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Abstract
In this research, a mathematical model of scenario-based
mixed integer programming is presented to model the

problem of supplier selection and order allocation con-
sidering Disruption Risk and Business Volume Discount
in a centralized supply chain. The considered supply
chain is Bi-Level and contains one manufacturer and sev-
eral suppliers and as well as There are two categories of
suppliers: main suppliers and backup suppliers. As is
clear, it is assumed that the unit costs of the main sup-
pliers are lower than those of the backup suppliers. Also,
it is assumed that the backup supplier supports disrup-
tion conditions if the manufacturer meets the minimum
value set by the supplier under normal conditions. Sup-
plier Disruptions are random and independent. It is as-
sumed that the disruption is not due to the lack of raw
materials to suppliers. Demand is considered de�nitive
and the model is a single-criteria with the criterion of re-
ducing the cost of all members of the supply chain. Also
in the presented model, a single-period multi-product
supply chain is considered. Due to the importance of
supplier selection and the high impact of the cost of pur-
chasing raw materials on the total cost of the product
and its aggravation in the event of disruption, this issue
was investigated. Also, by calculating the C-VaR using
GAMS and analyzing the sensitivity of the result, We
examined the impact of the decision-making risk atti-
tude on the total cost of the supply chain as well as the
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h costs of each member and found out that increasing the
decision-makers sensitivity to risk generally increases the
this costs. We also examined this e�ect on purchases
from suppliers. The result was that as the sensitivity
to risk increased, the quantities purchased from undis-
turbed suppliers, whether main or backup, increased,
but the quantities purchased from disrupted suppliers
decreased. Also, in order to evaluate the e�ciency of the
model, a case study was conducted in Sapco(Iran Kho-
dro Engineering Design and Parts Supply Company).

Key Words: Supplier selection, order allocation, dis-
ruption risk, business volume discount, risk attitude.
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Abstract
Today, maritime transportation has grown due to de-
centralized production and increased communication be-
tween di�erent countries. Container transportation has
contributed a signi�cant share of global transportation
due to the possibility of moving a large volume of goods
at a reasonable cost. With the expansion of container
transportation, container terminals as a place to trans-
port containers between land and sea play a pivotal role
in the global transportation network. Container termi-
nals are divided into seaside and landside. To better
manage the terminals and reduce costs, the main prob-
lems at the seaside and the landside need to be addressed
in an integrated manner. The literature review shows
that despite the importance of the matter, the berth al-
location problem, the storage space assignment problem,
and the yard crane deployment problem have not been
studied in an integrated manner.

In this research, an integrated mixed integer program-
ming model has been provided to investigate the storage
space assignment problem, the berth allocation problem,
and the yard crane deployment with the tra�c conges-
tion at the passing lines consideration on the daily plan-
ning horizon. The objective function of this mathemati-
cal model includes minimizing the yard crane movement
cost, the yard crane operating cost, the cost related to
the route length of the container transportation between
the berth and the yard, and the penalty cost caused by
delaying the vessels. In the proposed model, the discrete
berth layout has been considered. The movement ca-
pacity is determined to prevent tra�c congestion in the
passing lines. Also, 8 valid inequalities based on the con-
cepts and assumptions of the problems are considered to
improve the proposed integrated model. To validate the
proposed model, 32 instances are generated based on the
data production framework in the literature, and their
results are presented. The results indicate the proper
performance of the proposed integrated model.

Key Words: Container transportation, berth allocation
problem, storage space assignment problem, mixed integer
programming model.
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Abstract
Time series-clustering, de�ned as deriving trends and
archetypes from sequential data, divides time series into
groups considering their characteristics. Previous works
mainly focused on distance criterion and clustering algo-
rithm to cluster the time series so few researchers have
investigated the similarities between the segments of a
time series. To address this research gap, we propose
a new two-step approach based on sub-time series and
combination clustering. In the �rst step, a time series
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hdata set is segmented using a �xed window size, and each
segment is clustered by applying a hierarchical cluster-
ing algorithm and Euclidean distance. Also, we use a
logarithmic relation based on the length of the time se-
ries data set to determine the number of components,
selecting the best outcomes using various internal crite-
ria including intergroup variance, Kalinsky-Harbaz, and
Dunn index. In the second step, the results of the �rst
stage are processed using ensemble clustering, and the
�nal clustering label is obtained. We develop two novel
algorithms based on di�erent internal criteria for select-
ing the best segmentations: the �rst one in which we
consider only one internal criterion and the second one
in which we consider three internal criteria simultane-
ously. Moreover, we run various settings on 82 datasets
with 10 replications for the two presented algorithms,
checking the �nal precision using an external RAND in-
dex. Then, to identify the best settings for the proposed
algorithms we applied Wilkinson statistical test. Statis-
tical comparison of the results of the two new algorithms
on 82 data sets with some algorithms in the related liter-
ature indicates signi�cant improvement In terms of error
rate and execution time. Finally, the �ndings acquired
based on the best settings of the proposed algorithms
indicate that the suggested method has the best RAND
index among the previous algorithms in the literature
for 32% of the dataset tiers.

Key Words: Time series, clustering, data mining, Sub-
Series.

INVESTIGATING THE
PROFITABILITY OF PAIRS
TRADING USING MACHINE
LEARNING AND GENETIC BASED
ALGORITHMS IN TEHRAN STOCK
EXCHANGE
B. Rezaei
behnaz rezaei@modares.ac.ir
R. Baradaran Kazemzadeh(corresponding author)
rkazem@modares.ac.ir
M.A. Rastegar
ma rastegar@modares.ac.ir
Dept. of Industrial and Systems Engineering
Tarbiat Modares University
DOI:10.24200/j65.2023.60603.2308

Sharif Industrial Engineering and Management Journal
Volume 40, Issue 1, Page 43-54, Original Article

c Sharif University of Technology

� Received 3 September 2022; received in revised form 8 May
2023; accepted 28 August 2023.

Abstract
In this paper, the problem of �nding pro�table pairs
by automatically limiting the search space of pairs using
machine learning techniques and integrating an unsuper-
vised learning algorithm, OPTICS, to pair identi�cation
and selection in pair trading is discussed. In addition,
to optimize the portfolio consisting of pairs of assets and
allocate optimal capital to them, a genetic-based algo-
rithm to increase the Sharpe ratio is used. The pro-
posed technique for automatic clustering is better than
the conventional methods of searching for pairs of assets
used by investors and leads to a higher average rate of
return on investment and a higher Sharpe ratio for port-
folios in trading using selected pairs of clusters. These
calculated evaluation criteria for the portfolio were im-
proved after using a bi-objective optimization genetic al-
gorithm. This study was simulated using intraday price
data of a group of stocks in the Tehran Stock Exchange
between the years 2015 to 2020 and taking into account
the transaction costs.

Key Words: Pairs trading, neutral market, machine
learning, unsupervised learning, optimization genetic algo-
rithm, transaction costs.
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Abstract
Business process management (BPM) and risk manage-
ment (RM) are two essential concepts in the develop-
ment of large businesses. These are considered key suc-
cess factors for organizations. Risks are part of every
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h business activity. If a risk occurs it may threaten the or-
ganizational goals causing time delays, additional costs,
loss of quality, having lower than anticipated pro�ts, or
experiencing a loss rather than taking a pro�t. A busi-
ness process is a set of activities that are executed ac-
cording to certain rules to achieve a prede�ned business
goal. Thus, if risk occurs it may threaten the execu-
tion of business processes. In the past, these categories
were considered separately, and each of them was able
to address business problems partially as well. The new
approach toward these two branches of science is integra-
tive. Sometimes, the results and outcomes of these two
management branches conict with each other. How-
ever, integrating these two can also result in unique
achievements that cannot be achieved by implement-
ing them separately. In this paper, we focus on one
of the most important processes in the banking industry
in Iran called the lending process, and use the concept
of risk-aware business process management (R-BPM) to
present a framework for risk awareness of this process.
The framework is presented in the form of a table to raise
awareness about the risks of the process (operational
risks). The columns of the table represent risk patterns
for information systems extracted from the related liter-
ature and customized in the present study for the bank-
ing industry of Iran. On the other hand, the rows show
the main sub-processes of lending in the industry. While
the rows of the table can be utilized by people dealing
with the sub-processes to raise their awareness about the
risks related to each sub-process, the columns are ben-
e�cial for people who are not directly dealing with the
sub-processes and view the whole banking industry with
a risk-oriented approach.

Key Words: Risk management, process management,
risk-aware business process management, banking industry,
lending process.
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Abstract
Today, for success in the competitive market, lead time
is an important issue, and its control increases customer
satisfaction and improves service levels. In the latency
between the initiation and completion of orders, a series
of activities are performed, such as order preparation,
waiting time, combining orders, purchasing raw materi-
als, setup time, assembling, packing, sending, etc. These
activities are de�ned by characteristics such as prece-
dence relationships, execution modes, and their corre-
sponding time and cost. Each activity can be controlled
at the expense of extra cost, which can lead to shortened
lead time and increased service levels.
In this paper, we investigate the service level-cost trade-
o� where orders' entry, demand and execution times are
assumed to be stochastic. The main goal is to determine
activities' execution modes to simultaneously optimize
the service level and costs. In this regard, the decision-
maker's main questions are (a) what is the maximum
reachable service level with a maximum of 10% increase
in product cost? (b) to increase the service level to 70%,
how much will the product cost increase?
We propose a hybrid approach of Monte Carlo simu-
lation and Non-dominant Sorting Genetic Algorithm
(NSGA II) to identify the Pareto solutions. The e�ec-
tiveness of the proposed algorithm was shown by apply-
ing it to a medical equipment supplier company as a
case study. After implementing the proposed algorithm,
9 Pareto solutions were identi�ed for the problem. It was
found that the maximum reachable service level is 66.7%
with a 7.7% increase in product cost; and, to increase
the service level to 70%, the product cost increases by
20.7%. The sensitivity analysis results showed that the
service level is very sensitive to reducing the execution
time of orders in the range 71 to 100, and the answers
to research questions may undergo changes; therefore,
the decision-maker can focus on reducing the execution
time of this interval.

Key Words: Lead time, service level, monte carlo sim-
ulation, multi mode activities.
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Abstract
Faced with increasing threats and challenges of supply
chains, it is necessary to redesign the supplier network
based on hybrid approaches based on mathematical mod-
els and reliability. To solve the problem, this paper
presents a new approach. Team formation, selection,
design, and composition are still critical success or fail-
ure factors in any business within a company and orga-
nization. Criteria, parameters, various qualitative and
quantitative methods, approaches, and techniques have
been presented by several studies in TF so far. This
study developed a hybrid approach to team formation
(TF) and reliable supplier network design, focusing on a
multi-objective model integrating fuzzy-set theory and
social network analysis. Furthermore, this study ad-
dressed the relative importance value of precise rela-
tionships between members using fuzzy logic (expert
workshop and fuzzy inference), backup team, capabil-
ities (skills, expertise, or knowledge), capacity, and or-
der allocation. It also carefully considers the relation-
ships between team members using expert workshops
and fuzzy inferences. Also, social network analysis met-
rics are used to suggest team leader(s). We used the aug-
mented epsilon constraint (AUGMECON2) method to
validate the model and solve small-scale problems with
exact solutions. The model aimed to form a reliable
team and supplier network with a maximum level of re-
liability, maximize the network weight of collaboration,
and maximize the knowledge level of the main mem-
bers(suppliers), simultaneously. The approach was eval-
uated through a numerical study of the actual data of the
electro-optical camera for team formation, design and
selection of a network of reliable suppliers, and order al-
location. The results showed that the approach carefully
selects the optimal supplier network and team based on

all assumptions and suggests team leaders with social
network analysis. One of the advantages of our model is
simultaneously considering supplier network, reliability,
FIS, and SNA in team formation. The use of uncertain
data and combined methods and MADM for preselec-
tion can also be e�ective. The strategy of the optimal
number of modules and product subsystems can also be
included in the model. In future studies, other variables
and parameters such as time, design phases, and the to-
tal cost can be considered. Also, because the problem
is NP-hard; the use of meta-heuristic algorithms is sug-
gested. Modeling a multi-product multi-period supply
chain problem is suggested.

Key Words: Team formation and design Supplier net-
working, reliable supplier selection and order allocation, so-
cial network analysis, fuzzy inference, relationship analysis,
multi-objective optimization.
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Abstract
The aging of societies, social changes, medical advances,
and high in-person treatment costs have increased the
demand for home healthcare services. Additionally, the
development of communication technology has led to the
advent of remote health systems which have bene�ts
for caregivers and patients. In this study, we propose
an integrated approach to decide on patient admission,
the service types (in-person or remote), patient assign-
ment to treatment sta�, and routing and scheduling of
caregivers. It is assumed that, if a patient is admit-
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h ted, all their requested visits must be provided. During
the planning horizon, patients can receive multiple visits
for various types of services. However, during a single
day, each patient can be visited at most once during
their time window. Each treatment sta� starts (ends)
the routes from (to) the healthcare center, and the tele-
health service is carried out from the center. Each care-
giver has a speci�c work schedules and skills. The ob-
jective is to maximize the patients' preferences and e�-
ciency of treatment sta�s as well as minimizing the pa-
tients' dissatisfaction in terms of visit day and treatment
sta� changes. A three-phased algorithm is developed:
First, a relaxed model decides on the patient admission,
the service types, and assigning patients to treatment
sta�s. Second, an ant colony system (ACS) determines
the routing and scheduling of the sta�s based on the
output of the �rst phase. Finally, a local search is used
to improve the best-known plan. To evaluate the pro-
posed method, we use the obtained upper bound of the
�rst phase. The computational time is considered to be
at most 10 minutes. Numerical results on benchmark
data show that, for all instances, the average gap be-
tween the best-found solutions and their corresponding
upper bounds is less than 10%. Finally, a case study on
the Macsa healthcare center is presented. According to
the results, the proposed plans can improve patient sat-
isfaction and the e�ciency of treatment sta�s by about
31%.

Key Words: Home health care, treatment sta� routing
and scheduling, telehealth, ant colony optimization.
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Abstract
Due to the high ination in recent years in Iran, as well
as the uncertainty in environmental conditions, the use
of investment risk hedging tools in the capital market
has received more attention. What is targeted in this
study is to identify the best approach among the exist-
ing approaches in calculating and predicting the opti-
mal ratio of risk coverage considering the dynamic na-
ture of this ratio and also environmental uncertainties.
Undoubtedly, the performance of approaches based on
modeling (parametric) or simulation, such as arti�cial
neural networks, which are formed based on learning as
well as previous information, will be a�ected in a situ-
ation where political, economic, and social e�ects dom-
inate a society. But what is targeted in this study is
to compare the performance of existing approaches and
use the superior approach to estimate this ratio and pre-
dict it with a non-parametric approach (an approach
that works better in conditions of environmental uncer-
tainty). In this research, determining and predicting
the optimal dynamic hedge ratio of exchange rates using
gold coin futures contracts in the Iran stock Market is
discussed. The approach used in determining this ratio
is the minimum variance and the comparison of di�erent
econometric models was used to optimize this ratio. By
using the weekly data of the cash yield of the dollar and
gold coin futures from the beginning of 2016 to August
8, 2020, the optimal risk coverage ratio for each model
was calculated and by forming a portfolio and evaluating
the variance, the e�ectiveness of the models was exam-
ined, the results of which show the superiority of the
dynamic model was BEKK-GARCH. Based on the re-
sults obtained, a perceptron neural network model was
used to predict this time series and it was concluded that
the neural network model is a high-performance model
in predicting this ratio based on asset returns.

Key Words: Optimal hedge ratio, cross-hedging foreign
exchange rate risk, portfolio, arti�cial neural networks.
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Abstract
Projects are used in most organizational structures in-
cluding strong matrix, weak matrix, balance matrix,
project-oriented, virtual, hybrid, and project manage-
ment o�ce to achieve the goals of the organization. Many
organizations consider their successful projects as a com-
petitive advantage and use a comprehensive portfolio
management system to manage projects, plans, and op-
erations to achieve their organizational goals. As project
management has become more professional, the focus of
organizations has shifted from management to one or
more complex projects separately and to the manage-
ment of an interconnected set of projects. Therefore, a
formal portfolio management process is a requirement
for integrated implementation and the use of a portfo-
lio system to manage projects to achieve the goals and
strategies of the organization based on the desired crite-
ria of management, is necessary. Income sources in al-
most all of the project-based companies, especially in IT
Industry, are highly dependent on the company's project
revenue, so Project Portfolio Selection has always been
one of their managers' main concerns. To maximize their
business value and pro�tability, these companies de�ne
appropriate projects in speci�c time horizons. Because
the projects compete for resources, the interdependence
between an organization's projects and their potential
and actual impact on the portfolio selection has become
particularly important to managers. Applying Analyt-
ical Hierarchy Process (AHP) technique and the Fuzzy
Inference System (FIS), this paper presents a hybrid
model of Fuzzy Mathematical Programming that seeks
to select projects in a portfolio by creating maximum
synergies between them in the presence of uncertainty.
In the proposed model, the concept of synergy is used in
such a way that time constraints, costs, and interactions
between them are satis�ed, and decision-makers have
the opportunity to evaluate di�erent selection modes.
We used the fuzzy conditional programming approach in
the objective function and the Jimenez method in con-
straints to defuzzify the problem. In order to express

the e�ectiveness of the proposed model, it is applied in
the telecom industry as a case study.

Key Words: Project portfolio selection, projects inter-
dependency, fuzzy mathematical planning, fuzzy inference
system, analytical hierarchy process.
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Abstract
Adequate blood supply plays an essential role in the
management of health systems, and the cost of blood
supply and its derivatives is an important part of com-
munity health expenditures. Due to the lack of alterna-
tives to blood, its production only by humans, and its
non-production by chemical processes, designing an e�-
cient and e�ective blood supply chain seems necessary.
In this paper, a multi-level and multi-period mixed in-
teger programming model is provided for designing the
blood supply chain considering donors, hospitals, tempo-
rary centers, and laboratories. In mathematical model-
ing, the goals of sustainable development are considered
to minimize supply chain costs, minimize greenhouse
gas emissions, and maximize job opportunities created
by the establishment of facilities. Using the proposed
model, several decisions are made including the location
of facilities, the blood ow between di�erent levels of the
supply chain, inventory level, de�ciency, and the number
of donors according to restrictions related to coverage ra-
dius, budget, and the expiration of blood. Due to the
uncertain nature of the parameters in the real world, the
uncertainty of the key parameters of the blood supply
chain such as blood demand, costs of systems, wastes,
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h and budget are considered. To deal with the uncertainty,
the chance-constrained fuzzy programming approach is
used. Ultimately, a case study is presented to show the
e�ectiveness of the model. The proposed model can pro-
vide a suitable tool for health department managers in
making operational and strategic decisions on blood sup-
ply chain levels by optimizing all three dimensions of
sustainability. Numerical results con�rm the e�ective-
ness of the proposed model and show that the uncertain
nature of the parameters of the proposed model cannot
be ignored because the costs of the system, the harm-

ful environmental e�ects, and the positive social e�ects
are signi�cantly a�ected by the uncertainty. Also, the
results obtained from solving the mathematical model
show that when the level of uncertainty is increased, to
meet the demand, it is necessary to establish more tem-
porary facilities to increase blood supply and reduce its
shortage.

Key Words: Blood supply chain, sustainable develop-
ment goals, chance constrained fuzzy programming, location-
allocation.
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