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Abstract

In this paper, we present a new predictive hybrateh using discrete wavelet transform (DWT),
and the artificial neural network (ANN) to redude tbullwhip effect of demand in supply chain to
obtain a real amount of final customer demand. Ale@® compare our result with more
comprehensive sample of previous research to extendcope of our study. In this new research
our methodology is combine two discrete wavelehgfarm (DWT), and the artificial neural
network (ANN) was used to analyze the data. Resulfscated that in comparison with the
previous methods of prediction to reduce the buwéffect in supply chains, the use of DWT and
ANN is more favorable leading to less error agaoteer methods. Moreover, we discrete our data
in liner data and nonlinear data because sincedhginational method uses nonlinear data and
gives importance to these data rather than linata, dt can be concluded that in comparison with
linear data, nonlinear data have more importangeedicting the bullwhip effect. According to this
new combinational technique, organizations caniotgaitable amounts of demand at all stages of
supply chain, which makes a low distance betweeer @nd forecasting demands. Therefore,
organizations can avoid some costs that playingessential role in their products.
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1. Introduction

Each supply chain aims to deliver the product iprapriate amount, time, and place with the
lowest possible cost in order to meet the finat@mer satisfaction in the supply chain [1]. Three-
level supply chains include suppliers, manufacgjrand distributors that connect suppliers to a
manufacturing company and a company to customersupgply chain involves all factors that
engage in customer satisfaction either directlindirectly. A customer is an important part of the
supply chain. It is necessary to ensure about supeustomer service, cost, and product cycle
times to manage the supply chain properly. Theegfoustomer demand prediction is an important
principle for managers who care about the perfoomanf supply chain [2]. Supply chain
management is essential for companies to improgg thusiness in global markets. One of the
problems in supply chain is uncertainties to fose¢the demand. Demand prediction is affected by
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several factors such as competition, prices, ctirteohnological development, and customer
commitment levels [3]. The bullwhip effect is onétbe challenges of supply chains. The most
important reason for this effect is the lack ofoimhation on the final customer demand and the
decision of each supply chain member based onnfwemation received from the downstream
member. Variations created in the demand levelpply chains and lead to deviations in demand
prediction is called bullwhip effect [4]. The bulhp effect leads to unsuited planning, growth in
inventory levels, and a reduction in the profitapiand service levels. The bullwhip effect is afe
the problems observed due to continuous movementwdntory demands and increases the
demand flow in the upward movement of a supply rthdihe bullwhip effect is the result of
variations and changes in information at differéavtels of the supply chain in relation to the
demand. Information sharing among supply chairtieathas a significant impact on the efficiency
of the supply chain. Information sharing about osdand requests among different entities of
supply chain will reduce the bullwhip effect [S]hdre are many factors involved in the creation of
leather footwear, the most important of which dre demand forecast, the volume of orders, the
fluctuating costs, the precautionary reserve, aeddck of supplies. By controlling these factats,

is possible to improve the performance of the sypphin. Among the factors mentioned above,
demand prediction is one of the important factorgdntrol supply chain activities and bullwhip
effect [6]. A greater influence of bullwhip effeoh supply chain leads to a higher cost of supply
chain, and the lower influence of bullwhip effeeatls to reductions in production costs, inventory
costs, delivery times, transportation costs, hufoace costs, and growth in the levels of product
availability [7]. So, in order to prevent problemnsthe supply chain, there is a need to manage the
bullwhip effect. The special situation in our caynnecessitates resource management and
reduction of product costs. In recent years, maunglias have been conducted to reduce the effect
of bullwhip effect at supply chain level. Howevess linear data were more important in such
studies, there were significant errors. Accordiaguhcertainty in the effect of nonlinear data on
bullwhip effect, this study tries to investigate tbffects of these data to reduce the bullwhipceffe
In this new subject Razavi Haj Agha etialestigated the impacts of different predictiontioels

on bullwhip effect at different supply chain levels this research, there was a three-level supply
chain, each of its components used moving avemgenential smoothing and linear regression
[8]. Comparisons showed that under the assumptidnihe problem, the best combination of
predictive methods from the bottom to the top &f sipply chain was the moving average method,
linear regression, and exponential normalizatiohet@field and Richard achieved a prediction
demand model to reduce the bullwhip effect usinghemaatical modeling and moving average
model in a multi-level supply chain. In this studlygy investigated factors influencing the bullwhip
effect and concluded that it is very important &e wf a strong prediction model to reduce the
impact of bullwhip on the supply chain level. Tamwvet al. (2014) investigated the accuracy of
predicting various demand forecast models to rethedullwhip effect in a two-stage supply chain
[9]. They concluded that although a variety of dathéorecasting models had a small impact on the
bullwhip effect, hybrid models that measure the actpof linear and nonlinear data had better
performance to predict demand and reduce the bigleffiect. Yousefi and Menhajvestigated the
impact of the turbulent demand prediction systembulwhip effect in the supply chain [10]. They
tried to predict the combination of forecast supggmand in a supply chain using a plan of a
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framework, and used precise control and predidbareduce the amount of bullwhip effect. In their

studies, they tried to use a variety of predicteenbinational models to reduce the bullwhip effect
on demand in the supply chain. They concluded tiatintegration and production of a purely

predictable combination of methods would improveedictive performance and reduce the

bullwhip effect. Wang et al. (2015) examined thalgptrends, and implications of the causes of the
bullwhip effect [11]. They concluded that many ceausf the bullwhip effect could be managed and
reduced in supply chains. Yenchiang et al. invastig the impact of demand deviations in three-
stage supply chain levels on the bullwhip effect! @moncluded that the accuracy of predicted
demand for input at each stage of the supply dsanh great importance [12]. Ozelkan et al. (2018)

investigated the bullwhip in pricing and make a ndgcision on customer's behavior in a three
stage supply chain. Dominguez et al. make use mdéva method to share information in supply

chain and compare its result with unshared metbodetiucing bullwhip in supply chain [1].

2. Material and Methods

2.1 Supply Chain

In the current global competition, the customeémednd for high quality, more product diversity,
and fast serviceability has increased the pressurerganizations that had not existed before. As a
result, organizations cannot handle all the prodé8$. In the current competitive market, in
addition to address the organization and interesburces, small and medium enterprises need to
manage and supervise the resources and the oetsdiities of organizations in order to achieve a
competitive advantage or advantage with the aimgahing more share of the market [12].
Therefore, activities such as supply and demandnnptg, material provision, product
manufacturing and planning, product service maemegr, inventory control, distribution, delivery,
and customer service, which were carried out atctimapany level, are transformed to the supply
chain level. A supply chain consists of all busgsessand entities that provide the final customer
demand directly or indirectly [14]. In other wordsypply chain consists of two or more separated
organizations and is linked by the flow of matesjainformation, and financial flows. These
organizations can be enterprises that produce ratgrials, components, end products, or services
such as distribution and warehousing, wholesale ratailing. Even a final consumer can be
considered as one of the organizations. A key igsw@esupply chain is to manage and control the
synchronization of these activities [7]. In fadietsupply chain involves activities related to the
flow of goods from the supply of raw materials be tdelivery of goods or from the service to the
final customer. The supply chain includes all thetsuthat are effective in meeting customer
requirements. These activities include finding tegees for material supply, system management,
assembly, and sale the goods. A supply chain typigacludes: 1) customer, 2) retailers, 3)
wholesalers, 4) distribution companies, 5) manuifa@s, 6) investment producers (banks,
institutions, etc.), and 7) raw material suppligrigure 1).
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Figurel. A general schema of a supply chain

2.2 Supply Chain Management

Supply chain management is an integrated processattage the overall distribution flow path
from the supplier to the final user. It include® textent and limits of integrated behaviors for
cooperation between the customer and the supplirei course of the external integration process.
Supply chain management is a set of activities dipéimize the value of goods and services from
the source to consumption by coordinating physioancial, and informational flows, and, on the
other hand, raise the value of the customer byinmgeand satisfying his/her demands [1]. Although
the flow of materials has a forward movement, thes fof information is moving backward, that is,
information about demand, cost and quality are iplexi from the customer to the system. Supply
chain management as a set of management processiesles a process of management
relationships, information, and flow of materialghin the designated boundaries for the provision
of services and economic value to the customewugirahe management of physical channels of
relevant information from resources for consumptjdh It is better to clarify the operational
objectives and the task of supply chain managertemealize the definition. The supply chain
management mission is customer satisfaction, wheégtus to survival and continuity of the
company. The objectives of supply chain managemento minimize the costs associated with the
flow of materials and information so that approfigoods and services are delivered to the
customer sufficiently and in suitable conditionisisl clear that these goals will not be achieved
without integrating the supply chain activities, i@ihnot only streams the flow of information and
materials, but also meets the strategic and opemdtidemands of the supply chain management
[13]. Main components of supply chain managemeet &) Logistics management in the supply
chain, 2) Information management in the supply mhand 3) Management of relations between
supply chain members, which are strategic featureése supply chain. It is worth to note that the
flow of materials is going forward, starts with theppliers of raw materials, continues to the final
customer, and passes through a three-stage chambeng including suppliers, manufacturers, and
distributers. But another characteristic that le@adhe flow of materials is the flow of informatip
which is moving backwards and starts with the emstamer, ends with the suppliers, and interacts
with other members of supply chain [7]. This infation reflects customer demand for the
products or services. There is another factor ldeds to integration of the flow of materials and
information, which is the appropriate relationsbfpmembers of the supply chain (Figure 2).
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Figure2. Flow of materials and information in aglypchain

2.3 Bullwhip Effect

One of the major effects of uncertainty is the Whlip effect, which refers to irregular changes in
orders over the supply chain. In fact, small chanigecustomer demand in the supply chain are
transformed into huge changes in demand on the faetwer's side. This work was first observed
in one of the products from the Proktel and Gandenpany. Investigations about the bullwhip
effect show that its contributing factors are: 1¢nkand prediction, 2) Orders classification, 3)
Production quotation, 4) Pricing product, and 5)tivetional work [8]. These factors interact in
different combinations and supply chains, but tiparticular impact is to generate fluctuations in
supply chain. So the bullwhip effect of demand barwritten as:

BWE = Variance of order (1)

Variance of demand

Bullwhip is one of the main reasons for the ine#ficy of the supply chain. In fact, the basic
definition of the bullwhip effect relates to the améeng of uncertainty. In general, the more the
company is away from the end-user's delivery tithe,greater the demand variation is. This effect
will lead to inefficiencies in the supply chain, ih will increase the cost of supplies and reduce
competitive power [5]. The bullwhip effect poteitifacauses supply chain inefficiencies leading to
1) Stocking inventory over demand in the supplyictdue to variability and lack of demand, 2)
Low level of customer service due to loss of prdmucand sales plan, and poor demand forecast,
3) Long-term delays, 4) Uncertain production plnl.oss of revenue, and 6) Deviation in capacity
plans and inefficient transportation. It is impaittéo note that the phenomenon of whipping leather
is not only the result of a completely illogicaldannreasonable behavior of supply chain members
in the supply chain, but also originates from asoe@able behavior of the members. This means that
each supply chain element changes its value phediseause of its approach to transfer demand to
the next level of the supply chain. One of the intgat issues to create the bullwhip effect is the
prediction algorithm used by various supply chaenmbers. Even if the task of algorithm used in
the supply chain is to transfer the same receivddre (transferring an order to the next member
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without modification), and exactly the same amowteived from the group is transferred to the
top manually, the effect of the bullwhip demand il be created. In general, the demand
variation is greater when the company is farthemfranother company in terms of delivery time
from the end customer. This effect will result e tinefficiency of the whole supply chain because
it will increase the cost of supplies and reduampetitiveness [1]. (Figure 3)

NN A A

Demand Trend  Supplier Manufacturer ~ Wholesaler Retailer Custom

v

Figure3. Bullwhip effect of demand

Many reasons lead to the creation of bullwhip @ffacsupply chain, of which the most important
are:

- Demand prediction: If the demand prediction ofranfis performed instead of the demand
of end customer based on next level orders, tHIdoadst demand changes and the presence
of the bullwhip in the supply chain.

- Order category: Companies usually collect theiecsdecause of the set up and order costs.
This will prevent the supplier from ignoring thdanmation of the end customer. Indeed, the
final customer demand is passed to the points wtheredemand reaches the level of the
category.

- Price fluctuations: Sometimes companies change pineduct prices for marketing reasons.
The consequence is that customers buy more whempribe is lower. This changes the
pattern of customer demand.

- Overstated order: If the demand for the producteiases, suppliers often ration products
and only provide a percentage of customer ordés. dan lead to customers ordering more
than their actual demands, and as soon as the syisiem has gone through, surplus orders
become apparent and the result of this phenomenamise in customer demand changes.

- Shortage and bargain: Because manufacturers tevatgain when there is a lack of supply,
customers order more than the actual requirement.

- Delay: The required time for supply chain to respda the final demand of customer.
Delivery is delayed for two reasons. First, becatsakes a while for information to reach
the supplier. Second, the suppliers need timejtessatheir capacities and deliveries.

- The role of human behavior in bullwhip effect: lengral, human behavior can be placed in
a spectrum that is relaxed on one side and scdréieaother end. In case of calm, the
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manpower will order more than its requirement arnltistore additional amounts as a safety
deposit. But in case of panic, customers get hidiiks before the customer's demand
grows. Both strategies have a negative outcomé, isqreferable to use a combination of
the two strategies.

2.4 Neural Networks

Since the artificial neural networks (ANN) perfomell in predicting nonlinear models, researchers
have tried to use these networks to obtain a prdoecast of demand and reduce the bullwhip
effect at a three level supply chain. Neural neksoinclude a network of simple processing
elements (neurons) that can display a complex atetrined relationship between the elements of
processing and the parameters of the elementsuBead their considerable ability to deduce the
results of complex data, neural networks can bd tsextract patterns and identify different trends
that are is very difficult for humans and compuggstems to identify. ANN has a wide range of
applications, which can generally be categorizedolews: (the network recognizes disturbed
patterns) clustering, sorting, pattern retrievahidfication, generalization, and optimization. agd
the use of intelligent systems, in particular tHéNy has been widespread so that these tools can be
categorized in the framework of basic mathemabg@rations and as a common tool. The learning
process in the human brain also shows that we xmer the same process in our brain and all
skills, knowledge and attitudes are formed by wealg or enhancing the connection between
neurons of the brain. This improvement and weakmetis®e mathematical language is modeled and
described as the setting of a parameter (calleght)ei(Figure 4)

Input Layer Hidden Layer Output Layer

Figure4. Neural network

2.5 Discrete Wavelet Transform

This study used discrete wavelet transform (DWT)dascribed in the previous section. The
functionX; = f(X¢_¢1, Xe—t2) Xe—t3) - » Xe—tn), 1= (1t2, ..., t) IS USed in a normal situation. Various
methods, such as lineal methods, are used to limdalue of function (f) and finally ARIMAX is
used as the most complete linear model, or nomimeodels such as NARX-FUTTY are used.
However, since the decomposed and accurate infammaf the above function is not obtained, it is
written as x; = a; + d; and thex; = f(as4¢1, dee1s Ae—2, de—¢3)- 1IN this function, the constituent
fraction of the functiorm;_;,, d;_;; 1S known. The low frequency components (far infation) and
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d;_;; and the high frequency components (close infomnatare obtained as the decomposition of
this function,a;_;;. These functions can be broken up to several deielachieve the desired
information, and ultimately the following functias obtained:

X =an it d n t+dn-1+ ........................ +ahot +d n t+dn-2- (2)
Low frequency. » high frequency

In this case, the system decides how much timekéd to predict the system more accurately, and
the neural network decides about the amount ofiredjuow-frequency data based on the type of
prediction. In prediction, the higher the amountefay, the lower the numbers of low frequencies
are important, and a lower amount of delay indgdtet high frequency system information is
required. According to the complexity of this systenformation, it can find the part of the
information being used and provides complete infdram and serves as a reliable input to obtain a
prediction with low error rates. As we know, thelsg¢a are transformed into three parts of training,
testing, and checking in the artificial intelligenoetwork. The percentage of data assignment for
each of these steps rests with the user and \@emeEnding on the type of using neural networks.

3. Resultsand Discussion

This research is carried out in the context of jew studies to complete this research and to
examine the supplementary dimensions and issuéss i a developmental research in terms of
purpose that uses the pragmatism paradigm toeutific most appropriate methods and techniques
for research purposes. Pragmatism is a revolugiamat idealism and purely rational explorations
that have no utility for humans. The purpose ohgghis term is a method to solve and evaluate
rational issues. In this research, mathematical etmogl is used using MATLAB software to
minimize the bullwhip effect of supply chain demaiitie bullwhip effect that this research intends
to reduce is measured as a dependent variable. ks @aiscussed as an independent variable that
affects the dependent variable. Therefore, thigareh considers demand fluctuations as an
independent variable and examines its effect ordépendent variable, that is, bullwhip effect and
its fluctuations at the first level of supply chain addition, the type of data (linear or non-aneis
considered as a moderator variable in this resediret examined how the type of inferred data
from demand fluctuations is effective in obtainirdgrecise amount of bullwhip effect at a three-
level supply chain.

Perception and realization of the patterns inclgdimformation in the past is very necessary to
predict future demand values. In situations whemmahd models are nonlinear, it is very difficult
to find patterns for these data. If these nonlineormation and data are entered into an artificia
neural network (ANN), they create either ineffiggnn the neural network or a false prediction.
The ANN provides relatively good results of prentiot but there is still a room for improvements
in predictive models. Therefore, wavelet theoryygpla crucial role for data patterns decomposition
and for data decomposition in appropriate model$ wigh and low frequencies making these
patterns useful for analyzing data in an ANN (Fegg).

52



Journal of Modern Processes in Manufacturing amd &ation, Vol. 7, No. 3, Summer 2018

High signal data
Data
_ series -
/ i
) Predicted Demant
DWT Low signal data ANN >
o
— S
—>
——

Figure5. Conceptual model of research

Using the new combination of DWT and ANN, this stuided to reduce the error rates of MSE and
MAD and compare the results with the ARIMA and ANiybrid model. As mentioned, the
bullwhip effect to be reduced is measured as arokpe variable in this research. Demand is
discussed as an independent variable that affeetddpendent variable. Therefore, in this research
considers demand fluctuations as an independerathbl@arand examines its effect on the dependent
variable, which is the bullwhip effect and its fluations at the first level of a supply chain.
Moreover, the type of data (linear and nonlinear)presented and investigated is a moderator
variable. It is so necessary to identify a modelt tbontains past information to predict future
demand values. It is very difficult to obtain thgs&terns in nonlinear conditions, and if these
patterns enter into one of the predictive toolshsas the ANN, they create inefficiency in this
network and produce a prediction with a high emate. Therefore, data fragmentation plays a
crucial role in obtaining an accurate predictioheTesults are compared to achieve a reasonable
comparison between previous research and the sesutltis research. Since the researchers use the
Lynx data to predict using the ARIMA and ANN hybmdodel to obtain optimal results, they will
try to use them as comparative and base data. dihpany possesses 114 data for the years 1821-
1934. The diagrams for these data are as follovgsI(€ 6).

8000 -~
6000 -
4000 -
2000 -
O_ TTrrrri |||||||H|||||||||
AN O MNMN AN AMON AN OMN AN NN N OMN N M
T HNANNMO Y TINNOOONN®O00D0 Q3 Qd

Figure6. Lynx data for the years 1821-1934
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Table 1lrepresents the results obtained in the combinaickRIMA and ANN used to predict tr
demand and reduce the bullwhip effect of demand

Tablel:The results with the ARIMA and ANN Lynx data fortlyear<1821-1934

Series Sample Test Training Tes Test Set MSE MAD

lynx 114 1921-1934(10) 1921-1934(114) 0.017323 0.103972

The bullwhip effect of demand result the ARIMA aANN Lynx data is as follov

Variance of order

BWE = — 0.963
Variance of Target demand /0.993 = 0.971

In this section, the extractatita of Lynx Company were used as the input dataDWT in the
MATLAB software environmet. Coding and a variance error rate (&) Idf unit in this research
were used to determine the target data. The resiultee frequency and converting these are in
the level six of decomposition (fure 7).
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Figure7. Data decomposition using wavelet transform
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The result of data with high and low frequenciesfatlows. (Ficures 8 and P
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Figure8. High frequency data
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Figure9. Low frequency data

Frequency and data transmitted to high and lowuagies were used as inputs to the AN
obtain the magnitude of error and to obtain thedisteve data. The neural network used in -
study is the Haar networlkf which 70% of the data is used as Trainifglt as Validation and
%15 as Testingl'he results of the analysis of these data by AN&\bellow. (Figure 10)
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Figurel0. Regression plots

Also, the result of the plot prediction trend lice:n be shown as follov
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Figurell. The plot of prediction trend line

A comparison was made between the results of trenrabsolute error Mean Absolute Deviat
(MAD) and Mean Squaredror (MSE) using the above combination method. Asven in the
comparison plot, there is a high correlation betw&eain and Target data with the initial plots
regression plots (Figure 12).

8000 -
Demand
6000 - Target
4000 -
2000 -
O_ TTrrrrrerrrT
T O 1 O 4 O =+ O 1 OV =+ O 1 O 4 O 1 O 4 O +H O

Figurel2. Comparative plot with initial data

Table 2shows the results obtained in the combination ofIDAMd ANN, which are used to pred
the demand and reduce the bullwhip effect of dentsta

Table2. e results with the DWT and ANN Lynx data for theays1821-1934

Series Sample Te: Training Test Test Set MSE MAD

Lynx 114 1921-1934(10) 1921-1934(114) 0.01528/  0.100050

The bullwhip effect of demand result the DWT andMNhynx data is as follov

Variance of order

BWE = =0-975/ 991 = 0.984

Variance of Target demand
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4. Conclusions

In the current competitive world, many companiesch® interact between their organization and
other organizations to deliver their products tetomers with a high quality. These chain activjties
called the supply chain, include all activitiesated to the flow of goods and the conversion of
materials from the stage of procurement of matetialthe stage of delivery to the final consumer.
In this paper, the bullwhip effect was discussed ihree-stage supply chain in order to reduce the
bullwhip effect in a three-stage supply chain usdigcrete wavelet theory and artificial neural
network. Data were analyzed by discrete wavelehrtiegie, used as input data to the neural
network, and compared with previous methods tocedhe bullwhip effect, yielding a lower error.
The best recordor bullwhip effect of demand is equal (1) and whka bullwhip effect move to
arrives to this optimal number, certainly has adyperformance. According this research bullwhip
effect of demand on Lynx data in hybrid model (ARIMand (ANN) is (0.971). But this amount
on Lynx data had been grown with hybrid model (DVWARd (ANN), it arrives about 0.984. This
comparison has shown that the amount of bullwhipcefin hybrid model (DWT) and (ANN) is
more than of other hybrid models, and absolutely thsearch model has a good performance
against other hybrid models to reduce the bullwdfiiect of customer demand. According to the
greater use of the above hybrid method of nonlirdsia and the importance of these data in
comparison with linear data, it can be concluded tlonlinear data are more important than linear
data to predict the bullwhip effect in supply clgiin this research, a good result was achieved by
considering the combination of two methods to reddice bullwhip effect. Therefore, it is
recommended to use two distinct ANN and ARIMA methdor linear and nonlinear data to reach
the same importance, after they were analyzed dytvelet method.

5. References

[1] Dominguez, R., Canella, S. and Barbosa, A. R1& A Strategy to Implement Partial
Information Sharing among Supply Chain Retailensn$portation Research Part E: Logistics
and Transportation Review. 110: 122-136.

[2] Goodarzi, P. and Makvandi, P. 2017. What areseSaof Cash Flow Bullwhip Effect in
Centeralized and Decentralized Supply Chain, Apdifathematical Modelling, 44: 640-654.

[3] Chaitra, H. and Nagaraja, T. M. 2018. The Mutiate Bullwhip Effect. European Journal of
operational Research. 267(1): 96-106.

[4] Christina, J. P. and Kanstantions, N. 2019 eEast Quality Improvement with Action Research:
A Success Story at Pharma Co. International Jowfriabrecasting. 35(1):129-143.

[5] Qingwen, H. U. 2019. Bullwhip Effect in a SuppChain Model with Multiple Delays.
Operation Research Letters. 47(1): 36-40.

[6] Wang, W. S. and Diseny, M. 2016. The Bullwhiffdét: Progress, Trends, and Directions.
European Journal of Operational Resea?&l®(3): 691-701.

[7] Ertuga, C., Ozelkan, Ch. and Ziaul, H. A. 20I3onditions of Reverse Bullwhip Effect in
Pricing under Joint Decision of Replenishment andify. International Journal of Production
Economics, 200: 207-233.

57



A New Hybrid Prediction Reduces the Bullwhip EffeétDemand in a Three-level Supply Chain, pp. 85-5

[8] Zavadskas, E. K., Antucheviciene, J., Razaviidgha, S. H. and Hashemi, S. S. 2014.
Extension of weighted aggregated sum product assedgswith interval-valued intuitionistic
fuzzy numbers (WASPASIVIF), Applied Soft Computiri§)13-1021.

[9] Kumar, T., Khan, I. A., Ali, N., Zia, M. A., Haeed, T., Roomi, S. and Bahadur, A . 2014.
Estimation of Genetic Diversity in Genetic Stockis Hexaploid Wheat Using Seed Storage
Proteins. Current Research Journal of Biologic#8mes. 6(4): 150-153.

[10] Yousefi, Z. R. and Menhaj,. M. B. 2014. Coasted distributed estimation based on
consensus algorithm for mobile robots tracking. @dnSystem, Computing and Engineering
(ICCSCE), 2014 IEEE International Conference orl-129.

[11] Wang, T., Birsoy, K., Hughes, N. W., Krupcz#k, M., Post, Y., Wei, J. J., Lander, e. S. and
Sabatini, D. M. 2015. Identification and charadation of essential genes in the human
genome. Science. 350(6264): 1096-1101.

[12] Yeanchiang, Ch. and Lin, W. 2016. An Empirigadimulated Investigation of the Impact of
Demand Forecasting on the Bullwhip Effect. Inteioval Journal of Production Economics.
177: 53-65.

[13] Nagaraja, C. H. and Mcelroy, T. 2018. The Mdtiate Bullwhip Effect. European Journal of
Operational Research. 267(1): 96-106.

[14] Khosroshahi, H. S. M. and Moatter, S. M. 20I6e Bullwhip Effect in a 3 —Stage Supply

Chain Considering Multiple Retailers using a Moviwgerage Method for Demand Forecasting.

Applied Mathematical Modelling. 40(21-22): 8934-895

58



