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Abstract 

Optimization algorithms are becoming increasingly 

important in the analysis of real-world optimization 

problems. Because the performance of optimization 

algorithms varies for different kinds of problems, selecting a 

specific algorithm for solving an optimization problem is 

extremely difficult. Standard test functions should be used 

to verify the choice of an optimization algorithm for a 

particular application. This chapter describes comparison 

between traditional and modern optimization algorithms and 

some test functions to choose best optimization algorithm. 
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I. INTRODUCTION 

The term "optimization" refers to the process of determining 

input values in order to obtain the "best" output values. The 

word "best" has different meanings depending on the issue, but 

in mathematics, it refers to maximizing or reducing one or 

more objective functions by changing the input parameters. The 

search space is defined as the collection of all feasible solutions 

or values for the inputs. An optimization algorithm is a method 

that is iteratively implemented by comparing and adjusting test 

solutions until  the  best  solution  is  found  [1].  There  are 

wide range of algorithms that are  

 

 

inspired by nature and stochastic in nature [2,3]. Also, different 

natural species evolve and adapt to their environments by 

looking at them. Those existing natural systems and their 

natural evolution can be used to produce artificial systems that 

perform the same function. 

The large number of optimization algorithms necessitates the 

question of which one is the best. There seems to be no one-

size-fits-all solution. It is reasonable to assume that if an 

optimum optimization algorithm exists, all other optimization 

algorithms are redundant. It is obvious that there is no such 

thing as a universal optimization algorithm that can solve all 

problems encountered in practice. All of the optimization 

algorithms that are currently available can only be used in 

specific areas of application. Depending on the nature of the 

problem, one or more optimization algorithms may provide a 

better solution. Comparing optimization algorithms, also 

known as benchmarking, is a difficult task that requires several 

subtle factors in order to produce a fair and impartial 

assessment. In 1953, Homan presented one of the first 

experiments on algorithm benchmarking [4]. Box's work from 

1966 is another early contributor to the field of benchmarking 

[5]. Optimization benchmarking studies exploded in popularity 

in the late 1960s. In the optimization literature, comparative 

studies have been conducted in many fields, including 

unconstrained optimization, constrained optimization, 
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nonlinear least squares, linear programming, nonlinear 

programming, geometric programming, global optimization, 

derivative-free optimization, and many others [6-8]. Crowder 

et.al published the first study in 1979 that tried to establish 

standards and guidelines for benchmarking mathematical 

algorithms [9]. Dolan and More added performance profiles in 

2002, and they quickly became the gold standard in 

benchmarking optimization algorithms [10], despite recent 

work pointing out their shortcomings [11]. 

I. TRADITIONAL AND MODERN 

OPTIMIZATION TECHNIQUES 

The classical optimization algorithms are based on the damped 

least squares optimization whereas modern optimization 

algorithms are based on the natural evolution algorithm. The 

main distinction between these optimization algorithms is that 

traditional optimization finds the local optimum solution, 

while evolutionary algorithms can finds the global optimum 

solution. Because they do not allow for deterioration of the 

merit function, traditional optimization algorithms have no 

way of fleeing the first local optimum they discover. Unlike 

traditional optimization algorithms, evolutionary algorithms 

have the ability to escape the local optimum and continue 

searching for a better local optimum. The choice of the starting 

point for optimization is the second significant distinction. For 

traditional optimization, it is critical to choose an appropriate 

starting point from which to proceed directly to the good local 

optimum. The link between the starting point and the 

discovered optimal design is not as clear  with evolutionary 

algorithms. The optical designer should choose the beginning 

optical system more conveniently, and evolutionary algorithms 

can fill the rest of the optical system population at random. 

When a good starting point or optical system is known ahead 

of time, traditional optimization techniques produce the best 

results. The fast convergence to the closest local optimum is a 

feature of classical optimization. Traditional optimization is an 

order of magnitude faster than evolutionary algorithms at 

finding the best solution. 

a. EVOLUTIONARY ALGORITHM (EA) AND 

GENETIC ALGORITHM (GA) 

The primary distinction between evolution strategies and 

genetic algorithms is the domains in which they operate. The 

evolution strategies were created as numerical optimization 

methods. The genetic algorithms were designed as a general-

purpose adaptive search tool that gives above-average people 

an exponentially growing number of trials. The genetic 

algorithms are used in a wide range of fields, with parameter 

optimization being just one of them. The first distinction 

between evolution strategies and traditional genetics 

algorithm is in the way the people are represented. The EA 

algorithm works with floating point vectors, while the 

traditional GA algorithm works with binary vectors. The 

second distinction between genetic algorithms and evolution 

strategies is how selection is carried out. The next 

dissimilarity between evolution strategies and genetic 

algorithms is that the duplicate parameters for classical 

genetic algorithms (likelihood of crossover, probability of 

mutation) remain constant throughout the evolution process, 

while the reproduction parameters for evolution strategies 

change continuously. 

The primary resemblance between evolution strategies and 

genetic algorithms is that both systems keep a population of 

prospective solutions and use the survival of fitter individuals 

as a selection principle. There are, nonetheless, significant 

differences between these methods. 

b. EVALUATION OF OPTIMIZATION 

ALGORITHM 

Several goals have prompted the use of optimization 

benchmarking. For instance: 

i. To assist in the selection of the best algorithm for 

solving a real-world problem. 

ii. To demonstrate the uperiority of a novel algorithm over 

a more conventional form. 

iii. To equate the performance of a current version of 

optimization software to previous versions. 

iv. To assess how well an optimization algorithm performs 

in a variety of situations. 

Test sets 

A test problem includes a test function as well as 
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additional criteria including the constraint collection, 

feasible domain, starting points, and so on. A test set is a 

group of test questions. Obviously, benchmarking 

produces useful results only when competing algorithms 

are used. The same test set was used, and the same 

performance metrics were used. It's important to keep the 

comparison's specific target in mind when choosing a test 

range. Regardless of the target, an acceptable test set 

should aim to avoid the inefficiencies mentioned below. 

1) Too few problems. More problems in the test set 

improve the experiment's reliability and allows the 

results to reveal more detail about the tested 

algorithms' strengths and weaknesses. 

2) Too little variety in problem difficulty. To 

define the strengths and limitations of algorithms, a 

test set containing only simple problems is insufficient. 

A test set that only contains problems that are so 

complicated that no algorithm can solve them, on the 

other hand, obviously does not provide valuable 

information on algorithm results. 

3) Problems with unknown solutions. It is 

preferable to use test problems with a proven solution 

wherever possible. The "solution" may be interpreted as the 

minimum function value or a collection of global 

minimizes, depending on the analysis performed. Having 

access to the solution significantly increases one's ability to 

assess the algorithmic output's consistency. When the test 

set is made up of real-world scenarios. 

4) Biased starting points. Allowing different 

algorithms to use different starting points would inevitably 

bias the outcome. However, there might be more subtle 

issues. 

5) Hidden structures. Many test sets have a 

framework that is unrealistic in real-life situations. In the 

test set, for example, about half of the problems have 

solution points that are integer valued coordinates. On 

these problems, an algorithm that uses some type of 

rounding may perform better than normal. 

c. CONCLUSION 

Optimization algorithms are frequently used to solve real- 

world problems. However, the quality of these problems' 

solutions varies depending on the algorithms used. The 

performance of some of the most commonly used optimization 

algorithms in the evaluation of standard test functions with 

various characteristics is compared in this chapter. The 

computation time and the number of iterations required for 

convergence can used to compare performance. In addition, 

the algorithms can be compared in terms of the quality of the 

final solution. 
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Abstract:  

In this computer age, the development and advancement of IT 

sector in a developing economy can push it into thedeveloped 

countries category. The present study found that the IT sector 

of India has experienced boom and prosperity during the first 

decade of this century.Therefore, the supportive policies and 

Acts viz. Information Technology Act 2000, National 

broadband policy 2004, and Special Zone Act 2005 have 

favouable impact on IT sector of India. Meanwhile, it is 

moving towards recession in second half of the second decade 

of this century. However, the study confirms good performance 

of Indian IT sector in terms of the contribution in GDP, foreign 

exchange earnings and employment generation in Indian 

economies. 
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1. INTRODUCTION 

India is an emerging economy fueled by techno-savvy 

manpower and a world class information technology (IT) 

Industry (Bhatnagar, 2006). When the government provided 

some basic infrastructure and human capital development 

roughly appropriate for software development and IT 

enabled services, the sector took advantage of global 

opportunities and took off (Singh, N. 2012). India had no 

driving strategy or structure for computer/software 

technology after independence until 1970. During this time, 

however, the government took many steps to begin the 

design and development of computers in educational 

institutions. The Bhabha Committee, which was formed in 

1963, stressed the role of electronics and computers in 

India's growth. The Government of India created the 

Department of Electronics (DoE) in 1970 to promote the 

growth of electronics and computers in India, based on the 

recommendations of the Bhabha Committee. The 

government first time has made a new software scheme in 

1972, enabling the import and export of software hardware, 

and thus making a breakpoint in the evolution of the Indian 

IT industry. In 1974, Tata Consultancy Services (TCS) 

received its first international client, Burroughs Corporation 

from the United States. 

Indian IT industry has achieved phenomenal growth 

during the post-economic reform period (Singhand Kaur, 

2017).IT industry is contributing Rs.63 billion in 1994-95 in 

the GDP of India and it has increased to as Rs.1276 billion 

in 2004-05 (Allad and Mahindera, 2015).In terms of 

scale,India's IT industry has not only made significant 

progress in the past centurybut also has expanded at an 

unprecedented pace with the start of present century.All the 

sub-sectors of this industry (hardware products have 

relatively seen less progress) have made strides in revenue 

growth in the last two decades and fueled the growth of the 

Indian economy (Sirohi, 2020). 

Keeping in view its contribution, the present study 

explores the performance of IT Sector of India during 2000- 

2020 period. After brief introduction section II of the study 

brings the methodology part. Section III provides results 

and discussion on data. Last section gives conclusion. 

II.  METHODOLOGY 

The study is based on the secondary data obtained online 

from various sources viz. annual reports of Ministry of 

Electronics & Information Technology (MeitY) 

(https://www.meity.gov.in), Ministry of Commerce and 

Industry (https://commerce.gov.in), Electronics and 

Computer Software Promotion  Council (ESC) 

(https://www.escindia.in) and 

https://tradestat.commerce.gov.in) and Economic Survey of 

India 2020-21. To make percentage representative, GDP at 

market prices data series spliced backward from 2010-11 

figure. For analyzing the collected data, simple statistical 

techniques like percentages and growth rates have been 

https://www.escindia.in/
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calculated in the present study. After liberalization, 

especially with the start of this century, Indian economy has 

experienced a sharp increase in the scale of IT Sector and its 

Trade with the world countries, so, growth rates has worked 

out by using the exponential function of the following form. 

 

 

 

 

 

 

 

 

Where

b = Slope of semi-logarithmic trend, a = constant, and r = 

Growth rate 

 

 

 

 

III.  RESULTS AND DISCUSSION 

Table 1 presents the Average Annual Growth Rate 

(AAGR) and percentage share of information technology 

(IT) sector in Indian electronics industry.The percentage 

share of computer hardware in Indian electronics industry 

has recorded 4.8 per cent in 1999-2000 reached at its peak 

of 5.8 per cent in 2004-05. However, after 2004-05 year it 

declines gradually reached at its lowest level of 1.4 per 

cent in 2019-20. The communication & broadcasting 

equipments‟ share in Indian electronics industry has 

registered the level of 7.6 per cent in 1999-20 and slipped 

to its lowest level of 2.0 per cent in 2014-15 Meanwhile, 

due to the robust increase in the production of smart 

phones and LEDs with favourable support from 

Government of India (GOI), the production of 

communication & broadcasting equipments has again gain 

momentum and recorded sharp enhancement in its 

production to its highest level of 14.5 percent in 2019-20. 

By comparing total hardware production of Indian 

electronics industry with total software production of IT 

sector, it is held from the data that the production value share 

of both has recorded inverse trend in the study period. The 

share of electronics hardware has slipped to the level of 35.2 

per cent in 2019-20 from its highest level of 53.6 per cent in 

1999-20. Contrary to it, the production level of total software 

was recorded 46.4 per cent in 1999-20 in Indian electronic 

Industry that has gone up to its peak level of 79.6 per cent in 

2014-15 and registered the level of 64.8 per cent in 2019-20. 

Moreover, the share of the production of software for export 

purpose has remained more than double of the share of the 

production of software for domestic market of Indian 

electronic Industry. On overall basis, the data reveals that the 

software has registered lion‟s share in the production of Indian 

electronics Industry during study period as compared to total 

hardware production. 

TABLE 1: Production Percentage Shareof IT Sectorin Electronic Industry of India and theirAAGR 

during 1999-2020. 

Year Computers (IT 

Hardware) 

Communication 

& Broadcasting 

Equipments 

Electronics 

Hardware 

(Sub-Total) 

Software 

for 

Exports 

Domestic 

Software 

Total 

Software 

Electronics 

Industry 

Total 

1 2 3 4 5 6 7 8 

Percentage Share 

1999-00 4.8 7.6 53.6 32.7 13.7 46.4 100.0 



Volume 2, Issue 2                   ISSN No.2456-2300  

International Journal of Information Management and Technology 
 

©2016, IJIMAT All Rights Reserved   
 

2000-01 4.9 6.5 45.2 41.2 13.7 54.8 100.0 

2001-02 4.4 5.6 40.9 45.6 13.6 59.1 100.0 

2002-03 4.4 4.9 38.7 47.5 13.8 61.3 100.0 

2003-04 5.7 4.5 37.0 49.2 13.7 63.0 100.0 

2004-05 5.8 3.1 33.1 52.6 14.3 66.9 100.0 

2005-06 5.7 3.7 29.7 54.7 15.6 70.3 100.0 

2006-07 5.2 3.9 27.0 57.8 15.2 73.0 100.0 

2007-08 5.4 6.3 28.5 55.6 15.9 71.5 100.0 

2008-09 3.6 7.1 26.1 58.0 15.8 73.9 100.0 

2009-10 3.6 7.5 26.6 57.0 16.3 73.4 100.0 

2010-11 3.1 7.4 27.1 56.4 16.5 72.9 100.0 

2011-12 2.9 7.1 25.2 58.6 16.2 74.8 100.0 

2012-13 1.4 6.8 24.1 60.5 15.4 75.9 100.0 

2013-14 2.1 3.2 21.9 64.1 14.0 78.1 100.0 

2014-15 2.0 2.0 20.4 65.6 14.0 79.6 100.0 

2015-16 2.1 5.7 25.8 56.7 17.5 74.2 100.0 

2016-17 1.9 8.5 29.9 53.6 16.5 70.1 100.0 

2017-18 1.8 11.4 33.4 51.0 15.6 66.6 100.0 

2018-19 1.5 12.1 32.7 51.4 15.9 67.3 100.0 

2019-20 1.4 14.5 35.2 49.3 15.5 64.8 100.0 

   AAGR     

1999-2020 10.3 22.0 16.0 20.2 19.5 20.0 18.6 

2001-05 29.1 3.1 13.4 29.0 23.1 27.6 21.9 

2005-10 7.3 49.3 18.9 23.0 23.7 23.2 22.0 

2010-15 5.1 -15.4 10.6 23.5 13.2 21.4 18.7 

2015-20 2.9 41.8 22.0 10.0 10.5 10.1 13.6 

In the context of progress, the AAGR of the software 

production is recorded almost double (20.0 per cent) as 

compared to computer hardware production during the 

whole study period of 1999-2020. It suggests that the 

Indian IT sector has major strength in software production 

as compared to hardware production. However, the Indian 

IT sector has experienced a healthy AAGR during the sub-

period of 2001- 05 as both computer hardware and total 

software production has registered AAGR of 29.1 per cent 

and 27.6 per cent respectively. Therefore, the supportive 

policies and Acts viz. Information Technology Act 2000, 

National broadband policy 2004, and Special Zone Act 2005 

have favouable impact on IT sector of India. The robust 

AAGRs in the production of communication & broadcasting 

equipments during the sub- periods of 2005-10 (49.3 per 

cent) and 2015-20 (41.8 per cent) has been the main pull 

factor for pushing the AAGR of the production of electronic 

hardware. However, the AAGR of IT hardware production 

show dismal scenario as it gradually going down during 

consecutive sub-periods of the study. With the exception of 
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smart mobile phone production as component of communication & broadcasting equipments, the other sub- 

parts of the Indian electronic industry have slipped to lowest 

level of AAGR during the sub-period of 2015-20. On overall 

basis, the Indian electronic industry has experienced  

prosperity in first half of the study period (2001-10) and 

recession after second half the study period (2010-20). 

Table 2 brings out the AAGR of export of IT sector 

of India and its share in total export & GDP of India. It is held 

from the data that the value of software export has lion‟s share 

as compared to the value of hardware of IT sector of India as it 

hovered around 90 per cent throughout the study period 1999- 

2020.Indian software exports have been, and remain, dominate 

d by services (Heeks and Nicholson, 2004). Promotion of the 

software industry and protection of the hardware industry  

from external competition has resulted in this skewed growth 

(Gopalan, 2000). Noticeably, the computer hardware and 

communication & broadcasting equipments have registered 

insignificant share in the export of IT sector of India. 

However, the share of IT sector in total export from India has 

been not only registered an increase its share to a significant 

level from 11.6 percent in 1999-00 to 38.1 per cent in 2019-20 
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but also contributing robustly to economic growth of Indian 

economy. Thus, the share of IT sector export value in GDP 

of Indian economy has registered 0.9 per cent in 1999-00 

and reached its highest level 5.2 per cent in 2014-15 and in 

2019- 20 recorded 4.2 per cent level. It has effect of Covid-

19 in 2019-20 year. 

The data of AAGR of table 2 suggests that the 

hardware export of IT sector experienced sharp fluctuations 

during the study period of 1999-2020. Noticeably, the 

export of computer hardware and communication & 

broadcasting 

equipments registered enormous AAGR during the sub- 

periods of 2005-10 and 2015-20. It suggests that the 

hardware segment of IT sector will also contribute more in 

export earnings in future. As the Covid-19 has affected 

badly the world economy and thereby, the AAGR of total IT 

sector export, total India‟s export and GDP have recorded 

decline in their levels during the sub-periods of 2015-20. On 

overall basis, the AAGR of share of the total export of IT 

sector in Indian total export has declined during the ending 

period of the study. 

TABLE 2: Percentage Share of Export of IT Sector in Total Export &GDP of India andtheir AAGR 

during 1999-2020. 

Year Computer 

Hardware 

Communication 

& Broadcasting 

Equipments 

IT 

Hardware 

Export 

IT 

Software 

Export 

IT Sector 

Export 

Total 

Share of IT 

Sector in 

Total Export 

Share of 

IT Sector 

in GDP 

1 2 3 4 5 6 7 8 

PERCENTAGE SHARE 

1999-00 1.3 0.3  7.5 92.5 100.0 11.6 0.9 

2000-01 3.8 1.7  14.4 85.6 100.0 16.3 1.6 

2001-02 4.3 0.4  13.7 86.3 100.0 20.2 1.9 

2002-03 1.0 1.0  10.8 89.2 100.0 20.3 2.1 

2003-04 2.2 0.3  11.7 88.3 100.0 22.5 2.4 

2004-05 1.4 0.4  9.1 90.9 100.0 23.5 2.8 

2005-06 0.9 0.4  8.5 91.7 100.0 24.9 3.2 

2006-07 1.0 0.4  8.1 91.9 100.0 26.8 3.7 

2007-08 0.6 0.4  7.4 92.6 100.0 27.1 3.7 

2008-09 0.7 5.0  12.6 87.4 100.0 29.4 4.5 

2009-10 0.7 3.0  9.9 90.1 100.0 31.1 4.2 

2010-11 0.4 4.8  13.1 86.9 100.0 27.2 4.1 

2011-12 0.6 4.8  11.4 88.6 100.0 25.6 4.3 

2012-13 0.5 4.6  9.6 90.4 100.0 27.9 4.6 

2013-14 0.3 3.8  8.1 91.9 100.0 30.1 5.1 

2014-15 0.3 1.2  5.7 94.3 100.0 34.2 5.2 

2015-16 0.3 1.1  6.5 93.5 100.0 33.4 4.2 

2016-17 0.3 1.2  6.3 93.7 100.0 32.9 3.9 

2017-18 0.3 1.4  6.2 93.8 100.0 32.3 3.7 

2018-19 0.3 2.5  7.6 92.4 100.0 33.8 4.1 

2019-20 0.3 2.5  9.5 90.5 100.0 38.1 4.2 

   AAGR    EXPORT 

GROWTH 

GDP 

GROWTH 

1999-20 6.7 32.0  17.1 20.2 19.9 15.3 13.5 
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2001-05 -3.0 -7.8  14.0 29.0 27.1 16.9 10.3 

2005-10 14.2 132.4  33.6 23.0 24.1 17.6 15.0 

2010-15 6.2 -10.5  -1.0 23.5 21.0 13.7 13.4 

2015-20 12.7 39.9  21.7 10.0 10.8 7.6 10.4 

Table 3 provides the contribution of IT sector in terms 

of employment generation in Indian economy during 

the period 2001-2018. The data reveals that there is 

gradual and continue increase in generation of 

employment by Indian IT sector. However, the pace of 

generation of employment by IT services & export 

segment is sharp than domestic market segment of 

Indian IT sector. There was 1.7 lakh persons employed 

in IT services & export segment in 2001-02 that  

increased to 19.8 lakh in 2017-18. Similarly the BPO export 

and domestic market segments were absorbed 1.7 lakh and 

2.5 lakh persons in 2001-02 that continuously increased to 

11.9 lakh and 7.9 lakh persons in 2017-18 respectively. The 

total IT sector of India has recorded almost eight time 

increase in employment level from 5.2 lakh persons in 

2001-02 to 39.7 lakh persons in 2017-18. 

TABLE 3: Employment Generation Contribution of IT Sector of India and AAGR of this during 2001-2018. (In Lakhs) 

YEAR IT Services 

& Exports 

BPO Exports Domestic Market Total Employment Net Addition 

1 2 3 4 5 6 

2001-02 1.7 1.1 2.5 5.2 5.2 

2002-03 2.1 1.8 2.9 6.7 1.5 

2003-04 3.0 2.2 3.2 8.3 1.6 

2004-05 3.9 3.2 3.5 10.6 2.3 

2005-06 5.1 4.2 3.8 12.9 2.3 

2006-07 6.9 5.5 3.8 16.2 3.3 

2007-08 8.6 7.0 4.5 20.1 3.9 

2008-09 9.2 7.9 5 22.1 2.0 

2009-10 9.9 7.8 5.2 22.9 0.8 

2010-11 11.5 8.3 5.6 25.4 2.5 

2011-12 11.5 8.3 5.6 25.4 0.0 

2012-13 12.9 8.8 6.0 27.7 2.3 

2013-14 16.0 9.9 7.0 32.7 5.0 

2014-15 17.4 10.3 7.5 34.9 2.2 

2015-16 18.5 10.9 7.6 36.9 2.1 

2016-17 19.2 11.5 7.9 38.6 1.7 

2017-18* 19.8 11.9 7.9 39.7 1.4 

AAGR 

2001-18 16.1 13.8 7.5 12.9 

2001-06 32.5 38.5 10.8 25.6 

2006-10 17.5 17.4 9.4 15.7 

2010-14 11.3 5.5 6.8 8.3 
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2014-18 5.4 5.0 3.2 5.0 

 

*Estimated Values 

The data regarding AAGR brings out that during the 

sub-period of 2001-06, IT sector of India has 

contributed in employment generation enormously with 

huge growth in its every segment. However, during the 

sub-period of 2014-18, IT sector has registered quite 

low AAGR of employment generation in every segment 

as passing through recession period. On overall basis, 

the domestic market segment of IT has recorded AAGR 

of 7.5 percent as compared to AAGR of 13.8 per cent 

and 16.1 per cent of BPO exports and IT services & 

export segmentsin 2001-18 period respectively. The 

total IT sector of India has experienced AAGR of 12.9 

per cent during 2001-18 period expressing strength of IT 

in terms of employment generation. 

III. CONCLUSION 

Nowadays IT sector is one of strongest segment of 

Indian industrial sector in terms of its contribution 

towards foreign exchange earnings, GDP and 

employment generation.With the start of the present 

century, India's IT industry developed at an 

extraordinarily fast pace, contributing a significant 

portion of the country's GDP and has lion‟s share in 

India‟s Export. Despite the global economic uncertainty, 

India's IT industry has steadily augmented and 

accelerated its growth along with healthy employment 

generation. This industry consumes a wide pool of 

professional Indian human capital, transforming India 

into a global IT centre. The IT industry has played a 

major role in shifting India's economic and governance 

environment. India's IT industry is gaining momentum 

in emerging disruptive technologies and will play a key 

role in the global fourth industrial revolution to achieve 

new millennium goals of this century. 
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