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The results of simulated tests indicate that the proposed
model reduces the misclassi�cation error of cyclic and
systematic patterns and decreases the estimation error
average of their corresponding parameters, in compari-

son with developer models of periodic patterns, for the
various emergences states.
Key Words: Process control charts, signi�cant pat-
terns, cyclic pattern, systematic pattern.
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Abstract
The main purpose of this paper is to propose an in-
tegrated model by using the existing important factors
inuencing customer satisfaction and customer loyalty.
Its foremost theory contribution is using the most cited
related literature and verifying the model in the au-
tomobile industry in Iran. In theory testing, for the
model in a speci�c case study, by using an explana-
tory approach, experts' focus group prioritized the fac-
tors. After considering all existing factors in the rele-
vant literature, results showed 9 factors to be included in
the integrated model. \Brand Equity", \Product Qual-
ity", \Service Quality", \Service Recovery", \Perceived
Value"; \Employee Satisfaction", \E�ective Customer
Relations", \Physical Environment", and \Distribution
Channels" are among the most used factors in customer
satisfaction literature. For each factor, relevant litera-
ture was reviewed to develop an operational de�nition.
The relevant factors with case conditions were selected
and tested for the initial assessment of the validity and
reliability of the integrated model. Test results showed
that the proposed model may have an appropriate level
of validity and reliability in this particular case study.
Overall, the selected factors can predict more than 74%
of customer satisfaction and more than 87% of customer
loyalty changes.

Key Words: Customer relationship management, cus-
tomer satisfaction, macro-model.
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Abstract
The process control charts are most important tool of
statistical process control (SPC) approach. The general
control procedures of these charts only monitor charts'
samples individually and do not consider the obtained
common information from successive samples as proba-
ble potential disorders.
The existence of natural variations in the control charts
is inevitable, but the appearances of signi�cant patterns
in these charts warn the special disturbances in produc-
tion processes and associate out-of-control situations.
The natural variations often divert signi�cant patterns
from their expected forms; therefore, increase of quali-
tative sensitivities level for study of unnatural patterns
in the control charts is mandatory.
In resent years, to recognize and analyze non-random
patterns in the process control charts, numerous models
have been presented. These models usually cannot alarm
the occurrences of various formations modes of cyclic
and systematic patterns, since the periodic patterns have
phase di�erence in their starting point and most of these
researches merely have simulated one simple phase of
their formation.
On the other hand, few developer models of periodic
patterns generating functions have applied the arti�cial
neural networks as recognition tool. Although the neu-
ral networks are capable in patterns learning, however
they have di�cult architectures, time-consuming algo-
rithms and uncertain reliability when the sensitivities of
processes to the appearances of signi�cant patterns are
high.
This paper introduces a new model based on �tted co-
sine curve of samples for more accurate discrimination
of the various formations phases of cyclic and system-
atic patterns and more precise estimation of their cor-
responding parameters at di�erent levels of sensitivity.
Our proposed model compares all periodic alternatives,
then selects the best �tted cosine curve of samples, and
�nally determines situation of process.
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tests is di�cult because it only records the time of fail-
ures. Therefore, measuring the degradation process have
been proposed as an alternative to failure time data to
obtain fast and convenient data in manufacturing indus-
tries. Accelerated Degradation Tests (ADTs) are use-
ful tools in evaluating lifetime of high reliability prod-
ucts. Many products degrade due to multiple failure
mechanisms. In other words, multiple failure mecha-
nisms (competing risks) compete to put an end to the
life of a product. In some applications, the process of
degradation measurement destructs physical and chemi-
cal characteristics of test units. This kind of accelerated
test is called Accelerated Destructive Degradation Test
(ADDT). In applying these tests resource and estima-
tion issues should be taken into consideration. Sample
size, sequence of destructive measurements, number of
measurements in each stress level, and other decision
variables are important in e�ectively designing and im-
plementing an ADDT. Therefore, in this paper, the op-
timal design of an ADDT in presence of competing risks
is studied. In this regard, asymptotic variance of the
failure time quantile is minimized. A sensitivity analy-
sis on the results is reported to evaluate the robustness
of the results to model parameters.

Key Words: Reliability, accelerated destructive degra-
dation tests, competing risk, optimal test plan.
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Abstract
A resilient supply chain network design is a strategic
issue in the �eld of supply chain management. Nonethe-

less, designing resilient supply chain has been consid-
ered for designing new supply chains in previous re-
search studies, and making resiliency in an existing sup-
ply chain has not been investigated. In the current re-
search, redesigning a supply chain to make a resilient
supply chain has been studied with the possibility of
opening new facilities and closing and resizing the ex-
isting facilities. This supply chain consists of a set of
manufacturers, existing and potential distribution cen-
ters, and existing and potential retailers and customers.
Distribution centers and retailers may be redesigned in
this chain. For this problem, a mixed-integer linear pro-
gramming model has been developed. Two existing and
most applied strategies consisting of extra capacity and
the emergency stock, along with a new disruption risk
mitigation strategy, named establishing alliance strat-
egy, have been investigated in various disruption sce-
narios. Establishing alliance has been applied in two
parts of the supply chain including manufacturers and
retailers. Computational experiments were conducted
to assess the performance of the resilient model and
make a comparison between the disruption risk mitiga-
tion strategies. The results revealed that the supply ca-
pability of the resilient model was 13% higher than that
of the non-resilient one. Furthermore, resilient supply
chain enjoys 9% better performance than non-resilient
supply chain in terms of pro�t. In addition, \establish-
ing alliance" strategy has greater impact on the supply
capability enhancement compared to \extra capacity"
and \emergency stock" strategies. Also, establishing
alliance between manufacturers in comparison with al-
liance between retailers has greater impact on the perfor-
mance of the supply chain in terms of both supply quan-
tity and pro�t. Through the formation of an alliance
among manufacturers, the supply quantity and pro�t of
the supply chain will increase by 6.7% and 5.5%, respec-
tively, while establishing an alliance in retailers improves
supply capability and pro�t by 3.5% and 1.6%, respec-
tively.

AN INTEGRATED MODEL OF
EFFECTIVE FACTORS IN
CUSTOMER SATISFACTION CASE:
IRAN KHODRO GROUP CUSTOMER
SERVICE
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Abstract
Transportation planning and inventory management are
among the key problems at the various levels of a sup-
ply chain. The integration of transportation and inven-
tory decisions is known as the inventory routing problem
(IRP) in the literature. Building upon the reviewed lit-
erature, this paper expands an operational combination
of the classical routing-inventory problem in the form
of a two-level supply chain that includes a multi-
period, multi-product inventory-routing coupled with
various kinds of eets with di�erent available capacities
called Fleet Size and Mix Vehicle Routing Problem (FS-
MVRP). In this model, stock out is not allowed. Addi-
tionally, two practical and signi�cant features of routing
are taken into consideration including: 1- \backhauls"
in which the Distributor (Vendor) is supposed to pro-
vide services for two groups of the customers (linehaul
and backhaul costumers), assuming that each one of the
vehicles is �rst unloaded to satisfy the demands of the
linehaul customers, and it is later loaded by collecting
the loads from the backhaul customers; 2- \Split deliv-
ery" strategy according to which there is a possibility
to provide the services to each customer by at least one
vehicle. Due to the varying demands of the customers,
it is quite possible for the demands of some customers
to be more than the available capacity of one vehicle.
Particularly, in the case of urban transportation, several
vehicle transitions occur at a demand point. Thus, the
split services can help minimize the number of the vehi-
cles used, which in turn will increase environmental sus-
tainability. Therefore, �rst, a new mathematical model,
i.e., a mixed-integer programming (MIP) formulation,

is presented for the problem. This problem is a non-
deterministic polynomial-time hard (NP-hard). Then,
according to the literature on routing-inventory prob-
lems, a bat optimization algorithm, whose performance
is evaluated by an e�cient genetic algorithm, is devel-
oped for the �rst time. At the end, the numerical results
obtained by this algorithm are analyzed using the ran-
domized test problems.

Key Words: Inventory-routing, backhauls, bat opti-
mization algorithm, split delivery, genetic algorithm, multi-
product.
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Abstract
Accurate prediction and evaluation of products reliabil-
ity is one of the concerns of the companies for technical
and managerial decisions. In this regard, failure data of
products are used for reliability estimation. However,
for products with high reliability, these data require a
very long time and a large number of test units that is
usually costly and impossible. Therefore, optimal usage
of resources such as test units, time and facilities is nec-
essary. Accelerated reliability tests are usually used for
gathering failure data of products. However, for prod-
ucts with high reliability no failure or few failures may
happen even by accelerated methods. So, evaluation of
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Abstract
The growth of Information and Communication Tech-
nology (ICT) has signi�cantly increased the number of
automated web services. Web services are self-contained,
modular and distributed piece of software that can be
described, published, located, or invoked over the net-
work to create products, processes, and supply chains
based on Service Oriented Architecture (SOA). Usually,
web services are di�erent in both functional and non-
functional (or quality of service) requirements. While
functional requirement states what a typical service per-
forms, non-functional requirement states how a service
addresses its task. Besides, cloud computing has pro-
vided unprecedented opportunities for hosting, develop-
ing, publishing, and applying web services. Hence, we
are faced with many unique services provided with sim-
ilar functionality and di�erent Quality of Service (QoS)
parameters. Therefore, an e�cient service composition
is required while providing necessary QoS and user con-
straints (known as Service Level Agreement). Most of
the studies in the literature address service composi-
tion problem using QoS values announced by providers
(known as advertised QoS values). However, when the
services are physically deployed and invoked by service
consumer, the values of QoS parameters may vary largely
depending on di�erent factors such as network load, num-
ber of applications running in the server, and topology
changes in network. To address this limitation, in this
paper, we present a novel approach based on user ob-
servations. The proposed approach considers users' ob-
servation in the composition process to overcome the
problem of varying QoS values in users-side. The pro-
posed method is implemented using Floyd algorithm and
evaluated using real dataset.

Key Words: Web service, web service composition,
cloud computing, user observation, E-Commerce.
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Abstract
The failure probability and establishment risk of star-
tups is high due to the required high technical knowl-
edge and added value, new product developments, lack
of �nancial sources and need for specialists. By the use
of risk management approaches, one can systematically
evaluate the risks related to the decisions and improve
the success probability by studying the corresponding
opportunities and treats. In this paper, we consider
the development phase of Nanotechnology startups as
a project and propose a quantitative framework for ana-
lyzing the risk response strategies based on the PMBOK
standard and a combination of FMEA, TOPSIS, and op-
timization model. Using FMEA, we can study the e�ect
of risks and risk responses on the startup goals. TOP-
SIS helps to analyze the impact of risk responses on all
the risk factors. The bi-objective optimization model is
formulated subject to the prevailing constraints such as
budget, time, production capacity and incompatibility
of strategies. The proposed optimization model is for
determining the Pareto frontier of risk and pro�ts that
as a decision tool may help managers to select the ap-
propriate risk response strategies. The validation and
sensitivity of proposed framework is analyzed applying
it for a Nanotechnology startup in Yazd science & tech-
nology Park. Although the complete enumeration can
be used to solve the small and medium instances, we
propose the Epsilon constraint method successfully in
order to solve the large-sized problems. The validation
of framework con�rm that it can apply to identify, eval-
uate and select of optimal risk response strategies. Also,
the sensitivity analysis results show that the estimation
quality of the model parameters particularly costs has
a great impact of the outcomes. Therefore, developing
the quantitative methods such arti�cial neural network
to estimate the key parameters such as costs, revenues
and risk levels is as a direction for the future study.

Key Words: Knowledge-based startup, risk, pro�ts,
TOPSIS, optimization, FMEA, risk response strategy.
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loss in production performance of oil wells and, hence,
higher costs. However, the stopping production process
is one of the requirements in giving some services to oil
wells and, thus, this leads to greater oil production than
the competitor neighbor countries and increasing oppor-
tunity cost for us. Therefore, in these conditions, making
a balance between servicing with stopping production
process and minimizing stopping production is very im-
portant. Firstly, a mixed- integer programming model
is proposed for the problem considering new applica-
ble and practical features that have not been introduced
before. Secondly, algorithms based on Benders and L-
shaped exact methods are developed. Moreover, algo-
rithms based on Lagrangian relaxation heuristic method
in seven states are developed. Each state involves elimi-
nating some selective constraints of the proposed math-
ematical model and adding its objective function to ob-
tain the best constraint selection. In fact, the professed
goal is to produce a variety of lower bounds. In or-
der to evaluate the performance of the developed al-
gorithms, various small to large instances are gener-
ated and, then, the algorithm is applied to simulated in-
stances. Computational results indicate that algorithms
based on L-shaped and Lagrangian relaxation methods
produce better lower bounds. Moreover, by strengthen-
ing the model, algorithms based on Lagrangian relax-
ation method are able to produce better lower bounds
with respect to the algorithms based on the L-shaped
method in a short time period.

Key Words: Production wells in shared oil �elds, well
technical services, mixed-integer programming model, lower
bound.
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Abstract
Due to the necessity of communication between produc-
tion and marketing functions, joint lot size and pric-
ing decisions play an important role in supply chain
planning. Moreover in many real world problems there
is a fraction of defective items in a received lot that
their quality should be evaluated before storage. In this
paper, we focus on the problem of simultaneously de-
termining of optimal lot-sizing, pricing and inspection
policy with and without replacement of nonconforming
items for an inventory system in which demand is price
sensitive. The proposed model is based on a maximiza-
tion of total pro�t for buyer. It is assumed that the
fraction of nonconforming items in a received lot follows
a beta distribution and buyer conducts some kind of in-
spection policies, that include no inspection, inspection
and sampling inspection. In addition, in sampling in-
spection manufacture's risk and the buyer's acceptable
quality level are considered to obtain a fair sampling
plan. We assume two standard demand functions which
are linear and exponential function of price. We �rst
study our NLP model mathematically and then we de-
velop an analytical algorithm to solve the problem and
obtain the optimal inventory -inspection-marketing poli-
cies. Finally numerical examples are presented to con-
duct a sensitivity analysis for important model parame-
ters and to illustrate important issues about the devel-
oped models.

Key Words: Lot size, non-linear optimization, pricing,
statistical inspection planning, two-stage supply chain.
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h with GAMS and Global Criteria's technique. The paper
�nally identi�es the gaps for future modeling e�orts.

Key Words: Hierarchical facility location-allocation,
queuing theory, bi-objective optimization.
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Abstract
In this paper, a multi-phase bi-objective mathematical
model is presented for a transportation planning. It is
assumed that there is a planning horizon which includes
some planning periods. In each phase, its related de-
cisions are made. In the �rst phase, a transportation
planning is done for each planning period considering
products inconsistency features and other real condi-
tions. In mentioned model steaming decision is made to
solve products inconsistency before transporting the new
product and the model considers transportation, steam-
ing and other related costs to de�ne optimal tour plan
for each vehicle in each time period. The model is solved
for each period separately according to the products de-
mands and supplies in mentioned period. In the second
phase, according to the total bene�t and cost of each
vehicle in each period, an optimal portfolio of vehicles
is determined. The proposed model of the second phase
considers average and risk of using various vehicles and
tries to select proper ones. By the proposed portfolio,
the transportation company will face to a strategic num-
ber of vehicles plan and according to observed periods
may have more pro�t in the future. In the third phase,
a bi-objective model is proposed for tactical decisions of

purchasing or sale of each vehicle considering their age,
their potential pro�ts, their maintenance and other costs
at the beginning of each time period. The �rst objective
tries to maximize the total bene�t of the transportation
company while the second one minimizes the deviation
of number of vehicles with their target value which was
determined in the second phase by the portfolio selection
model. By the third model, the transportation company
will decide to purchase or sale each vehicle types to be
used for the next time period. This decision is made
considering the required demands or supplies, di�erent
costs and bene�ts. Finally, a fuzzy goal programming
approach is used to solve the bi-objective model. Sensi-
tivity analysis is done to consider models validity. Com-
parison of the proposed three phased approach with a
classic transportation problem for a numerical example
con�rms e�cacy of the proposed approach.

Key Words: Transportation planning, period planning,
horizon planning, portfolio selection, fuzzy goal program-
ming.
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Abstract
Production wells in o�shore shared oil �elds require well
technical services. These services are done by two types
of well technical services groups: wellhead services and
wire-line services. Production wells in o�shore shared oil
�elds require well technical services and the lack of ser-
vices a�ects production productivity of oil wells. In fact,
due to supply limitations, there are fewer well technical
service groups compared to the number of oil wells. Fail-
ure to service oil wells by well technical service groups
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Abstract
In this paper, the optimal periodic inspection interval
over a �nite time horizon for a two-component system
with two types of failures is determined. The failure
type of the �rst component is hidden. The hidden fail-
ure is not self-announcing, i.e., it does not stop the sys-
tem from working. Thus, it is detected only by inspec-
tion; however, any delay in the detection of hidden fail-
ures causes an increment in operating costs. The fail-
ure type of the second component is of two stages. In
other words, the second component has three possible
states: healthy, defective, and failed. The defective state
is identi�ed just by inspection; however, the failed state
is self-announcing, i.e., it reveals itself by stopping the
system from working. Each defect and revealed failure
of the second component causes a shock to the �rst com-
ponent and increases its failure rate. Both components
of the system are periodically inspected simultaneously
to identify defects and hidden failures. Whenever the
system stops working due to the revealed failures of the
second component, the �rst component is also inspected
opportunistically to detect the hidden failures. The �rst
component is either minimally repaired or replaced upon
inspection if the hidden failure is detected. The second
component is also either minimally repaired or replaced
upon inspection if found defective or at revealed failure.
The total cost of the system includes the periodic and
opportunistic inspection costs, downtime penalty costs
due to hidden failures, and the minimal repair and re-
placement costs due to hidden failures, defects, and re-
vealed failures. The goal is to �nd the optimal periodic
inspection interval minimizing the expected total cost
over a �nite time horizon. In the introduced approach,
the inspection model is �rst developed mathematically.
Then, due to the complexity of numerical computing,
a simulation algorithm is designed to estimate the ex-
pected total cost of the system. Finally, the suggested
approach is explained by a numerical example with sen-
sitivity analysis for an electrical distribution system.

Key Words: Two-component system, optimal inspec-
tion interval, opportunistic inspection, hidden failures, two-
stage revealed failures.
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Abstract
The primary objective of a typical hierarchical facility
location problem is to determine the location of facilities
in a multi-level network in a way to serve the customers
at the lowest level of hierarchy.
Nowadays, hierarchical facility location models have been
widely applied in public facility location problems. In
most of such cases, a developed model may need to deal
with the relocation of existing facilities along with the
construction of new facilities. This further acknowledges
the need to focus on solving relocation hierarchical fa-
cility location problem using innovative approaches such
as dynamic time elements.
A facility is an establishment providing services; its level
is de�ned by the highest level of service it o�ers. Low
level services can be supported by a relatively small pop-
ulation. Also, those facilities can be located relatively
densely in space. High level services require a large sup-
porting population; they can only be located sparsely in
space. Successive inclusiveness means that facilities of
each level o�er the services available at all lower levels
of facility as well as those that require at least that level
of facility.
Although, the systems of facilities usually exist as hi-
erarchical systems, location problems have been mostly
studied for single-level systems. Hierarchical systems
have to decide about the locations of their interacting
facilities within a multiple layer con�guration. Systems
with a hierarchical structure are common both in pub-
lic and private sectors. In this paper, we present the
hierarchical facility location-allocation with two layers,
Because of demand congestion in service networks, an
M/M/1/K queuing system is considered. We assume
that the capacity of each facility is limited. Further-
more, servers of each level o�er a di�erent service and
Users can go to the higher level server without a low-level
server refers them to it. We formulate the problem as
nonlinear integer-programming models and solve model
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The �rst method proposed in this paper only applies
approximation coe�cient for process monitoring. The
second and third methods consider the detail coe�cient
by using hard thresholding and soft thresholding, re-
spectively. These methods use a likelihood ratio-based
statistic for process monitoring. Hence, they can show
an out-of-control status and estimate the change point
that is one of the most important diagnostic informa-
tion. The performance of these methods is evaluated
and compared with respect to the average run length
and the di�erence between real and estimated change-
point criteria. Simulation studies are performed by using
a textile image. Results showed a suitable degree of ac-
curacy in detecting out of control status and estimating
change points.

Key Words: Control chart, pro�le monitoring, wavelet,
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Abstract
Advertising is a form of marketing e�orts to promote us-
ing a product or service. Researches show that in 2015
an estimate of US$529.43 billion was spent on advertis-
ing in the world. In addition, pricing, as the part of the
business's marketing plan, is the process of setting the
price at which customers buy products and services. In
the pricing, manufacturers consider the price at which it

could acquire the goods, the market place, the manufac-
turing cost, competition, brand, market condition, and
quality of product. Therefore, advertising and pricing
are two strategic important decisions for manufactures.
In the current paper, three products including one main
product and two substitute products where each substi-
tute product is the complementary product for the main
product are considered. In this paper, for the �rst time,
the problem of determining the advertising level of the
main product as well as determining the pricing of the
two substitute products is addressed. It is assumed that
the price of the main product is constant and speci�ed.
The solution of the mentioned problem is obtained based
on the Stackelberg game in which the manufacturer of
the main product is the leader and the two manufac-
turers of the complementary products are the follower.
The equilibrium solutions for the mentioned structure
are obtained. Also, some sensitivity analysis of the im-
portant parameters is done and presented. The results
show that the market base has no e�ect on the main
product advertising e�ort. Also, the result shows that
the self-price has the negative e�ect on the advertising
e�ort but the cross-price has the positive e�ect on the
advertising e�ort. In addition to, the results show that
the main product price has the positive e�ect on the
advertising e�ort that means if the main product price
increases the equilibrium advertising e�ort will be in-
creases.

Key Words: Advertising, pricing, substitute products,
stackelberg equilibrium and game theory.
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Abstract
Statistical process control plays an impressive role in in-
dustries due to the growing complicated products and

processes. This tool helps practitioners prevent the pro-
duction of defected products and waste of money and
time. Due to the importance of processes and ine�-
ciency of methods based on human inspection, the use
of image data for statistical process control has gained
great attention among researchers in recent years. Im-
age data have been applied by industries for many years
for separating defected products and preventing them
to get to customers. In recent years, some methods are
proposed by researchers in the area of applying statisti-
cal features of image data in statistical process control.
Image data analysis is decomposed into two categories:
spatial domain and frequency domain. The main con-
centration of previous research studies in the area of pro-
cess monitoring using image data is in the area of spatial
domain analysis. This study has proposed three meth-
ods based on one-dimensional wavelet decomposition for
monitoring image data with respect to frequency domain
features. At each level of decomposition, wavelet trans-
formation decomposes each signal into two elements in-
cluding an approximation part (which is similar to the
main signal and is performed as a low-pass �lter) and a
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