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h truck. The advantages of this state are reduced loading,
unloading time, and reduced vehicle costs. To investi-
gate this problem, the developed mathematical model
was used to obtain the appropriate solution to solve
the mathematical model and to determine the validity
and accuracy of the modeling using optimization soft-
ware such as GAMS and MATLAB. At small sizes to
which optimization software can �nd the optimal solu-
tion, GAMS optimization software was used to solve the
mathematical model. For medium and large sizes where

optimization software cannot �nd the optimal solution,
MATLAB software and ALO, Memetic, and ACOR al-
gorithms were used to solve the mathematical model and
the e�ciency of this algorithm was tested to solve such
problems. The results showed that the feasibility of the
proposed approach and demonstrated good performance
of the ALO algorithm in solving this problem.

Key Words: ALO algorithm, cross docking, direct ship-
ment, truck scheduling.
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Abstract
This study examines the e�ciency of various topologies
of deep learning networks (a superior approach to mod-
eling and �tting socio-economic time series) in load de-
mand forecasting using the data collected from a four-
year period of households in Kurdistan City, Iran. Since
the consumption pattern is a nonlinear and complex
curve with a strong delayed dependency pattern, its pre-
diction is not accurate by conventional statistical meth-
ods and the error reduction of this prediction has a sig-
ni�cant e�ect on reducing production costs, unwanted
squandering and �nes. In this study, full-connected, re-
current, and also hybrid of them were investigated us-
ing the mean e�ciency of absolute error percentage and
mean square error index. When the input of the neural
network was in the form of tensor, designing the struc-
ture of the deep neural network would be straightfor-
ward. In this case, the network can be implemented
with a linear stack of layers sequentially. Although the
sequential the sequential model is so common, it is in
ex-
ible when the input data is not in the form of tensor, e.g.,
Figure 4. Besides, in a forecasting model, each determi-
nant might need a di�erent type of neural networks such
as CNN, LSTM or GRU. To overcome this challenge,
we innovatively proposed parallel deep branches in our
framework to represent the history of each determinant
individually. The parallel branches process their deter-
minants by using RNN and Dense networks. Then, the
branches were merged together through concatenated
and dense layers. The results indicated the superiority of
the network topology as a combination of all connected
and reciprocating models for modeling and predicting
consumption. This superiority, due to the nonlinear na-
ture of complexity, the strong attachment to the data
of previous periods, and the existence of di�erent de-
grees of delay in the exogenous variables of the prob-
lem can be fully justi�ed. Considering that for excited
peak load prediction, exogenous variables of the model

(representing di�erent atmospheric conditions) and ar-
ti�cial variables are included, this model has acceptable
stability, compared to the models presented in previous
studies.

Key Words: Load demand forecasting, deep neural
network, full-connected networks, hybrid models.

IMPROVING CROSS DOCKING
SYSTEMS BY ENABLING LOAD
INTEGRATION
S. Gozalzadeh
gozalzadeh.sajjad@gmail.com
Dept. of Industrial Engineering
University of Kurdistan
Z. Khalilpour(corresponding author)
zohreh.khalilpour@gmail.com
M. Youse� Nezhad Attari
mahdi 108108@yahoo.com
Dept. of Industrial Engineering
Islamic Azad University of Bonab Branch
DOI:10.24200/J65.2020.54244.2042

Sharif Industrial Engineering and Management Journal
Volume 36, Issue 1.2, Page 113-123, Original Article

c
 Sharif University of Technology

� Received 21 October 2019; received in revised form 18 JAn-
uary 2020; accepted 12 FEbruary 2020.

Abstract
In order to reduce costs and increase the e�ciency of the
supply chain system, cross docking is one of the most
important warehousing management strategies for com-
bining products from di�erent providers to di�erent cus-
tomers. Products in inbound trucks are gathered from
suppliers and then are passed through customers using
outbound trucks through the cross docking. Cross dock-
ing is one of the innovative product distribution strate-
gies to minimize unnecessary inventory and improve the
customer service level. Truck scheduling plays an im-
portant role in cross docking system. Cross docking
works best for companies that distribute large volumes
of merchandise and/or operate a large number of stores.
Cross docking systems handle a large number of items
in a short amount of time. The advantages of cross
docking systems include increased inventory turnover,
thus reduced inventory, increased customer responsive-
ness, and better control of the distribution operation. In
this study, a special state of cross docking is considered
in which inbound truck can also be used as outbound
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Abstract
Integrated planning of power generation and transmis-
sion expansion is very complicated in the presence of
uncertainties in future electricity demand, fuel prices,
greenhouse gas emissions, and disturbances. It becomes
more complex whenever several sustainability policies
related to greenhouse gas emissions, allowable noise level,
and social acceptance are adopted. These policies signif-
icantly in
uence the total operational cost and network
con�guration of a power system. Hence, the managers of
power systems should carefully decide on such policies
and then precisely apply them to the planning phase.
There are optimization models for integrated expansion
planning of power systems in such situations; however,

they cannot be solved exactly and e�ciently in practice.
This may produce very misleading insights into the im-
pact of di�erent sustainability policies since the accu-
racy level of optimization procedure is unknown. To
�ll this research gap, this paper presents an e�cient ex-
act algorithm for an existing multi-stage stochastic pro-
gramming model that is developed for integrating two
planning tasks of generation and transmission expan-
sion for a centralized power system. The model consid-
ers the disruption risk and all the three sustainability
aspects: economic, social, and environmental. The al-
gorithm is developed based on Benders decomposition,
and enhanced by acceleration techniques where multi-
cut optimality cuts are used. The algorithm initially
solves the relaxation of the master problem to �nd a
good feasible solution using a rounding algorithm com-
bined with a scenario selection procedure. The round-
ing algorithm is �rst used to determine the �xed �rst-
stage variables, and then the deterministic equivalent
model is solved for the selected scenarios to determine
the un�xed �rst-stage variables. The resulting solution
provides a set of e�ective cuts for the master problem
and consequently better bounds in the next iterations.
The computational results show the e�ciency of the al-
gorithm when compared with the solution method that
directly solves the extended equivalent form of the two-
stage model using exiting mixed-integer linear program-
ming solvers. The proposed Benders decomposition al-
gorithm enables us to practically �nd optimal solutions
for cases with a large number of uncertainty scenar-
ios. The results for a case study in Iran are also in-
cluded.

Key Words: Generation expansion planning, transmis-
sion expansion planning, sustainable development, multi-
stage stochastic programming, benders decomposition al-
gorithm for mixed-integer programming.
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Abstract
Literature indicates that the statistical process control
approach is capable of improving the quality of surgi-
cal processes. The use of this approach in the case
of real surgical processes is an attractive contribution
for researchers. Since risk factors of each patient be-
fore a surgery are di�erent potentially, the use of a con-
trol chart approaching risk-adjusted is addressed by re-
searchers.
The sensitivity of a model to small shift types of the
mortality odds ratio is very important for monitoring
the quality of a surgery process. Although di�erent
schemes have been proposed by researchers to monitor
the performance of a medical team, based on the au-
thors' knowledge this research for the �rst time proposes
a risk-adjusted double exponentially weighted moving
average (RADEWMA) approach to monitor the mor-
tality rate. The numerical performance analysis of this
paper based on average run length (ARL) term for the
cardiac surgery addresses that the sensitivity of the pro-
posed risk-adjusted scheme is superior compared to other
risk-adjusted chart of literature.
In this research the performance of the proposed model
is compared comprehensively with risk adjusted P chart
(RAP), risk adjusted exponentially weighted moving av-
erage (RAEWMA), and risk adjusted cumulative sum
(RACUSUM). In this paper for analyzing the perfor-
mance comparatively, the simulated data is produced
based on UK Center for Cardiac Surgery data in the
period of 1992-1994. This data is referred to 2218 pa-
tients with heart surgery. In this simulation to esti-
mate the parameters of the logistic regression, Parson-
net number is used as an explanatory variable. The
comparative performance analysis is reported for di�er-
ent shift cases. The comparative report is analyzed sta-
tistically for di�erent values of parameters. For statis-
tical analyzing SPSS software is also used. The new
proposed scheme to monitor the mortality odds ratio,
can be used in di�erent surgeries of a hospital e�ec-
tively.

Key Words: Statistical process control, risk adjusted
double exponentially weighted moving average control chart
(RADEWMA), ARL, cardiac surgery.
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Abstract
Nowadays, the health systems consume a signi�cant share
of the budget in each country. Hospitals are consid-
ered as the largest organizations to provide the health-
care services. Nurses as one of the major portion of
hospitals' human resources consume a considerable part
of the hospitals' annual budget. From this point of
view, the hospitals' managers must arrange the avail-
able nurses e�ciently. This problem is worsened by the
shortage of the available nurses in many countries. In
this setting, the Nurse Scheduling Problem (NSP) has
received signi�cant attention in recent years. In this
problem, the aim is to assign the shifts to the nurses
by satisfying the requirements during the planning hori-
zon. Several factors such as hospital managers' poli-
cies, labor laws, governmental regulation, and the sta-
tus of the nurses at the end of the previous planning
horizon should be considered for assigning the shifts to
the nurses. Several mathematical models and heuris-
tic and meta-heuristic algorithms have been proposed
to solve the NSP by considering various assumptions
and constraints. In the real-world problems, the good
quality solutions can be obtained by considering the un-
certainty concepts in the research problem. In this point
of view, in the current study, the uncertainty concepts
are considered in the nurse scheduling problem. It can
be stated that the nurses' preferences for the working
shifts cannot be deterministically speci�ed. For this
reason, �rst, a mathematical programming model is de-
veloped to maximize the nurses' preferences to work in
their favorable shifts. Then, a fuzzy mathematical mod-
eling approach based on the averaging fuzzy operator is
proposed to investigate the uncertainty concepts on the
nurses' preferences for the working shifts. Then, some
random test problems are generated and solved to eval-
uate the performance of the developed fuzzy model. Re-
garding the obtained results, it can be stated that high
quality schedules are generated by the proposed fuzzy
model.
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h Then, the results and sensitivity analyses are presented
in detail. The results showed that conducting imperfect
maintenance actions would reduce the total costs, while
increasing order-up-to-level.

Key Words: Maintenance planning, spare parts inven-
tory management, deteriorating system, imperfect preven-
tive maintenance, monte carlo simulation.
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Given the necessity of fundamental and structural
changes in the production and manufacturing indus-
tries to ful�ll the industry 4.0 paradigm, the proposal of
new ideas and frameworks for operations management
of production and manufacturing system is inevitable.
This challenge is enhanced by the essential need for the
development of industrial platforms to ful�ll the require-
ments of fundamental changes in industry 4.0 paradigm
like sustainability, agility, rehabilitation, and 
exibil-
ity. Thus, through the realization of new technologies
and the necessity of increasing the pace and accuracy

of productivity, a fundamental transformation must be
enabled for many traditional concepts and operations
management methods to be upgraded for the require-
ments of modern digital production and manufacturing
industries. One of the dominant areas for this transfor-
mation is believed by researchers to be modern storage
problem. This research focuses on traditional methods
proposed for storage assignment problem and struggles
for new methods and de�nitions for industry 4.0 based
storage assignment concepts. At the �rst step, the pa-
per proposes a new de�nition of storage assignment and
layout problem for ful�lling the agility of storage mech-
anism in terms of automated store and retrieval pro-
cess (AS/RS) in modern inventories. Then, considering
the shortcomings of traditional algorithms for storage
assignment problem, the paper contributes a new algo-
rithm inspired from mechanical engineering discipline to
analysis and optimization of storage assignment prob-
lem. The proposed new algorithm backed by stress dis-
tribution analogy and the help of Finite Element Method
and minimum total potential energy theory proposes a
new model for storage assignment optimization. The ef-
�ciency of the proposed algorithm in terms of calculation
time and the quality of optimum answer is analyzed and
investigated through numerical examples. Also, the re-
sults of illustrating the advantages of the new algorithm
in comparison with traditional algorithms are discussed
considering the requirements of industry 4.0 paradigm.

Key Words: Warehouse, storage assignment problem,
stress, �nite element method (FEM), total potential energy,
industry 4.0.
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Abstract
With increasing the value of optimized production plan
and cost of equipment as well as raising the degree of
di�culty to change spare parts and equipment, the im-
portance of maintenance planning has doubled. There-
fore, we can conclude that nowadays, the necessity of
integrating production and maintenance planning is re-
alized for the entire industrial owner and it is going to be
the main concern of industrial owners to �nd the ways
which help them optimize their costs. This study pre-
sented a new methodology to optimize the production
and maintenance planning simultaneously. In terms of
the environment, the carbon emission policy was ap-
plied. Therefore, the manufacturer should adhere to
the emission limitations, which are placed on a company
that emits carbon into the environment; otherwise, they
should pay penalty. To control the cost of penalty, two
types of production strategy including green and regular
strategies were applied. In green strategy, the material
and fuel were recyclable. Thus, it did less damage to
environment but it was more expensive than the reg-
ular one. This essay seeks to optimize the amount of
production of each strategies by balancing the amount
of production with each kind of strategy and we should
optimize the cost of production. To formulate the math-
ematical model, we consider costs of Preventive Main-
tenances (PMs) and mean of Corrective Maintenance
(CM) as objective values to determine the production
rate and number of PMs. By using MATLAB program,
we could solve the model for two types of algorithm in-
cluding Genetic and VDO algorithm and compare the
solution together. Overall, it was concluded that in
small-sized problems, VDO can answer more quickly
than GA; yet, they were the same in terms of the so-
lution quality. For some problems, VDO had the best
solution, while GA could give the best solution to some
other problems. However, overall, their function was
somehow equal.

Key Words: Joint optimization of maintenance and
production planning, carbon emission, genetic algorithm,
vibration damping optimization algorithm.
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Abstract
Regarding the close interaction between spare parts lo-
gistics and maintenance planning, this paper presents
a model for joint optimization of condition-based main-
tenance and spare parts inventory of a single-unit de-
teriorating system. Simultaneous usage of perfect and
imperfect preventive maintenance and a novel policy for
ordering spare parts are two highlighted contributions
of this research. Both positive and negative impacts
of imperfect maintenance actions are considered in this
paper. Although imperfect maintenance actions are less
costly and time-consuming, they restore the system to a
state between as-good-as-new and as-bad-as-old. More-
over, each imperfect preventive action may accelerate
the speed of the system's deterioration process. The re-
plenishment policy of spare parts was de�ned based on
the deterioration level of the system. Furthermore, the
next inspection time at each decision point was predicted
based on an integrated approach considering the dete-
rioration level, reliability, and su�ciency of the spare
part for performing the expected maintenance opera-
tions. Moreover, in this paper, a two-echelon structure
with two local suppliers in the �rst echelon and one main
supplier in the second one were considered. The present
model aims to determine the best inspection plan, main-
tenance actions, and order quantity of spare parts while
minimizing the total costs. A minimum level of sys-
tem availability determined by the decision-maker was
guaranteed in the proposed model. According to the
high complexity of the descriptive model, Monte-Carlo
simulation was applied to optimize this complex prob-
lem. A real case problem was introduced to illustrate
the applicability and advantages of the proposed model.
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h ni�cant correlation coe�cient than other models, had a
more resolution than other models, and eliminated the
shortcomings of Classic base models. After the vali-
dation of the model, the pharmaceutical companies in
Tehran Stock Exchange were evaluated by means of the
proposed model and CCR model. The indices of the
study were obtained from previous studies and the opin-
ions of experts were taken into account to con�rm these
indices. The data used in the present study and the ac-
tual values of these indices were obtained from \codal.ir
website" according to each company's �nancial status.
Moreover, sensitivity analysis was performed on the out-
puts of these companies. The results showed that Alborz
Pharmaceutical and Shafa Pharmaceutical Investment
companies were the most e�ective units in both mod-
els, and Farabi Pharmaceutical Company was the most
ine�cient one. Besides, the results indicated that the
units under study showed more sensitivity than the �rst
output.

Key Words: Performance evaluation, data envelop-
ment analysis, common weights, pharmaceutical compa-
nies, tehran stock exchange.
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Abstract
The increasing importance of customer's trust and de-
mand diversi�cation has turned the attention to war-

ranty policy and supplying a family of products. In
this respect, while retaining the bene�ts of mass pro-
duction and 
exibility each member shows to a speci�c
segment of demand, appropriate models have not been
su�ciently developed. This paper presents a maximiza-
tion pro�t model by simultaneously optimizing the price
and warranty length for products in a family of prod-
ucts through application of Markov chains. A contin-
uous Markov model was used to calculate the steady
state probabilities that the products need for warranty
services. Then, the optimal prices and warranty lengths
for all products were determined using a mathematical
model to maximize the pro�tability of the products. The
problem was formulated in two scenarios of �xed time
and renewable warranty policies. Given the integer war-
ranty length, the problem was a mixed nonlinear inte-
ger programming. Numerical samples for the problems
solved by GAMS software and sensitivity analysis for
the important parameters were also investigated. The
results showed that the model was sensitive mostly in
the case of price and warranty length elasticity. More-
over, the share of each product in total production did
not change much under the in
uence of capacity change.
This study can help manufacturers optimize the main
variables of a product including reliability, price, and
warranty period simultaneously at the product devel-
opment stage (design and engineering). The proposed
model can be operationally used by the managers for
decision-making on the price and warranty length for a
family product.

Key Words: Product family, price, warranty, markov
chain, mixed integer nonlinear programming.
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Abstract
Performance evaluation is one of the most signi�cant is-
sues in management taken into consideration by a num-
ber of academics and researchers who have developed
various parametric and non-parametric methods used
for performance measurement and evaluation. Among
these models, Data Envelopment Analysis (DEA) is re-
garded as one of the most widely used models for perfor-
mance evaluation. DEA is a powerful mathematical tool
and a non-parametric technique to measure the relative
e�ciency of a group of homogeneous Decision-Making
Units (DMUs). This approach carried out an evalua-
tion by assigning weights to the inputs and outputs of
each decision-making unit. The di�erence in the input
and output weights in this technique is one of the ob-
jections to this method that threatens the assessment of
the underlying basis. In this study, a model was pre-
sented to �nd a solution to this problem. The proposed
model is a one-phase linear model and has less com-
putational complexity than other models. To validate
this model, the numerical exam of Kao & Hung (2005)
was implemented and the results of the presented model
were compared with those of other models; in addition,
the Spearman correlation coe�cient was calculated. The
results showed that the proposed model had a more sig-
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