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SRDM-BOS-7/21-1

Confirmation and Approval of the Minutes of the 6" Board of
Studies meeting held on 28™ October, 2020.

Annexure —I

Deliberation and Approval for the Revival of Ph.D.
SRDM-BOS-7/21-2 | Registration/Enrollment of M. Manoj Kumar,
CUHP17RDMATHO3.

SRDM-BOS-7/21-3

Proposal of the Faculty Members of the Srinivasa Ramanjuan
Department of Mathematics to become M.Phil./Ph.D.

Supervisor/Guide.

SRDM-BOS-7/21-4

To approve the appointment of Dr. Pankaj Kumar S/o Late Sh.
Maniram as Research Supervisor of Mr. Manoj Kumar,

CUHP17RDMATHO3.

SRDM-BOS-7/21-5

Deliberation and Approval of the Ph.D. Synopsis of the

following students:
Mr. Manoj Kumar, CUHP17RDMATHO03 and Ms. Tanya

Sharma
CUHP18RDMATHO1

Annexure - II & III

SRDM-BOS-7/21-6

Deliberation and Approval to update/extend the objectives of the
Ph.D. Synopsis of Ms. Reena Koundal, CUHP15RDMATHO03

Annexure - [V

SRDM-BOS-7/21-7

Approval to allow Ms. Shivani Aeri, CUHP20RDMATHO1), a

Ph.D. student to do the following zero credit course:
Course Name: Advanced Topics in Geometry and Analysis,

Course Code: MTH 611, during her Ph.D. course work

SRDM-BOS-7/21-8

Approval to constitute the Research Advisory Committee (RAC)
for Manoj Kumar, CUHP17RDMATHO3, Ph.D. student (As per

CUHP Ordinance No. 42, Clause 9)

SRDM-BOS-7/21-9

Approval of List of Experts as Examiners for the Practical and
Viva Voce Examinations of M.Sc. Mathematics.

Annexure - V

SRDM-BOS-7/21-10

Any item with the permission of the Chair
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MINUTES OF THE 7" BOARD OF STUDIES MEETING
HELD ON 15™ June, 2021

The meeting of the 7" Board of Studies of the Srinivasa Ramanujan Department of Mathematics,
School of Mathematics, Computers and Information Science, Central University of Himachal Pradesh,
Temporary Academic Block, Shahpur was held through online mode on Google Meet
(meet.google.com/zvd-idut-wsr) on 15™ June, 2021 at 11:00 AM. During the meeting, all members
were available on Google Meet. Prof. Rakesh Kumar, Head, Srinivasa Ramanujan Department of
Mathamatics and Dean, School of Mathematics, Computers and Information Science chaired the

meeting.
Following members attended the meeting:

1. Prof. Rakesh Kumar — Head and Convener
Head, Srinivasa Ramanujan Department of Mathamatics and Dean, School of Mathematics,

Computers and Information Science, Central University of Himachal Pradesh, Temporary

Academic Block, Shahpur.

2. Prof. Jyoti Prakash — Subject Expert :
Professor, Department of Mathematics and Statistics, Himachal Pradesh University, Shimla.

3. Dr. Pawan Kumar Sharma — Subject Expert
Associate Professor, Department of Mathematics & Scientific Computing, National Institute of

Technology, Hamirpur.
4. Prof. Hum Chand — Vice Chancellor’s Nominee
Professor, Department of Physics and Astronomical Science, Central University of Himachal

Pradesh, Temporary Academic Block, Shahpur.

5. Dr. Rajender Kumar — Vice Chancellor’s Nominee
Associate Professor, Department of Chemical and Chemical Sciences, Central University of

Himachal Pradesh, Temporary Academic Block, Shahpur.

6. Dr. Sachin Kumar Srivastava — Member
Assistant Professor, Srinivasa Ramanujan Department of Mathematics, Central University of

Himachal Pradesh, Temporary Academic Block, Shahpur..

7. _Dr. Pankaj Kumar S/o Late Sh. Maniram - Special Invitee
Assistant Professor, Srinivasa Ramanujan Department of Mathematics, Central University of

. Himachal Pradesh, Temporary Academic Block, Shahpur.

8. Dr. Meenakshi — Special Invitee
Assistant Professor, Srinivasa Ramanujan Department of Mathematics, Central University of

Himachal Pradesh, Temporary Academic Block, Shahpur.
9. Dr. Pankaj Kumar S/o Sh. Krishan Singh — Special Invitee

Assistant Professor, Srinivasa Ramant}jan Department of Mathematicg Central University ,
Himachal Pradesh, Temporary Academic Block, Shahpur I/J/’
\
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The Chairman welcomed all the Hon’ble members & sPeciﬂl In-wt(;es ar:itit:lrle\f::icib:‘;:rethsee:tais;
activities and also about the various agenda items {0 be discussed 1n t.'le mA o dga et placed
advance to all members through e-mail including Subject Experts.. Vatighs lg the following decisions
before the committee and after detailed discussion and deliberations on each, 1he

were taken:-

AGENDA ITEM NO. - SRDM-BOS-7/21-1

. : th
Confirmation and Approval of the Minutes of the 6" Board pf Studies meeting held on 28" October,
2020 attached as Annexure I.

Decision:
The Minutes of the 6™ meeting of the BoS were Confirmed and Approved.

AGENDA ITEM NO. - SRDM-B0OS-7/21-2

Deliberation and Approval for the Revival of Ph.D. Registration/Enrollment of Mr. Manoj Kumar,
CUHP17RDMATHO3.

Decision:

All members unanimously approved the Revival of Ph.D. Registration/Enrollment of Mr. Manoj
Kumar, CUHP17RDMATHO3 as per approval from the Hon’ble Vice Chancellor.

AGENDA ITEM NO. - SRDM-BOS-7/21-3

Proposal of the Faculty Members of the Srinivasa Ramanjuan Department of Mathematics to become
M.Phil./Ph.D. Supervisor/Guide.

Decision:

All the members of BoS unanimously approved the following Faculty Members as Research
Supervisor(s) for Ph.D scholars of the Department as per CUHP Ordinance No. 42, Clause 6:

%/// 1. Dr. Pankaj Kumar S/o Late Sh. Maniram, Assistant Professor, Srinivasa Ramanujan Department
of Mathematics, School of Mathematics, Computers and Information Sciences.

, 2. Dr. Pankaj Kumar S/o, Sh. Krishan Singh, Assistant Professor, Srinivasa Ramanujan Department
M/of Mathematics, School of Mathematics, Computers and Information Sciences.

AGENDA ITEM NO. - SRDM-BOS-7/21-4

o approve the appointment of Dr. Pankaj Kumar S/o Late Sh. Maniram as Research Supervisor of Mr.
B(O‘ Manoj Kumar, CUHP17RDMATHO03

Decision: \t\“)/

All members unanimously approved the appointment of Dr. Pankaj Kumar S/o Late Maniram zs
WResearch Supervisor of Mr. Manoj Kumar, CUHP17RDMATHO03,
.
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AGENDA ITEM NO. - SRDM-BOS-7/21-5

¢ ’ R 1
b Deliberation and Approval of the Ph.D. Synopsis of the following students: Mr. Manoj Ku;:alrl,
! CUHP17RDMATHO03 and Ms. Tanya Sharma, CUHP18RDMATHO! attached as Annexure I

respectively.
Decision:

All members agreed and approved the Ph.D. Synopsis of Ms. Tanya Sharma,
CUHP18RDMATHO1, whereas the Ph.D. Synopsis of Mr. Manoj Kumar, CUHP17RDMATHO3
was deferred to the next BoS meeting as the concerned candidate has not yet defended his Ph.D.
Synopsis in the Research Advisory Committee (RAC) meeting.

AGENDA ITEM NO. - SRDM-BOS-7/21-6

Deliberation and Approval to update/extend the objectives of the Ph.D. Synopsis of Ms. Reena Koundal,
CUHP15RDMATHO3 attached as Annexure IV.

Decision:

All members agreed and approved to update/extend the objectives of the Ph.D. Synopsis of Ms.
Reena Koundal, CUHP1SRDMATHO03.

AGENDA ITEM NO. - SRDM-BOS-7/21-7

Approval to allow Ms. Shivani Aeri, CUHP20RDMATHO1), a Ph.D. student to do the following zero
credit course:

Course Name: Advanced Topics in Geometry and Analysis, Course Code: MTH 611, during her Ph.D.
course work

Decision:

All members agreed and approved to offer the Four credit course “Course name: Advance Topics in
Geometry and Analysis, Course Code: MTH 611” as zero credit course in the Ph.D. Course work of
Ms. Shivani Aeri, CUHP20RDMATHO01), as per recommendations from her Research Supervisor.

AGENDA ITEM NO. - SRDM-BOS-7/21-8

Approval to constitute the Research Advisory Committee (RAC) for Mr.

Manoj Kumar,
CUHP17RDMATHO3, Ph.D. Student as per Ordinance No. 42, Clause 9. '

Decision:

All members agreed and approved the following Research Advisory Committee (RAC) for Mr.
.~ Manoj Kumar, CUHP17RDMATHO03:
W2

1. Head of the Department (Ex-Officio Chairman) \\
% 2. Dr. Pankaj Kumar S/o Lt. Sh. Maniram (Convener)

3. Dr. Sachin Kumar Srivastava (Subject Expert)
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AGENDA ITEM NO. - SRDM-BOS-7/21-9

i i ce Examinations of M.
Approval of List of Experts as Examiners for the Practical and Viva Vo
Mathematics attached as Annexure V.

al Universities Act
In accordance with the draft ordinance 4(i), Section 23 and Statute 16(2) of the Central Universities Ac
2009, section 4(b) i and ii, the Head, Department of Plant Sciences placed before the members of the

Board of Studies (BoS) the list of examiners for M.Sc. Practical(s) and Viva Voce(s) Examinations for

their approval, as per list attached at Annexure V.

Decision;

All members agreed and approved the list of examiners as proposed at Annexure V. It was also
suggested that the list will be updated regularly by the faculty members of the Srinivasa
Ramanujan Department of Mathematics with the consent of the respective Head of the Department
and the same be reported in the next meeting of BoS. It was also suggested that preferably the
subject course experts be invited for specific courses. The BoS also recommended that, if needed,

HoD may invite a Subject Expert (External Examiner) not included in the Ilist on the

recommendations of the concerned faculty member(s) and after approval of competent university
authority.

AGENDA ITEM NO. - SRDM-BOS-7/21-10

Any item with the permission of the Chair: No item was taken

The meeting ended with a vote of thanks to the chair.

Dr. Pankaj Kumar - %r. Meenakshi, '

Dr. Pankaj Kumar
S/o Sh. Krishan Singh S/o Late Sh. Maniram
(Special Invitee) (Special Invitee)

A T o

r. Sachin Kumar Srivastava 'Dr. Rajender Kumar

(Special Invitee)

Prof. Hufm Chand
(Member) - (VC’s Nominee) (VC’s Nominee)
Dr%r Sharma Prof. Jyoti Prakash Prof. Ralggsh Kumar
(Subject Expert) (Subject Expert)

Chairman & Convener
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SRINIVASA RAMANUJAN DEPARTMENT OF MATHEMATICS

Minutes of the SIXTH meeting of Board of Studies (BOS) held on 28th October,
2020 at11:00 AM

The SIXTH meeting of BOS of the Srinivasa Ramanujan Department of
Mathematics was held on 28th October, 2020 in online mode at Temporary
Academic Block, Shahpurat 11:00AM.

The following were present:

Prof. Rakesh Kumar, Chairman & Convenor

Dr. Pawan Kumar Sharma, External Expert, NIT Hamirpur

Prof. Jyoti Prakash, External Expert, HPU Shimla

Prof. Hum Chand, Head, Department of Physics & Astronomical Science,

CUHP

5. Dr.Rajender Kumar, Head, Department of Chemistry & Chemical Science,
CUHP

6. Dr. Sachin Kuniar Srinivasa, Member; Srinivasa Ramanujan Department of
Mathematics, CUHP

7. Dr.Pankaj Kumar, Dean’s Nominee, Srinivasa Ramanujan Department of
Mathematics, CUHP

Ll RO o

The decisions taken on various items of Agenda and record of discussions held are
as.under:

Item-B0OS 6.1: To confirm the minutes of the 5th' Meetings of BOS of the Department
of Mathematics held on 16th May 2018 (Annexure I).

Decision: The minutes of the Fifth Meeting of the BOS of Srinivasa Ramanujan

Department of Mathematics were approved.

th \ nt of M i th
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e the Research Methodology course (Course Code MTH

Item-BOS 6.2: To approv
601) for the scholars of Srinivasa Ramanujan Department of Mathematics

(Annexure-II).
Decision: The BOS approved the Item BOS-6.2.

Item-BOS 6.3: To approve the course “Research and Publication Ethics (RPE)" for
PhD students (Annexure-1IIA). As per D.0. No. F.1-1/2018(Journal/CARE),
December 2019, UGC approved two Credit Course for awareness about publication
ethics and publication misconducts entitled “Research and Publication Ethics (RPE)"

to be made compulsory for all PhD students for coursework (Annexure-111B).
Decision: The BOS approved the Item BOS-6.3.

Item-BOS-6.4: To approve the Synopsis of the following students (Annexure=IV &

V):
S.No. | Name of Student Name of Area of Date of Joining
with Roll No. Supervisor Research of student for
Ph.D.
1 Anuj Kumar Dr. Sachin Kumar | Differential 13.11.2017
CUHP17RDMATHO1 | Srivastava Geometry
2 Mayrika Dhiman Dr. Sachin Kumar | Differential 13.11.2017

CUHP17RDMATHO2 | Srivastava Geometry
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Decision: The BOS members unanimously approved the synopsis of Anuj Kumar .
and Mayrika Dhiman.

Item-B0OS-6.5: To approve the faculty member to Supervise research work of the
following scholar:

S.  |Name of Student with [Name of Area of Date of Joining of
No. |Roll No. Supervisor Research student for Ph.D..
1 |Shivani Aeri |Dr. Rakesh Kumar [Numerical 05.08.2020
: , Analysis
CUHP20RDMATHO1

Decision: The BOS members unanimously approved the respective faculty member
to supervise the Ph.D. work of Shivani Aeri.

Item-B0S-6.6: To approve the revised course structure of M.Sc. Mathematics
(Annexure VI).

Decision: The BOS approved the Item BOS-6.6.

Item-B0OS-6.7: To approve the list of courses for Ph.D. course work in mathematics
(Annexufe VII).

Decision: The BOS approved the Item BOS-6.7.
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ry Committee (RAC)
ee (RPMC))

[tem-B0S-6.8: To report and recommend the Research Adviso

Research Progress Monitoring Committ

(previously named as ‘
h Scholars in Research Degree (RD) Programme in

constituted for the Researc
Mathematics during the year 2017,2018 2019 & 2020 to the School Board.

As per CUHP Ordinance No. 42, Clause 9, The Research Advisory Committee for
each PhD scholar shall be formulated to monitor the research work / progress of the

research degree students enrolled in the department.

The Research Advisory Committee (RAC) shall comprise the research supervisor of the PhD student who
shall be the convener of the.committee; Head of the Department / Director of the Centre who shall be
the ex-officio chairman, and at: least one subject expert nominated by the Head/Director upon the

recommendation of the concerned supervisor.

Research Advisory Committee (RAC) for each student was formulated and notified
for each student of both the academic sessions (2015, 2017, 2018 & 2020). The

details of each RAC are placed before the BoS for recommendation to School Board.

S.No. | Name of the RD Research Advisory Committee
Student &
Enrolment Number
1 Tanya Sharma 1. Head of Department (Ex-Officio
Chairman)
CUHP18RDMATHOL 2. Dr.Rakesh Kumar (Convener)
3. Dr. Pankaj Kumar (Subject Expert)
2 Shivani Aeri 1. Head of Department (Ex-Officio
_ Chairman)
CUHPZORDMATHOL 2. Dr.Rakesh Kumar (Convener)
3. Dr. S.K. Srivastava (Subject Expert)
3 Kanika Sood 1. Head of Department (Ex-Officio

W Y MQ&/
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CUHP15RDMATHO1 Chairman)
2. Dr.S. K. Srivastava (Convener)
3. Dr. Pankaj Kumar (Subject Expert)
4 Anuj Kumar 1. Head of Department (Ex-Officio
CUHP17RDMATHO1 Chairman)
2. Dr,S.K.Srivastava (Convener)
3. Dr. Pankaj Kumar (Subject Expert)
5 Mayrika Dhiman 1. Head of Department (Ex-Officio
CUHP17RDMATHO02 Chairman)
2. Dr.S.K. Srivastava (Convener)
3. Dr. Pankaj Kumar (Subject Expert)
6 Ravinder Kumar 1. Head of Department (Ex-Officio
CUHP15RDMATHO02 Chairman)
2. Dr. Rakesh Kumar (Convener)
3. Dr. Pankaj Kumar (Subject Expert)
g Reena Koundal 1. Head of Department (Ex-Officio
CUHP15RDMATHO03 Chairman)
2. Dr. Rakesh Kumar (Convener)
3. Dr. S.K. Srivastava (Subject Expert)

Decision: The BOS approved the Item BOS-6.8.
Item-B0S-6.9: Any other item from the permission of the Chair.,

Decision: None of the members proposed any item for discussion and hence no

item was taken up.

The meeting terminated with avote of thanks toall the members of BOS.
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Dr. Pa%rma Prof. Jyoti Prakash Prof. Hum Chand
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r. Rajender Kumar ~ Dr. Sachin Kumar Srivastava
Dr. Pagaj Kumar Prof. RaKésh Kumar
Copy to:

1. All'the members.of BOS, Srinivasa Ramanujan Department of Mathematics for
approval.

The Coordinator TAB-Shahpur for Information and Record.

The Registrar, Camp Office Dharamshala for information and Record.

The Finance Officer, Camp Office Dharamshala for information and Record.

The Controller of Examination (CoE), Camp Office Dharamshala for information
and Record.

P.S. to Vice-Chancellor for Information of Hon'ble Vice-Chancellor.
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Design and Development of Elliptic Curve and Lattice
Based Digital Signature Schemes

A synopsis is submitted
by

Manoj Kumar
under the supervision of
Dr. Pankaj Kumar

to

Srinivasa Ramanujan Department of Mathematics
School of Mathematics, Computer and Information Sciences
Central University of Himachal Pradesh
[Establish under Central Universities Act 2009]
TAB-Shahpur, Distinct Kangra, Himachal Pradesh-176215, India




1. INT RODUCTION

| involves at least tWO communicators as shown in
¢ information to receiver through a

y to one, one to many and many to

i i ication mode
Basic model: The basic communica
figure 1, say sender S and receiver R. The sender transfers th

secure or insecure channel. This model can be one to one, man

many.

Fig 1: Basic communication model

1.1 _ATTACKS AND THREATS

Any structured and unstructured threat that comprises with our network security is called security

attack. The most popular security attack are given below.

1) Denial of Service (DOS) attack: In this attack, the adversary takes control on the resources

and try to congest the communication channel used during communication. Purpose of the attacker

during this attack, to prevent the crucial information from arriving source. For example in a

VANET, server wants to warn about a danger to a driver but attacker use the DOS attack and act

the malicious activities. If receiver did not receive the information within the time which leads a

big happening [1,2, 4].

2) Message Suppression Attack: In this attack, an adversary select some dropping packets, these

packets may be the critical information needs to receiver. The adversary can extract the critical
information and can use in future [3,4].

3) Fabrication Attack: The adversary circulate the wrong information into the network during

this attack. This attack contains warning, identities, certificate, and fabricate messages. The

transmitter also claim that the transmitted information comes through the different channel [4,7,8].

4) Alteration Attack: The adversary alters the original data. This attack involve the delaying
the transmitting information, change the actual data during data transmission [5,6].

5) Replay Attack: The adversary generates the echo of transmitting information of a past
information to take the benefit of the situation of the message at the time of sending [4,6].

6) Sybil Attack: The adversary generates a bulk of pseudonyms to make a route jam and force to

select the alternate route or stop the application [5,6].

1.2 SECURITY REQUIREMENTS

To secure our network, we need some following security goals.

1. Authentication: To make sure the origin of message transmitted from sender to receiver. For
this task, sender assign a dialogue session before start the communication with other participants.

% t =y @f




Signing each message like this procedure, leads an overhead on the system. We use the elliptic
curve cryptography (ECC) to reduce the overhead [9,10].

2. Availability: To make sure that the network should be available for all time for receiving the
information. This feature is very crucial for the real time applications where the applications needs
much faster response then other applications for example Flying ad-hoc network (FANET),
Vehicle ad-hoc network (VANET), Sensor network [9,10].

3. Non-repudiation: To prevent from those adversary who denying their misconduct. For this task
Sender assign their private key before sending the message to receiver. The sender can’t deny their

participation because of involving their private key [9,10].

4. Privacy: To keep the secrecy of the communication from the outsider and insider adversaries.

To achieve this task, we use pseudo identity instead of the original identity. The primary goal of

the privacy is to keep the secret keys of the participants [9,10].

5. Confidentiality: the privacy of the message send by the sender should be protected. To achieve
this task, the encrypted message will be send to communicators [9,10].

1.3 BASIC FUNCTION OF CRYPTOGRAPHY

Plain Text (P): Plain text is the original message send by the sender to receiver.

Secret Key (K): Secret key is used to encrypt the plain text.

Cipher text (C): Cipher text is the result of the plain text after encryption by secret key.

Encryption Algorithm (EA): EA is the encryption algorithm by which the sender encrypt
the message by secret key.

Decryption Algorithm (DA): DA is the decryption algorithm by which the receiver decrypt
the message by secret key. ‘

v v v Vv

1.4 BASIC DIGITAL SIGNATURE SCHEME

A traditional digital signature scheme involves the three algorithms.
KEY-GEN: Taking an input security parameter 1% this algorithm produces a private-public
key pair.

Signature: This algorithm is run by the signer, signer sign the message m with their private
key pk. Which can be notified as o = Sign (m)

Verification: In this algorithm, the verifier validates the signature with the signer’s public

key. If the verification is successful, then accept the signature otherwise reject the
signature.

Verify,(m, Sign . (m))=1

1.5 CRYPTANALYSIS

We analysis the previous existing scheme proposed by researchers during cryptanalysis technique.
We examines the security of the suggested scheme and try to make insecure under the given

[ -
Yo TR



restrictions. By the cryptographic technique, we try to find the limitati'ons and .weakness in the
existing algorithm. Cryptanalysis is a good practices (not a bad practices) which analyses the
security of the suggested scheme and find the ambiguity in their scheme thereafter the weakness

of scheme can be reduced or eliminated in the algorithm.

1.6 ELLIPTIC CURVES OVER Fq .
Suppose E(F,) be define an elliptic curve over a field with the parameters @, f€F, where

(where a,p satisfies the constraints 4 a® + 27 f? # 0), contains the point set (¢, s) €

E(F,), satisfies the constraint s? = t3 + at + . The set of possible points over E (F) also

includes the point of infinity O as an identity w.r.t. addition operation. The operation defined over

E(E,) is addition. E (F,) forms a abelian group w.r.t. addition operation [11].

The operation defined over E (F,) is specified as follow.

_ P+0=0+P=P, VPEE)

If P = (t,s) € E(F,) then (t,s) + (¢, —s) = 0. The points (t,—s) € E (F) is the negative of P

and denoted by —P),

L‘f(:;vfftx:rzlz E=Ez-(ZEI_) tan—dtQ =£t2’82) €E(F) and P#Q, then T =P+ Q= (t3,53) €
Y 3 17 b2 Sy = T(ty — t3) — 5y, and T = (5, — 5,) /(t, — t1), i.e. it can be

shown the addition of two points can be as the point of intersection over E (7).
20

.
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g 2L':td‘;“l_\'e property among the points P and Q on the elliptic curve: s2 = ¢3 4 at + 4 [11]
ek B(F). The Point = p + p = 2p = (tusy) € E(F) , where t, = 12 —

2t, 5, = (t—s,) - 3t2+4q
; 1) = t, where T = —22 Tpiq .

. " property is called the doublj ;

in the figure 1.3 as the S 2s bling of a point as shown

point along tangent at P over the elliptic curve .
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Fig 1.3: Doubling of a point P = 2R over the elliptic curve: s2=t3+at+p[11]

2. RELATED WORK _
Shamir [12] suggested the infrastructure of identity based cryptography (IDC). In the IDC, third
party generates the signer’s complete private key of the signer. IDC inherit a well-known problem
called key escrow problem (KEP). Al-riyami and Peterson [13] proposed the pairing based
certificateless signature scheme (CLS) in 2003. CLS scheme improves the difficulties inherit in
IDC. Huang et al [14] proposed a cryptanalysis of Al-riyami and Peterson [13] CLS scheme and
found insecure successfully.
After the discovery of Al-riyami and Peterson, a lot of contemporary researchers [15, 17,20,21,22,
24]designed their CLS schemes with different aspects. Yum and Lee [15] designed a CLS scheme
and proves the security of scheme against identity and message attack. Thereafter, Hu et al [16]
proved that the Yum and Lee [15] proposed CLS scheme fails the protection against the public
key substitution attack (PKSA). Gorthala and Sexena [17] designed an efficient pairing operation
based CLS scheme using random oracle model (ROM) method. Cao et al. [18] founds insecure
during security analysis of Gorthala and Sexena [17] CLS scheme against PKSA. Furthermore,
Huang [20] fabricate the adversaries into subtypes called Normal, Strong and Super type depend
on their attacking power. Chen et al shows that the strong type adversary is not successful in the
real life applications like FANET, VANET whereas Normal and Super type adversaries are more
applicable. Boneh [19] developed a certificateless aggregate signature scheme (CLAS) that merge
the benefit of aggregate property with the CLS. Aggregate property is a many to one map that
integrates the dissimila'r n signatures comes from the different source in to a single length signature.
g:la::g[ ;:]d le:aigeg zzgrlirtl;r::;;:i: g?i;i:agnba::: g}iﬁs schemedaléd proves the security with ROM.
proposed scheme is insecure against collisigon insider itt‘:colfoifion L;\;S ;;l]lentle ';md foling o tt.leir
computationally pairing based operation without hroni N g 126,27] et a Proposed efficient
- P synchronization and proves the security by RO
diffie-hallman problem. Hang tu et al. [29], Zhan y by M under
‘ : : etal, [29], g et al. [28] and Cheng [30] founds that Xiong et al fails
to rfetjcuns secunty. against the dff.ferent concrete attacks like insider attack, honest but curious attack
malicious but passive attack, collision resistant attacks and universal attack. Horng et al. [31] and Malhi e;
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T. Kumar et al [33] cryptanalyze
¢ against malicious but passive
d an efficient pairing CLS

and implement on VANE

i base heme
ing based CLAS sc s not secur

and found that their designed scheme i
ous attack. Kumar et al [34] propose

al, [32] proposed a pair
of Malhi et al scheme
attack, insider attack and honest but curi
scheme and implement on healthcare wire
Historically, Lattices based cryptography (L

Langrage and later Minkowaski [35, 36]. Ajtai S
i i

he used not only the cryptanalysis but also construct cryptographic pr . .

many advantages such as simple with less operation and very useful for low cost devices. LBS also gives

an alternatives against traditional theoretical based cryptography. G?ldreich e:t al [38] d'eSli?;fz S
cryptographic primitive based on the LBC. Hoffstein et al designed two different primitive by using

lattices say ring based public key cryptosystem [39] and digital signature [40].

less sensor network. .
BC) infrastructure developed in the 18" century b)./ Gau-ss,
nt of research in 1996 in which

37] provides a starting poi :
o tive by using lattices. LBC gives

3. STRUCTURE OF CLS SCHEME
A CLS infrastructure contains the following algorithms discussed in tabl

Gen, PK-Gen, Sign and Verification [13].

e 1 named Setup, PPK-

Table 1
Algorithms Executes | Input Output Remarks
Setup KGC Use 1% k is (msk, mpk), Keep msk secretly
security Params itself, Params be a
constraint public parameter.
PPK-Gen KGC User identity, | Partial private key | ppk transferred to
Params ppk user through a secure
channel.
PK-Gen User User’s identity, | Public/Secret Key | User generates their
ppk pair (upk, usk) private key with the
help of ppk
| Sign User/Sign | (usk, ppk) Signature o User/ Signer
er generates the
signature with the
help of usk, ppk.
Verification Verifier mpk, ID, upk Verification If verification
and o on the | equation equation satisfied
message m then  accept the
signature  otherwise
reject.

3.2 SYMBOL NOTATIONS TABLE
The symbol used in the table 1 are describe as following table 2.
Table 2
Notations Description
mpk KGC’s public key )
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msk KGC’s secret key
upk Public key of signer/user
usk Secret key of signer/user
m Message
Params Public Parameter
o Signer’s generated Digital
signature

4. OBJECTIVES

»

To study the existing identity based designed digital signature schemes and certificateless
based digital signature schemes.

Deep study of cryptographic primitives regarding digital signatures such as group
signature, aggregate signature, multi signature, ring signature, partially blind signature,
blind signature, pairing based signature, without pairing based signature, proxy signature
compact signature, Thrasheshold signature, policy based signature, leakage free signature,
Dual signature, Strong designated verifier, Attribute based signature, Undeniable
signature etc.

Analyze the previous designed elliptic curve and lattice based digital signature schemes.
Explore the limitations of lattice based and elliptic curve based previous designed digital
signature scheme. ’

Design and development of the certificateless digital signature schemes in the elliptic
curve environment.

Design and development of the digital signature schemes on the lattice based environment.
Implement these schemes on various applications.

S. METHODOLOGY

By investigating the main techniques such as ECC, Public key infrastructure, ID based

infrastructure and certificateless infrastructure, lattice based infrastructure and many other
techniques.

By studying the latest research papers mainly previous 5 years research papers concerning
with elliptic curve and lattice based digital techniques.

Cryptanalyze the existing digital signature schemes proposed by the researchers and try to
remove the weakness of their schemes.

Design the mathematical prototype to design the new CLS schemes for different
environment and different applications.

Use the NP hard problem to prove the security of our proposed CLS scheme by using
many problems like computational diffie-hellman problem, discrete logarithm problem for

=




i i hortest and closest
elliptic curve based digital signature and use the techniques mainly s

i igital signature.
vector problem for lattice based digital signa a5
Use different techniques mainly random oracle model and standard oracle model for

i i ice based
elliptic curve based digital signature scheme and learning with errors for lattice
digital signature to prove the security of our designed CLS schemes. | N
e We demonstrate the computational and efficiency of our designed CLS by comparing wit

the previous designed schemes.
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1. Introduction

In fluid mechanics, internal flow is a flow in which the fluids are confined by a surface “-]'
The wall bounded flows provides an optimum configuration for heating and cooling liquxc?s -
various techniques. The prime objective of resolving any thermo-hydrodynamical problem is (o
enhance the efficiency, cost-effectiveness and durability of the working medium. Applications
of industrial, medical and scientific significance like heat exchanger devices, locomotive cool-
ing, food processing industries, solar power system, nuclear reactors, blood flow through arteries
and biomedicine applications are possible areas for the study of hydrodynamics in confined ge-
ometries [2]. Parallel plate channel. pipes/ ducts and liquid films/rivulets are some common
geometrical configurations of confined flows. The simplest example is a laminar flow through
circular pipe, whereas centrifugal compressor stage is a complex configuration of internal flows.
The consistent functioning of the machinery in such appliances and industrial processes generate
indispensable amount of heat which can lead to device breakdowns. Certain passive techniques
like nanofluids, porous inserts, roughness of constituting walls of channels/pipes enhance the
thermo-hydrodynamical features of such configurations under study.

Solar power collectors, photovolatic cells etc utilize the parallel plate channel filled with
nanofluids having large absorption rates [3]. The heat exchanger devices provide optimum con-
trol of energy transfer between fluids at different temperatures. From common home appliances
like refrigerator, coolers, water geysers, car radiators to the industrial applications of solar col-
lectors, aeronautics, cooling or pre-heating inlet fluid in oil/gas industries or power plants, the
internal fluid flow inside heat exchanger devices exists. In the study of electronic cooling sys-
tems and microfiuidic heat sinks, the microchannels set up horizontally or vertically having large
aspect ratio are utilized to enhance efficiency [4, 5]. In the extrusion of polymeric melts through
straight or converging dies, fluid flow between two plates is a crucial study [6]. Some bio-medical
applications like peristaltic pumping, cancer treatment through targeted nanodrug delivery and
fluid reabsorption in Renal tubules involve investigation of internal fluid flows. The concept of
peristaltic pumping has been acknowledged to improve the transport mechanism in many indus-
trial processes like chemical and pharmaceutical industries, corrosive fluids transport where the
fluid contact with the machinery part is prohibited and sanitary fluid transport [7, 8]. In the de-
sign of filters, reverse osmosis desalination and transpirational cooling the re-absorption along

the channel length is a less explored dimension in the dynamical treatment of fluids [9].

In current Scenario the demand of energy is higher than the available resources so proper

% @/@/

(lechobhi



heat and mass optimization is required. This requirement is fulfilled by appropriate choice of
system configuration, external effects or heat transfer fluids. Nanofluids overcome the gap of
insufficient features of traditional heat transport fluids like water, ethylene glycol and other oils.
Choi’s [10] remarkable contribution lead to the formation of nanofluids which showcase excep-
tional heat carrying capacity. These engineered mixtures of nano-sized particles (< 100nm) in

some lesser conductive base fluid like oils, water or mixture of different types of liquids that

encompassed the hurdles like agglomeration, sedimentation, pressure drop and stability as at-

tained in micro particle fluids [11, 12]. Hybrid nanofluids are an upgradation of mono nanofluids

which are trending nowadays [13]. The exclusiveness of hybrid nanofluid lies in the composi-

tion of two different variants of dispersed nanoparticles in the base fluid. Proper choice of the

constituent nanoparticles enhance positive features of each other and can shield the disadvan-

tage of other. Experimental studies lead to the exploration of hybrid nanofluid over conventional

nanofluids due to their enhanced thermal properties. Use of hybrid nanomaterials consisting of

CNTs in nanocatalysts, electrochemical-sensors and bio-sensors lead to the development of hy-

brid nanofluid in past decade [14, 15). The choice of hybrid nanofluids over mono nanofluids has

gained much interest as they possess favorable characteristics like better cooling, prolonged ab-

sorption rates and enhanced electrical efficiency making them fit for applications in solar energy

storages, solar collectors and Photovoltaic thermal systems [16-18].

The effective thermo-physical properties of these colloidal mixtures like viscosity, thermal

conductivity, thermal diffusivity, density, heat capacitance an
g the fluids performance. Many theoretical, empirical models based on the

s highlight the thermo-physical

d electrical conductivity are impor-

tant factors determinin
nanoparticle concentration, temperature and type of the base fluid

properties of nanofluids [19-21]. Temperature differences inside the system is one significant

feature that can alter the viscosity and thermal conductivity substantially. The reduction in vis-

cosity due to temperature increase across the momentum boundary layer leads to the increase
in the transport phenomena due to which the heat transfer rate at the wall is also affected. In
lubricating fluids, the heat generated by internal friction and corresponding rise in the temper-
ature affects the viscosity of the fluid and it no longer remains constant. Whereas the thermal
conductivity is an intrinsic property of fluid related to the temperature [22-24]. Consideration of

such features can help accurately predict the flow and heat transfer rates.
In order to achieve enhanced thermal performances of fluid saturated channels, insertion of

porous materials have been acknowledged by the researchers [25, 26]. The geometry of the

porous medium is such that the fluid and solid contact increases due to the irregular motion of
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n high thermal performance. The porous materials are

the fluid travelling through it, resulting i |
sses or in petroleum industry (27, 28]. Sur-

vastly utilized for insulation, filtration, drying proce
o the induction in heat transfer

face roughness or wavyness of a confining channels also add up t
onditions [29, 30]. To

performance of a fluid adhering wall with emergence of slip boundary ¢
control the bidirectional flow, thermal energy production in reactors, fabrication processes and
to gain good rate of streams electro and magnetohydrodyamic pumps and actuators are put in
use. Magnetohydrodynamics plays an important role in the boundary layer control and stability
of nanoparticles. Riga plates are a kind of electromagnetic actuator generate electric and mag-
netic fields which result in a controlling Lorentz force parallel to the wall [31, 32]. These forces

push and control fluid streams in micro pumps, nano drug delivery, and biomedicine applications.

The bulk flow of fluids past adjoining heated or cooled surfaces result in convective heat
transfer [33]. The differential wall heating set up and acting buoyancy forces on the ﬂoW gives
rise to a mixed convection heat transfer. The non-linear density variations due to the larger
temperature differences between the rigid boundaries and the fluid produce non-linear convective
heating [34]. The study of the {luid under the influence ol acting or opposing buoyancy leads to
many important revelations. In this scenario, the study and control over the flow reversal become
important to maintain a efficient heat removal from the constituting plates [35]. Instability in a
system can arise due to many possible reasons, flow instability and solution instability due to
existence of multiple solutions. Hydrodynamic stability plays a major role in the determination
of the flow transitions from laminar to turbulent [36], whereas solution stability analysis help
determine the most stable (physically reliable) solution for the fluid flow [37]. The stability can
be determined precisely in terms of the decay of the disturbances supplied to the system over a

period of time [38]. This type of analysis help determine the best possible outcomes for a study

under consideration.

2. Significance and novelty of the work

The proposed work on internal flows will find its general relevance in solar power systems,
refrigeration, heat exchanger devices, electronic cooling devices, polymeric processes. In bio-
medical field, targeted nano drug delivery will be the applicable area for the treatment of cancer
related diseases. With the use of nanofluids, the volume of heat exchanger devices can be signifi-
cantly reduce for better management and conversion of energy [39]. Pressure driven forces due to
the peristaltic motion of channels has vast applications in bio-medical supplies to the blood flows
in arteries [40). In optimal cooling techniques like heat sink devices, nanofluids has controlling

effects on the head losses and pumping poygr [41]. Linear stability analysis plays a crucial role
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in analyzing the possible regions of a stable flow inside channels with convective and newtonian

heating [42].

As far as novelty of the work is concerned, no work has been reported in literature till date where
rigorous and detailed analysis for the internal flow of hybrid nanofluid flows has been performed.
The internal flow under influence of different parameters emerging from porous media, viscosity
and thermal conductivity, riga plate and magnetic field effects, and other conditions existing on
the surface, still require a special attention of the researchers if hybrid nanofluids are chosen as
a medium to transport or store the energy. This study will fill the gap in literature by providing
different measuring and analysing techniques for the optimum movement of the heat and other

flow patterns for the betterment of engineering and technology. This target will be materialized
by utilizing different variants of hybrid nanoparticles.

3. Motivation of the study

The wide range of industrial, engineering, biomedical and environmental applications of
internal flows has been the main motivational force in proposing and deciding the present work.
Since hybrid nanofluids has emerged as a leading heat transport or storage carrier in several
processes of significance, therefore, it will be interesting and important to enquire the flow and
temperature field variations under the influence of porous media characteristics, magnetic field,

variable nature of viscosity and thermal conductivity, riga plate characteristics, heating devices
and different surface conditions.

4. Objectives

The prime objective of the thesis is to understand the internal but laminar flow characteristics
of hybrid nanofluids,to analyse the fully developed flows, to calculate the losses associated with
the channel flows, to measure the flow rate and velocities, to calculate heat movement rate and

temperatures, to perform the stability analysis,to realize the advantages and disadvantages. The

main effects to be investigated through the controlling parameters are:

o To study the effects of variable viscosity and thermal conductivity, magnetic field
¢ To examine the influence of homogeneous/heterogeneous porous medium
¢ To explore the effects of surface roughness and riga plate effects

* To analyse convective conditions and heating source/sink region

* To utilize the different flow and temperature conditions at the surface of the object



e To include other substantial parameters in the analysis if required at the later stage

5. Research methodology
To achieve the above proposed objectives, following research procedure may be adopted:

e Firstly, the physical problem is converted into a mathematical problem by utilizing the

basic rules of conservation laws and different coordinate set up.

e Secondly, the mathematical model (governing equations with restrictions) is made dimen-
sionless by the appropriate use of scaling/similarity transformations to achieve the desired

continuous/discrete solutions which possess the appearing dimensionless parameters.

e Thirdly, the dimensionless set of equations along with boundary restrictions will be treated
analytically/ numerically using different schemes such as the Optimal Homotopy Asymp-
totic method/ Runge-KuttaFehlberg shooting method/ ChebyshevPseudospectral method/
Quasilinearization method through different computationalsoftwaressuch as SCILAB/ MAT-
LAB/ MATHEMATICA/ MAPLE.

e Further, mathematical aspects of the concerned scheme will be verified for the accuracy of

solutions in terms of stability analysis, and error and convergence analysis.

e Further, effects of relevant flow parameters will be explored with the help of graphs and
tableswhich will primarily possess velocity variations, temperatures variations and varia-

tions in the rate of flow and heat transfer.

o Further, the conditions and reasons will be searched which are responsible for the phenom-

enal change in the flow and heat transfer properties due to the parametric variations.

e Lastly, certain suggestions will be provided which will help in controlling the behaviour of
the flow characteristics of the concerned phenomenon for the betterment of industrial/fluid

devices and procedures.
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6. Research Progress

LSr. No. \ Nature of Task
1. Work completed

» Course work- 6 months.
e Literature Review.
e Learned some new numerical and analytical schemes such as

finite element methods, spectral methods, homotopy perturbation
methods etc.

e Learned the computational coding of above methods.

2. On-going work o Asymmetrically heated hybrid nanofluid flow with variable vis-

cosity and thermal conductivity.

e Learning to perform the stability analysis for the problems re-
lated to thesis.

3. Future task e To work on the remaining objectives.

e To accommodate new parameters if required at later stage.
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1. Introduction
tial equations and are

on to integer order differen
deep and

ons. These equations have
lications of these equa-

), flow

Fractional differential equations appeared in literature as a generalizati
curately than integer order differential equati
gineering fields. Recently, several app
s diffusion in transport dynamics (-2

and dielectric relaxation in

known to model any phenomena more ac
insightful applications in various industrial, scientific and en

plored to understand various phenomena such as anomalou:

tions have been ex
viscoelastic behaviour

through porous media (3], long time memory in financial market [4],
polymeric materials [€] and many more.

tional calculus plays an important role in the structure/construction O
e into existence through the letter of Leibnitz to L'Hospital in 1695
rivative with non-integer order?”) was raised. Formal foundation

Griinwald, Lagrange, Euler etc. The contribution

f fractional differential equations. The idea of

Frac
in which a question (can the

fractional calculus cam
of fractional

derivatives with integer order be extended to de

calculus was built by famous mathematicians such as Liouville, Riemann,
of these mathematicians made fractional calculus a branch of mathematics which investigates the properties of non-integer

o called as differintegrals). The applications of fractional calculus in physical sciences

ordered derivatives and integrals (als

can be seen in Hilfer [Z].
In the past fractional calculus was considered a branch of pure mathematics only, but recently it has become popular among
s and rescarchers/scientists of other scientific fields due to the quality applications of fractional calcu-

ow, electrical networks, viscoelasticity etc. The most common definitions

applied mathematician
lus in signal processing, optics, rheology, fluid fl

of fractional calculus are due to Riemann-Liouville, Caputo, Griinwald-Letnikov. Some other pertinent definitions have been

explored by Miller-Ross, Abdeljawad, Riesz, Hilfer and Hadamard.

In the present time, analysis of fractional differential equations (ordinary/partial) have been the concern of several pure and
applied mathematicians owing to their role in the mathematical modeling of various phenomena. The detailed literature on
the various aspects of fractional differential equations can be accessed from some remarkable books such as [§]-[I3]. These
books also present the interconnection between fractional differential equations and classical differential equations. Since
most of the definitions in fractional calculus are not equivalent to each other, therefore instead of natural similarities there
also exists important differences. For example , fractional order derivative of a periodic function (non-constant) will not
produce a periodic function whereas this is not the case for integer order derivative [I4]. Thus, we infer that integer-ordered
dynamical systems cannot be generalized to dynamical systems of fractional order.

Some fractional differential equations are already available in literature which model various real world phenomena with
enhanced accuracy. Burger’s equations explain fluid dynamics and describes the structure of shock waves. Quantum
mechanical systems are analysed through space-time fractional Schrodinger equation in quantum mechanics [I6]. The move-
mcnt’of rigid pendula, dislocations in crystals and Josephson function are studied in the analysis of Klein-Gordon fractional
differential equations [I7]. Anomalous diffusion processes in blood flow can be understood utilizing fractional telegraph
equations [[I8]. Fractional Kdv equation explains plasma physics, ion-acoustic waves, lattice dynamics and magnetic
waves etc. Coupled fractional Boussinesq Burger equations investigate the propagation of shallow water waves Za).

The inherent nonlinearities in above mentioned fractional differential equations motivated the researchers to look for analyt-

] approximate techniques to obtain the solution in the absence of known exagt solution techniques. Thus several methods
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were developed such as homotopy perturbation method, homoto

Py analysis method, variational iteration method, adomain
decomposition method, differential transform method etc. But

there is still a need to construct improved/modified methods
in order to enhance the accuracy and reduce the storage space.

discuss the necessary and sufficient conditions for the existence and uniqueness of solutions. In present time, convergence of
analytical and numerical schemes for fractional differential equations s also at the prime focus of mathematicians. Existence

and uniqueness of solutions for finite ditference equations was verified by Goodrich [2] under nonlocal conditions. The
stability analysis for fractional delay differential equations was presented by Kaslik and Sivasundaram [[I4].

Some famous and basic definitions of fractional calculus which shall be used during the research work are described as
follows:

Definition 1.1. A real function f (t),t > 0is said to be in the space Cy,

M € R if there exists a real number p > , such that
f(&) =t fi(r) where £, (t) € C(0,) and it is said to be in the space C7, if and only if " € Cyy, n € N [I0)- [IA.

Definition 1.2. Let f(t) € C,,

2 —1, then Riemann-Liouville fractional integral of order 2 0, of a function f(¢) is
defined as

= | =1 f(t)dr, a>0, t>0,
R f() = T(@)Jo
f(#), a=0.
Definition 1.3. If f(f) € Cy, 4 > —1. Then

Lﬂ/'(t -7 f(t)dr, a>0, t>0,
RLD® £ (1) = { T(@) di"Jo
f(), a=0.

is called as Riemann-Liouville fractional derivative of order .

Some basic properties of g;J% and g, D® are mentioned below for f € Cust>—-1,a,8>0and Y>1:

i) JUPf() = JotB gy, if) JEIBf(r) = JByeg(r), iii) J%Y = LO+1) oy

Ma+y+ l)t i
v) DPIPF(E) = £(1), ) J"DPf(t)=f(z)—2:,4;0‘f"(o+);—',.

Definition 1.4. Let f € c»

1> € NU{0}, then Caputo fractional derivative of f of order & > 0 is defined as

I"%f1)], n—1 <
oD2 7(t) = ("= f(e)) <@<n, neN,
£ (o), a=n.
The derivative of constant by Caputo fractional derivative can be defined as:

cD¢K =0, K is constant,
Definition 1.5, Let f(x,/) ¢

u

» then partial fractiona] Caputo derivative of order @ > 0 is defined as:

e '
s & 9 p



" f(x,t e ,
a 1 '(t—r)“"’%(T’)df, if n-l<@<n
e _9%f(xt) _ ) T(n—0a)Jo !
cD*f(x,1) = P a”f(x’t) if a=n€N.

PEEE AR

o’
Deﬁr;ition 1.6. Let f: [1,00) = R, then Hadamard fractional integral of order ¢ is defined as [22], 23]:

1 ! a-1
Hjaf(’)=ﬁa—)/1 (logi) Lii)dx, o>0

Definition 1.7. Let a continuous function f : [1,0) = R and & > 0 [27], [23]. Then

”Daf(t)=—l—( d>n/l’(logt)n_a_lf(x)dx, n—-l<o<n, n=[0]+1

t_ - P
I'(h—a) \ dt x x

is called as Hadamard fractional derivative of order c.

Definition 1.8. The fractional integral of order o is defined, for a function f(z), by 24

I f(2) = N—L;/Jf(&)(z- £ 1dE, a>0

where the function f(z) is analytic in simply connected region of the complex z-plane C containing the origin, and the

multiplicity of (z— &)~% is removed by requiring log(z — £) to be real when (z— &) > 0.

Definition 1.9. For a function f(z), the fractional derivative of order ¢ is defined as [24]

arn—_ L dr f(§)
sz(Z)_I“(l—a)d_z/o (z—é)adé’ 0<a<l,

where the function f(z) is analytic in simply connected region of the complex z-plane C containing the origin, and the

multiplicity of (z— &)~ is removed by requiring log(z — £) to be real when (z— &) > 0.

For o > 0, 6 > —1, some properties of complex fractional definitions are described in following foam

. r(6+1)
Da5= H—o
i) Dfz T , O<a<l,
” 6+1
JepS—__°%7T°
it) Ji'z TGrail) a>0.

Definition 1.10. Let f : [0,00) — R, then the conformable fractional derivative of f of order « is defined as 23] :

1-a) _
Ta(f)(t)=lime_*of('+e'£ /@) forallt >0, ae(0,1)

If f is a - differentiable in some (0,a),a >0, and lim,_,o+ £%(t) exists, then we define

f%(0) = lim £%(r)

=0t

According to conformable fractional definition, fractional derivative of polynomial is defined as

% forall reR
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™ 3‘|mg-l,cmcr function of two parameter is defined as [12)]

E X)= —
a,8(x) ,?;;)r(akw)’ Re(a) >0, Re(B)>0.
It reduces to 2 classical exponential function in case of one parameter.

The above literature review has motivated us to design unique analytical and numerical schemes for the treatment of fractional
differential equations which provides excellent accuracy and are easy to implement. The existence and uniqueness of solutions

and stability conditions are also source of inspiration to verify the well posedness of fractional differential equations and

analytical /numerical schemes for their solution.

2. Significance

The exact and approximate solutions to fractional differential equations will help in the understanding of the phenomenon
in a better way. Algorithms and computational analysis in this work will provide unique, compact and alternate procedures to
obtain the accurate solutions. The existence and uniqueness of such solutions will contribute in identifying the phenomenon

presented by mathematical models using fractional calculus.

3. Objectives

In this thesis, we focus ourselves in the understanding of different types of fractional differential equations which are

ﬁecessary to analyse any particular phenomenon. The main objectives of the present study are:

« To develop analytical algorithms for the solutions of fractional differential equations such as least square homotopy

perturbation method, rational least square homotopy perturbation method etc.
« To construct some properties of Lucas polynomial, shifted Lucas polynomial and fractional shifted Lucas polynomial.

« To define Lucas polynomial based wavelets and its properties and operational matrices related to Lucas polynomial and

concerned wavelets.

+ To design some numerical algorithms for the solution of fractional differential/integral equations utilizing Lucas poly-

nomials and concerned wavelets.

« To include the classical ideas of least square approach, collocation method, tau method, Galerkin method etc. in the

construction of numerical schemes.

« To perform the error analysis, and ensure the stability and convergence of the developed schemes.

4. Methodology

« The fractional differential equations (ordinary/partial) with initial and boundary conditions will be considered in the

beginning, o
4 @/ QV
=T



* Then definitions which are required for the analysis will be borrowed from literature.

* New definitions which are necessary for the foundation of a analytical/numerical method will be defined.

.

o After that, mathematical theory of the method (under construction) will be developed through theorems, lemmas,

corollaries for some problems.
* The stability and convergence conditions will also be obtained.

* Lastly, the achieved solutions/errors will be presented in the forms of graph and tables.
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o Rakesh Kumar, Reena Koundal, K. Srivastava, D. Baleanu. Normalized Lucas wavelets: an

application to Lane—Emden and pantograph differential equations. The Eﬁropean Physical
Journal Plus (2020) 135:881.
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At present time, | am working on “Operational matrix of fractional shifted Lucas polynomials
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¢ Under this work, novel type of fractional polynomials is proposed as the generalization to

shifted Lucas polynomials, which are called as fractional shifted Lucas polynomials.
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Useful operational matrices are developed utilizing the newly established analytical
formula for the construction of the numerical scheme.

Further, a theorem for the caleulation of Caputo fractional derivative is proved and a useful
remark is provided for integer order derivative.

To develop the strong background of suggested scheme, error analysis is performed.

The algorithm of the scheme examined through some test examples of multi-order/multi-
term differential equations.

4. To propose and approve the updated objectives for the thesis:

The following are the updated objectives for the thesis title “Some analytical and numerical

methods for solutions to fractional differential equations™:

¢ To develop analytical algorithms for the solutions of fractional differential equations such

as least square homotopy perturbation method, rational least square homotopy perturbation
method etc.

To construct some properties of Lucas polynomial, shifted Lucas polynomial and fractional
shifted Lucas polynomial,

To define Lucas polynomial based wavelets and its properties and operational matrices

related to Lucas polynomial and concerned wavelets.

To design some numerical algorithms for the solution of fractional differential/integral

equations utilizing Lucas polynomials and concerned wavelets.

To include the classical ideas of least square approach, collocation method, tau method,
Galerkin method etc. in the construction of numerical schemes.

To perform the error analysis, and ensure the stability and convergence of the developed
schemes.
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him/her based on the recommendations of the Research Advisory Committee, as stipulated under sub-
Clause 8.1.

7.5 All candidates admitted to PhD programmes shall be required to complete the course work
prescribed by the Department within one semester, but cannot extend beyond tw

o semesters in any case.
7.6

Candidates already holding MPhil degree and admitted to the PhD programme, or those who
have already completed the course work in MPhil may be exempted by the Department from the PhD

course work. All other candidates admitted to the PhD programme shall be required to complete the PhD
course work prescribed by the Department.

7.7 Grades in the course work, including research methodology courses shall be finalized b

y the
Department and the final grades shali be communicated to the Controller of Exams (CoE) who will notify
the result.

7.8 A PRD scholar has to obtain a minimum of 55% marks or its equivalerit grade as per CUHP in the

course work in order to be eligible to continue the programme and write the thesi

s eventually.

FSub)

P1esloN OF:oyNOpsist:

8.1 A PhD scholar shall have to prepare 2 synopsis in consultation with his/ her supervisor on her/his
topic of research. S/he shall have to submit it to the concerned Centre/ Department and defend it before
Research Advisory Committee (RAC) within three semesters, or one and a half year.
be approved by the Board of Studies
and School respectively.

8.2 A PhD scholar shall get one chance to reguest for modifications in any part of his/her synopsis to

her/his supervisor six months prior o the xmﬂ submission of the thesis. On the recommendation of the
concerned supervisor, the PhD student shall have 1o defend the modifications in synopsis before her/his

RAC. Modifications in the synopéis'have to be approved by the BoS and School Board of the concerned
Centre/ Department/School before the thesis is submitted for evaluation.

The synopsis has to
(B80S} and the School Board of the concerned Department/Centre

R AR RS

Vi e R e eater A SOy COMMI L eer (RAG) A A
For monitoring research work, there shall be a Research Adwisory Committee (RAC) for each PhD scholar

9.1 The Research Advisory Committee (RAC) shall comprise the research supervisor of the PhD student who
shall be the convener of the committee, Head of the Department / Director of the Centre who shall be the ex-

officio chairman, and-at least one subject expert nominsted by
, the Head/Director upon the rec
the concerned supervisor, ’ ermendation o

This Committee shall have the following responsibilities: 1/\(
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petailed List of Experts/Examiners for Srinivasa Ramanujan Department of Mathematics

Annexure - V

I. Prof. P.L Sharma, Chairman, Department of Mathematics & Statistics, Himachal Pradesh Umver51ty, E-
mail: chairmanmath@hpuniv.ac.in, Mob No : 9418003066.

2. Prof. Rajesh Kumar Sharma, Department of Mathematics & Statistics, , Himachal Pradesh Umver51ty
E-mail: rajesh_hpu_math([at]yahoo.co.in, Phone No. 0177-2833771.

3. Dr. Vijayata P’ath?mia, Assistant Professor, Department of Mathematics, HPU Regional Centre
Dharamshala E-mail: vijayatapathania@yahoo.com, Mob.No. 9816225470.

4 Pr(?f. Gauree Shanker, Department of Mathematics and Statistics, School of Basic and Applied

Sciences, Central University of Punjab, Bathinda- 151001, Email
Id: gauree.shanker@cup.edu.in; hod.ms@cup.edu.in; grshnkr2007(@gmail.com, Mobile: +91-
9785007650.

5. Prof. Vikas Bisht, Department of Mathematics, Panjab University, Chanidgarh Email vikasb@pu.ac.in ,
Mobile: 9872616693.

6. Dr. Muslim Malik, Associate Professor, Department of Mathematics, School of Basic Sciences, IIT
Mandi, Email- muslim@jiitmandi.ac.in.

7. Dr. Praveen Kumar, Assistant Professor, Department of Mathematics
University, Email: iit.gcautam@gmail.com, Mobile No. 9910708929.

8. Dr. Saru Kumari, Assistant Professor, Department of Mathematics, Chaudhary Charan Singh
University, Meerut, Email. com saryusiirohi@gmail.com, Mobile No. 9457024729.

9. Dr. Shah jahan, Assistant Professor, Department of Mathematics
Haryana, Email: Shahjahan@cuh.ac.in, Mobile No. 8285717090.

10. Dr. Asif Khan, Assistant Professor, Department of Mathematics , Aligarh Muslim- University, Aligarh,
Email: asifinu07@gmail.com, Mobile No.8267817812.

11. Prof. R. P. Sharma, Department of Mathematics & Statistics, Himachal Pradesh University, Shimla -
171005, Email: rp_math_hpu@yahoo.com.

12. Dr. Tilak Raj Sharma, Assistant Professor, Department of Mathematics, Regional Centre, Dharamshala
Himachal Pradesh-176218, Email: trpangotra@gmail.com, Mob: 9418103801

13. Dr. Vikram Singh Kapil, Associate Professor, Department of Mathematics, Govt. Degree College
Baldwara (Mandi), Himachal Pradesh-175033, Email: vikramkapill6@gmail.com. Mob: 7018260561

14.Dr. R. K. Vats, Associate Professor, Department of Mathematics & Scientific Computing, NIT

Hamirpur, Himachal Pradesh-177005, Email: rkvats@nith.ac.in, Mob: 8219995020

15. Dr. Om Prakash Yadav, Assistant Professor, Department of Mathematics & Scientific Computing,

NIT Hamirpur, Himachal Pradesh-177005, Email: opyadav@nith.ac.in, Mob: 9410150156

16. Dr. Anil Kumar Vashisth, Professor, Department of Mathematics, Kurukshetra University, Kurukshetra
Haryana, E-Mail: akvashishth@kuk.ac.in

17. Dr. Joginder Singh Dhiman, Professor, Department of Mathematics and Statistics, HP University
Shimla-5, E-Mail: jsdhiman66@gmail.com

, Ramjas College, Delhi

, Central University of Haryana,

18. Dr. Ravinder Singh, Assistant Professor, Department of Mathematics, Dr BR Ambedkar, NIT Jalandhar
PB. E-Mail: singhr@nitj.ac.in

19. Dr. Khem Chand, Professor, Department of Mathematics and Statistics, HP University Shimla-5, E-
Mail: khemthakur99@gmail.com

20.Dr. Paras Ram, Professor, Department of Mathematics, NIT Kurukshetra, Haryana, E-
Mail: parasramnitkkr@gmail.com ((/'7
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