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Optimal vaccination and treatment of an SIR epidemic model, by radial
basis functions
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Abstract

This paper studies a susceptible-infected-recovered (SIR) epidemic model which describes the inter-
action between susceptible and infected individuals in a community. For vaccination and treatment of
this SIR epidemic model, the optimal control theory is applied. A direct solution to this optimal control
problem is introduced based on interpolating global radial basis functions (RBFs) on arbitrary colloca-
tion points. It transcribes the problem into a nonlinear programming problem that could be solved by
symbolic mathematical softwares.

Keywords: SIR epidemic model, Vaccination and treatment, Optimal control, RBF collocation method

Mathematics Subject Classification [2010]: 92D25, 49J15, 65D05

1 Introduction

An epidemic model for the spread of infectious disease is the susceptible-infected-recovered (SIR) epidemic
model of epidemiological type first introduced by Kermack and Mckendrick [1]. This model consists of three
ordinary differential equations (ODEs) having three parameters, S, I, and R. S denotes the fraction of
population which is susceptible to the disease, I denotes the fraction of population which is infective at
any given time and R represents the fraction of population which has recovered (removed) after infection.
Numerous SIR models were proposed by various researchers over the past few decades, to study several
infectious diseases in the world. In this paper, we improve the work presented in Zaman et al.[2] by taking
into account one additional control measure treatment to minimize infection on both susceptible and infected
individuals. We also want to minimize the total amount of control measures used for the control strategy
in the form of vaccination and treatment.

On the other hand, Radial Basis Function (RBF) methods are fundamental tools for interpolating
scattered data especially in multidimensional spaces. One advantage of the RBF collocation method is
that it provides a great flexibility for choosing the type of basis function for approximation. In fact,instead
of being limited to the polynomials of the same type and degree, interpolant functions can be chosen
from the family of global RBFs including Gaussian RBFs, multiquadrics, inverse multiquadrics, and etc.
Surprisingly, the interpolants do not even need to be of the same type; for instance, one state/control can
be approximated using the Gaussian RBFs and another state/control may be interpolated using inverse
multiquadrics. Another advantage of the RBF method is the arbitrary discretization. The fact that our
proposed method does not require a specific grid of nodes for the discretization provides more flexibility in
choosing the collocation points, which would be extremely helpful for approximating nonsmooth functions
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The construction and analysis of a predator-prey model with migratory

effect

Mohammad Hossein Rahmani Doust1

Marzie Shams Abadi

University of Neyshabur, Neyshabur, Iran

Abstract

We formulated and studied a predator-prey model having migratory effects in predator species. We
indeed use the classical Lotka-Volterra model. The mathematical model has a system of nonlinear coupled
ordinary differential equations to describe the migratory effects. We finally analyzed the existence of non-
zero equilibriums states and studied their stabilities.

Keywords: Prey-Predator, Equilibrium, Stability, Migration

AMS Mathematical Subject Classification [2010]: 34D20, 37D35, 92D40

1 Introduction

Typically, a predator-prey model consists of some populations where the predator affects the prey (through

killing) and vice versa (no prey, no food). A simple predator-prey models in at least two populations dynamic

is described by Lokta-Volterra equations. These dynamics can be represented by differential equations. Vito

Volterra and Alfred Lotka reduced Darvin,s concepts for predator-prey interactions into a mathematical

model. To see more details reader kindly refer to [3, 4, 5].

2 Main results

We first prefer to describe predator-prey model without migration for each species, and then we find out a

predator prey model with migration. We furthermore clarify the following question:

Why should we discuses migratory effect just for predator population?

Indeed we present a model which migratory effect just for has applied application in ecosystem. And so,

in this section, the discussion and main results will be represented as follows:

i) The model without migratory effects;

ii) The model with migratory effects.
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On function order preserving operator inequalities

Ehsan Anjidani1

University of Neyshabur, Neyshabur, Iran

Abstract

Some results on the function order preserving operator inequalities for convex functions and su-
perquadratic functions are presented.

Keywords: Convex function, Superquadratic function, Operator inequality, operator order, Ky Fan-
Furuta constant.

Mathematics Subject Classification [2010]: 47A63, 47A64, 15A60

1 Introduction

Throughout the paper, B(H) denotes C∗-algebra of all bounded linear operators on Hilbert space H and 1H
denotes the identity operator on H. For an interval J , we denote by C(J) the set of all real valued continuous
functions on J and by σ(J) the set of all self-adjoint operators on H with spectra in J and by sp(A) the
spectrum of an operator A on a Hilbert space. The Löwner–Heinz theorem asserts that if A,B ∈ B(H) are
positive operators and B ≤ A, then Bp ≤ Ap for all p ∈ [0, 1]. Moreover, if p > 1 and B ∈ σ([m,M ]), then
it is proved that (see [3])

K(m,M, p)Ap ≥ Bp,

where a generalized Kantorovich constant K(m,M, p) is defined by

K(m,M, p) =
mMp −Mmp

(1− p)(M −m)

(

p− 1

p

Mp −mp

mMp −Mmp

)p

.

In [4, 5], Mićić and Pečarić and Seo proved some results about the function preserving the operator order,
under a general setting. One of these results reads as follows:

Theorem 1.1. Let A and B be positive operators on a Hilbert space H satisfying sp(B) ⊆ [m,M ] for some
scalars 0 < m < M . Let f ∈ C([m,M ]) be a convex function and g ∈ C(J), where J is an interval containing
[m,M ] ∪ sp(A). Suppose that either of the following conditions holds: (a) A ≥ B > 0 and g is increasing
convex on J , or (b) B ≥ A > 0 and g is decreasing convex on J . Then for a given α > 0,

αg(A) + β1H ≥ f(B),

holds for

β = max
m≤t≤M

{

f(M)− f(m)

M −m
t+

Mf(m)−mf(M)

M −m
− αg(t)

}

.

In [4], the following generalized version of Kantorovich type order preserving operator inequalities via
the Ky Fan–Furuta constant is presented by applying Theorem 1.1.
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On the appropriate use of ranked-based sampling

schemes under the Skew-Normal parent distribution
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∗
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Abstract

Simple random sampling (SRS) is the most common tool in the statistical methods. But, when the

sample size is not enough large, it may be difficult to obtain a representative subset from the population

based on SRS. Ranked set sampling (RSS) and its generalized schemes overcome to this shortcoming.

These sampling schemes work based on judgment ranking of the sample units. This paper focuses on

the performance of the mentioned schemes when the underlying distribution is the well-known Azzalini’s

skew-normal (SN) distribution. The maximum (penalized) likelihood estimation as well as the method

of moment are employed as the estimation methods of the skewness parameter of SN. Comparison of the

estimators is carried out through a simulation study. Results show that the suggested scheme is highly

dependent on the sign of the skewness parameter.

Keywords: Maximum penalized estimation; Median ranked set sampling; Modified ranked set sam-

pling; Ranked set sampling.

Mathematics Subject Classification (2010): 62C10, 62F07.

1 Introduction

Different types of problem arise when we seek to collect data on agriculture, forestry, environment,

reliability studies and so on. It has been observed that in most of these situations, actual measurement

of the sample units is expensive or time-consuming but (judgment) ranking of them is cost-effective and

not so difficult. The RSS can provide an efficient basis for estimating parameters of these variables. For

example, in forestry, it is easy to judge approximately by visual inspection about which of the several

trees contains the largest volume of wood, which one is the next largest, and so on, whereas it is much

more expensive to actually measure the amount of wood in each of the trees. Similar situations may arise

in environmental applications, where we want to assess the status of a hazardous waste site. In these

∗Speaker: salehi.sms@neyshabur.ac.ir
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ON THE POINT PREDICTION OF ORDER

STATISTICS FROM GEOMETRIC DISTRIBUTION

BASED ON TYPE-II CENSORING

BAHAREH KHATIB ASTANEH ∗

Department of Mathematics and Statistics, University of Neyshabur, Neyshabur, Iran

Abstract

In this paper the problem of predicting future order statistics from Geometric distribution is investi-

gated. Some classic and bayes predictors are presented.

Keywords: Order statistics, Missing order statistics, Conditional distribution, Geometric distribution.

Mathematics Subject Classification (2010): 62G30.

1 Introduction

There are some situations in life-testing and reliability experiments in which a part of the sample (or

subject) are lost or removed from the experiment. For example, in life-testing experiment, suppose n

items are placed on the test simultaneously, some times some of observation may be observed at the

beginning of experiment. In such situations, the experimenter may not obtain complete information on

failure times for all experimental units. So, one question that arises here is ”How can one predict future

failure times?”. Several researchers have studied prediction problems concerning order statistics; e.g.

Hsieh (1997), Ahmadi and Balakrishnan (2010), Ahmadi and MirMostafaee (2009) and etc.

In some situations, the life testing experiment must be investigated in a discrete set up. For example,

suppose that the life times of the units in an experiment depend on the number of times the units are

switched on and off, the number of pages a printer prints or the number of rotations of a machine and

etc. Let w be the number of aforementioned shocks the units receive until they fail, so, w is considered

as the associated failure time. Censored samples in discrete set up have been studied by some authors.

For example, Rezaei and Arghami (2002) investigated Type-I and Type-II right censoring in a discrete

life model. Davarzani and Parsian (2011) considered discrete middle censored samples and used both

∗Speaker: khatib−b@neyshabur.ac.ir





 دیوارهتیوب کربنی تکنوبه کمک نا هاي نوري غیرخطی بلورمایع نماتیک افزایش پاسخ

 3مرضیه، ندافان ؛ 2نیما، دلیر ؛ 1دهقانی ، زهرا

نیشابور، نیشابوردانشگاه گروه فیزیک،  1
 تهران،تربیت مدرسدانشگاه ، گروه شیمی  2

 تهران،تربیت دبیر شهید رجاییدانشگاه گروه فیزیک،   2

 

 کیدهچ

�بلورمایع نماتیک ابتدا    � � ��
که مخلوطی اتکتیک از دو بلورمایع نماتیک  

� � �
و  

� � �
هاي دیواره با غلظتنانوتیوب کربنی تک است تهیه شده است. سپس 

�به بلورمایع نماتیک اتکتیک مختلف � � ��
العات انجام شده هم براي طم باشد.ها در این تحقیق به صورت موازي میگیري اولیه ملکولاضافه شده است. جهت 

–روبش براي بررسی ضرایب غیرخطی مرتبه دوم، روش  	دیواره انجام شدنمونه خالص و هم نمونه آلاییده شده با نانوتیوب کربنی تک

هلیوم توسط لیزر پیوسته  

-به دمان دریچه بسته و دریچه باز چیترتیب به کمک به ضریب شکست غیرخطیکه ضریب جذب غیرخطی و کار برده شده استبهنانومتر  632,8با طول موج  نئون

 باشد.میدیواره بلورمایع نماتیک مورد بررسی به کمک نانوتیوب کربنی تک غیرخطی هايپاسخ بهبوددهنده نشان تجربی دست آمد. نتایج
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Z [ \ p ^ U S X S P S V H S M U I U l J P I R K H P S
 

Z [ \ q ^ H S X H O M J P l K U H S d H K j N J H S k O P S K H S N M d U r MZ ] n ^ s M t [ M V U J M I U K
λ= u v w h x S Q l Y N J M P T O V P J M X U R M I K N I M U S X P R M S U R M I K N I M y z J O U S J M K N R L I M J R M O K H r M V Y h i j MM { R M I H Q M S K U V I M J N V K J J j P d K j U K K j M S P S V H S M U I P R K H O U V I M J R P S J M J P T [ \ ] d M I M H Q R I P r M X l Y X P R H S k m n ] [ i J h| q ] m [ P h } w L u ~ L x ~

  قدمهم

و  يالکترونور يکاربردها يدارا یکنمات یعبلورما کهیحال در     

، مثل نانوذرات یگريبا ماده د کهیاماست، هنگ یخوب یخط

خواص  تواندیآلائیده شود م هاینهو رنگ هاي کربنینانولوله

داشته باشد یخوب یرخطیغ
�

1
�
هاي کربنی به دو صورت نانولوله .

-هاي تکدیواره و چند دیواره هستند که در این کار نانولولهتک

 دیواره مورداستفاده قرار گرفته است.

هاي شدن مولکولهاي بلورمایع، ردیفمولکول گیريجهت     

هاي نوري حائز بلورمایع در جهت انتخابی است که در بررسی

-هاي بلورمایع ممکن است بهباشد. عمومأ مولکولاهمیت می

-صورت موازي نسبت به سطح زیرلایه جهتصورت عمودي یا به

تحت اثر نیروي  موازيگیري در کار حاضر از جهت گیري کنند.

 .شوداستفاده می هاگیري در بلورمایعسطح، براي ایجاد جهت
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