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ABSTRACT

In a supply chain a number of various business cntities (i.e.. suppliers, manulacturers,
distributors. and retailers) wotk together in an offort to acquire raw materials, converl
these raw materials into specified linal products, and to deliver these final products to
retailers. Supply chain activilies bepin with a customer order and cnd when a zatisfied
customer has paid for the purchase. Bullwhip effect of supply chain refers to the
amplifications in orders in the supply chain. Industries with reliable demand forecasts
waste million of dollars every vear because they are not able to match the production o
demand. As a consequence of this demand variabilily bullwhip effect results which leads
to the inefficiencics in supply chain like quality problem, overlime cxpenses, missed
production schedule, inventory problem. poor customer service, higher raw material
cost, shipping cosl, inventory cosl, distribution cost, however an overall risc of the total
supply chain cost. This research intends to reduce bullwhip cffect i a supply chain by
finding the optimal ondering quantities for each member of the supply chain. This
rescarch used genetic algorithm with an objective function to minimize the total supply
chain cost by calculating tolal costs for each of the supply ¢hain member. The objective
function developed for the algorithm conlains maximum live different types of costs for
each of the supply chain members, Later, the proposed algorithm was applied to analyze
a case which is a complex supply chain containing three retailers, one distnbutor, one
warchonse and a factory. A simulation was conducted to {ind the cxisting ordering
quantities for the case which was then compared with the results obtained [rom genetic
algorithm. In this research various paramelters of genetic algorithm were used and two
different scls of analysis were conducled by changing the paramelers mainly the
chromosome range. Finally. the results obtained from genctic algorithm reduced the intal
supply chain cost of the considered case and thus found the oplimal ordering quantities
which mmmized the bullwhip effect from the supply chain. Tt was also shown from the
results of both the analysis of genetic algorithm that oplimal ordering quantitics found
with (he lower range ol chromosomes reduccd the bullwhip effect by lowering the

supply chain cost even more.

Vi
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CHAPTER 1
INTRODUCTION

L1 INTRODUCTION

[ntense competition in global markets, the shordening of product life eyeles and the
increased expectations of customers. have focused businesses atlention on the need
oy mvesl n their supply chains, At the same time, improvements in communications
and transport technologics have provided a major impelus for the continuous
cvolution of the supply chain and of the lechmques to manage i, Atlenpting to
match the supply of products with consumer demand 15 exiremely diflicull. As
produel vanety has nereased (irms have reacted by incressing inventory carryving

costs, markdowns and write-o[ls due 1o encess iInvenlory,

For a typical supply chain, matenials are procured which are then produced into items
at one or morc manufacturing faciliies. Subsequently, the finished products are
shipped to distribution centers for storage, helore being shipped on to retall outlets
for sale to the end customer. An cffcetive supply chain strategy needs to laelitale the
intcractions at the various stages sn the chain. In managing a supply chain a holistic
approach is required to ensure that it is both ellicient and cost effective across the
whole systern. Thus, the emphasis s not on simply minimizng the cosls {or o
specific entify, but rather on taking a systems approach to reduce the cost for the

overall supply chain.

The pace of change and the uncenainty about how markets will evelve has also made
1L ncreasingly imporlant for companies to be aware of the supply chains they
pamicipate in and to understand the roles that they play. Those companices that learn
how 1o build and padicipate in strong supply chains will have a substantial

competitive advantage in their markets.



The cffective management ol the supply chain requires closc intepration between the
various stages involved in the delivery of the product 1o the consumer, An iimporant
clement in this is the inlovrmalion on demand. This requirement is used by each entily
in the supply chain fer production planning and control purposes. However, with the
aggregation ol demand informalion, distorfion occurs as it passes upstream and
moves away from the cnd consumer. This demand variation has become referred to

ay the bullwhip effect [1, 2].

Bullwhip Effect is a problem in forccast-driven supply chains, and careful

management ol this ellect Is an important poal for Supply Chain Managers,

1.2 BACKGROUND OF THE 5TUDY

Businesses loday are not separate entitics; they are all working together in one supply
chain, which can improve the qualily of goods and services across the supply chain,
Fach stage in the supply chan need W perform a different process and must interaci
with all other stages i supply chain. The primary purposc of a supply chain is (o

satisfv the nceds of the customer while generating profits.

Bullwhip effect velers 10 the amplifications in orders in a supply chain. Indusiries
with reliable demand forecasts waste mlitons of dollars every year because they are
not able 1o match production to demand. The bullwhip cffect is a major cause of the
problem. Procter & Ciamble [1} were one of the first companics to discover the
bullwhip cffeet when they examined ihe ordering patierns for one of their products.
The retail demand was fluctuating slightly, bul when examining the upstrcam

members of the SC, there was a preater vanability of orders [2].

This distorted information from one end of the supply chain to the other can lewd o
inclliciencies, i.e. excessive Inventory. quality problems, higher raw-material costs,
overlime expenses, shipping costs, poor customer service, and missed production

schedule [2].



EtTeetive supply chain has already played a very important and significant role in the
business area of all over the world, It has alwavs been a very popular topic for the
industnes amd researchers of the developed countries 1o condoct morve and more
researches to make their supply chain more efficient, but for a developing country
like Bangladesh it is 2 newly emerging concern of the industries and there from the

author came up with this rescarch.

In order to reduce bullwhip effect in supply chain researchers have used many
concepts mainly classical managgement techmques which include the information
shartng and [orecasling mainly. Very lew researchers like Kimbrough et al, |3] wsed
artificial intelhgence (o solve the problem of bullwhip efTect but not for a real supply

chain which also drove the foree for this research.

However, this research is mainly aimed to study the supply chain in an industry
which 15 running in Bangladesh, Tt is conducted to find an optimal crdering pelicy
which will reduce bullwhip ellect for the industry studied. To {find the optimal
ordening policy {or every member of the supply chain, computer inlelligence
techmique genelic algonthm is used, Genefic algorithm wall search exhausiively for
the global optimum ordering policy and allocate this ordering policy o each member
of the supply chain. This research mainly investigates whether the optimal ordering
policies lor gach member of a supply chain can be Jound using a gengtic algovithm

which will reduce the bullwhip effeet and cost across the entire supply chain.

1.3 OBJECTIVES OF THE 5TUDY

‘The ultimate objectives of this study are the followings,

i. Bascd on different theories study and analyze the history of the evolution
of the concept of bullwhip effect and the main causes responsible {or this
in a supply chain which are descrnibed in details in chapter 2 and in the

following chapter 3.



u.

iil.

Scarch for a computer intelligent lechnigque which has the ability to
reduce the bullwhip cffcet and to mitigate its consequences like excessive

costs of a supply chain.

Study the system of supply chin and develop an algorithm to reduce the

bullwhip efteet.

1.4 OUTLINE OF METIIODOLOGY

ii.

1.

iv.

vi.

vii,

Identification of the search technique wlich can reduce the bullwhip
effect in a supply chain,

Development ol the objective function for penetic algorithm to determine
the reduciion of bullwhip cffcet.

Determiming the key elements and parameters for the genetic algorithm.
Development of the algorithm which can minimize the objective function.
Study the case and deterrmine all the paramecters nced to complete the
alporithin.

The performance of the algonthm 1s then measured by the case study.

An exignsive analysis of the algorithm by changing the parameters 1s

conducled 1o find the best optimum ordering policy.

1.5 POSSIBLE. OUTCOMES OF THE STUDY

The possible outcomes of the research are the (ollowings,

i

Optimal ordering quantities for all the members of & supply chain which
will reduce the bullwhip effect as well as the overall supply chain costs.
An algorithm with suitable parameters for the system which will reduce

buliwhip cffect.



1.6 LIMITATIONS OF THE STUDY

Supply chain is a very complicated system. Tt includes many paramelers and
myolvemnent of many people to run a supply chain effectively [4]. The supply chain
model used here depicted a simplification as one industry has hundreds of products,
1l not thousands, but hundreds of retailers and suppliers. As a consequence the supply
chain becomes very huge. The supply chain for a single product is considered in this
research, Since the product considered here is supplied all over the counlry 1o a
thousand of retailers, it is not possible to collect the data {or the research i such
extensive lovel with limitations like sources of informution and cooperation. A
limited but an important portion of customer region 1s considered to conduct the
study and to find whether genetic algorithm can be used to reduce the bullwhip
effect. The more the members are included in the model, the more the realistic policy
would be [bund with the help of genetic algorithin., Thus by tneluding more and more

members and imfarmation of the supply chain. this limitation can be conguered.

N



CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

Recently there has been a surge of interest and resecarch on the phenomenon
popularly called the bullwhip effect. This phenomenon refers to the amplification in
orders in a supply chain which mdicates that the demand process seen by a given
stage of a supply chain becomes more variable as one moves up the supply chain (i.c.
as one moves away from ecustomer demand). In other words orders scon by the
upstream stages of a supply chain arc more variable than the orders scen by the
downstrcam stages. Numerous researches have paid their atiention to analyzc

bullwhip whip effecl. Some of the areas of focus ol the previous researches are [3].

a.  Providing empimcal evidence supporung the existence of the bullwhip effect.
b, Analytically demonstrating the existence of the bullwhip effect.

c. 1dentifying the possible causcs of the bullwhip effect and

d. Devcloping strategies to reduce the impact of the bullwhip effect.

2.2 HISTORY OF BULLWHIP EFFECT

The phenomenen named bullwhip effect has its origins in system dynamics theory
developed by Forrester [6] where, in many cases, the variance in perceived demand
for a manufacturer was several orders ol magnitude larger than consumer demand. In
additton, Forresler identified that this amplification effeet oceurved at cach stage in
the suppiy chain. One of the major factors which caused the bullwhip was that the
information feedback loop between companies was oo complex for managers Lo
resolve intuitively. Forrester proposed that the only way o esolve these complex
supply interactions was (o treal the supply chain as a compicte system. Managers
could then model the complete system to determine the appropriate action 10 be

taken,



In an inventory management experimental context, Sterman [7] reports the evidence
of bullwhip cffect in the “Beer Dhisiribulion Game”. L'he cxperiment involves a
supply chain with four players who make independent inventory decisions wilhiout
consultation wilh other chain members, relying only on orders [rom the neighboring
players as the sole source of communications. The expertiment shows that the
variances of orders amplify as one moves up the supply chain, confirmming the

bullwhip effect,

Later. Lee et al. [1, 2] shows that & number of major companies also [aced problem
due to the bullwhip effect. Procter and CGamble were one of them. Logistics
execulives at Procter & Ganible (P&G) examined the order patterns for one of their
best-selling products, Pampers. Its” sales al relnl stores were fluctuating, but the
variability was certainly not excessive. Howcever, as they examined the distnbutors’
arders. the executive were surprised by the degree of variability. When they looked
at P&G's orders of material to theoir suppliers, such as 3M, they discovered that the
swings were even greater. Al {irst glance, the variability did nol make sense. While
the consumers, in this case, the babies. consumed diapers at a sweady rale, the
demand order vanahility in the supply chain were amplilied as they moved up the

supply chain, P&G then called this phenomenon the “bullwhip” effect.

Again when Hewlett-Packard (HP) |2] cxceutives examined the sales of onc of its
printers at a major rescller. they found that there were, as expected, some fluctuations
aver time. However. when they examined the orders from the rescllers, they
observed much bipger swings. Also. lo their surprise, they discovered thal the orders
[rom the printer division to the company’s integrated circuvit division had cven

grealer [tuetuations.

In the past, without being able to sce the sales of its products at the distribution
channel stage, IIP had to rely on the sales orders {rom the rescllers to make product
forecasts, plan capacily, control inventory, and schedule production. Big variations in
demand were a major problem for HP's management. lhe common symploms of
such variation could be excessive inventory, poor product lorecasts, insufficlent or

excessive capacities, poor customer scrvice due to unavailable products or long



backlogs, uncertain production planming (r.e. excessive revisions), and high costs for
corrections, such as for expensive shipments and overime. HP's product division
was 4 vielim of order swings that were exagrperated by 1he resellers relative to their

salcs: it, in turn, created addilional exaggerations ol order swings to suppliers.

Other indusitries arc also i a similar position. Compuler lactories and manulaciorers’
distribution ccnters. the distributors’ warchouse, and store warchouses along the
distribution channel have the inventory stockpiles because of the bullwhip effect.
And in the pharmaceutical industry, there are duplicated inventories in a supply chain
of manufacturers such as Eli Lilly or DBristol-Mvers Squibb, distributors such as
McKesson. and retailers such as Longs Drug Stores. Information distortion ean cause
the total inventory in this supply chain to cxeeed 100 days of supply. With
inventorics of raw matcrials. such as integrated eircuits and printed eircuils boards in
the computer industry and antibodics and vial manufacturing in the pharmaceutieal

industry, the total chain may contain more than ove year's supply.

To selve the problem of distorted information which leads to demand variability,
compamcs need 1o il understand what creates the bullwhip effect so they can
counleract 11 In industries whers the entire 8C can consist of numerous layers, this
means that the majority of information that managers use to make deeisions is only
navailable to a few patticipants and concealed from those further up and down the
SC [2]. Without a clezar view of end-user demand, companies must rely on only that
mivmmation W which they bave access. Unfortunately. this infermation is usually
distormed by multiple lavers of forecasts and transactions. This lack of coordination
can cause multiple problems, including increases in manufacturing costs, inventory
costs, replemishment lead Umes, transporlation costs, and labor costs associated with
shipping, and damages to the Tevel ol product availability, Tnmovative companies in
difterent industries have tfound that they can control the bullwhip effect and improve
their supply chain performance by coordinating information and planning along the

supply chain.

'Il*I



2.3 TECHNIQUES TO REDUCE THE BULLWIITP EFFECT

In supply chain the effect of bullwhip has a great impact; numerous researchers from
different background have studied it Several authors have investigated techniques
for reducing the bullwhip cffect through redesigning the supply chain. improving

information flows, reducing time delays and improving order policies.

All the studies can be divided in to some majur areas ke,

i Classical Management technigues.
n, Control Theory.
ni. Computer Intelligence.

2.3.1  Classical Management Technigues

Classical management Techniques ane widely employed io reduce the bullwhip cffect
in supply chain. It includes informalion sharing, lorecasting, vendor managed
inventory, scheduling problems. invenlory problems. Various rescarchers have

worked 1o identily the existence of bullwhip as well and te quantity that.

2.3. L1 Information sharing

Many industrics have embarked on reengineering efforts to improve the efficiency of
their supply chains. The goal of these programs 1s to belter match supply with
demand so as to reduce the costs of invenlory and stock outs and thus to climinate
the bullwhip effect, One key imitative that 18 commonly mentioned is information
sharing between partners in & supply chain |#). Sharing sales infermation has been
viewed as a major stratcgy to counter the “bullwhip effect™ [1, 2]. The bullwhip
elfect 18 cssentially the phenomenon of demand variabilily amplilication along a
supply chain. from the retailers, distribulors, manufaciurer, and the manufacturers”
suppliers, and so on. By letting the supplicr have visibility of point-of-sales data, the
harmful effect of demand disiortion can be ameliorated. The most celebrated

implementation of demand information sharing is Wal-Mart’s Retail Link pregram,



which provides on-line summary of point-of sales data 1o supplicrs such as Johnson

and Johnson, and Lever Brothers [9].

There has been more interest in quantifying the value of information sharing between
manufacturers  and retailers. Researchers like Cachon and Fisher [10] show
analytically how the manufacturcr can bencfit from using information about the
retailer’s invontory lovels when the retailers use a batch ordering policy. Next.
Gavirneni ¢t al. [11] consider the case in which the manufacturer has limited
capacity. In addition, they consider two cases of infonnation sharing between the
manufacturcr and the retailer. In the lirst case, the manufacturer obtains information
(renm the retanler aboul the parameters of the underlying demand distribution and ihe
value ol the (v, 5) ordering policy adopied by the retatler. Tn the second case, the
manufacturer obtains additional nformation from the retailer sboul the period-lo
period inventory level. They compare the cost between the first and the second case
s as to cvaluate the benefit of obtaining additional information about the retailer’s
inventory level. By considering various types of demand distributions in their
numerical  experiments, they examine the conditions under which gaining

information about the retailer’ s inventory level is beneficial.

Thus. the benefit of information sharing lics in the manufacturcr’s capability to react
to the retailer’s needs via the knowledge of the retailer’s inventory levels to help

reduee uncertaintics in the demand process faced by the manufacturer.

2.3.1.2 Forecasting

The use of demand lorecasting is one ol the mam {ive causes ol the bullwhip effect.
Appropriate forecasiing has always been an impertani factor in order to reduce
bullwhip effect. Many researchers have studied different {aciors ol forecasting
methods 1o mitigale bullwhip, Chen el. al [12] show how lorceasting is used to
reduce bullwhip effect as they quantify the bullwhip effect in a two slage supply
chain consisting of a single retmler and a single manulacturer. The retailer does not

know the true distribution of demand, and there for uses a simple moving average



foreeast 1o estimale the mean and the variance of dernand. Hanssens [13] shows how
a forecasting technique is linked 1o bullwhip eflect; he guantifies the cffcct and
shows how the use of accurate retail information can improve the accuracy of order
forecasting. Chen el al, [12] study the impact of exponential smoothing and moving
average forccasting algonthms on BWE and conclude that simple cxponential
smoothing leads to larger wvariability amplification than moving average. They
coniirm their analytical results using simulation cxperiments. Chatlield [14] also

used forecasting to study bullwhip,

2.3.1.3 Vendor Managed Invewtory (VMI)

Vendor-managed inventory {VMI) 1s one ol the most widely discusscd partnering
nitiatives for improving mulii-fitm supply chain efficiency and to reduce bullwhip
effect. Also known as continuous replenishinent or supplicr-managed inventory, it
was popularized in the late 1980°s by Wal-Mart and Procter & CGamble. VMI became
one of the key programs in the grocery industry’s “quick response.” Successiul VMI
initiatives have been trumpeted by other companies in the United States, including
Campbell Soup and Jolnson & Johnson and by European firms such as Banlla, the

pasta manutacture [15).

Many rescarchers interested in bullwhip effect have studicd VMI to 1ind oul its efiect
on lhe reduction of bullwhip. Disney and Towill [16] comparcs the bullwhip
properties of 4 vendor manaped inventory (VMT) supply chain with those of a
traditional supply chain, The emphasis of their investigation is the comparative
imipact the two structures have on the “bullwhip effect” pencrated. In their research
particular attention is pald to the manulacturer’s production ordering activities as
demonstrated using a simulation model based on difference cquations. The study
documents and considers cach of the lour important sources of the bullwhip cffeet in
turn, The analysis shows that with ¥ MU implementation two sources of ihe bullwhip
cffeet may be completely eluminaled, Le. rationing and gaming or the Houlihan
ellecl, and the order batching effect or the Burbidge effect. YMI 15 also sigmibicantly

bener at responding to rogue changes in demand due 1o the promotion effect or o
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price induced variations. However, the eflect of VMI on demand signal processing
induced bullwhip or the Forresier effect is less clear cut. This rescarch concludes
that on balance YMI oflers a significant epportunity lo reduce the bullwhip ctfect in

real-world supply chains.

Some other researcher said that MI has been widely touted in recent years. Yet the
succcssful implementation depends heavily on sound business proccsses and
interpersopal relationships. Cffective leamwork is required, wilh strong partcipation
by both manulacturcs and retailers in order to make VMI successful [15]. Moreover,
trust botween supply chain partners is eritical. Both must cxperience {and recognizc)
clear benefits, or the rclationship is doomed. Waller et al [15] says organization
incentives und metrics must be aligned with VMI poals. For example. sales bonuses
arc often tied Lo short-term sales goals that are inconsistent with VML Clearly VMI
relationships will Ml without ncecssary relationships, metrics, and organirational

sbrueiore.

2.3.1.4 Scheduling problems

In many supply chains, the vaniability of orders may considerably increase relative to
the variability of the buyers' demand. This variabilily increasc is largely an ellect of
the ordering policy, This phenomenon. which has become known as the bullwhip
cffeet, makes supply chain planning difficuti. Many researchers have taken interest in

this sector and investigated scheduling problems.

Researchers like Kelle and Milne [17] consider the following three basic elements of
a supply chawn: the purchase orders of the individual retailers, the aggregate orders of
the retailers, and the supplier's ordering/production policy. A complex multi-echclon
distribution system can also be analyzed by combining these elemenis. They
mvesligate how the {5, S} policy parameters, the demand parameters, and the cost
coefficients influcnce the varability of the orders. They also show how demand
correlation can decrease the variability of aggregate orders, and how aulocorrelation

in buyer's orders can smooth the supplier's ordering policy. However, these
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variability reductions are usually not considerable. Small frequent orders can reduce

the effect of high variability and the resulling uncertainty.

Researcher Cachon [18] studies supply chain demand variability in a model with one
supplicr and N retailers that face stochastic demand. Retailers implement scheduled
ordering policics. Orders oceur at fixed inlervals and are equal to some multiple of a
fixed halch size. A method is presented that exactly evaluates costs. |his reseurch
shows that the supplier's demand variance will {gencrally) decline as the retailers’
order inteeval is lengthened or as their batch size is increased. l.ower supplier
demand variance can certainly lead 1o lower invenlory at the suppher and reduce

bullwhip efTect.

2.3.1.5 Inventory Problems

Inventory problem is also invesligated by many rescarchers to redoce bullwhip
effeci. The bullwhip effect is an imporiant supply chain phenomenon where small
variations in end itemn demand create oscillations that amplify throughout the chain.
‘L he varianee of the arders at ihe end user placed on suppliers or on manulacturer
mercases with the orders flow upstrcam in the fogistics chain, This creates harmful
consequences in inventory levels and all kind of inventory costs that may allect
added value of activities along the logistics chain and finally affect Net Present

Value of all activities in the chain [19].

Nowadays, cffeciive and competitive company operation can be achicved through
incorporating the concept of supply chain cperation inle company management.
Inventory conirol, as a cntical part of the supply chain management, becomes the
sccond most (requent application area for simulation lechnique in logistics (after
manufacturing) 120]. The dynamics of supply chain operation 1s characterized by the
bullwhip cffect that reflects an increase in demand variabilily while moving upwards
the supply chain. The tullwhip effect can lead to holding an excessive inventery,
insuificicnt capacities and high transportation costs. It is imporant to investipate the

magnitude of (his effect by quantifying it. This researcher proposes an analytical
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modeh for the analysis and numerical evaluation of the bullwhip efieet in supply

chains.

2.3. 1.6 Others

Rescarcher Samuel and Mahanty [21] have identified problems with shorage
gaming. which is another major cause of the bullwhip effect. Logistics problems
have also becn identified with and mauny rescarchers like Sheu [22] have taken

interest in this scelor,

2.3.2 CONTROL THEORY

Control theory is another popular approach to cxamining and reducing the hullwhip
cffeet. Researchers applied v-transforms to the problem the bullwhip ellect, even
used transfer [unction analysis lo reduce ihe bullwhip effect. Researcher McCullen
and Towill [23] investipate and present an approach through agile manufacturing to
reduce bullwhip. These researchers present four material flow principles which can
be employed to reduce the bullwhip effect. They also present a case study from the
precision mechanical engineering section 1o illustrate the eflect of rapid responsc
manufacturing and supply chain integration, Analysis of six years of time-series data
indicates bullwhip reduction of up to 58 per cenl. These results serve to validale the
four material flow prinsiples of selecting appropriate control systems, time-
compression, infonmation iransparency, and echelon elimination. 'hey also raise
interesting questions concerning the relationship between manufacturing agility and
lean supply. Rescarcher Dejonckheere et al. [24] also used control theory to reduce

bullwhip cffect.

233 COMPUTER INTELLIGENCL

Most of the researchers’ main inlerest is on information and forecasting methods in
case of reducing bullwhip. These techniques are promising if members of an 8C
share information. However, the majorily of companics are still reluctant o do this.

Control theory presents a theoretical approach to reduce the bullwhip eftect but iz
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inappropriate for implementing in complex Supply Chams. Vendor Managed
mventory (VMDD is an excellent method for reducing the bullwhip elfect and has
been emploved by many international companics such as Procler and Gamble, and
Walmart |1, 2]. The principal problem associated with this method is the sharing of
information between retailer and factory. Computational intcllipence (CI) techniques
present an allernative approach to classical management techniques. Cl technigques
provide more compulationally powerful algorithms, which provide the capability 1o
exhaustively scarch complex situations. Classical management techniques may find
the focal optimurm instead of the global optimum. Cl approaches are more robust and
have betler gencralizations, i.e. the lechnique cmployed can be easily modified to

optimire a similar problem.

There arc threc main technigues that may be used in a CI approach. as described
. Fuzzy logic.
. Arnificial Neural Networks.

. Genctie Algorithm.

23.3.1 Fuzyy Logic

Furzy logic (FL) is modeled on the reasoning parl of the human brain. Ity main
advantage is that il ean deal with vague and imprecise data. [Tumans do not need
precise numerical data to make decisions, whereas computers do. and I'L is modeled
on @ similar principle. The cutputs of the systems are nol a preeisc mathenatical

answer bul are still a “pood enough” answer.

Differeni rescarchers used Fuszy Logic to reduce bullwhip cffect. Researcher
Carlson and Fuller [25] is one of them, They consider a scrics of companies in a
supply chain. each of which orders from its immediate upstream collaborators.
Lsually, the retailer’s order does not comeide with the actual retail sales. They show
that if the members of the supply chain share information with intelligent support

technology, and agree on better and better fuzzy estimales (as time advances) on



future sales for the upcoming period, then the bullwhip effect can be significantly

rcduced.

2.3.3.2 Artificial Nenral Networks (ANN}

An Artilicial Neural Network {(ANN) is an information proccssing paradigm inspired
by the way biological nervous systems such as the brain. process information and
lcarns from experience. In other words, ANNs focus on replcating the leaming
process performed by the brain. Humans have the ability to learn new lormation.
store it, and return to U when nceded. Humans also have the ability (o usc this
inlormation when faced with a problem similar 1o that they have learned from in the

past.

2.3.3.3 Genetic Algorithns

Crenetic Algorithms (GAs) are a class of algorithm, which are powcerful optimization
tools that imitate the natural process of evolution and Darwin's principal of “Survival
of the Fittest”. In the process of evolution, weaker individuals tend to die off, and
stronger ones tend to live longer and reproduce. GAS optimize in a sinular manner,
by simulating the Darwinian evolutionary process and naturally occurring genetic
operators on chromosomes. GAs arc used to solve extremely complex scarch and
optimization problems which prove difficult using analylical or simple enumeration
methods. GAs do not carry out examinations sequentially but search in parallel mode
uying a multi individual population, where each individual is being examined at the
same time. GAs provide an efficient and robust method of obtaining global
oplimisation in difficult problems. GAs do not require derivative information found
in analytical optimization. A GA works well with numerically generated data,
cxperimental data, or analytical functions, aud has the ability to jump out of local

minimum, 1.e has the ability to find the global oplimum.

(ienctic algorithm has been used in many branches of supply chain, Rescarchers have

always been inlerested to use new lechniques to solve the problems of supply chain.
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Researcher Kimbrough et al. |3] used genetic algorithin to solve the bullwhip eflect
found in MIT beer game. Genetic algorithms are also being used for planning of
supply chain. Researcher Merkurveva et al. [26] nsed multi objective simulation
based genetic algerithm (MOSGA) for multi cchelon supply chain cyclic planning
and oplimization. The preblem involves a search in high dimensional spacc with
different ranges for decision variable scales, multiple objectives and problem
specified constraints. T.am et al. [27] propose genctic algorithm approach to develop
a collaborative supply chain network, i.e. a supply chain network with genctic
algorithm embedded so as to increase ihe efficiency and effectiveness of a supply
chain network. They show that GA approach is capuble of shortening the processing
time and reducing operating time in the network, O™ Donnell ct al. (28] use genetic
algorithm to reduce ncpative effect of sales promotion in supply chain. They show
how GA can be used to assist supply managers in predicting reorder quantities along
the supply chain as well as can reduce buliwhip cffect. Researcher Disney er al. [29]
describes a procedure for optimizing the performance of an industrially designed
wmventory control system using genetic algorithm. Zhou et al. |30] used genelic
algorithm for halancing the allocation of customers to multiple distribution cenlers in
the supply chain network. This researcher modcl goes beyond traditional
mathematical programuming by incorporating the gepetic algorithm which is effective

in dealing with complex problems.
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CHAPTER 3
THEORETICAL BACKGROUND

31 INTRODUCTION

Supply chain management has generaled much interest in recent years for a number
ol reasons. One ol the most common dynamics in supply chains is a phenomenon
that has been dubhcd “the bullwhip effect.” In this chapter the details about supply
chain and bullwhip. the effect of bullwhip in supply chain has been discussed. The
inventory policy used in the solution approach has also been discusscd in this

chapter. Laler portion of the chapter deals with the details of genetic algorithm.

3.2 SUPPLY CHAIN MANAGEMENT

Supply chain management {(SCM) is the term used to describe the managemenl of the
Mlow of materials, information, and funds acress the entirc supply chain, from
supplicrs to component producers to final assemblers (o distribution (warehouses and
retailers), and ultimately to the consumer. In fact, it often includes aller-salcs service

and retums or reeyeling [31].

A supply chain is an integrated process which includes all activities associated with
the flow and transformation of goods from raw malenal stage through to the end
user. I also involves the integration of transformation of information which flows up

and down the supply chain [32].

The supply chain activities begin with a customer order and end when a satisfied
customer has paid fur the purchase. Supply chain is a set of approaches utilized Lo
efficiently integrate supplicrs. manufaciires, warehouses, and stores so that
merchandise 1 produced and distribured al the right quantities, to the right locations
and at the right time in order to minimize sysiem wide costs while satisfying service

level requirements [33].
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3.2,1 Modern Supply Chains

Supply chains arc networks of {inng who pool their capabilities and resources m
order lo deliver value to ihe end consumer. Firms are no lonper able o own or
control complete supply chains. Tnformation technology and modern logistics
capabilities have created a global market where companies can lake advantage of the
opporlunity 1o source internationally. Companies have thus specialized and
“parinered” globally with alher companics. lhese companies have then fo
increasingly loeus on logistics and supply chain coerdination. Such coordination is
now an essenlial business process. Modern supply chain management starts with the
premise thal supply chain members are primarily concerned with optimizing their
own phjectives and this self-serving focus ofien results in peor performance. Another
way of saying this is that a sequence of local oplinum policies does not bring about a
alobally optimum solution. Munson el al. |34| summarize it as follows “When cach
member of a group trics to maximize his or her own benefit withoul regard to the
impact on other members of the proup. the overall eflectivencess may sulter. Such
incfficicncies often creep in when rational members of supply chains oplimize

individually instead of coordinating their eftorts.”

A well known example of such inefficiency is the bullwhip effect. This cffect refers
{0 the tendency of replemishment orders to increase in vanability as one moves up the
supply chain [rom retailer to manufacturer. A disintegrated material {Jow, combined
with distorted demand information and a lack of replenishment rule alipnment

inevitably resulls in poor supply chain dynamices.

33 BULLWIIIP EFFECT

The “bullwhip cffect” is shori-hand term for a dynamical phenomenon in supply
chains. Tt refers to the tendency of the variability ol order rates to increase as they

pass through the cchelons of a supply chain toward produccts and raw malerial

supphiers [35]. What happens is that small changes in product demand by the
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consumer at the front of the supply chain translate into wider and wider swings in
decmand experienced by companies® furlher back in the supply chain. So. bullwhip in

short iy the amplification ol order variability along ihe supply chain [36]

Now. if a supply chain is consists of {our members (retailer, disinbutor, manufacture
and supplicr), then figure 3.1 shows the pronounced vanability in the retailers order
to the distributor. Orders o the manufacturer and io the manufactures’ supplier spike

even more where consumer sales do not seem (o vary mueh.
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Figure 3.1: Increasing variability of orders up the supply chain [37]
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3.3.1 Causes of Bullwhip Elfcet

Dullwhip eflect is ofien created lor mainly behavioral and operational causes. Now

details about these causes arc described below,

i. Behavioral canses.

il. Operational causes.

3.3.1.1 Behaviaral Canses

The behavioral canscs arc rather siraightforward. Supply chain manapgers may not
always be completely rational, Managers over-react (or under-react) to demand
changes, Olten people are over oplimistic and confuse forecasts with targets,
Decision makers sometime over-react lo customer complainls and anecdotes of
ncgative customer reactions. Moreover, there arc cognitive limitations as supply
chain networks are ofien very complicated, operating in a highly uncertain

environment with limited access to data.

Croson and Donohue [38] and Sterman |39] found that decision makers consistently
nnder-weight the supply chain. This means that they do not have a clear idea of whal
is available in the pipeline. This induces some form of decision bias. This clearly
indicates thal behavioral causes have a great impact on bull whip effect with or

witlout the operational causes [40].

3.3.1.2 Operational Causes

Lee ot al. [, 2] identify five major operational causes of bullwhip. These [actors
intcract with each other in different combinations in different supply chains but the
nct effect is that they generate the wild domand swings thal make it so hard {o run an
efficicut supply chain. Ihese factors must be understood and addressed in order to

coordinate the actions of any supply chan. They are,
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. Demand signal processing
Demand signal processing as the practicc of decision makers adjusting the
parameters of the inventlory replemishment rule. Target stock levels, safety stocks,
and demand forecasts arc updated in face of new information or devialions from
targets [37]. It is important to reulive (hat most players in supply chains do not
respond directly o the market but respond to replenishment demand from
downsirean echelons. This is why local oplimization often resulls in global

disharmony.

. Lead time
A second major cause of the bullwhip problem is the lead-time. The lead-time 15 a
kev parameter Jor calcudating safety stock, reorder points, and order-up-to levels. The

increase in variability is magnificd with increasing lead-time [1, 2],

. Order batching
Order hatching oceurs because companies place orders periodically for amounts of
product thal will minimize their order processing and transporiation costs [37].
Because of order batehing, these onders vary from the level of actual demand and this

variance is magnified as it moves up the supply chain.

. Price fluctuaiions
The third major cause of bullwhip as highlighted by Lee et al [1, 2] has to do with
price [luctuations, Relailers often offer price discounts, quantity discounts, coupomns
or in-store promotions. This results in forward buying where retailers (as well as
consumers) buy in advance and in quantities ihat do not reflect their immediate

needs.

. Product ratiening wid shortage garing
A further cause of bullwhip is connected with rationing and shortage gaming.
Inflated orders placed by supply chain members during shertage periuds tend to

magnify the bullwhip elTect, Such orders ere common when retailers and distributors
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suspect that a product will be in short supply. Exaggerated customers orders make It

hard for manulacturers to forecast the real demand level.

fmes i Order batehing

Price

fluctuations garming and

rationing

Figure 3.2: The causes of Bullwhip Eflect [33]

1.3.2 Problems caused by bullwhip

Dullwhip effeet is not harmful by itself. but beeause of ils consequences. As
unnecessary demand variability complicates the supply chain planning and exocution
processes, following undesirable effects increase in their scverity as they ncgatively

impact opcrating per(ermance [41].
* fxcessive inventory vestmend: Since the bullwhip effect makes the demand

more unpredictable, all companies nced to safeguard themselves against Lhe

variations to avoid stock out.
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. Poor customer service levels: Despite the cxcessive inventory levels
mentivned in the first consequences, demand unpredictabilily may cause stock out

which cause poor cusiomer service.

. Lost reveave: 10 addition o poor customer service stock out may cause Jost

Tey L.

» Schedule variability increases: Since demand variability increase, schedule

variahility also increases.

. Capacity is  overlvaded andfor under-looded: Bullwhip also  causes

everloading or under loading of capaciiy [42].

. Cyele times lengthen® xcess demand somelime increases the cycle iime.

. (verall costs increase: To meel up the demand vanability along with 1he

above mentioned consequences the overall cost increases.

3.3.3 The link between bullwhip clfect #and supply chain costs

Bullwhip creates unstable production schedules. ‘These unstable production schedules
are the causce of a range of unneccssary cosls in supply chains |35]. Companies have
to invest i extra capacity to meet the highly vanable demand. This capacily 15 then
under-utilized when demand drops. Unit labor cosls rise in periods of low demand,
overtime, ageicy, and sub-contract costs rise in periods of hiph demand. The highly
variable demand incrcascs the requirements for safety stock in the supply chain.
Additionally, companies may decide to produee to stock in periods of low demand to
increase produetivity. 1F (his is not managed properly this will lead W0 excessive
vhaolescence. Highly vanable demand alse increases lead-times. These inllated lead-
times lead to increased stocks and bullwhip cffcets. Thus the bullwhip effect can be
quile exasperating for companies; they invest in extra capacity, extra inventory, work

over-time one week and stand idle the next, while at the retail store the shelves ol
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popular products are empty. and the shelves with products thal arc not selling are

full. A cause and effect disgram in figure 3.3 highlights the interaction between o

demand variance and cost gencration.
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Figure 3.3: How bullwhip cffect causes cost in a supply chain [3]

3.4 INVENTORY POLICY

I'he conirol and maintenance of inventory is a problem common to all erganizations

in any scetor of the economy. Bullwhip effect results in increased safety slock, that's

why inventory policy has a great influence on bullwhip effect [43]. In order to reduce

bullwhip effect inventory policy must be such that which reduces extra amount of

inventory. There are many dilferent types of inventory policy. In this research Fixed

Order Interval Poliey is used and the details about is wrilfen below.

3.4.1 Fixed Order Interval Inventory Policy

Tn {ixed order interval system, there is fixed order period and a varying order size. At

predetermined intervals. the inventory is reviewed and an order is placed [44]. The

characteristics ol this model are,

L Orders are placed at fixed time intervals.,
. Supplicrs might encourage fixed intervals
. May require only periodic checks of inventory levels
. Easy, incxpensive o operate
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3.5 GENETIC ALGORITIIM

Charles Darwin stated the theory of natural evolution in the ongin of species. Over
several generations, biological organisms evolve based on the principle of natural
selection “survival ol the {ittest™ to reach cerlain remarkable tasks. The perfect
shapes of the albatross wring the elficieney and the simularity between sharks and
dolphins and so on. are besi examples of achievement of random evolution over
intelligence. Thus. it works so well in nature, as a result it should be interesting Lo
simulate natural evolulion and to develop a method, which solves cuncrete. and
search optimization problems. In nature, an individual in population competes with
each other for virtual resources like food, shelter and so on. Also in the same specics,
individuals compete to attract males for reproduction, Due to this selection, poorly
performing individuals have less chance to survive, and the most adapted or i
individuals produce a relatively large number of offspring’s. It can also be noted that
during reproduction, a recombination of the good characteristics of each unceslor can
produce “best fit” ol (spring whose fitness is greater than that of a parent. After a fow
generations, species evolve spontancously to become more and more adapted Lo their
environment [43]. In 1975, Holland developed this idea in his book “Adaptation in
natural and artificial systems™. He described how o apply the principles of natural
evolution to optimization problems and built ihe first Genetic Algonthms. Holland’s
thcory has been further developed and now Genetic Algorithms {(GAs) stand up as a
powerful ool for solving search and optimization problems. Genetic ajgonithms are

hased on the principle of gencties and evalution.
3.5.1 Biological Background

The science that deals with the mechanisms responsible for similarities and
differcnces in a species is called Genetics, the science which helps us to differentiate
between heredity and variations. The concepts of Genetic Algorithms arc directly
derived from matural evolution or genctics. The main terminologies involved in the

biclogical background of species arc as follows:
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3.5.1.1 The Cell

Every animalthuman cell is a complex of many “small” factories that work together.
The center of all this is the cell nucleus. The penetic information is contained in the

cell nucleus.

13,12 Chramosomes

All the penctic information gets stored in the chromosomes. The chromosomes are
divided into several parts called penes. Genes code the properties of species Le., the
characteristics ol an individual. The possihilines of the genes for one propery are
called allele and a pene can take diMerent alleles. For example, there is a gene for eye
cotor, and all the different possible alleles are black, brown, blue and green (since no
one has red or violet eves). The set of all possible allcles present in a particular
population forms a gene pool. This gene pool can determine all the different possible
variations for the future generations. The size of the gene pool helps in detennining
the diversity of the individuals in the population. The set of all the genes of a specilic
species is called genome. Cach and every gene has a unique position on the genome
called locus., In fact, most living organisms store their genome on scveral
chromosomes, but in the Genetic Algerithms (GAs), all the genes are usually stored
on the same chromosomes [46]. Thus chromoesomcs and genomes are synonyms with

one other in (GAs.

3.5.1.3 Genetics

For a paricular individual, the entire combination of genes is called genotype. Lhe
phenotype describes the physical aspect of decoding a genotype to produce the
phenotype. One inlercsting point of evolution is that sclection {s always donc on the
phenotype whereas the reproduction recombines genotype. Thus morphopenesis

plays a key role between selection and reproduction.
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3.5, 1.4 Reproduction

Reproduction of species via genelic information is carmed out by. Mitosis and
Meiosis. In Mitosis the same genetic information is copied to new ollspring. There is
no exchange of information. This is a normal way of growing ol multi cell siructures,
like organs. When meiotic division takes place genetie information is shared belween

lhe parents in order to creale new offspring.

3.5.1.5 Selection

The origin of species is based on “Preservation of favorable variations and rejection
of unfavorable variations™, The variation refers to the dilferences shown by the
individual of a species and also by oftspring’s of the same parents. 1here are more
individuals born than can survive, so there is a continuous struggle for lifc,
Individuals with an advantage have a greater chance for survive i.e.. the survival of

the [ittesl. As a result, natural selection plays a major role in this survival process.

Thus the various biological terminologies 1o be used in genetic algorithms were

dizcussed in this section.

3.5.2 Termincologies and Opcerators of GA

32T Key Elements

The two distinet elements in the GA are individuals and populations. An individual is
a single solution while the population is the set of individuals currently involved in

ihe search process.

¢ frdividued

An individual is a single solution.
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it Populadion
A population is a colleetion of individuals. A population comsists of a numbcer of

individual being tested, the phenotype parameters defining the individuals

3.3.2.2 Genes

Genes are the basic “instructions™ {or boilding a Generic Algorithms. A chromosome
is & sequence of genes. Genes may describe a possible solution to a problem, without

actually being ihe solution. A gene is a bit string of arbitrary lengths,

3.3.2.3 Fitness

The fitness of an individval in a genetic algonthm is the value ol an objective
function for its phenotype. For calculating fitness, the chromosome has to be first
decoded and the objective fanction has to be evaluated. The fitness not only indicates
how good the solulion is, but also corresponds to how close the chromosome is to the

optimal one.

3.5.2.4 Encoding

[ncoding is a process of tepresenting individual gencs. Lhe process can be
perforined using bils, numbers. trees. arrays. lists or any other objects. The encoding
depends mainly on solving the problem. For example, one can encode directly real or
integer numbers.

i. Binary Encodmg

The most common way of encoding is a binary stning, which would be represcnted as

Chromwosome 1 [1 1 1 1 v ¢ 0 1 1 0 1 0O
Chromosome 2 |0 ¢+ 11 0 0 0 0 1 1 O O
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Fach cliromosome cncodes a binary (bil) string. Each bit in the string can represcnt
some characteristics of the solution. Every bit string therelore is a solution but not
necessarily the best solution. Binary encoding gives many possible chromosomes
with a smaller number ol alleles. On the other hand this encoding is net natural for
many problems and sometimes corrections must be made after genctic operation s
compleled |47). Binary coded strings with 1s and 0s are mostly used. The length of

the siring depends on the accuracy.

ii Octal Encoding

This encoding uses string made up of oclal numbers (0-7).

Chromosome 1 03407216
Chromosome 2 158723314

fii., Hexadecimeal Encoding

This encoding uscs string made up of hexadecimal numbers (-9, A-F).

Chromosome 1 SQCE?
Chromaosome 2 iDBA

ne. Permutation Encoding (Real Number Coding)
Every chromosome s a string of numbers, which represents the number in sequence.
In permutation encoding, every chromosome s a siring of inleger/real valucs, which

represents number in a sequence.

‘Chmmnmme,i\ | 53 2 6 7 9 8 3
\Chmnwﬂnmeﬁ 8 56 37 5 01 &

Permutation enceding is enly useful for ordering problems like traveling sales man

cte.
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v, Falue Encoding

Every chromosome is a string of values and the values can be anything connected to
the problem. This encoding produccs best results lor some special problems. Direct
vilue cneoding can be used in problems, where some complicated values, such as

real numbers. are used.

Use ol hinary cncoding for this type of problems would be very diflicult [47]. In
value encoding. every chromosome is a string of some values. Valucs can be
anything connected Lo problem. form numbers, mal numbers or chars to some

complicated objects.

Chromosome A ] 1.0 5 3 pl G 7
Chromosome B | A I D F l I
Chromosome C | back right  Back left left Tight

vi. Tree Encoding
Lhis encoding is mainly used for evolving program expressions for genetic

propramming.

livery chromosome is a tree of some objcets such ay functions and commands of

programming language.

3.5.2.5 Breeding

The breeding process is the heart of the genetie algorithm. It is in this process. the

scarcl process ereates new and hopefully firter individuals |47].

The breeding cyele consists of four steps,

g. Selecting parents.

b. Crossing the parents to creale new individuals (offspring or children).
¢. Mutation of the offsprings.

d. Replacing old individuals in the population with the new ones.
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35251 Selection

Sclection is the process of choosing two parents from the population for crossing.

Afler deciding on an encoding, the next step is 1o decide how o perform selection.
The purpose of selection is to emphasize litter individuals in the population in hopes
that their off sprinps have higher (itness. Chromosomes are selected [romn the initial

population to be parents lor reproduciion.

Selection is a mcthod that randomly picks chromosomes out of the population
according 1o (heir evaluation function. The higher the fitness function. the morc
chance an individual haz to be selecied. The various selection methods are discussed

as follows:

I Rowlette Whee! Selection

Roulette selection is one of the traditional GA selection techniques. The commonly
uscd reproduction operator is the proportionate reproductive operator where a string
is selected from the mating pool with a probability proportional 1o the fitness. The
principle of roulerte selection is a lincar search through a roulette wheel with the
slots in the whee!l weighted in proportion to the individual’s fitness values. A tarpet
value is set, which is a random proportion of the sum of the fit nesses in the
population [47]. The population is stepped through until the Larget value is reached

L his is a moderately strong selection technique.
ii. Random Selection
This technique randomly selcets a parent [rom the population. In terms of disruption

of genelic codes, random selection is a litlle morc disruptive, on average, than

roulette whee! selection,
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1if. Rank Selection

Rank Sclection ranks the population and every chromosome receives {ilness from the
rnking. The worst has fitness 1 and the best has ftness N. It results in slow
convergence but prevents too quick convergence. Tt also keeps up selection pressure

when the filhess variance is low,

iv. Tonrnament Selection

The tournament seleclion strategy prevides sclective pressure by holding a
loumament competition among Nu individuals. The best individual (rom the
lournament js the one with the highest filness, which is the winner of Nu
Tournumenl competitions and the winner are then inserted into the mating pool. The
tournament competition is repeated umiil the mating pool for generating new
offspring is filled. The mating pool comprising of the tournament winner has higher
average population fitness, The fitness difference provides the scleetion pressure,

which drives GA to improve the [iiness of the succeeding genes.

3.5.2.5.2 Crosyover (Recombination)

(Crossover is the process of taking two parent solutions and producing from them a
child. After the selection (reproduction) process, the populaiion is enriched with
better individuals. Crossover operator is applied to the mating pool with the hope that

it creates a herer offspring.

Crossover 15 a recombination operator that proceeds in three steps,

i. ' he reproduction operator selects at random a pair of two individual strings for the
mating.

ii. A cross sitc is selected al random along the string length,

iii. Linally, the position values are swapped between the two strings following the

CroOss sHe.

T
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i Swngle Point Crossover

The traditional genetic algorithm uses single point crossover, where the two mating

chromosomes are cut once at cormesponding points and the sections after the cuts are

exchanged.
Chromosome ! {1 1 1 1. 1 0 0J1 1 0 1 0
Chmosome2 (0 1 P 1 0 O OfD 1 1 0 0
Offspring 1 111110001100
Offspring 2 ¢ 11100011010

ir. Two Pomt Crossover

In two-pnt crossover, two crossover peoints are chosen and the contenis betwecn

these points are exchanged between two mated parents.

Chromosome1 |2 3 4 % 6117 8 9 0 1}5 7

Chromosome 2 ACBRBRE FIB R T 8§ EJR

A
=
=
-
o
el
Lh
|

Offspring 1 2 3 4

Offspring 2 ACBETF 78 9 01 R G

ifi. Uniform Croysover

Uniform crossover is quite different from the N-point crossover. Each gene in the
oftspring is created by copying the commesponding gene from one or the other parent
chosen according to a random generated binary crossover mask of the same length as
the chromosomes. Where there is a 1 in the ¢rossover mask, the gene 15 copied from

the first parent, and whete there is a 0 in the mask the gene 1s copied from the second
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parent. The number of eflective crossing point is not fixed, but will average L2
(where L is the chromosome length).

Chromosome 1 1 01 1 0 0 1 1
Chromoseme2 |00 0 0 1 1 O 1 0O
Mask i10 1 0 1 1 0O
Offspring 1 1 ¢ 0 1 1 0 1 0
Offspring 2 ¢ 01 1 0 0 1 1

v, Three Parert Crossover

In this crogsover technique, three parents are randomly chosen. Each bit of the [irst
parent is compared with Lhe bit ol the second parent. Tf both are the same, the bit is

taken for the offspring otherwise; the it from the third parent is taken for the

offspring,
Chromosomc 1 i 10 1 0 0 0 1
Chromosome 2 ¢ 11 ¢ t 0 0O 1
Chromosome 3 ¢ 11 ¢ 1t 1 0 0
Offspring 1 o 11 0 1 0 O 1
3.3.2. 5.3 Mutation

After crossover, the strings are subjected W mulation. Mutation prevenis the
algorithm to be trapped in a local mummum. Mutaiion plays the role of rccovenng
the lost genetic materiels as well as for randomly disturbing genetic information If
crossover 15 supposed to exploil the current selution to find better ones, mutahon 15
supposed o help for the exploration of the whole search space. Tt introduces new
genetic structures in the population by randomly modifying some of its building

blocks. Mutation helps cscape from local minima’s trap and maintains diversity in



the population. There are many different forms of mutation for the different kinds of
representation. The important paramcter in the mutation technique is the mutation
probability (Pm). The motation probability decides how afien pars of chromosome
will be mutated. [f there {s no mutation. offspring are generated immedialely aficr

crossover (or directly copied) withoul any change

3.5 2.5.4 Replacement

Replacement is the last siage of any breeding eycle. Basically, there are two kinds of
methods for maintaining the population: generational updates and sicady state
updates. The basic gencrational update scheme eonsists in producing & children from
a population of size & to form the population at the next time step {gencration), and
this new population of children completely replaces the parent selection. In a steady
slate update, new individuals are inserted in the population as soon as thoy are
created, as opposed to the generational update where an entire new generation is

produced at each time stop.

3.5.2.6 Search Terminoiion

In short, the various stopping condition are listed as [ollows:

» Maximum generations: The genetic algorithim slops when the specilied number of

vencralivns has evolved.

= Elapsed time: The genetic process will chd when a specified time has elapscd.

+ No change in fitness: The genetic process will end it there is ne change to the

population’s best fitncss for & specified number of generations.



3.5.3 Qutline of Genetic Algorithm

An algotithm is a serics of steps [or solving a problem. A genetic algorithm is a
problem solving method that uses genetics as its model of problem solving. T"s a
scarch technique 1o find approaimate solutions to optimization and scarch problems.

The basic of genctic algorithm is as tollows:

starl
No ) — Yes
Stopping Crterta mel » Stop GA
L4 3
Create initial
|ati .
popuranon Replace the currcnt with

the new generation
F)

L J

Evaluate Filness
for each population

Create new
papulation

F
Select parent
from the
population

&

Perform Mutation

&
L)

Parents are ready

Perlform Cross over
tor crossover

¥

Figure 3.4: Outline of Genclic Algorithm

3.5.4 Advantages and Limitations of Genetie Algorithm

The advantazes of genetic algorithin include,
»  Sotulion space is wider.
s The fitness landscape is complex.
» Easy to discover plobal optimum.

« The problem has mulii objective funclion.
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= Easily modified for dilTerenl problems.

+ Handies noisy functions well.

= Handles large search spaces easily.

e Very robust W difficulties in the evaluation of the objective function.

¢ ‘They arc resistant lo becoming trapped in local optima,

They perform very well for large-scale oplimization problems.

Can he employed tor a wide variety of oplimization problems.

The fimitations of genetic algordiun includs,

+ The prohlem of identifying fitncss function.

*  Prematire convergenee occurs.

e The problem of choosing the various parameters like the size of the
population, mutation rate. cross over rate, the selection methed and its

strength.
s Cannot easily incorporate problem specific information.
»  Not good at identifving local optima.

v N0 effective terminator.



CHAPTER 4
METHODOLOGY TO REDUCE
BULLWHIP EFFECT

4.1 INTRODUCTION

Theoretically the Bulbwhip cficet does not occur if all orders exactly meet the
demand of each period, otherwise results i greater safety stock which can lead to
gilther incfficient production or excessive inventory as the producer needs Lo fulfill
the demand of its predccessor in the supply chain. This also leads to a low utitization
of the distribution channel. Despite of having safety stocks there is still the hazard of
stock-ouls which result in poor customer service. Furthermore. the bullwhip
effect leads to a row of [inancial costs. Tt will increase the inventory cost, backorder
cost. disiribution cost ete. In order to reduce the bullwhip cffect in supply chain a

systematic approach is applied in this research.

4.2 SOLUTION APPRAOCH

To reduce the bullwhip effact of supply chain a step by step proccdure is adopted.
where at first the objcctive functions are set, then different criteria lo meet thaose
ohicetive functions are set like inventory polices, diffcrent types of costs needed cle,
and finally an algorithm is applied to gel (he best resulls. So, the Bullwhip cffect

reduclion process is as follows,

i, Collecting demand data.
1i. Sctting, a objective functions
iii. Selling inventory polices and cosls for different purposcs.

iv. Apply Genetic Algorithm,
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4.3 COLLECTING CUSTOMER DEMAND

The first step to reduce bull whip efTeet and Lo find the optimal ordering quantities
for the supply chain is to collect the forecasted customer demand for a particular time

poriod,

4.4 SETTING OBRJECTIVE FUNTIONS

In order to reduce the bullwhip efMecy, the sccond step is to sat the objective function.
The main objcetive here is to reduce costs ol supply chain for each member which
will ultimately reduce the total supply chain cost. I'he logic works here it the total
supply chain costs are lowered. then automatically bull whip will be reduced as to
maintain a lower cost cach member will order less and thus demand amplification
will be reduced. In a supply chain dillerent types of costs are associated. A member
of supply chain usually has to pay maximum [Gve diflcrent rypes of cost which are

described details im below.

4.4.1 Inventory cost

Inventory cost [3] is for holding inventory which depends on inventory level.
The [rmula for inventory cost is.
INVC (0= TNV, (1) X H, (t). IfINV; (1) =0
Here,
TNV i) = Inventory holding cost for member i at time L
INV (1) = Inventory level fir member i at time L

H,= Inventory unit holding cost price for member i at time t.

4.4.2 Backorder cost

Back order cost [3] is a type which rises if any member’s inventory is not enough to

meet the demand from downstream members of the supply chain.
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The {ormula for back order cost is,
BKC; (£) = UFD; (t) X 13, (1),
Here,
BKC; {t)=back order cost for member i al umd t.
LIFD, (f) = back orders for meniber i at time 1.

B; (t) = backorder unit cost price for member 1 at time t.

4.4.3 Ordering cost

Third type of cost is ordering cost [48] for placing orders.
The formula for ordering cost is,
OC; (= R(t), 1TO > 0,
0, itO;{H)=0
Herc.
OC, (t) = vrdering cost for member 1 at time t.
R; (©) = ordering cost at time L,

Oy, (t) = order from member § for member j at time 1.

4.4.4 Distribution cost

Forih cost is digtribution cost. which consists of shipping cost, item cost, and cargo
cost [494, arrives when g member of supply chain delivers items Lo the buyer and the
buyer pays for il

The formula for distribution cosl 18,

D‘Ci (I-)= {B_,j (t} + bl [t}} ho4 Xi_i{f-) + X 'm'

x VG (1
Here, |
a, (1) = unit shipping cost from member 1 10 member j at time t,
b, {13} = unit price of the item for member i during fime t,
xj (1) = number of units distributed from member i to member | at time t,

VC, (1) = cost of per cargo shipping from member i to member j i time t,

(), = cargo capacity of the member L.
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4.4.5 Production cost

Vinally production costs [50] which is applicd to only factory when is orders Irom
production linc.
The formula for production cost is,
PC, (1) =D, (1) X CU,(1)
Here,
PC; (t) = production cost for tactory,
D, (t) = demand that member j recelves from member i in Ume t.

CU, (1} = productior. unit cost price for member i at time 1.

4.4.6 Objectives

Now. if a supply chain is consists of 4 relailer, a distributer, a warehouse and faclory,
then to minimize the total supply chain cost, costs for each member should be

redueed. The below diagram shows a three stage supply chain maodel.

Retailer i—"*i" hstnbuotor —pL_i-._Wa:ehuu%el —*: Factory

Figure 4.1: Flow diagram of a supply chain

So. the objectives arc represented below:

i Minimize the supply chain cost fir retailer ar time ¢ (Cyt)). A rctailer’s supply

chain cost consists of Inventory cost, Backorder cost and Crdering cost.
Minimize.

Ci{t)= INVC; (1) + BKG; (1) + OC, (1)
= INV, (1) X H; (0 + UFD, (0 X B; (1) + QG ()
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i, Minimize the supply chain cost for distributor at time ¢ (Cz{t}}- A distribulor’s
supply chain cost consists ol Tnventory cost, Backorder cost, Ordering cost and

Distribution cost,

Minimize.
Ca{ty= INVG{0) + BKC () + OC, () £ DC; (1)

= INV, (0 X H; (0+ UFD, (1) X B, () + OC; (1) +

X (1)

{a, (0 + b (1)} X x,(0) + x VO, (1)

i, Minimize the supply chain cost for warchouse af time { (Caff}): A warehouse’s
supply chain cost consists of Inveniory cost, Backorder cost, Ordening cost and

Distribution cost

Minimize.

C3(H) = INVC, () + BKC; (1) + OC, (1) + DC, (1)

= INV; () X H, (0+ UFD, () X B, () + OC, () +

{ﬂlj “} + bl (t)} X xu(l) +

X, {t)
x VO ()

"

iv. Minimize the supply chair cost for factory at time £ (Cyft)): A factory’s supply
chain cost consists of Inveniory cost, Backorder cost, Ordering cost, Distribulion cost

and Produciion cost.

Minimize,
Cyy=TNVCi() + BKC (0 +OC, (1) + DC, (1 + PC (1)

= [N, () X B; (0+ UFD; () X B, () + OC, () +

X, (1}
[ M+ O} Xxg0+ @  xVC(+Dy (X CU ()



v. Minimize the Total Supply Chain Cost (TSCC). TSCC 1s the sum of all costs
involved In the supply chain. If we assumc the number of weeks is M then the final

objeetive is to minimise ihe lollowing.

Minimizc,
Af
TSCC =T (Ci{) + Ca (D) + C3t) + Cy(t))
=

4.5 SETTING INVENTORY POLICIES AND COSTS

I'he third objective 1s to set the inventory polices and cosls associated with different
expenditurcs. To set the inventory policies, first need to fix which inventory medel o
use. Alter that the lead time, ordering policy and beginning inventory should be sct
according to the characteristics of each member of cach member of the supply chain

netwotk.

After setting the inventory policies, all the costs should be sel. These costs includes
unit holding cost, backorder cost, per unil distnbution cost. per unit production cost

and many more.
4.6 APPLY GENETIC ALGORITHM

When all the inputs of the process is ready, the final and last step s the application of
genctic algorithm. To apply genctic algorithms all the parameters and operators are
set which suil the system most and can find the oplimum ordering policy for the
lowest value of the abjective function which is minimization of the tola] supply chain

cosl,

44



4.6.1. Algorithm

_ . -
S |

o - rGﬁnrinputs
| 1. Encoding tvpe

| S i 2. Chromosome
Problem Inputs 3. Selection Method
3, Reproduction
. Demand data - 5. Termination
2, Inventory policy (Bl:gln!ung condition |
: inventory, lead time, ordenng 1 1 L ;
cycle) 1
1. Comis (holding cost, hackorder - .
| cost, distribution cost, ordering [ Apply Genetic algorithms :--—-*L_Rtﬁuh
cost, production €ost) i—- - . — .
| 4. Cerpo capacity , I
| 5. Number of units distributed e ]
' from one member to another. _.r Sctiing Objective
: i L functions i
[ . - — —

Fipure 4.2: Genctic Algorithm Approach
4.6.2 Algorithm structure

Step 1: Create N number of chromozomes (extrn demands for each member which
are retailer, distributor, warchouse, frctlory) to create an initial population pool for
every week. A yypical chramosome is shown in figure 4.3, The initial popuiation

number is tnken as computer input for the program,

3 4 23 6

Figure 4.3: A typical chromosomes '

Step 2: Evaluate the objective functian.

Step 3: Calculnte the probability p, and cumulative prubability g; for f chromosomes.

{i is the population number]

45



Step 4 Select the chromosomes with some selection mechanism. Roulelte whecl

mechanism is used.

Step S: Sclect the chromosomes as Parents which will undergo breeding lo ercate

next peneration,

Step 6: Take crossover rale pgand mulation mle py as computer program inpul.
Crossover rate indicates how many chromosomes will undergo the crossover
operation. Mulation rate indicates how many of the bits will undergo in change

through mutation. Crossover and Mulalion operations are selecled randomly.

Step 7: Sclect randomily the chromosomes for crossover. Apply single point
crossover, No. of X-over points Ngp =L-1, where 1.= no. of members if L=3, then

there are 2 points where crossover can take place,

Step 8; Select randomly the bits in chromosomes which will undergo the mutation
process. The sclected bits will be swapped with the adjacent bt {either carlicr or

later).

Step 9: A gencration is complete and a new sct of population (olispring) has been

created.

Step 10: Evaluate the fitness funetion value for the new population and save the

value,

Step 11: Go o step 3 until Stopping conditions are met. If there is no improvement in
sohution for last GG gencrations, then show (he resuit. G is an input wken from the

program. Typical valuc of G = 50.
4.6.3 Encoding technique

To reduce the bullwhip efTect value encoding technique is used. Here the number in
each bax of the chromosome tepresents is extra demand for cach member of the

supply cham,
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4.6.4 Initial population

Either heuristics procedures or random criterions ¢an be used to generale feasible
strings that form the jnitial population. The performance of GA scheme is not as
good as from the pre selected starting population as it is from a random start [31]. In
{his research, a random peneration is allowed Lo creaie the initial population pool by

changing the positions of the bits in a chromosome string.
4.6.5 Selection method

There arc several common techniques for selecting the chromosomes from the initial
population pool. Mest commeon techniques are lournament selection, rouletic wheel
seleclion. rank sclection ete. In this algorithm, roulelle wheel selection is used. This
strategy is rather clitist and makes il hard for low chromosomes to survive when

there are big [itness differences among the chromosomes.
4.6.6 Crossover opcration

In crossover operation the chromosomes are cut in one or more points and the cut
parts are interchanped. In case of bit representation it 1% easy. In case ol value
encoding il the point is selecied randomly then (here is a chance of creating a
repetition of operations in the new generated chromosomes. Partially malched

crossover techniques solve the problem but the process s complicated.

Crossover rale p. is used to control the number of chromosomes. Crossover rate pe 18
the perceniage of total chromosomes that should undergo crossover. A random
number is generated between 1 and L-1 to locate the crossover points for each pairs
of selected chromosomes. If even numbers are selected then it’s easy 1o create pairs
of selected chromosomes. In case of odd number of chromosemes deduct ome

chromosome from the selection.
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4.6.7 Mutation operation

In the proposed algorithm, & variant of scramble mulation operator is used 16]. In this
method. a bit is selected randomly and then swapped with the adjacent bil either
predecessor oF successor. A mulalion rale pr is used lo control the percentage of bhits

on which mutation is applied.
4.6.8 Objeetive function

I GA the best fit solution survive over generations. Fitness ol a solution hence
should reflect the quality of the schedules gencrated in different gencrations applying
the (GA operators to regarding the objeclives. The roulette wheel sclection ensurcs
the better fit solulions to survive. Tn ihe analysis, muliiple objectives are considered
which arc aggregated to a single objective function vaiue. The chromosomes are

selected on the basis of the value of the ohjective function.
4,6.9 Stopping conditions
in this algorithm there are two stopping criterion,

1. MNo of generation

il No of gencrations withowl better result,

The progran is terminated if any of the above two criteria cccurs.
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CHAPTER 5
A CASE ANALYSIS TO JUSTIFY
THE METHODOLOGY

5.1 INTRODUCTION

Supply chain management is relatively a new coneept in most of the business
indusirics of Bangladesh, but the good part is, management ol dilferent companies
are now being interested to achieve an effective supply chain. Since supply chain is
relatively new bLere in onr country, people arc unaware of the problems like bullwhip
effect as well. Tn order to study the bullwhip effect in the context of Bangladeshi
industries, this research is performed on the basis of collected data from Nestle
Bangladesh Tid and a superstore named Nandon This rescarch includes onc

particular product of Nestle Bangladesh I.td which is Magi neodle.

5.2 SUPPLY CHAIN NETWORK FOR TIIE ASSIGNED PRODUCT

Maggi noodie is onc of the very recent mandatory foods for our urban society. As
people are being busier, the demand for these sort of foods is increasing day by day.
Az a result the production, distribution and retailing of these products are being very

vast und complicaled.

NesLle has its own sirategy to produce and complete the supply chain of this product,
Tt has its own central distribution center (named warchouse in this rescarch) from
where the distribulors coming from the whole country lukes the products. The
distributors then ¢o o the retailer shops Lo supply the products and from there (he
product reaches to the end customer. There are a number of retailers and & number of
distributors, In order o make the study more applicable, (ke chain superstore named
“Nandon™ is considered as reiailer and the study was conducted on the basis of that

shop.
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Nandon is a well known super store of Dangladesh. 1t has several branches in the city
Dhaka. Tn this research ihree main branches of Nandon situated in Dhanmondi,
Danani and Uttara arc considered. So, the supply chain network studied in this
rescarch consisis of 6 members: ene factory, one ware house, one disiributor and
three retailers. It is a multislage supply chain where the products go from factory 10
warehouse, from warchouse to distributor and {rom distribulor to three Telailers

which arc basically three superstores

1 Retauler 1

_ . S — | -
FACTORY — st —* DISTRIDUTOR | | Rotailer2

r

H_clailv.i:r 3

—F.

Figure 5.1: Supply Chain Network of the assipned product

5.3 DATA FROM EXISTING SYSTEM

In order to compare the approach proposed in the research with the existing situation.
detand data of the customers have heen collected in the form ol a ranch of data {or

particularly year 20008,

5.3.1 Collecting Demand Data

To reduce the builwhip effect and to find an optimal ordering policy the demand data
of customers arc required. The eustomer demand for a particular time period which is

52 weeks of year 2008 is collected. Tuable 3.1 shows (he customer demand for the

three above mentioned retailers which are randomly generated [32].
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Tahle 5.1 Customer demand for Retatler 1, Retmler 2 and Retailer 3

Custamer | Customer | Customer Customer | Customer | Cuslomer

Weck Demand | Demand | Demand Week Demand | Demand | Demand
for for lor for for for

Retailer 1 | Relailer 2 § Retailer 3 KRetailer 1 | Retailer 2 | Retailer 3
! 10 i7 17 27 15 17 18
2 L 14 16 | % 12 15 19
3 13 15 5 | ¥ 14 13
! 14 16 16 30 10 17 12
3 I 17 17 3 12 18 15
6 15 18 21 32 13 19 13
’ 12 19 13 3 14 15 15
5 10 14 7M1 14 16
? 13 16 5 | P w 16 14
s 17 D 15 17
L 15 2 ¥ 16 13
12 15 14 13 8 14 15 15
B3 10 16 s | 9 s 15 16
M 1 17 13 i 12 16 16
B 14 17| 4 1 17 13
6] 14 15 2 | 2] g 15 I5
71 1 19 | @ 14 16 13
1 12 18 15 “ 11 ¥i 14
o1 15 L 14 13
201 10 16 6 | | s 15 12
d o 17 LI I I V) 16 16
22 10 16 17 5 13 17 14
3 1 18 11 9 14 16 15
2 12 20 10 50 10 16 14
| % 13 14 14 31 12 17 12
26 k4 16 13 32 13 5 U
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3.3.2 Inventery Policies

To {ind the ordering quantities for the existing dala, information about the inventory

policies are essential. Here all the members of the supply chain have their own

inventory pulicy except the cusiomers.

Table 5.2: Inventory policies for each member of the supply chain

Elements Retailer | ﬂetﬂi]eri Retailer { Distributor | Warchouse | Factory
I : i
| 2 3
{ Beginning
i 20 20 20 75 ) 100
Inventory(uniis) ;
Tead time(weck) 1 1 1 T 1 i
Ordering cycle | o
; 1 i 1 1 ]
| {week} %
i Replenishment
10 10 10 B0} 100 100

i print (cases)

1. To find out the ordering policy for the members of the supply chan. a fixed

amount of beginning inventory for each member of the supply chain is

assumed.

12

B

Lead time is also collected from real data

Ordering cycle time is sct according to the real scenario.

Replenishment point is different for different members. Each of the retailer

keeps stock equal to one weeks” minimum demand. Distributer keeps 2 week

demand of the retailers as a stock. Warehouse also keeps a twiee of Lthe average

demand of the distributor and the faclory kecps the stock what ever the ware

housc keeps.
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5.3.3 Existing ordering policy

Based on the collected customer demand and the invemtory policy, ordering

quaniitics are caleulated for each of the member of the supply chain by a simulation

in Microsofl Fxcel 2003 on the basis of the fullowing equations |3 ],

Order for each member = Max (0, Indicated order)

Indicated oreder = Demand Irom the immediale downsireamn + Adjusted Inventory

Stock + Shonape quantity

Adiusted faventory Stack = Replonishment Point — [nventory level

Table 5.3 shows the ordering quaniitics for each of the supply chain member of the

existing system calculated from the simulation.

Table 5.3: kxisting Ordering Pattern for one year for the assigned product

— ~ s = = @ ,

g2 |52 |E=2 =2 | 2 == |£ =2

x X = — = -
1 10 24 24 58 101 212 424
: 12 11 15 38 18 0 0
3 5 16 14 45 52 10 0
+ 15 17 17 49 53 54 0
. g 8 18 44 39 25 0
0 19 19 25 63 82 125 15
! 9 20 5 34 5 0 0
8 g 9 2] 18 42 7 0
K 16 18 13 47 56 70 22
10 17 18 7 4 37 18 0
. X 13 13 37 12 27 2
12 17 13 14 44 | 51 70 13
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5 18 17 40 36 o1 0
19 12 18 B 4 42 43 47
1 13 I 21 45 49 56 64
16 16 16 7 39 33 17 0
L7 16 23 10 49 59 85 131
18 g 17 19 45 a1 23 0
9 10 2 13 35 25 9 0
20 9 7 13 44 53 g1 109
2] 12 18 12 4 40 27 0
22 9 (5 20 44 46 52 50
23 12 26 5 37 30 14 0
24 13 22 9 44 51 72 106
2 14 3 18 40 36 21 0
26 15 13 12 45 50 64 77
27 16 18 23 57 69 88 112
28 9 13 20 42 27 0 0
29 10 13 7 30 i8 0 0
30 9 20 I 40 50 76 64
3! 14 19 18 51 62 74 72
A2 14 20 1 45 19 16 0
33 15 1l 17 3 41 13 28
34 12 13 17 42 41 41 39
3 7 13 12 37 12 23 5
36 10 14 20 a4 51 70 117
37 14 17 9 40 36 21 0
38 16 14 17 47 54 72 95
39 12 15 17 44 41 28 0
40 x 17 16 44 a4 47 50
41 10 18 10 38 32 20 0
42 3 13 17 43 48 64 101
43 16 17 1 44 45 42 20
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44

g 18 E 41 13 31 20
o 13 1 12 36 31 24 17
46 18 16 11 45 54 77 130
4 9 17 20 46 47 40 3
a8 14 18 12 44 42 37 34
4 £5 15 16 45 48 54 7]
o0 6 16 13 35 24 0 0
31 14 18 10 42 49 74 94
52 14 13 10 17 3 15 0

A further simulation was conducied 1o sec what happens in the ordering policy for

vears 2009 just by duplicating the customer demand of 2008 for the analysis purposc.

The ordering policy is shown below in table 5.4

Table 5.4: Ordering policy for year 2

]
= = o
— ~ o] e = w1
= e — Ly B - a3 o~ - e
wek | 2 2 |2 212 204222 | 24 £ Z
g = g = = = . = o - g —
-7} L__-f'l ) = W e u E)-f 9 L = e 'S iy
= & er. E 2 z
o
=
33 7 19 23 49 61 90 131
54 12 11 15 38 27 0 0
35 15 16 14 45 52 70 50
56 15 17 17 49 53 54 18
57 8 I8 18 44 39 23 0
58 19 19 25 63 82 125 319
39 9 20 5 34 5 0 0
60 8 9 21 38 42 7 0
61 16 8 13 47 56 70 39
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62 17 18 7 42 37 8 0
63 I 13 13 37 32 27 9
64 17 13 14 44 51 70 013
63 5 18 17 40 36 21 0
66 12 18 11 4l 42 48 47
67 13 1l 21 45 49 56 64
68 16 16 7 39 33 17 0
69 16 23 10 49 59 85 131
70 9 17 19 45 4l 23 0
71 10 12 13 35 25 9 0
72 9 17 18 44 53 81 109
73 12 18 12 42 40 27 0
74 9 135 20 44 46 52 5o
& 12 20 5 37 30 14 0
76 £3 22 9 44 31 72 106
7 14 8 18 40 36 21 0
8 15 18 12 a5 50 64 77
79 16 8 X 57 69 88 12
80 9 13 20 42 27 0 0
81 10 13 7 30 18 0 0
82 9 20 11 40 50 76 "
83 14 19 18 51 62 74 7
84 14 20 11 45 39 16 0
83 15 11 17 43 4l 43 2%
86 12 13 17 42 41 4] 19
87 7 18 12 37 32 23 5
88 o 14 20 44 51 70 17
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89 14 17 G 40 36 21 0
90 16 14 17 47 54 72 95
91 12 15 17 44 41 28 0
2 11 17 16 44 44 47 50

3 10 18 10 g 32 20 p
e 13 13 17 43 48 64 101
93 16 17 11 44 45 42 20
96 8 18 15 41 38 31 26
97 13 11 12 36 31 24 17
98 18 16 11 45 34 77 130
99 9 17 20 46 47 40 3
160 14 18 12 44 42 37 14
101 15 15 16 46 48 54 7
102 6 16 13 35 24 0 9
103 14 1% 10 42 49 74 o4
104 14 13 10 37 32 15 0

Note: t unit = 20 single packets of Maggi noodles.

The detatl about this sinulation is given in Appendix A.
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5.4 ANALYSIS OF TIIE GRAPHS OF EXISTING DATA

1.

iv.

.

vi.

vil.

The above drawn graphs 5.2 and 3.3 show the ordering quantities and

customer demands for all six members of the concerncd supply chatn,

The graphs show that there is a variation in demand tor each member of the
supply chain. Order varies in every week for all of the members as it moves
toward the upstream of the chain which implics. order varies in greater

number from the retailers to the factory.

In week 1 from Migure 5.2, ali the members order a large amount o [ulfill the
demand and invenlory policics. However, afler week 1 ware house orders
nothing for the second week. On the other hand factory also does not order
anything for several weeks. Reason [or this is that they have ordered so much
on the first week thal they don’t nced to order anymeore to ulfill ithe demand

lor Lthe fow wecks afterwands.

I few other weeks like week 3land 32 demand amplification is reduced. then

again it stars and it maximize on week 64 (from graph 5.3).

In many weeks like week mumber 16, 19, the faciory does not order anything,
but on the next week il orders a great amount to the production ling, which
indicates the presence of order amplifications. Again in few other weeks the

arder variability is increases between distributor and ware house too.

It should be clearly noticed that orders do not vary that much in the down
streams of the supply chain which are the relailers. bat it varies in a greater
number in the up streams of the supply chain, which is clearty a symplom of

bullwhip eflect.

Afier the analysis ol the demand data for each member of the supply chain, it

is clearly visible that Bull Whip Effect is present in the studied supply chain,
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5.5 PROBLEMS ASSOCIATED WITH BULLWHIP EFFECT

As unnecessary demand variability complicates the supply chain planning and
execution processes, the same happened in Nestle Bangladesh and Nandon too. The
following undesirable effects increase in their severily as bull whip effect negatively

impacts operating perlormances of each membcer of the supply chain,

i, Schedule variability increases,
il.  Capacity lor each member of the supply chain (retailer 1, relailer 2, relailer 3,
distributor, warehouse, and factory) is somelime under loaded, sometime

gverloaded,

ili. Final and the most scvere problem of is that the overall costs of supply chain

INCTCases.
5.6 SOLUTION APPROACH FOR THE CASE

To reduce the bullwhip effect a detail solution technigues have already been
proposed on chapler 4. Based on those lechniques, the bullwhip eflect of this

company has been studied.
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5.0.1 Setting objective function

The supply chain of the existing case consists of three retailers. a distributor, a

warehouse and a factory,

The main objective is to minimize the otal supply chain cost (TSCC). So the

ohiective [unction Z is minimizing the total supply chain cost.

M
Z=2(CH a0+ G + Co (- Calt) + Cally )

=]

't he above objective is the summation of the six olher objectives which are,

i. Minimize the supply chain cost for retailer | at week t (Cy{t)): Relailer 175 supply
chain cost consists of inventory cost. backorder cost and ordering cost.
Minimize.
Cr(6= INVC, (1) + BKC, (b + OC, (1)
= [NV, (1) X 11, () UFD, (1) X B, (1) + OC; (1)

it. Minimize the supply chain cost [or retailer 2 at week t (Ci2{1)): Retailer 2°s supply
chain cost consists of inventory cost, backorder cost and ordering cost.
MMinimizc,
Cia(th= INVC, (1) + BKC, (1) + OC; {t)
= INV; () X H, (1) + UFD, (1) X B; (1) + OC; {t)

iii. Minimize the supply chain cost for retailer 3 at week t (Cia(t)): Retailer 375
supply chain cost consists of inventory cost, backorder cost and ordering cost.
Minimize,
C5(t)= INVC, (1) + BKC, {t) + OC, {1)
=TNV; {t) X H, (1} + UFD, {1} X B, {t} + OC, (1}
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iv. Minimize the supply chain cost for distributor at week t {Cx{)}: Distributor’s
supply chain cosl consists of inventory cost, backorder cost. ordering cost and
distribution cost.
Minimize,

Ca(t) = INVC, () + BKC, (1} + OC, () + DG {1)

= INV, ) X H, {t)+ UFD, (t) X B, (0 + OC, (1) +
fay () + (0 X 5,0+ —2 X ve,

v. Minimize the supply chain cost for warchouse ar week 1 (Cy(t)): Warehouse's
supply chain cosl consists of inventory cosl, backorder cost, ordering cost and
distribution cost
hlinimize,

Ci(0p= INVC, (1) + BKC, (t) + OC, {t) + DC. (1)

= INV; (1) X H; () + ULD, () X B, (1) + OC, (1) +
[y () + (D)} X xo(D) + alki x VG, {t)

vi, Minimize the supply chain cost for factory at week t (Caft)): Factory™s supply
chain cost consists of inventory cost, backorder cost, ordering cost, distribution cost

and production cost.

wlinimize,
Ca(t) = INVC, (1) + BKC, (8) + OC; (1) + DC, (1) 4 PC, (1)
ZINV, () X 11, (0+ UFD, () X B, () + OC, {t) +
2 ()4 By} X 0uD) + e %V, (1) + Dy (1) X CUL (0
fh{\
)
0y
&
‘\]-



5.6.2 Setting Inventory Policies and Costs
5.6.2.1 fmventory Policy
I'o reduce bullwhip elfeet a detail inventory policy must be sct. In order to reduce the

arder amplification Fixed Order Interval Mode! for inventory policy was chosen. In

fixed order interval model, orders are placed at a fixed interval.

5.0 2.2 Asyociated costy determination

After setring the inventory policies the next step is o fix different costs and other
valucs associated with the supply chain for each of the member. Table 5.5 has ali the
values needed for the cost lunctions. These costs and other parameters are collected

from extensive siudy of each member of the supply chain network.

Table 5.5: Different costs associated in the supply chain

i
Elements | Retailerl | Relailer 2 | Retailer 3 | 1steibutor | Warchouse Factory
Unit i
Holding | Hi=2 | Hi=2 Hi=2 | Hi=15 | Hi=l Hi= 1
Cuost Tkicase | Tkicase Twk/case Thkicase Thicase Tkicase
(Hi) J
Unit
20 20 20 20 20
Back order | 20
Tkfcase | Thicase Thefease Thkicase Tkfcase
cost{B,} Tkicase
Ordering {
consl 357k, 37 Tk 40 Th. 351k, 38 TL. B0 Th.
(R}
Unit price
=220 by—200 by=180
of Lhe item -- - -
(b Thfease Tkicase Tkicase
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unit
shipping
cont

{2}

Tk. 4

Tk.11

CHTEO
capacily

(Qs)

400 ynits

400 units

2000 umies

cost of per
COrRo
shipping
(V)

1100 Tk

400 Tk.

60 Tk.

production
unit cost
price(CLI)

160
Tk ./casc

5.6.3 Apply Genetic Algorithm

5.8.3.1 Setting Chromosimey

Lty order to apply genetic atgorithm, the chromosomes tirst have to be set. Figure 5.4

shows a typical chromosome for the supply chain consists of three retailers, ane

distributor, one warehouse, and one [actory for onc week Here chromosome indicate

the extra demands which are ordercd by cach of the member of the supply chain in

addition to thelr real demand.

Rciailer |

Retailer 2

Retailer 3

Distribuior

Warehouse

Faclory

-
2

2

3

10

4

10

Figure 5.4: A typical chromosome for week !

65




Genetic algorithm is applied for 32 weeks. Soychromdasomes for 32 weeks which are

the inpul to Lhe program are shown in Tablc 5.6.

I'able 5.6: Chromosome inputs for 52 weeks

Week | Retailer 1 | Retailer 2 | Retaiter 3 | Distributor | Warchouose | Factory
! 3 2 5 10 14 10
2 3 5 3 15 5 ]
3 4 5 2 8 & 5
4 O 4 2 7 5 4
5 4 4 6 8 0 o
& 3 6 G 5 10 12
7 2 3 3 4 5 1)
§ 2 2 3 2 5 )
g 2 P & g 5 7
it 0 O G 13 10 3
11 7 9 5 13 14 11
iz O 3 7 20 7 3
13 11 5 3 B 9 4
14 9 10 4 7 9 6
5 4 4 6 2 0 11
16 3 & g 5 10 12
7 2 5 3 4 5 10
18 7 8 W g 10 ]
ip ) 7 7 i 15 10
2} 10 8 O b 10 13
2! 3 2 5 0 14 14
23 3 5 3 15 5 G
23 4 5 2 8 f 5
24 & 4 2 7 5 4
25 4 4 & g i} 10

&b




12
10

1}

10
12
10

L4r]

10
O

10
12
10

g

1%

14

10

16
14

10

L
14

12
Y

13
11}
15

13
U
15

10

e

G

12

15

|2

20

(A
b |

28

29

3n
3

32
33
i4

I

3q
37

35
39

4t
41

12
43

44

41
47

45
49
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5.46.3.2 Assumption

In order to find the optimal ordering policy a number of simulations are conducted
where the extra demand of cach member should not be mere than 23 wnits. Tt implies
ihat the extra amount can vary Irom 0 to 25 wnit(s} along with the actual demand of
cach member. A Turther analysis is conducted where the cxtra demand is allowed Lo

vary from 0 to 10 unit(s).
5.0.3.3 Genetic Algorithm Parameters
Three different generation numbcrs (1000, 10000, 20000) are (ested where various

combinations of other paramcicr such as initial population (0. 80), crossover rate

{0.23, 1.5} and muiation rate (0.5, 1} are also uscd.
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CHAPTER 6
RESULTS OF THE ANALYSIS

6.1 INTRODUCTION

The analysis is conducted with the help of DEV C++ version 4.9.9.0 and Microsoll
Cxcel 2003, DiMereni parameters of Genetic algorithm have been applied, a number
ot combinations have been tricd o find out the optimal ordering policy which will
have the minimum cost. (fenetic algorithm finds the extra ordering quantilics for all
the six members and costs for each weeks as well as the total supply chain cost [or all

the six members,

6.2 RESULTS OF THE ANALYSIS

Twe diflerent sets of analysis are done where n the first analysis chromosomes can
vary from ¢ to 25 and in the second analysis chromosomes vary from 0 to 10, which

are calegorized as

i. Analysis 1 {Chromosomes between 0 -23)

i, Analysis 2 (Chromosomes between 0-107)
6.2.1 Results of analysis 1
The following table 6.1 shows the value of 7. oblained by applying genetic algoritnm
with various combinations of parameters and where the chromosomes are set to vary

from 0 ta 25. In this analysis the paramcicr are set to generation (1000, 10404,

200060, population (40, 80). crossover {025, (.3}, muiation (0.5, 1).
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Table 6.1 Values of ¥ with different GA parameters and chromasomes [rom 0-25

Valuc of 2
(Total Supply

Altempt | Generation | Population | Crossover | blutation chain cost fora
yoar)
Tk.
1 075 0.5 21,64,627
2
2 40 [ 21,06,701
3 0.5 20,98.564.75
4 0.5 94.602.5
1600 [ 20,9460
5 0.95 .5 7,13,728.9
f 20 ] 6,060,109 8125
7 0.5 6,93 9173125
3 0.5 1 7.08.283.125
21.55 23
9 0.25 0.5 21.55,319.25
3
10 40 | 21,32,412.25
11 0.5 20,92.085.75
12 0.5 1 21.07,930.5
10000 3
13 0.25 0.5 7,53,025.0875
6,79.613.
14 80 1 5,79.613.875
I3 {+.5 6,74,297
16 0.5 1 6.71,1687.125
17 025 0.5 22,55,772.25
18 A 1 21,37,603
19 1.5 22,03.070
20 0.5 [ 21,21.408.75
20000 t
2 0.25 0.5 7.29,551.375
12 %0 | 6,96,976.5
23 0.5 6.95,449.73
24 0.5 1 6,72,637.5
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6.2.1.1 Best Resule of Analysis |

The best result of the combinations for analysis | is the following one. where
Gengration: 1000

Number of Initial Population: 80

Selection Method: Rouletie wheel method

Cross over type: Single point crossover

Cross Over value: (L25

Mulation value:1

Value of 7. : Tk. 6,60.109.8125 per year

Slopping condition where best value did not change is G: 50

6.2.1.2 Ordering policy abtained from analysis 1

To tind out the optimal ordering quantities for cach member of the supply chain, the
results of senctic algorithm {required extra ordering quantitics for each member) are

obtained from the program.

I'he valucs of the extra ordering quantity required for each member obtained from

the genetic alporithm are shown in {able 6.2 when,

| Generation Population Cross Over Mutation Rate
1 10400 80 0.25 1

Table 6.2 Fxtra ordering quantities oblained from genetic algorithm for analysis 1

Week RC[?["EI‘ Ret;! ler | Retaler Distributor | Warchouse | Factory
[ fl ! 3 i ! 4
2 i { i f} f} 18
3 ! 2 2 { 3 i2
4 L f) {l {) ] {
K] 3 f! 4 f 4 0
6 0 f} 3 ! ] {2
7 f} i 4 2 3 !
2 3 ! ) F ! g
o f} 3 i} i 7 i
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Ilased on the above cxtra ordering quantities and cxpecled customer demand data,
the optimal ordering quantities for each supply chain member has been calculated by

putting these values in to the simulation shown in table 6.3,

Table 6.3 Optimal ordering quantitics for supply chain member lor analysis |

j - ol . z
; £ ks 3 2 B
: 3 z TIER
& E: £ 2 . z 2 Z 3
b5 ! e
= -. £
: B
| g R T 5 F
& = = E e 1
2 B g - 5 3
& g 2 gl = g 7 £ 2
g 2| & 2l % 2|5 = T g
E |- = 2 E = L Bl 1y 8 .
HHTHBE HE  EHEH L HE
slajsal 3| fissd|dlealxt d158 F188 & (c 2l _
T 1o {a Jw (077 |18 117 |3 |20 [48 [7 |40 Fo |49 [ |53 [1de12s
2 |11 |4 |1z |1d | @ |14 {16 [ 4 |17 |43 |¢ |43 {6 |43 [ 8 [e1 | 79345
3 |33 |6 |13 115 |2 |17 |15 F2 |17 |47 |0 47 |3 |50 | 2 Vaz |o2s7.7002
3 114 |0 |14 516 10 |16 |16 |# |16 [46 |0 |46 |5 |51 [/ |85 } 5520799y
S 1 b5 116 b7 b0 |17 |17 [+ [2t |54 o {s4 |6 |60 e feo §L143325
6 |15 |0 |15 [1& 0 fi18 |21 13 (24 57 04 (58 |6 |64 |42 776 {1074L6
7 bz bo Jiz @7 b 13 |+ b7 (49 {2 |50 [3 Fse o [s54 918525
% 11013 [13 117 15117 |7 |8i46 i+ |50 |/ [s1]% |en |na32as
G f13 [0 |13 |16 |2 {19 b15 |@ (15 {47 |7 |48 |7 {85 |0 |58 | 9043299
wiislz Ve |76 v in |6 (1750 [2 [s3f+ Js7 |5 [ex | 12072
T 1317 |16 (15 |0 |15 112 |7 |13 |44 7 |51 17 |52 [+4 [s6 | 1210005
2 115 |2 |17 14 |2 |16 {1310 |13 |36 |0 |46 {4 |50 |0 |60 | 102504
5|10 |5 |15 16 [7 |17 |15 13 |18 [0 |0 {50 |6 |56 {8 164 j 1392565 |
a1 (11756 23 |03 17 tw tsobo js0 |7 |51 §e s {les3eds
15 b2 b0 b1z d14 {7 515 |17 |+ |20 8048 {1 [ao o tao |17 [e0 | 10476
6 V1a 14 (15 11512 buz b1z |7 {13145 {7 [as 2 [48 |+ |32 | 94240908
7 11514 119 |19 |7 j2008110 |6 |17 |56 |7 |57 13 Jeo [0 [en | 135205
5 112 |7 113 |18 | ¢ |18 015 | & |15 |46 |1 |47 14 a8 [0 [48 | 6043999
10T 17 12 |15 |@ |15 §14 |2 |17 |44 |2 |46 14 |50 [0 [s0 [ 104503
b i |10 |16 |3 |19 16 |4 |17 |46 |2 [48 |3 |51 F4 |s2 | 104323
M i@ |1t |17 |0 |17 (14 {0 |14 |42 |5 }45 |5 |s0 |45 §65 | 1214005
52 030 | & | b6 17 |23 |17 02 L9 jsz i §s3 (2 [ss |2 {57 1129357
23 T11 b7 bz J1mis buw |11 |2 jus |44 57 |45 |2 [s54 {3 |57 {12871.83
24 £12 |0 f1z 20 {0 Sz b10 |5 115 47 {7 |48 [ 6 154 |4 [s58 ]125843
T35 11312 V18 |14 |0 {14 14 |0 (14 |43 |2 [as fa Vsa|¢ |54 | 1ledss
o6 114 |7 |15 |16 |6 |16 113 |2 |15 |46 |5 [s1 {e [st |6 |s1 | 109024




fr s Ty T {17 {2 far g |3 a1 jeo {e 4 |64 { 65} 14030
12z |12 Pag s o bas pag [0 1y 148 14 g | 6l #5 | 142632
20 1100 17 118 [ 144 114 13 [+ 114 |46 |2 3 [ ERREE
30 310 1o |20 |17 17 18 f1z |7 |13 |4 {+ 3 |48 60 F 136578
31 {12 | |12 |18 |7 ju1w f15 |3 {20 351 @ 3 |54 64 ] 131932
320300 (13| |o e 13 |7 Jz20{s2{n 7 |0 66 | 15144 35
33 114 17 |21 |15 |2 {ur b1s |2 {17 {35 | ! |56 50 | 14579.75
i3 e (13 |1a |7 Jz1 416 |6 |16 {30 | 5 |55 66 | 1529815
Fas o {7 (u [ o Twelia]e Juajaio 5 a6 61§ L2H09.05
P36 410 e (10 (13 |8 |23 417 (4 {17 {50 ¢ k] 55 132009
37 402 17 |19 |16 16 6 [13 | @ |13 {48 1/ 0 |49 57 | 136658
58 314 |7 |15 |15 |2 |17 [15 | |16 |48 |/ 0 |49 68 ] 13393 05
3% 113 |4 |17 |15 |0 |15 116 |0 |16 |43 | @ 3 {8 52 1111534
a0 |12 |0 |12 |16 |+ |17 {16 |2 18 |47 | @ 5 |82 53 ] 1144795
al T e (17 |o [ i [ 4z ]3 3 a8 69 | 152394
4 |12 15 L1s |4 [1e {15 [3 |18 a0 |2 ¢ 181 | 2 |63 | 1557205
23 1 |2 e [16 [« (2013 [2 |15 |51 |0 ;|52 |72 | &1 | 139353
4d |11 |0 |11 F17 [+ Jas |14 t2 |16 [45 |+ 6|52 |4 |56 | 134542
45 |12 |2 |14 f14 15 [ |32 [15 |48 5 |54 |6 |eb | 17305507
i36 (15 |0 |15 f1s 40 (15 |12 [« e [46 [0 6 |46 |4 | S0 | 103004
F47 b12 b0 F12 (1633 f28 [w6 7 fuzfsn e ;|51 fn Ls1 | 123536
fag b13 |z (15 |17 17 18 |14 {7 f15 [48 |0 7 |52 b7 83 k125497
a9 14t 118 [w6 {2 bus [15 |5 |20 [3e ¢ o |57 |7 164 {17292 699
v i10 s a6 j16 f14 |0 |1 J4a {2 6 [s2 13 {ss {15237
st {2 [ [z Jwitiz|e {12 143 {7 & 152 172 [64 {1801115
52 (13 |6 |19 |15 |8 |min|e [n |53 ][0 13 {66 |17 |3 | 23978.600

Lotal supply chain cosl (1k) =6601019.8

The above table shows the best optimal ordering policy for the combination when

peneration 15 1000, population is 80. cross over rate (.25 and mutation rate is 1. The

others ordering policies fur some other combinations are shown in Appendix B,




6.2.1.3 Graphical presentation of anatysls 1

The above ordering quantities ere plotied in the f‘ullmﬁqg figure 6.1
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Figure 6.1: Graphical presentation of ordering palicy for analysis 1
6.2.2 Results of analysis 2

In analysis 2, the values of 7 gre oheained by npplyving genetic algerithm with vanious
cambinations of parameters end where the chromosomes are set to vary from O 1o 10.
In this analysis the parameter ame set to generation (1000, 10000, 20000), populmion
(40, 80), crossover (0.25, 0.5), mutation (0.5, 1) and chromosome Limit from 0-10.
Following table 6.4 shows the velues of Z for different combinations of the
paramsiers,
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Table 6.4 Valucs of Z with ditferent GA parameters and chramosomes trom (-10

Value of ¥
Cross {Total Supply
Attempl | Generation | Poputation Gw;': Multation | chain cost for a
year)
Tk.
I 0.25 (L5 1852475.6
2 40 I 1813773
3 0.5 1815220.75
. 1788508.5
4 LoD 0.5 1 7
0.25 0.5 428484 875
1 4131348125
-t 80
7 0.5 419791.03
8 0.5 ] 434006.56
0 025 0.5 1312650.75
10 40 1 1787057.5
11 0.5 17492674
12 0.3 1 1803785.375
1 1000} : $.53
13 0.25 0.5 447339.53
| 419976
14 80
15 0.5 435795.75
16 (.5 I 41273231
17 095 (.5 1330956
1800695.37
13 40 ]
19 0.5 1808307
21} 0.5 l 1303682.02
20000
2] 0.25 0.5 427883.2
22 1 4§ 1746.968
30
23 0.3 42432228
24 0.3 1 403981.15
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6.2.2.1 Best Result of Analysis 2

The best result ol the combinations for analysis 2 is the following one, where
Generation: 20000

Number of Initial Population: 80

Selection Method: Roulette wheel method

Cross over type: Single poinl crossover

Cross Owver value: 0.3

Mutation value: |

Valuc of Z: Tk, 403981.15 per year

Stopping condition where best value did not change 15 G: 50

$.2.2.2 Ordering policy obtuined {rom analysis 2

The extra ordcting quantity oblained from genetic algorithm for 52 wecks arc given

in table 6.2, when,

| Generation Population Cross Over Mutation Rate
[ 20000 80 0.5 L

Table 6.5: Extra ordering quantitics for analysis 2

Week RE[TLIN Ret; iler Hel;ulcr Distributor | Warehouse | Factory
1 { 1 0 0 0 3
2 1 0 i} I 1 2
3 { {0 0 o {} 6
4 0 1 0 ) L [
5 1 U ) 4 4 {}
fr l L b 0 0 4
7 1 1 0 0 0 O
& 2 0 0 i) i 1
g 0 {i 2 u {) 0
1 10 | ) 2 2 |
11 [ i} 0 {} {) L
12 |0 3 0 ] i 0
13 |2 {0 {1 l 1 0

14 10 1 L i i 1
13 [0 ! 0 0l 0 2
i
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These values of the chromosomes are then pul inio the simulation [33] shown in

table 6.6 to caleulate the oplimal ordering policy.

Table 6.6 Oplimal ordering quantities for supply chain member from analysis 2

Hetailer 1 Retailer 2 Retafler 3 Distributoer ::::: Fartory
¥ g
g 3
i . < g
E gl 2 54 - 2 EI
S| o B2 2 s |52 2| = |85E 5|5 E n |53 z1BE
2B B E R Bt EIEES SsiEEl 5 EEl 22 E
SlJdjc8 o0, A 880 08A S § cdld |08 JicE
v 1w e fwfairf s [1s]1? I_r:u 7 fa5 [ o fas o [ast 3 Tag i 3567338
2 |t 7 |az|1atn s a0 biafd2i o {4z 2 [a3] 2 {45 ]4s4050
3 113 13]1sfo 15151+ befaabpiaa| 0|44l 6505057850
+ bl o laj1e: 4 b7 6]z fasl o lan| o [ 48] 7 | 49 47793990
Stnuf s byl epur [l o4l (a6 4 Fse] o [ 50| 562823
g tas| s Jwelmi o2 odarlssio[ss] 0 |ss] 4|59 402325
T il il rtwmtbs | alwlasl o |defn ae| 6 | 52| 60148
g Jm] 2 || o |wlir|ollaa]e|asto]a| ]| 4a]s510439%
g 113 | o |13l16| o |5 o [15]4a] 2 [ac] o {46] 0| 4635000100
W 15| ¢ |15 |17 ] 7 |1t ) 7 |12 |45 0 fas]2]ar] s }ag! o117
13| 7 | 18] 15] 0 as (1282 14|43 nfaa] o |43} 0Fdyjsenniaw
Nz |5 0 |1sf1el 3 a7 |36 [iatas| 0 bas| 7 |46F 0] 46 | 64954302
13 L10F 2 |1z)16] 0 16| 151 ¢ bisfaz) n a3 1 Laa] ¢ ] a4 |50081990
14 FILE 0 f11 3173 ¢ bag |3 7 [rwafa3to (a3 0 Fa3] 5 | 4450639
5 b1z b0 Jizl1ad rbastar | F[wajasyo |as] v las] 2| 47 |620700
sty fis | bzl e iz an]on [ 430 43 @ | 43 | 5974100
w115 Fliwe|w]{e{wiun| rl{lar]e|ar)aisr| 0|47 6056100
1 1121 2 {14 | 18| ri19f1s| o [is|48]| o |8 o fas| 2 |se]| 721075
w il | e |15 5 lweiva|owalar]olart2z]aa]| 2]|as]| 690725
] 16 1] 1) 14 ¢ 1t 16 i 16 42 fl 42 fi 42 k] 47 B250.5
2 | e 17| o |7 dabo 14|22 paa] 7 [a5] ¢+ ] ael 70570002
22w | Jitel o ||z s | sias) o bas| 7 |46 5§ s | gL0LEW
2 | ¢ lizbsiofs{ulojuwhbari s taz a3 | ¢+ | aa § 74177002
a2l 0 liziaog o b2alw] i 43y 7 [ad| 0 bad | 1| a5 | 7106399
s tat ot a] o 1aif1a]|alalar]e e s laz] ¢ | a3 ]63506000
26 j141 0 |14 | 6] #1613 | o 13|43 4 [arf o jd7| 0| a7 | 83952002
27 115 | 0 |15 17| 7 |sds| 7 [0 s2] 6 [s2f 7 {s]| ¢ | s4]78187002
28 12| o 112 |15]| 0 |15]19] 7 2047 0 tazr] o 47| 615379358501
29 | 1] o |11 biab s 15| 3]0 [l ofao] 7|4} ¢ ] 4480405498
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w w7z |l o[22 z]walaz]| o2l 21aa] 2] 46 | 94993498
s [z 7 [t o |15 [w|a7|o|a47]3 [s0o| 2| s2]o338500
32 | 3 215w ]| o ]zl ao w4 o ar! s ]as] 2]s0] =653
35 | 14| 0 |14 15| 0 |5 15[ 0 |15 | 44| o [a4] ¢ [ a5 | 7 | 52 | 84554004
33 | 13| 7 |14 14| 2 [ ]16| o [16][47] 6 [arfn (a7 | 3] 50| o309
2% | 10| & |10 16| @ | 16]14| 2 |16 |42 ¢ [42F 2 {44 | 2 | 40 {o3282998
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a0 |12 | @ |12 16| 0 [16]te| o |16 |44 6 |44} 7 (45| 3 | 48 | 8360200
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a2 |1z e [z 15| 7 [1e]is| o [15]43] 0 [a3t 2 1as]| 0| 45 | 90346504
43 | 14 0 |14 |36 | /|17 o w4 o] s as| 2|47 |o1129502
ez | e |1 dbe [a|a] s Ta]3]de| 2| av | 10s28s
a5 |2 | o |izttal o [m|mnlolm{w]ziale|a| 2] a43]os267002
a6 15t 7 a6 |15t 0 |15 |20 0 |12 |43 | 0 [43] 3 |46 | 0 | 46 | om0 9502
ar b2 | 2 taf16: 1 F1r|16] 0 [16}47] 0 fav| f |48} 0 | 48 | 1047245
abk v |0 Ja 7] ¢ pi7|1a] ¢ frafadb o iad| 4 [48F 250 102348
20§14 1 s 6] ¢ (16|13 7 j6f47i 0 jar| 2490 {40! 0367
so j1d 6o asfa]|elwafagsialolalsialuwssaon
Srin 2|l atireoliyaa]e (4]0 fas] 7 s ] 112322
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Toal supply chain cost (Thy= 40398115

The above table shows the best optimal ordering poliey for the combinalion when

eeneration is 20000, population is 80, cross over rate 0.5 and mutation rate is 1. T'he

others ordering policies for some other combinations arc shown in Appendis C.
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6.223 Graphical preseaintion of anahysis 2

The nbove ordering quantitics are plofted in the following figure 6.2
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1 1 1 7 ¢ TN HE TN AN M RAG AT

T

I-o--lul-r'l = R - Y S F - —-—m.ﬂ

Smkir}
Figure 6.2: Gmaphical presentation of ondering policy for analysis 2

63 COMPARISONS BETWEEN RESULTS BEFORE AND AFTER GA

Comparisons between the results obtained by genetic atgerithm for both the analyscs
and fram Lhe resulty of simulation of the existing system are shown in this section.

In ender to find out which is the best ordering policy, a dewil comparisan has been

conducied between the existing ordering policv and the ordering policy obtained
from genetic algorithm from enabysis 1 end malysis 2.
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6.3.1 Comparison on the basis of cost

The main basis of comparison is the total supply chain cost (TSCC). he costs of one

vear of the existing system considering all the cests of holding, ordering, back order.

distribution, and production are shown in the lollowing table 6.7. A detail calculalion

ul"ordering policy and costs are shown on appendix A,

Table 6.7: Ordering policy for the existing system along with the total supply chain

cost
7 o = =
£ g | = Tz 2 2 z
5| 5| E|LE| E| 5| 2| %z
— 2 5l U = = = H =
P A == = b3 = =
Week |~ » w £ g < 2 - 5
3 z g = g 3 = i
a = = 2 = = = = oS
= = 2 1 2 ol o =L
= & & e 2 = = =
= - - | A - =
1 10 24 24 58 101 212 424 | 124329.6
2 12 11 15 3 i8 0 () 4567.5
3 15 b6 14 45 52 10 0] 12993.25
4 15 17 17 49 53 54 0| 2222295
5 8 18 18 44 39 25 0 15553
| & 14 19 25 3 82 123 15| 4123325
7 % 20 5 34 5 0 0 8472
8 8 9 21 38 42 7 0 10643.6
4 16 18 13 47 56 70 221 2819775
10 |7 18 7 42 37 1% 0 13582.4
I §! 13 13 37 32 27 2| 1453335
12 17 3 14 44 5] 70 113 41986.5
i3 5 18 17 40 36 21 () 13694.3
14 i2 |8 I 41 42 48 47| 26607.65
15 13 11 21 45 449 36 64|  31746.55
16 16 16 7 34 33 17 0] 1269835
17 16 23 10 49 59 B3 131 | 4885125
18 Y 17 19 45 41 23 0§ 15224.65
19 L) 12 13 35 25 9 0|  10286.95
20 Y 17 I8 44 53 81 109 43453.8
21 i2 18 12 42 40 27 0 15293.6




22 o 15 20 44 46 52 3 28530.6
23 12 20 3 37 3 14 {) 116753.45

24 13 22 i 44 51 72 106 41256.1
25 14 3 13 4 3h 21 0 13696.3

| 26 15 18 12 45 3 64 77 35343.45
27 16 18 23 57 H9 88 112 4821915
28 G 13 20 42 27 ¢ i) 10181
29 i 13 ¥ 3 18 0 () F445.5
30 g 2 11 40 () 76 6 34432 8

1 14 19 i3 3l b2 74 72 37816.93
32 14 20 11 45 39 16 { 13889.55

33 15 It 17 43 4] 43 28 23089.15

| 34 12 13 17 42 41 41 39 242273
35 7 18 12 37 32 23 5 1424515
36 16 14 20 44 5l 70 117 426225

| 37 14 17 9 4{) 36 2] 0 13694.3
38 16 14 17 47 54 72 035 40188.35

3 12 15 17 44 4] 28 0 15929.9

| 40 11 17 16 44 44 47 50 273771
41 1¢ 13 10 38 32 20 ] 13031.5
42 13 13 17 43 48 o4 10l 38705.95
43 16 17 11 44 45 43 20 218481

44 2 13 15 4] 38 31 20 | 66,53
45 13 11 12 36 31 24 17 16116.7
46 |8 16 [1 45 54 T 130 46253.35

47 9 17 20 46 47 40 3 (9216
48 L4 18 12 44 42 37 34 23121.1
49 13 15 14 46 48 54 | 327077
50 ] 16 13 35 24 0 0 8337.75
51 14 18 10 42 40 74 a4 39277.2

52 i4 13 10 37 iz 15 0 11881.75
Tial supply chain cost (Th) = 13,34,095

The ordering quantities and costs caleulated lrom genctic algorithm of analysis | for

ote yeat is shown in table 6.3, Now from mble 6.7 and from table 6.3, it is clearly

visible that the total supply chain cost reduces from Tk, 13.34,993 to TE.6,60.109.8

after applying genetic algorithim, which is a reduction of Tk.6,74,283.2. This reduced

amount is almost 30.5% of the existing cost. So. the value of total cost of supply




chain evidently shows that genetic algorithm has the ability to reduce total supply
chain cost as well as the bullwhip effect.

In analysis 2 the best optimal ordcring quantity has total supply chain cost of
Tk.4,03.981.15 shown in table 6.6. Il has the supply chain cost lcss than Tk,
9.31,013.45 from the exisiing ordering policy. ‘Lhis reduced amount is almost
69.74% of the existing supply chain cost. l'able 6.8 summarizes the difference

berween costs of total supply chain betore and afler applying genetic algorithm.

Table 6.8: Total Supply chain cosis before and atter applying genetic algorithm

Existing

vsis | Analysis 2
System Analys 2

Total Supply Chain Cost

13,34, 660,098 4,03,981.15
(Tl 995 3

S0, both the analysis shows thal genetic algorithm is capable of reducing total supply

chatn cost and thus the bullwhip effect is also reduced.
&.3.2 Compariszon on the basis of variability of ordering quantity

Table 6.7 shows the ordering pattern for all the six members ufl the supply chain
before upplving genctic algorithm. "The variability in the ordering pattern in each
member is distinctively visible in this case. Again in table 6.3 the order pattern is
displayed afier the use of genetic algorithm of analysis | and in table 6.6 the order
patern is shown from analysis 2, Now, in order 10 find the ditterences bebween
variability in order pattern in for all the cases lable 6.9 shows the highest and the
lowest order quantities for each member of the supply chain before and after

applving genctic algarithm
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Table 6.9; Highest and Lowest ordering quantity before and after Genetic Algorithim

Retailer | Retailer Rﬂlfllﬂl‘ Distributar | FAE Factory
] 2 3 house
Befare nghﬂlbl Order 19 24 35 101 212 424
J'!'l]:l]:fl:r"ng quantity
{ienetic Lowest order
Algﬂrlthm quant[ry 6 8 5 I8 0 0
Afler applying | Highest Order 3 ) 23 24 60 66 83
Cenetic quantity
Algorithun in Lowest order
analysis | quantity 10 14 Il ol 48 30
Algr applying | Highest Order 16 20 21 55 55 3%
Gienetic quantity
Algorithm in Lowest order .
analysis 2 quantity 10 14 a 39 4 +

Though the demand of customers, beginning inventory, lead time, erdering cycle are
same for both the cascs of before and after applying genctic algarithm., the variability
ol ordering pattern is more in the supply chain members before using genetic
algorithm, In this case the variability increases in the up streams of the supply chain
network and the highest variability Is in the last member of the supply chain which is

factory.

However, in the ordering policy after genetic algorithm, the ordering quanlity
variation decreases largely than the ordering policy found before applying genctic
algorithm shown in table 6.9.

Thus afict applving genetic algorithm the ordering paterns for each week are much
mare stuble than the ordering pattern of the existing case, which actually implics the
reduction of bullwhip efTect.

6.4 COMPARISON BETWELN ANALYSIS 1 AND ANALYSIS 2

In order o find the best optimal onlering quantities for each of the six members of

the supply chain genctic algorithm is used with various combinations. In analysis 1
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chromosomes vany trom 0 Lo 25 and in analysis 2 chromosomes vary trom 0 to 10, In
both the case the total supply chain cost is reduced than the existing ordering policy.
However, in analysis 2 the total supply chain cost is lower than the result of analysis
1. Again in analysis 2 the variability of demand is also reduced more than the results

ot analysis 1. This difference is distinctively visible in figure 6.1 and in figure 6.2.

This research shows that with a lower limit of chromosomes, genetic algorithm is
capahle to reduce the toml supply chain cost maore and thus to mitigate the bullwhip

effect largely.

This research also shows that variation of the value of limit to the chromosomes has

a great impact on the reduction of bullwhip effect.

6.5 CONCLUSION

The results of the above analyses show that penctic algorithm is capable of reducing
total supply chain cost as well as bullwhip effect from a complicated supply chain
network. These analyses also show that imit set to the chromosomes is impeorrant in
order to reduce the bullwhip even more. Lower range chromosomes provide a better

resull than the range set in higher limit.
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CHAPTER 7
CONCLUSIONS AND
RECOMENDATIONS

11 CONCLUSTONS

This research has used genetic algorithm as a technique to find the optimal ordering
guantities for the members of a real supply chain. The objective function used here
for genetic algorithm is to minimize the total supply chain cost, Genetic algorithm
scarched eatensively for the global optima where the costs would be the lowest Tor
the total supply chain. In the objective function maximum Ffive tvpes of costs are
considered. Costs of cach member are considercd separately. In order to find out the
Lirtad cosls, all the relevanl amount of costs like holding cost, back order cost

distributivn cost, production cost data are provided,

Since bullwhip effect occurs for the order amplifications which implies to the wrong
ordering quantities of the members of supply chain, To reduce that an approach is
laken where the chromasomes of genetic algorithm ol this research represent the

exira demand themselves.

Though there have been many researches o find the techriques o reduce the
bullwhip effect, this research distinctively shows that genetic algorithm has the
ability to reduce the bullwhip efMect by linding the optimal erdering quantitics Tor the

supply chain members on the hasis of minimizing total supply chain cost

In past none of the researchers used genetic algorithm 1o find Lhe optimum ordering
policy that will reduce bullwhip in a real supply chain; neither had they used a
complex supply chain model having more than onc retailer in their study. This
research has involved a more complex supply chain network conlaining three

rctailers in a supply chain with a total of six members.
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The cost Junctions used in the research requires different cost Jata, All the data used
in this research arc dillerent Tor cach momber of (he supply chain, They vary
relevantly from one member to cach member. None of the researches before used

varying cosl data which also makes this rescarch unigue and diffeneat.

However, this rescarch must also admit the dimitations, Tn order 10 mitigate the
bulbwhip oftoet inoa real supply chain all the data are collected from real supply chain
e mitigale the bullwhip effect. These collected datn relied mostly on the
management of cach members of the supply chain. To find a more accurate eptimum

ordering policy precise data providing as input is a musi.

7.2 RECOMMENDATIONS

To tind out the optimal ordering quantity which will reduce bulbwhip, a number of
cost functions are used to minimize the cost of total supply chain. In future some

other cost criteria can be included to make the costs more appropriate,

In this research though the considered costs are different for each member, but for a
particular member they are constant. Fulure research can be carried out by varying

the costs for each member on the hasis of time or quantity.

In this rescarch mainly two dilferent sets of analyses are conducicd by varying the
chromosomes from 0-235 and from 0-10. Limiting chromosomes have provided very
different resulis, In lwture {urther, mescarches can be conducted by varying the

chromosomes in different other ranges
In this rescarch single point crossover and roulettewheel mechanism for selection

have been used. Some other crossover points like two point cross over, multipoint

crossover and some other selection processes can be used to see the results,
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1. Optimal ordering policics

Appendix B
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Generation Population Cross Over Mutation Rate
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GRAPHICAL PRESENTATION
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Figure: Gmphical presentation of ordering policy for generation 1000, populntion
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2. Optimal ordenng policies

When,
{Jeneration Population Cross Over Mulation Rate
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Figure: Graphical presentation of ordering policy for generation 10000, population
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