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Ethnobotany as

a4 Tool to Protect
- the Interests of Fthnic Group

Kiran Bala

ABSTRACT

Traditional knowledge so called indigenous knowledge terms
as the knowledge which come from the local communities and
wadition of regional technology areas. It is the technology which
has orally passed over generation from person to person. The world
mtellectual property organization (WIPO) defines traditional
knowledge as indigenous cultural and intellectual property. It is
very important to analyze the traditional knowledge as intellectual
property rights. The protection of traditional knowledge has been
4 challenging issue for the countries worldwide. India has tribal
communities and rich source of forest with forest produce. The
lorest gives 1o India an abundant of knowledge about the traditional
'-f_alue of various forest products. But the way intellectual property
fights have been dﬂﬁignﬂd in modern commerce, Irudililul].:'.tl
k“UWICdgE cannot be protected. One of the main reasons Is i
aditiona] knowledge there is lack of inventive step. In the recent
Pastyears, there have been several cases of bio- piracy of traditional

OWledge in India. The foreigner obtaining the patents b"‘“‘“d' “"
il-:'mﬁ, '-bi,m“gical materials wilhum.ucknuwledgi;‘f “_:f:-'&‘;t‘:;ﬁ
noﬁq:d_kﬂmﬂedge or wilhu%u sharing the b?nedle:::lﬂpin" 10
Undlerq ge shqul.d be especially prmt’:{:‘lﬂd _m _ 1:-.1['?1}* a
L Idevﬂlnp_ed countries., Such protection should primartly ¥
" regary Lo first] ognition of the rights of the origina

- | y, the recogniton O

Radlﬁﬁna] --kﬁﬂWIEdgE holders and secondly, the unauthorize
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ABSTRACT

- Agriculture, being the most important sector for our economy, has a huge impact on the lives of all people in this
country in terms of our food, water, clothing and shelter requirements. Most of the agricultural practices are still
 carried out in a manual way in our country, leading to more work and low yield for the farmers. Hence, this system
needs to be upgraded in terms of the use of technology in carrying out various day to day activities like irrigation, soil
prediction, weather monitoring etc. and this goal can be achieved by making the agricultural practices “Smart”. Smart
agriculture can be implemented through the integration of ‘Internet of Things' (I0T) in this field. IoT can enable the
farmers to remotely access their fields through various sensors/field monitors and carry out all manual tasks automat-
ically without any human intervention. In this paper, we have analyzed the various problems farmers are facing ona
' daily basis due to manual agricultural practices and how implementing IoT can benefit them. Further, we also propose

. and study a cost efficient system for implementing this solution to turn traditional agriculture to Smart agriculture.

Keywords: [oT, Smart Agriculture, Wireless Sensors, Soil Prediction. ,

1 INTRODUCTION

Agriculture remains the most important sector of
India’s economy, contributing 16 percent of the
national GDP and providing employment for the 47
percent of the population. It is a basic requirement
for humans for their survival in terms of food,
clothes, shelter, medicine and a good environment.
But most agricultural practices are carried out
manually by farmers like irrigation, soil monitoring,
crop harvesting and field inspection. This leads to a
slow and demanding agricultural system and lower
yield of crops due to inefficiency of manual practices.
There is a need to automate this system and helpthe
farmers to manage all their work in an efficient and
casier way. Such a system can be realized through
Internet of Things.

The Internet of Things (IoT) is a system of
interconnected computing devices or objects thatare
provided with unique identifiers and the ability to
transfer data to each other over a network without
human interaction [2]. IoT is used to create Smart
environment systems like Smart Home, Smart
-parking etc. using various 10T device sensors and
protocols. The physical devices thus used, such as
microcontrollers, mMicroprocessors, actuators and
sensors, communicate with the Internet using anloT
gateway. It provides the users a network interface
with the web using RFID, sensors, global positioning
systems (GPS), laser scanners and other information
sensing devices [4]. So for any “smart” system, [oTis
the solution.
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Here, we are going to propose an loT based Smart
Agriculture system that will perform real-time
monitoring and automatic controlling of the farmer’s
field.

2 LITERATURE REVIEW

For agriculture, soil, light and water are important
sources of productivity of crops. However, Soil
erosion continues to be a major environmental
problem with regard to land use in India. [3] has
discussed about Soil conservation Issues in India.
Authors have focused on Soil degradation in (i)
Himalaya region, (ii) Indo-Gangetic Plains (iii) Dry
and Arid Regions (iv) Coastal Lands in India. In year
2016, India’s total geographical area was

328.73 mha, reporting area was 304.89 mha, and area
used for Agriculture Purpose was 264.5 mha.

[14] has discussed benefits of ICT in agriculture
sector and has presented the path of rural farmers
and to replace traditional techniques. In this paper,
comparative analysis between the developed system
and existing systems is discussed. [4] has focused on
various IoT devices which will enable farmers  to
enhance in food production by 70 percent by the year
2050. Wang etal. in his paper [16] discussed the
communication between machines by static or
dynamic means. This paper mainly concentrated on
machine to machine communication , Sensors and
security. Raja et.al. in [11] proposed new methods
which can be introduced in the market. Security
systems will follow sensor touch reorganization
wherein wireless sensor security will be the key of
this system. These methods can be implemented in
different applications with feasible costing and easy
to manage faults but still it is not disseminated in
home applications. In this paper authors discussed
about python scripting which is used in raspberry PI
and Raspbion OS coding, which will capture the
motion and send Email and SMS to the assigned
system. Alam etal. in [9], proposed an IoT layer
architecture and its frameworks. The system focuses
on security reasons and their challenges. Kai et.al. in
[12] have discussed about IoT in WBAN networks
and integration with smart home and smart hospital.
The system is integrated with patient’s body and
tracks the patient’s conditions stage by stage to easily
identify the patient’s wellness The system will help
health care department to easily and effectively
monitor the patient conditions.

3 AUTOMATION USING IOT

Even though agriculture is the main source of income
for a vast majority of people in our country, there are
many problems which are faced by the farmers on a
daily basis leading to bad crop and eventually bad

turnover for these people. A few of these problems
can be observed in Fig 1.
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Fig 1: Major Agricultural Problems in India

These problems are often not catered to in the best
way possible and hence they result in bad farming
practices. There is an immediate need for awareness
amongst the farmers and also the Government to
make proper use of technology available to them and
reduce the risks associated with the various farming
activities.

Hence, there is a now a need for “Intelligent
agriculture”. As visible in the following figure 2,
agriculture system can be made

intelligent by deploying some modules for different
purposes. An intelligent agriculture system first
deploys a platform where the production of crops is
maximized, along with an expert service providing
platform for integrating loT with farming practices.
Finally, an online trading platform is used to
advertise market and sell the crops yield at adequate
prices leading to high profits for them.

Agriculture
intelligent

P

v <
yd

Management platform Expert system
for Intelligent production service platform

Fig 2: The modules of an agriculture intelligent system

Exhibition online and
Internet trading
platform

A lot of research and development has been done in
the field of IoT to convert agricultural practices
“smart” [1]. The Internet of Things (I0T) applications
in this sector have brought in many positive changes.



Although there are various ch

. allenges like high cost
of investment, lack of awareness by farmers,

llnxltatiqlls of land, improper use of fertilizers low
production and productivity, lack of prop& »’.ién‘n re
knowledge, limited quality of seeds etc. 'l'hti’it‘
challgnges can be handled by 10T in a simple nd
effective manner, helping the farmers on ';\ I‘;rvu
scale. By using IoT here, various issues like water m}:d
land shortage_, storage management, soil prediction
etc. can be effectively solved. This new innovation
helps to tackle all the above issues and also increases
the quantity, quality, cost effectiveness, food safety
and sustainability of agricultural production.

P.recmpl_w agriculture deploys 10T practices in the
field of farming in order to ensure optimum growth
health and sustainability. There are m ’
which IoT could be deploye
which can be:

any ways in
d in this field, some of

1. Soil prediction

In the older farming methods, soil was planted
follqwing the traditional approach of selection and
sowing. Not choosing the appropriate soil for the
intended crops and the actual weather conditions,
leads to bad crop growth and losses in the turnover
eventually. IoT can greatly help in predicting the soil
by studying the climate of growth and the kind of
crops required on the field. Data collected over a
period of time can be accessed from over the cloud
and used to predict what kind of soil would lead to
maximum crop growth in the region.

2. Weather monitoring

Climate is a crucial aspect for agricultural crop
growth and so there is a need to keep track of the
surrounding weather conditions, according to which
the soil, water level and crop types can be updated
without relying on the imprecise meteorology
predictions or manually checking the field for rains.
Smart agriculture deploys various sensors across the
farmer’s field to collect data from the environment
and stores it over a cloud. This data can then be used
to study the weather conditions and select
appropriate crops, soil and irrigation needs of the
farm.

3. Greenhouse monitoring

Since Greenhouse monitoring requires manual
intervention for keeping track of the irrigation
process, temperature, light and humidity, IoT
technology could be deployed for automating
majority of this process [16]. Such a system can
monitor the greenhouse atmosphere and alter the
surrounding conditions accordingly, to form an
automated greenhouse environment for the crops.
The Greenhouse can be segregated into multiple

A Smart Solution for Agricultural Practices 1;1_9]
areas that are managed through a base station
Sensor nodes are placed in these measurement areas
to collect relevant information, which is then passed
onto the controlling sensors to control or change the
in house environment parameters,

4. Livestock monitoring

Monitoring the hundreds of livestock on a farm can
be a tedious process with keeping track of their
location as well as looking out for any health issues.
This process is an important function to be taken care
of, in order to carry out the proper management and
growth of farming itself. Sensors can be attached to
the livestock to track their location, grazing patterns,
bodily functions etc, which are then sent over to the
cloud, from where the farmers can monitor and take
appropriate steps to maintain their animals.

5. Smart tractors

Smart farming is evolving to use more Artificial
Intelligent hardware for agricultural purposes. The
tractors on a farm are important for carrying out
various tasks on the field based on the kind of
equipment used. Al powered tractors can highly
reduce the manual labour involved with farming by
introducing driverless tractors involving minimum
human intervention. Inclusion of technologies like
GPS, camera and IoT connectivity would enable
these machines to be autonomous to a large extent
and diminish active human control required.

6. Drones

Surveillance of the farm field is one of the most
valuable information for precision programme. Any
kind of problems can be detected early and taken
care of, before they lead to more serious issues. But
the traditional approach using helicopters etc. does
not guarantee accurate data collection across very
large fields and hence smart farming uses drones -
unmanned aerial devices, with sensors and inbuilt
digital cameras, giving the farmers a better view and
more accurate representation of their fields. These
drones can be used at on-demand basis and are easy
to use and deploy providing real time data with low
investment. They are also a safe and reliable solution
to farm management.

All these applications can develop a Smart agriculture
system by automating these activities being carried
out on a daily basis by the farmers.

4, PROPOSED SOLUTION

In our proposed system, we are going to sense the
agricultural parameters remotely and then control the
system to perform various activities by maintaining
02, soil moisture, light and temperature with the
help of sensors. As a result, we are going to increase
the yield of organic farming.
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For example, in order to perform Smart irrigation,
the first step will be to initialize the co2, soil moisture,
temperature and light sensors. Then we shall set the
threshold value individually for each type of sensors.
The sensors will monitor the Mmo.\phvru"«‘undm(ms
and the values thus obtained shall be compared with
the threshold value internally. If the sensed value is
less than the threshold value, the motor will be set to
‘off automatically, without any human interruption
since the soil humidity value is correct for the plant. If
the sensed value is high as compared to the threshold
value. then the motor is set to ‘on” and the plant 1s
watered automatically without human interruption.
This methodology is depicted in Fig 3. IHence, the soil
is kept at an adequate moisture level always and the
vield of the plant is increased.
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Fig 3: E farming irrigation system using loT

In our framework, observing and controlling the
agricultural field will be done through various
sensors, like soil dampness sensor, PIR sensor, pH
<ensor and water stream sensor (Fig 4). Here the data
is transmitted through the Internet which is prepared
by PIC16877 Microcontroller. These sensors will
monitor the field every day and update the status
automatically to the farmers.

The working of this proposed system is as follows:
1. The system consists of soil moisture detecting
sensor which senses and measures the moisture
level in the soil.

The PIR sensor determines the structures with
high recurrence formation.

o

3. The phsensor and water stream sensor is utilized
to streamline the manure utilization.

4. Theinformationofthewaterlcvelwillbeupdated
through the water siphon which is turned on at
the field.

5G network will be defined with slicing loTnetwork

technology with quality, speed and storage in

developing service. Apart from that, radio/access

level carriers must work to reduce device cost, energy
consumption and increased reliability, coverage and
spectrum efficiency. This is the key point that can
implement the system in the entire field. Since costing
will be low we can easily implement the system in
entire field and the system can update the details on
the go in the field. This intelligent system tells about
a field whether itis ready to harvest or not since the
system is equipped with sensors which will monitor
the field every day and update the status, The system
has been integrated with a modem which can also be
integrated with the output device,

) Sensor b Apphoation :
: FHOPEa ‘

Physical laycr

R

\ D

Internal

Cnry

Convertal

i

Communicatio

SR R———
Sensor Computing n moduic
module & storage

module

[ __________________

Power supply

Fig 4: Structure of sensor nodes

Although, 10T is the emerging technology in the
developing world but the security of the devices is
still questionable. We also need to deploy a new
technology that provides high security fromany kind
of security attack. In our system, we shall implement
an advanced ‘wheat stone’ algorithm to encrypt the
data sensed from the devices which is then stored on
the cloud. The key is shared with the receiver sothat
the receiver can decrypt the sensed data from the
cloud but no third party can intercept the data on the
cloud storage system. The proposed system is thus
made safer when compared to the existing system.

5. CONCLUSION

The importance of agricultureina developing nation,
like India, is high and incorporating the concepts of
Internet of Things in this field can result in increase
of agricultural yield to a large extent. Smart farming
solutions like soil moisture monitoring can ease the
problems faced by farmers in the current manual
setup. We have proposed a Smart solution for
agriculture which shall monitor and control the




.

‘\

A Smart Solution for Agricultural Practices ‘ 21 l

various atmospheric conditions and then transfer this
data through microcontrollers to the farmers. This
data shall also be stored on the cloud in encrypted
form‘to‘avoid any security threats. Although there
are llplltati0115 of cost, resources, knowledge and
technicalities in putting up these concepts in practice
the overall benefits and ease of work for the farmers’
shall_ result in high yields and hence deployment  of
loT in fgrming should be done in the majority of
regions in our country. The Government needs to
encourage farmers and provide loans to utilizethese
solghons since unless the real time proof for smart
agriculture is not made available, farmers shall not
be ready to invest in huge amounts for this system.
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Based Green Nanocomposites
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Abstract

Nanotechnology is one of the most remarkable scientific and industrial develop-
ments of the twenty-first century. But, many of the currently involved materials
and processes in these techniques requires non-renewable resources which creates
hazardous wastes. Thus, there is an urgent need of processes involving the combi-
nation of green chemistry with nanotechnology. Recently, green nanocomposites
have been utilized in industrial applications due to their biodegradability, renew-
ability, and their low cost. Carbon nanomaterials possess unique characteristics,
such as remarkable electrical conductivity, large surface area, excellent mechani-
cal strength etc. Thus, these materials pose a great potential for application in var-
lous environmental fields. The present article describes green and efficient carbon
nanomaterial-based nanocomposites for diverse applications.

Keywords: Nanotechnology, green nanocomposites, carbon-based nanomaterials

7.1 Introduction

Nanocomposites (NCs) are materials which are prepared by the incor-
poration of nanoparticles into a matrix of standard materials in which
properties of both can be used for the synthesis of materials having good
mechanical strength, thermal, and chemical properties [1]. Green NCs
are widely researched for the preparation of ecofriendly products with

*Corresponding author: ppsingh@ss.du.ac.in
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Carbon-Based Nanocomposites for Environmental Applications, (175-202) @ 2020 Scrivener
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Abstract. There can be noise and uncertainty in the bug reports data as the
bugs are reported by a heterogeneous group of users working across different
countries. Bug description is an essential attribute that helps to predict other bug
attributes, such as severity, priority, and time fixes. We need to consider the
noise and confusion present in the text of the bug report, as it can impact the
output of different machine learning techniques. Shannon entropy has been used
in this paper to calculate summary uncertainty about the bug. Bug severity
attribute tells about the type of impact the bug has on the functionality of the
software. Correct bug severity estimation allows scheduling and repair bugs and
hence help in resource and effort utilization. To predict the severity of the bug
we need software project historical data to train the classifier. These training data
are not always available in particular for new software projects. The solution
which is called cross project prediction is to use the training data from other
projects. Using bug priority, summary weight and summary entropy, We have
proposed Cross project bug severity assessment models. Results for proposed
summary entropy based approach for bug severity prediction in cross project
context show improved performance of the Accuracy and F-measure up to
70.23% and 93.72% respectively across all the machine learning techniques

over existing work.

1 Introduction

In software development life cycle, bug reporting and fixing is a continuous and
iterative activity [1]. A large number of bugs are reported on bug tracking systems by
different users, developers and staff members located at different geographical locations
in a distributed environment. Bug severity is one of the most important bug attributes
which tells about its extent of impact on the functionality of the software. Bug severity
is labeled in seven classes from 1 to 7, namely «Blocker”, “Critical”, “Major”, “Nor-
mal”, “Minor”, “Trivial” and «Enhancement”. The automated bug severity prediction is
useful in resource allocation and bug fix scheduling. It also assists the priority
assignment for the bug. Bug severity prediction needs training data, i.e. the history of

© Springer Nature Switzerland AG 2020
0. Gervasi et al. (Eds.): ICCSA 2020, LNCS 12254, pp- 939-953, 2020.

https://doi.org/10. 1007/978-3-030-58817-5_66
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the .software to train the classifier. But it is not easy to get such data always as some
prOJe?ts may be new with very less of no history of bug data. In such situation, we can
use history of bug data from other software projects for training purpose [2, 4-6]. Bugs
are reported by users with different levels of understanding and knowledge about the
software working which may result in noise and uncertainty in different bug attributes
entered. This noise and uncertainty present in training data may degrade the perfor-
mance .of automated bug severity assessment and hence need to be considered during
prediction process. Bug summary attribute (the brief description of the bug) has been
used.for bug severity prediction in this paper. No attempt has been made in literature to
cgngder uncertainty in bug summary in cross project context for bug severity pre-
diction. The contribution of this paper is cross project severity prediction models based
on summary entropy in addition to priority and summary weight using “k-Nearest
Neighbors (k-NN)”, “Support Vector Machine (SVM)”, and “Naive Bayes (NB)”. The
proposed models result in improved performance when compared with summary based
cross project bug severity assessment models [6].

The remaining paper is structured as follows: Sect. 2 describes the review of related
work. Section 3 contains the brief of bug reports and its pre-processing. Section 4 deals
with data collection and model building required to perform the analysis. Results have
been documented in Sect. 5. The conclusion of the paper has given in Sect. 6.

2 Related Work

Bug severity prediction helps in assigning bug priority, fix time prediction and
resources allocation. Many bug summary based severity assessment models have been
proposed in literature [7-12]. Different authors compared the performance of different
machine learning techniques for bug severity assessment [19-21].

An attempt has been made to propose bug summary based cross project severity
prediction models using “SVM”, «NB” and “k-NN” [6]. Authors also-identified the
best training candidates for a project. Bug summary based cross project priority pre-
diction models have been proposed by [2, 4] using “SVM”, “NB”, “k-NN” and
“NNET”.

Entropy based measure has been used to predict the bugs lying dormant in the
software [14, 15]. Recently entropy based measures have been used to handle the
uncertainty during the prediction of priority and severity of the reported bug [3, 13].

To our knowledge, no work has been done for considering the uncertainty and
data that can affect the performance of prediction models
in cross project context. In this paper, we have measured the uncertainty in bug
summary by using entropy based measures for cross project severity prediction. In
addition to summary entropy, we have considered bug priority and summary weight to
assess bug severity in Cross project context. We have compared our proposed summary
entropy based cross project bug severity assessment models with [6] and found

jmprovement in the performance of the classifiers.

noise present in bug summary
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3 Bug Reports and Pre-processing

A bug report contains the information about bug in the form of different attributes
1'epqrted by the users and the developers use this information to fix the bug. In this
section we have discussed different bug attributes and two derived attributes summary
weight and summary entropy used in bug severity prediction.

We have taken bug priority and two derived bug attributes: summary weight [4]
and summary entropy to predict severity in cross project context.

Bug priority and severity are categorical attributes, whereas summary weight and
summary entropy are continuous attributes. Bug priority determines the importance of a
bug in the presence of others. Bugs are prioritized by P1 level, i.e. the most important
to P5 level, i.e. the least important. ‘

Bug severity tells about the extent of bug’s impact on software functionality.
Eclipse project define the seven levels of severity, namely “Blocker”, “Critical”,
“Major”, “Normal”, “Minor”, “Trivial” and “Enhancement”. Throughout this analysis,
we have not included bugs with “Normal” and “Enhancement” severity levels because
“Normal” is the default standard stated in the reports submitted, and “Enhancement”
does not reflect actual bug reports. The severity weights and levels as mentioned in
Table 1 (IEEE std 92, 1989) have been defined by IEEE Standard Classification Levels
[16]. “Blocker” and “Critical” are most severe severity levels, “Major” is medium
severity level and “Minor”, “Trivial” are minor severity levels.

Table 1. Severity levels categories [16]

[ YR
From the IEEE Standard Severity  Severity Severity
Classification Levels Weight Level

Blocker. Critical 10 Most Severe
Major 3 Medium
~ Minor. Trivial L Mwor

Summary weight attibute is extracted from the bug summary provided by the
numerous users. We pre-processed the bug summary in RapidMiner tool [18] to
compute the summary weight of a reported bug, with the steps of text mining:
“Tokenization”, “Stop Word Removal”, “Stemming to base stem”, “Feature Reduc-
tion” and “Info Gain” [6].

We assume that the bug reports, i.e. different bug attributes, reported in software
bug repositories are trustworthy during bug triaging process. In reality, the bug reports
data is not trustworthy in terms of various aspects like integrity, authenticity and trusted
origin as the bugs are reported by users who may or may not have proper knowledge of
the software. [t may result in uncertainty in reported bug data. Without proper handling
of these uncertainties in different bug attributes, the performance of learning strategies
used for different bug attributes prediction can be significantly reduced.
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The validation of cross project is a key concern in empirical software engineering
where we train the classifiers with historical data of projects other than the testing
projects. In literature, researchers have made attempts for cross project bug summary
based severity assessment [6]. But no attempt has been made to handle uncertainty in
bug summary in cross project context for bug severity assessment.

We have proposed summary entropy based measure to build the classifier for bug
severity prediction to handle uncertainty in cross project context. We have calculated
the summary entropy for model building using Shannon’s entropy (17]. Shannon’s
entropy, S is defined as:

§ = —pilog, pi
In the case of summary entropy, p is calculated as:

P = total number of occurences of terms in i’ bug report
' total number of terms

To rationalize the effect of the severity, we multiplied entropy with 10 for
«Blocker” and “Critical” severity level bugs, 3 for “Major” severity level bugs and 1
for “Minor” and “Trivial” severity level bugs as given in Table 1 [16].

The cross project bug severity model has been shown in Fig. 1.

Reporter

Fig. 1. Cross project bug severity prediction
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4 Methodology

In this section, we bricfly described the data collection and model building for sum-
mary entropy based cross project bug severity assessment,

4.1 Data Collection

The empirical validation has been conducted on different products, namely “CDTDe-
bug (CD)", “EclipseDebug (Deb)”, “Eclipse]DTUI (TUD)", “EclipseSWT (SWT)",
“EclipseUI (UI)”, “IDEPlatform (IDE)”, and “JDTUI (TUI2)” of Eclipse project (http://
bugs.eclipse.org/bugs/) to assess Cross project bug severity. Table 2 shows the severity
level wise number of bug reports across different products.

Table 2. Severity wise Bug Reports in Eclipse Projects [6]

Projects 1 (Blocker) 2 (Critical) 3 (Major) 4 (Minor) 5 (Trivial) Total
53

CD 25 25 122 8 233
Deb 23 97 213 72 39 444
Tul 23 81 282 281 81 748
SWT 71 161 298 04 36 630

Ul 28 124 401 327 109 989
[DE 23 75 267 148 83 598
TUIZ 1 24 118 204 50 403

4.2 Model Building and Experimental Setup

We have developed summary entropy based models using different classifiers, namely
“k-NN”, “SVM” and “NB” for cross project bug severity assessment by taking priority
and summary weight. The empirical evaluation has been validated on 7 products of the
Eclipse project. Number of cross fold validations is taken as 10 with stratified sampling
for different classification techniques. We have validated our proposed approach and
compared it with state of art [6] using performance measures, namely Accuracy and F-
measure.

The experimental setup of severity prediction in €ross project context developed in
RapidMiner tool [18] has been shown in Fig. 2.
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Fig. 2. Experimental Setup for Cross project bug severity prediction in RapidMiner

The parameter values used for tuning the classifier parameters, namely “k-Nearest

Neighbor (k-NN)”, “Support Vector Machine (SVM)” and “Naive Bayes (NB)” have

been shown in Table 3.

Table 3. Parameters Optimized for different Classifiers

Classifier Parameters
NB laplace_correction
k-NN k
. C (cost)
\ .
S G (gunma)

ters (Grid)” operator in the RapidMiner tool, we obtained
mized for each classifier.

Using “Optimize Parame
le 4 shows the parameters opti

optimal parameter values. Tab

Table 4. Optimal Parameter Values for Eclipse products

M
Eclipse NB k-NN SVM
products laplace correction k CG

D False 8 1 1
Deb False 8 1 1
TUl False 13 3 3
SWT True 2 2 2
Ul True 0 4 4
1DE True 20 1 1
Uz True 43 3
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5 Results and Discussion

We have proposed summary entropy based models using different classifiers, namely,
“k-N?arest Neighbors (k-NN)”, “Support Vector Machine (SVM)” and “Naive Bayes
(NB)” for cross project bug severity prediction. We have compared the proposed
entropy based approach with Singh et al. [6]. We have taken the same datasets and
techniques as taken by the authors in [6] to predict bug severity. Singh et al. [6]
considered the F-measure performance of different classifiers only for “Major” severity
class, since fewer bug reports for other severity class than the “Major” severity class.
This results in low performance for these severity classes. In order to compare with
state of art literature [6] we have also considered the F-measure performance for
“Major” severity class. Tables 5, 6 and 7 show the F-measure performance for “Major”
severity class for different classifiers, namely “k-NN”, “SVM” and “NB” respectively.
Tables 8, 9 and 10 show the Accuracy of different classifiers, namely “k-NN”, “SVM”
and “NB” for different testing projects. Across Tables 5, 6,7, 8,9 and 10 ‘- indicates
that no analysis was performed on this particular combination of testing and training

dataset, since the training and testing data sets are similar.

Table 5. k-NN F-measure (%) for “Major” severity class

Training Projects | Testing Projects

CD |Deb |TUI |SWT|UI |IDE TUR
D |- |9363]5565|5154/4900/77.15 69.70
Deb 9627 - |4939(33.10 33.33 | 64.45 | 89.06
TUL o11/8954|~ | 88.16]9120| 9372|7167
swr 618753698621 - |9025 9104|3140
ul 64.10| 58.94|95.04| 9671 |- 19572 3857
IDE 9677/ 90,00 88.56 | §7.97 8690 |- | 6288
TUR 191.27|97.25 54.88 | 27.7140.95 5871 -

Table 6. SVM F-measure (%) for “Major” severity class

Training Projects | Testing Projects
Mok

‘CD_|Deb |TUL [SWT UL |IDE TULZ

CD T 90,64 58.29| 54.95[53.38 80.07 6203

Deb 9500~ |54.54]3643 (3509 6571 96.27

TUI 66,97/ 6584|~ | 96.08 9545 9645 52.50

SWT 5862 50.64|89.71|—  90.51 8973 33.07

ul 4386 23.2697.39 9850 — 9721 2294
IDE 760 84.34[ 9179 9435 9073 -
| 9669]98.84[59.52|3945 3937697

e
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Table 7. NB F-measure (%) for “Major™ severity class

Training Projects | Testing Projects

D |Deb |TUI [SWT UL [IDE TUR
D = (9557|7318 51.49] 62.23 | 7761 69.70
Deb 0487 |~  |87.38|69.87 77.53 88;11{‘)72.51
TUI 56.08|80.57 (- | 89.08 9270 92,65 66.66
SWT 39.64/51.09/76.01 |- | 83.61|73.57 43.27
Ul 41321 671595430277 = |89.34150.42
IDE 7143 |89.04|96.2785.90 191,63 - 7739
TUL 8851 96.08 | 84.29 63.65 78.43 89.65 -

Table 8. k-NN accuracy (%) for different testing candidates

- T
Training projects |

Testing projects

CD | Deb |TUL |SWT Ul [IDE |TUL
D [~ 6824]5735|3937 SL16 6204]63.52
Deb 8069 — |5027|31.11|37.92|54.85 80.89.
TuL 76.82| 7658 |- |7270 78.97|77.42 64.52
SWI 4678 4932(73.26|- | 76.95 | 74.58 | 27.05
Ul 53.65 5158|8262 (8032~  |79.10/33.75
IDE 78.97 78.15 | 78.61 | 73.65 | 76.44|~ | 61.04
TUR 72.53 8243 54.14|24.44 4520 (5084 -

Table 9. SVM accuracy (%) for different testing candidates

Training projects

Testing projects

CD 'Deb |TUI |SWT |UI IDE | TUI2
CD — 67.34|58.56|42.54 53496522 5533
Deb 8155 - |SB69 3444 4702 5686(83.57
TUI 57.94 15698 | — 78.57 1 81.70 | 78.76 1 50.12
SWI  |4678 4752|8008 |- |B0.08 7625|3375
Ul 139.91 25.45|83.16|81.59 |~ |79.93 21.59
DE 6996 7320 80.61 79.05 78.67 - 5583
TULR 7339 83.78 | 55.35|38.73 | 45.40 61.20 -
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Table 10. NB accuracy (%) for different testing candidates
Training projects Testing projects
‘b [Deb [TUr [SWT UL IDETUIZ
6622|4149 58.70 62.41 65.25

CD ~ 043

Deb 8026 - |7634)57.04 6886 71.24 8189
TUI 4549 60.82 — 7381 8079 7592 66.00
SWT 3133 4775|6778 - 7452 6137 40.69
Ul 33,05 57.66 R0 7746 — 7642 49.63
IDE 5579|7748 8115 7206 79.17 - 72.95
Tu2 166.09|82.43]69.1253.33 6441 1559 -

We have designed 7 cases for 7 training projects given below.

Case 1: F-measure of Major Severity Level and Accuracy improvement over
Singh et al. (2017) for training project CD

The proposed approach improved the F-measure performance by 29.73%, 1.98%,
15.56% and 25.16% for testing projects “Deb”, «“TUI”, “IDE” and “TULI2” respectively
for KNN classifier. For SVM the F-measure performance improved by 20.70%, 2.710%,

12.26% and 62.03% for testing projects “Deb”, “TUI", “IDE” and “TUI2” respectively.
» wrUr, “SWT”, “UI”, “IDE” and “TUI2”, the F-measure

For testing projects “Deb”,
performance improve by 62.24%, 64.29%, 35.16%, 52.01%, 64.47% and 25.16%

respectively for NB classifier.

The entropy based proposed approach improved the Accuracy performance by
20.94%, 20.45%, 11.12%, 17.56% and 33% for testing projects “Deb”, “TUur, “Ur,
“IDE” and “TUI2” respectively for KNN classifier. For SVM the Accuracy perfor-
mance improved by 19.37%, 21.13%, 13.05%, 20.57% and 26.3% for testing projects
“Deb”, “TUI", “UI", “IDE” and “TUI2” respectively. For testing projects “Deb”,
«Tur, “SWT”, “Ul”, “IDE” and “TUI2”, the F-measure performance improved by
46.78%, 50.04%, 25.93%, 39.89%, 45.35% and 46.64% respectively for NB classifier.

Case 2: F-measure of Major Severity Level and Accuracy improvement over
Singh et al. (2017) for training project Deb

In case of KNN and SVM classifiers, F-measure performance improved by 34.27%,
3.60%, 44.21% and 30.97%, 1.44%, 93.59% for testing projects “CD”, “IDE” and
«TUI2” respectively. Our approach improved the F-measure performance by 60.62%,
81.49%, 60.63%, 68.18%, 83% and 82.20% for testing projects «CD”, “TUI”, “SWT”,

«yr”, “IDE” and “TUI2” respectively for NB classifier.
formance by 37.34%, 13.24%,

The proposed approach improved the Accuracy pe
10.54% and 53.35% for testing projects «cp”, “TUI”, “IDE” and “TUI2” respectively
for KNN classifier. For SVM the Accuracy performance improved by 28.33%, 21.93%,

6.58%, 12.21% and 55.08% for testing projects «cp”, “TUI”, “UI”, “IDE” and “TUI2”

respectively. For testing projects «cp”, “TUI”, “SWT”, «yr”, “IDE” and “TUIL2”, the

Accuracy performance improved by 59.23%,
70.23% respectively for NB classifier.

65.78%, 42.38%, 56.32%, 60.37% and
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Case 3: F-measure of Major Severity Level and Accuracy improvement over
Singh et al. (2017) for training project TUI

In case of KNN and SVM classifiers, the proposed approach improved the F-measure
performance by 25.64%, 24.93%, 20.41%., 30.64%, 93.72%, 28.29% and 12.39%,
12.01%, 41.82%, 42.43%, 42.83%, 49.81% for testing projects “CD”, “Deb”, “SWT”,
“«UI”. “IDE” and “TUI2” respectively. For testing projects “«Cp”, “Deb”, “SWT”, “UI",
“IDE” and “TUI2", the F-measure performance improved by 35.03%, 67.71%,
80.08%. 86.44%, 83.50% and 51.65% respectively for NB classifier.

The entropy based proposed approach improved the Accuracy performance by
28.32%, 30.41%, 31.59%, 26.49%, 37.62% and 4.22% for testing projects “CD”,
“Deb”, “SWT”, “UI”, “IDE” and “TUI2” respectively for KNN classifier. For SVM the
Accuracy performance improved by 21.03%, 17.57%, 37.62%, 39.74%, 37.62 and
13.15% for testing projects “CD”, “Deb”, “SWT”, “UI”, “IDE” and “TUI2” respec-
tively. For testing projects “CD”, “Deb”, “SWT”, “UI”, “IDE” and “TUI2”, the
Accuracy performance improved by 33.04%, 57.43%, 59.68%, 67.95%, 65.22% and
47.14% respectively for NB classifier.

Case 4: F-measure of Major Severity Level and Accuracy improvement over
Singh et al. (2017) for training project SWT .

We observed that the F-measure performance of our approach has improved by
34.05%, 36.03% and 70.76% for testing projects “TUI”, “UI” and “IDE” respectively
in case of KNN classifier. In case of SVM, the F-measure performance improved by
28.99%, 28.33%, 25.33% and 32.41% for testing projects «TUr”?, “Ur”, “IDE” and
“TUI2” respectively. For testing projects “CD”, “Deb”, “TUI”, «ur’, “IDE” and
“TUI2”, the F-measure performance improved by 18.39%, 38.41%, 69.26%, 76.40%,
61.45% and 27.67% respectively for NB classifier.

In case of KNN classifier, our approach improved the Accuracy performance by

1.29%, 7.2%, 38.23%, 39.94%, 34.11% and 0.5% for testing projects “CD”, “Deb”,
«TUr, “UT”, “IDE” and “TUI2 respectively. In case of Accuracy values of SVM
classifier, our approach improved by 43.05%, 40.04%, 31.06% and 4.72% for testing
projects «TUI”, “UI”, “IDE” and “TUI2” respectively. In case of NB classifier, for
testing projects “CD”, “Deb”, “TUI", “UI”, “IDE” and “TUI2”, the Accuracy perfor-
mance improved by 16.74%, 38.29%, 55.35%, 61.68%, 47.49% and 28.53%
respectively.
Case 5: F-measure of Major Severity Level and Accuracy improvement over
Singh et al. (2017) for training project Ul
The proposed approach improved the F-measure performance by 34.25%, 35.41% and
39.41% for testing projects «TUr”, “SWT” and “IDE” respectively for KNN classifier.
For SVM the F-measure performance improved by 43.52%, 41.21 and 39.82% testing
projects «ryr”, “SWT” and “IDE” respectively. For testing projects “CD”, “Deb”,
«rur”, “SWT”, “IDE” and “TUL2”, the F-measure performance improved by 19.18%,
49.22%, 89.42%, 79.73%, 79.94% and 30.30% respectively for NB classifier.

The entropy based proposed approach improved the Accuracy performance by
2.15%, 5.18%, 29.28%, 36.99%, and 35.96% for testing projects “CD”, “Deb”, “TUI”,
«gWT” and “IDE” respectively for KNN classifier. For SVM the Accuracy perfor-
mance improved by 46.26%, 37.15% and 36.45% for testing projects “TUr”, “SWT”
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‘afnd “II‘?E" respectively. For testing projects “CD", “Deb”, “TUL", “SWT”, “IDE” and
TUL2", the F-measure performance improved by 20.6%, 43.7%, 68.05%, 66.03%,
64.38% and 35.49% respectively for NB classifier.

C-ase 6: F-measure of Major Severity Level and Accuracy improvement over
Singh et al. (2017) for training project IDE

In case of KNN, F-measure performance improved by 33.85%, 25.89%, 34.95% and
25.98%, 30.19% and 93.59% for testing projects “CD”, “Deb”, “Tur, “SWT”, “uI”
and “TUI2” respectively. For SVM, F-measure performance improved by 25.80%,
22.64%, 33.81%, 32.49%, 29.54% and 56.57% for testing projects “CD”, “Deb”,
“TUD”, “SWT”, “UI” and “TUL2” respectively. The F-measure performance improved
by 52.06%, 72.88%, 83.97%, 73.12%, 86.38% and 62.14% for testing projects “CD”,
“Deb”, “TUL", “SWT”, “UI” and “TUI2” respectively for NB classifier.

In case of KNN, the Accuracy performance improved by 33.05%, 31.53%, 41.71%,
29.68%, 35.69% and 30.77% for testing projects “CD”, “Deb”, “TUI”, “SWT”, “UI”
and “TUI2” respectively. For SVM the Accuracy performance improved by 18.89%,
26.58%, 44.38%, 31.75%, 38.53% and 27.05% for testing projects “CD”, “Deb”,
“TUI?, “SWT”, “UI” and “TUI2" respectively. For testing projects “CD”, “Deb”,
“TUL, “SWT”, “UI” and “TUL”, the Accuracy performance improved by 41.2%,
66.44%, 68.05%, 56.98%, 67.44% and 59.05% respectively for NB classifier.

Case 7: F-measure of Major Severity Level and Accuracy improvement over
Singh et al. (2017) for training project TUI2

In case of F-measure performance of KNN classifier, our approach improved by
23.90% and 36.35% for testing projects «CD” and “Deb” respectively. In case of SVM,
the F-measure performance improved by 51.90%, 54.56%, 22.80% and 66.83% for
testing projects “CD”, “Deb”, “TUI” and “IDE” respectively. For testing projects
“CD”, “Deb”, “TUT", «qWT”, “UI"” and “[DE”, the F-measure performance improved
by 70.98%, 82.83%, 71.43%, 47.40%, 71.29% and 78.46% respectively for NB.

The entropy based proposed approach improved the Accuracy performance by
21.89%, 39.86% and 10.87% for testing projects «CD”, “Deb” and “IDE” respectively
for KNN classifier. For SVM the Accuracy performance improved by 51.07%, 67.56%,
18.18%, 28.73%, 11.83 and 36.45% for testing projects «CD”, “Deb”, “TUL", “SWT,
“UI” and “IDE” respectively. For testing projects “«CD”, “Deb”, “TUI", “SWT”, “UI”
and “IDE”, the F-measure performance improved by 55.36%, 62.16%, 46.53%,
37.46%, 40.04% and 57.53% respectively for NB.

Out of 42 cases, i.e. 7 training datasets * 6 testing datasets, the classifiers “k-NN7,
«gyM” and “NB" perform better in 27, 30 and 42 cases respectively in terms of F-
measure performance for Major severity class in comparison with Singh et al. [6]. For
Accuracy comparison the classifiers k-NN, SVM and NB perform better in 35, 35 and

42 cases respectively.
Figures 3, 4 and 3 show the
and “NB” techniques for proposed summary entropy

prediction with Singh et al. [6].

F-measure performance comparison of “k-NN”, “SVM”
based cross project severity
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6 Conclusion

In this paper, we have proposed an approach using bug priority, summary entropy and
summary weight for cross project bug severity prediction. For taking care of uncer-
tainty in b.ug summary attribute, we have derived an attribute termed as summary
ent-ropy using Shannon entropy. Summary weight is also derived by taking the sum of
welghts of summary terms using information gain criteria. We have used machine
}?an}mg techniques, namely “k-Nearest Neighbors”, “Support Vector Machine” and
Naive Bayes” to build the classifiers. The empirical evaluation has been validated on
seven products of Eclipse project. The built-in classifiers based on these techniques
predicted the severity of bug reports in cross project context with significant Accuracy
and E-measure. We have also optimized the parameters by using Grid Search. Our
proposed approach outperform with the work available in the literature [6]. The pro-
posed approach improved the F-measure for “k-NN”, “SVM”, “NB” by 1.98% to
93.72%, 1.44% to 93.59% and 18.39% to 89.42% respectively across all the 42 cases
for cross project bug severity prediction in comparison with [6]. Our entropy based
proposed approach improved the Accuracy from 0.5% to 53.35% for k-NN, 4.72% to
67.56% for SVM and 16.74% to 70.23% for NB across all the 42 cases. NB outper-
forms for bug severity prediction across all the 42 cases in terms of both F-measure and
Accuracy performance. More analysis in the field of summary entropy based metric
models may be performed in the future with other projects data. We can measure
various forms of entropy and test the built in classifier with more techniques and data

sets.
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Chapter 20 ®)
Predicting the Fix Time of a Reported e
Bug using Radoop: A Big Data Approach

Madhu Kumari, Meera Sharma, Sameer Anand, and V. B. Singh

20.1 Introduction

When it comes to big data, it is clear that the data is produced at an astronomical
rate. In fact, 90% of the world’s data were created in the last two years. The term
“Big Data” can be defined as data that becomes too large to be processed using
traditional methods. The volume of data that can be considered as large data is
constantly changing, and new tools are continually being developed to deal with this
massive data. It completely changes our world and shows no signs of transit that will
disappear at any time in the near future. To understand this vast amount of data, it is
often defined by five V’s: Velocity, Volume, Value, Variety, and Veracity.

Velocity is the speed at which large amount of data is generated, collected, and
analyzed. Every day, emails, twitter messages, photos, and videos are increasing
around the world at lightning speed. Data is increased every second of a day. Big
data technology now allows us to analyze data as it is generated without having to
put it into the database. A large number of bug reports are reported on different bug
tracking systems ata higher speed. From different geographical locations, researchers
collected and analyzed this big data of bug reports.
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Volume refers to the large amount of data that is generated each second from
social media, mobile phones, cars, credit cards, photos, videos, etc. In fact, such data
have become so big that we cannot store and analyze it using traditional database
technologies. Facebook has 10 billion messages, clicked the “Like” button for 4.5
billion times, and uploaded more than 350 million new images every day. It is clear
that the collection and analysis of such data is a huge engineering challenge. A Jarge
number of bug reports are reported on different bug tracking systems every day.

Value refers to the worth of the data being extracted. Having endless amounts of
data is one thing, but it is useless unless it can be converted into value. Although
there is a clear correlation between data and ideas, this does not always mean having
value in big data. The most important part of the development of the big data plan
is to understand the costs and benefits of data collection and analysis to ensure that
the resulting data can be monetized. The bug reports data has the value of being
extracted and analyzed for different bug attributes prediction [9-14] and bug fix time
prediction [1-4, 7, 8].

Variety is defined as the different types of data we can use. Today’s data s very dif-
ferent from previous data. We no longer only have structured data (names, phone num-
bers, addresses, financial statements, etc.), which is great for spreadsheets. Today’s
data are not organized. In fact, 80% of the world’s data fall into this category, includ-
ing images, video sequences, social-network updates, and more. Big data technology
now allows the use of structured and unstructured data that is collected, stored, and
used simultaneously. Bug reports on bug tracking systems consist of a collection of
attributes. Some textual attributes such as patch, summary, and long description are
unstructured attributes. Some attributes such as bug-id, platform, cc-list, assignee,
operating system, hardware, component, reportet, resolution, product, status, sever-
ity, priority [23] are structured attributes. It means that bug reports deal with both
types of unstructured and structured attributes.

Veracity denotes uncertainty and distortion in data. The data whichis mined should
be meaningful for the problem being analyzed. Veracity is the biggest challenge when
comparing with volume and velocity. Various bug attributes are filed by the reporter
of bugs during bug reporting on bug repository. Based on these attributes different
prediction models have been proposed to improve the software quality. During bug
reporting high irregular pattern has been observed. Bug repository size increases at
a high rate with irregularities and uncertainty.

For bug-related analysis like software quality measurement [16] and development
effort coordination in bug triaging [17], bug fix time plays an important role. It assists
in software quality improvement. It also assists in resource allocation and release time
management. “If bugs in a file take a relatively long time to be fixed, the file may
have some structural problems that make it difficult to make changes” [16].

In this paper, we have applied an extension called Radoop to enable the integration
of RapidMiner with Hadoop to handle big bug report datasets. We have used Hive-
based Naive Bayes (NB) and Spark-based Decision Tree (DT) machine learning
techniques in RapidMiner open source software [6] for bug fix time prediction of
a reported bug. The experimental analysis is validated on 1,23,849 bug reports of
Eclipse and 67,178 bug reports of Mozilla projects. The results show that Decision
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Tree performs better than Naive Bayes for both the projects in terms of accuracy. The
proposed approach shows improved accuracy in comparison with the work mentioned
in [20] for fix time prediction.

The rest of the paper has been divided into four sections: Sect. 20.2 discusses
description of datasets, bug attributes, and model building. Section 20.3 describes
the results and discusses the results. Section 20.4 presents related work. Conclusion
and future research directions have been given in Sect. 20.5.

20.2 Data Collection and Model Building

In this section, we have described the data collection and model building.

20.2.1 Data Collection

We have considered seven independent bug attributes, namely, product, component,
number of comments, operating system, priority, severity, and hardware. Product,
component, operating system, priority, severity, and hardware are nominal attributes,
whereas the number of comments i continuous attribute. The bug attributes have
been described in Table 20.1 [15].

We have calculated the time to fix a bug by subtracting bug opened date from last
resolved date.

Bug fix time = Last_resolved date — Bug_open date.

“The bugs which are reported by different users are assigned to different devel-
opers. The bugs take a reasonable amount of time in fixing” [22]. These bugs are
having an open status till they get fixed.

To validate our proposed approach, we have considered datasets of Eclipse [21]
and Mozilla [5] open source projects. “We have considered bug reports of resolution
‘fixed’, ‘works for me’ and status ‘verified’, ‘resolved’ and ‘closed’. Only these bug
reports contain meaningful and static information” [22]. In this paper, we have taken
different independent attributes such as product, component, number of comments,
operating system, priority, severity, and hardware to predict bug fix time.

“We observed a large variation in bug fix time, which can affect the results. We
have drawn a distribution graph shown in Fig. 20.1 for number of bugs versus fix
time and found that the maximum number of bugs is having the fix time of 0-99 days
across both the datasets” [22].

We classified the bug fix time in three ranges, i.e., 0-32 days (Bug fix timel),
33-65 days (Bug fix time2), and 66-99 days (Bug fix time3) for our study.

Table 20.2 shows the bug reports of Eclipse and Mozilla projects for the observed

time periods.
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Table 20.1 Description of different bug attributes )

Bug attribute

Sh(ut description

Bug-Id “This represents a unique numeric id for the bug )
Resolution This describes thl Imppurul (0 this bug, c.g., hxcd Worksformc, ctc
Stdtll\ B It determmcs th current state (Nc.w Vmﬁ(.d Rcso]vcd elc)of bug
Severity Severity of a bug gives its tmpuct on thc softwarc or its components. It
- is divided into seven levels: Blocker (1) to Enhancement (7)
Priority Bug priority determines the importance of a bug in the presence of
- oﬂtcrs It ranges ftom P1 (most rmportant) to PS (lcast rmportant)
Number of comments | Number of dtfferent comments on a bug that have been given by
o - different users
CC count When a change is done ina bug dunng ﬁxmg, e-marl is sent to
different concerned people. The number of such people indicates the
o i value of the CC Count field
‘__S_UTEIEIE)L_ A bnef text about the bug. -
'Component It refers to the subd1v151on of the product in whrch bug hes B
oS It refers to different operating systems in relation to whrch bug was
e - Illed N
Product Bugs are categonzed mto Products and Components, where a Product
has one or more Components in 1t
Hardware The computing environment in whrch the bug has been detected
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20.2.2 Model Building

RapidMiner Radoop is a user-friendly graphical interface and client software in the
Hadoop cluster for handling and analyzing large amounts o f data. [t can be installed on
a RapidMiner Studio and/or RapidMiner server, and provides a platform for storing
data and running computations in a Hadoop cluster. RapidMiner Radoop runs on any
Java-enabled platform. It is a code-free environment for advanced analytics processes
in which the computations come down to Hadoop cluster. It works directly in Hadoop
5o that the value of data is unlocked in a variety of machine Jearning applications [6]
(Fig. 20.2).

In this paper, we have applied an extension called Radoop: RapidMiner with
Hadoop to handle big bug report datasets. This extension provides an additional
operator for RapidMiner and communicates with the Hadoop cluster to run the job.
The Radoop process starts by adding the Radoop Nest meta-operator. It contains
general group settings (such as Hadoop’s master node IP address), and all other
Radoop operators can only be used within this meta-operators. We have used some
of the data analysis features of Hive and Mahout because they are highly optimized
[18]. We have used Hive-based Naive Bayes and Spark-based Decision Tree machine
learning techniques to predict bug fix time.

We have downloaded the Cloudera Quickstart VM (version 5.13) from the Cloud-
era website [19] and connected it with RapidMiner Radoop. Figure 20.3 shows the
connection of Cloudera Hadoop with RapidMiner Radoop.

83, RAPID MINER

Fig. 20.2 An architecture of the RapidMiner with Hadoop integration (Radoop) [18]
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We have extracted the data of Eclipse project and saved it into CVS format. After
that we uploaded that data into Hive database as shown in Fig. 20.4.

Figure 20.5 shows the main process Radoop Nest. This is the main operator for
running processes on Hadoop.
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Fig. 20.4 Data upload into Hive database
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Fig. 20.5 Radoop nest process in Radoop

Figure 20.6 shows the subprocess within Radoop Nest, which consists of Retrieve,
Set Role, and Validation operators. Hive-based Retrieve operator retrieves a Hive
table for analysis. Set Role operator can be used to change the attribute role. The
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Fig. 20.6 Subprocess of Radoop nest in Radoop
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Fig. 20.7 Subprocess of validation operator in Radoop

example set has been randomly split into training and testing sets by using Validation

operator.
Figure 20.7 shows the subprocess within Validation operator which builds the

Naive Bayes classification model.

20.3 Results and Discussion

In this section, we have presented and discussed the results in terms of performance

measure accuracy.

Bug fix time prediction accuracy of Naive Bayes and Decision Tree for Eclipse

and Mozilla projects has been shown in Table 20.3. In case of Eclipse project, the
accuracy is 72.57% for Naive Bayes and 74.18% for Decision Tree. In case of Mozilla

project, the accuracy is 71.95% for Naive Bayes and 73.17% for Decision Tree.

The results show that Decision Tree performs better than Naive Bayes for both

the Eclipse and Mozilla projects in terms of accuracy.

Table 20:3 Accuracy for Pr'c;acls i Accuracy (%)
Bug fix time prediction ‘ S
| NB DT
Eclipse | 7257 74.18

o e

Mozilla 7195 737
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We have also compared our proposed approach with the state-of-the-art approach
as mentioned in Panjer [20]. The author has used 0-R, |-R, Naive Bayesian Networks
(NB), C4.5 Decision Trees (C4.5 DT), and Logistic Regression (LR) to perform data
mining and analysis of the constructed datasets for predicting bug lifetimes. The
author achieved prediction accuracy 29. 10%, 31.00%, 31.90%, 32.50%, and 34.90%
for 0-R, 1-R, NB, C4.5 DT, and LR algorithm, respectively. Our proposed approach
achieved bug fix time prediction accuracy 72.57% for Naive Bayes and 74.18% for
Decision Tree. The comparisons of the proposed approach with the Panjer [20] have
been shown in Figs. 20.8 and 20.9. We observed that the proposed approach improves
the accuracy significantly.

® Panjer 0-R algorithm

® Panjer 1-R algorithm

= Pajer C4.5 DT algorithm
@ Panjer NB algorithm
 Panjer LR algorithm

# Proposed approach using NB

Fig. 20.8 Eclipse project Radoop (NB) accuracy comparison with Panjer [20]

® Panjer 0-R dlgorithm

m Panjer 1-R algorithm

® Panjer C4.3 DT algorithm
w Panjer NB algorithm

@ Panjer LR algonthm

« Proposed approach using DT

Fig. 20.9 Eclipse project Radoop (DT) accuracy comparison with Panjer [20]
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20.4 Related Work

Researchers have contributed a significant contribution in the development of bug fix
time prediction models. An attempt has been done for 72,482 bug reports of Linux
software [1]. The authors observed that the people, who have participated in the
range from 1 to 8 users, corrected 95% bug reports. The study shows that during bug
fixing 92% developers have a linear relationship with bug fix time. The proposed
model improved the result in terms of R2. In [2], the authors test the prediction
performance of previously used models by using regression models. The previously
used models’ predictive performance lies in the range of 30-49%. No correlation
was found between bug-fix likelihood, the reputation of the developer who opens the
bug, and bug fix time. A model has been proposed to determine how much time a
bug will take to get fixed by using different bug attributes [3]. The authors observed
that the performance measure accuracy improved if developers and comments are
included. In [4], the authors study the tendencies of bug fix time pattern in Mozilla
and Apache datasets [4]. Result shows that bugs of priority levels 5 and 4 take more
than 100 days to get fixed. Bugs of the priority level 2 take less than 80 days to get
fixed and bugs of the priority level 1 or 3 are fixed in less than 30 days. An attempt
has been made to focus on the delays incurred by developers during bug fixing [7].
In [8], the authors identify and filter the outliers from the bug fix time distribution
[8]. Filtering outliers resulted in improvement of prediction accuracy.,

To handle the increasing volume of software bug repositories, we need to use big
data approach. We have used Radoop to predict bug fix time of Eclipse and Mozilla

projects bug reports.

20.5 Conclusion

In this paper, we have taken seven independent attributes, namely, product, com-
ponent, number of comments, operating system, priority, severity, and hardware to
predict bug fix time using big data approach. As the bug repository data keeps on
increasing and growing in the form of big data, we need a big data approach to handle
big bug reports’ datasets. We have applied an extension called Radoop to enable the
integration of RapidMiner with Hadoop. The experimental analysis has validated
on 1,23,849 bug reports of Eclipse and 67,178 bug reports of Mozilla projects. We
have used Hive-based Naive Bayes and Spark-based Decision Tree machine learning
techniques to predict bug fix time of a reported bug. We observed that Decision Tree
performs better than Naive Bayes for both the projects, Eclipse and Mozilla in terms
of accuracy. We have also compared our proposed approach with the state-of-the-art
work proposed by Panjer [20] for bug fix time prediction. The proposed approach
shows improved accuracy. In future, the study can be extended on more open source

and closed source projects.
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FOREWARD

African American literature has constantly documented the
struggles of African Americans with race and (anti-black) racism,
African heritage, slavery and freedom, political agency and social
assimilationas well as the spectres of history and modernity. The
African American writers have regularly wrestled with the
- critical and commercial expectations that guided, compromised
o oor contradicted their own agendas as creative writers or as
proclaimed agents of social change. Toni Morrison intends to
reveal the complexities and contradictions of African American
literature by paying attention to race, gender, class and culture.
Her craftsmanship and thorough probing into the lives of African
Americans catapulted her into international stardom. Her
techniques are an honest effort to aestheticize her artistry of
~ fiction. Her narrative technique correlates ideas and emotions
- around which her characters mature and bloom. For Morrison,
the understanding of the lives of AfricanAmericans is
prerequisite to her commitment as an African American writer.
Undoubtedly she has attempted at refiguring the nature of
African American literary canon. She was conferred on Nobel
Prize for Literature in 1993.

The book by Dr. Vipan Kumar offers stimulating discussions on
- Morrison’s aesthetic sensibility and scrutinizes her astute way
* of delivering the content. Toni Morrison published her first novel
~in 1970 and soon crowned the momentum for her epic power,
. narrative web, and poetic imagery, richly flawless depiction of

African Americans and wonderful richness and vitality of her
" language. Broad spectrums of critical approaches to Toni
Morrison’s fiction are by no means mutually exclusive of one
~ another or exhaustive of all possibilities. One of the possibilities
is to make a critical study of the interrelationship of race, gender
and class in the novels of Toni Morrison. [ do believe that the

) book will prove to be an odyssey into the fictional world of Toni

-V~



v

ting a Way of thinking; a pro,
dicated to her own peoplg ;‘:‘ss‘
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ion and marginalisat; Otn

Morrison. She considers her wri

She is highly concerned and de
her aesthetic responsibility to oppress

of (Affican American) black people-
_ study will be of immense value to

the readers in getting nov insights into Morrison’s ming

and fictional art. The author’s endeavour is a valuable
contribution to the canon of Aftican American literature and [
am pretty Surc that this book documents the QUthOr’s
efflorescence Of sensitivity, awareness and acumen for the
historical conditions of African Americans. The widely talked
about techniques—stream of consciousness, narrative technique,
historiography— are inseparably dominant in all the novels of

stingly, this book by Dr. Vipan Kumar will

Toni Morrison. Intere
prove to be an avid testimony of Morrison ’s narrative techniques.

] can safely conclude that this
| critical

| | Prof. Nandini Sahu
Director, School of Foreign Languages, IGNOU
New Delhi, India
www.kavinandini.blogspot.in
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CHAPTER 1
INTRODUCTION

e : 1
“She was our conscious. Our seer. Our truth teller”.—
‘ Oprah Winfrey

the‘r.ature mirrors the society and all litterateurs speak the spirit
of time which is an aceretion of all the political, social, cultural
and religious characteristics of a particular age. Great fiction
transcends time and space and enjoys universal response, yet every
major work of art and literature is rooted in the soil of a culture

and is held, with pride, as one in its finest efflorescence. It is by
this measure that King Lear is English, Madam Bovary is French,
War and Peace is Russian, Faust is German, The Serpent and the
Rope is Indian and Invisible Man is African American literature.

In fact, a novel is initially a sociological document and in the final
appeal it is a cultural asset. It gives glimpses of the dialectics of
society and self. Percy Lubbock, in his book The Crafi of Fiction
writes: “A novel is a picture of life, and life 1s well-known to us;
let us first of all ‘realize’ it, and then using our taste, let us judge
whether it is true, vivid convincing-like life, in fact” (9).

It may be argued that by ‘picture of life’ the writer here does not
necessarily mean picture of man’s social life. The novel may give
us pictures of man’s inner life, his soul, his spirit, his feelings, his
emotions, his intellectual and philosophical awareness. In fact,
Thomas Hardy wrote that “novelists of social minutiae” with their
“photographic consciousness” (119) presented only life gamiture
and not life. Hardy has continually emphasized the transcendental
end of art. But since the very mode of human existence is a social
one, so even in man’s inmost being we can glimpse the society in
which he lives in flesh and blood in relationship with other
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individuals and various oy Institutions. A true; vivid, apq
convincing p.lcture' of life w; , therefore, show man organical\ly
rooted in society with gy, dﬂimensions as soul, spirit, intellectua],
Philosophical and tr

MsCendeny) awareness, etc. as the
efﬂorescence of th

Atorganic p,, Y. Ina g : ;
asonnet entitled The Novelist,
W.H. Audep Says that “th Novel

ile he ; “ISthas to stay g the time in a rea]
Wworld while he jg Writing 0 stay all the time

ol expetience of ;o 15" (147). Wallr Besant giyes
the authorig ®Xperience of Pride place among the laws of fiction,
Henry James, ope of the great Practitionerg of the art of ﬁ.ctioln,

t

says th.at‘ somthigg Importapt With regard 1, the historica]
authentlclty of life ig depicteq in |

Novel, He writes in his famous
CSsay The 4, of F iction: ~ R

-political concery has, since
many great works of genius,

demands of the time, where the majority of problems raised iy,
bristling multitude by contemporary social ang politica]

» analyzed and interpreted. The
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Enduflng fiction forges itself in the smithy of reality. African
American fiction has also held a mirror up to US social life and
down the decades it has explored the varied facets of US society.
This flexibility inspired African American writers to figure the
themes of gruesome poverty, social change, and crisis of identity,
emerging experiences, alienation and anarchy on the screen of
African American novel. African American fiction reflects a perfect
blending of the individual’s inter-reaction with external reality
offering a rich repository for the novelists to choose material for
artistic-creation from African American customs, tradition and its
socio-political set-up. The growth and evolution of African
American fiction has thus encompassed the whole gamut of
experience from the historical to the social, and the psychological
as it is iambically related to the environment wherein it takes birth.
The craft of African American fiction is imbued with the novelist’s
genius to reflect the society in its verisimilitude. Interpersonal as
well as intrapersonal relationships of people in a society, their
problens could find suitable expression in the novel as “novel is
the readiestand the most acceptable way of embodying expetiences
and ideas in the context of our time” (Dhawan 6). This elasticity
attracted African American writers particularly those involved in
activities of social reforms.

By African American literature, I'thean writing about blacks by
African American writers with a black consciousness. The form
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DISABLED GLOBAL[ZATION

EMPLOYMENT Reay g

Pankaj Lakhera
Human society is marked by i“ﬂ“‘ity- Tt may be in terms of economic
condition, social status of political po

it may be a disability,
Disbilty may be defned s & hindeance rced by person while doing
some work due to physical of mental impaiment. Such impairment may

be in the form of the foss 4 limb, sensory impairment or mental
retardation. The: long-tetrs impact of disability is ot Limited to just
physical impairment, but “also to challenges in social, psychologjcal,

educational and vocational fields (Bhatt, 1963: 66). z
Disability may bcofdxffcrcnttypa The Rights of Persons with

Disabiltes act of 2016 mentiods 21 types of benthmak dissbiltes which
ue as follows; - - G

1Blindness, 2. Low-vision; 3 Leprosy Cured persons, 4Hearing
lmpainnm[ (déa? Tha hatd o eanng),S Locomiotors Disability,__’ﬁf; o
Dwarfigm, 7, Intelectual Disablity, 8 Menta) Hiness, 9. Autism bpcctrum
Disoder, 10, Cerebral Palsy,. 1, Muscular Dyseophy, 12, Chronic |
Newological conditions,. Specific Learning Disabilties, 14, Multiple *
€108is, 15. Specch ‘and Language disabilty, 16, Thalassemis, 17,
aemophilia, 18, Sickle Cell Discase, 19. Multiple Disabilities including
! f-ﬁlindncss,:f(i Adid Atta(ckvxctun,m Parkinson's diseasc, (I’he‘Rights
* Pesons ith Disabifies Bil 216 (GO1) L




e

those disabilities which are
d on benchmark disabilities
ulation in India as per the

History, Cultsere € Literature . o
Howevet, here we may consider oy

mentioned in the disability bill of 1?95~ Base
mentioned in the bill of 1995, the disabled poP
2011 census is: SERTE
Disabled Population by TyPes of Disability 10 India: 2011

R 14, 986202 11,824,355

“Toul | 26810557

| In Seeing soadey | 6856 2,393,947

InHeuing | 5071007 26TT5H | 2393463

g | toomsss | 14296 |, SEF
__’_—-—-—‘____—_—-—-——-__—___—-——J

Saseg0s | 30O 2,066,230

] InMovement

B e} A% by
" Nentl Rewrdaton| 1505624 | E10708,_ | 634,916
Venillness | 722826 | a5 | 30709

AnyOthct Caomon | Tomes 2,190,183

Multiple Disability| 2,116,487 1,162,604 953,883

i 1 o (Source: C series céﬁsus_ 0f1nd1a201 1)
;:23::3 ::g: ?if'ist'r}:ﬂlilg " i We}::?at.lis the impact of globalization in India 0
ons with dibilies xpecilly in the cGext of emaployment? 1
lgadm8 to fnclusxvc employment or is pushing P " ploymegt? Is i
of the'society?: € petsons to the martgins

S 9017 e of the most pobulat and i
the present centuty. It has both POSitiVe azzpulaf e%nd mportmt terms of
treated as 2 subject of debate in the gc d e negatxve consequences. Itis
academic literature in social sciences
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[ pertains to economic ’iﬂtetdePcndcnce
more snd more free trade all over the v, ntties leading to
mesns increasing privatization of services Zﬂd' F Ot a common person, it
technological advancemeat.In economic Pening p of th cconomy and
capltal invesmientby tthNCs’ big fm‘jﬁf:fhccwc, bn i . olves. huge
mc:casmg cor.ngftiﬁ,on among vasious firms loos":z: 0y'f [:cnvm?hy#%
econOm’e actl_v.lugs’ 2 big surge in plobal trade and fnorc iunl;::s?: Z:
economic efficiency: Glopalizaion tho symbolzes the apid sprad of
information thmughh{npdgm‘means of communication such as TV and
internet, the fast development of transporution, growing cﬁpbym&t
oppommities i1 various sectors, sising living standard for the emetging
middle class, availability of clectronic goods and automiobiles st chedper

of different cou Readingthe Margins

ing *to " Peter Marber, globaliution involves the czoss—botda:
i n*:whether:*fccoﬂomi'c,'i'social ot cultural, ladmg oﬂ;;::m;

. 9015:~Wotld Poli Journal). It:is « due- 1
progress (Marber, 2(‘)15“ ordd 'cy o ot

one of the fastat-gfowing 'egé
three Bi]lion. s as® ¢

i o o P T
e 2o oy in the present 5¢ £ resence
But, everythiog *;°‘I:‘§f, on gan 3 15 nnprcssfc‘j . E,_gwd»« i
B ;,:::..]-I . “a o : allﬂb 0 ﬂs'um‘
cC0NOTNE o, handsome PAT e L
of big compat 4 aid relecornmu®’ o
transpoftation = 4 ener
s ¢ .the lcturc. P R
side of the P’ ¢ gituatio®

i, e P i OF
“quit‘aﬁonf;‘k’fhb?? ﬁ:e’conodaic ;;n i
fortwork il deg gatiots 2% gy of ¢ e gt
envirotIeT™, | iaeofthe® e ¢ the »suucmr%} .t bedl
abovesll, the decllﬂ et "1@cﬂﬂdon Ommcﬂt cxPCﬂd‘“}f.'f

5 ot a1 k v
Globalization _-nnfh;%m e cit 2 g
progmns‘ (Sﬂps)' % $oS
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History, Culture & Literatury

affec.ts sectors like health and education. It tesultsin the reduction of
subsidies and the privatization of essential services: As the MNCs buy the
state-owned - companies, many wotkers lose theit jobs. Not only that,
services » like transport and power supply ‘become more expensive,
(Sengupta, 2003: Social Scientist Vol. 31)

The net tesult of the saps is rising unemployment, constant inflation, rise
in food prices and the withdrawal of subsidies from public services
Moreover, it also challenges our sovereigaty since the patliament has no
é@x’}&oi over the day to day functioning of foreign companies. (Sengupta,
2003: Social Scientist Vol. 31) T
Employment situation prior to liberalization: .
We cannot understand the impact of globa.lizatibn on the employment
scenatio:-of persons with a disability. unless ; we: «compare. the pre-
liberalization :-period .in. terms of -employmeat: with - the perod of
globalization. In the pre-liberalization.period, India adopted s
development strategy with & mixed economy based upon planning witha
ptéddm_iin’ncc of public sector. The main thrust of the state was to have
conttol ovet all key sectors of the econony with an instrument of state
planning: The objective of development at that time was to establish 8

F

socialistic society. Thatis to bridge the gap between the rich and poor.

This policy resulted in 4 big tisc ia public-employment and social secutity
for a-common person. The industrial resolutions of 1948 and 195645 well
cstzﬁﬁshcd state monopoly ovet all the key industries such s coal, iron
and:stec], minerals, shipbuilding; matfactute:of sirceaft, telephone and
telegriph: equipment; sailways, -defence; Nuclear * Enetgy, Space
Technology etc. (Gill, 1985 ) Not oy thi, all the basic facilities such as
Bealth, education, public tragspott, powet and water supply and public
distribution system wete in goverment hands. ‘That was the time whe
the public sector was the major employer.of most of the people including
persons with disabilities. i ) .
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(g countries like India, it iy the pub
s "ﬂh diubilitiu. h cmp
'gcnﬁ' of resetvation it )Ohl The

h | Reag e Marg
© ector which i 4 ™ajot employer of
loys

s thtough the

ed tenure, They

life. On the contrary, the ptiva i
of the above-said facilities,

If we sec the pre-liberalization scenariq of
disabilities in India, we find that ig 1977,2p
executive order thatall the three categories of the disabled would be given
1 pet ceat of reservation each, which would be computed based on total
cumber of - vacancies in any department. But, this provision - was
sccompanied with the clause that reservation can be given only on
Meatified posts. This policy also meations the carty forward of jobs and
exchange of jobs.Initially; the reservation was confined to class Cand clas
D jobs. But, latet it was extended to-cliss B and class A posts-also, The
persons with disabilities act of 1995 further consolidated these provisions,
(Satin, 2009:228-229) ¢+ - T T
Employability of pcrsonswlth disabilities and itsAtqt'lsciqﬁ;ncss stmed
taking oots during the agcad{ of 1980s. And that is only when the
Organizations like the National Federation of the Blind tesotted to mast
struggle for cmpléymmﬁiQQF sexample of this was a-big agjtation ‘._of
Persons ith disabiliesin front of paciament on March 16, 1980 In which
Pole tesorted t6 lathi-chasge o these persous. This incidnt dew the
ittention of the geueral public, mass media and inte'rnzatlbo.ﬂi‘li 018°m9§f:]n3
0 the problem of acute unemployment of diszbled in Indi. Consequently,
7eat 1981 wa lclared as the intecnational yeat fot the dissbled by the
titeq Nauons{Otgamza tion. In the decade of 1980s, the level of

employment of persons with
rovision was made through an




‘@

b

o R B BIOTNI0, 97046345, |

s WPCA | Prrafinmer

A Al v reny R LR L] . — )
[ ""u'*.vr...mmuxw O O e ..w:vi

L m e vy

g

History, Cukure & Literaturs , ‘
education and professional training among the disabled was not so high,

So, the workforce which was prepared at that time was basically for low.
level jobs. The emphasis at that time was on the class C and class D
vacancies. The reservation was also at that time was in gr?up C agd group
D posts. The special recruitment drive for the disnbl’cd in 19?7 is worth
mentioning here. In this drive, a lot of persons with disabilities were
tecruited on the posts of lowet division cletks and school teachets.

(Rungta, 2016: personal interview)
The success in getting group C and group D jobs led to more struggle for
ently, there was an ordet

group A and group B post since 1987, Consequer : .
of central government that priority should be given to dlsnblt':d in the
selection of candidates for these categorics. In 1993, 2 landmark judgment

of supreme court came wherein it was ordered that disabled includi.ng d:.lc
blind should be allowed to sitin civil setvices exam. If she/he qualifies in
that, she/he should be given employment in group A or group B post. The
government should also consider reservation in these categoties. But,
despite this and persons with disabilities. Act of 1995, no reservation was
given in group A and group B posts up'to2005. Again, a struggle for the
same was started and the success could be achieved up to 2007 and 2008.
It must be kept in mind that whatever had:been achieved after 1991 was
not due to the impact of globalization but it was basically ‘due to the
disability Act of 1995 and sincere efforts of disability organizations. Thus;
we find that in the pre-liberalization period, the chances of employment
for disabled persons were quite optimistic. Since most of the economy was
In the public sector, it was bound to employ the agency of reservation.
(Rungta, 2016: personal interview) ey
Declining employment in the eta of globalization
In_ J 'ley dj 1, anila l:j;p tfd the I?!OH’?Y, of economic liberalization,
rivatization and glo SH .
fconomic situation.gThc cx:et:lz d:l‘:‘lterég:}]jcg o8 .reSPm:lse e gnm
was on the brink of repayment defaul ga s asmaing polnt that Lui
St The uncertain political situation

»

further worsened the situation. Not only this, the fall of the socialist block
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jp Eastert Europe including the Soviet Union took Rtk By M

et aw
ot ideology. Moteover, the neo-colonig) forcz t::g‘;m":‘ o
e keen to

integrate India into the world’s capials cconomy. (Gupta, 1992)

The sssumptions behind the new economic policy was thy

conrols and licenses had discouraged the efficient growth of t; SYS:m of
eated & vested interest in ever-increasing bureaucracy, The u:,]lir: ,titg,'
controlled by Political patronage, managed by ill-trained l:md corrupt
puresucracy and run by inefficient and irresponsible workforce was eating
into public resources. (Gupta, 1992)

Jtwas in this background that there came the liberalization package starting
from July 1991, The first step of this was the devaluation of the rupee. This
was followed by temovgl of industrial licensing for most products, raising
of foreign equity limits in industries, the abolition of MRTP clearances,
disinvestment of government holding in the public sector, reduction’in the
qumber of product and reserved for the small sectors, ‘automatic
permission fot foreign technology agteements in high priority industries,
sutomatic cleatance for import of capital goods for export-oriented units,
liberalization of policy regarding industrial location, concessions in taxes
etc. (Gupta, 1992) '

Globalization means that the economic policies of a nation are nqt limited
to thei national interest only. Globalization Jeads to qggomation which is
pat of economic policy and technological advancement. %o,' cu?ploxment
Prospects ‘are ‘depending upon these polid§5~ Undcr Fhe PXOCCSS of
globalization, the companies have become uansgaugnal and ate I:n‘gagfd
I cut-throat competition. In such a situation, tht’:y \adAop’t”thqe method 'o.f
Cost-cutting to remain in the market. For 'cost-ufmng, thcy not only re:;t
% new techniques but also rend to teduce theit wotkfofce, Du;1 tcl> 3
technological advancement, the opportuﬂityif"S for egnplyyngent i e';hwe,t
leve] gpe going down both in public and in the private se?tor. : s;ct
tendencies result in a reduction in the actual workforce: thete 15 10 €0

jcall
! ‘ . oo the em loymcnt ofphymy
tatif the WOkaOtCC,mge““al’isdecmg;hcrz miy be gn increase in

Challcnged is also declining. Moteovet,
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employment in the private sector, but public ‘employment declines,
(Rungta, 2016: personal interview). The table below shows these trends:

Growth of workforce, 1981-2001 census

(Fig, in.lakh)
Census| ‘Total Population | Total number of 9 of workforce in |% increase in:o—,a
Year Workers (main | population force in 1981-1991
® \ \Indn el | Toda | Delld | India | Delii | India | Debi
\ ‘19811 8518 | e |2en %0 | B0 | 2 | -
\ 1991 \ 8463.05 \ 5471 | 314130 | 280 | 3742 | 3163 | 2842 | 4885
P.OOI \10270 15\ 137.83* | 402512 | 45.27* | 39419 32.84 | 2814 | 5191
* Provisional s
(souxcc. Employmcnt Handbook 2016)
We may easily visualize that the populauon in Indm as well as in Delhx
increased substantially between 1981 to 2001, but the wotkforce did not
increase at the same pace. It dcclmed at the national level, but it incteased
'matgmally in Delhi. Even the increase i Delh1 may be atmbuted to the
‘migration of wo:kcrs from nelghbourmg states
Moreover, studying the data as prowdcd by specml employment exchangﬁ
for the period between 1990 to 2013 regarding the placement oﬁphysicaﬂy

challenged petsons, we find that there is hardly any increase in the ratio of

employment being provxdcd to such petsons in the country The. table
below shows this trend: gis

Figures for special exchange fot phys1cally hanchcapped
(in thousands)

\7 Year (!, i _Dlacement ) ‘
“‘» f} 'j Blind Dedt und dumly Onhopacdics \ . | Wement®
K8 ¥

"0 Aeve S9I03TILO0, SATINABIAS,
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(§gmv¢canﬁ{§loj¥meﬁt Handbook 2016) .
Globahzamn has an adversc im
°5Pcc1a11y m the pubhc sectot. For
1999-2000, “62.5% of  the W°ﬂ““

mployed which is 24. 9 pctcentagc g)oin 8

fate fot thosc Wlth dlsa'blhﬂes (37
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i 19;‘:‘P1°Yment of the disabled persons in India fell from 42.7 per cen
t0 37.6 per cent in 2002 due to the shtinking of the public sector,

where these persons wer
e employed most (Mitta and Sambamootthi, 20\
199~203) Pl o t, 2006

Globahzatmn liberalization and privatization of economy during the
~decade of 1990s has helped in the growth of highly skilled jobs in

Information Technology, Automobile Industry or other service sectots of
 the economy. But, it has failed to create jobs for the unskilled poor
~ workets, because Public Investment in areas of the economy which

generates jobs for the Millions of unskilled labour force lagged behind the

requirements of expanding Indian Labour Matket. This tendency is mote
 dcute in the case of persons with disabilities (Bhambht, 2005: 17).

" In the era of globalization and economic liberalization, getting 3 per cent
mervauon in government employment is vety challenging. It is full of all
types of hutdles right from tedious paperwork to putsue the officers, going
to. the cotitts and even agitating on the roads (Rungta, 2016: personal
interview). Reservation in government jobs has been implemented either
with the help of judicial ptonounccments ot through the ag:tations done
by disability otganizations. The govemmmx itself: admits that out of 3 per
cent, only 1.2 per cent of teservation has bcen given. Out of this
reservation, 60 per cent has been given to locomotots disabled, 25 pet cent
to- heating impaited and only 15 per cent has been ass1gned to blind

(Rungta, 2016: personal intetview). .

So, globalization is affecting the employment of disabled persons. The low
level jobs ate shrinking dué to technological ‘advaricément and ‘the
teridency ‘of cost-cutting. The high-level )obs ate incteasing slightly. But,
only the people, who are wcll educated and arc from wcll to do famlhcs
are takmg ndvantage of these opportumths But now, cvcnhxgh—level jobs
are not sccured Govemment is adopung the pohcy of contmctuhzanon
and outsourcing. So, the employment opportumtlcs for dxsabled are
decreasing in the age of globalization leading to theit margmahzauou
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loyment scenatio, in pH . Reading the Margins Alg
;r:: lization ’ puvate sector, in the era of ‘ ‘7‘5
MNP ot

ﬁ:nit:;zfi; x&ci::)mu'es.bm of 1995 provides for 3 per cent '
e AR ors in jobs for persons with disabilities. There is a
gso 8 provision fo; Providing an inceative to ptivate fims who employ 5 ﬂ:
cent disabled people in their total workforce. But sull, thére is acute ;:
unemployment prevailing among persons with dissbilities, Even the P
ptivate sectot, with a high growth rate, could not provide enough
employment to these persons. Apex bodies such as CII, FICCI and
ASSOCHAM.stil o, ot have polices relating to the employment of
dissbled people.:A study was conducted in 1999 by the National Centre
for Promotion'of Employment for Dissbled People, Delli, toidentify the

urrent practices' of Indian industry with regard to the employraeat of
disabled people. A -sample of 100 corporate ‘houses  was- chosen, by
inclading all the totporate houses listed in the ‘Supet 100 ranking of the
corporate sectof’ by ‘Busmess India”; 23 compaties i thcamplcwae
public sector nies whlle67 w;fej thc pnvatesector cpﬁxgi cs and
{4 wece mulfinational compsaies, Of e 100 compaaies to whom the
questons were. sqift}i>x§1‘y/7Q§i§é69éc}d-.;Dlif%.tornl;aumbqﬁnf:mlgy@
e 7.06,363 of which 3160 were diabled pessols
Among the.

in these companies was 7
of the employees: ..
panesbad €mploy
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ypes of disability among disabled employces

Types of disability ' percentage of total disabled cmployecs
9.87%

Visual impairment

Loco-motor impaizment 70.57%
Speech and heating impairment 8.26%
Mental retardation 0.66%
Other disabilities 1.87%

Dis,a:bledpersons as a percentage of the workforce in different

companies

Publicsectot companies . T 0.54% of the total wotkforce
Private sector Indian companies . - 0.28% of the total workforce
' 0.05% of the total wotkforce

No company in-the:sample emp oyed disabled persons above 2% level,
to them if they

way below. 5% level toclaim theinceatives B85 nteed
“Yisab] ; 1 -motot'disabﬂitym

employ, disabled persons. isabled people with loco
: ~probably because they are less

ost commonly employed, ;
isabled, and people with mental retardation ate rately employed,
bly due to the stigma attached to ciital retatdation. It has also been
D that persons wth disabilite, who are employed, bave amild degret
o disabilty which i ot big hindrafice i doing any job- (Abidi, 1997)

Ah

give-job only to those workets who ate well
educated, trained and have good communication skills. It has-been found
¢hat the digabled persons ho belong to & well todo My‘may -
access -education, technological advaticement and othet facilities. But,
those who dte 10t so fortunate or who live in rural areas;cannot have the
same. It must be kept in mind that in the countries uk¢~--lndi§,» there is 8

disability and poverty and most of the persons with

direct relation between
disabilities belong to poor section of our society who are not suitable for

modetn skilled employment.

The ' ptivate-sector. 04y -
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Thus, privatization of econgy ,
for disabled petsons, But, the Openeq highiy gy o n:a{ingfhu,,,,,

high“ education and adequatc e ot
ot match th‘h thc_ Tequiremengy 8; m(:; iy ining programm do
the persons with disabiligie, ate from | e skilled i

The pre-1991 refofn{

dsvcloptrfem stratfgy md its impact on the labour regime, The i a4
muked lfy'thg policy of a mixed cconomy with a prevalence of the public
secto: Since most of the working force was engaged in the organized
public sector at that tifme, they wete sutomatically given all the benefis.
In that period, thcgbvemmcnt of India also supportedthc tmdcnmon
| moremcntand came ot with v b b b e prcton o
wotkers. Apart from benefiting the general workers, these laws have been
| wite important for workers belonging to weaker sectons ofsociety such

4 persons with disabilities,

Th important abous s made b the govemment o ndi rom e o

;I;im'c‘arc - . 5
' 10 Minimmum wages Act 1948
¢ 2 Payment pf;%;sji_s_'g&gt'1965‘
3° Provident fund Act 1952 -
4 Union Act 19265 % :=
5. Compensation Act 1923
Allsuch acts insured the Eafet;' of the warkers in both the public as well s

RN issatisfaction with
the private sector units, Whenever the workets ot dmsm&cf W

2 Tk 14
]
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the authorities, they came out with teade

etc. (Singh, 2016)

Thc post-liberalization petiod saw a U-tum i the development policy of
the government. The petiod is marked by ¢ main features of
globalization such as the free flow of capital, free flow of labour and free
flow of technology. The number of ;- public  sector undertakings is
decreasing constantly. The govemnment wants to disinvest the units,
"d_OWﬁsize the staff and privatize most of the sectors inl the economy- The
emphasis is now on inviting the foreign direct iavestment at 8 1arge scale.
The major shortcoming of the various labour acts in India is that they only
cover the labour of the formal sector. The labour in ;culture, as well 2s

thc ihformal sectot, is not cove;ed by them.

union activitics, strikes, lockouts

Thus, various labour laws are applicable only in the .organized sector. Even
in the formal sector, 3 number of workers can fall outsid
the laws due to the nature of the work they petform. If the workers in the
private sector units are given full benefits, it will reduce the profits of the
investors. So, the prevalent practice is to minimize the coverage of the
labour law without making a0y change in that. (Singh, 2016)

e workers in private sector. industrial -units are 0ot given
permanent jobs. They are hired on a contract basis. Their employers thus
the full freedom to hire and fire the workers. These workers cannot
d benefits such as bonus, provident fund, medical
facility, insurance, pension and othet retirement benefits. the workers with
disabilities are either not taken by privat\e"‘s“ectdr units or even if they ate
taken, they do not enjoy any social security as they also work on 2 conttact

basis.

Often, th

have
have the other job-relate

Suggestions and Conclusion Y
The apove discussion reveals that the process 'of globalization and
gc@po*mxc Pbcrﬁhzation is adversely affecting the employiment b0 &
persons with disabiltes If they do niot get adequate employment their
inclusion in mainstream socicty would be quite difficult and they ;”ould
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Reading 1 Margins

© the ways 1q fuce the challenges put

gs said b'yDr, Mamnohan Smgh: [t means promoting balanced social and
econommic development, responsible macoeconom acjcies o
emphasis on agticulture, employment and v B kg
s Tt and viable social safety net. “The
dev d"’Pm‘n_t “process Sh."}‘ld be in tandem with gn emphasis on' the
aeahon'Of ]0‘3 QPW@G&. If this policy is followed honestly, it would
lead to inclisive gowith,involving allsectons of society.” (Singh, 2004
Ttis ‘,f‘?‘.:“3?F pubhc sectot would not be able to absotb all unemployed
disabled persons. The reservation should indeed be properly given. But no
ggvemmcntun gﬁxplpy all needy persons. Hence, the disabled persons
should be ttaincdm such & manner that they will be able to compete i
open matket with other able-bodied persons. g :
The government has to introduce some measures which would enable the
persons with disabilities to meet the challenges of globalization. Fot
instance, in the Rights of Persons with Disabiltes Bill of 2016, there is &
provision fot skl development fot disabled and also faciliating their self-
employment. Not only this, reservation in public establishment has been
increased to 4 ;éf-ccnt‘in place of 3 per cent. There are provisions to give
incentive to pﬁvatt firms who employ these persons. But, one must gd{:li\t
that 1@15&@51 ﬁﬁy ‘dnly gm ‘?ighfs in theory, it cannot cmplloy pracu’cc.
Nolegislation s say thatif eopleteinedin macagerment o information
ekl i foqisd o ob maket thee prons thuld e 58
employment only on the basis of disability who even do ot qisified for
scha D . Ry

1n order to prepate the persons i

given education and vocation
Jatgon of inclusive education can make 4
Dot lead to qualitative education.

th disabilities forjob macket, thc)j;hogld
J| training needed for job market. The
quantitadvc increase, but it may

a1

The workforce prepared by such

fo
it
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education would be unemployable, They would again become a liability for
the society. Although integrated education must be thete, special schooly
cannot be eliminated altogether. In the disability bill of 2016, it is up to the
parents whether they want to send their disabled child to an integrated
education school ot to a special SChOOl

Economic freedom and capacity is the key to get equal status in any society,
The employment of the disabled has changed the attitude of society
towards the disabled. Nobody can manifest discrimination against a
disabled person if he is employed and earning his living respectfully. We
mustadopt & multi prone approach to change the attitude of society. First
‘ of all, the disabled workers ‘must éct an example of sincerity and best
performance, They should try to wotk better than able-bodied workers.
The working performance of outstandmg disabled persons has earned
respect for other persons with disabilities in society. Attitudes should be
changed by demonstrative value. The talk about one sincere disabled
person leads to the change in atutude of people to other disabled persons
also. All these measures would bring the persons with disabilities in
mmainstream society and would brmg thexr margmahzatxon to an end.
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Archaeological Evidence of $iva

L.B. Swarankar

Prehistoric Age

India happens to be the sacred land of the gods and goddesses, where, from the time immemorial,
several deities had been adored, while some of them disappeared from the Indian religious horizon, as
rapidly as they had mushroomed, but some of them were relegated to oblivion with the passage of time
becoming redundant. Still, there had been certain deities, who after appearing over the Indian religious
horizons never lost their importance and continue here even to the present times, facing all the political,
socio-religious and other viscosities. Lord Siva comes under the last category, because his following
never disappeared from the Indian scene after he attained the position of adoration and worship. Besides
the ancient Indian literature, even the archeological evidence is quite vocal on the subject for the presence
of Siva has been found in the Harappan culture commonly known as the Harappan civilization which is
believed to be the pre-Vedic. The name of the pre-Vedic proto-type of Siva is not known to us, but Rudra
continued to be the principal name of Siva. The Harappan sites in the country as well as those in Pakistan
have the evidence of the presence of Siva in human as well in the symbolic form. A seal from H‘arappa
displays a horned deity seated cross legged in the forest, stretching his arms upto the knees, which has
been interpreted to represent Siva, in the form of Pasupati, surrounc}ed .by the wild life. The inscription
over the seal has not been satisfactorily deciphered yet. But the deity is supposed to be the Proto—type
of Siva. Even the pre-Harappan sites like Namazga, Kuli and Zhob in Afghanistan and _BaluChlStan,_ have
yielded terracotta images of Siva and yoni besides a large number Ot? bull.s. Th}s establishes thedan“QU1t¥l
of the worship of Siva in the Indian sub-continent, In so far as the hnstorxczfl sites are co}::f:ernfeS: enof;xg
of evidence has been forth coming in the form of terracotta artefacts, manifesting worship of Siva from
Ahicchatra, Kausambi, Rajghat and many others.
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resence of
counterpart of Siva and the Vedic an The glimpses of the p Rugry
hundred names of the god i.c. Satarudriya in
Siva in the Rgveda are given hereunder:

(i) May Rudra, the lord of cosmic vitality,
winds send us rains and make us happy.

o ancient Indian l

ho vital breath, and divine speech, the all pervagiy,
the vi ’

ou may cherish, their noble deeds,
il Rudra, men glorify you with hymns. S0 ;h‘f: ):/oi ce to praise you first and men
(i) g Resplen:“ent ukm‘ed saos, in one accor lift up thei
¢ spiritually awaken )

possessing vital energy also sing forth your praises.

4 . ing all the weapons, O Illustratigp
. . enemies to cry, hOIfh"g a :
o I?JB‘:“\:'?\L d]:xt;zig:fe?eﬁ?nl?ha:;g:a drink the soma juice, you get fully conscious of your
aruts.When y
functions.

Yajurdeva

Ruda has been eulogized with a hundred names in the Satarudiya Sarihita of the S :ikj:éy Zuhr:efla of
Vajesoehi School. In the Taittiriya Sanhitd of the Krsna-yajurveda, he has b‘?:“ cootf‘;orms ving 2
thousand fold virility. Chapter 16 of the Yajurveda conceives Rudra in a variety :

Brahmanical Literature | o

The adoration of Siva in the form of Rudra continued duripg the penod‘ of the Brahmanical literature.
Upanisadic Literature

The Upanisads, besides the Brahmanical have their own importgnce while dealing with the various
aspects of Siva.
Epics _ : :

The epics of Valmiki Ramayana as well as the Mahabharata besides the Upanisads have their own

importance in the ancient Sanskrit literature and Siva is conspicuously found present in both these texts.

In Mahabharata, Siva enjoys a prominent place. He is adored in the two exclusive poems in which he
is eulogized as Siva Mahadeva.

Puranas

The puranas have added immensely to the develo
many episodes from the Vedic and the post-Vedic lite
highlighting, the benevolent, heroic and the urga fo

pment of the personality of Siva. In these texts,
rature have been included and further elaborate¢
ms of Siva. The Puranic literature is so vast that it

opment of iconographic features of the deity with hj
stic art, ‘
O) Agni-purina (Ch. 53) brings out the essential featureg of the phallic emblem of Siva includiﬂ%
the mode of sculpturing it and jt dimensiong besides the measurement of the pithas. The nex
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Chapter describes the merit of worshin, :

ther related details. PPINg the phallic emblem made of different substances and
Bhavisya-purana (Ch. 85) highli ‘

Jake where he meditated )Si‘\:ghfl(‘»gh\l; i episode in which Krypa, ance went to the Mansardvara
gods who called Krsna during his years, lh’c next Chapter provides a graphic account of the
purpose of performing fapas ( wc‘| S\n‘y M‘Knimm' This event of Kyypa's visit o Himalaya for he
the Siva-purdna. § (penance) for Siva has also been found in the Vayaviya-samhita of

n " /
1;: gi’id': x:l!:lre ag:t éghAziz r:;?\m“cs ll}c episode of Siva's destruction of the sacrifice of Daksa in
much against the wishe f1glm- this account, Sati went to the sacrifice of her father, uninvited,
vitation. Even & s of her husband where she was humiliated for ariving without the
" en Siva was abused by Dakya, as a result of which Sati ended her life in the fire
altal: of yama. The concluding part of the Chapter relates to the birth performance fapas for
getting Siva as her husband. In Chapter-36, Siva's marriage with Parvati is described.

Chapters 205-2\061 describe the battle between Banasura and Krgna and ultimate marriage of Usa-
the daughter of Bana‘sura, with Aniruddha, the gtandson of Krgna after a battle between Siva and
Krsna. The same episode has been included in the Siva-purana as well.

Devi Bhagavata-purana, [3(51)] narrates how Siva eulogizes the goddess alongwith Brahma and
other gods, calling her the universal mother. According to the Chapter 17 of this Purana, Visio
once cursed Laksmi that she would never stick to one place and shall always remain on the move
being unstable. After the curse, Laksmi left Vaikuntha and came to stay at the confluence of the
rivers Yamuna and the Tarnasa in the form of a mare. She spent all her time in the devotion of
Siva having five faces, ten arms and with Parvati as his spouse. She spent thousands of years in
her meditation. Thereafter, Siva and Parvati appeared before her and Laksmi apprised them of
her misfortune because of the curse of Visnii. She then prayed to the divine couple to rid her of
the curse. Siva then pronounced that she would be free of the curse after giving birth to a son.
Laksmi then pointed out that she could not have a son without Visnd, her husband. Siva then
promised that he would send Visn in the form of a horse and a son named Ekavtra would be
born to her and she would be relieved of the curse.

Harivarsa Purana (Ch. 188) contains the story of Banasura who desired to be a son of Siva and
Parvafi and for this he performed severe fapas which pleased the divine couple who granted him
his desired wish. Thereafter, Banasura resided at Sonipat which was protected by Siva. In the
meantime, Usa the daughter of Banasura fell in love with Anirudha, the son of Pradyumna and
grandson of krsna. Usa’s maid servant abducted Anirudha from Dvaraka and was brought him
stealthily to the capital of Banasura, where both of them married secretly. Knowing the presence
of Anirudha in his palace, Banasura became furious and began a war in which Krsna and other
Yadavas also joined since Banasura had been declared as the son of Siva, the latter also joined
the war. A great battle was fought between Siva and Krgna in which deadly weapons were used.
The conflict ended at the intervention of Brahma, after which Siva returned to Kailasa and Usa
was formally married to Anirudha. But Banasura was deprived of all his arms except the two
natural ones in his fight with Krsna.

Kirma-purana (9.50-51) describes Siva having three eyes, one of which is in the forehead. He
is the lord of the Bhiitas having the matted locks of hair and holds a trident. Brahma and Visna
also describe him as Mahadeva manifested as a great Yogi, having effulgent splendorequal to that
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Silpasastras and Tantric Literature = o b SRR '
cal horizon, there has been a boost in the popularity

_ With the advent of the puranas over the Indlan hi;tg’_ri al ho v ,
of Siva and his images were conceived (besides the Sivalinga) in ugra, saumya and benevolent forms. With

the development of the concept of Siva in forms, several types of images of the god had to be made and for
that purpose detailed iconographical features had to be developed. Therefore, for the study of the detailed
iconography of Siva, some Silpasastras had been composed which defined the various forms of Siva, with
many heads, hands and eyes, etc. A few examples of these projections are given here under:

The Heads o ,
(i) Single Headed Siva: Most Of_ the images of Siva are presented with single head as would evident
from the following. p ‘ ' ‘ :

(a) Mansara descn'be_s Sadés'iya_ to hév'e a single head with three eyes and jatamukuta.

(1_7) Arisu l?hedagz.zma describes ‘Pas’uPata}t’(', have a single licad and three eyes. The same text also
gﬁdc;g:skﬁ;mgéc bead for the ArdhanariSvar a form of Siva, Uttrakamikagama also describes
described in tl?e tzl;tiis(? S,?;’af‘to have a sil}gle, head. There are several other such cases
it 1S som :\m\‘lcs,th‘ﬁ mukhaliriga also hgs the single head of Siva curves over

® rep;::ne;t:ieoi ilfv:r.t I?:}t:;?l r;,.f?r.‘?“.“ ;t-o.‘l_th_e., god having two heads are rafely found but in the
the Markula Devi temple joUén‘;@dl?anaflsV.ara form has been found sculpted in the ceiling of
besides the two male :nd a f allpw in district Chamba of Himachal Pradesh. Here the deity
joined at the shoulders, The ;?12 ehf::: Sl bOdy has also two heads, a male and a female
adomed with an ordinary crown, | ¢ Jatamukuta while the head of the female i

(i) Three Headed iya;
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epresents three faced Siy oy

A With three fuces hgy e mikagama prescribes three faces for
(iv) Four Headed Siva: Karay 148 been founcd

v) El\:agea](::dui‘;z! a'];lf:lel_ﬁ\_le faces_of Siva stand for the five fattvas viz. Sadyojata, Vimdadeva,
ghora, latpurus $ana, which are believed to be beyond the comprehension of even the
grcat yogis. Kart.magama refers to the five faces of Siva. A unique collection of five faced linga

is preserved in the Mathura Museum which dates back to the Kusana period.
Samaranganasiitradhara also refer to the five faces of Siva with two, four, c{gﬁt, eighteen,

twenty, a hundred or even a thousand arms with fifteen eyes. Each head is studded with a skull.
Aparajitaprecha attributes five heads to the Sadagiva form of Siva.

(vi) Eight Headed Siva: In Mahabharata Siva has been conceived to be as sadanana or having six
heads.

v

(vii) Eight Headed Siva: The Visnudhramottara prescribes eight heads of Siva in a form of Uma-

mahe$varamurti and each one of the eight heads is said to be adorned with a jatabhara and a
crescent. '

(viii) Twenty-five Headed Siva: Mansara prescribes twenty-five heads of Siva in his Mah#isadasiva
form. An image of the god from Vaithisvarankoyil at Tanjore of Tamil Nadu has been referred
0 by Gopinatha Rao, in which twenty-five heads have been shown in different tiers in arithmetical
progression. The top tier has a single head, the next below has three and further next five and

so on till the last tier has nine heads. The heads on the border triangles are adorned with
Jatamukutas.

(ix) Thousand Headed' $iva: Some of the texts eulogize the lord with a thousand heads, arms and
feet but the projection of such types of the lord has yet to be found.
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EXPERIMENT 10

DETERMINATION OF THE
TEMPERATURE COEFFICIENT
OF RESISTANCE BY
PLATINUM RESISTANCE
THERMOMETER

Structure
10.1 Introduction 10.3 Experimental Procedure
Expected Skills Measurement of Resistance per Unit
10.2 Description of Apparatus used Length
in this Experiment Measurement of Resistance of Platinum
Resistance Box Resistance Thermometer at Different
Galvanometer Temperatures

10.1 INTRODUCTION

From your +2 classes you may recall that the resistance of metal depends on its
temperature, hence it is a common practice to use metal wire as a temperature measuring
device (temperature sensor). Platinum is one of the best materials for this sensor because its
resistance varies linearly with its temperature over a wide range of temperatures. Due to its
very high melting point, it can be used to sense high temperatures. Moreover, being noble
metal, it is chemically inert and is stable in any environment. .. .
Digitally signed by
Resistance of a wire can be measured by different techniques. If resistance Wer|9 rﬁ EEIN GARG
could use a multimeter and read the value of resistance directly. However, in this experiment

you will use a platinum wire, whose resistance is small. In such a case you will @at&é2023.1 1.24
Foster bridge. You have learnt about it in your previous laboratory course. 15:25:52 +05'30'

From your +2 classes you also know that the resistance of a metallic wire is given by -
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