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Graphical evaluation and review techniques (GERT) is a technique to study the stochastic nature
of networks consisting of different branches. In GERT, all branches are explained in terms of
the probability that the branch is traversed and the tile to traverse the branch in case it is realized.
This paper presents recent advances of the implementation of GERT in various industries. The
study presents a comprehensive description of GERT and recent advances on the implementa-
tion of GERT in various industries over the period 2002-2017.
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1. Introduction

Networks and network analysis play essential role for description and improvement of different systems
due to simplification of modeling techniques (Pritsker & Whitehouse, 1966). This makes it possible for
analyzing the complicated systems in a less inductive way and could stimulate tasks in the network
analysis. This also gives a comprehensive breakthrough to simplify the development of analysis proce-
dure for more complex networks (FriLoker, 1966; Chen & Bao, 2013).

Graphical Evaluation and Review Techniques (GERT) is a technique to study the stochastic nature of
networks consisting of different branches. In GERT, all branches are explained in terms of the proba-
bility that the branch is traversed and the tile to traverse the branch in case it is taken (FriLoker, 1966;
Lietal., 2012; Wu et al., 2014; Hu et al., 2010). Sridharan and Kalyani (2002), for instance, presented
a stochastic analysis of a non-identical two-unit parallel system with common-cause failure based on

the GERT technique.
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1.1.Components of stochastic network

A stochastic network consists of directed branches including arcs, edges and transmittances. It also
includes logical nodes or vertices. Let P, be the probability that the node from which it emanated is
realized. Also, let ta be the required time for accomplishment of the task in case the branch is taken.
The following shows the visual representation of a directed branch.

(Pa; ta)

A node in a stochastic network includes of an input and an output. Under such circumstance, three
logical relations on the input part and two kinds of relations on the output side may appear as depicted
in Table 1.

Table 1
Descriptions of the nodes (FriLoker, 1966)

Name Symbol Description

Exclusive-or m The realization of any branch leading into the node
causes the node to be realized; however, one and
only one of the branches leading into this node can
be realized at a particular time.

Inclusive-or <] The realization of any branch leading into the node
causes the node to be realized. The time of realiza-
tion is the smallest of the completion times of the ac-
tivities leading into the Inclusive-Or node.

And C:I The nodes is realized only if the branches leading
into the node are realized. The time of the realization
therefore is determined by the largest completion
time.

Deterministic D All branches emanating from the node are taken if
the node is realized.

Probabilistic Q Exactly one branch emanating from the node is

taken if the node is realized.

1.2.4 simple example

Consider a sales mission where two salesman have to successfully offer some products. In order for the
sales to be completed successfully, both salesman must sell their products. The stochastic network for
this problem is shown in Fig. 1 as follows,

Successful task

Salesman 1 ‘ > < Sales successes
Unsuccessful task
Salesman 2 D — Sales failures

Unsuc¥essful task

Fig. 1. A simple GERT prototype
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For the node S to be realized, both branches leading into it must be realized, which represents a char-
acteristics of the AND node. In addition, F is realized only if either branch incident to it is realized,
which represents an Inclusive-Or node.

GERT has been used for solving many complicated problems. In this paper, we present a comprehen-
sive review on recent advances of the applications of GERT in different industries.

2. GERT applications

CO2 emission has become a serious problem in today’s environmental science and many people have
attempted to find ways for CO2 emission reduction through different research and development pro-
jects. Kosugi et al. (2004) presented an application of GERT for the success of research and develop-
ment projects in reducing CO2 emission. In this study, GERT-type network charts were built to make
an assessment on the R&D processes of five kinds of CO2 capture technologies having various levels
of CO2 capture energy efficiency. To do so, they collected the necessary data on R&D time periods of
different elemental technologies through a questionnaire to experts. GERT models were used for mak-
ing assessments on the CO2 capture technology R&Ds, and estimating the overall R&D times and the
success probabilities for realizing the target technologies. Hayashi et al. (2005) also investigated poly-
mer electrolyte fuel cell application technology R&Ds by GERT analysis. Guo and & Qiao (2004)
proposed a modeling method of product development process by applying GERT to optimize process
model in product R&D under resource constraints. They built a hierarchical GERT network to explain
the product development process. The activity-time parameters in the process were also measured.

Yamashiro (2008) analyzed some network models using GERT systems. Mohan et al. (2009) and
Agarwal et al. (2007) used GERT for analysis of some reliability problems. They studied consecutive-
k-out-of-n-out-of-:F systems with sparse d, m-consecutive-k-out-of-n:F systems with sparse d, and (n,
f, k):F systems with sparse d.

Yi-song et al. (2009) analyzed the logical relationship of WBS items by applying the GERT network
description of WBS items of a product development project and used it in product development process.

Xu and Jia (2010) proposed the use of the failure probability and multi-branch feedback of the weapon
system into a GERT network in order to prevent over-cost and time delay in the weapon system devel-
opment. They also built a feedback simulation model based on the GERT network including multi-
branch.

Li et al. (2011) presented a GERT-based analytical technique for uncertainty management of remanu-
facturing. They first proposed four GERT-based stochastic Remanufacturing Process Routing (RPR)
models and analyzed a remanufacturing system that consists of different process flows, where the prob-
ability of and the time associated with individual process were measured.

Lin et al. (2011a,b,c) developed a weakest t-norm (T) fuzzy GERT simulation technology, which was
designed to be useful in a realistic environment and to improve based on the traditional fuzzy GERT
insofar as was developed for analyzing complex systems in uncertain environments; the traditional
system usually adopts a-cut arithmetic operations for its calculations. In this study, the fuzzy support
system developed the T, fuzzy GERT as a substitute for traditional fuzzy GERT technology. In the
simple cases investigated, the fuzzy support system built a model of 300 mm manufacturing processes
in the context of a lithography area. In addition, the manufacturing processes model was investigated
with regard to the fuzzy support system based on two kinds of fuzzy arithmetic: a-cut arithmetic and
the T, operator.
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Wang et al. (2011) presented a vague GERT for assessing wafer manufacturing yield and finishing time
in lithographic area. They proposed a simple decision support system to process the complex calcula-
tion procedure for enhancing more information to managers. They also incorporated the capability of
lithographic area in order to improve overall system performance.

Li et al. (2014) investigated the cost distribution characteristics in multi-stage supply chain networks.
They proposed a stochastic network mathematical model for cost distribution analysis in multi-stage
supply chain networks based on GERT method. In addition, to study the impacts of cost components,
including the procurement, inventory, shortage, production and transportation costs of supply chain
members, on the total supply chain operation cost, they proposed the concept of cost sensitivity and
provided corresponding algorithms based on the proposed stochastic network model. They also ex-
tended the model to analyze the cost performance of supply chain robustness under various order com-
pensation ability scenarios and the corresponding algorithms were developed.

Gangeshwer and Shankar (2015) presented GERT analysis of the deferred life test sampling plan based
on gamma failure. GERT approach which has been successfully used by Ohta (1978) for investigating
some quality control problems. The idea of applying the deferred sampling plan goes back to Vaerst
(1980). This procedure gave a visual picture of the dynamics of the inspection system and also offered
a through characterization of the plan.

Zhou et al. (2016) presented a forecasting model which could forecast the quantity, time and probability
of product return, as well as recyclable parts/components/materials and disposal using GERT by trans-
lating the remanufacturing operational process into a stochastic network. The stochastic network pos-
sessed two characteristics: 1) activities having a probability of occurrence associated with them; and 2)
time to perform an activity. They also used a numerical example to show the result of using GERT on
forecasting printer remanufacturing outcomes.

Nelson et al. (2016) presented a time-computing model using GERT to analyze concurrent New Prod-
uct Development (NPD) processes. They first conceptualized a concurrent NPD process based on the
GERT scheduling technique and extracted a method of modelling the information and communication
complexities within the process. Next, they extended previous research carried out on concurrent engi-
neering and included it within our model. They also presented an alternative method of analyzing con-
current NPD process for both researchers and project managers alike.

Tao et al. (2017) introduced a GERT model based on a characteristic function and designed its numer-
ical solution. First, they implemented an inversion formula to extract the probability distribution of the
completion time of a product development. Next, to investigate the applications of a due date, they
introduced a novel measure of schedule risk to provide a view of both loss and probability. Last, they
used an elasticity analysis to determine the network parameters that expedite the control of schedule
risk. They also presented a case study of new product development in a high-technology enterprise to
show the implementation of their proposed methods.

Liu et al. (2017) presented an analytical algorithm for the GERT network model to receive the value
transfer probability, the amount of value increment, and the fluctuation variance, from which the equiv-
alence value transfer process. They also implemented the proposed method and realized that a value
transfer relationship within the carbon fiber industry chain in Jiangsu Province, China.

3. Conclusion

As we can see from the review process provided in this survey, there are literally different fields of
studies to investigate the industrial applications of GERT, from research and development to CO2
emission prevention and from reliability problems to redundancy applications. The survey has indicated
that researches mostly use GERT when they face with more complicated problems.
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