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Abstract
Appropriate management of the inventory control sys-
tem of perishable items plays an important role in orga-

nizations' total cost due to short life cycle and perisha-
bility of the items. An inventory control system includes
the allocation of orders to suppliers, identi�cation of in-
ventory replenishment quantities, and coordination of
joint orders. This paper proposes mathematical mod-
els in the multi-supplier joint replenishment problem of
perishable items with partial backorder by considering
direct and indirect grouping approaches. In the case of
direct grouping approach, the inventory items are cat-
egorized into permanent groups and all the items in a
group are ordered at the same time, while in the indirect
grouping approach, each item is ordered in an integer
multiple of a base cycle time. Therefore, in the indirect
grouping approach, the groups are formed temporarily
in each cycle with the items that have a common re-
plenishment cycle. In order to simplify the exponential
elements of the equations, Taylor's expansion is used
to achieve a polynomial approximation for the model.
The closed-form solution of the model is presented in a
special case in which there is a single supplier and the
unsatis�ed demand is fully backordered. In this regard,
the ratio of time with positive inventory level at each re-
plenishment cycle is equal to the ratio of unit backorder
cost to the summation of perishability rate, unit holding
cost, and unit backorder costs. The two approaches are
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h analyzed through solving a numerical example in GAMS
software. Based on the results, at small values of ma-
jor ordering cost, the indirect grouping strategy is rel-
atively more preferable. However, at larger values, the
two strategies are almost similar. Based on the sensi-
tivity analysis of numerical example, it was found that
increasing the rate of perishability caused the system to
increase the shortage level and hence, the total sales de-
creased. In addition, increasing the main ordering cost
increases the replenishment cycle and the total purchas-
ing quantity, but does not have a signi�cant e�ect on
the proportion of time with a positive inventory.

Key Words: Joint replenishment, perishability, direct
grouping, indirect grouping, partial backorder.

REAL-TIME AMBULANCE
RELOCATION MATHEMATICAL
MODEL FOR EMERGENCY SYSTEM
CONSIDERING MULTIPLE
COVERAGE RANGE, RELOCATION
COSTS, WORKLOAD LIMITATION,
AND PRIORITIZATION OF
EMERGENCY CALLS
M. Hajiali
mehdihajialy@gmail.com
E. Teimoury(corresponding author)
Teimoury@iust.ac.ir
M.R. Rasouli
rasouli@iust.ac.ir
Dept. of Industrial Engineering
Iran University of Science and Technology
DOI:10.24200/J65.2021.55873.2116

Sharif Industrial Engineering and Management Journal
Volume 38, Issue 1, Page 15-24, Original Article

c Sharif University of Technology

� Received 21 January 2020; received in revised form 25 June
2021; accepted 2 August 2021.

Abstract
Emergency Medical Service (EMS) managers are con-
cerned with providing maximum possible coverage in
their service area. As emergency calls arrive into the
EMS system, some ambulances become unavailable. Re-
deployment deals with a dynamic relocation of available
ambulances so as to compensate for the loss in cover-
age due to busy ambulances. Real-time approaches aim
to select the best relocation plans, taking into account
the state of the system at a moment when decisions are

made. Unsystematic redeployment can impose super-
uous workload and result in unnecessary fatigue for
EMS personnel. This paper develops a real-time ap-
proach to maximize coverage with minimum possible
total travel time, considering accumulated workload re-
strictions for personnel in a shift. The proposed model
considers the coverage of areas by base stations in three
coverage ranges and its main purpose is to cover the
shortest range. Also, the model considers the workload
added to the ambulances resulting from the relocation
decision. At any time, ambulances move in such a way
that workload on them does not exceed a certain limit.
The model is presented with an online approach and
some parameters are updated as time changes. The case
study in this article is related to the eastern part of
Tehran. The population of this area is about 3 mil-
lion people: its area is 170 square kilometers and is
divided into 48 areas. For sensitivity analysis, the re-
location problem can be divided into two parts: pre-
implementation and post-implementation. Prior to im-
plementing the model, depending on the disruption to
the system, the location of ambulances may not be ap-
propriate to meet future demands. After running the
model, the base of some ambulances may change. Fol-
lowing this change, the extent of coverage of demand
points by the bases will change signi�cantly. For this
purpose, the criterion is the number of coverage points
of demand by base stations within a coverage range of
1r minute.

Key Words: Dynamic redeployment, healthcare, EMS,
response times.
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Introducing new products for companies in a competitive
business environment is imperative. Designing an ap-
propriate supply chain for the successful development of
new products leads to growth and success in the compe-
tition. Supply chain design or con�guration is essential
to the success of a business since it can increase the pro�t
of the whole supply chain. Supply chain management
aims to determine the link between network components
and specify the inventory level in each part of the supply
network, production quantity, manner of transportation,
and other related problems. Also, during the new prod-
uct development process, companies encounter decisions
such as producing independent products, immediate re-
placement of a new product with an old one (single-
product rollover strategy), or gradual replacement over
several periods (dual-product rollover strategy). A dual-
product rollover strategy can be more e�cient and less
costly in some cases, although it has received less atten-
tion. In the present study, the four-level supply chain
(including suppliers, manufacturers, distributors, and
customers groups) model for old and new products is
presented by considering a dual-product rollover strat-
egy. Objective function consists of net pro�t for manu-
facturers and distributors, cost of customer dissatisfac-
tion, cost of unemployment resources, and cost of design-
ing new products. Also, constraints control the equal-
ity between production and inventory with the ow of
products, production capacity, product rollover strategy,
shipping the goods after that connection determined,
and level of initial inventory. The model is solved by
GAMS software using actual data from a company that
is active in the digital appliance industry and produces
wired and wireless headphones as non-independent prod-
ucts (it is implied that with launching the wireless head-
phone, demand for wired headphones is reduced). After
presenting the results, sensitivity analysis is performed
on the parameters to determine the most e�ective ones
on the objective function. Then, the results of solving
this model under a dual-product rollover strategy are
compared with those of the single-product rollover strat-
egy (the model can be converted into a single-product
rollover strategy by modifying rollover parameter), and
managerial insights are presented.

Key Words: New product development (NPD), dual-
product rollover strategy, supply chain design, supplier se-
lection, product lifecycle.
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Abstract
Production planning is one of the most important func-
tions in the production process and operations manage-
ment. Production planning should be carried out under
uncertainty and in consideration of these uncertainties,
it leads to the real model of production planning. Con-
sidering that the goal is to minimize the cost and max-
imize pro�ts from the inventory, it can be said that the
cost and bene�ts of each system are a�ected by decisions
related to inventory. Therefore, recognizing and �nding
solutions to optimize such a complex system can help im-
prove production. In this paper, a multi-product man-
ufacturing company with geographical dispersion under
the uncertainty of customer entry is investigated. One
of the innovations of this paper is the use of simulation
to solve the three-level supply chain using multipurpose
machines with geographical dispersion. At each level,
there are several selections with geographical distribu-
tion, where all producers are subsets of a single com-
pany. Other innovations include the heterogeneity of
machines and the ability of retailers to meet demand
from surrounding warehouses if critical conditions arise.
Production control policies are based on inventory con-
trol. This includes production and maintenance of prod-
ucts aimed at attracting customer satisfaction to avoid
the shortage, which is possible with the cooperation of
factories and warehouses. The �nal product demand in
the given system is under uncertainty and the generated
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h waste can be converted into a �nal product after the
remanufacturing. Such a shortage will lead to the loss
of the client. Due to the uncertainty and complexity of
these systems, system simulation has been carried out
using ARENA software version 14.0. Then, to optimize
this system, the OptQuest software has been used to op-
timize the model, which results in determining the op-
timal production rate. The results of the numerical ex-
ample show that the costs of this system have decreased
signi�cantly.

Key Words: Simulation, multilevel supply chain, pro-
duction optimization, multipurpose machines, uncertainty.
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Abstract
The investment project selection problem is one of the
most pressing challenges confronting organization man-
agers, and its primary goal is to assist investors in se-
lecting the best set of projects given the circumstances
of their decision-making environment. In this work, a
multi-objective mathematical model is developed for
choosing investment projects across a multi-period hori-
zon based on sustainable development goals. The gains
from project execution are maximized in terms of the
economic dimension of the sustainability. The quantity
of greenhouse gas emissions, produced waste, and energy
spent to supply the needed raw materials are minimized
in accordance with the environmental dimension. The

number of job openings, the number of individuals cov-
ered by insurance, the work satisfaction of employees as
a result of delivering welfare services, the project's in-
uence on the local economy, and the number of days
lost are all factors to consider in the social component
of sustainability. Real-world limitations like machinery,
labor, raw materials, and the capacity of suppliers to de-
liver the needed raw materials for projects are all taken
into account in the suggested model. As it is seldom fea-
sible to determine the precise value of parameters, uncer-
tainty in the strategic and operational parameters of the
project selection model is also taken into consideration.
To cope with uncertainty in the model parameters, the
fuzzy possibilistic programming technique is utilized. A
two-stage solution technique is provided for solving the
proposed model. The importance weight of environmen-
tal and social goals is calculated in the �rst stage us-
ing the group best-worst approach. The multi-objective
mixed integer programming model is then transformed
into a single-objective model using a fuzzy interactive
programming in the second stage. The e�cacy of the
suggested model is demonstrated by numerical �ndings,
which indicate that incorporating sustainable develop-
ment goals allows investors to analyze strategic project
selection decisions from three perspectives: pro�t, envi-
ronment, and social.

Key Words: Project selection, limitation of resources,
sustainable development, uncertainty, fuzzy possibilistic pro-
gramming.
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Abstract
Health services research (HSR) is of great importance
to communities because decision-makers and public con-
sider HSR as the primary source of information to deter-
mine how well health systems are meeting their speci�-
cations. Nowadays, in healthcare, there are many ther-
apeutic processes whose results are obtained by some
related stages. For studying these kinds of processes,
commonly referred to as multi-stage processes, two con-
cepts are important: one is risk adjustment, and the
other is considering the cascade property. An example
of a multi-stage therapeutic process is thyroid cancer
surgery, which is usually performed on patients in two
stages and part of the cancerous tumors are removed at
each stage. In the two-stage thyroid cancer surgery, the
quality of second surgery will be a�ected by the results
of the �rst stage operation. For monitoring these pro-
cesses, various control charts are used including model-
based control charts. To design such charts, an appro-
priate model should be identi�ed at �rst; then, control
charts could be proposed based on the identi�ed model.
In this research, a risk-adjusted time-varying linear state
space model is introduced for analyzing the multi-stage
therapeutic processes. The state space models are statis-
tical models that many researchers have used to analyze
multi-stage processes. These models are based on engi-
neering knowledge and the physical laws of real systems.
Then, the model order and its parameters are estimated
by Hankel singular value decomposition (HSVD) and
prediction error minimization (PEM) methods, respec-
tively. This is called input-output identi�cation. The
model performance is evaluated using numerical simula-
tion and a real world two-stage thyroid surgery dataset.
Based on the satisfactory results, one can use the model
while simultaneously considering risk adjustment, cas-
cade property, transmission error, and test error to fore-
cast and monitor multi-stage therapeutic processes.

Key Words: Multi-Stage therapeutic processes, risk ad-
justment, state space model (SSM), System identi�cation,
thyroid cancer surgery.
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Abstract
Mining supply chain management is important because
successful chain implementation reduces costs, increases
pro�ts and productivity, and reduces risk. The extrac-
tion of these mines and the processing of mineral prod-
ucts, despite the positive e�ects on the economy and
job creation, have many negative e�ects on the environ-
ment. The need to pay attention to the positive eco-
nomic and social e�ects and adverse environmental ef-
fects of supply chains has led researchers to model social
responsibilities. In fact, by modeling the supply chain
and optimizing it, in addition to increasing the economic
bene�ts of the supply chain, we can have a more accu-
rate view of the potential decisions and future e�ects of
these decisions. The purpose of this study is to mathe-
matically model the supply chain of the Zarshuran gold
mine with the aim of maximizing the economic bene�ts
and social responsibilities simultaneously in the condi-
tion of uncertainty. Gold prices and customer demand
are considered uncertain in the proposed model. This
two-objective supply chain optimization model is one of
the NP hard problems that cannot be solved by using
precise methods. Therefore, meta-heuristic algorithms,
Strength Pareto Evolutionary Algorithm II (SPEA-II),
and Nondominated Sorting Genetic Algorithm (NSGA-
II) are used here to optimize the supply chain. The
results showed that there was an inverse relationship
between supply chain economic pro�t and corporate so-
cial responsibility. It was also shown that with factors
such as increasing production e�ciency, both economic
pro�ts and social responsibilities of the company could
be increased simultaneously. Sensitivity analysis of gold
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h sales capacity showed that upon increasing sales, eco-
nomic pro�ts and social responsibility would increase.
In fact, with the increase of production, the amount of
greenhouse gas production and the amount of waste soil
production as well as the amount of water consumption
increase, but the welfare bene�ts divided by the region
and the employment created overcome these negative
factors and promote social responsibility.

Key Words: Optimization, closed-loop supply chain,
sustainable supply chain network, social responsibility, gold
supply chain, mining industry, uncertainty.
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Abstract
Today, many transportation systems use hub and spoke
structures to transfer ow (good, message, passenger,
etc.) from origin to destination. In such systems, the
manager must plan for the location of the hubs and
the allocation of other demand points to the hubs and
other decisions during the planning horizon. Also, if the
planning horizon is continuous time, the manager must
also determine the timing of implementing the decisions.
To determine the optimal decisions during the planning
horizon and the best time for implementing decisions
(i.e., breakpoints) according to sustainability aspects.
In this research, a mathematical programming model
is presented for a sustainable multi-period hub location
problem in which the transportation demand between
di�erent origin-destination pairs is time-dependent and
the planning horizon is continuous-time. The problem
is formulated as a nonlinear multi-objective mixed in-
teger programming model. Sustainability aspects are
considered as objectives of the model. These objectives
are minimizing transportation system costs, minimizing
emissions in the transportation network, and maximiz-
ing �xed and variable job opportunities created by hubs

during the planning horizon. Also, some valid inequal-
ities are presented for strengthening the formulation of
the problem. To solve the problem, we �rst use the Aug-
mented Epsilon Constraint method version 2 (AUGME-
CON2) and then, use a dynamic programming approach
to determine the optimal values of the breakpoints of the
planning horizon. Using the proposed dynamic program-
ming method, in each stage, some of decision variables
are �xed and the number of variables in the original
problem is reduced and instead of a nonlinear mixed
integer programming problem, we solve a mixed inte-
ger linear programming problem that is easier to solve.
The results of the solution methods are presented for a
sample problem on the Turkish network dataset. Also,
the CAB dataset is used to validate the dynamic pro-
gramming method. The results show that the dynamic
programming approach can solve problems with up to
25 nodes and 6 time periods.

Key Words: Hub location problem, sustainability, multi-
period planning, continuous-time planning horizon, dynamic
programming.
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Abstract
Most Shewhart control charts are designed to monitor
changes in the mean or variance of the process. There
are some situations when the process mean uctuates
from time to time, but is still considered as in-control
and the process standard deviation is a linear function
of the process mean. In addition, in some cases, the
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