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Abstract—Power dissipation in Chip Multiprocessors (CMPs)
has been addressed by Dynamic Voltage and Frequency Scaling
(DVFS). But uncontrolled reduction of voltage supply results in
failure of cache cells due to either external particle intervention
as soft errors or wearout effects as permanent errors. Several
fault protection strategies for CMP cache have been proposed in
this regard. But, these techniques fail to ensure complete fault
protection with minimum latency. On this outset, this work
proposes a redundancy migration strategy that not only ensures
complete fault protection without using any auxiliary storage
but also incurs minimum latency. Complete fault protection
is achieved by remapping to non-conflicting faulty as well as
potential non-reusable healthy blocks. Latency is minimized
by migrating the redundant blocks towards their home tiles
as the healthy blocks nearer to the home tiles gradually
become non-reusable. Reusability is calculated by analysing the
reuse distance distribution of the cache blocks.Through cycle
accurate simulation in Multi2Sim 5.0 simulation framework
for CPU-GPU heterogeneous computing, the proposed work
claims up to 36.23% improvement in hit ratio and 51.04%
improvement in L2 latency compared to the existing techniques.

Keywords-Multicore, Cache, Fault Tolerance, Latency,
CMPs

I. INTRODUCTION

Chip Multiprocessors (CMPs) were introduced to deliver

high processing power. But due to this massive density and

high parallelism, power consumption raised exponentially[1]

in CMPs. This became a real problem in the battery operated

devices. To resolve this, Dynamic Voltage and Frequency

Scaling (DVFS) has been broadly used. But unfortunately,

uncontrolled voltage scaling results in cell failure in SRAM[2].

Also due to the faulty fabrication, these multicore chips

became vulnerable to either transient or intermittent errors,

due to external particle induced noises, or permanent errors

due to wearout failures for aging. Cache, holding the most

significant chip area, becomes susceptible to failure and re-

stricts the threshold voltage supplied to the system [3]. Thus

fault tolerance mechanisms, to ensure error free execution is

extremely important as voltage scaling is indispensable.

Several fault resilient strategies have been proposed in the

literature. A complete in-place fault remapping technique has

also been reported [16]. However, none of these techniques

have considered the latency overhead due to fault remapping

in remote cores. To ensure complete fault protection, faulty

blocks must be remapped to remote cache banks. And as

many blocks remapped to remote cache banks, their access

latency from the requesting core increases, affecting the overall

latency and performance of the system. Thus, if the degree

of fault protection is increased, the latency is also increased

due to remapping of large number of faulty blocks to remote

banks. And if the degree of fault protection is lowered, latency

is scalled down due to lesser number of faults remapped

to remote banks. A simple optimization technique can be

applied to balance the degree of fault protection and latency

overhead for an optimum system performance. But in that

case, the completeness of fault protection is harmed and the

performance is bottlenecked at a local maxima. To overcome

this issue, a technique is required that gives complete fault

protection with minimum latency globally. This is what the

proposed work concentrates in.

The main contributions of this work are: 1) Identification

of the potential non-reusable blocks using the reusability

prediction dynamically at run time by analysing their reuse

distance distribution in regular intervals [14], 2) Remapping

of the faulty blocks to the non-conflicting faulty blocks first

and then in potential non-reusable blocks if no non-conflicting

blocks are found, 3) Migrating the remapped blocks towards

their home tiles, after certain intervals, on some new healthy

blocks that become non-reusable in time.

Simulation of the proposed fault protection strategy and the

existing ones is done on an Hexacore CMP architecture results

in upto 36.23% improvement in hit ratio and upto 51.04%

decrese in latency of the last level cache in ReMiT over

existing fault tolerance strategies. The simulation is done in

Multi2Sim 5.0 framework for CPU-GPU heterogeneous com-

puting with plethora of fault maps. For evaluation, programs

from the SPLASH-2 and PARSEC 3.0 benchmark suites have

been considered.

II. RELATED WORK

Different fault tolerance techniques have been proposed at

different levels. Fault resilient approaches for the traditional

6T (6 transistors) SRAM cell as well as 8T, 10T, 11T [4]978-1-5386-6575-6 /18/$31.00 c© 2018 IEEE
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cells and the 10T SRAM cell based on Schmidt trigger are

proposed at the circuit level. System level approaches include

the Error Correcting Codes (ECC) [5]. Though, for large

number of faults, multiple bit ECC are required incuring

complex decoders with huge decoding and storage overhead.

There are also disability based fault tolerance techniques

that disables the faulty cache parts (ways, sets, blocks or sub-

blocks) are studied in [6, 7, 8]. But with increasing faulty

cache parts, it incurs additional misses. The Redundancy based

techniques reduce the number of misses by keeping redundant

copies of the cache blocks or sub-blocks. Redundant strategies

work by using redundant blocks in the cache [9], or a small

fully associative spare cache [10] or by using a victim cache

[11].

Another technique i.e. worth mentioning is REMEDIATE

[12] which is a scalable fault resilient policy uses non-

conflicting faulty blocks to hold data of faulty blocks and

forms correct data if merged together.But, it fails to give

complete protection as at most half of the faulty cache blocks

can be used as targets in the best case.

Another fault resilient replacement strategy is proposed [13]

based on a spatial footprint prediction mechanism but for

only 2-way associative faulty caches. Another fault tolerant

(re)mapping strategy is worth mentioning i.e. CIFR [16] that

ensures a complete in-place fault remapping strategy.

III. THE REMIT

The goal of proposed fault tolerance technique is the remap-

ping of faulty cache blocks in such a way that the complete

fault resiliency can be achieved with minimum latency. To

lower the remapping overhead, the potential reusable faulty

blocks are identified by analysing their reuse distance distri-

bution. Only the potential reusable faulty blocks are probed

to be remapped to either non-conflicting faulty blocks or non-

reusable healthy blocks for ensuring complete fault protection.

For latency minimization, redundant blocks are migrated to-

wards their home tiles on some non-reusable healthy blocks

as the reusable blocks close to their home tiles become non-

reusable with time.

A. Fault detection

Both the hard and soft faults are identified in this work.

Permanent faults are detected using BIST at boot time and

fault map is generated accordingly. For soft error detection,

ECC is used. Periodic checking of ECC is done to detect errors

and to perform the remapping as well as update the access map

accordingly.

B. Fault protection

Once the faults are detected, the following steps are fol-

lowed to ensure fault protection to the potential reusable faulty

blocks.

1) Potential Dead Block detection: The potential dead

blocks are identified by analysing the reuse distance distri-

bution of the cache blocks. For selection of the reusable

faulty blocks, for protecting and non-reusable healthy blocks

as redundancies, reusabilities of both the faulty as well as

healthy blocks are analysed.

The reusability is measured according to the study reported

in [14] which estimates the future behavior by observing the

reuse distance of the cache blocks. The number of accesses

to a cache set between two accesses to the same cache line is

called the Reuse Distance (RD). The distribution of these reuse

distances, called the Reuse Distance Distribution (RDD), is

observed i.e. an unique signature of any program for a specific

cache configuration. The RDD is analysed to select a reuse

distance that increases hit ratio of the cache with minimal

cache pollution. This RD is called Protecting Distance (PD).

The reuse distance that covers most of the cache lines in

terms of their reuse is called the protecting distance (PD). It

is a single value used for all blocks but kept individually for

all blocks. A block is protected for PD accesses.

2) Fault Remapping: Once the reuse distances of all the

blocks are analysed and potential reusable faulty as well as

non-reusbale healthy blocks are identified, the following steps

are followed for fault remapping.

a) Map in same set on non-conflicting faulty blocks :
Faulty blocks that are detected as live are tried to be replicated

to non-reusable faulty blocks in same set. Two blocks not

containing faults in same positions are called non-conflicting.

Data is remapped on both of them and they together form the

correct data. On successful remapping, both the target bit of

the target line and mapped bit of the faulty line are set. For a

block, if the remapped bit is not set and the target bit of the

target block is not set, then only the block is remapped.

b) Map in different set of distant tile on non-Conflicting
faulty blocks : Faulty blocks that are reusable are remapped to

non-conflicting faulty blocks of different set in different bank

if they could not be remapped in previous steps. Data recovery

and bit modifications are same as (a).

c) Map in same set on healthy blocks that are non-
reusable: BLocks that are faulty and not remapped in previous

steps are remapped to non-reusable healthy blocks in the same

set. An upper limit on the number of healthy remapped blocks

is maintained to researve sufficient space per set to keep data

for normal execution. A block is only remapped when its

remapped bit is not set. The faulty block can be remapped

even if its target bit is set as the healthy block can itself deliver

the correct data. For successful remapping, the mapped bit of

the faulty block is set along with the target bit of the healthy

line is set.

d) Map in different set at distant tile on healthy blocks
that are non-reusable: Faulty blocks which are not remapped

using any of the above steps are tried for remapping to

blocks that are healthy and in different set of different bank.

Constraint on threshold and bit modifications are same as (c).

C. Fault migration

The execution starts with the faulty blocks mapped on the

faulty blocks that are not conflicting with each other. After

the protecting distance, the faulty blocks that are yet to be

mapped to the faulty blocks not conflicting with each other,
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are probed to be remapped to the dead healthy blocks. Blocks

remapped to the remote tiles incur the latency overhead.

To minimize the latency, the faulty blocks that had been

remapped to the dead healthy blocks in remote tiles, are

migrated to the dead healthy blocks in tiles nearer to the

home tiles and the access map is updated accordingly after

every Protecting Distance. The non-conflicting faulty blocks

that had been used for remapping are still kept as the target

blocks to maintain the effective capacity of the cache.

IV. EVALUATION

The proposed technique is simulated in Multi2Sim 5.0

simulator that is modeled for multicore architecture. Programs

in PARSEC 3.0 and SPLASH-2 benchmark suites are used

to compare the performances of ReMiT over existing fault

tolerant techniques.

A. System configuration

For simulation in the multicore environment, the Multi2sim

is configured with 16 cores of x86 istruction set architecture.

There is private L1 cache and shared L2 cache with all the

cores. L1 cache is configured with 8 sets and 16 ways with

block size 512B. LRU is used for page replacement policy

and NMOESI cache coherence protocol is used with write

back policy. Data latency is set as 2 units.

All cores share the L2 cache, connected with L1 caches. L2

is also configured same as L1 with 8 sets and 16 ways with

block size 512B. But data latency for L2 is set at 20 units.

For page replacement, Reuse Distance based page replacement

policy [15] is used with writeback.

The main memory is also configured similarly with data

access latency as 200 units.

B. Experimental results

The proposed latency aware fault migration technique (Re-

MiT) is simulated alongside with the existing error resilient

strategies. The hit ratio and the latency are analysed to

compare the performances of ReMiT over the existing policies.

17 possible cases of faulty ways begining with 0 faulty blocks

among 16 blocks to 16 faulty blocks out of 16 blocks are have

been considered.

The results of simulating the program called fft is given

here. It does fourier transformation on a vector.

1) Hit Ratios of ReMiT vs existing techniques: Table I

shows the hit ratios in different error resilient strategies along

with ReMiT.

The first column shows the number of faulty blocks. The

second, third and fourth column shows the hit ratios for

REMEDIATE, CIFR and the ReMiT fault remapping strategies

respectively.

Fig. 1 shows the hit ratios in different error resilient tech-

niques.

Few results of Comparison of hit ratio in different strategies

for different benchmarks are shown in Fig. 2 to Fig. 4:

Figure 2, 3 and 4 show the hit ratios for different benchmark

programs like Vips, Facesim and Bodytrack with increased

TABLE I
HIT RATIO IN FAULT TOLERANCE TECHNIQUES

Faulty ways REMEDIATE CIFR ReMiT

0 0.532 0.584 0.665

1 0.529 0.583 0.660

2 0.522 0.564 0.653

3 0.511 0.551 0.635

4 0.473 0.559 0.635

5 0.465 0.542 0.617

6 0.454 0.517 0.598

7 0.405 0.516 0.575

8 0.398 0.496 0.547

9 0.416 0.476 0.543

10 0.416 0.479 0.539

11 0.368 0.475 0.535

: : : :

15 0.327 0.251 0.457

16 0.285 0.264 0.418

Fig. 1. Comparison of hit ratio for fft

Fig. 2. Comparison of hit ratio for vips

number of faulty blocks. It is conclusive from these figures that

ReMiT out performs the existing fault tolerance techniques.

2) Latency of proposed technique vs existing techniques:
Table II show the l2 latencies in different fault tolerance
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Fig. 3. Comparison of hit ratio for facesim

Fig. 4. Comparison of hit ratio for bodytrack

techniques along with ReMiT. The first column contains the

number of faulty blocks. The second, third and fourth column

represents the latency in REMEDIATE, CIFR and in ReMiT

respectively.

TABLE II
L2 LATENCY IN FAULT TOLERANCE TECHNIQUES

Faulty ways REMEDIATE CIFR ReMiT

0 19480 19560 9633

1 19240 18600 9412

2 19491 19640 9201

3 18441 19640 9002

4 17844 18440 9220

5 16360 18200 9100

6 16240 17440 8700

7 14244 17320 8500

8 14080 16640 8320

9 15040 15720 8040

10 15080 16080 8160

11 12800 16040 8021

: : : :

15 11720 6120 6260

16 9880 8880 4540

Latencies in different techniques are given in Fig. 5. It

shows the results of simulating the program fft in Hexacore

architecture.

Fig. 5. Comparison of Latency for fft in different fault tolerance techniques

Few results of comparison of latency for other benchmarks

vips, facesim and bodytrack are shown in Figure 6, 7 and 8

respectively.

Fig. 6. Comparison of latency for vips in different fault tolerance techniques

Fig. 7. Comparison of latency for facesim in different fault tolerance
techniques
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Fig. 8. Comparison of latency for bodytrack in different fault tolerance
techniques

From all these figures, it can be concluded that the ReMiT

outperforms the existing error resilience strategies.

C. Analysis

The hit ratios observed in Fig. 1 to Fig. 4 can be analysed

as follows:

1) The hit ratio is similar for all healthy ways as it is due

to routine caching with all healthy ways and there is no

effect of any fault protection strategy.

2) The hit ratio in REMEDIATE is low for all faulty ways

as it remaps few faulty blocks on some faulty blocks not

conflicting with each other and which can be at most

50% in best case. CIFR also gives similar result as all

the ways are faulty and healthy ways can’t be used to

act as remapping targets.But ReMiT gives better result

for its Reuse Distance based replacement policy.

3) Within the lower and upper bound of faulty ways,

REMEDIATE shows lower hit ratio as few of the faulty

blocks are remapped to other non-conflicting faulty

blocks. The CIFR performs better than REMEDIATE

but converges with REMEDIATE with increasing num-

ber of faulty blocks due to dearth of healthy ways where

as ReMiT outperforms other techniques.

The latencies observed in Fig. 5 to Fig. 8 can be analysed

as follows:

1) The latencies of REMEDIATE and CIFR are higher and

equally large memory access is observed for all healthy

ways due to no initiative taken for latency minimization.

ReMiT gives lower result as it migrates to nearer healthy

non-reusable blocks.

2) When all the ways are faulty, latency in REMEDIATE

and CIFR converges as no healthy block exists to give

advantage to CIFR for better result but in ReMiT, latency

is low as it can migrate reusable faulty blocks to non-

reusable healthy blocks nearer to the home tile.

3) , The latency of CIFR is higher than REMEDIATE

between the upper and lower bounds of the faulty ways

due to its complete remapping and less amount of

memory access. But ReMiT again outperforms others

with its migration power nearer to the home tile.

V. CONCLUSION

In this work, a migration policy is proposed that ensures

better error resiliency without harming effective cache capac-

ity. ReMiT maintains significantly lower latency and higher

hit rate over the existing error resilient strategies even with

increased number of faults. ReMiT sustains higher hit ratio

and lower latency by using the reuse distance based cache

replacement policy. Simulation shows that the ReMiT can

ensure upto 36.23% improvement in hit ratio in average and

51.04% improvement in latency of the last level cache over

the existing fault resilient policies.
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A Glycomic Approach Towards
Identification of Signature Molecules
in CD34+ Haematopoietic Stem Cells
from Umbilical Cord Blood

21

Suchandra Chowdhury, Kaushik Bhattacharya,
Chandan Mandal, Susmita Mondal, Sayantani Sarkar,
Sarmila Chandra, Subir Banerjee, and Chitra Mandal

Abstract

Umbilical cord blood (UCB) is a powerful
storehouse for normal CD34+ haematopoietic
stem cells (HSCs), often used for allogeneic
bone marrow (BM) transplantation in malignant
and non-malignant diseases. The glycomic
especially the sialoglycomic aspect of these
HSCs has been unravelled in this study. Cell
surface expression of the glycans with the
related enzymatic activities has been compared
with the BM of childhood acute lymphoblastic
leukaemia, a common BM-associated malig-
nancy. An enhanced cell surface expression of
α2,3-linked sialic acid, P- and E-selectins, and
intercellular adhesion molecule along with
reduced expression of L-selectin distinguishes
CD34+ HSCs of UCB from leukaemic samples.
More importantly, high expression of O-
acetylated sialoglycoproteins, a hallmark of
lymphoblasts, is drastically reduced in the
CD34+ HSCs of UCB and is substantiated by

the low activity of sialylate-O-acetyltransferase
and high sialidase activity. In contrast, a signifi-
cant variation is evident in the expression of
sialic acid, α2,6-linked sialic acids, and the
sialyltransferase activity. Taken together, these
studies indicate a few signature molecules,
forming a unique glycomic template, which
may be a potential indicator, reassuring the nor-
mal profile of these stem cells, to be used for
future transplantation.

Keywords

CD34+ haematopoietic stem cell · Glycomics ·
Sialic acid · Cell adhesion molecules ·
Sialylate-O-acetyltransferase · Sialidase

21.1 Introduction

Allogeneic haematopoietic stem cell (HSC) trans-
plantation has provided curative therapy for
severe bone marrow (BM)-related malignant and
non-malignant diseases in patients. However,
only a few of them have the option of a human
leukocyte antigen (HLA) identical sibling donor.
Substantial advances in the use of alternative
donors like unrelated volunteer donors and umbil-
ical cord blood (UCB) donors enable almost all
patients to benefit from this life-saving treatment.
Nevertheless, each donor type has its own
demerits (Chowdhury et al. 2014; Hough et al.
2009).
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The problems inhibiting the wider use of alter-
native donors are the probability of identifying a
‘suitable’ donor, the speed with which a graft can
be acquired, and the risk of graft-versus-host dis-
ease. Since UCB stem cells are the simplest to
collect, allowing greatest flexibility in HLA
matching (Chowdhury et al. 2014; Hough et al.
2009), therefore, at present, the strategy of
expanding the potential donor pool involves
transplantation with UCB, which maintains an
acceptable level of treatment-related
complications (Brown and Boussiotis 2008).

Following this success, UCB banks have been
established to facilitate UCB transplants (Hough
et al. 2009) that offer parents the opportunity to
store UCB for possible future use for their child or
other family members. These banks have grown
rapidly across the world with a cumulative repos-
itory (Chowdhury et al. 2014; Hollands and
McCauley 2009).

A plethora of studies has been conducted to
investigate the in vitro and in vivo characteriza-
tion of UCB cells, with the ultimate goal of
optimizing and increasing their clinical use. Sev-
eral approaches have been initiated to understand
the phenotypic, biochemical, and biological
properties of these cells (Satomaa et al. 2009).
However, the profile of these HSCs from the
glycomic especially sialoglycomic aspect has
never been satisfactorily explored till date.

Carbohydrates are essential constituents of
glycoproteins, glycolipids, and proteoglycans
(Satomaa et al. 2009). Among them, sialic acids,
a family of 9-carbon carboxylated
monosaccharides, have diverse modifications
(Schauer 2000; Mandal et al. 2000). Commonly
modified derivatives likeO-acetylated sialoglyco-
proteins (Neu5,9Ac2-GPs) (Sinha et al. 1999a,
1999b; Pal et al. 2004; Chowdhury et al. 2007,
2008; Chowdhury and Mandal 2009) and O-
acetylated sialoglycolipids (9-OAcGD3)
(Mukherjee et al. 2007) are well-established can-
cer-associated antigens. They influence numerous
biological reactions by reacting with specific sur-
face receptors or via masking of carbohydrate
recognition sites (Schauer 2000; Mandal et al.
2000). The cellular sialic acid content is metabol-
ically regulated and controlled by several

enzymes, main contributory ones being sialate-
O-acetyltransferase (SOAT), sialyltransferase,
and sialidase (Mandal et al. 2000, 2010; Mondal
et al. 2009).

In addition, selectins (L, E, and P; CD62)
along with some cell surface adhesion molecules
(CAMs), namely, intercellular adhesion molecule
(ICAM-1) and vascular cell adhesion molecule
(VCAM-1), play fundamental roles in numerous
cellular processes like growth, differentiation,
embryogenesis, immune cell transmigration, and
cancer metastasis (Chowdhury et al. 2007).

With this background information, the main
aim of this study has been to explore the status
of sialic acids and CAMs, including selectins, on
the HSCs isolated from UCB. In parallel, the
orchestration of the three main enzymes
regulating the overall sialylation of these HSCs
has also been investigated. A major characteristic
of these HSCs is the phenotypic expression of
CD34 antigen (Storms et al. 2005). Therefore,
for this investigation, the haematopoietic cells
expressing CD34 have been selected as the
study population. Since childhood acute lympho-
blastic leukaemia (ALL) is an impairment of HSC
maturation, the BM of these patients at diagnosis,
i.e. before treatment and in clinical remission
(CR), has been used for comparison throughout
(George et al. 2001).

To the best of our knowledge, this
sialoglycomic approach reports for the first time
a pattern of signature molecules on the CD34+

HSCs of UCB. The lower expression of O-
acetylated sialoglycoproteins along with the
higher expression of α2,3-linked sialic acids, on
these cells, gives an extra level of restriction,
forming the blueprint, distinguishing them from
the leukaemic cells. This finding has been
substantiated by the respective enzymatic
activities. Additionally, an enhanced cell surface
expression of P- and E-selectins and ICAM-1
along with a diminished expression of L-selectin
is observed. Interestingly, these parameters are
completely different in diagnostic ALL samples.
Taken together, this glycomic template can serve
as a potential indicator, reassuring the normal
profile of these stem cells, to be used for future
transplantation.
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21.2 Materials and Methods

21.2.1 Study Subject

Human UCB samples (~20 ml, n ¼ 15) were
collected from healthy full-term neonates in
Alsevers’ solution, immediately after delivery
by gravitation. Additionally, BM samples from
clinically confirmed childhood ALL patients at
diagnosis (BMALL, n ¼ 15) and in CR (BMCR)
were used for comparison. The Institutional
Human Ethical Committee as per the protocol of
the Indian Council of Medical Research approved
the study. Samples were collected with informed
consent from parents/guardians.

21.2.2 Flow Cytometric Detection
of Sialic Acids and Different
Adhesion Molecules in CD34+

Cells of UCB

Mononuclear cells (MNCs) were isolated from all
different clinical samples separately and
processed as described earlier (Chowdhury et al.
2008). Briefly, cells (1x106) were incubated with
PE-CD34 and FITC conjugated/biotinylated/
unconjugated analytical probes comprising a lec-
tin/monoclonal antibody (mAb), at 4 �C for 1 h in
dark. Using appropriate FITC secondary
antibodies or streptavidin, stained cells were
analysed in FACSCalibur using CellQuest Pro
software (BD Biosciences, USA). Fifty thousand

events were analysed by gating the nucleated
cells (R1, Fig. 21.1a).

FITC conjugated lectin, Achatinin-H having a
preferential affinity towards Neu5,9Ac2α2-6β-D-
GalNAc and recognizing Neu5,9Ac2-GPs, was
used (Mandal et al. 2000; Sinha et al. 1999a,
1999b; Pal et al. 2004; Chowdhury et al. 2007,
2008; Chowdhury and Mandal 2009). Addition-
ally, FITC-Limulus polyphemus agglutinin (LPA)
and two biotinylated plant lectins, namely,
Maackia amurensis agglutinin (MAA) and
Sambucus nigra agglutinin (SNA) having speci-
ficity towards Neu5Ac, Neu5Acα2-3Gal, and
Neu5Acα2-6Gal/GalNAc, respectively, were
used (Vector Laboratories). The selectins (L, E,
and P), ICAM-1, and VCAM-1 were probed with
anti-CD62L, anti-CD62E, anti-CD62P, anti-
CD54, and anti-CD106 mAbs, respectively.
Anti-CD62E and anti-CD54 were detected using
FITC-streptavidin (BD Biosciences, USA).
Purified anti-CD62P, anti-CD62L, and anti-
CD106 were detected using FITC-anti-murine
IgG (Chowdhury et al. 2007).

21.2.3 Functional Characterization
of the CD34+ Cells of UCB Using
Aldehyde Dehydrogenase
(ALDH)

Viable CD34+ cells expressing cytosolic ALDH
were identified by flow cytometry using Aldefluor
reagent (Stemcell Technologies Inc., Canada) as

Fig. 21.1 Phenotypic identification of the study popu-
lation in umbilical cord blood (UCB) showing status of
a specific antigen. A representative dot plot with forward
(FSC-H) versus side (SSC-H) scatter, showing the region
gated for the haematopoietic cells (HSCs), designated as

R1 (a). Dot plot showing cells in R1, gated for positive
expression of CD34 antigen (R2, b). Cells in R2 assessed
in a representative histogram plot presenting the log fluo-
rescence intensity of a representative probe used for the
study (c)
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per the manufacturer’s instruction. Briefly, MNCs
(1x106) were suspended in ALDEFLUOR assay
buffer. The activated Aldefluor substrate was
added, and half of this cell suspension was trans-
ferred to a tube containing diethylaminoben-
zaldehyde (DEAB), a specific inhibitor of
ALDH that serves as control. Samples were
incubated for 30 min at 37 �C for optimum
enzyme activity and analysed in a flow cytometer.

21.2.4 Detection of the Activity
of Enzymes Responsible
for Sialylation in CD34+

Populations of UCB

The activities of the three main enzymes
regulating sialylation were determined by
isolating the CD34-enriched population from
MNCs of UCB samples using magnetic columns
(Stemcell Technologies Inc., Canada). For com-
parison, these assays were repeated in parallel
with the CD34+ cells of BMALL and BMCR. The
activity was determined using cell lysate prepared
by sonication of 1–2x106 cells in the water on ice
(Mandal et al. 2009).

21.2.5 Sialate-O-Acetyltransferase
(SOAT)

Bovine submaxillary mucin known to contain
Neu5,9Ac2α2-6β-D-GalNAc was de-O-
acetylated and used as the exogenous acceptor.
Cell lysate and [3H]AcCoA were used as enzyme
source and donor, respectively. Briefly, cell lysate
(60 μg), de-O-AcBSM, and [3H]AcCoA (10 μl,
0.05 μCi, 2.4 μM) in 10 μl buffer containing Tris-
HCl (10 mM, pH 7.0), KCl (150 mM), and MgCl2
(1 mM) in a total volume of 100 μl were
incubated at 37 �C for 1 h. The reaction was
stopped with ice-cold perchloric acid (PCA,
10%). After centrifugation the precipitated pro-
tein was washed with ice-cold PCA (4%). The
washed protein was dissolved in NaOH and
incubated overnight at 25 �C. The protein solu-
tion was then neutralized, and radioactivity was
measured in a scintillation counter (Packard

Bioscience Company, USA). In the control tube,
the buffer was used instead of the enzyme source
(Mandal et al. 2009).

21.2.6 Sialyltransferase Activity

In this assay (Mondal et al. 2009), the reaction
mixture consisting of cell lysate (125 μg, enzyme
source), asialofetuin (acceptor), 0.25 mCi CMP-
14Sia (donor, Amersham Bioscience, Germany),
50 nmol CMP-Sia, 1 mM DANA (2,3-dihydro-2-
deoxy-NeuAc, an inhibitor of sialidase,
Calbiochem), and 50 mM cacodylate buffer
(0.10% triton X-100, 10 mM MnCl2, 150 mM
NaCl, pH 6.5) in a total final volume 100 μl was
incubated at 37 �C for 1 h and processed as above.

21.2.7 Sialidase Activity

The total sialidase activity was determined by
using 4-MU-Neu5Ac as the substrate. The reac-
tion mixture of the assay contained cell lysate
(100 μg), 4-MU-Neu5Ac (30 nmole), and BSA
(15 μl, 40 μg/ml) in sodium acetate buffer
(50 mM, pH 4.6). After incubation at 37 �C for
1 h, the reaction was terminated with glycin/
NaOH buffer (1.5 ml, 0.2 M, pH 10.8). Assays
were performed in triplicate in a final volume of
100 μl. Fluorescence emission was measured on
fluorimeter (PerkinElmer) with excitation at
365 nm and emission at 450 nm as discussed
earlier (Mandal et al. 2010).

21.2.8 Statistical Analysis

Statistical analysis was performed using the
GraphPad Prism software program (GraphPad
Software Inc., CA). Results were expressed as
mean � SD for each individual set of experiment.
Two-tailed P value for unpaired t test (P) < 0.05
was considered significant.
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21.3 Results and Discussion

21.3.1 Physical and Functional
Parameters Defining the HSCs
of UCB

The CD34 antigen is a 110–115 kDa transmem-
brane sialoglycoprotein, expressed by early
haematopoietic progenitor cells with the highest
expression on the most immature stem cells
(George et al. 2001). Incidentally, a large percent-
age of acute leukaemias are CD34+ (Krause and
Van Etten 2007).

Since cell surface CD34 is a well-established
marker to identify the HSC population, we have
studied exclusively those cells with phenotypic
expression of CD34 antigen. The nucleated cells
have been gated as R1 (Fig. 21.1a) and analysed
in a dot plot where the CD34+ cells are designated
as R2 (Fig. 21.1b). Flow cytometric analysis of
the percentages of CD34+ cells revealed consid-
erable statistical differences among the three sets
of samples studied. CD34+ HSCs of UCB were
significantly low (4–10%) as compared to BMALL

(~75%), whereas CD34+ cells of BMCR samples
were 1–5% as expected.

The phenotypic expression of CD34 has been
supported by the co-expression of ALDH in the
CD34+ cells (Fig. 21.2). Since the activity of
intracellular ALDH is highest in the HSCs, in
contrast to lymphocytes, the former can be easily
identified based on this differential expression

(Storms et al. 2005). Cells in the ALDH+ region
(R2, Fig. 21.2b) had more than 90% expression of
CD34 (Fig. 21.2c), attesting to the functional
activity and viability of the selected study
population.

21.3.2 Differential Pattern
of Sialylation on the CD34+

HSCs of UCB as Compared
to CD34+ Cells from BMALL

and BMCR

Following the characterization of the study popu-
lation (CD34+ALDH+ cells, Fig. 21.1c), we
investigated the diversity of sialic acid derivatives
in these cells (Fig. 21.3; Table 21.1). BMALL

represent the diseased population with which
comparison has been drawn. In contrast, the
patients in CR are declared to be clinically
asymptomatic and have been used in this study,
as a substitute for the normal BM.

A close association exists between childhood
ALL and Neu5,9Ac2-GPs. The latter is
overexpressed at the onset of the disease,
followed by reduced expression with treatment
in CR and reappearance with relapse (Mandal
et al. 2000; Sinha et al. 1999a, 1999b; Pal et al.
2004; Chowdhury et al. 2007; Chowdhury et al.
2008; Chowdhury and Mandal 2009). In this
study, cell surface expression of linkage-specific
Neu5,9Ac2-GPs on CD34+ HSCs of UCB is

Fig. 21.2 Functional identification of CD34+ HSCs of
UCB with aldehyde dehydrogenase (ALDH) activity.
Cells in R1 (Fig. 21.1a) were analysed in a dot plot with
FL1-H versus SSC for control setting of Aldefluor assay,
as per manufacturer’s instruction. FL1 contains the
DAAA, a fluorescent substrate for ALDH, where the

reaction has been blocked by DEAB to adjust R2 such
that no events appear in the R2 region. This setting served
as a control for subsequent analyses (a). In UCB sample,
the R2 region was positive for cells with high ALDH
activity (ALDH+, b). ALDH+ cells in R2 plotted in a
histogram, with CD34, revealed >90% CD34+ cells (c)
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minimal as detected by FITC-Achatinin-H. In
contrast, the percentage of Neu5,9Ac2-GPs

+

cells was very high in BMALL (~sixfold more
than the former, Table 21.1), while it is signifi-
cantly low in BMCR as reported earlier [11–14].
Since this expression is comparable to that of
BMCR, therefore, the lower expression of this
disease-associated antigen is a hallmark describ-
ing the CD34+ HSCs of UCB.

In contrast to the expression of Neu5,9Ac2-
GPs, the α2,3-linked sialic acid content
(Neu5Acα2-3Gal+ cells), as identified by MAA,
is significantly more (~1.6-fold more) in CD34+

cells of UCB samples, as compared to the BMALL

samples, confirming it as a marker with down-
regulated expression in BM-associated malig-
nancy, in this case childhood ALL (Table 21.1).
Therefore, an elevated level of α2,3-linked sialic
acid can also serve as a potent indicator of the
normal CD34+ HSCs of UCB.

Contrary to the differential expression of
Neu5,9Ac2-GPs and Neu5Acα2-3Gal, the per-
centage of cells having cell surface sialoglyco-
proteins with terminal Neu5Acα2-6Gal/GalNAc,
as detected using SNA, had statistically

insignificant variation between UCB and diseased
samples (Table 21.1). Similarly, the total sialic
acid content (ranging between 35 and 51%,
Table 21.1) in the CD34+ cells of UCB/BMALL/
BMCR is not significantly different from each
other as detected by FITC-LPA. Therefore, total
Neu5Ac or α2,6-linked sialic acid content does
not hold promise as a potential biomarker for
normal HSCs.

21.3.3 Differential Expression of CAMs
Along with Selectins
on the CD34+ Cells of UCB,
BMALL, and BMCR

CAMs play a vital role in the initial steps of
leukocyte trafficking and can be grouped into
four major families including the immunoglobu-
lin (Ig) superfamily CAMs, integrins, cadherins,
and selectins. Among these, selectins mainly leu-
kocyte endothelial CAMs (LECAMs) are a fam-
ily of carbohydrate-binding proteins which bind
fucosylated carbohydrates, especially sialylated
Lewisx and mucins. The three selectins are

Achatinin-H LPA SNA MAA CD62L CD62E CD54 CD106CD62P
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Fig. 21.3 Expression of sialic acid and its derivatives
along with cell adhesion molecules on CD34+ cells of
UCB as compared to BMALL at diagnosis and BMCR in
clinical remission. CD34+ cells (gated as shown in
Fig. 21.1a–b) from the aforesaid samples were analysed
by two-colour flow cytometric analysis. Bar depicts the
mean � SD of the percentage of cells expressing

sialoglycoproteins and adhesion molecules as evidenced
by binding with fluorescence-tagged lectins (Achatinin-H,
LPA, SNA, and MAA) and specific mAbs against adhe-
sion molecules (CD62L, CD62E, CD62P, CD54, and
CD106). *P < 0.05 indicates a significant difference
between two test groups
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leukocyte (L)-, endothelial (E)-, and platelet (P)-
selectins (Chowdhury et al. 2007).

In addition to the linkage-specific sialic acids,
the selectins also provide a different sketch on the
CD34+ HSCs of UCB (Fig. 21.3, Table 21.1).
Among the existing selectins studied here,
E-selectin is exclusively expressed on the CD34+

HSCs of UCB (~eightfold more) in contrast to
negligible expression in BMALL and BMCR

samples. This significantly higher manifestation
of E-selectin, therefore, can be utilized as a steadily
expressing stem cell antigen.

L-selectin+ cells showed considerable differ-
ence between all the three sets of samples studied.
CD34+ HSCs of UCB have the least amount of
L-selectin+ cells, significantly less (~twofold less)
than BMALL and BMCR samples. Consequently,
this basal level of expression of L-selectin on
CD34+ HSCs of UCB, in contrast to over expres-
sion in diseased samples, can serve as an emblem
for normal HSCs.

Analogous to the previous selectins, P-selectin
does not exhibit a significant variation between
BMALL and BMCR samples. However, this
expression becomes twofold more in the CD34+

HSCs of UCB rendering it to be another indicator
of these cells.

The Ig superfamily CAMs (ICAM-1 and
VCAM-1) are calcium-independent transmem-
brane glycoproteins (Chowdhury et al. 2007).
Interestingly, the ICAM-1 expression is
extremely high in the CD34+ cells from UCB,
being twofold and fourfold more than that of
BMALL and BMCR, respectively (Table 21.1).
Owing to this extremely significant variation in
this expression in UCB, the potential of ICAM-1
as a biomarker of normal HSCs can be ensured.
The CD34+ cells of UCB had the least expression
of VCAM-1 as compared to more CD34+ cells in
BMALL, and BMCR, but statistically, insignificant
difference rules out this antigen to be used as a
marker of normal stem cells.

21.3.4 Lower Sialate-O-
Acetyltransferase (SOAT)
in CD34+ Cells of UCB
Compared to BMALL

The nascent sialoglycoconjugates are modified by
SOAT which transfer the acetyl group from
acetyl-coenzyme A onto sialoglycoconjugates.
We have demonstrated that the enhanced activity
of SOAT is responsible for the transfer of the O-

Table 21.1 Cell surface molecular profile and enzymatic activities of CD34+ HSCs of UCB compared to CD34+ cells of
BMALL and BMCR

Parameters

CD34+ cells

UCB BMALL BMCR
aSialic acids and
derivatives

Neu5,9Ac2α2-6β-D-GalNAc 12 � 3 70 � 5 8 � 4
Neu5Ac 43 � 8 43 � 17 38 � 5
Neu5Acα2-6Gal/GalNAc 86 � 5 76 � 7 72 � 9
Neu5Acα2-3Gal 88 � 4 54 � 14 78 � 7

aCell adhesion
molecules

L-selectin/LECAM-1/CD62L 27 � 6 56 � 12 43 � 10
E-selectin/LECAM-2/CD62E 23 � 4 3 � 1 2 � 1
P-selectin/LECAM-3/CD62P 91 � 7 49 � 9 44 � 4
ICAM-1/CD54 95 � 3 46 � 8 21 � 9
VCAM-1/CD106 30 � 12 40 � 6 42 � 10

bEnzymes Sialate-O-acetyltransferase (SOAT) ( pmole/
min � mg protein)

0.55 � 0.02 0.84 � 0.03 0.46 � 0.02

α2,6 sialyltransferase (ST6Gal I) ( pmole/
min � mg protein)

0.48 � 0.03 0.57 � 0.04 0.40 � 0.04

Sialidase (nmole/min � mg protein) 2.7 � 0.1 0.3 � 0.08 2.81 � 0.09
aExpression in terms of percent positive cells; benzymes regulating the overall sialylation of cells; UCB umbilical cord
blood, BMALL bone marrow (BM) at diagnosis of childhood acute lymphoblastic leukaemia (ALL), BMCR BM of
childhood ALL patients in clinical remission
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acetyl group to the sialic acid of glycoproteins in
leukaemic cells (Mandal et al. 2009). In this
study, the status of the enzymes regulating O-
acetylated sialic acid was evaluated in all three
populations (Fig. 21.4a, Table 21.1). In the CD34+

cells of UCB, the SOAT activity was significantly
less (~twofold) than that of CD34+ cells of BMALL

while almost similar to that of BMCR. This finding
supports the previously assured lower expression
of cell surface Neu5,9Ac2-GPs in UCB. Thus both
the enzyme activity and the antigen expression
show a trait opposite to the leukaemic blasts and
hence can be used for the nomenclature of normal
CD34+ HSCs from UCB.

21.3.5 a2,6-Sialyltransferase Activity
(ST6Gal I) Remains Almost
Unaltered in the CD34+ Cells

Sialyltransferase belongs to the enzyme class
which adds sialic acid residues to sialoglyco-
proteins and sialoglycolipids during their biosyn-
thesis. β-Galactoside α2,6-sialyltransferase
(ST6Gal I) is the only sialyltransferase having
the capability of adding sialic acid in α2,6-linkage
to Galβ1,4GlcNAc, a sequence commonly found
in N-linked chains of glycoproteins (Mondal et al.
2009). ST6Gal I activity in CD34+ HSCs of UCB

did not exhibit significant variation from the
CD34+ cells of BMALL and BMCR samples.
Thus, like the total α2,6-linked sialic acid content,
the ST6Gal I activity cannot be used as an indica-
tor of normal HSCs.

21.3.6 Higher Sialidase Activity
in CD34+ Cells from UCB
Compared to BMALL

Sialidase removes sialic acids during sialoglyco-
conjugate degradation (Mandal et al. 2010). In the
CD34+ cells of UCB, the sialidase activity is
significantly higher than that of the BMALL

samples while almost comparable with that of
BMCR-derived CD34+ cells (Fig. 21.4b,
Table 21.1). Hence this high activity of the
sialidase can be used as a specific indicator of
normal HSCs.

Thus, the low expression of Neu5,9Ac2-GPs is
corroborated by the low activity of SOAT in
CD34+ HSCs of UCB. Similar expression of
α2,6-linked sialic acids in UCB has been
supported by analogous sialyltransferase activity
while the high activity of sialidase accounts for
the comparable sialic acid expression on CD34+

HSCs of UCB. Hence, the synchronized activities
of the aforesaid enzymes maintain the cell surface
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Fig. 21.4 Modulation of activities of sialate-O-
acetyltransferase (SOAT), α2,6-sialyltransferase
(ST6Gal I), and sialidase in CD34+ cells of UCB as
compared to BMALL and in BMCR. Enzyme activities
were determined using cell lysates as enzyme sources, and
the reactions were performed in duplicate. *P < 0.05, a

significant difference between two test groups. (a) The
enzyme activities were evaluated in pmole/min � mg pro-
tein and represented as mean � SEM. (b) The enzyme
activity was evaluated in nmole/min � mg protein and
represented as mean � SEM
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expression of the respective sialic acid
derivatives.

21.4 Conclusion

O-Acetylated sialic acids play a multifaceted role
in childhood ALL (Pal et al. 2004; Chowdhury
et al. 2007; Mukherjee et al. 2008, 2009; Ghosh
et al. 2005a, 2005b, 2007). The exclusive expres-
sion of two O-acetylated sialoglycoproteins
(120 and 90 kDa) and their impaired immunolog-
ical functions reflect their disease association. In
contrast, normal lymphocytes have a minimal
expression of 144 and 36 kDa Neu5,9Ac2-GPs
with the low affinity towards Achatinin-H (Pal
et al. 2004). The splendour of the present study
is the lower expression of these O-acetylated
sialoglycoproteins confirmed by the low SOAT
activity in the CD34+ HSCs of UCB attesting to
their normal characteristics. Therefore, the profile
of O-acetylated sialoglycoproteins in UCB is a
unique outcome in this investigation. Addition-
ally, the status of other molecules along with
linkage-specific sialic acids on CD34+ HSCs of
UCB, in contrast to CD34+ BMALL, also
reassures their normal profile. Based on these
observations, the established sialoglycopattern
of normal CD34+ HSCs of UCB opens up an
unconventional avenue to monitor these cells
before transplantation, thereby deserving special
attention in clinical therapeutics.
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Abstract—This work proposes a re-usability aware fault
remapping scheme for multicore NUCA cache. It replicates
data in non-reusable blocks to ensure full error coverage and
minimum latency, by forming dynamic remapping clusters
around the home tiles. Simulations in Multi2Sim 5.0 claim up
to 18.64% increase in hit ratio and 20.79% decrease in latency
in last-level cache over the existing techniques with 3.17%
area, 5.35% leakage power and 3.34% dynamic power overheads.

Keywords-Multicore, Cache, Fault, Remapping, Latency

I. INTRODUCTION

Aggressive voltage scaling causes exponential cell failures

in SRAM. Error resilience schemes are proposed in multiple

levels. SRAM cells [1], error correcting codes (ECC) [2], dis-

abling faulty sub-blocks [3] and redundancy based techniques

[4] have been reported. But none of them ensures full error

coverage with minimum latency where this work concentrates

in.

II. PROPOSED FAULT REMAPPING SCHEME

The proposed work detects hard errors using BIST in low

power and a fault map is generated. Blocks addressed on faulty

lines are remapped on non-conflicting faulty or non-reusable

healthy blocks in the same set or in the nearest neighbour tile

with lowest manhattan distance, forming remapping clusters

that expand and shrink dynamically depending on the cache

pressure. An access map is then generated to track the repli-

cations. Re-usability is measured as defined in [5].
The simulation is done with Multi2Sim 5.0 using SPLASH-

2 and PARSEC 3.0 suites.Overheads are calculated using

CACTI 6.5 and power components are calculated using Mc-

PAT. A fault model has been followed as in [6]. The hit ratio

and latency of the proposed scheme for fft benchmark are

shown in Figure 1 and 2 respectively showing consistently

higher hit ratio and lower latency achieved by the proposed

scheme.

III. CONCLUSION

This work proposes a latency aware complete in-place fault

remapping policy with 18.64% improvement of hit ratio and

20.79% improvement in latency in L2 cache with 3.17% area,

5.35% leakage power and 3.34% dynamic power overheads.

Fig. 1. Comparison of L2 hit ratio of the proposed work with others

Fig. 2. Comparison of L2 latency of the proposed work with others
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Abstract

Rapid industrialization and urbanization have led to

extensive pollution of water resources leading to a

crisis. Traditional wastewater treatment processes are

used to remove both inorganic and organic

substances present in wastewater. These primary

treatments are mainly aimed at the removal of easily

settled and oxidize the organic matters present in the

water which results in generation of clean effluent;

however, this water contains high amount of
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inorganic nitrogen and phosphorus which may lead

to rapid eutrophication. Microalgae-based

wastewater treatment process has many advantages

that can meet the new demand and can be an eco-

friendly option for improved tertiary wastewater

treatment. This type of treatment can produce

valuable biomass along with the removal of inorganic

nitrogen and phosphorus required for algal growth.

This chapter gives an overview of the microalgae

used for wastewater treatment. The different types of

physical and chemical properties of wastewater

suitable for algal growth have been discussed in

detail along with their ability of nutrient

assimilation/removal and biomass productivity. The

limitations of the microalgal treatment are also

discussed to highlight the major drawbacks of the

system along with the possible solution.
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Chapter

Research Trends in Library
and Information Science in India
during 2011 to 2018
Sutapa Paul and Bapan Kumar Maity

Abstract

Bibliometric analysis analyzes the research activity based on the doctoral theses
that were submitted to the Shodhganga repository from 2011 to 2018 to determine the
research trends in library and information science (LIS) in India. The findings dem-
onstrate a shift in academic attention from fundamental LIS subjects to computer
applications. Based on the data from Shodhganga, the INDCAT database, Vidyanidhi,
and University News, this paper examined 612 PhD theses that were submitted at
various universities in India during the course of these eight years.

Keywords: LIS research, research in LIS, PhD theses, research trend,
LIS research-India

1. Introduction

The development of LIS as a field of study began with the basic skills of classifica-
tion, cataloging, indexing, reference, bibliographical search, and professional values.
Dr. S.R. Ranganathan played a vital role in the development of library education,
libraries, and the library profession in India. Formal LIS education in India is nearly
100 years old.

In this study, an attempt has been made to assess the year-wise and subject-wise
growth of new conceptual research in LIS, particularly during the period 2011–2018.
This is a bibliometric study, which identifies the recent trend in LIS education in India
by analyzing the doctoral thesis uploaded in the Shodhganga repository during the
year 2011 to 2018.

Shodhganga is a reservoir of electronic theses, and dissertations are primary
sources of research materials that originate from doctoral theses/dissertations submit-
ted to the universities for the award of a PhD degree. It is mandatory to submit an
electronic version of theses and dissertations by the researchers in universities to a
national repository with an aim to facilitate open access to Indian theses and
dissertations to the academic community worldwide.
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2. Review of literature

There are so many studies on LIS research trend on the basis of articles published
in national and international journals, but it has been found that only few studies have
been done on the basis of PhD thesis, which is awarded by Indian universities. Maity
and Hatuta’s [1] study is an attempt to find out the research trends of library man-
agement in LIS and to quantitatively analyze the research activity in India based on
doctoral theses that were already awarded in the period 1950–2012. Yadav and Gohain
[2] have noted that the trends of LIS education in India under three important phases:
genesis of LIS education; LIS education during 1947–2014; and emerging trends in the
new millennium in order to cover the important milestones that occurred in Indian
LIS education. The literature that informs the study came from a wide range of
sources. The paper provides useful current information to LIS professionals, fraterni-
ties, researchers, students, and other stakeholders. According to Pandita and Singh
[3], this study examines the research growth in the field of LIS at a global level for the
period 2004–2013. The key areas analyzed in the study include research growth in LIS
at the continental level, world’s ten leading LIS research countries, citation analysis
Hirsch Index (h-index), etc. The study is supported with empirical findings, for which
data were retrieved from the SCI MagoJournal and Country Ranking, based on
SCOPUS data source. The study is not exhaustive in nature, as it covers only those
articles published in LIS journals indexed with this particular data source. According
to Chatha [4], the aim of the study is to analyze the current research trends in LIS
through journal articles. The study covers the number of publications, authors per
year, cited items, country-wise distribution of articles, state-wise authorships, and
current research areas in LIS. According to Dora and Kumar [5], the current study
aims to understand the trends in LIS research during 2004–2015 by studying the
published literature in Indian LIS journals. Singh [6] in his article study investigates
and identifies research trends on LIS on the basis of PhD theses for the past nineteen
years at the Department of Library & Information Science (DLIS), Aligarh Muslim
University (AMU), India. Mondal and Roy’s [7] paper is basically a bibliometric study
based on 4993 citations from 53 PhD theses on economics under the University of
Burdwan, West Bengal, India.

3. Aim of the study

The aim of the study is to analyze the current research trends in LIS through
research theses in India. The bibliometric method is used to categorize the data. The
data was gathered from the Shodhganga repository for the time span of 2011–2018.
The study shows the current trend in LIS research publication, carried out to deter-
mine all the important points helpful for further research. The study covers the
number of doctoral theses, the number of universities that are actively involved in
research work, year-wise distribution of theses, state-wise contribution to research
work, and current research areas in LIS.

All data are collected from Shodhganga repository; then, all the theses are individ-
ually analyzed by the titles and keywords and undergo a lot of tool subjects like
classification, cataloging, academic library, management, budgeting, bibliometric
study, information-seeking behavior, and so on. According to UGC-recommended
syllabus, all these tool subjects are distributed under 13 broader subjects those are
identified as main topics of research work in the LIS field. These broader subjects are:

2
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1.Library and society

2.Library management

3.Classification/knowledge management

4.Cataloging/resource description

5.Information and communication technology

6.Information source, system, and center

7.Information literacy

8.Information-seeking behavior

9.Information economics and knowledge management

10.Content creation and technical writing

11.Digital library system and digital environment

12.Information system analysis and design

13.Library statistics and informatics

A reservoir of Indian theses is a digital repository of theses and dissertations
submitted to Indian universities. It is maintained by INFLIBNET Center, which is an
autonomous center of the University Grants Commission (UGC) of India and was
initially located at the campus of Gujarat University, Ahmadabad. The repository has a
collection of 210,661 theses and 6123 synopses.

It has been observed that “Shodhganga” is an important Indian initiative and will
facilitate open access to Indian theses and dissertations to the world academic com-
munity. Online availability of electronic theses through centrally maintained digital
repositories will not only ensure easy access and archiving of theses but will also help
in raising the quality and standard of research.

4. Objectives of this study

The main objectives of this study are:

1.To find out the nature and direction of LIS research during 2011–2018

2.To know the yearly distribution of the subject of LIS research

3.To examine the research trend of LIS in India

4.To verify the diversity of current research in the LIS field

3

Research Trends in Library and Information Science in India during 2011 to 2018
DOI: http://dx.doi.org/10.5772/intechopen.109092



5. Limitation of the study

The study covers research works in LIS at the PhD level, which have been already
awarded for doctoral degree by Indian universities. The period of coverage is from
2011 to 2018, a period of 8 years. It has considered only those titles of doctoral theses
that appeared in the INFLIBNET-Indcat (http://incat.inflibnet.ac.in/indcat). Various
universities that have an LIS department and have uploaded theses on INFLIBNET
have been searched and data accrued year-wise.

6. Methodology

The main source of data collected is from university news, which periodically lists
out the doctoral theses accepted by different universities and also uploaded in the
thesis database in India and collected from Shodhganga. Data collected from these
databases namely Shodhganga, INDCAT database, Vidyanidhi, University News data,
and INFLIBNET (http://incat.inflibnet.ac.in/indcat) were searched with the key term
“Library,” “Library science”, and “Library and Information science” to retrieve 612
records and were downloaded for the period of 2011 to 2018. All doctoral theses have
been listed out and checked manually. After checking, 715 records were retained for
the study. The whole work has been divided into three parts. The retrieved title has
been grouped according to chronological growth, decade-wise growth, and
university-wise distributions in one part. The broad and narrow subject distribution
has also been made to find the actual subject trends in other parts. And the third part
is state- and zone-wise distribution. The data has been analyzed quantitatively using
statistical charts, diagrams, tables, etc.

Data interpretation under topic and year wise: Here, data are analyzed
according to tools areas under 13 broad areas.

Table 1 shows 84 research studies, which were completed through the years 2011
to 2018. Out of these, 42.86% research studies were done on academic library, 20.24%
on university library, 14.28% on special library, and 1.19% and 4.76% on public library
and national library, respectively. Also 4.76% research studies were done on librari-
anship. So, the result shows that the maximum research studies were done on aca-
demic library.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total (%)

1 Academic Library 2 4 5 2 6 10 7 0 36 42.86

2 University Library 1 3 3 1 2 4 3 0 17 20.24

3 Special library 1 1 0 3 3 2 2 0 12 14.28

4 Public library 0 4 2 1 1 2 3 0 13 15.48

5 National library 0 0 0 0 1 0 0 0 1 1.19

6 Reference service 0 0 0 1 0 0 0 0 1 1.19

7 Librarian-ship 0 0 1 0 1 2 0 0 4 4.76

Total value 4 12 11 8 14 20 15 0 84 100

Percentage (%) 4.76 14.84 13.09 9.52 16.6 23.80 17.85 0 100

Table 1.
Research on library society.
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If we analyze the data according to the year, the highest research studies were done
in 2016 (23.80%) and the second highest research in the year 2017 (17.85%). In the
area of library and society, rest of the research percentage were 4.76%, 14.84%,
13.09%, 9.52%, and 16.6% in the year 2011, 2012, 2013, 2014, and 2015, respectively.

Figure 1 shows a graphical research on library society according to year.
Table 2 shows 104 research studies, which were completed through the years 2011

to 2018. Out of these, 56.73% research studies were done on management, 10.58% on
quality management, 6.73% on organization, 5.73% research on book publishing /
e- publishing and infrastructure, 2.88% on preservation and conservation, 4.80% on
finance, and only 0.96% on both administration and acquisition. So, the result shows
that the maximum research studies were done on management.

If we analyze the data according to year, the highest number of research studies
were done in 2012 (18.25%) and second highest research in 2014 (16.35%). In the area
of library management, rest of the research percentage were 12.5%, 15.38%, 15.38%,
10.5%, 7.69%, and 3.85% in the year 2011, 2013, 2015, 2016, 2017, and 2018,
respectively.

Figure 2 shows research on library organization and administration based on the
years.

Table 3 represents 13 (100%) research studies that were completed through the
years 2011 to 2018. Out of these, 23.08% (total 3) research studies were done on
classification, 69.23% (total 9) on collection development, and 7.69% (total 1) on
information processing in the area of research on knowledge organization.

If we analyze the data according to the year, the highest number of research
studies were done in 2012 (30.77%, where the total was 4), and the second highest was
done in the years 2017 and 2018, where both percentage were same, that is, 15.38%.
During the rest of the remaining years, 7.69% research studies were done in the area of
knowledge management.

Figure 3 shows research on classification/knowledge organization based on the
years.

Figure 1.
Research on library society according to years.
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Table 4 shows that total 19 research studies were done on cataloging/resource
description. Out of this, 26.31% research studies were completed on cataloging;
21.05% research studies were done on bibliography and indexing; and 15% research
studies were completed on manuscript and control vocabulary. So, maximum research
studies were done on cataloging.

Figure 2.
Research on library organization & administration based on the years.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Management 9 9 10 9 11 8 2 1 59 56.73

2 Organization 1 1 1 2 1 0 0 1 7 6.73

3 Acquisition 0 1 0 0 0 0 0 0 1 0.96

4 Finance 0 3 2 0 0 0 0 0 5 4.80

5 Administration 0 1 0 0 0 0 0 0 1 0.96

6 Book publishing /

e- publishing etc

1 1 1 3 0 0 0 0 6 5.78

7 Infrastructure 1 1 0 0 1 0 3 0 6 5.78

8 Preservation &

conservation

1 0 1 0 1 0 0 0 3 2.88

9 Quality control 0 1 0 1 0 2 0 1 5 4.80

10 Quality Management 0 1 1 2 2 1 3 1 11 10.58

Total value 13 19 16 17 16 11 8 4 104 100

Percentage (%) 12.5 18.27 15.38 16.35 15.38 10.58 7.69 3.85 100

Table 2.
Research on library management.
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On the basis of years (2011 to 2018), the analysis of data represents that 26.31%
research studies were done in the year 2011, 21.05% in the year 2015 and 2018, 10.53%
and 5.23% research studies were done in 2012 and 2016, respectively, in the research
area of cataloging/resource description.

Figure 4 shows research on cataloging/resource description according to the year.
Table 5 shows 179 research studies, which were completed through the years 2011

to 2018. Out of these, 40.78% research studies were done on information technology,
12.85% on ICT, 11.73% on network, 11.17% on software, and 6.14% both internet and
e-journals. Only 4.47%, 5.59%, and 1.12% research studies were done on database,
automation, and electronic/print media, respectively. So, the result shows that the
maximum research studies were done on information technology.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Classification 0 1 1 0 0 0 0 1 3 23.08

2 Collection

development

1 2 1 1 1 1 1 1 9 69.23

3 Information

Processing

0 1 0 0 0 0 0 0 1 7.69

Total value 1 4 2 1 1 1 1 2 13 100

Percentage (%) 7.69 30.77 15.38 7.69 7.69 7.69 7.69 15.38 100

Table 3.
Research on classification/knowledge organization.

Figure 3.
Research on classification/knowledge organization based on the years.
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If we analyze the data according to the year, the highest number of research
studies were done in 2012 (19.55%) and second highest research in 2013 (18.99%). In
the area of information communication technology, rest of the research percentage
were 9.50%, 11.17%, 13.96%, 11.17%, 11.73%, and 3.91% in the year 2011, 2014, 2015,
2016, 2017, and 2018, respectively.

Figure 5 shows research on information communication technology based on the
years.

Table 6 reflects that total 29 (100%) research studies were done on information
source, system, and center. Out of this, 13.79% (total 4) research studies were done on

Sl no. Name of sub

topic

2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Cataloging 0 0 3 0 2 0 0 0 5 26.31

2 Bibliography 3 0 0 1 0 0 0 0 4 21.05

3 Manuscript 0 0 0 0 0 0 0 3 3 15.79

4 Indexing 2 1 0 0 1 0 0 0 4 21.05

5 Control

vocabulary

0 1 0 0 1 1 0 0 3 15.79

Total value 5 2 3 1 4 1 0 3 19 100

Percentage (%) 26.31 10.53 15.79 5.23 21.05 5.23 0 15.79 100

Table 4.
Research on cataloging/research on resource description.

Figure 4.
Research on cataloging/resource description according to the year.
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information system, and 86.21% (total 25) research studies were done on information
service/source.

Yearly distribution shows that 24.14% (7) doctoral theses were completed in the
year 2015, which was the highest number of research on information source, system,
and center during the years 2011 to 2018. The second highest was 20.69% (6) in the
year 2012, whereas in the year 2018, no research was done on this topic. Rest of the
research percentages with years were 13.79% (4) in 2011 and 2017, 6.9% (2) in 2013,
and 10.34% (3) in 2014 and 2016.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Database 0 4 1 1 1 1 0 0 8 4.47

2 Automation 2 3 1 3 1 0 0 0 10 5.59

3 Network 2 2 3 4 3 6 0 1 21 11.73

4 Software 7 3 4 1 1 1 3 0 20 11.17

5 Information

Technology

3 16 11 7 13 9 10 4 73 40.78

6 ICT 0 5 6 2 3 0 6 1 23 12.85

7 Internet based 3 0 4 1 0 2 1 0 11 6.14

8 Electronic/ print

media

0 1 0 0 1 0 0 0 2 1.12

9 E journal 0 1 4 1 2 1 1 1 11 6.14

Total value 17 35 34 20 25 20 21 7 179 100

Percentage (%) 9.50 19.55 18.99 11.17 13.96 11.17 11.73 3.91 100

Table 5.
Research on information communication technology.

Figure 5.
Research on information communication technology based on the years.
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Figure 6 shows research on information source, system, and services according to
the year.

Table 7 shows that the total number of research on library classification in the year
2011–2018 was (21) 100%.

If we study according to the year, we can see the highest research studies were
done in the year 2014 and 2017, where the percentage was same (23.81%; total 5 out
of 21), and the second highest was in 2016 (19.05%; total 4), and 2015 had 14.28% (3)

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Information

system

1 1 0 1 1 0 0 0 4 13.79

2 Information

service/ source

3 5 2 2 6 3 4 0 25 86.21

Total value 4 6 2 3 7 3 4 0 29 100

Percentage (%) 13.79 20.69 6.9 10.34 24.14 10.34 13.79 0 100

Table 6.
Research on information source, system, and services.

Figure 6.
Research on information source, system, and services according to the year.

Sl no. Name of sub

topic

2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Information

Literacy

1 1 1 5 3 4 5 1 21 100

Total value 1 1 1 5 3 4 5 1 21 100

Percentage (%) 4.76 4.76 4.76 23.81 14.28 19.05 23.81 4.76 100

Table 7.
Research on information literacy.
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research studies. Rest of the years were 2011, 2012, 2013, and 2018, which had done
the same number of research studies on this topic, where the percentage were only
4.76 (total 1 out of 21).

Figure 7 shows research on information literacy based on the years.
Table 8 shows that total 86 research studies were done on seeking behavior and

user approach in the years 2011–2018, where 41.86% were on information-seeking
behavior and 47.67% were on user survey and user study. Only 10.47% research
studies were done on reading habit. So, maximum research studies were done on user
survey and user study.

If we study according to the year, we can see that the highest research studies were
done in the year 2015, where the percentage was the same (17.44%; total 15 out of 86),
second highest was in 2012 (16.28%), and 2013 and 2017 both had equal percentage,
that is, 15.12% (total 12). Rest of the years were 2011, 2014, 2016, and 2018, which had
done 10.46%, 13.95%, 9.30%, and 2.32%, respectively.

Figure 8 shows research on information-seeking behavior and user Approach.

Figure 7.
Research on information literacy based on the years.

Sl

no.

Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Information seeking

behavior

5 7 5 7 5 3 3 1 36 41.86

2 User survey and User

study

2 7 7 4 9 5 6 1 41 47.67

3 Reading habit 2 0 1 1 1 0 4 0 9 10.47

Total value 9 14 13 12 15 8 13 2 86 100

Percentage (%) 10.46 16.28 15.12 13.95 17.44 9.30 15.12 2.32 100

Table 8.
Research on information-seeking behavior and user approach.
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Table 9 shows that the total number of research studies done on information
economics and knowledge management was 37 (100%). Out of this, 64.86% research
studies were completed on information resource, where the total was 24, which is the
highest among all, 16.21% research studies were done on resource sharing, where the
total was 6, and remaining 5.40% (2), 10.81% (4), and 2.70% (1) research studies
were done on marketing, web resource, and information dissemination, respectively.

Yearly distribution of library management research theses from 2011 to 2018
shows that among the 37 (100%) theses, the highest number of research studies were
done in the year 2014; percentage is 29.7 (14). Second highest research studies were
done in the years 2015 and 2017; percentage is 16.21 (6).

Figure 9 shows research on information economics and knowledge management
based on the years.

Figure 8.
Research on information-seeking behavior and user approach.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Marketing 1 1 0 0 0 0 0 0 2 5.40

2 Information

resource

1 0 2 8 4 3 5 1 24 64.86

3 Web Resource 0 0 1 2 0 1 0 0 4 10.81

4 Information

dissemination

0 0 0 0 1 0 0 0 1 2.70

5 Resource sharing 0 1 1 1 1 1 1 0 6 16.21

Total value 2 2 4 11 6 5 6 1 37 100

Percentage (%) 5.40 5.40 10.81 29.73 16.21 13.51 16.21 2.70 100

Table 9.
Research on information economics and knowledge management.
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Table 10 describes that total 10 (100%) research studies were completed on
content creation and technical writing. Out of this, 50% research studies were done on
open access, 30% research studies on e-learning, and 20% research studies on content
management.

Yearly distribution shows that the highest research studies were done in the year
2015, which is 40%, and remaining 20%, 30%, and 10% research studies were com-
pleted in the years 2013, 2014, and 2016, respectively. 2011, 2012, 2017, and 2018 had
no research in content creation and technical writing.

Figure 10 shows research on content creation and technical writing based on the
years.

Table 11 shows 58 (100%) research studies that were completed on digital library
system and digital environment. Out of this, 41.38% (24) research studies were done
on the digital library system, which had the highest score; the second highest research
score 34.48% (20) was on e-resource, 13.79% (8) on e-journal, and 5.17% (3) research
studies were completed on both metadata harvesting and digital repository. So, the
result shows that the maximum research studies were done on the digital library
system.

Figure 9.
Research on information economics and knowledge management based on the years.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Open access 0 0 1 1 3 0 0 0 5 50

2 E-learning 0 0 0 1 1 1 0 0 3 30

3 Content

management

0 0 1 1 0 0 0 0 2 20

Total value 0 0 2 3 4 1 0 0 10 100

Percentage (%) 0 0 20 30 40 10 0 0 100

Table 10.
Research on content creation and technical writing.

13

Research Trends in Library and Information Science in India during 2011 to 2018
DOI: http://dx.doi.org/10.5772/intechopen.109092



If we analyze the data according to the year, highest research studies were done in
2015 and 2017, both (6.89%). In the area of digital library system and digital environ-
ment, rest of the research percentage were 17.24% in 2012, 10.34% in both 2011 and
2013, 6.89% in 2014, 2016, and 2018.

Figure 11 shows research on digital library system and digital environment based
on the years.

Table 12 shows that total 40 (100%) research studies were completed on infor-
mation system analysis and design. Out of this, highest research studies were done on
library professional (40%). Second highest was on quality management (30%) and
rest of 15% (6), 12.5% (5), and 2.5% (1) research studies were completed on consortia,
performance evaluation, and Thesaurus construction, respectively.

Yearly distribution shows that highest research studies were in the year 2012 and
2013, the score was same 17.5% (7); 2014 and 2015 also had done same percentages of

Figure 10.
Research on content creation and technical writing based on the years.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Digital library

system & Digital

Environment

3 4 1 2 4 4 3 3 24 41.38

2 Metadata

harvesting

2 1 0 0 0 0 0 0 3 5.17

3 Digital repository 0 1 1 0 0 0 1 0 3 5.17

4 E- resource 1 3 0 1 6 0 8 1 20 34.48

5 E- journal 0 1 4 1 2 0 0 0 8 13.79

Total value 6 10 6 4 12 4 12 4 58 100

Percentage (%) 10.34 17.24 10.34 6.89 20.69 6.89 20.69 6.89 100

Table 11.
Research on digital library system and digital environment.
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research studies, which was 12.5 (5). 2016 and 2017 also had same 15% (6), and 5% (2)
research studies were done in the year 2011 and 2018.

Figure 12 shows research on information system analysis and design according to
years.

Table 13 reflects that total 86 (100%) number of research studies were done on
library statistic and informatics. Out of this, 61.17% (total 52) research studies were
done on scientometric, which got highest number among these, and second highest
research was 16.47% (total 14) done on citation analysis. Rest of 7.05% (total 6), 2.35%
(total 2), 5.88% (total 5), and 8.14% (total 7) research studies were completed on
bibliometric, webometric, hypotheses testing, and content analysis, respectively.

Yearly distribution shows that 20% (total 17) doctoral thesis were completed in the
year 2014, which was the highest number of research on library statistic and infor-
matics during the year 2011 to 2018. Second highest was 17.47% (total 17) in the year

Figure 11.
Research on digital library system and digital environment based on years.

Sl no. Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Quality Management 1 1 1 2 2 1 3 1 12 30

2 Consortia 0 1 3 0 1 0 1 0 6 15

3 Performance

evaluation

0 1 2 0 1 0 1 0 5 12.5

4 Library Professional 1 4 1 3 1 4 1 1 16 40

5 Thesaurus

construction

0 0 0 0 0 1 0 0 1 2.5

Total value 2 7 7 5 5 6 6 2 40 100

Percentage (%) 5 17.5 17.5 12.5 12.5 15 15 5 100

Table 12.
Research on information system analysis and design.
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2014. Rest of the research percentages with years were 9.41% (8) in 2011, 14.11% (12)
in 2012, 7.05% (6) in 2013, 16.47% (14) in 2016, 13.95% (12) in 2017, and 2.35% (2) in
the year 2018, respectively.

Data analysis and interpretation under broad subject with years: Here, data is
represented and analyzed according to 13 broad subjects included with yearly
distributions.

Figure 13 shows research on library statistic and informatics based on the year.
This table (Table 14) represents the research studies under broad subject. Here,

we can see that the highest research studies were done under the subject “Information
Communication Technology”, the total number of research 179 (25.03%) out of 715
(100%). Second highest research studies were done in “Library Management”

Figure 12.
Research on information system analysis and design according to years.

Sl

no.

Name of sub

topic

2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Bibliometrics 2 1 0 1 0 1 1 0 6 7.05

2 Citation analysis 1 1 1 3 3 1 4 0 14 16.47

3 Webometrics 1 0 0 0 0 1 0 0 2 2.35

4 Hypothesis

testing

0 2 1 2 0 0 0 0 5 5.88

5 Scientometric 4 8 3 9 14 9 4 1 52 61.17

6 Content analysis 0 0 1 0 0 2 3 1 7 8.14

Total value 8 12 6 15 17 14 12 2 86 100

Percentage (%) 9.41 14.11 7.05 17.64 20 16.47 13.95 2.35 100

Table 13.
Research on library statistics and informatics.
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Figure 13.
Research on library statistics and informatics based on the year.

SL.

No

Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

1 Library and Society 4 12 11 8 14 20 15 0 84 11.75

2 Library Management 13 19 16 17 16 11 8 4 104 14.54

3 Research on

Classification/

Knowledge

Organization

1 4 2 1 1 1 1 2 13 1.82

4 Cataloging/ Resource

description

5 2 3 1 4 1 0 3 19 2.66

5 Information

Communication

Technology

17 35 34 20 25 20 21 7 179 25.03

6 Information Source,

System and Services

4 6 2 3 7 3 4 0 29 4.06

7 Information Literacy 1 1 1 5 3 4 5 1 21 2.94

8 Information Seeking

Behavior

5 7 5 7 5 3 3 1 36 5.03

9 Information

Economics and

Knowledge

Management

2 2 4 11 6 5 6 1 37 5.17

10 Content Creation and

Technical Writing

0 0 2 3 4 1 0 0 10 1.4
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(14.54%) total were 104, where 85 (11.89%) research studies were on “Library Statis-
tic and Informatics”. “Library and Society” accrue 84 (11.75%) research studies. Next,
“Digital Library System & Digital Environment”, “Information System Analysis and
Design”, and “Information Economics and Knowledge Management” completed 58
(8.11%), 40 (5.59%), and 37 (15.17%) research studies, respectively. Rest of the sub-
jects are “Research on Classification/ Knowledge”, “Organization Cataloging/
Resource description”, “Information Source”, “System and Services”, “Information
Literacy”, and “Information Seeking Behavior” completed 1 to 36 (6% to <2%)
research studies in LIS field during 2011 to 2018.

According to years, the maximum number of research studies were in the years
2015 and 2012; the total were 119 (16.64%) and 117 (16.36%), respectively, where
medium number of research studies were in the years 2014–100 (13.99%), 2013–2099
(13.85%), 2016–2093 (13%), 2017–2092 (12.88%), and 2011–2068 (9.51%), where
lowest number of research studies were in the year 2018–2027 (3.77%) on the basis of
theses uploaded in Shodhganga.

Figure 14 shows research studies under broad subject, and also Figure 15 shows
yearly distribution of research studies under broad subjects.

7. Findings of broad subject with years

According to the UGC recommended syllabus of LIS, all data which was collecting
from INFLIBNET are content analysis and made through title and keyword and
categorized in to 20 broad subjects, which is already discussed in Chapter 1. and
Chapter 3. To identify the research trend in the area of subjects in LIS field, it will
have to focus on findings. These are:

• After analyzing the data through the year 2011 to 2018, we can see that maximum
research studies were done on “Information Communication Technology”,
which got highest number of research studies, that is, 179 (25.03%) out of 715.

• “Library Management” got second position. The total number of research
studies done on this subject was 104 (14.75%).

SL.

No

Name of sub topic 2011 2012 2013 2014 2015 2016 2017 2018 Total Percentage

(%)

11 Digital Library System

& Digital

Environment

6 10 6 4 12 4 12 4 58 8.11

12 Information System

Analysis and Design

2 7 7 5 5 6 6 2 40 5.59

13 Library Statistic and

Informatics

8 12 6 15 17 14 11 2 85 11.89

Total value 68 117 99 100 119 93 92 27 715 100

Percentage (%) 9.51 16.36 13.85 13.99 16.64 13 12.88 3.77 100

Table 14.
Data analysis under broad subject.
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• “Library Statistic and Informatics”, “Library Society” also had good number
of research studies, which accrue 85 (11.89%) and 84 (11.75%), respectively.

• Next “Digital Library System & Digital Environment” and “Information System
Analysis and Design” completed 58 (8.11%) and 40 (5.59%), respectively, which
is also good.

Figure 14.
Research studies under broad subject.
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• But research studies on these subjects, that is, “Information Economics and
Knowledge Management”, “Information Seeking Behavior”, and “Information
Source, System, and Services” is medium.

• Lowest number of research studies were done under content creation and
technical writing (1.4%), classification/ knowledge organization (1.82%),
cataloging/resource description (2.66%), and information literacy (2.94%).

• On the basis of theses, which were uploaded to Shodhganga during 2011–2018,
the yearly distribution showed that maximum number of research studies was in
the years 2015 and 2012; the total was 119 (16.64%) and 117 (16.36%),
respectively. The lowest research studies were done in the year 2018 (3.77%).

8. Conclusions

The current study shows that most of the doctoral theses that have been submitted
in LIS discipline in India gradually come out from the core area of LIS fields like
classification, cataloging, knowledge management, etc. The research trend is growing
forward to the scholarly communication, IT based, management oriented, and in
academic field also. Most of the research studies are being done on library statistics
like bibliometric, scientrometric, webometrics, citation analysis, etc. Also, research on
library society, information technology, application of information technology, digital
library system and digital environment, information system analysis and design, and
user approach is among the modern area of research of LIS field.

Figure 15.
Yearly distribution of research studies under broad subjects.
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