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A Policy Network Approach: Reinforcement Learning for
Integer Linear Programming Optimization

Mahdi Movahedian Moghaddam'*, Kourosh Parand '

'Department of Computer and Data Sciences, Faculty of Mathematical Sciences,
Shahid Beheshti University, Tehran, Iran

2Department of Cognitive Modeling, Institute for Cognitive and Brain Sciences,
Shahid Beheshti University, Tehran, Iran,

m_movahedian @ sbu.ac.ir , k_parand@sbu.ac.ir

Abstract. This paper investigates using reinforcement learning (RL) to solve
integer linear programming (ILP) problems, particularly addressing the scalability
challenges faced by traditional methods such as branch-and-bound with large-scale
examples. We present an RL-based method for solving these models. It does so as
a Markov Decision Process (MDP) and uses a process network to assign criteria for
decision variables while optimizing the objective function under ILP constraints.
Experimental results show that although the RL method can achieve optimal
solutions, it does not consistently achieve optimal objective values, highlighting
the need for further improvement. Comparative analysis of cvxpy for the solution
reveals the capabilities and limitations of this approach, which shows that RL is

effective for ILP problems. Still, it always needs to be modified for optimal results.
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Risk Evaluation using Optimazation Methods under
Logistic Exponential Model

Hooman Aliakbarian'*, Hanieh Panahi?,

! Department of Management, Lahijan Branch, Islamic Azad University, Lahijan,
Iran,
2 Department of Mathematics and Statistics, Lahijan Branch, Islamic Azad University,
Lahijan, Iran,

h.panahi@yahoo.com, panahi@liau.ac.ir

Abstract. Asymmetrical probability models are helpful for analyzing skewed data
sets since they allow you to describe the form of the distribution and anticipate the
chance of extreme events. In this paper, we propose to use logistic exponential
model to estimate the risk. We are devoted to exploring two well-known risk
measures, namely the value-at-risk and tail value-at-risk for the logistic exponential
model. The maximum likelihood (ML) and new approach, nameley, improved ML
using the Runge-Kutta method are proposed to estimate the unknown parameters. A
Monte Carlo simulation is carried out to compare the effectiveness of the proposed
methods in risk evaluation.
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Wavelet Reinforcement Learning Optimal Control of
Nonlinear Systems
Nastaran Rostami', Majid Yarahmadi’*

! 2Mathematics and Computer Science, Lorestan University Khorramabad, Lorestan
44316-68151, Iran

rostami.na@fs.lu.ac.iv, yarahmadi.m@lu.ac.ir

Abstract. This paper presents a new algorithm for designing an optimal learning
control method for nonlinear systems based on optimal control theory and wavelet
reinforcement learning. To achieve this, a time-varying wavelet approximation
function is introduced for the value function in the reinforcement learning algo-
rithm. Additionally, a new learning optimal control law is developed using the
value iteration method. Finally, a simulation example is provided to demonstrate
the advantages of the proposed method. Key advantages of the proposed algorithm
include increased learning convergence speed, reduced control amplitude, and
simplicity in implementation.




g’: i}j The 7" National Seminar on Control and Optimazation
_r =

5-6 Feb 2025, University of Guilan, Rasht, Iran

Wk aCoa N

A novel optimization algorithm for inverse heat
conduction problems via quasi-solution framework

Y. Talaei'*, G. Azizipour?
! Department of Engineering Sciences, Faculty of Advanced Technologies, University
of Mohaghegh Ardabili, Namin, Iran.
2 Department of Mathematics and Applications, Faculty of Mathematics, University
of Mohaghegh Ardabili, Ardabil, Iran.

Talaei@uma.ac.ir, g_azizipour @yahoo.com

Abstract. In this paper, we introduce a novel optimization algorithm for solving
inverse problems by approximating the quasi-solution using Bernstein polynomials.
This approach transforms the inverse problem into a finite set of well-posed forward
problems and an associated ill-conditioned system of algebraic equations. For
solving the sequence of forward problems, we utilize MATLAB’s ’pdepe” function.
Truncated singular value decomposition (TSVD) regularization is utilized to
address the inherent ill-conditioning in the resulting system of algebraic equations.
Numerical results confirm the efficiency of the proposed algorithm.
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Adaptive optimal control for continuous-time linear
systems with completely unknown dynamics
Homa Pouyanfar', Sohrab Effati', Amin Mansoori'

'Department of Applied Mathematics, Faculty of Mathematical Science, Ferdowsi
University of Mashhad, Mashhad, Iran.

homafar@mail.um.ac.ir, s-effati@um.ac.ir, am.ma7676 @yahoo.com

Abstract. This paper introduces a policy iteration (PI) method for discovering
online adaptive optimal controllers for continuous-time (CT) linear systems with
unknown dynamics. The approach utilizes approximate/adaptive dynamic pro-
gramming (ADP) to iteratively solve the algebraic Riccati equation (ARE) using
real-time state and input data, without prior knowledge of system matrices.
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An study of a chaos system

Pooneh Omidiniya'*, Bashir Naderi? , Saeed Nezhadhossein>

12.3Department of Mathematics, Payame Noor University, Tehran, Iran

pooneh.omidi.710122 @ gmail.com, b_naderi@pnu.ac.iv, S_nezhadhossein@pnu.ac.ir

Abstract. In this article, we discuss and analisys the behavior of the Sprott-C
system such as Lyapunov exponent, bifurcation and sensitivity to initial condition.
Also, for more details on the chaos behavior, in addition to the mentioned criteria,
the curvature of the phase plane of the system is discussed.
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Variational Inequalities as Optimality Conditions for
Nonlinear Optimal Control Problems with Time-Varying
Delays

Seyed Mojtaba Meshkani'*, Sohrab Effati’, Aghileh Heydari'

1Department of Mathematics, Payame Noor University, 19395-4697, Tehran, Iran,
2Department of Applied Mathematics, Faculty of Mathematical Science, Ferdowsi
University of Mashhad, Mashhad, Iran,

Email address: meshkani.m@pnurazavi.ac.ir

Abstract. In this paper, optimality conditions in the form of a variational inequality
for nonlinear optimal control problems with time-varying delays (NOCPTVDs) are
proved. We show that variational inequalities can be considered necessary optimal-
ity conditions. The main idea in obtaining variational inequality for NOCPTVDs
is to compute the gradient of the objective functional considering time-dependent
delays in control and state variables.
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A New Control Method for Synchronization of Chaotic
Discrete-Time Systems
Massoumeh Salehi Yekta'*, Sohrab Effati'

'Department of Applied Mathematics, Faculty of Mathematical Science, Ferdowsi
University of Mashhad, Mashhad, Iran,

Email address: mas.salehiyekta@gmail.com, s-effati@um.ac.ir

Abstract. This paper studies the chaos synchronization phenomenon in parallel
discrete-time dynamical systems. We introduce a set consisting of several master
parallel systems and a slave system and apply discrete-time optimal control theory
to establish a new active control to solve the chaos synchronization problem.
Finally, numerical simulations are presented to demonstrate the synchronization

phenomenon in the Duffing map as a chaotic model.
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A modified DFP update formula for unconstrained
optimization
Pooneh omidiniya '*,Saeed Nezhadhosein?, Bashir Naderi’

12.3Department of Mathematics, Payame Noor University, Tehran, Iran

pooneh.omidi.710122 @ gmail.com, s_nejhadhosein@pnu.ac.ir, b_naderi@pnu.ac.ir,

Abstract. A new version of the self-scaling memoryless Davidon—Flether—Powel
update formula is proposed for nonlinear unconstrained optimization problems. The
corresponding scaled parameter is set based on clustering the eigenvalues of the
search direction matrix, obtained by minimizing the difference between the largest
and smallest eigenvalues of this matrix. Numerical experiments on a set of test
functions of the CUTETr collection show that the proposed method is efficient.
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Pell-Lucas-Galerkin method for solving two-classes of
fractional optimal control problems

Zahra Najafi'*, Yadollah Ordokhani', Sedigheh Sabermahani’

'Department of Mathematics, Faculty of Mathematical Sciences, Alzahra University,
Tehran, Iran.
?Department of Mathematics Education, Farhangian University, Tehran, Iran.

z.najafi@alzahra.ac.iv, ordokhani@alzahra.ac.ir, s.saber@cfu.ac.ir

Abstract. The aim of this work is to present a new computational scheme to solve
two classes of fractional optimal control problems by using Pell-Lucas polyno-
mials and Galerkin method. Here, we present operational matrices of fractional
integration and pantograph for Pell-Lucas polynomials. Then, these matrices and
the Galerkin method are used to convert the considered problems to systems of
algebraic equations. The applicability of the proposed method is demonstrated by
numerical examples.
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Machine learning on observer design
Malihe Abdolbaghi'*, Mohammad Keyanpour!, Seyed Amir Hossein

Tabatabaei’
'Department of Applied Mathematics, Faculty of Mathematical Sciences, University
of Guilan, Rasht, Iran
*Department of Computer Science, Faculty of Mathematical Sciences, University of
Guilan, Rasht, Iran
m.abdolbaghi @ gmail.com

Abstract. One of the key challenges in controlling coupled systems is the inability
to directly measure all state variables. Due to this limitation, using an observer
to estimate the state of the system has gained significant importance. This paper
presents a novel approach utilizing deep neural networks, specifically DeepONet,
to approximate the gain of the observer for the system. It is shown that the error
system is exponentially stable. Finally, numerical simulations have been carried out

to validate the effectiveness of the proposed design methodology.
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A novel numerical method for fractional variational
problems by fractional-order shifted Legendre functions

Mohammadreza Rostami'*
"Faculty of Science, Mahallat Institute of Higher Education, Mahallat, Tran.

Rostami.Mohamadreza @ gmail.com

Abstract. In this paper, we investigate a class of fractional variational problems.
Also, we apply the Rayleigh-Ritz method for solving this problem. By this
technique, the given problem is reduced to the problem for solving a system of
algebraic equations. Finally, a numerical example is presented to demonstrate the
effectiveness of this method.
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Numerical study on the two dimensional fractional
optimal control problems

Mohammadreza Rostami'*
Faculty of Science, Mahallat Institute of Higher Education, Mahallat, Iran.

Rostami.Mohamadreza @ gmail.com

Abstract. In this paper, we focus on two dimensional fractional optimal control
problems. we study an approximate method to solve this problem by using of

generalized fractional-order Legendre scaling functions.
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Cost-Efficiency Optimization in Two-Stage NDEA model
with Uncertainty: Integration of Genetic Algorithm and
Machine Learning

Rita Shakouri
Department of Computer Engineering, Faculty of Mathematical Sciences, National
University of Skills (NUS), Tehran, Iran

rshakori@tvu.ac.ir

Abstract. In this paper, a synthetic approach for evaluating Cost Efficiency (CE)
with uncertainty in Network Data Envelopment Analysis (NDEA) is proposed. This
compound approach leverages a Genetic Algorithm (GA) and Machine Learning
(ML) for optimal feature selection, reducing the number of input features while
preserving efficiency across stages. This study addresses the critical issue of feature
selection in complex systems, such as oil fields, with the aim of improving cost
efficiency. The proposed model is designed to account for CE measurement in a
two-stage NDEA model under two distinct scenarios: pessimistic and optimistic,
reflecting different levels of uncertainty. This model is used to evaluate the CE mea-
surement of 10 oilfields. The proposed framework shows significant improvements
in prediction accuracy and computational efficiency, highlighting its potential for

robust decision-making in complex industrial networks.
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Study on Input-Output Stablity of Discrete-time Linear
Systems with Interval Coefficients

H.S.Amiri'*, A.H.Borzabadi’

1 Department of Mathematics, Payame Noor University, Tehran, Iran,
’Department of Applied Mathematics, Science and Technology of Mazandaran
University, Behshar, Iran,

H.S.Amiri@pnu.ac.ir, borzabadi@mazust.ac.ir

Abstract. In this paper, stability of a Discrete-time linear system with interval
coefficients will be researched in terms of input-output. This research is done
by means of the Discrete-time linear system with real coefficients. The transfer
function and all pole of it are also used.
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Opimal control problem with time-delay system

Amin Mansoori'*, Mohammad Eshaghnezhad?

'Department of Applied Mathematics, Faculty of Mathematical Sciences, Ferdowsi
University of Mashhad, Iran,
’Department of Basic Sciences, Shahid Sattari Aeronautical University of Science and
Technology, Tehran, Iran,

am.ma7676 @yahoo.com; aminmansoori@um.ac.ir, m_shaghnezhad @yahoo.com

Abstract. This brief presents an iterative approach for solving the optimal control
problem (OCP) with time-delayed terms and bounded control variables. The
projection function is used to construct the iterative method to approximate the
control law. Employing the approximation of control law the approximation of state
and the co-state variables are obtained. A numerical example is also givem.
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Metaheuristic Optimization Algorithms and Parameter
Selection Using Fuzzy Logic
Atefeh Hassani Bafrani*
Department of Mathematics, Payame Noor University(PNU), Tehran, Iran,

a.hassani@pnu.ac.ir

Abstract. Some meta-heuristic optimization algorithms have parameter matching
problems, and many researchers have proposed modifications using fuzzy logic
to obtain better results and solve this problem. In this article, the importance
of parameters in meta-processing optimization algorithms using fuzzy logic is
investigated to achieve better results. In this study, it was found that by selecting
effective parameters in meta-heuristic algorithms and determining appropriate
values through fuzzy logic, a significant improvement in their performance was

achieved.
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Hopf bifurcation in a delayed Hopfield neural network
model
Javad Hadadi'*, Reza Khoshsiar Ghaziani', Abdul Hussain Surosh?, Z.
Eskandari’, A khalilavi*
1Department of Mathematical Sciences, Shahrekord University, Shahrekord, Iran,
ZDepartment of Mathematical,Baghlan University, Baghlan - Afghanistan,

3 Department of Mathematics, Faculty of Science, Fasa University, Fasa, Iran,
“Department of Mathematical Science, Tarbiat Modares University , Tehran, Iran,
j1741366 @ gmail.com, Khoshsiar @sci.sku.ac.ir, surosh-272 @yahoo.com,
z-eskandari@fasau.ac.ir, Aghilkh76 @ gmail.com

Abstract. This study analyzes the Hopf bifurcation in a continuous-time Hopfield
system with a single delay parameter. Using bifurcation theory, the conditions for
Hopf bifurcation are determined, showing that varying the time delay can shift
the system from a stable state to an oscillatory state. This research enhances the
understanding of dynamic behaviors in Hopfield neural networks with time delay,

aiding in the design and analysis of delayed artificial neural systems.
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Optimal Control in Production and Inventory
Management: Perceptron Neural Network
M. Eshaghnezhad!*, A. Mansoori’
'Department of Basic Sciences, Shahid Sattari Aeronautical University of Science and
Technology, Tehran, Iran,
’Department of Applied Mathematics, Faculty of Mathematical Sciences, Ferdowsi
University of Mashhad, Iran,

m_shaghnezhad @yahoo.com, am.ma7676 @yahoo.com

Abstract. The present brief is devoted to modeling the inventory and production
management problem from supplier to after-sales service center and repair center.
In fact, this brief is a scientific attempt for modeling and resolving the inventory and
production management in a supply chain with reverse logistics that the problem is
modeled by an optimal control problem (OCP). The Pontryagin minimum principle
is applied to reformulate the OCP into a system of equations. In continuous, the

system of equations is solved by a pereceptron neural network.
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Solving fractional variational problems using
fractional-order Chelyshkov functions

Somayeh Nemati'*

'Department of Applied Mathematics, Faculty of Mathematical Sciences, University
of Mazandaran, Babolsar, Iran

s.nemati@umsz.ac.ir

Abstract. This paper focuses on the numerical solution of fractional variational
problems using fractional-order Chelyshkov functions. First, a set of orthonor-
mal fractional-order basis functions is introduced based on the definition of
Chelyshkov polynomials. Then, the Riemann-Liouville fractional integrals of these
basis functions are computed. This result, combined with the properties of the
Riemann-Liouville integral and the Caputo fractional derivative, as well as the
Gauss-Legendre quadrature formula, provides an approximation for the functional
of the problem. The Lagrange multiplier method and the necessary optimality
conditions yield an approximation of the solution. Finally, an example and its
numerical results are presented to demonstrate the efficiency and accuracy of the
method.
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Backstepping control design for a class of
non-commensurate fractional-order systems with
uncertainties and input saturation via ADRC approach

Fatemeh Doostdar'*,Hamed Mojallali’, Aliraza Khosravi’

'Depatment of Control, Faculty of electrical and computer engineering, Babol
Noshirvani University of Technology, Babol, Iran
%Electrical Engineering Department, Faculty of Engineering, University of Guilan,
Rasht, Iran
3Depatment of Control, Faculty of electrical and computer engineering, Babol
Noshirvani University of Technology, Babol, Iran
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*Speaker

Abstract. This paper proposes a modified fractional backstepping tracking con-
troller by employing active disturbance rejection control (ADRC) for a general
class of uncertain non-commensurate fractional-order systems (FOSs). Based
on ADRC approach, the proposed method is essentially designed to cope with
vast uncertainties. In this method, all the uncertain parts of the system that
include matched and mismatched parametric uncertainties, unknown nonlinearities
and disturbances are considered as a new state of the system and estimated by
extended state observer (ESO). In addition, input saturation, as an important
issue in real plants, has been studied in this paper. The stability analysis of
non-commensurate fractional system is studied by indirect Lyapunov lemma and

finally two numerical examples demonstrate the advantages of the proposed method.
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A convergent sequence to the solution of the optimal
control problem governed by Kirchhoff equation with an
internal source
A. Hashemi Borzabadi'*, Z. Naghizadeh’

12 Faculty of Sciences, Department of Mathematics, University of Science and

Technology of Mazandaran,
P.O. Box 48518-78195, Behshahr, Iran

borzabadi@mazust.ac.ir, z.naghizadeh@mazust.ac.ir

Abstract. In this work, a class of optimal control problem with an internal source
governed by Kirchhoff equation is considered. The existence of a sequence of
ordered admissible pairs that converges to a solution of the optimal control problem
is investigated.
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A new optimal efficiency classification of DMUs involving
big data based on machine learning

A. Fakharzadeh J.!, V. Amiri**

!2Mathematics Department, Shiraz University of Technology, Shiraz, Iran,

a_fakharzadeh@sutech.ac.ir, amiri.vahidreza96 @ gmail.com

Abstract. In data envelopment analysis (DEA) when dealing with big data, this
means that high volume of decision making units (DMUSs) or high dimensions
(too many inputs and outputs) are involved. In this regards, traditionaly DEA
methods face with computational complexity and growing calculstion time. To
overcome these challenges, in this paper we propose machine learning techniques,
specifically artificial neural networks (ANN), genetic algorithm neural networks
(GANN), particle swarm optimization neural networks (PSO-ANN) and grey wolf
optimization neural networks (GWO-ANN), for the first time into the DEA frame-
work. We provide these strategies to classify DMUs into efficient and inefficient
ones optimally. Applicability of the new approaches are also shown by numerical

example.
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Manipulability Based Model predictive Control of
Rehabilitation Robot

Ali Pourmomtaz', Behnam Miripour Fard!*, Hamed Kouhi'

Faculty of Mechanical Engineering, University of Guilan, Rasht, Iran.

ali77.pourmomtaz @ gmail.com, bmf@ guilan.ac.ir, hamed.koohi @ guilan.ac.ir

Abstract. One challenge with rehabilitation exoskeletons is the potential for
reaching singular configurations, reducing efficiency. Additionally, paths generated
for an exoskeleton may not always exhibit optimal manipulability and dexterity,
unlike healthy humans who perform tasks with maximum manipulability. This
paper considers a multi-degree-of-freedom model for the exoskeleton robot,
deriving its kinematic and dynamic equations. The robot’s kinematic manipulability
is formulated based on the Jacobian, and Model Predictive Control (MPC) is
employed for control. The novelty lies in incorporating the cost function related
to the robot’s kinematic manipulability alongside other cost functions within the
MPC framework. Dynamic simulations evaluate this approach, showing that the
manipulability criterion conflicts with tracking error. This research demonstrates
that using the manipulability index as a constraint or part of the cost function
in MPC can help prevent the robot from reaching singular points and enhance

manipulability and dexterity in hand rehabilitation.
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Application of Chelyshkov functions for a class of optimal
control problems
F. mosala Nezhad*, S.Nejhadhosein, M. Dadkhah
Department of Mathematics, PayameNoor University, Tehran, Iran

| mosala2500@ gmail.com, s_nejhadhosein@pnu.ac.ir, m_dadkhah@pnu.ac.ir

Abstract. An approximate method using hybrid of block-pulse and Chelyshkov
functions is used to solve a class of optimal control problems (OCPs). By substi-
tuting the operational matrices and the estimated functions into the cost function,
the given OCP is reduced into an algebraic equations system. Finally, the proposed
method is examined with a numerical example.
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Application of MILP in the design of absolute position
Sensors
Ashkan Fakhri'*, Abdolber Mallah Livani’
'Department of Mathematics, University of Science and Technology of Mazandaran,
Behshahr, Iran,
’Department of Electrical Engineering, University of Science and Technology of
Mazandaran, Behshahr, Iran,

fakhriashkan @ gmail.com, mallah_a@mazust.ac.ir

Abstract. In this article, an interesting application of mathematical programming
in the design of absolute position sensors (APSs) is introduced. APSs are used in
a wide range of applications such as photographic lenses, weapons, rotating radar
platforms, etc. A mixed-integer linear programming (MILP) model is proposed
to find single-track Gray codes (STGCs) which are used in construction of STGC
based sensors.
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Stress Strength Estimation of the Weibull Half Logistic
Distribution based on Joint Progressive Censored Sample

Hanieh Panahi!, Maryam Zahedi Khomeirani’*

'Department of Mathematics and Statistics, Lahijan Branch, Islamic Azad University,
Lahijan, Iran,
QDepartment of Statistics, Science and Research Branch, Islamic Azad University,
Tehran, Iran,

h.panahi @yahoo.com, panahi@liau.ac.ir

Abstract. The estimation of the stress-strength reliability model for the Weibull
half Logistic distributions under joint progressive censoring is investigated in this
paper. The maximum likelihood estimates of the unknown model parameters have
been computed by using Newton-Raphson method. Bayes estimates have been
calculated under gamma prior distribution by using Markov chain Monte Carlo
technique. In addition, a Monte Carlo simulation is carried out to compare the

effectiveness of the proposed methods.
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