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Preface

It is our great pleasure and honor to welcome you at the 10th Seminar on Linear Algebra

and its Applications (SLAA10). The SLAA10 will be held on 16-19 August 2020, hosted by

the Faculty of Mathematics and Computer & Mahani Mathematical Research Center, Shahid

Bahonar University of Kerman, Iran. As a part of the series of the bi-annually held seminars

of the Iranian Mathematical Society (IMS), this seminar aims to create a friendly discussion

atmosphere for researchers in linear algebra and numerical linear algebra.

The SLAA10 received 130 submissions in that each submission was reviewed by three ded-

icated members of the Scientific Committee. According to a thorough discussion by the re-

viewers, 76 submissions were accepted for publication: 59 as oral presentations and 17 as

posters. In addition, the third and fourth Mehdi Radjabalipour Prize for Linear Algebra and

its Applications will be awarded during this seminar.

We are proud to present a very interesting program. The Seminar program included 10

plenary talks with distinguished invited speakers and two workshops: “Linear Algebra in

Data Mining” and “Software in Numerical Linear Algebra (Chebfun Toolbox)”.

Finally, we immensely thank the authors for submitting their research papers to the SLAA10,

and are grateful to the members of the Scientific Committee for dedicating their attention and

time to assessing the papers. We are also very thankful to the members of the Executive

Committee for their efforts in the arrangement, promotion, and organization of the seminar.

Seminar Organizing Committee
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General Information

Please be advised that in order to attend the seminar virtually, you are required to install either

Adobe Connect or Adobe Flash Player on your device. For devices using Windows, MacOS,

Android, and iOS, you can install the above-mentioned applications by clicking on this link.

Then, please take the following steps to enter the meeting:

1. Open the Adobe Connect,

2. Copy and paste the related link (for example, http://slaa10.ir/main), and then press the

Continue button,

3. Type your name as a guest and enter the room.

Moreover, we would like to inform you that

1. The details and related links of the Seminar programs can be seen at https://slaa10.uk.ac.ir.

2. Only the Plenary Talks are presented in English, and the sessions Opening, Closing, Work-

shops, parallel Lectures and Posters are presented in Persian.

3. The duration of each plenary talk is 45 minutes and 15 minutes for questions.

4. The duration of each lecture is 20 minutes and 10 minutes for questions.

5. The duration of each poster is 10 minutes and 10 minutes for questions.

6. The Opening and Closing will be at http://slaa10.ir/main.

7. The Plenary Talks will be at http://slaa10.ir/main.

8. The Lectures and Posters will be at the links http://slaa10.ir/sectionA or http://slaa10.ir/sectionB.
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9. The Workshops will be at http://slaa10.ir/main.

10. The Break and Networking will be at http://slaa10.ir/break.

For any questions or information, please contact the Seminar Secretariat on the details

below:

Website: https://slaa10.uk.ac.ir

Contact Email: slaa10@conf.uk.ac.ir

Contact Phone: 03433257109 – 03433257280

Address: Faculty of Mathematics and Computer & Mahani Mathematical Research Center,

Shahid Bahonar University of Kerman, Kerman, Iran
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A message from Chandler Davis

Dear Abbas Salemi,

It is kind and appropriate for you to take the occasion of this impressive gathering on Linear

Algebra to celebrate the 75th birthday of Professor Mehdi Radjabalipour. I am eager to add

my words of appreciation and gratitude to him.

He is the bond between us, being my doctoral student and your doctoral supervisor. But in

the same sense, he is the bond from the long-past Operator Theory Seminar Peter Rosenthal

and I ran at the University of Toronto, to the present and future flourishing community he led at

Kerman after his return to his homeland. He gave us a glimpse of this community by inviting

us to his international seminar in Kerman: not virtual, I was most grateful of the opportunity

to take part in person, my first and only time in Iran. What a cheerful and impressive sight you

all were! I was honoured to have this connection to such a healthy school, leading in addition

to fruitful contacts since that time with you and other members of the Radjabalipour circle.

Long life to Mehdi Radjabalipour and his followers, and to his school, and to his science

which is our science, and to his country in this world which is our world. Let no one divide

us.

Chandler Davis

August 18, 2020
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A message from Peter Rosenthal

I first met Mehdi shortly after he arrived in Toronto to begin his graduate studies. Heydar

Radjavi had told me that Mehdi was a very strong student and it soon became apparent to me

that Heydar was correct. Mehdi completed an excellent Ph.D. thesis under the supervision of

Chandler Davis in 1973.

Over the many years since then, Mehdi oscillated between Canada and Iran.

I have been very privileged to be a co-author with Mehdi on a number of papers. Mehdi is

an optimal co-author. He is very knowledgeable and very creative. He is also very generous;

he contributed more than his share to each of the joint papers that he and I have been involved

in. Thanks Mehdi.

Moreover, Mehdi is an extremely pleasant person to talk with, about mathematics and many

other things.

Happy Birthday Mehdi !!!

Peter Rosenthal

August 15, 2020
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4:00 PM - 5:00 PM Workshop Lectures Posters Workshop

5:00 PM - 5:30 PM Opening Lectures Lectures Workshop

5:30 PM - 6:00 PM Opening Break and Networking
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8:30 AM - 10:30 AM
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Mehdi Eftekhari

5:00 PM - 7:00 PM Opening

7:15 PM - 8:15 PM
Plenary Talk

Rajendra Bhatia

8:30 PM - 9:30 PM
Plenary Talk

Michael L. Overton
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3:00 PM - 4:00 PM Posters

4:00 PM - 5:00 PM Posters

5:00 PM - 5:30 PM Lectures

5:30 PM - 6:00 PM Break and Networking

6:00 PM - 7:00 PM
Plenary Talk

Mohammad Sal Moslehian

7:15 PM - 8:15 PM
Plenary Talk

Panayiotis Psarrakos

8:30 PM - 9:30 PM
Plenary Talk
Tin-Yau Tam
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3:00 PM - 5:30 PM
Workshop

Behnam Hashemi

5:30 PM - 6:00 PM Break and Networking

6:00 PM - 7:00 PM
Plenary Talk
Qingxiang Xu

7:15 PM - 8:15 PM
Plenary Talk

Fatemeh Panjeh Ali Beik

8:30 PM - 9:30 PM Closing

xvii



Abstract of
Invited Speakers



Metrics and means on positive definite matrices

Rajendra Bhatia∗

Ashoka University, Sonepat, India

Abstract. This lecture will be an introduction to the use of some geometric ideas in

defining a mean (barycentre) of a collection of positive definite matrices. Developed

over the last fifteen years, these ideas have found use in diverse areas, both theoreti-

cal and practical.

The lecture will be addressed to graduate students interested in operator theory, lin-

ear algebra and matrix analysis. It is recommended that they read up on the basic

facts about positive definite matrices before the lecture (eg, from Horn and Johnson,

Matrix Analysis, Chapter 7; or R. Bhatia, Positive Definite Matrices, Chapters 1 and

4.)

∗Speaker. Email address: rajenbhatia@gmail.com
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Crouzeix’s conjecture, extremal Blaschke products, and
K-spectral sets

Anne Greenbaum∗

Department of Applied Mathematics, University of Washington

Joint with: Kelly Bickel, Michel Crouzeix, Pamela Gorkin, Kenan Li,

Thomas Ransford, Felix Schwenninger, Elias Wegert

Abstract. In 2004, Michel Crouzeix conjectured that for any square matrix A and

any polynomial (or analytic function) f ,

‖f(A)‖ ≤ 2 max
z∈W (A)

|f(z)| (Crouzeix’s conjecture),

where W (A) := {q∗Aq : q∗q = 1} is the numerical range of A and ‖ · ‖ denotes the

spectral norm. In 2017, Crouzeix and Palencia showed that the inequality holds if 2

is replaced by 1 +
√

2, but the original conjecture remains unproved.

The form of functions f that maximize ‖f(A)‖
/

maxz∈W (A) |f(z)| is known: f =

B ◦ ϕ, where ϕ is any conformal mapping from W (A) to the unit disk D and B is

a finite Blaschke product of degree at most n − 1, when A is an n × n matrix. For

a given conformal mapping ϕ, the Blaschke product BE that maximizes this ratio is

referred to as an extremal Blaschke product. We discuss some known properties of

extremal Blaschke products. For example, it is known that the left and right singular

∗Speaker. Email address: greenbau@uw.edu

3



vectors corresponding to the largest singular value of BE ◦ ϕ(A) are orthogonal

to each other. An interesting property that has been observed numerically but has

not been proved is that an extremal Blaschke product BE corresponding to a given

conformal mapping ϕ often has degree much less than n − 1. We also do not know

if/when the extremal Blaschke product is unique. I will give an example where there

are two extremal Blaschke products.

Additional work has been aimed at showing that other sets Ω that do not necessarily

contain W (A) are K-spectral sets; that is, that for a given value K, ‖f(A)‖ ≤

K maxz∈Ω |f(z)| for all functions f analytic in Ω. We show that various annular

regions are (1 +
√

2)-spectral sets and that a more general convex region with a

circular hole or cutout is a (3 + 2
√

3)-spectral set. I show how these results can be

used to give bounds on the convergence of rational Krylov subspace methods.
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Joint numerical ranges and commutative matrices

Chi-Kwong Li∗

Department of Mathematics, College of William & Mary,

Institute for Quantum Computing, University of Waterloo

Joint with: Yiu-Tung Poon (Iowa State University) and

Yashu Wang (National Chung Hsing University)

Abstract. The connection between the commutativity of a family of n× n matrices

and their generalized joint numerical ranges is discussed. Implications of the results

to representation theory and quantum information science will be mentioned.

∗Speaker. Email address: ckli@math.wm.edu

5



Crouzeix’s conjecture

Michael L. Overton∗

Courant Institute of Mathematical Sciences, New York University, USA

Joint with: Anne Greenbaum and Adrian Lewis

Abstract. Crouzeix’s conjecture is among the most intriguing developments in ma-

trix theory in recent years. Made in 2004 by Michel Crouzeix, it postulates that, for

any polynomial p and any matrix A, ‖p(A)‖ ≤ 2 max(|p(z)| : z ∈ W (A)), where

the norm is the 2-norm andW (A) is the field of values (numerical range) ofA, that is

the set of points attained by v∗Av for some vector v of unit length. Crouzeix proved

in 2007 that the inequality above holds if 2 is replaced by 11.08, and recently this

was greatly improved by Palencia, replacing 2 by 1+
√

(2). Furthermore, it is known

that the conjecture holds in a number of special cases, including n = 2. We use non-

smooth optimization to investigate the conjecture numerically by locally minimizing

the “Crouzeix ratio”, defined as the quotient with numerator the right-hand side and

denominator the left-hand side of the conjectured inequality. We also present local

nonsmooth variational analysis of the Crouzeix ratio at conjectured global minimiz-

ers. All our results strongly support the truth of Crouzeix’s conjecture.

∗Speaker. Email address: mo1@nyu.edu
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A survey on preconditioning techniques for double saddle point
systems: spectral and field-of-values analyses

Fatemeh Panjeh Ali Beik1,∗ and Michele Benzi2,†

1Department of Mathematics, Vali-e-Asr University of Rafsanjan,

P.O. Box 518, Rafsanjan, Iran

2Classe di Scienze, Scuola Normale Superiore,

Piazza dei Cavalieri 7, 56126 Pisa, Italy

Abstract. In this talk some preconditioning techniques are presented for a class of

linear systems with double Saddle point structure arising in finite element discretiza-

tions of coupled Stokes-Darcy flow [3,4] and modeling of liquid crystals directors

[5]. We investigate different preconditionering techniques including block precondi-

tioners [1–3], constraint preconditioners [4] and augmented Lagrangian-based ones.

We present spectral and field-of-value analyses of the exact versions of these pre-

conditioners. Numerical experiments will be reported for test problems from two

mentioned applications.

References

1. F. A. P. Beik and M. Benzi. Iterative methods for double saddle point systems.

SIAM J. Matrix Anal. Appl., 39:902–921, 2018.

∗Speaker. Email address: f.beik@vru.ac.ir
†Email address: michele.benzi@sns.it
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2. F. A. P. Beik and M. Benzi. Block preconditioners for saddle point systems

arising from liquid crystal directors modeling. Calcolo., 55:29 2018.

3. M. Cai, M. Mu and J. Xu. Preconditioning techniques for a mixed Stokes/Darcy

model in porous media applications. J. Comput. Appl. Math., 233:346–355,

2009.

4. P. Chidyagwai, S. Ladenheim and D. B. Szyld. Constraint preconditioning

for the coupled Stokes-Darcy system. SIAM J. Sci. Comput., 38:A668–A690,

2016.

5. A. Ramage and E. C. Jr. Gartland. A preconditioned nullspace method for

liquid crystal director modeling. SIAM J. Sci. Comput., 35:B226–B247, 2013.
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From matrices to matrix polynomials

Panayiotis J. Psarrakos∗

Department of Mathematics,

School of Applied Mathematical and Physical Sciences,

National Technical University of Athens

Abstract. The study of matrix polynomials of higher degree has attracted consider-

able attention in recent decades. The interest has been motivated by a wide range of

applications of polynomial eigenvalue problems in areas such as differential equa-

tions, systems theory, control theory, mechanics and vibrations. In this presentation,

we will see how results of the standard matrix theory, concerning Jordan structure,

pseudospectra, eigenvalue condition numbers, spectral distance problems, numerical

ranges and (entry-wise) nonnegative matrices, have been extended to the setting of

matrix polynomials in a natural way. In particular, basic matrix theory can be viewed

as the study of a special case of matrix polynomials of first degree.

∗Speaker. Email address: ppsarr@math.ntua.gr
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Choi-Davis-Jensen inequality revisited

Mohammad Sal Moslehian∗

Department of Pure Mathematics, Center of Excellence in Analysis on Algebraic

Structures (CEAAS), Ferdowsi University of Mashhad,

P. O. Box 1159, Mashhad 91775, Iran

Abstract. Let f be an operator convex function defined on an interval J ⊂ R. Then

the so-called Choi–Davis–Jensen inequality f(Φ(A)) ≤ Φ(f(A)) holds for all self-

adjoint operators A with spectrum in J and all unital positive linear maps Φ. The

converse holds true. If f is convex but not operator convex, then it is known that the

Choi–Davis-Jensen inequality remains valid for 2×2 Hermitian matricesA. Several

variants and reverses of this inequality have been obtained by some mathematicians.

In this talk, we explore recent results on this inequality as well as Kadison’s inequal-

ity. In addition, some asymmetric Choi–Davis-Jensen inequalities are presented.

References

1. R. Bhatia and R. Sharma, Some inequalities for positive linear maps, Linear

Algebra Appl. 436 (2012), 1562–1571.

2. J.-C. Bourin and É. Ricard, An asymmetric Kadison’s inequality, Linear Al-

gebra Appl. 433 (2010), 499–510.

3. F. Hansen, H. Najafi, and M.S. Moslehian, Operator maps of Jensen-type,

Positivity 22 (2018), no. 5, 1255–1263.

4. M. Kian, M.S. Moslehian, and R. Nakamoto, Asymmetric Choi–Davis in-

equalities, preprint.

∗Speaker. Email address: moslehian@um.ac.ir
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Geometry and inequalities associated with symmetric space of
noncompact type

Tin-Yau Tam∗

University of Nevada, USA

Joint with: Luyining (Elaine) Gan and Xuhua (Roy) Liu

Abstract. Denote by Pn the space of n×n positive definite matrices. ForA,B ∈ Pn,

the (metric) geometric mean was introduced by Pusz and Woronowicz (1975), while

the spectral geometric mean by Fiedler and Pták (1997):

A]B = A1/2(A−1/2BA−1/2)1/2A1/2,

A\B = (A−1]B)1/2A(A−1]B)1/2.

where ] and \ denote the (metric) geometric mean and spectral geometric mean.

The t-(metric) geometric mean and t-spectral geometric mean are paths joining A

and B in Pn, t ∈ [0, 1]:

A]tB = A1/2(A−1/2BA−1/2)tA1/2,

A\tB = (A−1]B)tA(A−1]B)t.

Pn can be equipped with a suitable Riemannian metric so that the curve A]tB with

0 ≤ t ≤ 1 is the unique geodesic joining A and B in Pn.
∗Speaker. Email address: ttam@unr.edu
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The t-spectral geometric mean was introduced by Ahn, Kim and Lim (2007). When

t = 1/2, they are abbreviated as A]1/2B = A]B and A\1/2B = A\B.

We shall discuss the (metric) geometric mean and spectral geometric mean, first

in the space of Pn and then in the context of symmetric space associated with a

noncompact semisimple Lie group.

12



Chebfun and continuous linear algebra

Nick Trefethen∗

University of Oxford, UK

Abstract. At the heart of the Chebfun project is the realization of continuous ana-

logues of the discrete structures and operations of numerical linear algebra. For

example, there are continuous analogues of the QR and LU decompositions and the

SVD. This talk will review the mathematics and the algorithms of continuous linear

algebra with Chebfun demonstrations.

∗Speaker. Email address: trefethen@maths.ox.ac.uk
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Generalized parallel sum of adjointable operators on Hilbert
C∗-modules

Qingxiang Xu∗

Department of Mathematics, Shanghai Normal University,

Shanghai 200234, P.R. China

Joint with: C. Fu, M.S. Moslehian and A. Zamani

Abstract. We introduce the notion of a tractable pair of operators as well as that of

the generalized parallel sum in the setting of adjointable operators on Hilbert C∗-

modules. Some significant results about the parallel sum known for matrices and

Hilbert space operators are extended to the case of the generalized parallel sum. In

particular, a factorization theorem on the parallel sum is proved, and a common upper

bound of two positive operators is constructed in the Hilbert C∗-module case. The

harmonic mean for positive operators on Hilbert C∗-modules is also dealt with.

References

1. W. N. Anderson, Jr. and R. J. Duffin, Series and parallel addition of matrices,

J. Math. Anal. Appl. 26 (1969), 576–594.

2. R. G. Douglas, On majorization, factorization, and range inclusion of opera-

tors on Hilbert spaces, Proc. Amer. Math. Soc. 17 (1966), 413–415.

∗Speaker. Email address: qingxiang xu@126.com
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254–281.

5. C. Fu, M. S. Moslehian, Q. Xu and A. Zamani, Generalized parallel sum

of adjointable operators on Hilbert C∗-modules, Linear Multilinear Algebra,
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Numerically solving the singular semi-Sylvester equation1

Majid Adib and Alireza Movahedian∗

Department of Mathematics, University of Zanjan, Zanjan, Iran

Abstract. Matrix equations are one of the most widely used equations in various

sciences. The Sylvester equation is one of these important equations. In this pa-

per we define singular semi-Sylvester equation and then solve it using the Drazin-

inverse generalized minimum residual method. Finally, we show the efficiency of

our method.

Keywords: Sylvester equations, Drazin-inverse

Mathematics Subject Classification [2010]: 15A03

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: ali.movahedian96@gmail.com
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Implicitly restarted global GMRES for solving AXB = C1

Najmeh Azizizadeh1,∗, Azita Tajaddini2 and Amin Rafiei3

1,2Department of Applied Mathematics,

Faculty of Mathematics & Computer Sciences,

Shahid Bahonar University of Kerman, Kerman, Iran

3Department of Applied Mathematics, Hakim Sabzevari University, Sabzevar, Iran

Abstract. Global Krylov subspace methods are generally used with restarting to

reduce storage costs. At the time of restart, some information is lost and this slows

down the convergence. Here, an implicitly restarted global GMRES method is pro-

posed that uses the implicitly generalized global Arnoldi algorithm to retain this

information. This method deflates the smallest eigenvalues and augments the ap-

proximate block harmonic Ritz vectors to the generalized Krylov subspace but not

with the usual starting block vector. Ultimately, the efficiency of this method is eval-

uated by virtue of an example.

Keywords: Harmonic Ritz value, Deflation, GLGMRES-IR

Mathematics Subject Classification [2010]: 15A23

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: nazizizadeh@yahoo.com
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The relationship between n-positivity, linearity and continuity of
positive mappings between C∗-algebras1

Ali Dadkhah∗ and Mohammad Sal Moslehian

Department of Pure Mathematics, Center Of Excellence in Analysis on Algebraic

Structures (CEAAS), Ferdowsi University of Mashhad,

P. O. Box 1159, Mashhad 91775, Iran

Abstract. We investigate some classes of positive mappings (not necessarily linear)

in the setting of C∗-algebras. First, we give some results about the superadditivity

and the starshapeness of such maps. Then, for a certain class of unital positive maps

Φ : A −→ B between unital C∗-algebras, we present the relation between the

n-positivity, the linearity and the continuity of Φ.

Keywords: C∗-algebra, n-positive map, Superadditive, Nonlinear positive map

Mathematics Subject Classification [2010]: 15A60, 47A63

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: dadkhah61@yahoo.com
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Supervised feature selection via information gain, maximum
projection and minimum redundancy1

Mahdi Eftekhari1, Farid Saberi-Movahed2,∗ and Adel Mehrpooya1

1Department of Computer Engineering,

Shahid Bahonar University of Kerman, Kerman, Iran

2Department of Applied Mathematics, Faculty of Sciences and Modern

Technologies, Graduate University of Advanced Technology, Kerman, Iran

Abstract. Feature selection problem is an important issue in both data clustering

and data classification. This paper introduces a supervised framework for the task of

feature selection. The proposed method is built based on applying the information

gain method into the framework of maximizing relevancy, and aims to reduce the

redundancy between the selected features by using the idea of maximum projection

and minimum redundancy. Several experimental results on seven well-known mi-

croarray datasets demonstrate the promising performance of the proposed method

over some state-of-the-art methods in this area.

Keywords: Machine learning, Supervised feature selection, Information gain, Max-

imum projection, Minimum redundancy

Mathematics Subject Classification [2010]: 62H30
1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: fdsaberi@gmail.com
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Using finite element method for solving weakly singular Volterra
integral equations1

Majid Erfanian1,∗ and Hamed Zeidabadi2

1Department of Science, School of Mathematical Sciences,

University of Zabol, Zabol, Iran

2Faculty of Engineering, Sabzevar University of New Technology,

Sabzevar, Iran

Abstract. In this work, we applied a new method for solving linear weakly singular

Volterra integral equations. We begin the theoretical study with the acquires of the

variational form, and we also use the finite element method to approximate our prob-

lems. We estimate the error of the method by proving some theorems. Moreover, in

the final section, we present some numerical examples.

Keywords: Singular integro-differential equation, Finite element, Error estimation

Mathematics Subject Classification [2010]: 45D05, 65L60

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: erfaniyan@uoz.ac.ir
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Matrix flows maintaining positivity1

Kazem Ghanbari∗

Department of Mathematics, Sahand University of Technology, Tabriz, Iran

Abstract. In this paper we present two types of positivity for matrices and the latest

development in matrix differential equations maintaining the positivity of the initial

condition. Two important types of positivity are Comlpete Positivity and Total Posi-

tivity. Matrix A is completely positive if it can be decomposed as A = BBT , where

B is a nonnegative matrix. A matrix is called totally positive if all minors of the ma-

trix are positive. Two square matrices are said to be Isospectral if they have the same

eigenvalues. In this paper we introduce a matrix differential equation that preserves

the positivity property of the initial matrix.

Keywords: Isospectral flow, Completely positive matrix, Totally positive matrix

Mathematics Subject Classification [2010]: 58J53, 15A18, 15B35, 15A24

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: kghanbari@sut.ac.ir
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Conditional square matrices of order 2 with given determinant1

Mehdi Hassani∗

Department of Mathematics, University of Zanjan, University Blvd.,

Zanjan 45371-38791, Iran

Abstract. In search of a method to generate matrices of order 2 with large positive

integer elements and having small determinant, we prove that for given positive in-

tegers d and M there exist many infinitely matrices A = [aij ]16i,j62 with integer

elements satisfying aij >M and detA = d. Our proof, which is based on the theory

of linear Diophantine equations with two variables, has capacity to be followed nu-

merically. Hence, we present several practical examples of these conditional square

matrices running over a Maple code.

Keywords: Determinants, Linear Diophantine equation

Mathematics Subject Classification [2010]: 15A15, 15A12, 11Y50

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: mehdi.hassani@znu.ac.ir
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Slt-majorization and its linear preservers1

Asma Ilkhanizadeh Manesh∗

Department of Mathematics, Vali-e-Asr University of Rafsanjan,

P.O. Box: 7713936417, Rafsanjan, Iran

Abstract. Let Mn be the algebra of all n-by-n real matrices. A matrix R ∈ Mn

with nonnegative entries is called row substochastic if each row sum is at most 1. For

x, y ∈ Rn, we say that x is row substochastic lower triangular majorized by y (write

as x ≺slt y ) if there exists a row substochastic lower triangular matrix R such that

x = Ry. In this paper, the structure of all linear functions T : R2 → R2, preserving

(strongly preserving) ≺slt are characterized.

Keywords: (Strong) linear preserver, Row substochastic matrices, Slt-majorization

Mathematics Subject Classification [2010]: 15A04, 15A51

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: a.ilkhani@vru.ac.ir
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On semi-convergence of the improved symmetric successive
over-relaxation method for singular saddle point problems1

Mohammad Mahdi Izadkhah∗

Department of Computer Science,

Faculty of Computer and Industrial Engineering,

Birjand University of Technology, Birjand, Iran

Abstract. In this paper, we analyze the semi-convergence of the improved symmet-

ric successive over-relaxation method for singular saddle point problems. In fact,

when the (1, 2)-block of the coefficient matrix is rank deficient, the saddle point

problem is singular. Here, we study sufficient conditions for semi-convergence of

the improved symmetric successive over-relaxation method.

Keywords: Saddle point problem, Iterative method, Semi-convergence, Improved

SSOR, Preconditioner

Mathematics Subject Classification [2010]: 65F08, 65F10

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: izadkhah@birjandut.ac.ir

25



Quasi invariant polynomials of a matrix1

Amir Jafari∗ and Amin Najafi Amin

Department of Mathematical Sciences, Sharif University of Technology, Tehran,

Iran

Abstract. Let n be a positive integer and A be a square matrix of size n, with entries

in a field F . A polynomial p ∈ F [x1, . . . , xn] is called a quasi-invariant polynomial

for A if p(xA) is a constant multiple of p(x) where x is the vector (x1, . . . , xn). In

this article, we classify all quasi-invariant polynomials of a given non singular matrix

A when F is algebraically closed and of characteristic zero. The classification is

done by constructing a canonical basis that will be made precise in the text.

Keywords: Linear algebra, Invariant polynomial, Jordan normal form, Quasi invari-

ant
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Normalization method on max-plus algebra and its application1

Sedighe Jmashidvand∗, Fateme Olia and Shaban Ghalandarzadeh

Faculty of Mathematics, K. N. Toosi University of Technology, Tehran, Iran

Abstract. In this paper, we introduce and analyze the normalization method for

solving a system of linear equations over max-plus algebra. We use this method to

construct an associated normalized matrix, which gives a technique for solving the

linear system. We present a procedure to determine the column rank and the row

rank of a matrix.

Keywords: Semiring, Max-plus algebra, System of linear equations, Column rank,

Row rank
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Is the origin included in the polynomial numerical hulls of direct
sum of two Jordan blocks?1

Saeed Karami∗

Department of Mathematics,

Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran

Abstract. Let Jn(λ) be the n× n Jordan block with a positive real eigenvalue λ. In

this note, we give some sufficient conditions on λ so that the origin is not included

in the polynomial numerical hull of degree 2 for the matrix Jn(λ)⊕ Jn(−λ).

Keywords: Jordan block, Polynomial numerical hull, Stagnation, GMRES method
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Majorization relation and linear preservers1

Fatemeh Khalooei∗

Department of Pure Mathematics, Faculty of Mathematics and Computer,

Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. In this article we define and study a majorization relation on Rn, also we

study its linear preservers. Let x, y be in Rn, we say x is majorized by y and write

x ≺ y when x = Ty for some t-transform T . We say a linear transformation f is a

linear preserver of ≺t if x ≺t y implies that f(x) ≺t f(y).

Keywords: Majorization, T-transform, Linear preserver
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On the preconditioning of generalized saddle point problems
using symmetric and skew-symmetric iteration method1

Davod Khojasteh Salkuyeh∗

Faculty of Mathematical Sciences, University of Guilan, Rasht, Iran

Abstract. In the implementation of the symmetric and skew-symmetric splitting

preconditioner in a Krylov subspace method for generalized saddle point problems,

a shifted skew-symmetric system should be solved. In this paper, we propose an ef-

ficient iterative method for solving this system and investigate its convergence prop-

erties. Numerical results are given to show the efficiency of the method.

Keywords: SSS, Iterative method, Preconditioner, Skew-symmetric, Generalized

saddle point
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Minimal residual HSS iteration method for the Sylvester
equation1

Mohammad Khorsand Zak∗

Department of Applied Mathematics, Aligudarz Branch,

Islamic Azad University, Aligudarz, Iran

Abstract. By applying the minimal residual technique to the Hermitian and skew-

Hermitian (HSS) iteration scheme, we introduce a non-stationary iteration method

named minimal residual Hermitian and skew-Hermitian (MRHSS) iteration method,

to solve the continuous Sylvester equation. Numerical results verify the effectiveness

and robustness of the MRHSS iteration method for the Sylvester equation.

Keywords: Sylvester equation, Hermitian and skew-Hermitian method, Minimal

residual
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Some applications of linear algebra in combinatorics1

Maryam Khosravi∗

Faculty of Mathematics and computer,

Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. In this paper, using some linear algebraic methods, we show that every

latin tade can be produced by intercalates (i.e. latin trades of volume 4). A similar

result is true for 4-cycle systems. That is, every 4-cycle system can be generated by

double-diamonds (4-cycle systems of volume 2).
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Norm inequalities related to the Kadison inequality1

Mohsen Kian∗

Department of Mathematics, University of Bojnord, Iran

Abstract. We present some norm inequalities related to the Kadison inequality. In

particular, we utilize the famous Furuta inequality to obtain some complements to

the asymmetric Kadison inequality for matrices.
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More accurate generalizations of Berezin number inequalities1

Rahmatollah Lashkaripour, Mojtaba Bakherad and Monire Hajmohamadi∗

Department of Mathematics, Faculty of Mathematics,

University of Sistan and Baluchestan, Zahedan, Iran

Abstract. In this paper, we generalize several Berezin number inequalities involving

product of operators, which act on a Hilbert spaceH(Ω).
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Max-spectral radius of products for non-negative matrices1

S. Mahmoud Manjegani and Hojr Shokooh Saljooghi∗

Department of Mathematical Sciences at Isfahan University of Technology, Iran

Abstract. Several authors have proved inequalities on the spectral radius, operator

norm and numerical radius of Hadamard products and ordinary products of non-

negative matrices. The aim of this paper is to investigate and study the max-spectral

radius inequalities for Hadamard, conventional and max-products of non-negative

matrices.
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Constructing cross sectional area of vibrating rod using two
spectra1

Hanif Mirzaei∗

Department of Mathematics, Faculty of basic sciences,

Sahand University of Technology, Tabriz, Iran

Abstract. In this research, the construction of non-symmetric cross sectional area

of vibrating rod is proposed. For this purpose, using finite difference method, we

discretized the rod equation to a Jacobi matrix eigenvalue problem. Then, with cor-

rection of given spectra and using Lancsoz method, we construct the Jacobi matrix.

Finally, according to the relation between the entries of Jacobi matrix and cross sec-

tional area, we obtain the cross sectional area at different points. Some numerical

examples are given.

Keywords: Rod equation, Lancsoz method, Discretization, Jacobi matrix
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Inverse problem for H-symmetric pentadiagonal matrices1

Hanif Mirzaei and Kazem Ghanbari∗

Faculty of Basic Sciences, Department of Mathematics,

Sahand University of Technology, Tabriz, Iran

Abstract. The set of eigenvalues of a square matrix P is denoted by σ(P ), and

the set of eigenvalues of the submatrix obtained from P by deleting the first i rows

and columns of P is denoted by σi(P ). In this paper we solve the inverse eigenvalue

problem for H-Symmetric pentadiagonal matrices, not necessarily symmetric. Using

σ, σ1, σ2, not necessarily interlacing, we construct the solution by modified Lancsoz

algorithm.

Keywords: Inverse eigenvalue problem, Modified Lanczos algorithm, H-symmetric

matrices
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Reflection matrices and linear preservers of majorization1

Ahmad Mohammadhasani∗ and Yamin Sayyari

Department of Mathematics, Sirjan University Of Technology, Sirjan, Iran

Abstract. A reflection is a mapping from an Euclidean space to itself that is an

isometry. In this paper, we have outlined the concept of left majorization (resp.

right majorization) of the group of reflection matrices to the line passing through the

origin of the coordinates, and we have found all linear preserver transformations of

this kind of majorization.
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A matrix approach for time fractional option pricing1

Nasibeh Mollahasani∗ and Habibollah Saeedi

Department of Applied Mathematics,

Shahid Bahonar University of Kerman, Keman, Iran

Abstract. In this paper triangular functions (TF) and the related operational matrices

of fractional integration are applied to solve time-fractional Black-Sholes equation.

By using this equation, we are able to price an option, which is one of the most im-

portant derivatives in financial markets. The numerical result confirms the efficiency

and accuracy of the proposed method.

Keywords: Operational matrix, Triangular functions, Option pricing
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On Laplacian spectral characterization of generalized sun
graphs1

Fatemeh Motialah∗ and Mohammad Hassan Shirdareh Haghighi

Department of Mathematics, Shiraz University, Shiraz, Iran

Abstract. A generalized sun graph S(n, p) is the corona product of the cycle Cn
and the empty graph of order p. We study Laplacian spectral characterization of

generalized signed sun graphs and show that balanced generalized singed sun graphs

can not be characterized by their Laplacian spectra.
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Non-standard finite difference scheme for a fractional-order
chaotic system1

Mehran Namjoo∗, Mehdi Karami and Mehran Aminian

Department of Mathematics, Vali-e-Asr University of Rafsanjan,

Rafsanjan, Iran

Abstract. In this paper, we introduce a novel fractional-order chaotic autonomous

system. Stability analysis of the fractional–order system is studied using the frac-

tional Routh–Hurwitz criteria. The nonstandard finite difference (NSFD) scheme

is implemented to study the dynamic behaviors in the novel fractional-order chaotic

autonomous system. The lowest order for the system to remain chaotic is found. The

numerical results show that the NSFD approach is easy and accurate when applied

to fractional-order chaotic system.

Keywords: Chaos, Grunwald-Letnikov derivative, Stability, Fractional calculus,

Nonstandard finite difference scheme
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The trace class on the proper H∗-algebra structure1

Akbar Nazari and Mohammad Amin Moarrefi∗

Department of Pure Mathematices,

Faculty of Mathematics & Computer,

Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. Warren Ambrose defined a general structure, namelyH∗-algebra. Saworot-

now discussed trace class on these structures. In this work, we investigate this al-

gebra and this trace class. Also, we mention some properties of trace functional.

Finally, a norm, based on the trace functional, and some examples on these subjects

are described.
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A remarkable solution to symmetric inverse eigenvalue problem1

Alimohammad Nazari∗ and Atiyeh Nezami

Department of Mathematics, Arak University, P. O. Box 38156-8-8349, Arak, Iran

Abstract. In this paper for a given set of real numbers σ via a special unit lower trian-

gular matrix, we find a symmetric matrix such that σ is its spectrum and in continue

we bring a conditon for solving symmetric inverse eigenvalue problem(SNIEP).

Keywords: Symmetric nonnegative inverse eigenvalue problem, Spectrum of ma-

trix, Perron eigenvalue
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Solving linear systems over max-plus algebra through
pseudo-inverse method1

Fateme Olia1,∗, Sedighe Jamshidvand1 and Amirhossein Amiraslani2

1Faculty of Mathematics, K. N. Toosi University of Technology, Tehran, Iran

2School of STEM, Department of Mathematics, Capilano University,

North Vancouver, BC, Canada

Abstract. Nowadays, certain problems in automata theory, control theory, manu-

facturing systems and parallel processing systems are intimately linked to linear sys-

tems over max-plus algebra. The main purpose of this paper is to introduce a method

based on the pseudo-inverse of a matrix for solving a linear system of equations over

max-plus algebra. To this end, we present a necessary and sufficient condition for

the system to have a maximal solution.

Keywords: Semiring, max-plus algebra, System of linear equations, Pseudo-inverse
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A note to preconditioners extracted from majorization matrix for
multi-linear systems1

Fatemeh Panjeh Ali Beik and Mehdi Najafi-Kalyani∗

Department of Mathematics, Vali-e-Asr University of Rafsanjan,

PO Box 518, Rafsanjan, Iran

Abstract. In this work, we study the performance of a general class of precondition-

ers to accelerate the convergence speed of iterative schemes for solving multi-linear

systems whose coefficient tensor is a strongM-tensor. Some comparison results are

presented between preconditioners extracted from the majorization matrix associated

with the coefficient tensor. Numerical experiments are reported for a test example to

illustrate the validity of theoretical discussions.

Keywords: Iterative method, Multi-linear system, Convergence,M-tensor, Precon-

ditioner
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Matrix forms of the Black-Scholes equation with boundary
conditions1

Mahdi Razavi∗, Mohammad Mehdi Hosseini and Abbas Salemi

Department of Applied Mathematics,

Faculty of Mathematics and Computer,

Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. In mathematical finance, the Black-Scholes equation is a backward parabolic

partial differential equation finding the price evolution of a European call/put op-

tions. There are numerous numerical and analytical methods to solve Black-Scholes

equation, but most of these methods have computational complexity and so far these

methods could not present a general form to solve the Black-Scholes equation. In

this paper by using the spectral method and special linear operators, we obtain matrix

form of the Black-Scholes equation and matrix form of boundary conditions. More-

over, by using these matrix forms, we present a linear system of equations which

approximate the solutions of the Black-Scholes equation.

Keywords: Black-Scholes equation, Finance mathematic, Spectral methods, Cheby-

shev polynomials
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The triangle inequality with n-elements in quasi Banach spaces1

Asiyeh Rezaei∗ and Farzad Dadipour

Department of Mathematics, Gradute University of Advanced Technology, Kerman,

Iran

Abstract. We investigate all n-tuples which satisfy the generalized triangle inequal-

ity of the second type in quasi Banach spaces. As applications, we get some new re-

sults associated with generalizations of the triangle inequality in quasi Banach spaces

and we confirm some already known results in a new approach.

Keywords: Triangle inequality of the second type, Generalized triangle inequality,

Quasi Banach space, Norm inequalities
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Some results on the higher rank numerical ranges of
(A− λI)(α+1)1

Sharifeh Rezagholi∗

Department of Basic Science, Payame Noor University, Tehran, Iran

Abstract. In this paper, for any n × n matrix A with index α, the rank−k numer-

ical range of the matrix polynomial (A − λI)(α+1) is investigated. Also, some of

algebraic and geometrical properties of them, by focus on the nilpotent and Jordan

matrices, are studied.

Keywords: Index numerical range, Index higher rank numerical range, Nilpotent

matrices
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An operational wavelet approach for 2D Abel integral equation1

Sayed Amjad Samareh Hashemi1,2∗ and Mostafa Poursharifi2

1Department of Applied Mathematics,

Faculty of Mathematics and Computer,

Shahid Bahonar University of Kerman, Kerman, Iran

2Department of Basic Sciences, School of Mathematical Sciences,

PO BOX 19395-3697, Payame Noor University, Tehran, Iran

Abstract. In this paper, an operational wavelet method is introduced for finding an

approximate solution of a class of two-dimensional Volterra weakly integral equa-

tions (two-dimensional Abel integral equations of the second kind). The presented

method is a spectral method based on Chelyshkov wavelets from operational ma-

trices. Perspective numerical examples show the efficiency and applicability of the

proposed method in smooth and nonsmooth cases.

Keywords: 2D Abel integral equation, Fractional integral, Chelyshkov wavelet, Op-

erational matrix
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Convex analysis and spectral functions1

Alireza Sattarzadeh1,∗ and Hossein Mohebi2

1Department of Mathematics, Graduate University of Advanced Technology,

Kerman, Iran

2Department of Mathematics, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. In this paper, we investigate some properties of spectral functions from

convex analysis and monotone operator theory point of view. Indeed, we study ε-

subdifferential of spectral functions. Also, we present the Fitzpatrick function of

the subdifferential of a spectral function in terms of the Fitzpatrick function of the

subdifferential of corresponding symmetric function.

Keywords: Spectral function, Convex analysis, Monotone operator, Fitzpatrick func-

tion
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Rational rotation matrices and linear preservers of majorization1

Yamin Sayyari∗ and Ahmad Mohammadhasani

Department of Mathematics, Sirjan University of Technology, Sirjan, Iran

Abstract. A rotation group is a group in which the elements are orthogonal matrices

with determinant 1. In this paper, we study the majorization of the group of rational

rotation around the origin of coordinate and identify the linear preserver transforma-

tions of this type of majorization.
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Anti-pentadiagonal block band matrices with perturbed corners1

Maryam Shams Solary∗

Department of Mathematics, Payame Noor University, Po Box 19395-3697, Tehran,

Iran

Abstract. In this paper, using a suitable modification technique, an orthogonal block

diagonalization and a number of formulas for anti-pentadiagonal block band persym-

metric Hankel matrices with perturbed corners are shown. These formulas include

block diagonalization, determinant, inverse, and eigenvalues of these matrices. Also,

using an orthogonal block diagonalization for Toeplitz-plus-Hankel matrices, these

results are presented. The validity of the approaches is illustrated by numerical ex-

periments.

Keywords: Anti-pentadiagonal block band persymmetric Hankel matri, Inverse, De-

terminant, Eigenvalues
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Multivariate group majorization on Mn,m and its linear
preservers1

Mohammad Soleymani∗

Department of Mathematics, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. For X,Y ∈ Mn,m, X is said to be multivariate majorized by Y , denoted

by X ≺m Y , if there exists a doubly stochastic matrix D ∈Mn such that X = DY .

In this paper, we extend multivariate majorization as a group majorization on Mn,m.

Let G be a subgroup of orthogonal group O(Rn). We say that X is GM -majorized

by Y (written as X ≺GM Y ), if X =
∑k
i=1 cigiY for some gi ∈ G, ci ≥ 0, and∑k

i=1 ci = 1. We state equivalent conditions for linear preservers of multivariate

group majorization.

Keywords: Matrix majorization, Group majorization, Linear preserver
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Maps preserving strong Jordan multiple ∗-product on ∗-algebras1

Ali Taghavi∗

Department of Mathematics, Faculty of Mathematical Sciences,

University of Mazandaran, P. O. Box 47416-1468, Babolsar, Iran

Abstract. Let A be an arbitrary ∗-algebra with unit I over the real or complex field

F that contains a nontrivial idempotent P1 and n ≥ 1 be a natural number. It is

shown that if a surjective map ϕ : A −→ A satisfies

ϕ(P ) •n−1 ϕ(P ) • ϕ(A) = P •n−1 P •A,

for every A ∈ A and projection P ∈ {P1, I − P1}, where A •n−1 A denotes the

Jordan multiple ∗-product of n − 1 A’s, then ϕ(A) = ϕ(I)A for all A ∈ A and

ϕ(I)2 = I .
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A new feedback approach to increase consensus based on experts’
self confidence, trust and similarity1

Atefeh Taghavi1,∗, Esfandiar Eslami2, Enrique Herrera Viedma3

and Raquel Ureña4

1Department of Mathematics, Graduate University of Advanced Technology,

Kerman, Iran
2Faculty of Mathematics and computer Science,

Shahid Bahonar University of Kerman, Iran
3Department of Computer Science and Artificial Intelligence,

University of Granada, Spain
4Institute of Artificial Intelligence, De Montfort University, Leicester, UK

Abstract. In decision-making problems, the obvious or implicit effects of the ex-

perts on each other can be used such that the final solution has a higher degree of

consensus. Here we introduce a consensus model based on the similarity between

the experts’ preferences and trust degree on each other, to reach a higher consensus.

First, each experts’ profile is specified based on trust degree, self-confidence, and

consistency. Then, the experts are clustered by using the cosine similarity measure.

In a feedback mechanism, the experts with the low-rank profile are receiving some

advice from those experts who are similar to and have a higher profile rank.

Keywords: Group decision making, Consensus, Feedback mechanism, Intuitionistic

fuzzy preference relation, Similarity
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Generalized Drazin inverses for linear operators1

Farzaneh Tayebi Semnani1,∗ and Marjan Sheibani Abdolyousefi2

1Department of Mathematics, Statistics and Computer Science,

University of Semnan, Semnan, Iran

2Women’s University of Semnan (Farzanegan), Semnan, Iran

Abstract. Additive results for the generalized Drazin inverse of Banach space opera-

tors are presented. Under some conditions on generalized Drazin invertible operators

a and b, we give explicit representations of (a + b)d. Then we apply our results to

2× 2 operator matrices.

Keywords: g-Drazin inverse, Additive property, Operator matrix

Mathematics Subject Classification [2010]: 15A09, 32A65, 16E50

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: ftayebis@gmail.com

56



A new bound for the Perron vector of weakly irreducible
nonnegative tensors1

Mohsen Tourang∗ and Mostafa Zangiabadi

Department of Mathematics, University of Hormozgan, P. O. Box 3995, Bandar

Abbas, Iran

Abstract. In this study, we obtain new lower bound for the ratio of the largest

and smallest components in a Perron vector for the weakly nonnegative irreducible

tensors and compare this bound to the known bounds. Numerical experiment are

given to validate the efficiency of our new bound.

Keywords: Weakly irreducible nonnegative tensors, Perron-Frobenius theorem, Per-

ron vector
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A new projection method for solving large Sylvester equations1

Faezeh Toutounian1, Zahra Asgari2,∗ and Esmail Babolian2

1Department of Applied Mathematics, Ferdowsi University of Mashhad, Mashhad,

Iran

2Department of Mathematics, Kharazmi University, Tehran, Iran

Abstract. In this paper, we propose a new projection method to solve large Sylvester

matrix equations. The new approach projects the problem onto extended global

Krylov subspace and gets a low dimensional equation. We use the global Golub-

Kahan bidiagonalization procedure to construct the F-orthonormal basis for the ex-

tended Krylov subspaces. Finally, we give some theoretical results and present nu-

merical experiments.

Keywords: Matrix equations, Golub-Kahan bidiagonalization, Extended global Krylov

subspace
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Numerical solution of a class of fractional optimal control
problems using the fractional-order Bernoulli wavelet functions1

Forugh Valian1,∗, Mohammad Ali Vali1, and Yadollah Ordokhani2

1Department of Mathematics, Faculty of Mathematics and Computer,

Shahid Bahonar University of Kerman, Iran

2Department of Mathematics, Faculty of Mathematical Sciences,

Alzahra University, Tehran, Iran

Abstract. In this paper, an efficient method based on fractional-order Bernoulli

wavelet functions (FBWFs) is presented for the numerical solution of a class of the

fractional optimal control problems (FOCPs). To solve the problem, first the FOCP

is transformed into an equivalent variational problem, then with the aid of FBWFs,

operational matrix of RiemannLiouville fractional integration and Gauss quadrature

formula, the problem is solved approximately.

Keywords: Fractional optimal control problems, Fractional-order Bernoulli wavelets,

Operational matrix
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Using goal programming to solve least squares problems1

Mohammad Ali Yaghoobi∗

Department of Applied Mathematics,

Faculty of Mathematics and Computer,

Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. This paper considers well-known least squares and multiobjective least

squares problems. It is shown that those problems can be solved equivalently by

goal programming models. Moreover, the proposed goal programming models are

approximated by linear optimization problems.

Keywords: Least squares problems, Goal programming, Linear optimization
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Lower bounds for the energy of bipartite graphs1

Vahid Adish∗ and Maryam Khosravi

Faculty of Mathematics and computer,

Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. The energy E(G) of a graph G is the sum of the absolute values of all

eigenvalues of G. In this note, the authors are interested in the relation between the

energy of a graph G and the matching number µ(G) of G. It is well-known that

E(G) ≥ 2µ(G). In this paper for a category of graphs, we improve the lower bound

of the energy of graphs to E(G) ≥ 2µ(G) + 2.

Keywords: Energy of graphs, Matching number, Bipartite graph, Eigenvalue
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Some results on pseudospectrum of matrices1

Gholamreza Aghamollaei1 and Sharifeh Rezagholi2,∗

1Department of Pure Mathematics, Faculty of Mathematics and Computer,

Shahid Bahonar University of Kerman, Kerman, Iran

2Department of Basic Science, Payame Noor University, Tehran, Iran

Abstract. In this paper, using the polynomial numerical hulls, a new upper bound

for the pseudospectrum of matrices is obtained. Also, some properties of the pseu-

dospectrum of matrices are investigated.

Keywords: Pseudospectrum, Spectrum, Polynomial numerical hulls
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Modeling of leukemia B cells using system of fractional ordinary
differential equations1

Yasin Fadaei1,∗, Ali Ahmadi1 and Ali Ansari Ardali2

1Modeling in Health Research Center,

Shahrekord University of Medical Sciences, Shahrekord, Iran

2Department of Applied Mathematics and Computer Sciences,

Shahrekord University, P. O. Box 115, Shahrekord, Iran

Abstract. In this paper, a mathematical model has been developed for describing

the behavior and interactions between B leukemia cells and three components of im-

mune system. The model has been presented using a system of fractional ordinary

differential equations (FODEs). Dynamics of the system are studied by determining

eigenvalues of Jacobian matrix of the system at equilibrium points and the stabil-

ity status of them. Bifurcation analysis showed that the use of the fractional-order

model figures out unpredictable behaviors of the system such as bistability and

Hysteresis Phenomenon.

Keywords: Fractional ordinary differential equations, Chronic lymphocytic leukemia,

Stability analysis, Bifurcation
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Operational equations systems1

Javad Farokhi Ostad∗

Department of Basic Sciences, Birjand University of Technology,

Birjand, Iran

Abstract. In this paper, using operator matrices representation, we investigate the

explicit solution of the operator equations and operational equations systems. In

the general setting of the adjointable modular operators between Hilbert C -modules

framework, this solution is expressed in terms of the Moore-Penrose inverses of the

operators. The obtained results extend and generalize some known operator equa-

tions studied previously by a number of mathematicians.

Keywords: HilbertC -module, Moore-Penrose inverse, Operator equation, Operator

matrix

Mathematics Subject Classification [2010]: 15A03, 15A23, 15B36

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: j.farrokhi@birjandut.ac.ir

65



A remark on Smith’s determinant1

Mehdi Hassani∗

Department of Mathematics,

University of Zanjan, University Blvd., Zanjan 45371-38791, Iran

Abstract. In this paper we obtain a full asymptotic expansion for the logarithm

of the generalized Smith’s determinant ∆k(n) = det
[
(gcd(i, j))k

]
16i,j6n

where

gcd(i, j) denotes the greatest common divisor of i and j. For any integer k > 2 we

obtain the following Stirling type approximation

∆k(n) =
(n
e

)kn
βnk

√
(2πn)k

(
1 +O

( 1

n

))
,

where βk is an absolute constant defined by

βk =
∏
p

(
1− 1

pk

) 1
p

,

and p runs over all primes.

Keywords: Determinants, Arithmetic functions, Prime numbers

Mathematics Subject Classification [2010]: 15A15, 11C20, 11A25

1Dedicated to Alireza Afzalipour and Fakhereh Saba, the founders of Kerman University
∗Speaker. Email address: mehdi.hassani@znu.ac.ir

66



Conditions of reflexivity for multiplication operators on Banach
function spaces on a plane domain1

Parastoo Heiatian Naeini∗

Department of Mathematics, Payame Noor University, P.O. Box 19395-3697,

Tehran, Iran

Abstract. In this paper, we give conditions under which the powers of the multipli-

cation operator Mz are reflexive on a Banach space of functions analytic on a plane

domain.

Keywords: Multiplication operators, Bounded point evaluation, Reflexive operator
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Ub-majorization on Mm,n and its linear preservers1

Asma Ilkhanizadeh Manesh∗

Department of Mathematics, Vali-e-Asr, University of Rafsanjan,

P.O. Box: 7713936417, Rafsanjan, Iran

Abstract. An n-by-n real matrix (not necessarily nonnegative) R is g-row balanced

(generalized row balanced) if all its row sums are zero. Let A, B ∈ Mn,m. Then

A is said to be ub-majorized by B (denoted by A ≺ub B) if A = RB, for some

n-by-n upper triangular g-row balanced matrix R. We wish to find the structure of

all (strong) linear preservers of ≺ub on Rn and strong linear preservers of ≺ub on

Mn,m.
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An extension of the numerical radius1

Mohsen Kian∗

Department of Mathematics, University of Bojnord, Iran

Abstract. The matricial range has been introduced by W. Areveson as a matrix val-

ued extension of the numerical range. Noting the connection between the numerical

range and numerical radius, we introduce a quantity related to the matricial range of

a matrix. We present some of its properties which are extensions of the results about

the numerical radius.

Keywords: Numerical range, Numerical radius, Matricial range
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Steepest descent NSCG iteration method for solving
non-symmetric positive definite linear systems1

Mohammad Khorsand Zak∗

Department of Applied Mathematics, Aligudarz Branch,

Islamic Azad University, Aligudarz, Iran

Abstract. By applying the steepest descent technique to the nested splitting con-

jugate gradient (NSCG) iteration scheme, we introduce a non-stationary iteration

method named steepest descent nested splitting conjugate gradient (SDNSCG) it-

eration method to solve non-symmetric positive definite linear systems. Numerical

results verify the effectiveness and robustness of the SDNSCG iteration method.

Keywords: Steepest descent, Linear system, Iterative method, NSCG method
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Some generalizations of the numerical radius inequalities1

Rahmatollah Lashkaripour, Fatemeh Goli∗ and Monire Hajmohamadi

Department of Mathematics, Faculty of Mathematics,

University of Sistan and Baluchestan, Zahedan, Iran

Abstract. The main aim of this article is to obtain numerical radius inequalities for

the Young and Heinz types of positive matrices A and B.
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Classification of handwritten digits using Singular Value
Decomposition1

Abdolhossein Naserasadi1,∗, Ali Hassani2 and Faranges Kyanfar1

1Department of Applied Mathematics,

Shahid Bahonar University of Kerman, Kerman, Iran

2Department of Computer Science, Shahid Bahonar University of Kerman,

Kerman, Iran

Abstract. In this paper, Singular Value Decomposition is used to classify handwrit-

ten digits. Handwritten digit classification is a subarea of pattern recognition. Digital

images have a basic matrix representation, which is used to detect different patterns

of the same digits using SVD. Afterwards, any new sample images can be classified

with a high accuracy level for recognition, which is reported.
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