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htime to customer demands and inquiries. ERP is an en-
abler of business bene�ts and should not be viewed as a
stand-alone initiative with the requirement to pay back
its implementation cost. The implementation of such
systems is very di�cult and many projects do not meet
their expectations. There are cases of successful and
unsuccessful implementations. The principal reason for
failure is often associated with poor management of the
implementation process. This paper presents enterprise
resource planning (ERP) system, implementation of en-
terprise information system (especially ASAP method-
ology), and ERP software package, known as SAP R/3.
A brief overview of preventive maintenance system, SAP
R/3 Plant Maintenance Module, and automated pre-
ventive maintenance system of Iran Khodro company
(legacy system) are also presented. This research as-
sesses which system (legacy system or plant maintenance
module) facilitates or inhibits the success of preventive
maintenance process. We carried out a poll to �nd out
opinions of experts and users; a recent opinion poll has
been the main source used for data collection. After
the systems assessment by four criteria (User, Process,
Master Data, Performance), we found out Plant Main-
tenance Module has a better operation by Process and
Master Data criteria. An action is also recommended,
provided that there are more SAP system customiza-
tions which can bring about better results.

Key Words: ERP; preventive maintenance system;
SAP; PM module.
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Abstract
Nowadays, with technological advances and the need for
high reliable systems, extensive research has been done
in the �eld of reliability optimization. Redundancy al-
location problem (RAP) is one of the main issues that
has been raised in relation to this subject. Many studies
have been carried out in this area and many solutions
such as redundancy allocations and component failure
rate reduction have been brought up to increase the sys-
tem reliability. In this paper we considered a series-
parallel system with k-out-of-n subsystems and devel-
oped a RAP with components failure rate that depend
on the number of working components. In this type
of failure rate, when a component fails, the remained
components work with more pressure and failure rate
of these components increases. The system redundancy
strategies are considered as cold standby or active for
the subsystems. This model has two objective func-
tions (1) maximizing system reliability and (2) minimiz-
ing the system cost. The goals of this model are to
select the redundancy strategy between active and cold
standby and to determine component type and num-
ber of allocated redundant components to each subsys-
tem. As RAP belongs to NP-hard problems, so it is
very di�cult to optimally solve such a problem by us-
ing traditional optimization tools. Therefore for solv-
ing the model, two e�ective meta-heuristic algorithms
named Non-dominated Sorting Genetic Algorithm (NS-
GAII) and Non-dominated Ranked Genetic Algorithm
(NRGA) are presented. We use design of experiment
(DOE) for parameter tuning of this algorithms response
surface methodology (RSM) is applied for determining
the optimum amount of parameters. Then to illustrate
the e�ectiveness of algorithms, a numerical example is
presented and algorithms are compared using �ve di�er-
ent performance metrics. In order to determine whether
there is a signi�cant di�erence between the performance
of algorithms, a single factor ANOVA in signi�cant level
(� = 0:05) is performed. Finally performance of the
algorithms is analyzed and the results are reported.

Key Words: Redundancy allocation problem; k-out-o-n;
redundancy strategies; NSGA II.
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Abstract
Selecting a suitable partner is a vital issue for estab-
lishing an e�cient and useful supply chain system.
The main cause is the signi�cant responsibility of part-
ner performance in supply chain management (SCM)
for many aspects such as decreasing costs, improv-
ing customer service, maximizing revenue, reducing sup-
ply chain risk and optimizing inventory levels, business
process and cycle times. Accordingly, these would re-
sult in increased competitiveness, customer satisfaction
and pro�tability. On the other hand, partner selection
is a complex issue that may involve diverse and di�er-
ent types of criteria, group decision-making and di�erent
forms of uncertainty.
Strategic airline alliances are an increasingly common
strategy for enhancing airline competitiveness and satis-
fying customer needs. ,especially in an era characterized
by blurring industry boundaries, fast-changing technolo-
gies, and global integration. Strategic alliance strategies
allow air lines to expand networks, attract more passen-
gers, and take advantage of product complementarities,
as well as providing cost-reduction opportunities in pas-
senger service related areas.
In this paper, a hybrid multi criteria decision making
model is proposed to cope with partner selection prob-
lems. This model is based on combination of Fuzzy
Analytical Network Process (FANP) and Fuzzy Com-
plex Proportional Assessment (FCOPRAS).The analyt-
ical network process (ANP) is exploited in order to han-
dle tangible and intangible criteria and to overcome the
problem of interrelation among criteria or alternatives
.In addition, fuzzy theory is utilized to model decision
makers' judgments with trapezoidal fuzzy numbers. To
rank the alternatives, the COPRAS method has been
utilized which provides valuable and useful information
including the extent of objectives and demands achieved
by decision makers and the amount of e�ciency for one
alternative towards another. Finally \the Airline of the
Islamic Republic of Iran" as a real case is applied to
demonstrate the procedure of the proposed model and
select the appropriate partner. Results show the great

ability of the proposed approach in solving unstructured
and complex partner selection problems under incom-
plete and vague information environment.

Key Words: Strategic airline alliances, airline indus-
try, fuzzy complex proportional assessment, fuzzy analyti-
cal network process, MCDM.
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Abstract
Nowadays, enterprises strive to keep transforming their
business processes in accordance with fast-changing cus-
tomer demands so as to survive the intense global com-
petition. Economic globalisation and internationalisa-
tion of operations are essential factors in integration of
suppliers, partners, and customers within and across na-
tional borders. The objective is to achieve integrated
supply chains. In this e�ort, implementation of infor-
mation technologies and systems, such as enterprise re-
source planning (ERP), facilitates the desired level of in-
tegration. Enterprise Resource Planning (ERP) systems
provide integration and optimization of various business
processes, which can lead to improved planning, decision
quality, and a smoother coordination between business
units resulting in higher e�ciency and a quicker response
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Abstract
In this paper, a stochastic bi-objective inventory con-
trol model is developed, in which its objectives are to
minimize the total inventory and transportation costs
and minimize the expected number of items stocked out
annually. The demand within the lead time is a ran-
dom variable with a normal distribution. In this pa-
per, multi-mode transportation is used. Since the �xed
transportation costs are high, coordination of orders and
full truckload shipments can bene�t from economies of
scale. Bin packing problems have been used for alloca-
tion product to trucks, which belong to a class of well-
studied and highly popular combinatorial optimization
problems. In general, bin packing problems are moti-
vated by a large number of real-world applications. The
problem is to �nd a best assignment of objects to bins
such that weight of the objects in each bin does not
exceed its capacity and the number of bins used is min-
imized. `Variable-sized bin packing problem' and `bin
packing problem with over-sized items' are generaliza-
tions of the bin packing problem. The �rst problem is
to pack a given set of items into a minimum-cost set of
bins of variable sizes and costs. In the second problem,
some item sizes are larger than the largest size of bins.
Because the presented model is a bi-objective nonlinear
programming type and NP-hard one to solve it in rea-
sonable time, a well-known multi-objective evolutionary
algorithm, namely a non-dominated sorting genetic al-
gorithm (NSGA-II), is proposed. To verify the obtained
solution and evaluate the performance of the proposed
algorithm in small-size problems, we use the "-constraint
as an exact method that has been developed for general
multi-objective problems. It solved "-constraint prob-
lems obtained by transforming one of the objectives into
a constraint. In large-sized problems, 10 problems are
solved with the proposed NSGA-II. Then, the Pareto-
optimal solutions are evaluated. Finally, the consulta-
tion is provided.

Key Words: Bi-objective inventory control, Bin pack-
ing, stochastic demand, multi-mode transportation, NSGA-
II.
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Abstract
In this study, a multi-criteria decision making problem
where there is perfect competition among decision mak-
ers (i.e., their criteria are completely in conict) is ex-
amined and solved. This problem also considers the un-
certainty in performance criteria. Game theory is used
which considers two scenarios. The �rst scenario con-
siders random uncertainty whereas the second consider
fuzzy uncertainty. In this study, decision making prob-
lem is converted to matrix games. The �rst scenario
considers Monte Carlo simulation in the space of a large
number of matrix games with uncertain payo�s. The
second scenario uses fuzzy ranking and GMCR II to ob-
tain the equilibrium of matrix games. Finally, for a real
example with non-cooperative stability de�nitions, opti-
mal decision is achieved with respect to both scenarios.
The results obtained from solving games by both meth-
ods show power equilibrium of tunnel option. However,
in Monte-Carlo method game theory, it is shown that
the option of dual conveyance system has greater power
stability than the option of continuing extract. More-
over, the two options do not di�er in terms of stability
in our approach. Both methods conclude that the �n-
ishing extraction can never reach equilibrium.
Finally, due to the stability power in option of building
tunnel option, �nal decision will result to in building
tunnel.

Key Words: Game theory;, matrix games;, multi-criteria
decision making;, monte carlo simulation, ; fuzzy ranking.
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Selling products and understanding customers are two
inuential factors in today's competitive world. To keep
up with the pace, di�erent branches in industry such as
food industry have decided to attract and increase their
customers, products and services and consumer goods
such as edible oil are no exception. Increasing brand
awareness and retaining customers are two of objectives
in this process. Sciences such as data mining are very
helpful in understanding customer behavior. Nowadays,
data mining and customer relationship management, as
two complementary sciences, help to improve getting to
know customers, managing customer relationship prop-
erly and increasing revenue. In this paper, a research has
been carried out on the data of an edible oil producing
company using the above concepts. Using K means al-
gorithm and RFM analysis, di�erent customer clusters
have been studied and after calculating the optimum
number of clusters, customer behavior has been exam-
ined using Customer Lifetime Value analysis and an ef-
fort has been made to provide solutions for improving
customer relationship and reaching company goals. Fi-
nally, due to the similarity between recency concept and
market share and also market growth to purchase cash
ow or monetary, the two concepts have been combined
with growth share matrix and the company in ques-
tion has been analyzed from market share and growth
view points and a solution to increase the two factors,
which are fundamental concepts in business continuity,
has been proposed.

Key Words: food industry, business, data mining, cus-
tomer relationship management, strategic Management.
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Abstract
Todays, selecting e�ective and e�cient project is of vi-
tal importance in any organization. In this respect, the
project plays a critical role in organization's future more
than any other factor and involves any parts of com-
pany, such as marketing, �nance-, etc. The selection of
projects and work programs are key functions of both
public and private sector organizations. In addition, the
accurate predictions of future cash ows are faced with
di�culties. Various objectives are usually taken into ac-
count when projects are analyzed, including economic
desirability, technical issues, and environmental, and so-
cial factors. As the decision maker tries to maximize or
minimize outcomes associated with each objective de-
pending on its nature, a Multi-Criteria Decision Making
(MCDM) problem arises. Also, choosing a simple, com-
prehensive technique, which is simultaneously able to
compare the ranking of alternatives and then be com-
pared with the virtual alternative, make this complexity
too compounded. In fact, adopting a simple technique
which ranks the alternatives and compares them to a
virtual alternative might be hard especially in fuzzy en-
vironment.
Then, in this research, the fuzziness of the investment
is presented. Fuzzy rate of return analysis, fuzzy B/C
ratio, fuzzy payback period techniques and fuzzy project
risk-performed in this article- are fuzzy investment anal-
ysis techniques.
Two scales including eleven points and �ve ones
of linguistic descriptions use to convert fuzzy numbers
into crisp ones and then by applying them, 10 assumed
projects rank.
Thus, Fuzzy Moora used in this research has several ad-
vantages. First and foremost, this method can rate 10
projects with interval characteristic and linguistic scale.
Needless to say, it can also determine the relative dis-
tance from the ideal (the positive point) and anti-ideal
alternative (the negative point).

Key Words: Project selection; fuzzy moora; qualitative
& linguistic measures; virtual alternative.
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htle centers and disposal centers). First, a determinis-
tic mixed-integer linear programming (MILP) model is
developed for the integrated logistics network to avoid
sub-optimality caused by the separated design of the for-
ward and revers networks. Then, the two-stage stochas-
tic model of the presented MILP model is developed by
using a scenario-based approach. After that we analyze
the e�ect of changes in demand of customers in both de-
terministic and stochastic models and compare them in
each scenarios. Both models have been solved by GAMS
software considering each scenarios. Furthermore, he
numerical results show that the stochastic model can
handle the uncertainty data as well and both models
can be feasible for all scenarios. Finally, the conclusion
is provided. We can consider multiple periods, pricing,
routing and other meta-heuristic algorithms in the rep-
resented model for future studies.

Key Words: Integrated forward/reverse logistics, closed-
loop supply chain, risk, environmental concerns, two-stage
stochastic programming.

PROPOSING AND OPTIMIZING A
MULTI-OBJECTIVE
MATHEMATICAL MODEL FOR
CROSS DOCKING PROBLEM USING
META-HEURISTIC ALGORITHMS
A. Mohtashami(corresponding author)
mohtashami@qiau.ac.ir
Dept. of industrial management
Qazvin branch, Islamic Azad University
A. Fallahian-Najafabadi
alifalahian@yahoo.com
Dept. of Industrial Engineering
Qazvin branch, Islamic Azad University
S. Farokhi
saeedfa@gmail.com
Dept. of Mechanical Engineering
Tehran University

Sharif Industrial Engineering and Management Journal
Volume 32, Issue 1.2, Page 67-79, Original Article

c Sharif University of Technology

� Received 15 March 2014; received in revised form 27 October
2014; accepted 19 March 2015.

Abstract
The supply chain management is regarded as an impor-
tant infrastructure in managing material ow. Cross
docking is considered to be as an e�cient method in
supply chain management to control the inventory ow,
which is essential in supply chain management. The

other objectives of the cross dock are inventory reduc-
tion, increased levels of customer responsiveness and
better control of the distribution operation. Since this
system plays a key role in the supply chain, setting up
multi objective approaches may help to solve real world
issues and problems of such systems, in which many of
the objectives are di�erent and even conicting.
This paper proposes a new multi-objective mathemat-
ical model which, unlike the previous works, considers
transportation from suppliers to customers, from sup-
pliers to other suppliers, from suppliers to cross sock,
from cross dock to customers and from a customer node
to other customer nodes. In this paper, three di�erent
types of objective functions are considered: to minimize
the total time in supply chain, to minimize transporta-
tion cost, and to minimize the number of transportation
times in the network. As mentioned earlier, these three
objectives are in conict with each other; and by consid-
ering three objective functions simultaneously the con-
trol of the supply chain is more appropriate. Since these
three models belong to the NP-hard class, their solving
time severely increases with increasing the problem di-
mensions. In this paper, to solve these three models,
meta-heuristic algorithms have been used. The algo-
rithms used in solving the model are Multiple Objective
Particle Swarm Optimization and Non-Dominated Sort-
ing Genetic Algorithm. The model is solved using both
algorithms and computational experiments are reported.

Key Words: Cross dock; supply chain management;
meta-heuristic; scheduling; transportation planning.
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Abstract
Detection of change time of the process parameters is a
crucial problem in statistical process control (SPC), be-
cause more detailed information on the time and the pat-
tern of a change can provide process managers with more
e�ective clues for root-cause analysis and corresponding
corrective actions. Parameter changes may take di�er-
ent forms including monotonic, trend, step shift, and so
on. The issue frequently considered in the relevant stud-
ies involves only a single shift, whereas an out-of-control
condition may be caused by multiple changes occurring
in di�erent points. On the other hand, recently, the
issue of pro�le monitoring in which the quality of a pro-
cess or product is represented by a functional relation-
ship between a dependent and a number of explanatory
variables has attracted a great deal of attention as wit-
nessed by the growing number of publications in this
area. Our investigation showed that the studies deal-
ing with change point estimation in pro�le monitoring
had neglected the case of multiple change points. This
gap is noticed as the primary subject of this research
and a clustering-based algorithm is proposed for esti-
mating the number, as well as the location of the change
points, while monitoring a simple linear pro�le. This
clustering-based method, which is implemented in an it-
erative manner, is an extension of a similar method in
monitoring univariate individual quality measures using
Shewhart control charts. A decision rule determined via
simulation using a pre-speci�ed signi�cance level enables
the algorithm to detect multiple change points of the pa-
rameters in addition to identifying out-of-control condi-
tions. The proposed method is applied in the phase I of
process monitoring, where a historical dataset is avail-
able and the ultimate goal is to �nd reliable estimates
of the process parameters, including the intercept and
the slope of a linear pro�le model. Extensive simulation
scenarios were devised to declare the performance of the
aforementioned method.

Key Words: Statistical process control, multiple change
point, pro�le monitoring, clustering-based detection rule.
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Abstract
In the recent decades, environmental concerns have been
attracted more attentions of researchers because of haz-
ardous e�ects that create by logistics networks on the
human's environment. Nowadays, customers are inter-
ested in products that are amicable with environment
and can be recovered. Therefore, manufacturers are
forced by customers not only to supply environmentally
amicable products but also to be responsible for the re-
turned products. On the other hand, natural and polit-
ical conditions (e.g., natural disaster, disease, sanctions
and wars) cause risk and indemnify the structure of lo-
gistic networks. The risks can be could be divided in
two groups. Internal risks (e.g., delay, interrupt and
failure) can be controlled by the prediction of managers;
however, external risk (e.g., ood, earthquake and thun-
der) cannot be controlled by managers. Hence, in this
paper, we develop a two-stage stochastic model for an
integrated forward/reverse logistics network with eight
echelons considering risk and environmental conditions.
Three echelons in forward logistics (i.e., suppliers, plants
and distribution centers) and four echelons in revers lo-
gistics (i.e., collection centers, repairing centers, disman-
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Control charts are used to monitor the variation of
productions and processes. They can detect an out-
of-control signal when an assignable cause is occurred.
Recently, many researchers have investigated di�erent
types of pro�les. Simple linear pro�le is one of the most
important types of pro�les, which has many applications
in industry, especially in calibration. The simple linear
pro�le is characterized by a relationship between a re-
sponse variable and one explanatory variable. Monitor-
ing simple linear pro�les in both phases I and II is well
studied in the literature. In phase I, the parameters are
unknown and are estimated by historical dataset while
the process parameters are known in phase II and the
main aim is detecting assignable causes as quickly as
possible. One of the most popular methods in phase
II monitoring of the simple linear pro�le is EWMA 3
scheme. In the EWMA 3 scheme, three EWMA con-
trol charts are used to monitor the regression param-
eters of the simple linear pro�le, including intercept,
slope and standard deviation- separately. In this pa-
per, we speci�cally concentrate on phase II monitoring
of the simple linear pro�les through EWMA 3 scheme.
Since the third statistic in the EWMA 3 scheme does
not follow any speci�c distribution, we �rst propose an
EWMA control chart for monitoring the standard de-
viation instead of the third control chart used in the
EWMA 3 scheme. Then, a variable sampling interval
(VSI) method is proposed to improve the performance of
the modi�ed EWMA 3 control chart. In the VSI proce-
dure, the sampling interval for the next sample depends
on the current sample situation on the control chart and
it varies over time. The performance of the proposed
VSI EWMA 3 control chart is evaluated in terms of
the adjusted average time to signal (AATS) obtained by
a Markov chain approach. A numerical example is pro-
vided to demonstrate the e�ectiveness of the proposed
adaptive control chart. The results show that the VSI
EWMA 3 control chart is more e�ective than the FSI
EWMA 3 control chart.

Key Words: Statistical process control, (EWMA 3)
control chart; markov chain; variable sampling interval (VSI);
adjusted average time to signal (AATS).
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Abstract
A project should be delivered according to the contract
at a speci�ed time and date. On this basis, execution
and completion times of activities are predicted and pre-
determined. But in some cases, it is necessary to com-
plete the project even earlier than the speci�ed date. It
is obvious that in reaching shorter accomplished time,
the time of some activities should be reduced. This re-
duction of time, known as crash activity time, is ac-
companied by the increasing use of resources and the
spending of more costs. On the other hand, performing
the activities in a longer duration decreases the costs of
activity, but it may lead to the increase of the project du-
ration, which may incur certain penalties. In relation to
these advances and penalties, making a comprehensive
and correct decision is a rigid challenge for managers.
In practice, one of the most fundamental measures for
project success is its quality, which can be inuenced
by time acceleration with additional costs. The goal of
time-cost-quality trade-o� is to select subset of activi-
ties for accelerating and to select the proper execution
modes to minimize the total project time and cost, and
maximize its overall quality.
In this research, a new model is proposed for time-cost-
quality trade-o� problem in which, unlike the previous
researches that have only one precedence relation, other
kinds of precedence relations have been taken into con-
sideration. However, these constraints complicate the
problem, but carry us to the real world. On the other
hand, attempt is made to optimize the time, cost, and
quality objectives simultaneousl.
Due to the complexity of the discrete time-cost-quality
trade-o� problem, using heuristic and metaheuristic al-
gorithms for solving large-sized problems is undeniable.
In this research, the NSGA-II and FastPGA algorithms
are used for this purpose and their performances have
been evaluated and compared using several criteria that
focus on intensity and diversity of solutions.

Key Words: Project management; time-cost-quality
trade-o�; generalized precedence relations; multi-mode
problems; NSGA-II and fastPGA metaheuristic algorithms.
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h work with interval durations. Then, we proceed to the
latest starting times and put forward two Integer Non-
Linear Programming models (one for the lower bound
and the other for the upper bound) to delineate the in-
cipient scheme behind the propounded approach. These
models integrate the longest path model of CPM with
its dual to calculate the upper and lower bounds of the
latest occurrence times of the project events. After-
wards, we linearize these two models to acquire unde-
manding binary LP models solvable by means of com-
mon mathematical programming software. Finally, an
� � cuts based routine to generalize the model to en-
compass fuzzy numbers, as well as interval durations, is
investigated.

Key Words: Project scheduling; interval numbers; fuzzy
project networks; latest times.
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Abstract
In today's competitive markets, the quality control is-
sues have been attracted by the manufacturers more
than before. In this regard, one of the most important
issues that can be notable in this domain is the qual-
ity costs. Producers and manufacturers always face a
two way choice of high quality of products and high re-
lated costs and should analyze these two choices to select

the optimum alternative. Preparing products with high
quality leads to high amounts of costs and manufactur-
ers are always engaged in solving his problem to balance
between these two issues: high quality and high amounts
of related costs. In this paper we introduce data mining
techniques as e�ective tools that can be used e�ectively
to overcome the above problem and propose a new ap-
proach of using these techniques that can be used for the
above objectives. Accordingly, we implement the data
mining tools in an electrode position paint line to show
the e�ectiveness of such tools to reduce the costs. Actu-
ally, the main objective is to extract the knowledge that
can be used in reducing the number of product sampling.
The data analysis is performed on the chemical param-
eters of this electrode position paint line which are used
to control the process of painting. To obtain the above
objectives, the association rule mining technique is used.
The results show that we can reduce the number of pa-
rameters which are necessary to measure regarding the
rules obtained by association rule mining. It is notable
that the number of sampling times is reduced in such a
way that the quality of the products preserves and the
risk of products failures is not also increased. In other
words, the costs of sampling are reduced while preserv-
ing the quality. The proposed method can be used in
similar cases for reducing the costs. It is also useful for
dimension reduction purpose.

Key Words: Quality control; electrodeposition paint
line; data mining; association rules.
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Abstract
A better perspective of characteristics of a project can
be acquired by determining the time intervals within

which project activities could be accomplished. Many
methods capable of determining such time character-
istics (e.g., CPM, PERT, etc.) are proposed. These
methods mainly draw on exact activity durations or rely
on historical data, whilst in real projects, the estimates
are quite rough, imprecise, and somehow vague in na-
ture, they are usually estimated by experts. Hence,
application of fuzzy numbers for modeling activity du-
rations rather than crisp or stochastic variables have
pervaded the literature in recent years. In a network
with fuzzy durations, the possible early starting times
of activities and events are computable through alter-
ation of crisp arithmetic with fuzzy arithmetic. How-
ever, this technique fails to �nd the latest correct start-
ing times; hence, a number of methods have been pre-
sented to cope with this problem. Whereas these meth-
ods can tackle the problem of computing the latest start-
ing times of activities in a network with imprecise du-
rations, all of them are indeed abstruse, and demand
apprehending and implementing complex computer al-
gorithms beyond the ken of many practitioners of the
project management methodology. In this paper, we
propose a mathematical programming approach to solve
the aforementioned problem in a vivid and handy man-
ner, which is readily graspable to applicants with a basic
knowledge of Operations Research. To begin with, we
present two straightforward Linear Programming mod-
els to compute the early starting times of events in a net-
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