

making the biggest mistake by not doing all the five things with reference to the mission, vision, strategy of the 

organization. It acts in its own watertight compartment, sitting in isolation from the policies, procedures, 

products, and services offered by its organization. They lose sight of why the company exists, its goals and 

objectives and think only from the perspective of their department and individual goal. This disconnect of HR 

from the broader perspective of thinking about the company in entirety may be suicidal for the organization. 

Assessing, Acquiring, Achieving, Assimilating, and Accommodating – all needs to be done from the perspective 

of organizational mission and vision and they do not exist in isolation but sadly this type of broader and 

strategic thinking was missing among HR managers. The need of the hour is that HR function understands and 

appreciates the connection between an employee, their team, their department, and their company. It is the 

responsibility of the top management that an entirely new approach towards human resource management is 

adopted and enriches the HR professionals in their organization.  HR should not be bound only by their 

traditional role of recruitment, mentoring, compensation etc., but should be outcome based, based on what it 

delivers and adds value to customers, investors, and employees. [10] 

We were also surprised to see that majority of HR professional think in an outdated manner regarding the HR 

function, believing that it is all about taking care of the day to day needs of the employees. They feel pride in 

saying that HR takes care of those who take care of business. This is a very wrong notion of the HR function.  

Actually the role of the HR function is to leverage the skills, talents, dreams, and aspirations of the employees in 

a manner that it leads to organizational excellence and this is a very important role. [11] Another surprising 

finding was that majority of HR Managers did not have a clear idea about the Mission, Vision, and Strategic 

Goals of their organization. A lot of them thought that whatever was for the welfare of the employees was 

automatically good for the organization. It is not as simplistic as that. Organization and HR in that organization 

is not just a provider of benefits. If providing all these benefits makes an organization uncompetitive then that 

will lead to its demise. 

We tried to explore how HR could be a more creative force by helping the company in increasing customer 

satisfaction and increasing shareholder value. To achieve organizational excellence HR can play a very crucial 

role. We found through our research ways in which HR can play a transformational role in an organization and 

contribute to organizational excellence. HR Management is about developing and channelizing human potential 

towards the achievement of organization’s mission, vision, and strategic goals. HR should also play an 

important part in strategy execution – they should be a part of decision making done in the board rooms and 

team up with senior managers and line managers in taking planning from the corporate board rooms to the 

market. However we do need to understand that for any transformation to happen in the role of HR, the top 

management right from the CEO level to the line managers need to do a rethink and take decisions, otherwise 

transformation cannot happen. The line managers need to realize that HR has to be integrated into the 

company’s real work. [12] HR must turn outside business trends and stakeholder expectations into internal 
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actions. HR should focus on both business results and human capital improvement in individual and 

organization. HR should target both individual ability and organization’s capabilities n event/sustainability.  

The importance of having HR professionals who are innovative, change driven and capable of handling 

complexities of business has never been more important. The workforce of today is not local, regional, or 

national, it is a globalised workforce. The borders have not opened just for goods and services but also for 

people and cultures. With business becoming globalised we see several cultures and ideologies co-existing in an 

organization. Business is not just about technologically competent and knowledgeable work force. The success 

mantra of business is where organization becomes a place where talent is nurtured and retained, where 

workforce is driven from something beyond the thought, “this is just a job that pays me for my needs”. There 

has to be passion and desire to excel. This passion can be created by an innovative HR where each individual is 

taken as unique and where the cultural synthesis is also given priority. [13]Employee engagement in policy 

making, managing diverse work force in a globalised world, retaining and nurturing talent are some of the 

challenges of HR today.  

It is very rare to see HR believing and behaving like a change champion in organizations. Most of the times HR 

function focuses on existing policies for HR management and just reaffirming those policies time and again, 

focusing more on the fact that the policy does not allow this or that etc. How many times have we seen HR 

doing a rethink on the existing policies, thinking about the mission and vision of the organization, looking at 

employees as the internal customers of the company? They should try to modify or design policies keeping in 

mind, stakeholders internal or external, business strategy, mission, vision, changing dynamics of business 

environment etc while designing and modifying policies. [14] HR needs to play a more active role in designing 

policies instead of just thinking about implementing them. They need to be a partner with senior management 

while they are brainstorming on policy making for HR and obviously this requires support from the top 

management so that they can participate actively in achieving organizational excellence. It is extremely 

important for top management starting from the CEO level to realize this and empower the HR function. Raising 

the limits to which HR can participate in policy making for effective HR management is in the hands of the top 

management. Once the bar is raised it is a matter of time that HR professionals realize that their role is way 

beyond just recruiting and controlling. It is only then that HR can play a transformational role in organizations.  

Instead of just looking at their role like a bureaucratic one, where the focus is only on blindly following outdated 

policies HR should play a transformational role because they are managing the most important asset of the 

organization. They should be actively involved in policy making and changing or modifying policies with the 

changing times. [15] However none of this is possible without a change in the belief system of senior managers 

who need to understand the transformation that good HR department can do to their companies. They need to 

empower the HR department, provide them appropriate training, share their vision with them, and delegate more 

work and responsibility to the HR function. All this requires boldness from all the stakeholders within the 

organization and competencies in HR professionals and that is the greatest challenge. When delegation and 

empowerment is done it has to be ensured that appropriate competence also exists. One cannot give a loaded 

gun to a monkey so any delegation has to be along with competency building and empowerment goes along 

with responsibility. [16] This means that HR needs to understand its tremendous responsibility and be capable 

of taking that greater role.   
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IV. CONCLUSION 

 

Any organizational transformation and growth is possible only with the help of dynamism, passion, skills, and 

motivation of the team that makes that organization. Technology can be imitated but the unique latent capacity 

that is there in human beings is what makes a company unique.  There is an imperative need for HR to think of 

themselves as innovators and focus on people led innovation. They need to engage employees optimally, 

develop their competencies and talent, manage and retain that talent and through all this contribute towards 

enhancing organizational productivity. HR should be able to harness the individual competencies and energies 

in an organization for its growth, and most important, everyone in the organization from top to bottom need to 

understand that it is not processes, systems, structures, and technology that helps an organization grow and 

sustain itself but the unique capability of its people. This latent capacity can be brought out only with an 

energized, competent, and empowered HR team and with the knowledge that they are not there just to 

implement policies but also to initiate them. This is a tall order but not insurmountable and the challenge is 

worth taking for any organization that aspires to reach for the stars. No organization can hope to grow if its 

Human Resource has the five D s - Depleted, De-motivated, Deprived, Depressed, and Degraded instead of its 

HR having the five Aces - Assessing, Acquiring, Achieving, Assimilating, and Accommodating. 
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ABSTRACT 

The an efficient packet marking technique called swapnil’s packet marking and tracebacking (SPMT) technique 

that requires the amount of packets equal to the hop distance between the attack initiator and the server 

(destination) [1], which is less than 31 hops [3] [4], and can undergo certain kind of attacks like constant ID 

field value, and absence of router in the network chosen for marking. In this paper, we present a randomized 

version of SPMT called as Randomized Swapnil’s packet marking and tracebacking (RSPMT) technique to 

avoid such attacks. Even though RSPMT may take more packets for effective traceback, it is more resilient to 

the kind of attacks that are possible on SPMT. 

 

Keywords: Internet, Security, IP Protocol, IP Spoofing, IP Traceback, Denial-Of-Service (Dos) 

Attack, Packet Marking, Packet Tracing, Packet Filterin, Randomizer, Remainder Packet Marking.   

 

I. INTRODUCTİON  

 

The DoS and DDoS attacks on the networks are increasing and the result in the performance of network is 

decreasing. The existing packet marking and tracebacking techniques requires more number of packets to 

traceback the source. They also have drawbacks such as network overhead, router overhead, packet header 

overload, and the like. Hence in order for traceback mechanism to be competent in tracing, the mechanism 

should require minimum number of packets from the attacker to perform IP Traceback [1]. 

Thus, a mechanism which takes few or less packets and avoids all the possible overheads on packet, router, 

and/or network is needed for an efficient traceback of the origin of the attack. Further, the techniques must also 

provide a solution to mitigate the DoS and/or DDoS attacked on the network [2]. 

The existing tracebacking techniques take many packets for tracebacking and some of them take even thousand 

packets for tracebacking and hence an efficient packet marking technique called swapnil’s packet marking and 

tracebacking (SPMT) technique as proposed in my previous paper need the packets equal to the hop distance 

between the attacker and the server [2], which is less than 31 [5] [6] was proposed. The proposed SPMT works 

on complicated DoS / DDoS attacks that may involve multiple attackers in it [2]. Further, this proposed SPMT 

may be utilized by other existing tracebacking techniques as well so as that the number of packets are 

substantially reduced for the construction of the path during tracebacking [2].  
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However, the proposed SPMT [2] may undergo certain kind of attacks like constant ID field value, and absence 

of router in the network scheduled for packet marking. In this paper, we propose a randomized version of SPMT 

called as Randomized swapnil’s packet marking and tracebacking (RSPMT) technique to avoid such attacks. 

Even though RSPMT takes a little more packet for effective traceback, it is more resistive to the various attacks 

that may be possible on SPMT. 

 

II. RANDOMIZED SWAPNIL’S PACKET MARKING AND TRACEBACKING (RSPMT) 

TECHNIQUE 

 

Considering the basic framework as used by SPMT [2], the proposed SPMT technique uses time-to-live (TTL) 

value and the identification filed (ID) value of a packet to schedule the marking of the packet in the network. 

This algorithm may be implemented at the routers available in the network and hence, the algorithm decides 

which router will mark the packet. The proposed algorithm uses the TTL value to find the hop distance or the 

count and the ID field of the packet to value generated by the source of packet to mark the packet. In SPMT as 

proposed in my earlier paper the TTL value is used to find the count of the hop. A hop count of the packet and 

an IP ID field value of packet is used to decide if the router would mark the packet [2]. 

SPMT Marking Algorithm at router R [2] 

Input: Packet w; Output: w: start; w: end; w: distance 

1:  for each packet p do 

2:  if ((w: ID%31) + 1) = w:hop then 

3:  w: start IP(router) 

4:  w: distance   0 

5:  else 

6:  if w: distance = 0 then 

7:  w: end IP(Router) 

8: end if 

9:  increment w: distance 

10:  end if 

11:  end for 

As the algorithm [2] is adapted to perform modulo arithmetic with 31, the result will always be between v Є {0, 

1… 30}, and hence v + 1 Є {1… 31}. It may be understood that the value v can be equal to the hop count at 

only one of the routers in the path for a given IP ID value of packet.   

As disclosed in the RFC 791 [7], the ID field of a packet is assigned with values generally in three ways, as 

shown in figure 1 below.  

1) Sequential- The machine implements its own IP ID assignment counter for each session. In this all packets 

are marked with ID field value by the sender. 

2) Sequential Jump - the communications happening using the machine has similar counter for the assignment 

of the ID field. 
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3) Random – In this technique of assignment the ID field is assigned with a value randomly. In ID values 

randomly generated, the ID%31 may have a result which would be uniformly distributed. It means that all the 

routers will have equal probability of marking the packet which would be equal to 1 to 31.  

In ID values randomly generated, the ID%31 may have a result which would be uniformly distributed. It may 

imply that all the nodes/ routers may have equal opportunity to mark the packet which would be equal to 1/31. 

Hence this problem may be similar to coupon collector problem where the server/victim has to wait to get 

samples from each of the routers in the path to reconstruct the complete path. Expected number of packets is 

given by [8]: 

 E(X) = d(ln(d) + O(1)) where d = 31 

Typically due to many reasons like IP header compression, the ID field of the packet is assigned with first two 

techniques above so that the encoding is applied efficiently. However, random packet ID field allocation/ 

assignment are rarely used, as the ID field is not generated randomly. The Fig. 1 below shows the assignment of 

packet ID field using all the three assignment techniques:  

 

Fig. 1 IP ID field assignment 
 

III. ATTACKS ON SPMT 

 

Because In From the results and analysis of SPMT [2] it may be observer that the SPMT performs well and 

requires packets equal to number of hops by the packets for efficient traceback (even during IP spoofing attacks 

of source address). However, it is like that in due course of time, the attacker may realize that they can 

compromise SPMT if they successfully spoof / manipulate the ID field also. In the prior-art there are two ways 

to manipulate the ID field which are addressed as two delicate attacks as follows: 

1) Constant attack on ID: In this type of attack, the ID field value is kept constant for a given session. Here 

single router is considered for marking.   

2) When the routers chosen are not present in path: In this type of attack attacker finds out a distance in the 

hops to victim and assign the value of ID such that ((ID%31)+1) > d. Based on this it is possible to get hops for 

which routers that are also not present in the path. 

To make our SPMT more robust against these and other types of attacks we present a randomized version of 

SPMT called randomized swapnil’s packet marking and tracebacking (RSPMT) technique. This proposed 

RSPMT is protective against all the attacks mentioned above. 
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In RSPMT, the k is chosen randomly thereby avoiding reliability on only one router to mark. This 

randomization of the algorithm successfully prevents all the above mentioned attacks. 

 1) Constant attack on ID: When the attacker attacks the ID field using constant value, and when the 

“k” is selected randomly from 1 to 31, almost all the routers are eligible to mark the packet. 

 2) When the routers chosen are not present in path: Even if, the attacker may develop such ID value 

as the value of k will be changing thereby allowing more than one router to mark the packet. 

Algorithm SPMT at router R 

Input: Packet w 

Output: w:start; w:end; w:distance 

1: For at least one packet “p” do // The RSPMT is executed at every router on the path in the network. 

2: k may be chosen randomly from “S” set = {1, 2, 3, …. 31} // For every packet passing through the router, the 

router generates a random number S Є {1, 2, 3, …. 31} 

3: if ((w:ID%k) + 1) = w:hop then // the TTL value of packet is used to check the hop count, and it checks if ID 

modulo k plus one is equal to hop count. 

4: w:start  IP(router)  

5: w:distance 0 // initializes the distance field to zero. 

6: else 

7: if w:distance= 0 then  

8: w:end IP(Router)  

Again 9: end if 

10: increment w:distance  

11: end if 

12: end for 

Moreover compared to PPM [1] specifically, the node sampling may still take few packets. It is also to be noted 

that in RSPMT a packets may be reconfigurable/ overridden. In the SPMT technique a single router is 

configured to mark the packet [2]. However in RSPMT, the packet can be marked by more than one routers as 

“k” may be chosen randomly by each router and the equation required is satisfied. Hence the last router which 

marks the packet wins. 

 

IV. PATH RECONSTRUCTION FOR RSPMT TECHNIQUE 

 

The path reconstruction procedure is common for both SPMT [2] and RSPMT. In the path reconstruction, a 

separate algorithm is proposed, in which the system under attack collects the malicious packets and thereby 

constructs a tree using the packet mark data. The complete reconstruction algorithm is given in below.  

ALGORITHM:  

Input: Packet w 

Output: route from destination to source 

1: T is a tree with root as v 

2: Let the edges in the tree be (start, end, distance) tuples 

3: for at least one packet “w” 
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4: if w.distance = 0 then 

5: T.insertEdge(w.start,v,0)  

7: T.insertEdge(w.start,w.end,w.distance)  

8: end if 

9: end for 

10: any edge selected from (x, y, d) is removed with d! = distance between x to v in T  

Cannot 11: extract path (Ri;…….;Rj) by enumerating acyclic paths in T (acyclic paths are extracted forming the 

attack paths) 

 

V. MATHEMATICAL ANALYSIS 

 

The problem stated above may be related to the weighted coupon collector problem. In this problem the 

probability of drawing different coupons c1, c2, c3… cn is p1, p2, p3… pn. 

The aim is to draw coupons until we get all the coupons. In order to achieve this the proposed algorithm finds 

the probabilities of packets getting marked by routers some hop away from the initiator.  

Let “Em” be the event, the hop distance “k” from attacker to marking router be m where m ∈ {1 … 31},  

Let “Ai” be an event the router at hop “i” marks the packet. So, according to Bay’s theorem: 

 P(Ai) = P (Ai /E1 )P (E1 ) + P (Ai /E2 )P (E2 )+ P (Ai /E3 )P (E3 ) + …… + P (Ai /E31) 

Where,  

Ak with equal probability is chosen randomly hence  

P(Em)=1/31m ε m ∈ {1 … 31} 

  

  

 

 Hence the probability P (EPMr) that the finally router at hop r marks the packet and the mark is not overwritten 

will be possible only if router at hop r marks the packet and then no other router marks the packet. The 

probability is given by the following equation 

P(EPMr)=P(Ar)·(1 − P (Ar+1))·(1 − P (Ar+2))……(1 – P (A31)) 

 If number of hops is less than 31 let us say H, then the equation is- 

P(EPMr)=P(Ar)·(1 − P (Ar+1))·(1 − P (Ar+2))……(1 – P (AH)) is decreasing function of r. 

We Prove next that the probabilities P(EPM1) < P(EPM2) < P(EPM3) < ……. < P(EPMn) i.e., P(EPMr) is 

decreasing function of r. 



 

295 | P a g e  

Proof: 

P(EPMr)=P(Ar)•(1 − P (Ar+1))•(1 − P (Ar+2))……(1 – P (AH)) 

P(EPMr+1)=(1 − P (Ar+1))•(1 − P (Ar+2))……(1 – P (AH))  

(P(EPMr))/(P(EPMr+1))=(P(Ar))/(P(EPMr+1))  .(1 - P (Ar+1)  

            =(1/31.∑_(n=r)^31▒1/n  )/(1/31.∑_(n=r+1)^31▒1/n)  .(1- 1/31.∑_(n=r+1)^31▒1/n  )  

 =(∑_(n=r)^31▒1/n- ∑_(n=r+1)^31▒1/31  )/(∑_(n=r+1)^31▒1/n)  

 =(1/r+ 30/31  ∑_(n=r+1)^31▒1/n  )/(∑_(n=r+1)^31▒1/n)    

            =1/(r∑_(n=r+1)^31▒1/n)+ 30/31  

            =f+ 30/31  where f> 1/2  

              > 1               

Hence the probability function is monotonically decreasing. There is also a small chance of the packet 

remaining unmarked. This is possible if none of the routers generate k such that packet can be marked by it. The 

probability that the packet remains unmarked is given by  

P(EPMum) = (1 − P (A1)·(1 − P (A2)……(1 – P (AH)) 

We observed that lesser the number of hops greater is the probability of packet being marked. 

Now we will use the weighted Coupon Collector problem or Coupon Collector with unequal probability to 

calculate number of packets required for path reconstruction. Let p1; p2; p3; ……; pn be probabilities of getting 

packets marked by router at hop 1; 2; 3; …. n. Then expected number of packets required is given by [9]  

This is exact equation for finding expected number of packets before I can perform successful path 

reconstruction. However it requires exponentially large number of calculations as the number of coupons 

increases. I use an approximation for this equation given above. In weighted coupon collector case where in 

each step every coupon i is drawn with probability pi. Let p= (p1, p2, p3… pn).  

In this setting exact but complicated bounds are known for E[C(p)], which is the expected time to obtain all n 

coupons. Here I use the following rather simple way to approximate E[C(p)], as given in [9] 

Assume p1 < p2 < …. < pn then as an approximation. This expression approximates E[C(p)] by a factor of θ(log 

log n). 

 

VI. RESULTS OF SIMULATION 

 

In this section, we try to analyze how RSMPT performs in comparison with the PPM packet marking technique. 

We simulate our algorithm in NS-2 simulator having Network animator as front end and TCL as back end 

scripting language. We have written small code to simulate PPM, and SMPT. The Parameters analyzed / 

calculated for the successful implementation of the proposed RSPMT. In Fig. 2 we try to compare number of 

packets required in case of RSPMT and PPM with different probabilities p. We see that RSPMT performs much 

better than PPM for different probability values. 
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In Fig. 3 the packets required for path reconstruction for RRSPMT in case of sequential ID values and random 

ID values and other existing techniques are compared. It is clearly seen that that RSPMT performs equally well 

in case of both sequential and random ID values. 

    

Fig. 2 Marking probability by routers vs distance in hops for RSPMT 

 

Fig. 3 Marking probability by routers vs distance in hops for RSPMT 

 

V. CONCLUSION  

 

The SMPT mechanism [2] that takes few or less packets and avoids all the possible overheads on packet, router, 

and/or network is proposed for an efficient traceback of the origin of the attack, however, the SPMT may 

undergo certain kind of attacks like constant ID field value, and absence of router in the network chosen for 

marking. In this paper, a randomized version of SPMT called as Randomized Swapnil’s packet marking and 

tracebacking (RSPMT) technique is proposed to avoid such attacks. Even though RSPMT takes a little more 

packet for efficient traceback, it is more robust to the kind of attacks that are possible on SPMT. Further, the 

techniques also provide a solution to mitigate the DoS and/or DDoS attacked on the network. 
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ABSTRACT 

There are many existing packet marking techniques [1] like probabilistic packet marking (PPM) [1][2][3[4], 

deterministic packet marking (DPM) [1][5][6], router-based approach (RBA)[7][8], and the like. In order for 

traceback mechanism to be competent in tracing, the mechanism should require minimum number of packets 

from the attacker to perform IP Traceback. A mechanism which takes minimum or few or less packets and 

avoids all the possible overheads on packet, router, and/or network is needed for an efficient traceback of the 

origin of the attack, and the mechanism must also provide a solution to mitigate the DoS and/or DDoS attacks 

on the network [1]. In this paper an efficient packet marking technique called swapnil’s packet marking and 

tracebacking (SPMT) technique that requires number of packets equal to the hop distance between the attack 

initiator and the destination (server), which is less than 31 [11] [12] is proposed. Using simulation technique 

we demonstrate that the proposed SPMT algorithm executes in better way than the existing packet marking 

techniques in view of packets required for successful traceback and in mitigating the DoS and/or DDoS attacks 

on the network. Further, the proposed SPMT algorithm does not generate any kind of overhead at the 

intermediate nodes of the network. 

 

Keywords: Internet, Security, IP Protocol, IP Spoofing, IP Traceback, Denial-Of-Service (Dos) 

Attack, Packet Marking, Packet Tracing, Packet Filtering.   

 

I. INTRODUCTİON  

 

The DoS and DDoS attacks on the networks are increasing and the result in the performance of network is 

decreasing. Most of the existing packet marking techniques (for IP traceback) requires many packets to 

traceback the source. They also have drawbacks such as packet header overload, network overhead, router 

overhead, etc. Hence in order for traceback mechanism to be competent in tracing, the mechanism should 

require minimum number of packets from the attacker to perform IP Traceback [1].  

Thus, a mechanism which takes few or less packets and avoids all the possible overheads on packet, router, 

and/or network is needed for an efficient traceback of the origin of the attack. Further, the techniques must also 

provide a solution to mitigate the DoS and/or DDoS attacked on the network [1]. 

In this paper, we propose an efficient packet marking technique called swapnil’s packet marking and 

tracebacking (SPMT) technique that requires number of packets almost equal to the hop distance between the 

attack initiator and the destination (server), which is less than 31 [11][12]. The existing tracebacking techniques 



 

299 | P a g e  

take many packets for tracebacking and some of them take even thousand packets for tracebacking. The 

proposed SPMT may work on complicated DoS / DDoS attacks that may involve multiple attackers in it. 

Further, this proposed SPMT may be utilized by other existing tracebacking techniques as well so as to reduce 

the number of packets required for the construction of the path during tracebacking. 

 

II. SWAPNIL’S PACKET MARKING AND TRACEBACKING (SPMT) TECHNIQUE 

 

The existing packet marking techniques needs many packets for the path reconstruction. For example, PPM 

technique [1][2][3[4], used for a complete and a successful trace back, the edge sampling [9] technique 

involved in it requires almost 75 packets. In this existing technique, 16 bit IP identification (Id) field is used for 

marking. Also, as a well know concept, a single packet does not carry all the information/data and hence the 

marking node / router fragments the marks and send it in multiple packets.  

In the attack situation, even though the victim/destination may receive enormous number of packets, for doing a 

single traceback to the attacker, the attacker may have triggered the attack by less number of attacks. Hence, a 

technique that will take less or fewer number of packets form tracebacking is considered as most efficient and 

reliable technique for tracebacking.   

In this paper we propose an efficient packet marking technique called swapnil’s packet marking and 

tracebacking (SPMT) technique that requires number of packets equal to the hop distance between the attack 

initiator and the destination (server). The proposed SPMT technique uses time-to-live (TTL) value and the 

identification filed (ID) value of a packet to schedule the marking of the packet. The SPMT algorithm may be 

implemented at the routers available in the network and hence, the algorithm decides which router will mark the 

packet.  The proposed algorithm uses the TTL value to find the hop distance or the count and the ID field of the 

packet to value generated by the source of packet to mark the packet.  

In SPMT we have used the TTL value of the packet to find the hop count at the router. We use the IP ID field 

value of packet and hop count of the packet to decide if the router would mark the packet. 

SPMT Marking Algorithm at router R 

Input: Packet w; Output: w: start; w: end; w: distance 

1:  for each packet p do 

2:  if ((w: ID%31) + 1) = w:hop then 

3:  w: start   IP(router) 

4:  w: distance   0 

5:  else 

6:  if w: distance = 0 then 

7:  w: end   IP(Router) 

8: end if 

9:  increment w: distance 

10:  end if 

11:  end for 

As the algorithm is adapted to perform modulo arithmetic with 31, the result will always be between v Є {0, 1, 

….. 30}, and hence v + 1 Є {1, ….. 31}. It may be understood that the value v can be equal to the hop count at 

only one of the routers in the path for a given IP ID value of packet.  



 

300 | P a g e  

From RFC 791 [10], the IP ID field is assigned values normally in three main ways.  

1) Sequential- Each session on machine has its own IP ID assignment counter. In this all packets are marked 

with ID field value by the sender. 

2) Sequential Jump - All the communication sessions going on the machine has same counter for IP ID field 

assignment. 

3) Random - IP ID field is assigned randomly. In randomly generated ID values, ID%31 will have a result which 

would be uniformly distributed. It means that all the routers will have equal probability of marking the packet 

which would be equal to 1 to 31. 

 

III. PATH RECONSTRUCTION IN THE SPMT TECHNIQUE 

 

 

In the path reconstruction, a separate algorithm is proposed, in which the system under attack collects the 

malicious packets and thereby constructs a tree using the packet mark data. If the distance field of the packet is 0 

then an edge is added with root as victim otherwise edges in tree are inserted with end point of edge being start 

and end node given in packet mark and it is inserted at distance w.distance. The complete reconstruction 

algorithm is provided below: 

ALGORITHM:  

Input: Packet w 

Output: Path from victim to attacker 

1: Let T be a tree rooted at v 

2: Let edges in T be tuples (start, end, distance) 

3: for each packet w from attacker do 

4: if w.distance = 0 then 

5: T.insertEdge(w.start,v,0) (edge is inserted with end nodes being victim and start node if the distance field of 

the packet is zero.) 

6: else 

7: T.insertEdge(w.start,w.end,w.distance) (edges are inserted in tree T if distance field is non zero.) 

8: end if 

9: end for 

10: remove any edge (x,y,d) with d!= distance from x to v in T (some pruning takes place and all edges(x; y; d) 

are removed where distance of x 6= d from victim) 

11: extract path (Ri;…….;Rj) by enumerating acyclic paths in T (acyclic paths are extracted forming the attack 

paths) 

 

IV. RESULTS OF SIMULATION 

 

In this section, we try to analyze how SPMT perform with the different hop values. We simulate our algorithm 

in NS-2 simulator having Network animator as front end and TCL as back end scripting language. We have 

written small code to simulate PPM, and SPMT. The Parameters analyzed / calculated for the successful 

implementation of the propose Packet Marking Algorithm.  

Table I. Time vs. Throughput  and Normalized Routing Overhead 
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Throughput is increased as time passes. Better performance for SPMT algorithm than PPM algorithm is seen. 

Normalized Routing Overhead is decreased with time effectively with SPMT algorithm than PPM algorithm. 

The throughput is measured as data packets per second or data packets per time slot, and the unit is 

packet/second. The Normalized Routing Overhead is measured as the total the number of transmitted routing 

packets (hop-wise) to the number of data packets received by the destination nodes. The Normalized Routing 

Overhead is measured as data packets per second or data packets per time slot, and the unit is packet/second. 

The Normalized Routing Overhead is calculated by using a formula: Normalized Routing Overhead = Control 

overhead / No of packets received by a node. 

Table II. Time vs. Packet Delivery ration and Dropping ratio. 

 

 

Time (sec) 

SPMT Algorithm  PPM Algorithm 

Dropping Ratio Packet Delivery Ratio Dropping Ratio Packet Delivery Ratio 

0.01 0 100 52.8292 47.1708 

0.02 26.4145 73.5855 52.8403 47.1597 

0.03 26.4145 73.5855 52.8459 47.1541 

0.04 26.4198 73.5802 52.8396 47.1604 

0.05 26.4055 73.5945 52.8393 47.1607 

 

Dropping ratio is less using SPMT algorithm as compared to PPM Algorithm. The Packet Delivery ratio is more 

in SPMT algorithm as compared to the PPM Algorithm. The packet delivery ratio is the ratio of the number of 

delivered data packet to a end point (destination). This explains the level of delivered data to the destination. 

The packet delivery ratio is calculated by packet delivery ratio = (total number of packets received by a node / 

total number of packets sent by a node )*100 

The dropping ratio is a packet loss during transmission till delivery of packets from source to destination. The 

packet dropping ratio is calculated by packet dropping ratio = (((total number of packets sent by a node) – (total 

number of packets received by a node) / (total number of packets sent by a node)*100) 

 

 

 

Table III. Time vs. Packet Delivery ration and Dropping ratio. 

 SPMT Algorithm PPM Algorithm 

 

 

Time 

(sec) 

SPMT Algorithm 

 

PPM Algorithm 

Throughput  Normalized 

Routing 

Overhead 

Throughput Normalized 

Routing 

Overhead 

0.01 775245 9.29894 365689 19.7134 

0.02 285267 25.271 182823 39.4315 

0.03 190178 37.9064 121867 59.1543 

0.04 142655 50.5341 91433.3 78.8439 

0.05 114159 63.1481 73155.4 98.543 
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Hop(s) 

No. of 

Packets 

required 

Probability No. of 

Packets 

required 

Probability 

1 834 1 835 1 

2 5482 0.5 835 0.5 

3 9301 0.333333 9301 0.333333 

4 5482 0.25 834 0.25 

5 10132 0.2 834 0.2 

6 5482 0.166667 10132 0.166667 

7 10132 0.142857 833 0.142857 

8 10132 0.125 831 0.125 

9 832 0.111111 831 0.111111 

10 832 0.1 833 0.1 

11 10132 0.0909091 10132 0.0909091 

The below motioned table is used to show the average number of packets required for a successful traceback to 

the source for threshold values 20, 25 and 31. The number of packets sent from source to destination in this 

simulation is 25, 50, 60, 75 and 100. The below mentioned result was obtained: 

Threshold Value  20 

Packet Sent 25 50 60 75 100 

Packet Received 25 50 60 75 100 

Marked Packet 21 31 41 58 73 

Unmarked Packets 4 19 19 17 27 

Tracing Possible NO NO NO NO YES 

 

Threshold 

Value  

25 

Packet Sent 25 50 60 75 100 

Packet 

Received 

25 50 60 75 100 

Marked Packet 13 37 39 53 61 

Unmarked 

Packets 

12 13 21 22 39 

Tracing 

Possible 

NO NO NO YES YES 

 

Threshold Value  31 

Packet Sent 25 50 60 75 100 

Packet Received 25 50 60 75 100 

Marked Packet 15 33 38 43 57 

Unmarked Packets 10 17 22 32 43 

Tracing Possible NO NO YES YES YES 

 

From the results in Table above it is seen that traceback is possible for different set of packets with threshold 

values of 20, 25 and 31 using the SPMT algorithm. It can also be observed from the results in Table that on an 

average about 65-75% of the packets received at the destination are marked. This proves the marking efficiency 

of the algorithm. 
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V. GRAPHICAL RESULTS OF SIMULATION 
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VI. CONCLUSION  

 

The DoS and DDoS attacks on the networks are increasing and the result in the performance of network is 

decreasing. Most of the existing packet marking techniques (for IP traceback) requires many packets to traceback 

the source. They also have drawbacks such as packet header overload, network overhead, router overhead, etc. 

Hence in order for traceback mechanism to be efficient in tracing, it should take minimum number of packets 

from the attacker to perform IP Traceback. 

Thus, a mechanism (SPMT) that takes few or less packets and avoids all the possible overheads on packet, router, 

and/or network is proposed for an efficient traceback of the origin of the attack. Further, the techniques also 

provide a solution to mitigate the DoS and/or DDoS attacked on the network. 
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ABSTRACT  

A construction project is successful only if the targets are achieved as per planned schedule and minimum cost 

i.e. without time delay and cost overrun. Delay of a construction project is defined as late completion of the 

project as compared to the planned schedule. Cost overrun is observed as the most frequently occurring issue in 

construction projects worldwide and this trend is more severe in developing countries. Cost overrun were 

identified as the most critical effects of time delay followed by dispute and arbitration. This scenario grabs more 

attention in the case of high rise buildings. Our study focuses on analyzing the time and cost overrun in a high 

rise building. Detailed study on time overrun which leads to cost overrun is conducted . The most critical 

factors are identified using questionnaire survey and analyzed the interrelationship and frequency of those 

factors using SPSS (Statistical Package for Social Sciences) Software Version 20. The study will helps to 

identify the critical factors for time and cost overrun and can find out the solutions and recommendations which 

can be considered to control those factors. 

 

Keywords: Causes of Time and Cost Overrun, Questionnaire Survey, Statistical Analysis, Ranking 

of Factors 

 

I. INTRODUCTION 

 

Our Indian Economy has been showing great resilience in the present global scenario and the growth trajectory 

and emerge as a key economic player, thus construction industry is going to be the key. The thrust of the 

Government in the 12
th 

Five Year Plan is on infrastructure and Planning Commission estimated about Rs.45 lakh 

Crores for the infrastructure development which can support other sectors also like manufacturing, agriculture etc. 

to promote growth. The successful delivery of a construction project is a difficult task to accomplish, due to time 

and cost overrun, which would be a drag on our economy. 

Today India is one of the leading outsourcing hubs in the world. However, the developed as well as developing 

countries judge us not just by the talent we have, but also on the basis of our infrastructure capabilities. The 

successful execution of construction projects and keeping them within estimated cost and prescribed schedules 

depend on a methodology that requires sound judgment. To the dislike of owners, contractors and consultants 

many projects experience extensive delays thereby exceed initial time and cost overrun. Thus the delay of project 

and cost overrun is considered as the most crucial problems in the construction industry. 

Despite of importance and significance of construction sector in developing countries, it’s noted that the parties of 

project(owner, consultant & contractor) don’t give the time and cost overrun much importance for the evaluation 



 

306 | P a g e  

of the project which will result in uncertainties. Therefore efforts have been directed to cost and time 

effectiveness by managing time and cost, in which we have conducted a study to analyse cost and time overrun 

by considering the most affected one, high rise buildings. Through this research statistical analysis for time and 

cost overrun were done using SPSS Version 20. To achieve this goal, first reviews of the past literatures were 

studied. A questionnaire survey was conducted to identify the most important time and cost overrun factors. The 

study explorers the important causes for time and cost overruns. Then a high rise building is considered as a case 

study. By utilizing the details collected from questionnaire survey and case study, statistical analysis is conducted 

to assess the future cost and time overruns in construction projects. 

 

II. TIME AND COST OVERRUN IN CONSTRUCTION INDUSTRY 

 

One of the main objectives and policies of any public or private sectors dealing with the execution of projects is 

to upgrade project performance through the minimization of costs, completion of projects within their assigned 

budget and time constraints and improve quality. The lost of control on time and cost leads to failure of projects 

and the shortage of control may be caused as a result of lack of knowledge and awareness. So it’s essential to 

identify the meaning of time and cost performance in the study. 

 

2.1 Cost Overrun 

Cost overrun occurs when the final cost of the project exceeds the initial estimate or budget. Yehen Rosenfield[1]  

considers cost overrun as a universal problem which can be resolved by identifying the root cause. Shreenaath, 

Arunmozhi and Sivagamasundari [2] states that cost is an important parameter for success of any project and 

suggested that cost performance results in serious sequences of projects like abandonment of project etc. the main 

causes of cost overrun had been analyzed through the research. 

 

2.2 Time Overrun 

Construction industry handles many resources such as Men, Materials etc. When these resources are not properly 

utilized, it leads to time as well as cost overrun. Time overrun is the slipping over its planned schedule and is 

considered as a common problem in construction industry. Hannah and Srinivasan[3] suggested that time overrun 

in Indian construction industry has a major effect on its economy. Dolage and Rathnamali[4]defines time overrun 

as the non-completion of the project within the original or stipulated or agreed contract period. The trend of 

overruns is more severe in developing countries, so it becomes our necessity to found solutions to overcome the 

overruns. 

 

III. LITERATURE  REVIEW  

 

Several studies have addressed many different factors that cause time and cost overruns in different types of 

construction projects. Aditi Dinakar (2014) had focused on study of core factors that causes delay in 

construction projects and analyzed the day-to-day records to minimize delays. He had found out that almost all 

parties included in a project holds equal responsibility for the delays in projects. Abdul Azis et al., (2011) aimed 

to identify various factors responsible for construction cost overrun. Their studies identified that poor design & 

delays in Design, inadequate planning, scheduling, poor site management and supervision, mistakes during 

construction were most common and significant factors causing cost overrun. Sreekumar et al.,(2014) had tried 
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to identify the various factors attributed to delay of high rise building construction and its effects. From their 

analysis they had concluded that the most agreeable practical factors affecting the delay of high rise construction 

are improper follow of schedule, improper work methodology, lack of qualified personnel, shortage of labours, 

type of equipment & machinery used and the corrective measures required for reducing the delay. MirHashemi 

et al.,(2014) had conducted study to identify the delay causing factors and determined their role and also found 

out contribution to delays is extremely important in reducing delays and eliminating redundant expenditures. 

Braimah (2013) focused on developing knowledge and understanding in a wider way for research via: an 

evaluation of the most common DATs, Delay Analysis Techniques can be considered as, a review of the key 

relevant issues often not addressed by the techniques, and the necessary improvements needs. Orozco et al., 

(2013) focused on activity delays which increases project schedule and costs. They had proposed two indicators 

as reason for non compliance as an indicator that characterizes scheduling failures and delay index as a time-

performance indicator that describes the impacts of delay on critical as well as noncritical activities. They had 

concluded that planning was the most harmful delay cause on time performance. 

 

IV. RESEARCH METHODOLOGY 

 

From the previous studies done, regarding time and cost overruns, a questionnaire survey method was adopted for 

the analysis. About 41 factors affecting cost overrun and 46 factors affecting time overrun on construction 

projects were selected. These factors were grouped based on literature review. For the survey a questionnaire was 

prepared as three sections. First section contains the details of the respondent, second and third comprises factors 

affecting time and cost overruns respectively.  

The reliability of the survey was checked using Cronbach’s alpha using SPSS 20.In this study Relative Important 

Index (RII)have been employed as an index to rank the factors. These rankings helps to cross compare the 

importance of factors of overruns. All perceptions are analyzed and ranked using the RII to give an overall picture 

of the cause of overruns. All the numerical scores of respondents are converted to important indices to determine 

the relative ranking of the factors .Higher the value of RII, more important is the factor. 

The ranked factors are analyzed using SPSS Software. A high rise building is considered as case study. Analysis 

of factors which causes time and cost overrun in high rise building has been done. Correlation between the factors 

had been identified and the ranking of factors were done. 

 

V. QUESTIONNAIRE SURVEY  

 

Structured questionnaire survey was carried out to collect the data. Scale assigned for level of significance instead 

of abbreviation i.e. very often =5; often = 4; sometimes = 3; rare = 2; very rare = 1. Prior to data collection, 

preliminary study was conducted by reviewing previous literatures and from experienced personnel in the 

construction industry to validate the contents of questionnaire and confirming the relevancy of the contents 

related to high rise building. 

 

 

VI. DATA ANALYSIS AND RESULTS 
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The reliability analysis of the questionnaire analysis was tested so as to find out whether it was capable of 

yielding similar score if the respondent uses it twice. The Cronbach’s alpha was used to measure the reliability 

of the questionnaire. For ease of work SPSS 20 was used to compute the data for each set of variables. A 

summary of test is given in Table.1. 

According to Reynold and Santos(1999),alpha greater than 0.7 implifies that the instrument is acceptable. 

Therefore according to the results, the instrument found to be reliable. Frequency and severity of time as well as 

cost has been identified as greater than 0.7 as found to be reliable. 

Table.1 Reults of Reliabilty Analysis 

Variables Alpha 

Time frequency 0.937 

Time severity 0.958 

Cost frequency 0.982 

Cost severity 0963 

 

The frequency, severity and importance of the survey was calculated. The summary of time and cost overrun 

factors which are ranked are given in Table II and Table III. RII value was calculated using the following 

expression. 

      Frequency Index (F.I) =  

    Severity Index (S.I) =  

Relative Important Index (%) 
[7]

 = F.I * S.I 

Where aif and ais are numbers of respondents who choose certain frequency and severity degree respectively, nis 

and nif are degrees of frequency and severity respectively (1, 2, 3, 4 or 5), N is total number of respondents.  

Table. II helps to show the ranking of first ten factors from 46 factors we have identified. The groups which 

contributed the factors have also been identified. The respondents identify the labour shortage as the critical 

factors affecting time overrun. We are now facing the serious problem of shortage of laborers in our construction 

sites. In that also there is lack of experienced and technical hands in the industry, these can lead to a critical issue 

of overrun of time. Poor communication between various parties in a project make the project slow down or 

sometimes it leads to dispute and arbitration which all tends to increase the time. 

The ranking of prior ten factors from identified 41 factors are given in Table III. Change orders contributed by 

owner are identified as a major factor for cost overrun. Change in scope by the owner when the works proceeds 

will lead to total confusion and cause the need for more money than calculated will leads to cost overrun. 

Escalation of price of materials as well as fluctuation in money exchange rate is a day to day occurring matter in 

the current economy. 

 

Table  II   Ranking Of Factors Of Time Overrun 
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Factors of Time Overrun 
Overall Rank 

Group 
RII RANK 

Low productivity level of labours 

 
40.48 1 Labour contributed 

High labor wages 

 
38.45 2 Labour contributed 

Shortage of  labours 

 
36.23 3 Labour  contributed 

Change orders by owners during construction 36.14 4 Owner contributed 

Change in architectural plans 35.92 5 Owner contributed 

Difficulties in financing project 35.84 6 
Contractor contributed  

 

Shortage of construction materials at site 35.55 7 Material contributed factors 

Weather effect on construction activities 35.36 8 External factors 

Labour strikes at site 35.27 9 Labour contributed 

Ineffective planning and scheduling of project 35.13 10 Contractor contributed 

Table III  Ranking Of Factors Of Cost Overrun 

Factors of Time Overrun 
Overall Rank 

Group 
RII RANK 

Escalation of price of materials 36.76 1 Material related 

Inaccurate quantity take-off 36.55 2 
Project management & administration 

related 

Fluctuation in money exchage rate  36.41 3 Financial management related 

Poor financial control on site 36.20 4 Financial management related 

Lack of cost planning/monitoring during pre and post contract 

stages 
35.92 5 

Project mangement & administration 

related 

Poor project management 35.84 6 
Project mangement & administration 

related 

Lack of experience of project parties 35.67 7 
Project mangement & administration 

related 

Late delivery of materials & equipments 35.43 8 Material related 

Changes in architectural plans 35.12 9 Owner related 

Schedule delay 35.07 10 Contractor related 

 

So the improper planning and lack of noticing foreseen changes lead to a huge increase in cost and affects the 

total economy of the project. All the identified matters in one way or another way lead to major fluctuations in the 
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estimated amount and results in cost overrun. The identified main three factors of time and cost overrun have 

been considered for analysis using SPSS. Pearson Correlation Analysis has been done using SPSS for the first 

three rankings of time and cost overrun. We have considered null hypothesis as there is interrelationship between 

the factors. As the correlations between the factors were more than the correlation significance level of 0.05, we 

can accept our hypothesis. The more agreement is between contractor related and owner related factors. This 

shows that reasonably a strong correlation exists between the factors and time and cost overrun.  

 

VII. CASE STUDY 

 

A high rise building located at Kottayam, Kerala was considered for the case study to analyse time and cost 

overrun. The plan and details of the building was studied. The results from the study identified that the main 

cause for cost overrun was due to the elapsed time than the planned schedule. The main factors which lead to the 

overrun are changes in architectural plan, fluctuation in money exchange rate, increased rate of materials, high 

transportation rate etc. the work was started in 2011,planned all its estimate by calculating the cost of materials 

and all at that time. The work was delayed unexpectedly due to unforeseen matters and lead to a major time delay. 

At the time period from 2011 to at present there caused a major variation in rates of materials, transportation, 

laborers etc. Government introduced several rules and regulations for building rules especially affected high rise 

building. Changes in architectural plans became a major reason for this high rise building to increase the cost. As 

the time elapsed, rate of materials, transportation etc had changed leads to larger variation in the cost than 

planned. So all of these factors lead to time and cost overrun analysis in the high rise building. So this implifies 

that a need of urgent attention is to be put on these factors to avoid time and cost overruns. 

 

VIII. CONCLUSION  

 

Time and cost overrun is a serious problem in construction industries in India. It is resulted from various factors 

which have been identified in this study. From the 46 and 41 factors of time and cost overrun respectively using 

important index it has been identified the main ten factors which have been ranked. It was found that the first 

three factors of time and cost overrun are shortage of laborers, lack of qualified personnel, poor communication 

and co-ordination between parties, change orders, escalation of material price and fluctuation in money exchange 

rate respectively. So these implifies that urgent attention is to be put on these factors to avoid time and cost 

overrun. Most of the construction works in India had never given much importance to time overrun which 

directly affects cost overrun. There are several factors to be identified in the industry. By eradicating some of the 

identified factors itself can cause greater influence in reducing the time and cost overrun in our construction 

industry. 

 

IX. RECOMMENDATIONS  

 

From the study and the analyzed results here are some recommendations to control time and cost overrun in 

building construction. The estimate should be based on actual site drawings/specifications, there should be proper 

co-ordination between the parties, there should be regular monitoring of project etc. we can control time as well 

as cost in building construction as far as possible by carefully considering each and every stages and by well 

planned procedures so that future projects can control the overruns. 
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Abstract -   The engine performance is generally governed by various parameters like peak pressure, static 

temperature, heat release rate, knocks emission, etc. However, these parameters are intern influenced 

significantly by varying the swirl ratio, split injection and the piston bowl configurations. Split injection is one 

of the most powerful tools that decrease soot and Nox emission. A better understanding of in-cylinder fluid 

motion during induction process could improve the combustion process and burning rates of compression 

ignition engines. Hence, this investigation aimed to develop a numerical model for in-cylinder fluid motion to 

study the effect of variation of swirl ratio, split injection and piston bowl geometries on the engine performance 

characteristics. The model was developed in computational fluid dynamics (CFD) code, ANSYS FLUENT. The 

simulations were conducted for the combinations of swirl ratio, three split injection and four piston bowl 

geometries. The simulation results revealed that, the split injection and adopting suitable combination of 

combustion chamber configuration would greatly enhance the engine performance, besides reducing emission 

level to a greater extent. 

 

Keywords : CFD analysis, Direct injection diesel engine, piston bowl geometry, Split Injection, 

emission 

 

1. INTRODUCTION 

 

The diesel engine pollutants such as soot and Nox are very sensitive to the gas temperature, fuel injection 

pressure, injection timing etc. The conventional continuous injection system does not offer adequate freedom to 

control these parameters. The Nox emission can be reduced with optimized injection characteristics, which 

enhance mixing. In order to analyze the engine the effect of engine performance with different schemes a 

detailed three dimensional CFD analysis have been carried out. The work includes creation of model of direct 

injection diesel engine, mesh generation and combustion analysis. 

In the diesel engine, combustion and emission characteristics are greatly influenced by quality of atomization 

and in particular by the fuel air mixture present in the combustion chamber. Injection timing is the most 
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important parameter affecting diesel engine performance. Several researchers have conducted engine tests on 

compression ignition engine with different fuels at different injection timing and injection pressure[1]. 

Advancing or retarding the injection timing change the position of the piston and cylinder pressure and 

temperature inside the combustion chamber. Retarded injection timing showed significant reduction in diesel 

Nox and bio-diesel Nox [2] & [3]. Cylinder pressure and temperature gradually decrease when injection timings 

are retarded.[4]. The effect of fuel injection timing with waste cooking oil as an alternative to diesel in direct 

injection diesel engine has been investigated and that an advanced injection timing of 40
0
 bTDC has shown 

better efficiency, reduced CO and higher NoX emissions has been reported. It has been reported that retarded 

injection timing and increased injection pressure has favored improved the performance with biodiesel fuelled 

diesel engine [5].  

The Combustion chamber of an engine plays a major role during the combustion of wide variety of fuels used. 

In this context, many researchers performed both experimental and simulation analysis on the use of various 

combustion chambers. In re-entrant combustion chamber effect of swirl and turbulence were reported to be 

higher when compared to cylindrical chambers lead to more efficient combustion causing higher NoX emissions 

and lesser soot and HC emission [6]. Experimental study to optimize the combination of injection timing and 

combustion chamber geometry to achieve higher performance and lower emission from CI engine has been 

reported. Torroidal re-entrant combustion chamber and retarded injection timing has been found to improve 

brake thermal efficiency and reduce brake specific fuel consumption [7]. Improvement in air entrainment with 

increased swirl and injection were reported [8&9]. Prasad et.al [10] analyzed in-cylinder air motion in various 

combustion chamber geometries are identified a geometry which produced the highest turbulence kinetic energy 

and highest in-cylinder swirl around the compression top dead centre(TDC). Three dimensional CFD simulation 

involving flow and combustion chemistry were used to study the effect of swirl induced by re-entrant piston 

bowl geometries on pollutant emission of a single cylinder diesel engine fitted with hemispherical piston bowl 

geometries on pollutant emission of a single cylinder.   In-cylinder fluid motion in internal combustion engines 

is one of the important factors in controlling the combustion process. It governs the air-fuel mixing and rate of 

burning in diesel engines. Therefore better understanding of fluid motion is critical for designing the engines 

with most desirable operating and emission characteristics. 

 

2.  PHYSICAL MODEL 

 

A single cylinder, four stroke diesel engine of displacement 2440 cm
3
 has been used in the present numerical 

combustion study. The details of the specification are presented in the following table. 

 

Table 1 Input parameters considered for simulation 

 

Engine specifications Single cylinder, 4S diesel, water cooled, power 

5.2kW at 1500 rpm, stroke 110 mm & bore 87.

5mm.   

Connecting rod length 234 mm 
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No: of fuel injectors 01 

No: of nozzles 03 

Inlet valve opening & closing 4.5
0
 before TDC & 35.5

0
 after BDC 

Start of fuel injection 23
0
 before TDC 

Exhaust valve opening & closing 35.5
0
 before BDC4.5

0
 & after TDC  

Injector nozzle bore 0.3 mm 

  

In diesel engines, fuel is injected into the combustion chambers and mixed with the compressed air. Proper 

mixing of air and fuel is important to produce controlled burn rate. Combustion chamber geometry, injection 

timings and swirl ratios are the key element in air fuel mixing process. In the present research paper, an attempt 

is made to simulate the combustion analysis and kept efforts to optimize combustion chamber geometry. In this 

research paper four combustion geometries case A, B, C & D are considered for investigation. All the four 

models are developed in Ansys15 for simulation. Effect of injection timing (conventional, early, retarded 

injection) on combustion was also analyzed. 

 

2.1 Geometrical and Computational details 

The physical domain has been discretised accordingly for the mesh motion and 60 degree sector has been 

considered for simplicity and modeled using software for the simulation of engine cycle. The model consists of 

approximately 7,00,000 cells are shown. 

 

 

Fig. 1  Different piston bowls Case A; C; D; E 
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2.2 Boundary Conditions 

 

Table 2 Boundary conditions. 

 

Boundary region Pressure Temperature Turbulence  

intensity 

Turbulence  

length scale 

Inlet valve 182.7 kPa 310 k 0.1% 0.001 

Exhaust valve 182.7kPa 310K 0.04% 0.001 

All other faces No slip wall boundary condition with respective temperature. 

  

No slip boundary condition has been providing at the wall (solid surface like cylinder head, cylinder liner, piston 

face etc), pressure boundaries with temperature and turbulence quantities are specified at inlet and  

exhaust valves. Respective temperature values are specified on wall boundaries. 

 

3. RESULTS & DISCUSSION 

 

In this section, effects of split injection, various combustion chamber configurations and swirl ratios on the 

performance of diesel engine are presented in the following section. 

Fig.2 to 5 represents pressure variation against crank angle for different piston bowl geometries (A,C,D &E). 

This provides comparison for pressure profile against crank angle with different split injection. It may be 

observed that angle at which raise in pressure is different for case under consideration. Among the split 

injections(10%, 75%, 90%), maximum peak pressure is observed in piston bowl C this increases ignition delay. 

The increased ignition delay improves air fuel mixture formation and reduces Nox. 

Fig.6 to 9 represents temperature variation against crank angle for different piston bowls. From the observations 

it was noticed that maximum peak temperature (1200
0
 C) was obtained in case C piston bowl geometry for 

75%-15CAD-25%. 

 

 

 

 

 

 

 

 

 

Fig.2  Pressure Vs Crank angle degree for CASE A 
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Fig.3  Pressure Vs Crank angle degree for CASE C 

 

 

 

 

 

 

 

 

 

Fig.4  Pressure Vs Crank angle degree for CASE D 

 

 

 

 

 

 

 

 

Fig.5  Pressure Vs Crank angle degree for CASE E 

 

 

 

 

 

 

 

 

Fig.6  Temperature Vs Crank angle degree for CASE A 
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 Fig.7  Temperature Vs Crank angle degree for CASE C 

 

 

 

 

 

 

 

 

 

Fig.8  Temperature Vs Crank angle degree for CASE D 

 

 

 

 

 

 

 

 

 

 

 

Fig.9  Temperature Vs Crank angle degree for CASE E 
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Fig.10  Max Nox Vs Crank angle degree for CASE A 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11  Max Nox Vs Crank angle degree for CASE C 

 

 

 

 

 

 

 

 

 

 

Fig.12  Max Nox Vs Crank angle degree for CASE D 
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Fig.13  Max Nox Vs Crank angle degree for CASE E 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14  Maximum HR Vs Crank angle Degree for CASE A 

 

 

 

 

 

 

 

 

 

 

Fig.15  Maximum HR Vs Crank angle Degree for CASE C 

 

 

 

 

 



 

320 | P a g e  

 

 

 

 

 

 

 

 

 

 

 

Fig.16  Maximum HR Vs Crank angle Degree for CASE D 
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Fig.17  Maximum HR Vs Crank angle Degree for CASE E 

 

4. CONCLUSION 

 

1) In the present analysis, the study of the effect of split injection on pollution and combustion of DI diesel 

engine was studied by using commercial software Ansys Fluent. The analysis was to obtain the optimum split 

injection case for these engine in which total exhaust Nox and rate of heat release should be latest. 

2) Three different split injection schemes, in which 10%, 25% and 94% of total fuel injected in the second 

pulses is varied from 5 CAD to 10 CAD.  

3) Use of commercial software Ansys fluent has shown reliable results by saving cost, time and material. The 

results are as follows: the calculated combustion and performance parameters, exhaust Nox for the single 

injection case showed a good agreement with the corresponding theoretical value. 

4) The lowest Nox emission related to the 90%-5CAD-10%; 75%-15 CAD-25%; 6%-10CAD-94%. 

5) Finally optimum case was 75%-15CAD-25% regarding the highest average of Nox. From the literature, the 

optimum split injection scheme for DI diesel engine at full state was defined as 75%-15CAD-25% it was 

concluded that the difference of the optimum split injection scheme for DI and IDI diesel engines was related to 

the delay dwell between the injection. 
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6) The major difference of in- cylinder flow field between the single injection and split injection is due to the 

fuel injection scheme. 

The more availability of oxygen in the expansion stroke compensates the decrease of temperature due to the 

split injection. 
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