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Preface

We are delighted to host the “11th Seminar on Reliability Theory and

its Applications” on 14–15 May 2025 in the Department of Statistics

at the University of Isfahan. On behalf of the organizing committee,

we warmly welcome all participants and trust that this seminar will

provide engaging discussions and the exchange of valuable scientific

ideas. We are grateful to the many individuals and institutions whose

support has made this event possible, including our colleagues in other

universities, researchers, and postgraduate students whose contribu-

tions enrich this event. In particular, we wish to thank the Research

Council of the University of Isfahan, the “Center of Excellence on Or-

dered Data, Reliability, and Dependency”, the Islamic World Science

Citation Center (ISC), the Iranian Statistical Society, the scientific and

the organizing committees of the seminar, our peer reviewers, and the

staff of the Department of Statistics at the University of Isfahan for

their kind cooperation.

Mahdi Tavangar (Scientific Chair)

Somayeh Ashrafi (Organizing Chair)
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Seminar Topics:

� Reliability of systems and networks

� Maintenance and repair models of systems

� Reliability analysis based on degradation data

� Accelerated lifetime tests

� Statistical inference and analysis of lifetime data

� Software reliability

� Warranty models and field data

� Ageing concepts

� Dependency concepts and copula functions

� Risk analysis in reliability

� Bayesian methods in reliability

� Stochastic orderings

� Data mining in reliability

� Shock models

� Survival analysis

� Statistical quality control

� Reliability in fuzzy environments

� Case studies in industry

� Big data in reliability

� Artificial intelligence in reliability
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Maintenance Policy for a k-Out-of-n System

Ahmadi, J.
Department of Statistics, Ferdowsi University of Mashhad, P.O. Box 1159,

Mashhad, Iran

Abstract

In the context of reliability, a set of technical, engineering, ad-

ministrative, and managerial actions applied throughout the life

cycle of a system is known as a maintenance policy. It is used to

make management decisions to maintain a specific operating con-

dition of a system or to restore a failed system to an operational

condition. Based on the system’s structure, how to use it, and

the optimization of the objective functions, researchers have in-

troduced various maintenance policies. The k-out-of-n system is

one of the most popular and widely used systems in practice, and

it functions if at least k (1 ≤ k ≤ n) of the n components func-

tion successfully. Recently, several studies have been conducted

on developing maintenance policies for k-out-of-n systems. This

talk is based on joint work with Safaei et al. (2022, 2023), in

which we proposed some types of maintenance strategies, includ-

ing income from the sale of second-hand components.

Keywords: Age replacement policy, k-out-of-n system, Long-

run average cost, Maintenance policy

1ahmadi-j@um.ac.ir
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An Approach to Modeling the Mean Residual

Time

Ahmadi, R.1 Jamali, M.2
1Iran University of Science and Technology, Iran

2Faculty of Mathematics, Statistics and Computer Science, University of

Tabriz, Tabriz, Iran

Abstract

There has been increasing interest in employing the mean

residual lifetime (MRL) as a key index for failure prognosis. But,

it is not flexible enough to accommodate condition monitoring

information required for maintenance decision-making. The pri-

mary innovation of this work lies in computing the mean residual

time based on the expected time to reach a defective state, rather

than waiting for complete system failure. Further in this study,

the characterization problem of the proposed reliability index is

addressed and its monotonicity properties are analyzed.

Keywords: Mean residual lifetime, Failure prognosis, Paral-

lel system configuration, System inspection

1Ahmadi Reza@iust.ac.ir
2Speaker. mahsajamali.90@yahoo.com
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Mission abort policy for k-out-of-n systems

subject to degradation

Akhoondi, B.1 Kelkinnama, M.2

Department of Mathematical Sciences, Isfahan University of Technology,

Isfahan, Iran

Abstract

In this paper, we consider k-out-of-n:F systems with degradaded

components such that if the value of degradation of each compo-

nent become larger than a predetermined level, then component’s

failure occurs. In order to increase the system’s survival prob-

ability, a decision to abort a mission or to continue operation

is executed. The proposed policy is that when a specific num-

ber of component’s failure occures, the mission is aborted. The

mission success probability and also system survival probability

are obtained as two imporatnt metrics for mission-based systems.

An optimization model with consideration of minimizing the ex-

pected cost are also presented.

Keywords: Mission abort, k-out-of-n system, Mission success

1bakhoundi6@gmail.com
2Speaker. m.kelkinnama@iut.ac.ir
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Stochastic Comparisons of Extremes with

Dependent and Heterogeneous Observations

from a General Two Parameters Distribution

Al-jabar, A.1 Kelkinnama, M.2

Department of Mathematical Sciences, Isfahan University of Technology,

Isfahan, Iran

Abstract

In this paper, we carry out stochastic comparisons of life-

times of two series (and two parallel) systems consisting of depen-

dent and heterogeneous components. The underlying dependence

model for component lifetimes is supposed to be an Archimedean

copula. Also, we assume a general two parameters distribution

for the lifetime distribution of components. Sufficient conditions

are developed to get the usual stochastic ordering between two

systems. An example is given to illustrate the theoretical find-

ings.

Keywords: Stochastic comparisons, Majorization, Archimedean

copula

1Speaker. amal@math.iut.ac.ir
2m.kelkinnama@iut.ac.ir
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Best Unbiased Prediction of Order Statistics in

Generalized Extreme value Distribution

Almasi, I.1 Esmailzadeh, N.2

Department of Statistics, Faculty of Basic Science, Razi University,

Kermanshah, Iran

Abstract

Assume that some order statistics from a generalized extreme

value distribution are missing. We aim to impute the missing

values. We compute the Best Unbiased Prediction (BUP) of

these missing values. Additionally, we examine and compare the

performance of the derived predictor with several alternatives

through comprehensive simulations for various extreme value in-

dexes, sample sizes, and the number of missing values. We ob-

serve that generally, the method BUP demonstrates better per-

formance.

Keywords: Extreme value distribution, Missing order statis-

tics, Extreme value index, Prediction.

1Speaker. i.almasi@razi.ac.ir
2n.esmailzadeh@razi.ac.ir
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A New Test Based on Linear Ordered Rank

Statistics

Amini-Seresht, E.1 Izadi, M.2
1Department of Statistics, Faculty of Science, Bu-Ali Sina University,

Hamedan, Iran
2Department of Statistics, Razi University, Kermanshah, Iran

Abstract

In this paper we consider the problem of hypothesis testing

the equality of two distribution functions against the distribution

functions are ordered with respect to usual stochastic order and

the hazard rate order. The proposed statistical test is based on

the linear combination of ordered rank statistics. The exact null

and alternative distributions of the proposed test statistic are de-

rived and are then used to generate the critical value.

Keywords: Non-parametric test, Stochastic ordering, Rank

statistic, PHR model, Order statistic

1e.amini@basu.ac.ir
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Postponed Preventive Maintenance for

k-out-of-n Systems Subject to External Shocks

Ashrafi, S.1 Asadi, M.2

Department of Statistics, Faculty of Mathematics and Statistics, University

of Isfahan, Isfahan, 81744, IRAN

Abstract

In this paper, we study an (n−k+1)-out-of-n system exposed

to shocks that arrive according to a counting process, where each

shock potentially causes component failures. We propose a post-

poned preventive maintenance (PM) strategy in which the de-

cision to perform maintenance at a scheduled time depends on

the observed number of failed components. If the failure count

is below a threshold, the PM action is postponed to a later time.

For the presented PM policy, the mean cost function per unit of

time is obtained, and the optimal decision parameters that mini-

mize the mean cost function are determined. Numerical examples

demonstrate the applicability and effectiveness of the proposed

maintenance strategy.

Keywords: Nonhomogeneous Poisson process, Mean cost func-

tion, Emergency repair.

1Speaker. s.ashrafi@sci.ui.ac.ir
2m.asadi@sci.ui.ac.ir
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Analysing Random Maintenance Data by

Repair Alert Model for Discrete Lifetimes

Atlehkhani, M.1 Doostparast, M.2
1 Department of Statistics, Faculty of Mathematical Sciences and Statistics,

Malayer University, Malayer, Iran
2Department of Statistics, Ferdowsi University of Mashhad, Iran

Abstract

This paper presents an examination of repair alert models

for analyzing discrete lifetimes coming from maintenance pro-

grams. The study considers the negative binomial distribution

for component lifetimes. Furthermore, we address the challenges

associated with parameter estimation for the negative binomial

distribution and compute some approximate confidence intervals

for the selected distribution based on the Akaike Information Cri-

terion. Findings are illustrated by analyzing a real dataset.

Keywords: Maximum likelihood estimation, Random sign cen-

soring, Repair alert model.

1Speaker. m.atlehkhani@malayeru.ac.ir
2doustparast@um.ac.ir
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A Q-Learning Approach to Maintenance Policy

Optimization for Series Systems with

Degradation and Common Shocks

Farahmand, A.1 Fartash, F. Yadollahi, M. Zarandi, S.
Department of Mathematics, Statistics and Computer Science, College of

Science, University of Tehran, Iran

Abstract

This paper addresses the optimization of maintenance strate-

gies for a two-component series system subjected to both natural

degradation and common shock-induced degradation. The sys-

tem is modeled with degradation processes for each component,

where natural degradation follows a homogeneous gamma pro-

cess, and shock-induced degradation is governed by a homoge-

neous Poisson process with shared shocks affecting both compo-

nents. The objective is to develop an optimal maintenance policy

using Q-learning, a reinforcement learning technique, to minimize

maintenance costs while preventing system failure. The mainte-

nance strategy includes corrective, preventive, and opportunistic

maintenance actions, with the decision-making process based on

the degradation levels of both components observed during pe-

riodic inspections. The proposed method is evaluated through

simulations to assess the effectiveness of the Q-learning-based

policy in reducing overall costs and ensuring system reliability.

1Speaker. amir.farahmand@ut.ac.ir, fateme.fartash@ut.ac.ir,

mhryadollahi@ut.ac.ir, zarandi.sina@ut.ac.ir
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Results show that the optimal policy balances the costs of in-

spections, maintenance actions, and system downtime, providing

significant cost savings compared to traditional maintenance ap-

proaches. The approach demonstrates the potential of reinforce-

ment learning in dynamic maintenance optimization for complex

systems subject to degradation and external shocks.

Keywords: Condition-based maintenance, Opportunistic main-

tenance, Common cause failure, Degradation modeling, Q-learning.

10



Optimizing Maintenance Scheduling in a

Scrap-Based Steel Production Line Using

Reinforcement Learning

Haerian, N.1 Gholami, Z.1 Safari, A. Haghighi, F.
Department of Science, Faculty of Mathematics, Statistics and Computer

Science, University of Tehran, Tehran, Iran

Abstract

This paper suggests a Reinforcement Learning (RL)-based op-

timization method for shredder machine maintenance and inspec-

tion planning in a steel production line with scrap as raw mate-

rial. The method incorporates Remaining Useful Life (RUL) into

decision-making for proactive maintenance considering real pro-

duction conditions like production rate, buffer level, and RUL.

The production line is represented as a multi-component system

with dependencies and uncertainties, and a simulation platform

used to estimate performance. The result indicates that the in-

corporation of RUL improves maintenance effectiveness in terms

of reducing downtime and operation costs. With this approach,

it is demonstrated that Reinforcement Learning, based on RUL

data, can significantly enhance maintenance control in produc-

tion systems.

1Speaker. nhaerian@ut.ac.ir, gholami.z78@ut.ac.ir,

a.Safari@ut.ac.ir, fhaghighi@ut.ac.ir
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Keywords: Reinforcement learning, Maintenance optimiza-

tion, Scrap-based steel production line, Remaining useful life,

Multi-component system
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Smart State-Dependent Maintenance with

Deep Reinforcement Learning

Haghighi, F.1 Safari, A. Eidi, Sh.
School of Mathematics, Statistics and Computer Science, College of Science,

University of Tehran, Iran

Abstract

We present a novel maintenance optimization framework for

single-unit systems subject to both gradual degradation and non-

fatal random shocks. Unlike conventional approaches, our method

combines: (1) A virtual age-based degradation model that cap-

tures accelerated aging due to continuous wear and shock-induced

damage, and (2) A dynamic imperfect repair mechanism with

state-dependent improvement factors that adapt to real-time sys-

tem conditions. The maintenance decision-making process is

modeled as a continuous-state Markov Decision Process (MDP)

with three actions: do nothing, perform imperfect repair, or re-

place the system. To efficiently handle the high-dimensional state

space and complex interactions between degradation and shocks,

we employ Deep Reinforcement Learning (DRL), training the

decision-maker using a Deep Q-Network (DQN). Numerical ex-

periments show that our framework achieves significant reduc-

tions in long-term maintenance costs compared to traditional im-

provement factor policies while simultaneously improving system

reliability. This research contributes to predictive maintenance

1Speaker. fhaghighi@ut.ac.ir
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by introducing an adaptive, data-driven approach for systems ex-

periencing multi-mode degradation.

Keywords: Degradation modeling, Maintenance optimiza-

tion, Imperfect repair, Improvement factor, Markov decision pro-

cess (MDP), Deep reinforcement learning (DRL)
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Efficiency of Ranked Set Sampling in Mean

Residual Lifetime Estimation

Jabari Koopaei, L.1,2 Zamanzade, E.1
1 Department of Statistics, Faculty of Mathematics and Statistics,

University of Isfahan, Isfahan, Iran
2 Department of Statistics, Vali-e-Asr University of Rafsanjan, Rafsanjan,

Iran

Abstract

The mean residual life (MRL) function is a fundamental con-

cept in survival analysis and reliability. In addition to charac-

terizing the survival distribution, its clear interpretability makes

it particularly useful for conveying survival information to non-

statisticians. Ranked set sampling (RSS) is a sampling technique

designed for situations where obtaining precise measurements of

sample units is costly or challenging, while ranking them without

relying on exact values is more feasible and cost-effective. How-

ever, its practical application is limited by the requirement that

each sample unit must be assigned a unique rank. To address this

challenge, Frey introduced an innovative variation of RSS, called

RSS-t, that integrates tie structure into the ranking process for

improved effectiveness. In this paper, we use the RSS-t technique

to estimate the MRL function. Then, we compare the proposed

estimators with their counterparts in simple random sampling

1Speaker. l.jabari@sci.ui.ac.ir
2e.zamanzade@sci.ui.ac.ir
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(SRS) and standard RSS using Monte Carlo simulation. Our re-

sults show that incorporating tie information enhances statistical

inference for the MRL function, reducing the sample size required

to achieve a predetermined precision.

Keywords: Mean residual life, Monte Carlo simulation, Non-

parametric estimation, Ranked set sampling, Ties information

16



Mission Abort Strategy for Multi-Component

Systems Using Survival Signature

Karimi, A.1 Tavangar, M.2

Department of Statistics, Faculty of Mathematics and Statistics, University

of Isfahan, Isfahan 81744

Abstract

Survivability of important real-world systems such as satel-

lites, aircraft, and submarines is vital as their failures can lead

to significant economic losses and operational risks. An effec-

tive approach to enhance system survivability and reduce failure

probability is to implement a mission abort policy. The mission

is halted and recovery measures are initiated when the risk of

system failure exceeds a certain level. This paper discusses a

coherent system consisting of independent, heterogeneous com-

ponents with a mission abort policy. Under survival signatures,

we develop a probabilistic model to evaluate system survivabil-

ity. With the help of elaborate illustrative examples, we compare

different abort rules.

Keywords: Mission abort policy, Survival signature, System

reliability, Heterogeneous components.

1Speaker. m.amin.karimi@sci.ui.ac.ir
2m.tavangar@sci.ui.ac.ir
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On the Redundancy Allocation Approaches to

Coherent Systems

Kelkinnama, M.1 Asadi, M.2
1 Department of Mathematical Sciences, Isfahan University of Technology,

Isfahan, Iran
2 Department of Statistics, Faculty of Mathematics and Statistics,

University of Isfahan, Isfahan, 81744, Iran

Abstract

Redundancy allocation is recognized as a critical strategy in

reliability engineering, which aims to increase reliability and fur-

ther guarantee the continuous operation of complex designed sys-

tems. This approach involves adding spare components or sub-

systems to the system that act as backup in the event of failure of

the main components. In this lecture, a review of existing studies

on redundancy allocation from various perspectives is presented.

It is consisting of papers that compare the redundancy at compo-

nent and system levels. Next, the findings in the articles related

to the location of the redundant components as well as the num-

ber of redundancies dedicated to improving system performance

are also reviewed. On the second part, we investigate an opti-

mization method for the optimal number of redundancies for a

coherent system consists of different types of components.

Keywords: Redundancy allocation, Active redundancy, Cold

redundancy, Stochastic orders, Majorization orders.

1m.kelkinnama@iut.ac.ir
2m.asadi@sci.ui.ac.ir
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Burg Entropy: Extension and an Application

to Binary Classification of Malaria Cell Images

Kharazmi, O.1 Asadi, A.2
1Department of Statistics, Faculty of Mathematical Sciences, Vali-e-Asr

University of Rafsanjan, Rafsanjan, Iran
2Department of Medical Entomology and Vector Control, School of Medical

Sciences, Tarbiat Modares University, Tehran, Iran

Abstract

In this paper, we first establish some results for Burg en-

tropy based on escort and generalized escort distributions. Then,

we propose relative Burg divergence measure, cumulative resid-

ual Burg entropy (CRB), and cumulative residual relative Burg

(CRRB) entropy measures. We apply the proposed CRRB mea-

sure to malaria cell image analysis, demonstrating its effective-

ness in quantifying image similarity and segmentation perfor-

mance. Comparative results with Otsu’s thresholding and K-

means clustering highlight the efficacy of our approach in classi-

fication tasks.

Keywords: Burg entropy, Shannon entropy, Binary classifi-

cation, Malaria cell disease

1omidkharazmi14@gmail.com
2Speaker. asadiazadeh@modares.ac.ir
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Binary Classification of Heart Disease Data

Based on Cumulative Residual Discrete χ2
α

Divergence

Kharazmi, O.1 Bahrehvar, M.2
1Department of Statistics, Faculty of Mathematical Sciences, Vali-e-Asr

University of Rafsanjan, Rafsanjan, Iran
2Department of Industrial Engineering, Tabriz University, Tabriz, Iran

Abstract

In this paper, we propose cumulative residual discrete χ2 di-

vergence and cumulative residual discrete generalized χ2
α diver-

gence measures, and establish some theoretical results for three

mixture survival models. We further apply the proposed cumula-

tive residual discrete χ2
α divergence measure to a binary classifi-

cation task using heart disease data. Our numerical experiments

demonstrate the effectiveness of the proposed measure as a robust

tool for quantifying classification performance. The performance

of our approach is benchmarked against ten machine learning

models, including Logistic regression, decision tree, random for-

est, support vector machine (SVM), K-nearest neighbors (KNN),

näıve Bayes, linear discriminant analysis (LDA), AdaBoost, and

gradient boosting, based on accuracy, precision, recall, and F1-

score.

1omidkharazmi14@gmail.com
2Speaker. minabahrehvar@gmail.com
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Keywords: χ2 divergence, Survival function, Classification,

Machine learning
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Causal Inference on the Differences of the

Restricted Mean Residual Lifetime

Mansourvar, Z.

Department of Statistics, Faculty of Mathematics and Statistics,

University of Isfahan, Isfahan 81746-73441, Iran

Abstract

In biomedical studies, the difference in restricted mean resid-

ual lifetime can be used as an appropriate quantity for comparing

different treatment groups with respect to their survival times. In

observational studies where the factor of interest is not random-

ized, covariate adjustment is needed to take into account imbal-

ances in confounding factors. An estimator is obtained for the av-

erage causal treatment difference using the restricted mean resid-

ual lifetime as target parameter. Specifically, treatment-specific

additive hazards model is used to account for confounding fac-

tors. Large sample properties of the proposed estimator are also

established.
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Abstract

The doubly geometric process is widely applied in practical

problems, including reliability and failure data analysis. Re-

cently, a lot of scholars have been interested in the doubly ge-

ometric process. It is an advanced stochastic model that extends

the traditional geometric process by incorporating two distinct

scaling factors. Although this process offers greater flexibility

in data modeling than the geometric process, it involves more

complexity in parameter estimation. This study focuses on es-

timating the parameters for the doubly geometric process with

log-normal interarrival times. The unknown parameters of the

process are estimated using the maximum likelihood technique.

The estimator’s asymptotic properties are also obtained. Simu-

lation results and practical applications are presented to validate

the effectiveness of the proposed process.
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Abstract

The production of high-quality products can be effectively

achieved through the application of statistical quality control

methods, particularly control charts. These tools facilitate pre-

cise monitoring of production processes and enable the rapid

identification of any deviations. In this study, we focus on design-

ing combined control charts by integrating Double Exponentially

Weighted Moving Average (DEWMA) charts and Double Moving

Average (DMA) charts. These combined charts are specifically

developed to monitor quality characteristics that follow a normal

distribution. The performance of these charts is evaluated using

the Average Run Length (ARL) index under various parameters.

The results demonstrate that the proposed charts significantly

outperform traditional control charts in detecting small shifts in

the process.

1Speaker. n moradi stu@birjandut.ac.ir
2salehi@birjandut.ac.ir

24



Keywords: Quality control, Control chart, Double Exponen-

tially Weighted Moving Average (DEWMA), Average Run Length

(ARL), Normal distribution

25



Optimized Maintenance Planning Under

Random Delayed Interventions: An RL-Based

Approach

Rahimi, G.1 Karimi, M. Rafighi, M. Vesali, N. Safari, A.

Haghighi, F.

Department of Science, Faculty of Mathematics, Statistics and

Computer Science, University of Tehran, Tehran, Iran

Abstract

In this article, we introduce a framework based on reinforce-

ment learning (RL) for optimizing Condition-Based Maintenance

(CBM) with inherent random delays. The degradation of the sys-

tem is represented using a Gamma Process, and decision-making

is executed through a Q-learning algorithm. A significant chal-

lenge in these systems is managing intervention delays, where an

action taken does not produce immediate results. Unlike ear-

lier research that treated the delay as a fixed amount, this study

considers it a random variable, making the optimization process

more realistic. The simulation study investigates the optimiza-

tion of railway track maintenance strategies, focusing on the iden-

tification of cost-effective intervention policies at each inspection

while accounting for both track degradation levels and stochastic

intervention delays. The simulation results demonstrate that the
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proposed RL-based methodology achieves a significant reduction

in long-term maintenance costs compared to a fixed-threshold

strategy. Specifically, cost reductions of approximately 19% and

45% were observed for scenarios with intervention delays shorter

than and longer than the inspection interval, respectively.

Keywords: Condition-based maintenance optimization, Inter-
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Abstract

A system including n independent subsystems is considered

that each subsystem contains d dependent components. It is as-

sumed that system works if and only if at least k subsystems

are functioning. The Gumbel copula function is used to model

dependency among the components. The system reliability is

evaluated and graphical results are presented. It was shown that

ignoring dependency among components causes bias in reliability

evaluation. Eventually, some conclusions are stated.

Keywords: Coherent system, Dependency, Gumbel copula,
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Abstract

An important challenge when using progressive Type-II right

censoring is determining a removal scheme. This can be fixed

in advance or chosen randomly based on some discrete proba-

bility distributions. In this paper, we propose a new approach

where the experiment itself influences the removal scheme, lead-

ing to the implementation of an informative censoring plan. For

this purpose, we consider the Rayleigh Poisson distribution for

lifetime data, along with two types of distributions for random

removals: the truncated Poisson distribution and the discrete

truncated Rayleigh distribution. Then, we obtain the maximum

likelihood estimators and compare our new approaches with the

patterns of removal obtained from the discrete binomial distribu-

tions via a Monte Carlo simulation study in terms of their biases,

mean squared errors, and values of expected total time on the

experiment.
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Abstract

In this paper, an optimal age replacement policy has been

studied for a k-out-of-n: G system, where the planned replace-

ment time is a random variable with a distribution belonging to

the proportional hazard rate family. It is supposed that the life-

time of the system components has a Weibull distribution. The

expected cost rate function is used as the optimization criterion.

The results have been given analytically and numerically.

Keywords: Expected cost rate function, k-out-of-n: G system,

Optimization, Proportional hazard rate, Weibull distribution
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