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FOREWORD

The prime objective of education is conversion of human being into intellectual capital of a
nation. Conventional education system has its own limitations to achieve this objective. Realizing this
fact all over the world more and more traditional universities are rapidly transforming themselves from
single mode of traditional education to dual mode of both traditional as well as distance education.
Distance Education is becoming an accepted and indispensable part of the main stream of the
educational system of any nation. Technology has made it possible to provide the best and the most

up-to-date education at a reasonable cost and without geographical boundaries.

Anna University Chennai has started the Centre for Distance Education during 2006 with the
aim of providing equity access to quality professional education to all the deserving aspirants. The
Centre for Distance Education, Anna University Chennai has introduced MBA in General
Management, Technology Management, Retail Management, Human Resource Management,
Financial Services Management and Health Services Management, MCA with emphasis on Banking
Technology, Call Centre Management, E-Learning, Trading and Equity Management, Health Care
Management, and M.Sc in Computer Science, Information Technology, Software Engineering and
Computer Technology. These programmes have been well received by all the stake holders. Anna
University Chennai has absorbed large number of learners from multiple segments for all the
programmes introduced. Yes, we have achieved impressive success to celebrate, and that induce us

to perform much better, in the days to come.

The course materials play vital role in imparting knowledge, specially in distance education.
These materials delivered to you were prepared by experts in the respective areas. Authors have
prepared the course materials based on learner centric approach, fine tuned by self instructional
mode. | am sure these materials will meet your learning requirements in full by inculcating a new

learning culture.

As we move towards more knowledge intensive economy, acquiring and sustaining relevant
skills and knowledge is becoming increasingly significant.

On this line Anna University Chennai, shall continue to contribute its best and thereby enable

(P. MANNAR JAWAHAR)

our nation a much more knowledge rich nation.

My hearty congratulations and best wishes to all.

Sardar Patel Road, Guindy, Chennai - 600 025, Tamilnadu, INDIA
Phone:+ 91-44-2235 1445, 2235 3445 Fax: +91-44-2235 0397 e-mail: ve@annauniv.edu
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SUPPLY CHAIN MANAGEMENT

NOTES

UNIT |

INTRODUCTION
LEARNING OBJECTIVE
After reading thischapter youwill beableto

e Appreciatewhat asupply chainisand itsimportance.
e Undergtand the different phasesin supply chain.

o |dentify thedriversof supply chain performance.

e Overview thesupply chainmode sanditssystems.

1.1 OVERVIEW

A supply chain may be considered asnetwork of organi zations, connected by aseries
of trading relationships. Thisnetwork coversthelogisticsand manufacturing activitiesfrom
raw materidstothefina consumer. Each organizationinthechain procuresand transforms
materidsandinformationintointermediate/ fina products, and distributesthemto customers
and consumers. Assuch every organization hasasupply chain and representsonestepin
thetotal ‘valueadding’ process. There arethree aspectsto the supply chain. Upstream—
thoseactivitieslinking organizationsto their suppliers. Internal —or primary activitiesand
Down stream those activitieslinking organi zationsto their customer. Inthischapter let us
definewhat issupply chain and itsmanagement.

1.2 FUNDAMENTALSOF SUPPLY CHAIN

Thetermsupply chainreferstothe” processesfromtheinitial raw materialstotheend
user of thefinished product linking acrosssupplier-user”, or asthe“functionswithinand
outside anindustry that enablethevalue chain to make productsand render servicestothe
customer”. Let ustry to understand the meaning of theword ‘ valuechain’ and distinguish
itwith‘supply chain’. Thesupply chainislinking the companiesfrom raw materia stageto
the ultimate consumption. In the processmorethan one entity isinvolved. Whereasthe
‘vauechan’ referstotheinternal operationsof aparticular company. Operationsinclude
purchasing, marketing and operations management. So, valuechainisaninternal concept
and the supply chain consstsof bothinternal and external.

1 ANNA UNIVERSITY CHENNAI
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Herearesomedefinitionsof asupply chain

e “Asupply chanisthedignment of firmsthat bring productsor servicesto market.”
(Lam bart, et al, 1998).

o “Asupply chanconsgsof dl stagesinvolved, directly or indirectly, infulfillinga
customer request. Thesupply chainnot only includesthe manufacturer and suppliers,
but a so transporters, were houses, retailers, and customer themsalves...” (Chopra
sunil, et.a, 2003).

e “Asupply chainisanetwork of facilitiesand distribution optionsthat performsthe
functionsof procurement of materials, transformation of these materialsinto
intermediate and finished products, and the distribution of thesefinished products
to customers’. (Ganeshan, et.al,1995).

Hope you have understood the concept of supply chain. Now, let us consider an
examplefor supply chainto makeyou understand the concept further.

Consider acustomer walking into adepartmental storeto purchaseatoilet soap. The
supply chain beginswith the customer and hisneed for atoilet soap. Thenext stageof this
supply chainisthe departmental storethat the customer visits. The departmental store
stocksitsshelvesusing inventory that may have been supplied from adistributor using
truckssupplied by athird party. Thedistributor inturnisstocked by the manufacturer. The
manufacturer plant recelvesraw materia from avariety of supplierswho may themselves
have been supplied by lower tier suppliers. Thissupply isillustratedinfig 1.1.

Timber Paper Packaging
company manufacture company

Chemica Plastic Toilet soap Distributor Department|  |Customer
manufacture] [producer|  [manufacturer | asore [,

T

Figure 1.1An exampleof supply chain

A 4
A 4

A
\ 4
\ 4
A

Thisexampleillustrate that the customer isanintegral part of the supply chain. We
can concludethat the primary purposefor the existence of any supply chainisto ensurethe
satisfaction of the customer need. So, supply chain activitiesbeginwith acustomer order
and end with asatisfied customer. It may appear that in the process, thereisonly one
player isinvolved at each stage. But itisnot so. Infact, most supply chainsare actually
networks, asshowninfig1.2.

2 ANNA UNIVERSITY CHENNAI
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> > > >

Supplier Manufacture Distributor Retailer Custom
r

Supplier »| Manufacture .| Distributor Retailer , Custom
r

Supplier Manufacture Custom

r

Distributor

Figurel1.2 Supply chain stages.(Adapted from Sunil Chopra, 2003)

Fromfig 1.2 you can noticethedifferent sagesin supply chain. It consstsof Customers,
Retailers, Distributors, Manufacturersand raw materia suppliers. Each stageinfig 1.2
need not be present inasupply chain. Theactua design of the supply chainwill depend on
both the customers' requirements and theroles of the stagesinvolved. In some cases, a
manufacturer may fill customer order directly. Similarly somefirms may not usethe
distributorsor retailers.

1.2.1 Objectivesof Supply Chain

Theprimary objectiveof any supply chainisto maximizetheoveral vauegenerated.
For most commercia supply chains, valuewill be strongly correlated with supply chain
profitability. Profitability isthetota profit to be shared acrossall supply chainstages. The
higher the supply chain profitability, themore successful the supply chain. Next objectiveis
management of the supply chain. Supply chain management invol vesthe management of
flowsbetween and among stagesinasupply chainto maximizetota supply chain profitability.
L et uselaborate further what is supply chain management and itsevolution in the next
section.

1.2.2 Supply chain management

Theterm* supply chain management” wascoinedinthelate 1980'sand becamevery
popular inthe 1990’s. Beforethat, firmsused termssuch as“logistic” and “ operation
management” instead. Somedefinition of supply chain management are;

o “Thesystematic, strategic co-ordination of thetraditional businessfunctionand
thetactics acrossthisbusi nessfunction within aparticular company and across
businesseswithin the supply chain for the purpose of improving thelong term
performanceof theindividua companiesand thesupply chainasawhol€’ (mentzer,
et.a,2001)

3 ANNA UNIVERSITY CHENNAI
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e “Supply chainisthe co-ordination of the production, inventory, location, and
trangportation among the participantsin asupply chainto achievethe best mix of
respong veness and efficiency for themarket being served. “ (michacl higos, 2006).

Managing asupply chainismorecomplex and difficult than managing anindividua
firm. But, the principle of management isused to integrate afirm owninternal function
(value management) al so apply to managing the entire supply chain. Thosefirmsthe
successfully integrated their purchasing, operation and distribution functionsdid improve
thelr performancein the past. The power of supply chain management isits potential to
includethe customer asapartner in supplying the goodsor servicesprovided by asupply
chain. Integrating the customer into the management of supply chain hasseverd advantages.
First, integrationimprovestheflow of information throughout the supply chain; asecond
advantage of integrating the customer into the supply chainisthat thisintegratesthe products
devel opment function (QFD analysis) withtheother functioninthefirm. By focusinga
customer, all members of supply chain seethe need and benefits of obtaining and using
information about theend customer.

Supply chain management, just—in-time, quick response manufacturing, total quality
management, vendor management, agilemanufacturing, etcal sharethegod of improving
customer satisfaction. All thisattempt to improve customer service by eliminating waste
fromthesyseminadl of itsformsincluding wasted time. Supply chain management embraces
theother philosophiesand extendsthe scopefrom onefirmtodl thefirminasupply chan.

Thereisdifference between the concept of supply chain management and traditional
concept of logigtics, logigtic typicdly refersto activitiesthat occur within theorganization
and supply chain refersto network of organizationsthat work together and coordinate
their actionsto ddliver aproduct to market. Also, traditiona logisticsfocusing itsattention
to activities such as purchasing, distribution, maintenance, and inventory management. In
thewider view of supply chain thinking, these additiona activitiesarenow seen aspart of
thework needed to fulfill customer request. Supply chain management viewsthe supply
chainandtheorganizationinit asasingleentity. Supply chain bringsasystem approach to
understanding and managing the different activities needed to co-ordinate the flow of
productsand servicesto best servetheultimate customer. Effective supply chain management
requires simultaneousimprovementsin both customer servicelevelsand theinternals
operating efficienciesof thecompaniesinthesupply chain. Thereisabasic patternto the
practiceof supply chain management. Companiesinany supply chainmust makedecisons
individually and collectively regarding their actionsin productions, inventory, Location,
Transportation and Information. So far, we have discussed the concept of both supply
chain and itsmanagement. L et usnow try to understand theimportance of supply chainin
thenext section.

4 ANNA UNIVERSITY CHENNAI
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1.3 IMPORTANCE OF SUPPLY CHAIN

Supply chainisabout creating value-valuefor customersand suppliersof thefirm,
andvauefor thefirm’sstakeholders. Vauein supply chainisprimarily intermsof timeand
place. Productionsand serviceshave no value unlessthey are supplied to customerswhen
(time) and where (place) they wish to consume them. Good supply chain management
viewseach activity inthe supply chain as contributing to the process of adding value. To
many firmsthroughout world, supply chain hasbecomeanincreasingly important value-
adding processfor anumber of reasons. They are discussed below.

1. Costsare Significant: Statistics show that average about 12% of worlds GDP
accountssupply chain costs. About 7-9% sales accounts physical distribution costs.
Supply chain cost, substantial for most firms, rank second only to the cost of goods
sold. Valueisadded by minimizing these costs and by passing the benefits on to
customersand to thefirm’sshareholders.

2. Increased expectationsof the customer s. Awareness of customers has gone up.
Customersexpect rapid processing of their requests, quick delivery and also expect a
high degree of product availability. Supply chain assureslesserror rates, lower order
processing costs, reduced inventory, minimum cycletime and lowest transportation
costs. To meet theincreased exceptions of the present day customer, itisessentia that
every firm shouldimplement supply chain management.

3. Supply and distributionslinesarelengtheningwith greater complexity. Today’s
trendistowards an integrated world economy. Firmsare seeking, or have developed,
global strategiesby designing their productsfor aworld market and producing them
wherever thelow-cost raw materials, components, and labour can befound, or they
smply producelocally and sel internationally. In either case, supply and distribution
linesare stretched, as compared with the producer who wishesto manufactureand
sall only locally. Asthishappens, supply chaintakesonincreased importancewithin
thefirmand can considerably reducethe other costs.

4. Supply chainisimportant tostrategy: Firmsspend agreat deal of timefinding
waysto differentiate their product offeringsfrom those of their competitors. When
management recognizesthat supply chain affectsasignificant portion of afirm’scosts
and that the result of decisionsmade about the supply chain processesyieldsdifferent
levelsof customer service, itisinapositionto usethiseffectively to penetrate new
markets, to increase market share, and to increase profits. That is, good supply chain
management can generate sales, not just reduce costs.

5. Supply Chain addsSignificant Customer Value: Customersbecome unsatisfied,
if the product/serviceisnot delivered to him/her at thetime and place he/shewishto
consumeit. When afirmincursthe cost of moving the product toward the customer or
making inventory availableinatimely manner, customer value hasbeen created. Itis
valueassurdy asthat created through the production of aquality product or through
alow price. Supply chain controlstwo (time and place) out of four valuescreating
variables.

5 ANNA UNIVERSITY CHENNAI
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6. Customersincreasngly want QUICK customized Response: Today’scustomers
expect that productsand servicesbeddivered at very short time. Inaddition, improved
internet service, quick information systems, and flexible manufacturing systemshave
led the market place toward customization. Rather than consumers having to accept
the* Oneszefitsal” philosophy intheir purchase, suppliersareincreasingly offering
productsthat meet individual customer needs.

7. Supply Chainin Servicelndustry: Service sector of industriaized countriesislarge
and growing. Thesizeof thissector a oneforcesusto usethe supply chain conceptsto
untap the potential s so far not tapped

1.4 DECISION PHASE INA SUPPLY CHAIN

Successful management of supply chainrequiresmany important decisions, suchas
strategy, planning and operations. They arevery important becausethey affect theflow of
information, product and fundsin the supply chain. Let usdiscusseach thesedecisions.

Srategy or Design: Strategy isagrand plan. Supply chaingrategy involving decisons
how to structure the supply chain over next several years. It decideswhat the chains
configurationwill be, how resourceswill beallocated, and what processes each stagewil |
perform. Strategi c decisions made by companiesinclude thelocation and capacities of
production and warehousefacilities, the productsto be manufactured or stored at various
locations, themodes of transportation to be made availablea ong different shipping legs,
and thetypeof information systemto beutilized. A firm must ensurethat the supply chain
configuration supportsits strategi c objectives during thisdecision phase. Supply chain
designdecisonsaremadefor thelong term and arevery expensiveto ater on short notice.
Conseguently when companies make these decisions, they must take into account
uncertainty in anticipated market conditionsover the next few years.

1. Planning: Thesupply chainsconfiguration determined in design phaseisfixed for
making planning decisions. Companiesstart the planning phasewith aforecast for the
coming year of demand in different markets. Planning includes decisionsregarding
which markets will be supplied from which locations, the sub contracting of
manufacturing, theinventory policiesto befollowed, and thetiming and sze of marking
promotions. Planning establishes parameterswithinwhichasupply chainwill function
over aspecified period of time. In the planning phase, companiesmustincludeuncertainty
indemand, exchangerates, and competition over thistimehorizonintheir decisions.
Given ashorter time horizon and better forecast than the design phase, companiesin
the planning phasetry toincorporate any flexibility built into optimize performance. As
aresult of the planning phase, companies defineaset of operating policesthat govern
short-term operations.

2. Operation: During operation phase (weekly or daily) companies make decisions
regardingindividua customer orders. At theoperationd leve, supply chain configuration

iscons dered fixed and planning policiesaredready defined. Thegoal of supply chain
operationsisto handleincoming customer ordersin the best possible manner. During

6 ANNA UNIVERSITY CHENNAI



SUPPLY CHAIN MANAGEMENT

thisphase, firmsallocateinventory or production toindividual orders, set adatethat
an order isto befilled, generate pick lists at a warehouse, allocate an order to a N OT ES
particular shipping mode and shipment, set delivery schedulesof trunksand place
replenishment orders. Because operationd decisionsarebeing madein the short term,
thereislessuncertainty about demand i nformation. Given the constraints established
by the operation phase is to exploit the reduction of uncertainty and optimize
performance.

1.5 PROCESSVIEW OFA SUPPLY CHAIN

We have seenin section 1.1 that supply chain consistsof different stages. Thereare
two different waysto view (Sunil Chopra, 2003) the processes performed in asupply
chain. They are: 1. Cycleview, 2. Push/ Pull view.

1.5.1 Cycleview

Cycdleview congstsof four processcycles, namely customer order cycle, replishment
cycle, Manufacturing cycle and Procurement cycle. Each cycle occursat theinterface
between two successive stages of the supply chain. Itispointed out herethat, not every
supply chainwill haveal four cyclesclearly separated. A cycleview clearly specifiesthe
roleand respongbilitiesof each member of thesupply chain. Thedetalled processdescription
of asupply chaininthecycleview forcesasupply chain designto consder theinfrastructure
required to support these processes. When we want set up an information systemsto
support supply chain operations, the cycleview isvery useful, asprocessownership and
objectivesare clearly definedin cycleview. We now describethe various supply chain
cyclesbriefly.

Customer order cycle: All processesdirectly involved inreceiving andfilling the
customer ordersat thecustomer / retailer interface consist of customer order cycle. Customer
initiatesthiscycleat aretaller Steand thecycle primarily involvesfilling customer demand.
(For more details please see, Sunil chopra, 2003).

Replenishment Cycle: Thereplenishment cycleincludesall processesinvolvedin
replenishing retailer inventoriesto meet futuredemand. It occursat theretailer / distributor
interface. A replenishment cycle may betriggered at afirmwhenitisrunning out of stock.

Manufacturing Cycle: The manufacturing cycle occurs at the distributor /
manufacturer (or retailer, manufacturer) interface andincludesall processesinvolvedin
replenishing distributor (or retailer) inventory. Based on the customer orders, or by the
forecast thereplenishment order isplaced on the manufacturer. Manufacturing cycle tarts
immediately after thereceipt of theorder.

Procurement Cycle: The procurement cycle occurs at the manufacturer / supplier
interface and includesall processes necessary to ensurethat materialsare availablefor
manufacturing to occur according to schedule. Supplierssupply the necessary components
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that replenish the component inventories. Therdationshipisquitesimilar tothat betweena
distributor and manufacturer. Whileretailer / distributor ordersaretriggered by uncertain
customer demand, component orders can be determined from the manufacturer’ sproduction
schedule. Precisely the component orders depend on the production schedule. Thus, itis
important that suppliersbelinked to the manufacturers production schedule.

1.5.2 Push/ Pull view of supply chain process

All processinasupply chainfal into one of two categoriesdepending onthetiming of
their execution relativeto end customer demand. Executionisinitiated inresponsetoa
customer order in pull process. With push process, execution isinitiated in anticipation of
customer orders. Therefore, at thetime of execution of apull process, customer demand
isknown with certainty whereas at the time of execution of apush process, demandis
uncertain and must beforecast. Pull processisreferred asreactive processes because
they react to customer demand. Push processesisreferred as specul ative processesbecause
they respond to speculated (or forecasted) rather than actual demand. The push/ pull
boundary inasupply chain separates push processfrom pull process. A push/ pull view is
useful when consdering strategic decisonsrdating to supply chaindesign. Thisview forces
amore global consideration of supply chain processasthey relateto acustomer order.
Such asview may, for instance, result in responsbility for certain processbeing passed on
to adifferent stage of the supply chain of making thistransfer allowsapush processto
becomeapull process.

1.6 SUPPLIER-MANUFACTURER -CUSTOMER CHAIN

Any supply chain consists of three major stages. They are suppliers, manufactures
and customers. Inthechain, the supplier ispositioned at thefront end of the supply chain
becauseit provided suppliesfor down stream manufacturers. At timessuppliersmay perform
adistribution network analysisto determinetheleast-cost and best service option. Such
studiesbecome morethe norm asafirm devel ops supply chain skillsand beginslooking a
thetotd organization. A secondary objectiveof thesupplier could beinventory rationdization
study, determining the correct A-B-C stratification at the stock keeping unit level, and to
setinventory improvement targets. Thematerid flowsfrom thesupplier end to manufacture
for conversonprocess. Here, theddivery performanceisof paramount importance. Service
levels portray the delivery performance. To optimize the transportation cost linear
programming techniques may also be used. At the supplier end the supply chain cost of
flowing materia from supplier to manufacturer hasto be optimized.

Manufacturer form asecond stageinthischain. Here conversion of raw material into
finished product istaking place. In the manufacturing place, material flow takesplace.
Beforeit becomesafinished product it undergoes several operationsand movements
adding cost. At the compl etion of the conversion, the productsareintheform of finished
or semi-finished goods, to betransported through an appropriate channe of distribution.
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Productsaslarge asautomobilesgo by truck directly to adealer or by railroad carriersto

astaging areafor delivery to areadedlers. Because of large number of smaller itemsbeing N OT E S
suppliedinatypicd chainof delivery andtherangeinsize of retail customers, distributors
areofteninvolved. Inthisdiscussion weconsider distributorsand retailersas customers.
High-volume consumer productscan movedirectly from manufacturing to alarge customer
intruckload quantities, but low-volumeitems must begatheredin bulk a astaging areaby
adistributor, broken down and packaged into smaller units, and transferred to local
customerswho are unableto order truckloads or large volumes of theitem. A pallet load
of paper towel s might make sensefor someretailers and could be direct-shipped, but a
pallet load of particular food seasoning would beamultilayer supply for asmall speciaty
food retailer, the model thereforeincludes warehouses or distribution centers, where
appropriate, for completing the delivery of goodsand services.

Finally the product reachesthe customer. The customer inthe supply chainissome
typeof retailer or institution that sellsand deliversthefinal product and serviceto the
ultimate consumer, generdly through astoreor local facility. For food ddlivery, agrocery
storewould be an appropriate customer. For automobiles, it would bealocal dealership
or oneof the growing number of large multibrand organizations. For clothing, traditional
retail outletsare preferred by the customer. Inal cases, theflow of the product or service
movestoward the ultimate consumer, who purchasesthe goodsand servicesfor persona
reasons. Simply put, the satisfaction of theindividua consumer should driveacompany to
andyze, manageandimproveitssupply chain continuoudy. Thebuying optionsarecurrently
so large and the loyalties so weak that shiftsin consumption patterns can be swift and
deadly. Whether thechainisfor productsor services, theflow may appear to befrom left
toright, and movement efforts have been conducted inthat direction. In redlity, however,
an analysisof the chain should focus on thefinish line (demand), not the starting point
(supply). Companiesthat believethat the primary objective of supply chainimprovements
istoimproveinterna efficiency rather than to serve ultimate consumer moreeffectively are
demandtofail into-dayscompetitive environment.

1.7 DRIVERSOF SUPPLY CHAIN PERFORMANCE

Thegoa of supply chain management can be defined using Mr.Goldratt’ swordsas,
“Increasethroughput whilesimultaneoudy reducing bothinventory and operating expense’.
Inthisdefinition throughput refersto therate at which salesto theend customer occur. To
understand how a company can improve supply chain performance in terms of
respongvenessand efficiency, wemust examinethefivedriversof supply chain performance:
Production, Location, inventory, transportation and Information. Thesedriversnot only
determinethe supply chains performancein termsof responsi veness and efficiency, they
a so determinewhether strategicfit isachieved acrossthe supply chain.

Effectivesupply chain management callsfirst for an understanding of each driver and
how it operates. Each driver hastheability to directly affect the supply chainand enable
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certain capabilities. The next stepisto devel op an appreciation for theresultsthat can be
obtained by mixing different combinationsof thesedrivers.

1.7.1 Production

Production refersto the capacity of asupply chainto make and store products. The
facilitiesof production arefactoriesand warehousethefundamentd decisionthat manager’s
face when making production decision is how to resolve the trade-off between
responsiveness and efficiency. If factoriesand warehouses are built with alot of excess
capacity, they can bevery flexibleand respond quickly towidevariationsin product demand.
Facilitieswhered| or dmost all capacity isbeing used arenot capable of responding easily
tofluctuationsin demand. On the other hand, capacity costsmoney and excesscapacity is
idle capacity not in use and not generating revenue. So the more capacity that exists, the
lessefficient the operation becomes.

I ndustries can be built to accommodate one of two methodsto manufacturing.

1. Product focus: An industry that takes a product focus performs the range of
operationsrequired to produceagiven product linefrom manufacturing of different
product part to assembly of these parts.

2. Functiona focus: A functional approach concentrateson performing just afew
operations such asonly making aselect group of partsor only doing assembly.
Thesefunctions can be applied to making many different kindsof product.

A product gpproach tendsto resultin devel oping expertise about agiven set of products
at the expense of expertise about any particular function. A functional approach resultsin
expertiseabout particular functionsinstead of expertisein agiven product companiesneed
to decidewnhich gpproach or what mix of thesetwo approacheswill givethem the capability
and expertisethey need to best respond to customer demand. Aswith factories, warehouse
too can be built to accommodate different approaches. There arethree main approaches
touseinwarehousing.

1. Sorekeepingunitsstorage: Inthetraditional approach, al of agiventypeof product
isstored together. Thisisan efficient and easy to understand way to store products.

2. Joblot storage: Inthisapproach, all thedifferent productsrelated to the needsof a
certaintypeof customer or related to the needs of aparticular job are stored together.
Thisalowsfor an efficient picking and packing operation but usualy requiresmore
storage space than the traditional SKU storage approach.

3. Crossdocking: Anapproach that was pioneered by wal-mart initsdrivetoincrease
efficienciesinitssupply chain. Inthisapproach, product isnot actuadly warehousedin
thefacility. Instead thefacility isused to house aprocesswheretrucksfrom suppliers
arriveand load large quantities of different products. Theselargelotsarethen broken
downintosmaller lots. Smaller lotsof different productsare recombined according to
the needs of the day and quickly loaded on to outbound trucksthat deliver the products

tothar fina destination.
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1.7.2 Inventory

Through out supply chain, inventory isheld in variousforms. It isranging from raw
materia tofinished good viawork in progress. Raw materid iswiththe supplier; work-in-
progressiswith the manufacturer and finally thefinished goodswith thedistributorsand
retallers. Thesupply chain performanceisvery much affected by thevalue of inventory in
thesupply chain. Asweknow, weareinterested inimproving respons venessand efficiency;
the personsinvolved intheinventory shouldtry tofind trade of f between theefficiency and
regpongveness. Holding very highinventory carrying cost leeding to poor efficiency. Inventory
also hasadggnificant impact onthemateria flow timeinasupply chain. Theelgpsedtime
between entry and exist of material isknown asmaterial flow time. Another important
aspect whereinventory playsasignificant rolein supply chainisthe‘ throughput’. For a
supply chainthroughput istherate of sales. It can beinferred that material flow timeand
throughput are synonymousin asupply chain. Inventory a so playsamajor rolein supply
chainsability toimprovethefirm’scompetitive strategy. Trading off between keegping more
stock or less stock depending upon the situation, the responsiveness or the efficiency or
both can beimproved for achieving the competitiveness. Sunil chopra, et a (2003) have
identified threebas c decis onsthat supply chain managersmust makeregarding thecreetion
and holding of inventory.

1. Cyclelnventory: Itisthe average amount of inventory that is demanded by the
customers between successi ve shipments. Manufacturerstend to produce moreto
enjoy economiesof scale. Purchaserswould liketo buy in bulk to avail discounts.
Both these actionswill lead to holding of excessinventory and the corresponding
higher inventory carrying cost.

2. Safety Inventory: Itisprimarily to counter the unexpected demand from the customers
if theforecasting has significant error that can a so contributeloss of salesduetonon
availability of required goodsor may lead to excessholding of inventory. Safety stocks
areheldinthefirmsto meet the unexpected demand. It should be noted herethat, if
theforecagtingisvery near to actua demand cycleinventory itself issufficient. However,
inreality itisnot so. We need to make provision for holding safety inventory to be
responsiveinthe market.

3. Seasonal Inventory: Certain products demand fluctuates from period to period.
Therewill behigh demand during certain period and low demand during other periods.
Manufacturersmay find it difficult to manufacturethisvarying demand dueto capacity
related issues. Hencethey should determinethe constant rate of production that builds
inventory during low demand and meet the higher demand from theinventory during
thepeak periods. It requirescareful planning. Otherwisethewrong planning may lead
to access stock during low demand period associated with high inventory carrying
cost and less to meet the customer demand. Hence managers must make proper
decisionsregarding the production rate to meet the seasonal demands.
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1.7.3 Location

Wheretolocatethefacility isthe strategic choice. Managers must makejudicious
choice between various factorsin locating facilities. Location decision affects both
responsivenessaswell asefficiency of the supply chain. Toimprove responsivenessthe
firm may decide to decentralize the activitiesand if they want to improve efficiency
centralization can bemade. Severd factorslikeavailability of raw materid, skilled |abour,
proximity to customers, climate, government regulations, etc., areanalyzed and carefully
consderedinfixing thelocation for thefacilities. Location decision reflectsacompany’s
basic strategy for building and ddliveringits productsto market.

1.7.4 Transportation

Thecost of transportation constitutes 60-65 percent of thetotal manufacturing cost
of aproduct. Even though thereisno value addition in the transportation activity, the
movement of material from one placeto other isthemost cost. So, it hasto bevery well
planned. Networking of severa activitiesand optimizing theroutesshdl bring reductionin
trangportation cost. Efficiency of supply chainisvery much affected by thissinglefactor.
Managersmust make contributing proper decisionin choosing the correct and economical
mode of transport in moving their materials. Modeslikeair, ship, rail, road, pipelineand
electronictransport should bejudicioudy selected inimproving theresponsivenessaswell
asefficiency.

1.7.5 Information

Information hasbecomevery vital link inthesupply chain. IT toolsareavailablefor
improving supply chainefficiency by way of effectivecommunication of requiredinformation
a theright place, at theright timeby theright persontotheright person. Infact, information
isthe basisupon which to make decisionsregarding the other four supply chaindrivers.
For coordinating daily activitiesand aso for making forecast and planning, information
playsavitd role. Withintheindividua company thetrade-off between responsvenessand
efficiency involveswe ghing the benefitsthat good i nformation can provide against the cost
of acquiring that information. Mainly theinformation’sregarding product supply, customer
demand, market forecasts, and production schedulesare to be shared effectively by the
supply chain participantsin order toimprovetheresponsiveness. Thusit can be noticed
that good information sysemscan hd p afirmimprovebothitsresponsvenessand efficiency.

1.8 STRUCTURING SUPPLY CHAIN DRIVERS

We come to know the purpose of supply chain strategy isto make compromise
between respons venessand efficiency. Thiscould be achieved by properly managing the
supply chain driversdiscussed in section 1.6. the combined effect of thesefivedrivers
determinestherequiredlevel of respongvenessand efficiency of theentiresupply chain. A
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framework asshowninfig 1.3 providesthe structure of the supply chaindriveswiththe
supply chainasawhole, N OT E S

) The five major supply
1.Production chain drivers * 2. Inventory
What, how, and How much to
whento produce [€ -~ """"---TTT------s »  make how much
to store
A 5. Information A

: The basic for !

| making decisions :

4. Transportation 3. Location
How and when to Where best to do
move product what activity
e e >

* Adapted from “ Essentia sof supply chain management” by Micheal Hugos.
Figure 1.3 FrameWork of Supply Chaindrivers

theresponsivenessversusefficiency trade off that companiesmakeispurely based
on the combination of thesefivesupply chain derivers. Combination determineshow well
thesupply chain servicesitsmarket and how possibleit isfor the participantsinthat supply
chan.

1.9 OVERVIEW OF SUPPLY CHAIN MODEL SAND MODELING
SYSTEMS

Supply chain modelsareaprerequisitefor successful implementation of supply chain
management. Modeling practitionersmight develop skill inintegrating Transactiona |1 T
withAnayticd I T for the purposeof integrated supply chain planning. Anaytical 1T, which
involvesboth descriptive model sand optimization model sform part of the supply chain
models. The construction of optimization model demands descriptive dataand modelsas
inputs. Input dataand reports must be manageabl e, by the manager. A good model anda
modeling system should expand the consci ousness of managersand analyst regarding
decision optionsand methodsfor improving supply chain design and operation. Also supply
chain modeling shouldincorporate conceptsfrom severa management disciplinelikestrategy
formulation and theory of thefirm, logistics, production and inventory management,
management accounting, demand forecasting, marketing science and operation research.
Thevarioussupply chain mode savailableintheliterature are groupedinto two categories
and arediscussed below :
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1.9.1 ModelsWith Transactional I T

Enter prissResour ce Planning System (ERP): ERPisonly apartiad SCM solution.
It hasitsroot in MRP (Materials Requirements Planning). The scope of ERPincludes
product devel opment, capacity planning, and marketing. Common modulesfor atypical
ERP sysemfor manufacturersand distributorsare capacity requirements, cost management,
financia and A ccounting, manufacturing processes, order management, purchasing and
inventory, real time planning and scheduling, material billsand routings, human resource
management and engineering / product definition. The ERP system manages company’s
transactional data, onred timebass.

Material RequirementsPlanning System: MRP system devel opsnet requirements
for each period. It useshill of materid data(BOM), inventory dataand themaster production
scheduleto calculate requirementsfor materias. Time-phased MRPisaccomplished by
exploding theBill of materid, adjusting for tock on hand and offsetting the net requirements
by the appropriatelead times.

Distribution RequirementsPlanning System: DRP system schedulesinbound,
inter facility and out bound shipmentsthrough the company’slogistics network. It takes
Into account thetransportation factors such asvehicleloading and routing, consolidations,
model choicechannd selection, and carrier salection. Stock on hand, inventory management
dataand forecasted demand aretheinput to DRP.

1.9.2 Supply Chain ModelsWith Analytical IT

Production Scheduling Optimization M odeling Systems: Theobjectivesof this
model isto minimize avoidable short term costswhile satisfying customer requirements.
Thismodd fit the appropriatetype of manufacturing. It addressesmainly the operationa
decisions such as sequencing, change overs and management of work-in-progress
inventories.

Distribution scheduling optimization modeing systems: Vehiclerouting problem
and other scheduling problemsare addressed through thismodd . Ontimedélivery isone
of theimportant key elementsof competitive advantage. Thistype of modeling systems
help achieve ontimededlivery of products/ serviceto the customers.

Production planning optimization modding sysems: Thisisamanufacturing model
which minimizes manufacturing cost by implementing master production schedule. An
allocation resource along with resource level reduces avoidable manufacturing costs. It
can aso determine WIP, mg or machine changeovers and make-or-buy decisions.

L ogisticsoptimization modeling systems. Thismodel occurs on the assignment
of marketsto digtribution centers. Itsmain amisto minimizetrangportation costs, materid-
handling costs, warehousing costs, and inventory costsacrossthe network. Ultimately it
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helpsin preparing master plan for the entire supply chain that meetsthefull customer
demand over the next quarter. NOTES

Tactical optimization modeling system: Thismodd helpsin minimizing thetota
supply chain cost at the sametime maximizesthe net revenues. Thisintegrates supply,
manufacturing, distribution and inventory planfor theentire supply chainfor thenext one-
yedr.

Srategic optimization modeling system: Thegod of thismode isto maximizethe
net revenueson return oninvestment. Thismode applied for acquisition of resourcesfor
new manufacturing and design of supply chainfor anew product.

Demand forecasting and or der management systems: Forecasting thedemand
accurately isvery important. Thisisdone using thismodel, which combines dataabout
current orderswith historical datato produce requirementsfor finished products. It deals
withtheuncertainty in demand.

Chapter Summary

A supply chainiscomposed of all thefirmsinvolved inthedesign, production, and
delivery of aproduct to market. Supply chain management isthe coordination of production,
location, trangportation, informeation and inventory among the participantsinasupply chain.
The primary objective of good supply chain management isto achieve optimum level of
respons veness coupled with higher efficiency. Proper SCM increase salesof goodsand
servicestothe customers.

Supply chainisimportant because it helpsin reducing cost, meetstheincreased
expectation of the customer, solvesthe complex problemsexist in thedistribution lines,
and hel psin meeting the customer requirements qui ckly. Successful management of supply
chain requiresdecisionssuch asstrategy, planning and operation. Supply chainisviewed
as cycle view and push / pull view. Cycle view consists of customer order cycle,
replenishment cycle, manufacturing cydeand procurement cyde. With pull process, execution
isinitiated in responseto acustomer order. With push process, executionisinitiatedin
anticipation of customer orders.

Thegoal of supply chain can be achieved by identifying the supply chain drivers.
Production, location, inventory, transportation and information arethe key driversof supply
chain. Combination of thesedrivershe psin achieving higher respons venessand efficiency.
Supply chain model sand modeling system aretwo types. Modelswith transactional I T
cond st of materid srequirementsplanning system, distribution requirementsplanning system
and enterpriseresource planning models. Anaytical I T model sare production scheduling,
distribution scheduling, production planning, logistics, tactical, strategic and demand
forecasting optimization models.
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Review Questions

1. Definesupply chain.

2. Explain supply chainwithan example.

3. Discusstheimportance of supply chain.

4. What arethe objectivesof supply chain?

5. What issupply chain management? Explain.

6. Distinguish between logisticsand supply chain.
7. Explainthedecision phasesinasupply chain.
8. Discussthe processview of asupply chain.

9. Bring out theimportance of driversof supply chain.

10Discussthevarioussupply chaindrivers.
11.How will you structureasupply chain?
12.Givean overview of supply chain models.
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UNIT Il

STRATEGIC SOURCING
LEARNING OBJECTIVES
After reading thischapter youwill beableto

e Understand what isinsourcing and outsourcing.

e Classfy varioustypesof purchasing strategies

e Conduct supplier evauation

e Appreciatethe procedurefor selection and measurement of suppliers
e Gainknowledgeand understand what issupplier quality management
e Createworld classdatabase on suppliers

e Gansomeingghtintoworldwidesourcing.

2.1 INTRODUCTION

We haveseenindetail, thefundamenta sof supply chaininthefirst chapter. We have
a so defined the supply chaininits perspective. Assuch supply chain management isthe
processof designing, planning and implementation changeinthestructureand performance
of the‘total’ material flow in order to generateincreased value, lower costs, enhance
customer service and yield acompetitive advantage. To achieve the objective of supply
chainmanagement, itisimportant toimplement sourcing technology strategicaly. Strategic
sourcinginvolvestaking decis onwith regard toinsourcing or outsourcing. Variouspurchasing
Srategiesareused to optimizethe purchasing activities. Ininsourcing, the supplier evauation
isof greater importancein identifying the good supplier source. In thischapter weare
going to seethevariousgrategic sourcesand itsimplicationsincluding supplier evauations.

2.2INSOURCING

Insourcing isthe opposite of outsourcing.
Definition

Insourcing can be defined asthe del egation of operationsor jobsfrom production
within abusinessto aninternd entity that specidizesinthat operation.
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Insourcing isthe utilization of professional from another company employed asa
turnkey global extension of acompany’swork placeand workforce, without transferring
the project management and decision-making control to an outside provider.

What isinsour cing?

When an organization del egatesitswork to another entity, whichisinternally yet not
apart of theorganization, itistermed asinsourcing. Theinterna entity will usualy havea
specidized teamwho will be proficiency in providing the required services. Insourcing
enabl es organi zation to maintain abetter control of what they outsource. Insourcing can
also be defined astransferring work from one organi zation to another organization, which
Islocated within the same country. Insourcing can al so mean an organi zation building a
new busi nesscenter or facility whichwould specidizeinaparticular activity, usudly opt for
insourcing in order to cut down the cost of labour and taxesamongst others. Thetrend
towardsinsourcing hasincreased since the year 2006. Organi zationswho have been
dissati sfied with outsourcing have moved towardsinsourcing. Someorganization feel sthat
they can have better customer support and better control over thework outsourcing by
insourcing their work rather than outsourcingit. U.Sand U.K arecurrently the largest
outsourcingintheworld. TheU.Sand U.K outsourcing andinsourcing work equally.

What isbest for your organization?

If thework involves production, itisided for the organi zationto opt for insourcing, as
reduction in transportation costs and exercise abetter control over the project.

If the organization hasanumber of non-core processes, which aretaking plenty of
time, effort and resourcesto performin house, it would be wise to outsource these non-
corefunctions.

Salient features
¢ Insourcingisasoreferredtoascontractingin.

e Contractingisoften defined asthe del egation of operationsor jobsfrom production
withinabusinesstoaninterna (but ‘ tand-aone’) entity (such asasub contractor)
that specifiesinthat operation.

¢ |tisabusnessdecisonthat isoften madeto maintain control of certain productions
or competencies

e Andternateuseof thetermimpliestransferring jobsto within the country where
thetermisused, either by hiringloca sub contractorsor building afacility.

¢ Insourcingiswidely usedin an areasuch asproduction to reduce costs of taxes,
labour, transportation, etc.,

¢ Insourcingisabusinessmodel that requires multi-dimensional expertiseand
adequate know-how of technol ogy, trends and business practices.
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e |nsourcing offersbenefitsover outsourcing
- Greater control over resources becausethey aredirect employees.
- Better control over intellectual property

- Higher acceptance of insourcing. Insourcing can work well for companies
looking to use offshore resourcesfor long periodsof timeworking on strategic
activitiessuch asproduct engineering and customer facing strategies.

Advantages

1. Higher degreeof control over inputs
2. Increasesvighility over the process
3. Economiesof scale/ Scopeusesintegration

Disadvantages

1. Requirehighvolume

2. Highinvestment

3. Dedicated equipment haslimited
4. Problemwith supply chain

2.3 OUTSOURCING

Outsourcingissubcontracting aprocess, such asproduct design or manufacturing, to
athird-party company. The decision to outsourceisoften madeintheinterest of lowering
firm costs, redirecting or conserving energy directed at the competenciesof aparticular
business, or to make more efficient use of labour, capital, technology and resources.
Outsourcing became part of the businesslexicon duringthe 1980's.

e Thedtrategic useof outside service providesto perform non-revenue generating
activitiesso that an organization may focuson itscore competencies. Outsourcing
isabusinessmode for leveraging the capatility and capacity externdly. Outsourcing
isalong-termresult oriented businessin an external service provider for services
traditionaly performed with inacompany. Outsourcing meanstaking out aspecific
areaof thebusinessand giving it to someonewhoisan expert and having assumed
end-to-end deliveries.

e Outsourcinginvolvesthetransfer of themanagement and/ or day-to-day execution
of anentirebusinessfunction to an externd serviceprovider. Theclient organization
and the supplier enter into acontractual agreement that definesthetransferred
services. Under the agreement the supplier acquiresthe meansof productionin
theform of atransfer of people, assetsand other resourcesfromtheclient. The
client agreesto procure the servicesfrom the supplier for theterm of the contract.
Business segmentstypically outsourced includeinformation technology, human
resources, facilitiesand red estate management, and accounting. Many companies
also outsource customer support and call center functionslike telemarketing,
customer services, market research, manufacturing and engineering.
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Outsourcing and offshoring are used interchangeably in public discourse despite
important technical differences. Outsourcing involves contracting with asupplier, which
may or may not involve some degree of offshoring. Offshoring is the transfer of an
organi zational function to another country, regardless of whether thework isoutsourced
or stayswithin the same corporation.

Withincreasing globalization of outsourcing companies, the distinction between
outsourcing and offshoring will becomelessclear over time. Thisisevidentintheincreasing
presence of Indian outsourcing companiesin the US and UK. The globalization of
outsourcing operating mode shasresulted in new termssuch asnearshoring and rightshoring
that reflect the changing mix of locations. Thisisseenintheopening of officesand operations
centersby Indian companiesinthe USand UK.

Multisourcing referstolarge (predominantly | T) outsourcing agreements. Multisourcing
isaframework to enabledifferent parts of the client bus nessto be sourced from different
suppliers. Thisrequiresagovernancemodel that communicates strategy, clearly defines
respons bility and hasend-to-end integration.

2.3.1 Processof outsourcing
Decidingto outsource

Thedecisionto outsourceistaken at astrategic level and normally requiresboard
approval. Outsourcing isthe divestiture of abusinessfunctioninvolving thetransfer of
peopleand the sal e of assetsto the supplier. The processbeginswith theclient identifying
what isto be outsourced and building abusiness caseto justify the decision. Only oncea
high-level business case hasbeen established for the scope of serviceswill asearch begin
to choose an outsourcing partner. A request for proposal (RFP) isissued to the shortlist
suppliersrequesting aproposa and aprice. A competitionisheld wheretheclient marks
and scoresthe supplier proposals. Thismay involveanumber of face-to-face meetingsto
clarify theclient requirementsand the supplier response. The supplier will bequalified out
until only afew remain. Thisisknown asdown select intheindustry. Itisnormal togointo
the due diligence stage with two suppliersto maintain the competition. Following due
diligencethesupplier submit a“best andfind offer” (BAFO) for theclient to makethefina
down select decision to one suppliersto gointo competitive negotiations.

Negotiationsand Finalization

The negotiation takesthe original RFP, the supplier proposals, BAFO submissions
and convert theseinto the contractual agreement between the client and the supplier. This
stage finalizesthe documentation and thefinal pricing structure. At the heart of every
outsourcing dedl isacontractua agreement that defineshow theclient and thesupplier will
work together. Thisisalegally binding document and is core to the governance of the
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relationship. Therearethreetermsbecome active and aservice commencement datewhen N OT E S
thesupplier will take over the services.

Execution

Thetransitionwill beginfrom the effective date and normally run until four months
after servicecommencement date. Thisisthe processfor the saff transfer and take—on of
sarvices. Thetransformationistheexecution of aset of projectstoimplement the Service
Level Agreement (SLA), toreducethe Total Cost of Ownership (TCO) or toimplement
new services. Emphasisison‘ standardization’ and ' centraization’. Thisistheexecution of
the agreement and lastsfor theterm of the contract. Near the end of the contract terma
decisonwill bemadeto terminate or renew the contract. Termination may involvetaking
back services(insourcing) or thetransfer of servicesto another supplier.

2.3.2 Reasonsfor outsourcing

Organization that outsour cear eseekingtor ealize benefitsor addr essthefollowing
issues:

e Cos savings. Thelowering of theoveral cost of theservicetothebusiness. This
will involvereducing the scope, defining qudity levels, re-pricing, re-negotiation,
codt re-gructuring. Accesstolower cost economiesthrough offshoring called * labor
arbitrage’ generated by thewagegap betweenindustriaized and devel oping nations.

o Costrestructuring: Operating leverageisameasurethat comparesfixed costs

tovariablecosts. Outsourcing changestheba ance of thisratio by offeringamove
fromfixed to variable cost and a so by making variable costs more predictable.

e Improvequality: Achieveastep changein quality through contracting out the
servicewithanew servicelevel agreement.

e Knowledge Accesstointellectua property and wider experienceand knowledge.

e Contract: Serviceswill beprovidedtoalegally binding contract with financial
pendtiesand legal redress. Thisisnot the casewithinterna services.

e Operational expertise: Accessto operational best practicethat would betoo
difficult or time consuming to developin-house.

o Saffingissues: Accesstoalarger talent pool and asustainable source of skills.

e Capacity management: animproved method of capacity management of services
and technology wheretherisk in providing the excess capacity isborne by the
upplier

e Catalyst for change: An organization can use an outsourcing agreement asa
catalyst for major step change that cannot be achieved alone. The outsourcer
becomesachange agent inthe process.

e Reducetimetomarket: Theacceleration of the development or production of
aproduct through the additional capability brought by the supplier.
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e Commodification: Thetrend of standardizing business processes, IT services
and application services enabling businessesto intelligently buy at theright price.
Allowsawiderangeof businessesaccessto servicesprevioudy only availableto
large corporations.

¢ Risk Management: An approach to risk management for sometypesof risksis
to partner with an outsourcer whoisbetter ableto provide themitigation.

¢ Timezone: A sequentia task can bedoneduring normal day shiftindifferenttime
zones—tomakeit seamlessly available 24X 7. Same/similar can bedoneona
longer term between earth’ shemispheres of summer/winter.

e Customer Pressure: Customer may seebenefitsin dealing with your company,

but are not happy with the performance of certain e ementsof the business, which
they may not seeasolution to except through outsourcing.

2.3.3 Outsour cing obj ectives

e Focuscoreactivity

e Reduced costs

e |Improved operationd quality
e Achievehighproductivity

e De-riskthebusiness

2.3.4 Quality of servicein outsourcing

Quality of serviceismeasured through a Service Level Agreement (SLA) inthe
outsourcing contract. In poorly defined contractsthereisno measureof quality or SLA
defined. Evenwhen an SLA existsit may not beto the samelevel asprevioudy enjoyed.
Thismay bedueto the processof implementing proper objective measurement and reporting
whichisbeing donefor thefirsttime. It may a so belower qudity through designto match
thelower price.

Thereareanumber of stakeholderswho are affected and thereisno single view of
quality. The CEO may view thelower quality acceptableto meet the businessneedsat the
right price. Theretained management team may view quality asdipping compared towhat
they previoudly achieved. Theend consumer of the servicemay alsoreceiveachangein
servicethat iswithin agreed SLAsbut isstill perceived asinadequate. The supplier may
view quality in purely meeting the defined SL Asregardlessof perception or ability todo
better. Quality in terms of end-user-experience is best measured through customer
sati Sfaction questionnaires, which are professionaly designed to capture an unbiased view
of quality. Surveyscan beoneof research. Thisallowsqudity to betracked over timeand
alsofor corrective action to beidentified and taken. A Mek insey study showsthat when
processes are outsourced to I ndia, companies not only get the advantage of low cost but
also experienceimprovement and quality.
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2.3.5 Impact of outsourcing N OT ES

Offshoreoutsourcing for the purpose of saving cost can often haveanegativeinfluence
onthereal productivity of acompany. Rather than investing in technology to improve
productivity, companiesgain non-real productivity by hiring fewer peoplelocally and
outsourcing work to less productivity facilitiesoffshorethat appear to be more productive
smply becausetheworkersarepaidless. Incontrast, increasesinrea productivity arethe
result of more productivetoolsor methods of operating that makeit possiblefor aworker
todomorework. Non-rea productivity gainsarethe shiftingwork to lower paid workers,
often without regardsto real productivity. The net result of choosing non-real over red
productivity gainisthat the company fallsbehind and obsol etesitself overtimerather than
making read investmentsin productivity. From the standpoint of labor within countrieson
the negative end of outsourcing thismay represent anew threat, contributing to rampant
worker insecurity, and reflective of the general process of globalization. While the
“outsourcing” processmay provide benefitsto lessdevel oped countriesor global society
asawhole, in someform and to some degree—includerising wagesor increasing standards
of living —these benefits are not secure. Further, the term outsourcing isalso used to
describeaprocessby whichaninterna department, equipment aswell aspersond, issold
to aservice provider, who may retain the workforce on worse conditions or discharge
theminthe short term. The affected workersthusoftenfedl they arebeing * sold downthe
rver’.

2.3.6 Advantages

1) Greater flexibility suppliers

2) Lowerinvestment risk

3) Improved cashflow

4) Lower potential labour costsshortage

2.3.7 Disadvantages

1) Posshility of choosingwrong

2) Lossof control over process

3) Potentid for guard banding

4) Longlead—times/ capacity

5) “Hollowingout” of thecorporation

2.4 TYPESOF PURCHASING STRATEGIES

Corporate srategy addressesthelong-term mission of an organization, includinglong-
term survival. Companiesfollow poor strategiesare unableto withstand themarket force
of competition. A corporate strategy involvesmorethanjust survivd. It requiresadefinition
of how acompany will competein achanging competitive environment. Therefore, the
strategy of an organization must addressthelong-term objectives of the organization.
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Purchasing strategy isone of themost important strategiesthat organization must develop
and maintain. Organization followsdifferent typesof purchasing strategiesto suit their
reguirements. Some of the most common and important purchasing strategiesare: (i)
optimizing the supply base, (ii) Supplier quality management, (iii) Sourcingglobally, (iv)
Long-term supplier relationship, (v) Supplier involvement right fromtheinitia stage, (vi)
Supplier development and (vii) Cost consciousness. L et usdiscuss briefly each of these
drategies.

Optimizingthesupply base: Right sizing istheterm associated with thereduction
of number of suppliers. Deming advocatesto havefewer suppliers. Toreach thisgoal the
supply base should be optimized to avoid risk in the purchasing. Suppliers, who are not
capable of achieving world-classperformance, either currently or inthe near future, may
bediminated from thesupply base. Thisprocesshasto be continued. Optimization requires
anandyssof number of suppliersrequired currently andinthe near futurefor each purchased
item.

Supplier quality management: Variationintheprocessisinevitable. Variation may
be dueto man, material or machine. Quality dependsmainly on variation inthe process.
Companiesfollow newer techniqueslike, Statistical Quality Control (SQC), Statistical
Process Control (SPC), Process Capability studies, Design of Experiments(DOE), Quality
audits, etctoreducevariationsintheir process. TQM requiresreduction of variation and
should lead to continuousimprovement in the process. TQM emphasi zesthe need to meet
and exceed the expectations of the customer. In order to ensure high quality and to meet
the customer’s present and future needs, a purchaser must communicate to the supplier
any expectationsregarding quality. Supplier quality isto be managed through imitations
from the purchaser. Purchaser should make arrangementsfor implementing TQM inthe
supplier permits.

Sourcing Globally: Present day competitionisglobal dueto globalization. World
hasbeen reduced toavery smdl entity by thelnternet. Searching suppliersglobaly improves
supplier selection process effectiveness. Entireworld should be viewed asapotential
source for supply. It can be used to access for anew market to gain accessto global
competitiveness. Themgor objectiveof globa sourcingisto provideimmediateand excellent
improvement in cost and quaity through commodity research process. Itisan opportunity
to gain exposureto product and process technol ogy, increase the number of available
research satisfies counter trade requirements, and establish apresencein foreign markets.
Thereareseverd drawbacksinthegloba sourcing. Different culturesprevailing different
countries should be understood. More complex logisticsand current fluctuationsrequire
measuring dl relevant costsbefore entering into global sourcing.

L ong-term supplier relationships. Treating suppliersaspartners can solve many
suppliers related issuesand paveway for good relationships. Identifying few vendorsand
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developing mutua long lasting relationshipisimportant for better supplier management. It

ispreferableto havelong-term rel ationship with exceptionally good suppliers. A long-term N O TE S
rel ationship may includeajoint product devel opment rel ati onship with shared devel opment
costsand intellectua property.

Supplier involvement: Making suppler understand theimportance of involvement
right fromthe design stage of product to thefinal stageisvery important for getting highly
competitivequality and pricefor theproduct. Early involvement should take placethrough
participation on cross-functiona product devel opment teams.

Supplier development: Devel oping the supplier tothequality supplier istheprime
duty of the customer organizationinthe TQM environment. Theremay beasupplier who
iswilling to participateinimproving quality and cost performance, but they may not have
adequatetechnical expertiseor sufficient fund to upgradetheir facilities. Instead of removing
such suppliersfromthe supply base, organization can extend their helpinimproving the
supplier’sposition aspart of long-term relationship. Buyer-sdller consulting teamsmay be
formed toimprovethe supplier position. Thebas ¢ motivation and success|ead to longer-
term benefitsto both buyer and seller. Thiswill certainly support the devel opment of world-
classsuppliersin new areas of product and processtechnol ogy.

Cost consciousness: In supply chain management, the cost of shipment of materials
from the supplier unit to the customer unit includes cost of late delivery, poor quality or
other formsof non-performance. Cost of transportation includesthe above mentioned
costshaveto be clearly understood by both buyer and seller. Total cost concept hasto be
implemented and decisionsregarding shipment should be made based on thistotal cost
concept. Cost variancesfrom planned results can be analyzed to determine the cause of
thevariance. Corrective actions can then be taken to prevent future problems. The cost
consciousapproachwill certainly lead tominimumtotal cost of trangportation of themateria
from the supplier to the customer.

2.5 THE SUPPLIER EVALUATIONAND SELECTION PROCESS

Weareawarethat thereisno single method avail ableto eval uate and select suppliers.
Every organi zation usesan eva uation proceduresuitabletoit. However, theoverdl objective
of thesupplier eval uation processisto reduce purchaserisk and maximize overall valueto
the purchaser. An organi zation must select supplier it can do businessfor alonger period of
time. Inany case, supplier evaluationisamust to updatethe supply baseintheorganization.
Changing technol ogy, taste of customer and globalization forces companiestoinstitutea
systeminthe organizationto eva uatethe supplier onacontinuousbass. Formal supplier
evaluation can involve ateam of expertsfrom apurchaser spending severa daysat a
supplier’swork place. This selection address many issues and decisionsinvolved in
effectively and efficiently eval uating selecting, and maintaining asupply base. Supplier
eva uation beginsin anticipation of afuture purchaserequirement. Throughout the supplier
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evaluation and selection process, it isimportant to understand the requirementsthat are
important to that purchase. They differ widely fromitemtoitem, firmtofirmor industry to
industry. Thesupplier eva uation and salection processinvolvethefollowing generd steps:

Step 1: Understand the need for supplier selection

Step 2: Identify critica sourcing requirement

Step 3: Determinethe appropriatetype of sourcing

Step 4: Identify the potential suppliers/ sources

Step 5: Select the appropriate method of supplier eva uation and selection
Sep 6: Select thesupplier.

2.5.1 Supplier selection process

Supplier selection isbased upon criteriathat arevital to aparticular processand
indicative of future success. The criteriaare weighted and some attribute may be more
important for one process than another. For example, technical support may be more
important for surveillance processthan field service and support capabilitiesand will be
welighted accordingly. Each criterion has detail ed descriptionsthat definetherequirements
that areimportant to the company.

Quiet often, organization use price asthe determining factor when consideringwhich
supplier to select. Whilepriceisanimportant determining factor; other dimensionssuchas
quality, lead-time and payment terms must not be overlooked. Hereisacomprehensive
list of criteriathat may be used to makethe best decisions.

Quality: Thecost of poor quality extends much further than the carrying cost of
safety stock to ensure supply can meet demand. If acomponent of your product hasbeen
outsourced and that part isdefective, the customer will associate the poor quality with
advertisement. Not only the organizationshaveto pay to replaceor repair them, but it will
also affect the percelved quality of thebrand, further reducing future sales opportunities.

L ead-time: Lead-timeisthetimebetween placing an order and delivery of theproduct.
Thelonger thelead-time, the higher the cycleinventory and safety stock must beto meet
demand. Thisinventory trand atesto higher coststo maintaintheseinventoriesand must be
taken into account when evauating the * best price’ from each supplier.

Ddlivery Reliability: Whilethismay bedifficult to evaluate, especialy for anew
supplier, itisworthinvesting from past or current customers. For example, alargesupplier
may placeyour order on alower priority whenthey arebusy if you areoneof their smaller
customers. Thismeansyou will receiveyour order late, which again may mean havingto
carry extrastock. Itismuch better to have areliable delivery at the expense of alonger
lead-time as other operational activitiesmay be planned in advanceto reduce costs.
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Flexibility: Sinceforecastsareamost dwayswrong, aflexible supplier should be
ableto quickly respond to changing market needs. For example, what mechanismsexist N OT E S
for arush delivery?What costs are involved? Will the |lead-time be the same asfor a
regular delivery, or will it bethe shorter?

Transportation Costs. The transportation costs associated with delivering the
product to your locationis part of thetotal purchase cost. In some casesthiscost isburied
in the products unit cost, whilein othersit is shown as aseparate lineitem. For local
suppliers, it may be possible to arrange a pick up using your own trucks, reducing
transportation costsfurther. Distanceand mode of transportation arekey driversthat affect
transportation costs.

Pricingterms: Supplierstypically offer quantity discountsfor larger batch sizes,
however extrahol ding cogtsfor inventory should befactored inif thebatch szeissignificantly
larger than what your requirementsare. Some supplier offer additional discountsfor early
payment. For example, atwo percent discount may beapplied if payment ismadewithin
10days. Thismay bebeneficial for your organization depending on what other optionsit
hasto utilizeitsworking capitd.

Technological capability: Althoughthisismorequantitetive, theability of your supplier
toprovideyouwithaccurate, timely informationwill hel pwith planning andincreasecustomer
serviceintheevent of astock-out situation. Web-enabled suppliersthat track your order
status enable you to make adjustmentsaswell asto inform your customersof changesto
their order. Using the phoneto track down the supplier and wait for an answer may not be
good enough for some of your customerswho demand instant updatesfor their order
gatus. Sdlecting thesupplier for thefirst timerequiresdifferent set of criteria sthan applying
criterid sfor retaining theexisting suppliers. Let usdiscusshow to select ainitid supplierin
this section and measuring the performance of theexisting supplier will bediscussed later
inthischapter.

2.5.2 Supplier measurement and Evaluation

Initid supplier selection based on sevenkey criteria shasbeen discussedintheprevious
section. Inthis section let us discuss how to measure the performance of the existing
suppliersinthe supply base. An organization must havethetool sto measure, manageand
develop the performance of itssupply base. Supplier performance measurement includes
the system of collecting and providing information to measure, rate or rank supplier
performance on acontinuousbasis. Central to all measurement systemsisthedecision
about what to measure and how to weight the performance criteria's. There arethree
categories of performance measures, which are generally followed in evaluating the
performance of theexisting suppliers. They arediscussed below:
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Performanceof on-timedelivery: When purchase order isissued to the supplier,
thebuyer mentionstheddivery date (duedate) withinwhichthematerid hasto besupplied.
Inmany casescompaniesfail to supply onor beforethedelivery date causinginconvenience
tothebuyer. So, thebuyer cantrack how well asupplier satisfiesthe quantity and duedate
performance. Thesupplier delivery performance could betracked by reporting materia
lead-time, quantity supplied, lead-time requirements and due date compliance.

Quality of material supplied: Quality measurement isacritical componentinthe
evauationsystem. A buyer can compareasupplier’ squality againg someprevioudy specified
performance objectives, track improvement rates, and comparesmilar supplier. Supplier
quality requirements haveto be specified in order to measure quality compliance.

Price: Priceisessentially animportant aspect in the performance eval uation of the
suppliers. A supplier quotesapricewith avalidity period. Buyer hasto buy the materid
withinthedateto avoid price escaation. On request, the supplier may extend thevalidity
period. Thisishow abuyer-supplier relationship can be maintained with respect to price
adjustmentsto accommodate the inflation. Another way isto compareasupplier’sprice
againgt other supplierswithinthesameindustry.

Buyer can a so useanumber of qualitative factorsto assess supplier performance.
The problemwith the qualitativefactorsisthe subjectivity. Thesefactorscan beweighted
againg ab-point likert’ sscaleto get the overal assessment. Someof thequaditativefactors
ae
* Problem solving ability * Technical capability * Progressreporting method
* Responsiveness * Priceresponsibleness  * Support to RSSinitiatives
* Buyer / seller compatibility.

A typica supplier evauationformwith ahypothetica scorefor each criteriaisgivenin
table2.2.

Thescorefor each sub items can be given on afive-point scale and weightage given
for each mg or factor may be considered for determining thelevel of each factor. Based on
thetotal score, the performance of the supplier isdetermined.
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Table2.2 Supplier Perfor mance measur ement scor ecar d:

N . Sub Score
SI.No Performance Criteria Weight Weight | on5 Tot
1. | On-time delivery 20 20 4 1¢
2. | Lead time performance 5 5 4 4
3. | Quality 25 iy
A. Discrepancy rate
B. Rdliability g 2 g
C. Defectsrate
: 5 3 3
D. Customer complal nts 5 4 4
E. Waranty clams 5 4 4
4. | Services 25 1¢
A. Responsiveness
B. Compatibility 5 4 4
C. FHexibility 5 3 3
D. Knowledge (technica 5 4 4
capability) 5 4 4
E. After salesservice 5 4 4
5. | Financial soundness 5 4 4.
6. | Cost 20 15.
A. Cost reduction strategies 4 4 3
B. Cost of quality "
C. Pricetrends 4 4 3.
: 4 3 2.
D. Price reasonableness 4 4 3
E. Supplier savings 4 4 3
* 5 pointsscale 1 = poor, 2 =
below average, 3 = avg, 4 = above 100 71
avg, 5 = excellent
** 3 =3/5*5 = score on 5 point
scale/5 weight

2.6 SUPPLIER QUALITY MANAGEMENT

Inlate80'sTQM becomevery popular. Asapart of TQM initiativessupplier quality
management was evolved, because supplier quality management was considered asone
of theimportant critical successfactorsfor successful implementation of TQM. Quality
wasdefined asfitnessfor use (Juran), conformanceto specifications(Crasby), conformance
to requirements (Deming) and mesting the stated and implied needs of customers. Over a
period of timethedefinition of qudity ischanged and it isdefined now ascugtomer satifaction
by exceeding the expectation of customer. Competition aso createsnew quality exceptions
onthepart of users. From these various quality perspectives, we can definewhat we mean
by supplier quality, theability to cons stently meet or exceed current and future customer
expectations.
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Withinsupply chains, purchasing meansbuying supplier capabilities. Itisnot only the
product but also systems and procedures that produces product should be viewed.
Companiesshould take activeinterest in the quality performance of suppliers. Supplier
quality iscertainly goingtoimpact theinternal processquality. Most firmsplanto achieve
continuous quality improvementsin all aspectsof their business. Oneway to dothisis
through effective management of supplier quality. Somefirmsarewillingto purchaseentire
sub-assembliesfrom suppliers. Inthat caseit isthe supplier quality, whichisgoing to
decidethefina assembly quality of the product. Thelarger proportion of thefinal product
that suppliersprovide, thegreater theimpact they haveon overall product cost and quality.

Buyersplay akey rolein managing supplier quaity. Over aperiod of time, theroleof
apurchasing manager ischanged dramatically. Thefirst and foremost task of apurchasing
manager’sjobisto clearly communicate the specifications and expectations. Thiswill
makethe supplier understand what customer wants. If pecificationsarevague, it will lead
to supply of poor quality product. The clear understanding of buyer expectationshastwo
dimensions. Thefirst oneistheability of the buying company to specify itsrequirements
and the other isthe buyer’sability to communicate these expectationsto the supplier. The
ability of asupplier to meet itsrequirementsis partly afunction of the buyer clearly
communi cating the supplier about what the buyer expects.

For asuccessful supplier quality management, the buyer should beagood customer.
He/she should not interface the supplier during production process by giving too many
changesin the design and specifications. Buyer aso should give reasonablelead-time;
treat supplier with respect and dignity and most importantly thebuyer should make payments
withinthe reasonabl e period of time. Buyer should give periodic feedback about supplier
performance. Effective supplier feedback istimely and the feedback must be specificand
accurate. Many organizations send acorrectiveaction request, aform that demandsactions
to betaken by asupplier to ensurethat aproblem does not occur again. A good supplier
will treat these corrective action requests serioudly. Buyersa so required involving with
supplier onadaily basis. These actionswill surely improvethe supplier performance.

Right sizing the supply baseisanother aspect in supplier quality management. Most
companiesreduce the number of suppliers. Reducing the size alone does not guarantee
good supplier base. Supply base should be optimized. Thisisthefirst step toward world-
classsupplier quality. Measuring supplier performance periodically improvesthe supplier
quality. Measurement provides opportunitiesto the supplier toimprove performance.
Through measurement system abuyer can communi cate his/her requirementsthroughout
the supply chain. Establishing aggressive performancetargetsimprove supplier rate of
improvement. Bench marking can be used asatool to improve supplier performance
through aggressivetargets. Offering performancerelated rewardsto the supplier linksthe
supplier improvement. Supplier cost will dso substantialy reduce, if aproper reward system
isestablished. Supplierscan berewarded by many ways. Sharing the benefitsresulting
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from supplier initiated improvements, awarding greater share of volume, provide accessto

new technol ogy, offer opportunity toinvolveright from the design stage, Awarding longer- N O TE S
term purchase contracts, listing‘ Top 10" and awarding best supplier of theyear award and
publicaly recognizing the superior supplier are someof thewayswith which supplierscan
beawarded. Buyer can certify the supplier through audits. Audit improvesconsistency in
quality. Certification indicatesthat asupplier’s processesand methodsarein total control
and that incoming material, componentsusually do not requireinspection upon receipt.
Purchasersusually rely on cross-functional teamsand rigorousauditswhen performing
certificationvigts. Findly thebuyer should take proper carein devel oping agood supplier.
Deve opment activitiesrepresent aconsciouseffort toidentify, integrate, and devel op key
supply chain members. Onceafirmfully renationalizesitssupply base, improvementswill
occur primarily through the devel opment of existing supplier capabilitiesrather thanlarger
scale-supplier switching. Supplierscan be asked to register for SO 9000 quaity system
and or subject to the national/international quality awards. Theseactionswill certainly
improvesupplier quaity management inagrand manner.

2.7 CREATINGAWORLD -CLASSSUPPLY BASE

The primary objective of supplier management isthe continuous development and
performance improvement of suppliers. Supplier management involves purchasing,
engineering, quality assurance, and suppliersworking together to achievebetter relationship
between buyer and seller. Unless companies are ableto improvetheir supply base upto
world-classlevels, they will be at the mercy of competitorswho can take market share
within short period of time. Thereforeit isessential that companies must take effort in
improving their supply baseto world-classleve. Bringing up theleve of supplierstothe
world-classleve isposs blethrough effective supplier devel opment process. Let usdiscuss
inthissection how organization manage, devel op andimprovethe performanceof suppliers
tothelevel of world-class.

2.7.1 Supply Base Optimization

In section 2.3 under types of strategic sources, we have introduced the concept of
optimizing the supply base. Thisstrategy isutmost important in devel oping aworld-class
supplier. Theprocessof identifying the proper mix and number of supplierstomaintainis
known asthe supply base optimization. Effective supplier management and devel opment
beginswith adetermination of the correct number of suppliersan organization should
maintain. It involveseliminating supplierswho arenot meeting theworl d-classrequirements
either currently or inthenear future. Thetrendinthe market forced manufacturersto have
few vendors. M ost purchasers have taken suitabl e stepsto reduce the total number of
supplierswithwhomthey do business. Eliminating theun-quaified vendorsfromthelistis
thefirg sepin optimizing the supply base. Subsequent optimization requiresthereplacement
of qualified supplierswith the better performing suppliers. During the optimization phase,
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the buyer takes effort in devel oping the supplier to meet theworld-classrequirements.
Supply-base optimization should result in improvementsin costs, quality, delivery and
informati on sharing between buyer and seller. Suppliersinan optimized supply base often
develop longer-term relationships with purchasers, which can lead to further joint
improvement efforts. Some of the benefits of doing businesswithworld-classsuppliers
includereduced defects, fewer delivery problems, visibility to leading edgetechnology,
opportunitiesto devel op closer relationshipswith high performing suppliers, and alower
total production cost.

Maintaining few suppliersmay sometimesposecertainrisk. Mantaining largesupply
base may promote ahealthy competition between suppliers, whereasasingleor few supplier
sourcesis selected carefully and devel op close working relationships, supply risk can
actudly decrease. Maintaining fewer supplierswill lead to lower supply-Base maintenance
costs. If asingle supplier receiveslarge quantity order, lower production costs can be
attained dueto economiesof scale. Also, if wewant to implement complex purchasing
strategiesthe small supply baseis appropriate. Some purchasersfear that asmall supply
base can become too dependent on a purchaser for its economic survival. Mutual
commitment between buyer and sdller can solvethisdependency problem. Supply disruption
isapotentia risk when sourcing fromasingle supplier. Thisrisk can besolvedin carefully
sl ecting the supplier who ishaving multi ple capabilities. Enough care should be taken on
optimizing thesupply base. Therearesevera gpproachesavailablefor optimizing the supply
base. Pareto’s80/20 rule can be applied in choosing the vital few suppliers. Improveor
Else’ isanother approach inwhich suppliersare given achancetoremainin supply base.
Competency stair case approach provides opportunitiesto the existing suppliersto meet
buyer’squality standards.

2.7.2 Supplier Development

Supplier development isacriticd activity in cresting world-classsupply base. Supplier
development isany activity undertaken by apurchaser toimproveasupplier’ sperformances
to meet the purchasers supply needs. Supplier assessment rewarding supplier for their
performance, creating healthy competition among suppliers, and making theminvolvein
buyer activities are activities performed to develop the supplier. Effective supplier
devel opment requiresthe commitment of financial, capital and Human resources, skilled
personnel, information sharing between the purchaser and supplier and measurement of
supplier performance. The stepsinvolvedin supplier Devel opment are discussed bel ow:

Sepl

I dentify critical componentsfor development: Inthisstep the purchaser hasto scan
all thecomponentsthat are purchased form outside. If already aworld-classsupplieris
supplying certain components, they need not be considered again. Therefore the
components, which requireworld-class supplier list, hasto be prepared before actually
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deveoping thesupplier. A corporatel eve steering committeemay beformed for thisexercise.
They caninvestigate whether the commodity account for more than 50% of theturnover N O TE S
vaueand whether the purchaser iswilling to develop mutual trust with thesupplier. After
answering to these questions, the committee can conduct assessment including personnel
from finance, marketing, technol ogy, accounting, production and design. Using thisprocess,
acompany separates|ow opportunity goodsfrom high opportunity. Finally identifiesthe
componentsfor which supplier hasto be devel oped.

Sep 2

I dentify critical suppliersfor development: Identifying thesupplier for developmentis
animportant aspect. For theitemsidentified in the previous step, the various supplierswho
are presently supplying these components must belisted for selection. The supply base
as=ssment identifiesthe supplierswithin any product group requiring development. Parato’s
80/20 analysis can be used to select the vital few supplier performance based on their
facilities and suppliers are ranked from worst to best. The suppliers who meet the
requirements are sel ected for devel opment.

Sep 3

Form steering committee: The buying company must demonstrateits commitment by
forming executive steering committeeto overseethe supplier devel opment process. Team
membersmay comefrom al functionsand not just from purchasing. Team members must
viditthesupplier premisesand assist the supplier company to attain theworld-classqudlity.
Continuous monitoring through auditsimprovesthesupplier qudity.

Sep 4

Collabor ation between steering committeeand supplier sTop M anagement team:
Once steering committeeisformed at the buyer’s premises, they interact with the top
management team of thesupplier’ scompany. Teamidentifiestheimprovement opportunities
forimproving qudity. They usestrategic dignment for improving quaity. They usedrategic
aignment, measurement and professonalismtoingitutiondizethepracticea thesupplier’s
premises. Collaborati onsbetween the steering committee and the supplier’ stop management
team improvesthe relationship and trust between them, which will enable continuous
improvement throughout thesupply chain.

Sep 5
Identify Areasfor improvements: Steering committee and top management team of
supplier company meet periodicaly and during discussionsthey identify thecritical areas

for improvement compani es adopting astrategic approach to supply base devel opment
areabletoidentify awidevariety of areasfor improvement.
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Sep 6

I dentification of critical successfactors. Critica successfactorsthat helpinimproving
thesupplier’squality areidentified in the areasidentified for improvement. Metricsare
developed to measurethecritical successfactors. In thisstage two partiescometogether
and analysefor mutual benefits. Thecritical successfactors may include percentage of
cost savingsshared, percentage of quality improvements, percentage of delivery or cycle
time improvement, key performance targets, technology availability, or system
implementation targets. Themost critical portionisthat they contain visiblemilestonesand
time horizonsfor improvement. Both the partiesagreeto achieve the milestonesand are
responsiblefor the success of the quality improvement project.

Sep7

Monitoringtheprogress: Successof quality improvement project at thesuppliers s
premisesdependsupon how itismonitored thought out itsexecution period. Communication
andinformation sharing should beeffectiveand efficient for proper monitoring of theprogress.
Based ontheprogress, modifications, if any isrequired arebeing carried out duly updating
theinformation.

Theresult of all these seven stepsisasuccessful development of asupplier.
2.7.3 Barriersto Supplier Development

Therearethree categoriesof Barriersin supplier Development. They are: (i) Buyer
specific (ii) Supplier specificand (iii) Interface Barriers. Let usdiscuss each one after the
other.

Buyer specificBarriers Thefollowing arethe Buyer specific Barriers:

e Theorder quantity of thebuying firm doesnot justify development projects.
¢ Noimmediate benefit foreseentothebuying organization

e Unimportant product purchased doesnot justify development efforts

e Lack of Top Management commitment at thebuying firm.

(i) Supplier SpecificBarriers. Supplier specificbarriersarelisted below:
e L ack of Top management commitment at the supplier’sfirm.
e Lackof commitmentinimplementing theimprovement effortsby thetop management
team at supplier’spremises.
e Lackof resourcesat thesupplier’s premisesto support improvement efforts.
e Lack of informationtoimplement improvement projectsat supplierspremises
e Lack of consensuson the benefitsaccrued by the projectsto the supplier.
e Lackof skilled personnd at thesupplier’spremisesto tackleimprovement projects

(iii) Interface Barrier s Theinterface between buyer and supplier createscertain barriers
toimplement improvement projects.
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Someof them arelisted below:
Reluctance of suppliersinsharing vitd information’sof theproject N O TE S
Confidentidity (Technology related) inhibitssharinginformation

L ack of Trust between supplier and buyer

Prevailing organizational cultureat both supplier and buyer organization

¢ Noencouragement and positive reinforcements between supplier and buyer.

2.7.4 Initial Supplier Selection

It isuseful when selecting asupplier to have achecklist with whichto evaluatethe
supplier’ssuitability. How much of the checklist isused and how thoroughly will depend of
thebuyer’sown needs. However, even abrief review using thischecklist may helpraise
pointsthat could otherwise be overlooked and becomeissues|ater. Datarelating to the
following itemsmay becollected in theform of questionnaireto ascertain the suitability of
thesupplier. Scores can be obtained using Likert’ sfive points scalewherever required and
ranking of supplierscan be made after collecting datafromthelikely suppliers. Let us
discusseach factor one by oneasfollows.

Satusof Supplier

How many employeesaretherein thecompany?

Whereareyour empl oyees based?

Areany of your employeescritica ?

How wide spread isyour office? (Head office, Local, Nationa, Regional, Global)
What isthe nature of the office? (Sales, Devel opment, Implementation, Support)
Haveyou ever published white paper?

What isyour involvement inindustriesbodies?

What isyour involvement in public seminars?

Whoisyour main competitor?

What isyour positioninyour industry?

Towhom you haveworked with before on similar projects?

Could you explorework with other partsof your business?

Giveparticular of your clients.

Haveyou done any work for your competitors?

e Whoareyour patnersand what isthequaity and rangeof your forma partnership?

Delivery capability

Please provideyour technica capability.

What support servicesyou are having?

What design crestive do you have?

Couldyou provideevidence of your good quality work?

Do you have enough resourcesto execute thework?

Would you ableto deal with the unexpected?

Do you have customer interfacefor account management, business consultant and
Technology consultant?
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Processes
e Doyouhaverobug, repestable, measurable, processfor cregting their deliverables?
e Areyouformally certified (e.g 1SO 9000)?
e Areproject tracking & reporting proceduresin place?
e Couldyou provideevidenceof executing earlier projects?
¢ What methodology you follow inexecuting projects?
e What istheprocedureyou follow in project tracking and reporting progress?
e How do you take advantage of economies of scale across projects?
e How do you ensure reuse of technology component?
e What problemsescalation proceduresexist?
e Howwillingareyoutoinvestinalong-termrelationship?

Technical status

¢ Doyou havethe necessary technica infrastructureto develop the application?

e Canyoutestinanenvironment compatibleto ours?

¢ Arethesystem management toolsused in support industry standard?

e Doyou useappropriate standard or proprietary tools?

e  Will your output be supportable at reasonable cost?

e How productiveareyou?

¢ Isyour documentation, clean enough for hand-over to other?

¢ |syour environment securetotheleve required by theapplication and itscontent?

Supplier culture

e Couldyou providedetailsof your professionas’ domain experts?

e How well will you handle schedul e upsets, changesto requirements?

e How honest are you about problemsfaced & overcome?

e Areyou suitably discrete about your other clients?

e Doyoufed comfortablewithyour client?

e Doyoucommunicateopenly andfredy internaly?

e Doyou stand by your offerings?

e Areyou happy tobetechnicaly / financialy audited if necessary?

e Do you realy understand why you want to do this project, from a business
perspective?

e Doyouoffer sensible & appropriate advice on potentia solutions?

e Areyouwillingtowork with other 39 party development environmentsand ours?

e Howinnovativeyouare?Provideevidence.

Financial / Commercial

e Financia soundnessof thesupplier
e Whendoestheestablishment started?
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e  Whoistheowner of the company?

e Whatisthepostionof cashflow? NOT ES

e Couldyou accept payment at the end of the project?

o Isthereaclear agreement about the ownership of any deliverables?

e |san appropriate security agreement in place to protect buyer and supplier’s
interests?

o Whatisthevariationinyour pricing strategy?

o |stheretradeoff fixed priceagainst time& materias?

¢ Doyoufix priceconsidering the bal ance between cost, time & qudity?

e Canyousupply withintheddivery date?

Support

e Whatwill beoursrolein extending help?

o Will thesolution be created inaway that permits othersto support it?
e Whatisannud fixed coasts?

e Whatisthecost per call or per hour?

e Whatisyour working hours?

e What areyour holidays?

e Howlongwill youtaketo respond our quarry?

¢ Doyou havecal management?

e Arethepriceescalation proceduresclear?

Note: Questionsmay beframed for the above mentioned seven factors and data
collected from the potential suppliers. Thedatacan beanayzed and thesummary tableas
givenintable2.1 may be prepared. Based on thefinal scorethe supplier may be selected.

Table2.1 Supplier evaluations.

Sl. No | Description Comment | Score(1-10) Pass Y/N
Supplier status
Delivery capability
Processes

Technical status
Supplier culture
Financial / Commercial
Support

NogkrwbdpE

Total:
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2.8 WORLD WIDE SOURCING

Asworld market becomeshighly competitive, purchasersmust identify supplierswho
are capable of providing world-class performance at the lowest total cost. Purchasing
strategies followed in domestic market may not be suitable to worldwide sourcing.
Worldwide sourcing requiresanew set of competenciesand skill withinthelogistics
management function. Internationa buyingisan extens on of domestic buying crossing the
border of thecountry. Internet sourcingie.,, world wide sourcingisdifferent frominternationd
buying. Ininternationd buyingincreased rulesand regul ations, currency fluctuations, cusoms
requirements, language and time diffetencesare predominant. Whereasin globa sourcing,
integration and co-ordination acrossworldwide business unitsare the requirementsand
that differsfrom international buying. Shortage of basic materialsand technical expertise
inland forces compani esto exploreworld wideto identify the potential suppliers. When
wegoglobdly, wecanidentify thequaity and cost leadersworldwide. Whileevery company
will haveitsown reasonsfor global sourcing, thefour most important reasonsare (1) cost/
price benefits(2) Superior qudity (3) Sophisticated technology and (4) To haveaccesson
the only available source. Worl dwide sourcing makes domestic competitorsto become
world classwhileexporting goods; there may be compulsion to buy some partsfromthe
purchaser country (Foreign country). To satisfy such counter trade requirements, we may
resort to worldwide sourcing.

2.8.1 World wide sourcing process

International sourcing approach differsfrom company to company. These section
discusescritical e ementsinworldwide sourcing strategy. First stepinthe strategy requires
identifying the global opportunity for sourcing. The step-by-step procedureto befollowed
inglobal sourcing isdiscussed below:

Sepl

| dentify itemsthat qualify for worldwidesour cing: Companiesshould select itemsfor
foreign purchase considering the cost benefit, quality excellence, superior technology,
customer responsvenessand product features. Itemsavailable from multiple sourcesare
good candidatesfor selection. Thevolume should justify to gofor global sourcing. Items
with high product lifecyclearea so considered for globa sourcing.

Sep 2

Gather information about global sour cing: After identifyingitemsto sourceworldwide,
acompany must gather and evaluateinformation about potentia suppliers. Internet playsa
very important rolefor gathering information about the potentia suppliers. Trade centres
conduct exhibitions. Thesebecomeimportant sourcefor identifying potential source. Trading
companies can beapproached for assistance. M ost of these companieshavealong history
of trade and have the expertise to provide sufficient support throughout the world.
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International trade expertsalso can be utilized for getting i nformation about the potential N OT E S
suppliers. Other potential sourcesincludeyellow pagesfor acountry, tradejournalsand
salecatalogs.

Sep 3

Supplier sourceEvaluation: Evauationiskey inlocating correct supplier globaly. Enough
careshould betakenin evauating theidentified potentia suppliersfor awarding contract.
Theforeign suppliersshould be subjected to the same standard of eva uation asapplicable
to domestic suppliers. Theaspectslikestability of price, inventory holdings, technica and
qudity capabilities, ability toassstin new designs, qudity system establishedinthecompany,
lead timerequirements, extend of rel ationship that could be established with the company,
trust worthiness of the supplier and impact of foreign rel ation with the domestic suppliers
haveto be examined and evaluated for selecting the supplier.

Sep 4

Awar dingthecontract: After identifying thequalified supplier globaly, the purchaser can
obtain the detailsfrom the supplier. In caseif theforeign sourceisnot competitive, the
domestic supplier canbesdected dternatively. If foreign supplier isproved to becompetitive,
then the buyer can establish contact with theforeign supplier and obtain detail sregarding
termsand conditions. After negotiating with thesupplier, aforma purchaseorder detailing
the contract can beissued to thesupplier. Once order isissued, the supplier can besubjected
to performancefor continuousimprovement.

Chapter Summary

Chapter - 2introducesinsourcing/ outsourcing. Globdization paved theway for outsourcing
globdly. Thereare benefitsand some drawbacksin out sourcing. Among thebeneficiaries,
Indiaenjoys prime position in getting outsourcing orders. Methodol ogy followed in
outsourcing hasbeen discussed in detail. There after different purchasing strategieswere
discussed. Strategieslike optimizing the supply base, supplier quality, Global sourcing,
long-termrelationships, supplier involvement and cost consciousnesswerediscussed briefly.
Then, thesupplier eva uation, selection and measurement werediscussedin detail. Evaluating
theinitial supplier and performance measurement of existing supplierswerea so discussed
indetails. Then, the procedureinvolved in managing supplier quantity wasdiscussed. The
need for creatinga world-class supply base wastaken up next and discussed. Inthe
same section, how organizations mange, devel op and improve the performance of the
supplierswerediscussed. Thekey to devel op suppliersfor world-classqudity wasdiscussed
through aseven-step procedure. Barriersin devel oping supplierswere a so categorized
and giveninthissection. Finadly worldwide sourcing and the procedureinvolvedinit were
discussed.
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Review questions

=

©o N O RwDN

[
o

1.
12.
13.

14.
15.
16.
17.

18.
19.

What do you mean by core competence?

What isinsourcing?

What isoutsourcing?

Explain outsourcing procedure.

Why should wego for outsourcing?

What issupply base optimization?

What isglobd sourcing?

Why long-term relationshipisrequiredin purchasing strategy devel opment?
How will youinvolvesuppliersin purchas ng strategy devel opment?

. Why most organi zationsdevel op suppliers?Issuppliersdevelopment along-term

trend or stafad?Explain

Explaintheprocedureinvolvedin devel oping strategy for purchasing.
Discussdifferent typesof strategiesfor purchasing.

Discussthe possiblewaysthat purchasing becomesaware of the need to evaluate
and select asupplier.

Discusswhy purchasers should measure supplier performance on acontinuous
basis.

Explain how will you eval uate and select supplier?

Writean essay about supplier quality Management

Why isit critical to have asmaller supply base before committing to asupplier
management and devel opment programme?

What arethe most important reasonsfor pursuing theworld wide sourcing today?
.Explainthe procedurein selecting supplier worldwide.
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UNIT |1

SUPPLY CHAINNETWORK
LEARNING OBJECTIVES
After completing thischapter you will beableto:

e Understand themeaning of distribution network design

e Appreciateroleand factorsinfluence network design

e |dentify theoptionsavailablefor network distribution

¢ Understand the meaning and importance of valueaddition

e Discussthevariousmode sfor facility location and itscapacity

e Understand theimpact of uncertainty on network design

e |dentify thenetwork decisonsusing decisontrees

o Deveopdigtribution center location and supply chain network optimization models.

3.1 INTRODUCTION

Inthelast chapter we have seenthevariousstrategic decisionsavailablefor sourcing.
Oncesourcesareidentified, theoptimum distribution designlinking varioussourcesminimizes
the production and distribution cost in the supply chain. Various approaches and options
availablefor designing distributor |ocation center and other issues concerning network
design aretaken up in thischapter.

3.2 DISTRIBUTION NETWORK DESIGN

Network design decisionsaremost important supply chain decisions. Whendesigning
supply chain network, we need to consider thevariousfacilitiesavail able, transportation
optionsavailable, inventory portion, and information methodsarein use. Inthischapter we
aregoing to discussthe design aspect and other important decisonsrelating to distribution
design network. Digtribution meansmoving raw materia from supplier end to manufacturing
endto customer hand. Variousdistribution optionsareavailablein moving materids. Since
thecost of transporting materialsaccountsmagjor shareintheitem cost, distribution hasto
be planned efficiently and at the sametime responsivenessa so should be ensured.
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3.3 THEROLEOFDISTRIBUTIONINTHE SUPPLY CHAIN

Without distribution thereisno supply chain. It occursat every stage of the supply
chain. The cost of supply chainand customer satisfaction dependson theefficiency of the
distributioninthe supply chain. Distribution accounts more than 20 percent of the cost of
manufacturing. Companies, which followed effective distribution system, succeededin
achievingworld-classcompetitiveness. Ditribution should providehigher leve of customer
responsiveness at areasonable cost. Companies can directly deal with the customer or
can contact through retailers. When they contact directly the customer, the products may
movefaster. On the other hand distributorswho areintermediaries play amuch more
sgnificant rolein distributing the consumer goods. InIndia, distributorsplay amajor rolein
distributing consumer goods. So, itisto bejustified whether direct sellingisprofitable
through distribution. A poor distribution network can hamper theleve of servicethat cusomer
receivewhileincreasing the cost. Aninappropriate network in distribution can affect the
profitability negatively. So, it isimportant to design the distribution network appropriateto
thebusiness. L et usdiscussthefactors, which areinfluencing the distribution in the next
section.

3.4 FACTORSAFFECTING THEDISTRIBUTION NETWORK

Theperformance of the distribution network can be measured by theleve of customer
service provided and theassociated cost of maintaining distribution network. According to
Sunil Chopra (2003), thefactorsresponsiblefor customer servicesare: Responsetime,
Product variety, product availability, Customer experience, Order vishility and Returnability.

Responsetimeisthetime el apsed between order placement and receipt of the same.
Customer expert lower responsetimeto become satisfied. Product availability istheability
of thefirmto meet customer requirements as and when demand arises. Higher inventory
improvestheavailability but increasestheinventory cost. Customer experienceleadsthe
customer sati sfaction. Good experience leads better satisfaction, whereasbad experience
indealing with retailer / distributorsin getting products | eading to unsatisfaction. So
distributors should ensure good customer experiencein getting their products/ service.
Order visibility isnothing but transparency in dealing with thetransactions. Finally the
returnability isthe ease with which acustomer can return unsatisfactory productsandthe
network should be sufficiently geared to handle such caseseffectively. Maintaining higher
level inoneof thedimensionsmay lead to reductionintheother dimensionlevel. However
customer dwayswantshigher level inal these parameters. So theremust beatradeoff in
designing distribution network and provide customer serviceat thehighest level.

Distribution network isa so affected by theleve of inventoriesavail able, method of
transportation, facilitiesavailablea ong with thematerid handling system and the system of
communication in the distribution network. We can seethat when wetry to increasethe
number of facilities, theinventory alsowill increase. A distribution network with many
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warehouses allows reduction in transportation cost rel ative to anetwork with asingle

warehouse. Tota supply chain costsare the sum of inventory, transportation, and facility N O TE S
costs. Toreducethetotd cost, the cost of maintaining facilitiesshould beminimized. So, in
order to maintain good customer service at minimum cost isthe objectiveto designing
distribution network.

3.5 DESIGN OPTIONSFORADISTRIBUTION NETWORK

We have seen that the distributionisthe movement of materialsfrom supplier endto
manufacturing end and a so from manufacturing end to customer end. Under thiscontext,
let ustry to understand the various optionsavailablefor usto design efficient distribution
network system. We should decide whether wewould deliver the product be delivered
through adistributor. Based on the above discuss onswe can havethefollowing distribution
choices

(i) Supply directly tothe customer

(i) Digributionthroughintrangt to the customer

(iii) Supply through adistributor withacarrier delivery
(iv) Homeddivery through adistributor

(v) Customer pick up points

Let usdiscussbriefly each of the above optionsin the succeeding paragraphs.
3.5.1 Supply directly tothecustomer

Inthisoption, thereisadirect contact between the manufacturer and the customer.
Recently onlinesupplier aredso usesthisoptionfor ddivery. Sncethereisnointermediate
storage, material isdirectly delivered to the customer with lessinventory cost. Generaly
slow moving itemsare shipped directly to the customers. A simple network using this
optionisshowninfigure3.1.

M anuf

S o S

\1><\/(/

S S OO

End Customer

Figure3.1 Supply directly to customer.

If retailer isavailable between the manufacturer and the customer, they carry no
inventory but transmit theinformation between the manufacturer and thecustomer. Inthis
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option lessinventory isrequired to be maintained at the manufacturer end. Information
regarding customer requirements can be collected from theretailer and aggregated. This
option usesthe centralization approach in reali zing the customer demand. Supply chain
cost can be minimized sincethereisno warehouse cost involved. Handling costsare also
minimized. Informationinfracture hasto besmplifiedto achievethefull benefitsunder this
option. Manufacturer storagealowsahighleve of product variety tobemadeavailableto
the customer. Every product at the manufacturer can be made availableto the customer
without any limits. Thismethod providesagood customer experienceintheformof delivery
to the customer location. Order visibility isalso achieved inthistype of supply chain. It
may bedifficult to handlesupply returns. Handling of returnsmay beexpensvesinceeach
order may involve movement form morethan onemanufacturer. Soitisessentia tosmplify
the procedurein handling customer complaints.

3.5.2 Distribution through in transit to the customer

Didtribution through anintermedi ate sysemto thecustomersisancther typeof network.
Inthissystem an intermediate agency isdevel oped. Customer requirementsare collected
by theretailersand communicated to the manufacturers. Deliveriesin thetransit place
customersget asingleddlivery fromthetransit after merging their requirements. Mostly
computer rel ated componentsor computersthemsel vesare purchased through thissystem.
A customer’ srequirementsmay bemet from different manufacturesand merged/ assembled
at themerger hut and then supplied to the customer A typical Net work isshowninfigure
3.2

3

anufacture

<+—— |ntransit

O

Figure3.2 Distribution Through Intransit System

Customer

In most cases, transportation costswill belower, because of the merger that takes
place at the merger hut prior to delivery to the customer. The agency that involvedin
merging hashigher facility costs. Recalving costsat the customersend will belesser because
asingleddivery isdone. For establishing information system, thissystemrequiresavery
sophisticated communi cation system. Co-ordination among retail ers, manufactures and
customersisalso required at the higher level. Reposetime, product variety and product
availability areat optimum inthissystem. Customer experienceislikely to be better than
other systems. Since merger istaking place between the supply, order visibility isvery
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important requirements. Initial setup may bedifficult becauseit requiresintegration of
manufacturer, carrier, and retailer. Tracking itself becomeseasi er given the merge that N O TE S
occursat thecarrier point Tracking up to merger may bedifficult butitisrelaively smpler
after thetrangt point sincedelivery issingle. And d so handling returnablewill berelaively
difficult dueto supply from different manufactures. One main advantage of thein transit
over thedirect supply isthelower transportation cost and improved customer experience.
Thisisbest suited low to medium demand. If therearetoo many manufactures, intransit
may bedifficult to co-ordinate and implement.

3.5.3 Supply through adistributor with acarrier delivery.

Distributors play akey role in the supply chain network. They consolidate the
customer’ srequirementsand arrangefor delivery. They collect finished goodsfromthe
manufacturesand soresinther place. Thelevd of inventory a Didributorspointissgnificant
becauseit isthe placewherein various manufacturesproductsarestored. Thesedigtributors
aredifferent fromtrangt mergers. Package carriersare used for trangporting tothecustomers.
Transportation costswill be somewhat lower for distributor network system because
economic modeof transportation can beemployed for shipping materidsfromraw materids
storageto thewarehouse, which iscloser to the customer. Facility costswill be somewhat
higher inthissystem because of aloss of aggregation. Processing and handling costswill
also be somewhat higher in distributor network. From afacility cost angle, distributor
network isnot appropriatefor very low-moving items. Information processing cost is
competitively lessin thissystem of distribution. Customer servicewill be better. Product
vighility ismoderateinthedistributor network. Responsetimeisa so better inthissystem.
Itissuited for mediumtofast movingitems. A typical network isgiveninfig 3.3

Q © Manufacturer

istributor

O Customer

Figure 3.3 Supply through Distributor
3.5.4 Homededivery through adistributor

Inthisoption productsare delivered to the customer at his/ her home. In our day-to-
day life, webuy grocerieseither from asuper market or send alist totheretailer for home
ddivery. Supermarket requirescustomer’spresencewhereasinthelater case, theretailer
arrangessupply at thedoorsteps. Thiskind of delivering productsat the doorstepsthrough

45 ANNA UNIVERSITY CHENNAI



DBA 1730

NOTES

thedistributors/ retailershave several advantagesover the other distribution networks.
Theretailersarrange more number of warehouses closer to the customer placefor easy
delivery and also to reducethe transport action costs. A typical distribution using home
ddiveryisshowninfig 3.4.

anufacturer

Retailer

Customer
Fig 3.4 Homeddlivery network

Homedelivery for water and large amount of rice has proved quiet successful in
china. Facility and processing costsare very highin homedelivery. Responsetimewill be
faster than the use of carriers. Product variety will generally belower than distributor
network systems. Sincethematerial issupplied at the doorsteps, customer experienceis
goodinhomeddivery network. Order visibility and tracking are comparatively difficult
and complex. Returnsaso will be expensivein thistype of network. Morelaborersare
required to be used for home ddlivery and hencethe cost of the network will dsoincrease.
Order size and discount systems can be operated to reduce the cost.

3.5.5 Customer picksup points

In this approach, products are stored at the manufacturer or distributor / retailer
warehouse. Customers can placetheir orderseither online or over phone. They will be
intimated about the delivery status and the customersarerequired to go to the pick up
point and collect thematerial. Pick up pointsare designed and located several in numbers
closer tothetargeted customers. A typical network using pickup pointisgiveninfig 3.5.

Manufacturer
Pick up Prints O

Customers

Figure3.5 Pick up pointsnetwork
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Customer requirementsmust reach the manufacturer through effectivecommunication
systems. Inventory costswill bevery low in thisapproach. Transportation costsisalso
lesser when comparing to other networks. Trucks utilized for delivering other storescan
beutilized for online ordersaso. Facility costswill be somewhat higher inthiscasedueto
establishment of new pick up points. Processing costswill be comparablewith the other
networks. Increased processing costsare considered as one of the hurdlesfor successful
operation of this network. High level of co-ordination is also required between the
manufacturers, pick up pointsand customer. Comparatively good responsetime can be
achievedinthiscase. Customer experience can be somewhat lesser inthiscaseand dueto
thistheremay bealossin customersdueto the pick up option in thissystem. Order must
be highly visiblefor acustomer to pick up. Returnsmust be handled effectively at the pick
up point to avoid frustration among customers. Since customerscan easily bring and return
to pick up points, they may not find it difficulty in returning goods, but there must bea
systemfor handling them properly. Themain advantage of pickup pointsisthat it can lower
thedéivery cost. Pick up pointsmust be designed to allow the customer to do the pick up
of his’her specific order.

3.6 THEVALUEADDITIONIN THE SUPPLY CHAIN

Digtributorsinthe supply chain play animportant role. The presenceof distributorsin
the supply chainisinevitablein Indian context even though e-busi ness and web-based
bus nesstriesto replacedistributorsin the supply chain. Country likelndiadea with small
lotsof \essentid itemsneed to haveditributorsfor storing the bulk quantity and distribution
toretalersof smal lotswhichtheretallerscan holdintheir premises. Presenceof distributors
thusimprovesthe performance of the supply chain. Thevariety of itemsfrom different
manufacturershaveto be stored inacentral place and fromwheregoodsaredistributed to
the retailers/ customers. Distributors no doubt add value to a supply chain between
manufacturer and customers. Following are someof theva ue additionsdueto the presence
of distributorsinthe supply chain.

e Reductionin cost of transporting materia from supplier to manufacturer.

¢ Reductionincost of moving finished goodsfrom manufacturer to customer
e Reductionininventory cost dueto aggregation of requirements.

e Better planning of production by manufacturersdueto stable order.

o Didtribution can ensure better responsetime dueto closer to customer

e Customer can get product from severa manufacturers.

3.7 MODEL FORFACILITY LOCATIONAND CAPACITY ALLOCATION

Supply chain network isinfluenced by inventory strategy, transport strategy and
location strategy. Trangportation and location arehighly corrdated. When thereisareduction
inmateria weight, it may bebetter tolocatefacilitiescloser to the supply source. Location
decisioninvolvesdetermination of number of facilities, location and size of thefacilities
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used. Thefacilitiesinasupply chain network must be equal to the number that minimizes
tota logigticscogts. Economicfactor dominantinlocating facilitiesat thesametimelocating
sanglefadilitiesisdifferent fromlocating multifacility. M aximizing profitability andimproving
respongvenessarethegod sof amanager inlocaingfaailities. Locating facilitiesand theresfter
allocating capacity to each facility isthe job of amanager. Location decision usesthe
followinginformation's

e Location of supply sourcesand markets

e |dentification of potentid Sites

¢ Demandforecast for each product

e Facility, labour, and materia costshy site

e Trangportation cogtsanditsimplication

e Sdling priceof each commodity at each Site

e Taxesandtariffsasproduct ismoved between locations
e Expected responsetimeand other servicefactors

Giventhisinformation, either gravity (singlefacility) or network optimization models
(multifacility location problems) may be used to designthe network. L et usfirst takeup
snglefacility problems.

3.7.1 Gravity L ocation Problem

Singlefacility location model uses center of gravity asapproachinlocatingasingle
plant, terminal, warehouse, or retailer service points. The approach issimple, since
transportation cost between the source and the material isonly considered aslocation
factor. Herethe material ismoved from asource point to ademand point. Themode is
based on minimizing thetotal cost of transportationthat is.

MinTC=" Qi Ci di where;
Qi = Quantity of material shipped per unit period
Ci =Codt of transporting aunit per unit distance
di = Distance between source point and demand point

Tc=Total transportation cost.

Further we defineawei ghtage (Wi), whichisnothing, but aweight associated with
the sourcefacility i. Thisisthe product of quantum of materials(Qi) moved and the cost
per unit distance between the demand point (new facility) and the supply sourcei per unit
period. Thedistance (di) between the source and the demand point isconsi dered assquared
Euclideanandisgivenby: (x-3)*+ (y-b)?, where:

X =X .co-ordinateof demand point (new facility)
y =Yy .co- ordinate of demand point (new facility)
8= X . co-ordinate of source point
b.=Y. co-ordinate of source points
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Thereforethe sum of weighted squared Euclidean distanceisgivenas.
m

Foxy) = D, w[(x=a)+(y-b)]
=1

Tominimizef(x,y), equate partia derivativesto zero asgiven below:

a(xyy) =0 ad af (x,y) =0

On solving the above equationswe get

n n
Wi a] Wi bi
=1 i =1
X =
n ...(3.D y' = n ....(3.2
" S w
=1 i=1

Next, wediscussatypica scenario where gravity models can be used.

Consder, for example, amanufacturer manufactures high quality home appliances.
The company hasone assembly factory located near * A’ fromwhich it hassupplied the
entire Tamil Nadu. Demand has grown rapidly and the company has decided to set up
another factory to serveitsnearby states. The supply chain manager isaskedtofind a
auitablelocation for thenew factory. Three plantslocated in P, Q and Rwill supply partsto
thenew factory, whichwill serve marketsin B, C, D and E. The co-ordinatelocation, the
demand in each market, therequired supply from each plant, and the transportation cost
from each source or market aregivenintable 3.1.

Gravity model assume both the market and the supply source can belocated asgrid
pointson aplane. All distance are assumed to be squared Euclidean. Thesemodelsalso
assumethat the transportation cost islinearly related to the quantity shipped. Wediscussa
gravity modd for locating asinglefacility that recelvesraw materia sfrom supply sources
and shipfinished productsto markets. Thebasicinput to themodel areasfollows:
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g b,: Co-ordinatelocation of either amarket or supply source

C, : Cost of shipping one unit for unit distance between thefacility and either market or
supply
source.

Q : Quantity to be shipped between facility and market or supply source.
W =Q xC

If (x,y) isthelocation sel ected for thefacility, thedistance d between thefacility at location
(x,y) and the supply source or market isgiven by:

d = \/(x a)2+(y-bi)2
Thetotd transportation cost (TC) isgiven by:

n
TC=> wd

i=1

Table3.1 Locationsof supply sourcesand marketsfor homeappliances

Somce/ Costpa umt } i Coordmates

VEaket G | Quantity @ b
FZouree Es) 450 7 12
() Source 090 2490 3 )
E Source 0a0 &0 2 8
B Maleat 125 200 & 5
iZ Ifardoet 125 150 10 12
D ket 125 225 8 3
E Ivbrlet 125 130 a 10

Theoptimal locationisonethat minimizesthetotal transportation cost. The optimal
solution isobtained using the equations (3.1) and (3.2). w. istheweightagefactor which
should be computed before using theseformulas. W. for each source and market isgiven
below:

Gource I3 Q2 R B C | E
G 055 0.90 0.50 1.25 1.25 1.25 | 1.25%
Qi 4510 250 oo 200 150 225 150

Wi(Gx | 3825 225 430 250 1575 | 281.25 | 225
&)
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Substituting valuesinegn. (3.1) weget X" ie X-co ordinatefor the new facility. N OT E S

X =3825X7+225X 3+480X 2+250X 6+ 187.5X 10+281.25X 8+ 225X 9

382.5+ 225 + 480 + 250 + 187.5 + 281.25 + 225

X =3677.5+ 675+ 960 + 1500 + 1875 + 2250 + 2025

2031.25 =589

They Co-ordinatefor the new facility is obtained by substitutingw. and b, inegn
(3.2) : Thus, wehave

y =3825X 12+225X 6+480 X 8+ 250 X 5+ 187.5 X 12 + 281.25 X 3+ 225 X 1(

2031.25

= 4590 + 1350 + 3840 + 1250 + 2250 + 843.75 + 2250

2031.25
=8.06

The optimum solution obtained are (x,y) = (5.89,8.06). Themanager thusidentifies
the co-ordinate 5.89 and 8.06 asthelocation of thefactory that minimizestota cost TC.
It is noted here that the precise co-ordinates provided by the gravity model may not
correspondto afeasiblelocation. The manager shouldlook for desirablesitescloseto the
optima co-ordinatesthat havetherequiredinfrastructure aswell asthe appropriated [abour
forceavailable.

3.7.2 Limitationsof singlefacility location models

Any modelswill exhibit some shortcomings, when appliedtoreal problems. It does
not mean that the model isnot useful. Let ustry to understand some of thelimitations of
singlefacility locationmodels.

e Trangportation costiscaculated for asinglepoint instead of toindividua demand
points.

o Singlefacility location modelstypically find alocation based onvariablecosts. ie
Fixed costs of establishing centresare not considered.
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e Tota transportation costsusually are assumed to increase proportionately with
distance, however most transport costsper unit are composed of fixed component
that varieswith the distance.

e Straight-lineroutesare commonly assumed between thefacility and other Network

prints. Thisisnot trueaways, sncetrave isover defined road network, rail system,
or through arectilinear city L ocation network.

3.7.3 Multi facility L ocation Models

When wewant to |ocate more than onefacility, the problem become complex. Itis
quitecommonthat any logigticswill havemorethan onefacility, to belocated. Such problems
arecdled multi-facility location problems. A number of location methods have been deve oped
that helpin solving multi-facility location problems. Mathematical programming modelsare
employed to get optimum solutions. But they result inlong computer running times, huge
memory requirements, and acompromised problem definition when applied to practica
problems. Multiple-centre of gravity approach can also be used to solve multi-location
problems. Inthismethod centreof gravity isfoundfor severa clugters. Although thismethod
isoptimal if al the ways of assigning points to clusters are evaluated, it becomes
computationaly impractica for redistic-gzeproblems. Mixed integer linear programming
isyet another method to solvethe multi-facility location problems. God programming, tree
search methodsand dynamic programming techniquesared so used for solving thisdifficult
problem optimally. The most promising among these techniquesis mixed integer linear
programming approach. Inthismethod, fixed cost isdealt with optimally. Researchers
who have applied theinteger programming approach have expla ned solving warehouse
| ocation problem asdetailed bel ow:

There are several plants, which manufacture products with known production
capacities. Customer demand isalso known for each product at each of the number of
customer zones. Warehouses are used to store and transmit to the needy customers. The
warehouse costs are given asfixed costspluslinear variable costs. Transportation costs
areconsdered aslinear. Thus, the problemisto determinethel ocation of warehousesand
the pattern of trangportation flows at minimum distribution cost, subject to plant capacity
and warehouse size. The problem can be solved using generd integer linear programming
computer software packages. These optimization modelsare often difficult to understand
and requiretechnical skillsthat many managers do not possess. Therefore, researchers
recommended to use sSimulation techniquesto solvemultifacility location problems. Itisa
mathematical representation of alogistics system by agebraic and logic statementsthat
can be manipulated with the aid of acomputer. Through simulation techniquewe can get
either optimal or near optimal solutionto the problems.
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3.7.4 Regional L ocation Model
NOTES

Inthe supply chain network, location facilitiesassume greater importance. To locate
facilitiesinthe selected Sites, optimization mode scan be used. Beforewe consider potentia
sites, at macro level, regions can befirst located. L et us discuss how to select aregion
using aleast cost approach with an example. The production, transportation and inventory
costs, capacitiesand demandsfor fiveregionsaregivenintable 3.2.

Table3.2 Costsand demand datafor regions.

Supply Demand Rezion Fixed | Capacity
Region North | South | West | East South cost(Rs)
West

Notth &0 &2 20 100 85 &0000 1200
South al 55 75 il 68 50000 2000
TWest 0 75 ¥ 20 78 &2000 1800
East a0 85 65 40 64 40000 B00
South 100 a0 a0 20 70 45000 1200
west

Demand | 1500 | 1000 [ 1800 | 2000 700

Theabove problem can beformulated asinteger program and solved using acomputer
software. However for getting anideaabout theinitial solution Least cost method isused
to solvethe problem manually. Heretherate of fixed cost iscomputed for each region
using thefollowing formulaandtheresultisgivenintable 3.3:

Fized costrate = Fized cost of north = 0000 = B&
Total customer demand 000

Table 3.3 Fixed cost rate

Region Fixed cost | Customer Demand | Fixed costrate
Morthern &0000 1500 8.6
Southern 50000 1000 7.1
Western 62000 1800 8,86
Eastern 40000 2000 571
mouth Western 45000 700 .43
Total 7000

Theserates can beincluded into the production and transportation cost and the cost
matrix isprepared. Theresultingmatrix isgivenintable 3.4.
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Table3.4 Cost and demand data (modified)

Supply Demand Region Capacity
Region
North | South | West East South
West
Northern 68.6 70.6 88.6 | 108.6 103.6 3000
1500
Southern 87.1 62.1 82.1 77.1 75.1 2000
1000 700
Western 7886| 8386| 76.86| 88.86 86.86 3000
1800
Eastern 85.71| 90.71| 70.71| 4571 69.71 2000
2000
South 10643 | 96.43| 86.43| 96.43 74.43 2000
western
Demand 1500 1000 1800 2000 700 1000

By following theleast cost method dlocationismadeintable 3.3. Inthismethod least
cost of production, inventory, transportation and fixed cost rate between supply source
and thedemand point isidentified and allotment to that least cost cell ismade by checking
the demand and supply position. For example, by scanning al the costsinthematrix, itis
seen that the cost value of 45-71 isfound to be least, which is a eastern region. The
demand of easternregion is2000 and the capacity of eastern regionisaso 2000, therefore
alotment of 2000 ismadeinthat cell Following the same procedure other dlotmentsare
madeandthefina alotmentisgivenintable3.5.

Table3.5 Final Allotments

Supply region | Demand region | Unit Cost Qty Cost
Northern Northern 68.60 1500 102900
Southern Southern 62.1 1000 62100
Southern South western 75.1 700 52570
Western Western 76.86 1800 138348

Eastern Eastern 45.71 2000 91420
Total 7000 447338

Based on the above analysisit is seen that except southwestern region, all other
regionsqualified to supply to their respective regionsdemands. However the demand of
southwestern region can be met from southern region. Total cost involvedisminimizedto
447338. It isto be noted that the solution obtained is only approximate and it can be
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optimized usng MODI method. A MODI method isexplainedin the section 3.6.6 same N OT ES
procedure can be applied hereto get the optimal solution.

3.7.5 Location usinginteger programming method: Theoptimization of
network requiresthefollowing inputs:

n=Number of potentia plant locations (Regions)
m = Number of demand points(Regions)
D, =Annua demand from demand point j
K. = Potentia capacity of plant i
f.=Annual fixed cost of planti open
C, = Cost of producing and transporting one unit from plant i to demand point j (Cost
includes
production, inventory, transportation and Taxes)

Theobjectiveisto minimizethetotal cost of supply chain. Let usdefinethedecision
variables

y, = 1if planti isopen, O otherwise.
X, = Quantity moved from plant i to demand point j.

The problemisthen formulated asthefollowing integer program:

n n m
Tcmin=Min Xfy, +X Xc X,
i=1 i=1 j=1
Subject to n
X x; =D forj=12..m (3.3)
i=1
m
T x, dkyfori=12..n (3.4)
=1
y, € {0,1} fori =1,2,....n (3.5)

The objectivefunction minimizesthetota cost (fixed & variable) of operating the
network. The congtraint in equation (3.3) showsthat the demand at each regiona (demand)
be satisfied. Theconstraint in equation (3.4) showsthat no plant can supply morethanits
capacity. The product k. y., ensurethisaspect. The constraint in equation (3.5) enforce
that each plant iseither open (y,=1) or closed (y=0). The solutionwill identify the plants
that areto be kept open, their capacity, and the all ocation of regional demand to these
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plants. The problem can be solved either using acomputer or using excel solver (for
details, pleaserefer, Sunil Chopra, 2003).

3.7.6 Demand allocation tofacilities

Inthe pervious sectionswe have seen how to salect regionsfor locating facilitiesusing
manual andinteger programming methods. Oncearegion issd ected, we canlocate plants
according to thedemand in that region. There can be demand from various pointsand to
meet and all ocate those demandswe must [ ocate plantseconomically. For thisalsowecan
useinteger programming. Inthissection let usdiscusshow demand isallocated to various
sourcesusing Vogd'’ sapproximation method.

L et usconsider five plants which are manufacturing aproduct and they havethe
demand infivecities. The plant capacities, market demand, variable production and
transportation cost per unit shipped aregivenintable 3.6.

Table3.6 Capacity, Demand, and Cost datafor plantsand cities

Plants Demand City (Production and Trangportation | Capacity
cost per unit)
Cityl | City2 | City3 | City4 | City5
Flant 1 18 8 10 11 24 1800
Pant 2 15 19 12 6 12 2800
Fant 3 20 20 15 10 8 1200
Pant 4 10 12 6 8 2 2200
Fant 5 12 16 7 5 18 2400
Demand 1800 | 1200 | 2400 | 2000 3000 10400

It can be seen from the table 3.6 that there are five plants and five demand points.
Total demand and capacity are same, whichisequal to 10400 units. Now let usallocate
the demand to each plant based on their capacitiesand other cost data. Vogel’ sgpproximation
Isused to solvethisproblem. InVAM method penalty cost method isused. First, every
row isexamined and least cost cdll isselected. Then the pendlty cost for not allotting this
least cost cell iscomputed from subtracting thisva uefrom the next best cellscost. Same
way all theremaining rows are examined and penalty costsare calculated. The same
procedureisrepeated for column. Finaly select the biggest penalty cost from among the
penalty costs computed. To avoid that penalty cost, select the cell associated with that
biggest penalty cost and dlot the cell aquantity comparing thedemand and capacity. After
alotment repeat the computation of penalty cost for theremaining rowsand columns. The
computationsaregivenintables 3.7 through 3.13.
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Table3.7 Iteration -1 NOTES
Plants | City 1| City 2 | City 3| City4 | City 5| Supply | Row Penalty
Plant 1 18 8 10 11 24 1800 10-8=2
Plant 2 15 19 12 6 12 2800 12-12=0
Plant3 | 20 20 15 10 8 1200 10-8=2
1200
Plant 4 10 12 6 8 22 2200 8-6=2
Plant 5 12 16 7 5 18 2400 7-5=2
Demand | 1800 | 1200 | 2400 | 2000 | 3000 10400
Column «12-10 «12-8 <« 7-6 <+ 65 <+ 12-8
Penalty 2 4 1 1 4
4
Maximum penalty column
Table3.8 Iteration 2
Plants | City1 | City2 | City 3| City4 | City 5| Supply | Row Penalty
Plant 1 18 8 10 11 24 1800 10-8=2
Plant 2 15 19 12 6 12 2800 12-12=0
1800
Plant 4 10 12 6 8 22 2200 8-6=2
Plant 5 12 16 7 5 18 2400 7-5=2
Demand | 1800 | 1200 | 2400 | 2000 | 3000 10400
Column «12-10 <128 <« 7-6 <+ 65 <+ 18-12
Penalty 2 4 1 1 6
4
Max. Penalty -
Table3.9 Iteration —3
Plants City | City | City | City | Supply Row
1 2 3 4 Penalty
Plant 1 18 8 10 11 1800 | 10 8=2
Plant 2 5] 19| 12 6] 2800] 12 6=6]| Max Pen
1000 N
Plant 4 10 12 6 8 2200 =2
Plant 5 12 16 7 5 2400 =2
Demand | 1800 | 1200 | 2400 [ 2000 10400
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Column <« 12-10 «12-8 <« 7-6 <« 65
Penalty 2 4 1 1

Table3.10 Iteration—4

Plants | City1 | City2 | City3 | City4 | Supply | Row Pene

Plant 1 18 8 10 11 1800 10-8=
1200

Plant 4 10 12 6 8 2200 8—6=

Plant 5 12 16 7 5 2400 7/—-5=

Demand | 1800 | 1200 | 2400 | 1000 6400

Column «12-10 €« 12-8 <« 7-6 <« 85

Penalty 2 4 1 3
T Max. Penalty

Table3.11 Iteration -5

Plants | City1 | City3 | City4 | Supply | Row Penalty

Plant 1 18 10 11 600 11-10=1

Plant 4 10 6 8 2200 8—-6=2

Plant 5 12 7 5 2400 7-5=2
1000

Demand | 1800 | 2400 | 1000 5200

Column < 12-10 <« 7-6 <« 85

Penalty 2 1 3
T Max. Penalty
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Table3.12 Iteration—6

NOTES
Plants City 1 | City3 | Supply Row Penalty
Plant 1 18 10 600 18 10=8
600 Max. Penalty
Plant 4 10 6 2200 10 6=4| «—
Plant 5 12 7 1400 12 7=5
Demand 1800 | 2400 4200
Column <12-10 < 7-6
Penalty 2 1
Plants | City | City | Supply | Row Pants | City | City [ Supply
1 3 Penalty 1 3
Rat4 | 10 6 20 | 10-6 Fat4 | 10 [ 6 | 2200
= 1800 | 400
Rat5 | 12 7 1400 | 12—-7 | Max. | Demand | 1800 400 | 2200
1400 = Pendty
Demand | 1800 | 1800 | 3600 <«
Column <« 12-10 <« 7-6

Penalty 2 1

Table3.13 Iteration -7 Table3.14 | teration —8

Thefinal allotmentsof fivecitiesdemandstotheplantsaregiven in table 3.15.

Table3.15 Allotments

From To Quantity Rate Cost(R9)
Plant 1 City 2 1200 8 9600
Plant 1 City 3 600 10 6000
Plant 2 City 5 1800 12 21600
Plant 2 City 4 1000 6 6000
Plant 3 City 5 1200 8 9600
Plant 4 City 1 1800 10 18000
Plant 4 City 3 400 6 2400
Plant 5 City 4 1000 5 5000
Plant 5 City 3 1400 7 9800

Total(RS) 88000
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Theresult obtained using VAM method can be examined using MODI method for
optimality. To apply MODI, let us define new variablesu, and V. Thereafter using the
conditionu, +v, = ¢, theindividual valuesof u and v, are determined. Let usapply the
MODI to our exampl e problem. The solution table should satisfy the condition of m+n-
1 alotments. We have 5 rows and 5 columns. Therefore there must be5+5-1=9
allotments. We got nine alotmentsfor our example problem. So, thereisno problemin
applying modi method. Let usfirst preparethefind tablewithindividual alotments. The
solutiontableisavailableintable3.16

Table3.16 Solution Table
v1:14 v2:8 v3:10 v4:8 v5:14

v; | Plants | City1 | City 2 | City 3| City 4| City 5| Supply
Ui
u=0 Plant 1 18 8 10 11 24 1800
1200 | 600
Up=-2 Plant 2 15 19 12 6 12 2800
1000 | 1800
Uz =-6 Plant 3 20 20 15 10 8 1200
1200
u=-4 Plant 4 10 12 6 8 22 2200
1800 400
Us = -3 Plant 5 12 16 7 5 18 2400
1400 | 1000
Demand | 1800 | 1200 | 2400 | 2000 [ 3000 | 10400

Weknow u. + v, = cu.for alotted cells. Let usform equationsfor al theoccupied cells.

u+v,=8-(1) Thereare nine equationsand 10 unknown variables. To solve

u+v,=10-(2) simultaneous equations, we need to have number of equations
equd tothe

u,+v,=6-(3) number of unknown variables. Sincewe have more unknown
vaiables in

u,+v,=12-(4) thisproblem, let usassumethat u, = 0; substituting thisvaluein
equation (1)

u,+v,=8-(9) weget v, =8, similarly other values are obtained

u,+v,=10-(6) u=0, v,=8 v,=10, U,=-4, u=-3, v,=8, v =14

u,+v,=6-(7) u,=-2, v,=14, u,=-6

u,+v,=7-(8)

u,+v,=5-(9)

For unoccupied cellsdetermine net changeval ue.
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Cdl Cij - Uj -V NC Cel Gij - Ui -V NC NOTES
UiV 18-0-14 4 UsV4 10+6-8 8

UqVy 11-0-8 3 UgVo 12+4-8 8

U1Vs 24-0-14 10 UsaV4 8+4-8 4

UpV1 15+2-14 3 UaVs 22+4-14 12

UpV2 19+2-8 13 UsV3 12+3-14 1

UsV1 20+6-14 12 UsVo 16+3-8 11

UsVo 20+6-8 18 UsV4 18+3-14 7

UsV3 15+6-10 11

Note: Sinceall the NC valuesare positive, the solution obtained isoptimal. Thusthe
minimum TC for our example problemisRs. 88,000/-.

The demand allocation problem can al so be solved by using ademand allocation
modd. Themodé requiresthefollowing inputs:

n=Number of plantsproducing product

m = Number of warehousesor demand points

DJ. =Annua demand fromj.

K. = Capacity of plant i

C,=Cost of producing and transporting one unit from plant i to demand point j.

Theobjectiveisto alocate the demand from different demand pointsto thevarious
plantsto minimizethetotal cost of facilities, and inventory.

Let thedecisonvariablebe,
X, = Quantity transported from plant i to demand point / warehouse;.

Formulation of the problem:

n m
MinimizeZ = %, ZC” X;
i=1 i=1
n
Subject to > x, =D, forj=12..m (3.6)
i=1
m
X x;d"k fori=12..n (3.7)
=1
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The constraintsin equation (3.6) ensurethat all market demand issatisfied and the
congtraintsin equation (3.7) ensurethat no plant produces morethan its capacity.

3.8 IMPACT OF UNCERTAINTY ONNETWORK DESIGN

Supply chain designinvolves|ong-term decisions. Long-term decisonsarestrategic
in nature. Oncedecis onsare made, dterations/ modificationsinthefuturearevery difficult
and proveto be costly. Theimportant decisionsinvolvedindesign of supply chainare
number of plantsto be established, the size of plants, number of trucksto be purchased or
|eased and the number of warehousesto be built or leased. All these decisionsarelong
termin nature. Sinceit isdifficult to modify, the decisionsmust be made very accurately.
However, the uncertainty in the demand, fluctuationsin market price, unexpected swingin
the exchangeratesand turbul ent competitive environment make decision making difficult.
These uncertainties causes supply chain design complex. The manufacturing plant should
beflexibleenoughinaccommodating thevariationsin demand and price. Themain benefits
of thisflexibility isthat it allows companiesto react to fluctuationsin demand, exchange
ratesand locd pricesby atering production to maximizeprofits. Hence, it issuggested that
when we make network design decisions, we must consider both supply and demand
uncertainty and thefinancial uncertainty.

If enough careisnot taken, theimpact of uncertainty will makeit operational to be
vary costly and complex. Financial uncertainty can betaken careif discounted cash flow
techniqueisfollowed in designing network. Discounted cash flow analysesthe present
value of future cash flows. Thishelpsin making decision when comparing two or more
alternativesproposals. Net present value (NPV) isarrived for comparing theaternatives.
NPV istheresult of discounted cash flow technique. The present value of future cash flow
isfound by using adiscount factor 1/1+k wherek isthe discount rate. Discount factorscan
also betaken from the ready-madetable. Future cash flow ismultiplied by the discount
factor to get the present value. NPV iscomputed by subtracting thetotal present value of
future cash flow fromtheinitia investment. Positive NPV indicatesasupply chainwiththe
highest financia return. Thenegative NPV indicatesthat the supply chainwill loosemoney.
Decisonsregarding leasing of warehouse or building of warehouse can betaken based on
theNPV anayss. Cash flow techniqueissuitable only when the demand and market price
arepredictable. Inredity demand and pricesare uncertain and arelikely to fluctuate during
thelifeof any supply chain decisions. For asupply chain exchangeratesand inflation are
adsolikdy tovary over time. Hence, itisessentid toincorporate uncertai ntieswhen making
network design decisions.
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3.9 EVALUATINGNETWORK DESIGN DECISIONSUSING DECISION

TREES NOTES

When designing asupply chain, amanager ismaking severd decisons. Examplesare:

o Whether thefirm enter into along-term agreement for warehousing or get space
from the spot market as and when needed?

e What should bethe mix of long-term agreement for warehousing or get space
from the spot market as and when needed?

e What should be the mix of long-term and spot market be in the portfolio of
transportation capacity?

e What should bethe capacity of each facility’?And what fraction of thiscapacity
should beflexible?

If amanager doesnot consider uncertainty, heissure of Sgning thelong-term contract,
and avoidsflexible capacity, snceflexiblecapacity ismoreexpensive. It may harmthefirm
inthefuture dueto unutilization of part of the capacity, if theforecast demand does not
materidize. At thesametime, if thefirmhasaflexible capacity, they can moveit to dedicated
capacity only whenthey are sure of accuracy intheir forecast. Thus, it issuggested that
mangerswhen they design network, they need to use amethodol ogy that alowsthemto
estimate the uncertainty in their forecast of demand and price and thenincorporatethis
uncertainty inthedecision-making process. | nthissection we describe such amethodol ogy
and show that how uncertainty impact on the value of network design decisions.

A decisiontreeisagraphic tool used to eval uate decisions under uncertainty. The
uncertainty in price, demand, exchangerates and inflation areincorporated using DCF
techniqueinthe decisiontreeto solvesuch problems. Thefirst and foremost thing that is
consderedin decision treeisthetime horizon. Thetime horizon may beaday, month, a
quarter, or any other time period. Normally planning period isused astimeperiodas’N’.
Thenext gepistoidentify factorsthat will affect thevalue of thedecisonand arelikely to
fluctuate over thenext ‘N’ periods. Naturally thesefactorsare: demand, price, exchange
rateand inflation. Then we should eva uate the probability of each of thesefactorsfluctuate
from one period to the next. The next isto identify aperiodic discount rate‘K’. Thisis
considered to account theinherent risk associated with theinvestment. Thedecisionis
now computed using adecision tree, which containsthe present and ‘N’ future periods.
Within each period anode must be defined for every possible combination of factor vaue.
Arrowsare used to connect the nodes between periods. The probability of transitioning
from onenodeto theother isindicated onthearrow. Thedecisontreeiseva uated starting
from nodesin period N and working back to period ‘O’ . For each node, thedecisionis
optimized taking into account the present and future values of each factor. Theanadysisis
based on Bellman’sPrinciple, which statesthat for any choice of strategy inagiven state,
theoptimal strategy inthenext periodistheonethat isselected if entireandyssisassumed
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to begininthenext period. Thisprincipleallowsthe optimal strategy tobesolvedina
backward direction starting from thelast period. Expected future cash are discounted and
brought to the present period value. Thevalue of thenodein period‘ o’ giventhevaueof
Investment aswell asthe decisionstaken during each timeperiod.

Let usillustrate the above decision tree process using the lease decision facing the
manager a atypica logisticscenter. Thedecisonto betaken by the manager iswhether to
|ease warehouse space for the coming threeyearsand theamount to lease. L et usassume
that long-term|easeischegper than the spot market ratefor warehouse space. Also assume
that the demand and spot pricesvary over the coming threeyears. It isto benoted that if
futuredemandishigh the spot market cost will be high. Therearethree optionsbeforethe
manager, they are:

Option 1: Use spot market strategy
Option 2: Signfor threeyears contract and use
Spot market for additional requirements.

Option 3:Sign aflexible contract with aminimum charge that allows variable usage of
warehouse space of to acertain limit with additional requirement from the spot market.

L et us see how the manager makes decisionstaking uncertainty into account.

Five hundred squarefeet of warehouse spaceisrequired for every five hundred units
of demand and the current demand at thelogisticsisfor 50000 units per year. The manager
decidesto useamultiplicative binomid representation of uncertainty for both demand and
price. From oneyear to next, demand may go by 20 present with aprobability of thetwo
out comes are unchanged from oneyear to the next.

Themanager can sign athree-year lease at aprice of Rs8 per squarefoot per year.
Warehouse spaceis currently available on the spot market for Rs10 per squarefoot per
year. From one year to the next, spot prices for warehouse space may go up by 15
percent with probability 0.50 or go down by 15 percent with probability 0.50 according
toabinomia process. The probabilities of thetwo outcomesare unchanged from oneyear
tothenext. Themanager fed sthat prices of warehouse space and demand for the products
fluctuate independently. Each unit logistics handlesresultsin revenue of Rs 14 and the
logisticsiscommitted to handling all demand that arises. Thelogisticsusesadiscount rate
of K=0.10for each year and thus constructsadecision treewith N=2. Theguidelinefor
congtricting treeisgiveninfig 3.6. Thedecisiontreeisshowninfig 3.7 with each node
representing for the problem demand (D) in thousands of unitsand price(p) inrupees. The
probability of each transitionis0.20 because price and demand fluctuate independently.
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Figure. 3.7 Decisiontreefor Logisticsconsideringdemand and price
fluctuations. * Repetitions—can beignored.
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L et usfirst anayzethe option not Signing alease and obtaining al warehouse space
fromthe spot market. L et usstart with period 2 and evaluate the profit for thelogistics
at each node. At node D=72, P= Rs.12.1, thelogi stics must satisfy ademand of 72000
and facesaspot price of Rs.121 per squarefoot for warehouse spacein period 2. The
cost incurred by thelogisticsin period 2 at thenode D=72, P=Rs.12.1/- isequa to
72000 X 12.1=Rs.871200. Therevenue at thenode D=72 and P=12.1is72000 X 14
=Rs. 1008000. Therefore profit at the mode D=72 and P=12 isequal to 1008000 —
8711200 =Rs.137000/-. Theprofit for thelogisticsat each of the other nodesin period
2isevauated smilarly and givenintable 3.17.

Table3.17 Period 2 calculationsfor spot mar ket option

Node Revenue Cost Profit
D=72, P=12.1 | 72000x14 = 1008000 | 72000x12.1=871200 137000
D-72, P=9.9 72000x14 = 1008000 | 72000x9.9=712800 295200
D=48, P=12.1 | 48000x14=672000 48000x12.1=580800 92000
D=48, P=9.9 48000x14=672000 48000x9.9=475200 197000
D=72, P=8.1 72000x14=1008000 | 72000x8.1=583200 424800
D=48, P=8.1 48000x14=672000 48000x8.1=388800 283200
D=32, P=12.1 | 32000x14=448000 32000x12.1=3387200 60800
D=32, P=9.9 32000x14=448000 32000x9.9=316800 131200
D=32, P=8.1 32000x14=448000 32000x8.1=259200 188800

L et usnow evauatethe expected profit at each nodeinperiod 1. Profit at period 1is
equal to the profit during period 1 plusthe present value (at thetime of period 1) of the
expected profitin period 2. The expected profit from period 2 for the node D=60, P=11
Isequal to 0.25 [137000 + 295200 + 92000 + 197000] = 180300 and for the node
D=60 and P=9isequal to 0.25[295200 + 424800 + 197000 + 283200] = 3,00,000 and
for thenode D=40, P=11is=0.25[92000 + 197000 + 60800 + 131200] = 120250 and
for thenode D =40, P=9is=0.25[197000 + 283200 + 131200 + 188800] = 2,00,050.
Thereforethe present valuefor the expected profit from period 2 for period 1 are 180300/
1.1=163909, 300000/1.1=272727,120250/1.1 = 109318 and 200050/1.1 = 181864.
Theprofit for period 1iscomputed and givenintable 3.18
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Table3.18 Profit for period 1.

Node Revenue Cost Period 1 Profi
D=60, P=11 60000x14=840000 | 60000x11=660000 | 180000
D=60, P=9 60000x14=840000 | 60000x9=540000 | 300000
D=40, P=11 40000x14=560000 | 40000x11=440000 | 120000
D=40, P=11 40000x14=560000 | 40000x9=360000 | 200000

NOTES

Therefore the expected profit at period 1 is equal to 0.25 [180000 + 300000 +
120000 + 200000] = 200000. The expected present value from period 2 isequal to
0.25[163909 + 272727 + 109318 + 181864] = 181955. Therefore the total expected
profit for period 1isequd to expected profit from period 1 plusexpected present val ue of
profitsfrom period 2, which isequal to 200000+181955 = 381955/-

Next, let uscomputethe profit for the period ‘ 0’. At period zero the profit issum of
theprofit at period zero and the net present value (NPV) of profit expected from period 1.
The NPV of period 1 profit = 381955/1.1 = 347232. Profit expected at period zero
operationisequal to (D=50, P=10); (50000x14-50000x10) = Rs. 200000/-.

Thereforethetotd profit for not Ssgning aleaseisequal to :200000+347232 =547232.

L et usnow evaluate the aternative where thelease for 50000 sq. ft. of warehouse
spaceissigned. The evaluation procedureisvery similar to the previous case but the
outcomeintermsof profit changes. For example, at thenode D=72, P=12.1, the manager
hasto obtain 22000 sg. ft. of warehouse space from spot market at Rs. 12.10 per square
foot because only 50000 sq. ft has been leased at Rs. 8 per square foot. If demand
happensto belessthan 50000 units, thelogisticstill hasto pay for the entire 50000 sg. ft
leased space. For period 2 the profit at each of the ninenodes areworked out and given
intable3.19

Table3.19 Period 2 profit calculationsat logisticsfor lease option

Node Leased | Warehouse space | Profit D x 14—
space at (50000x8+SxP)
Spot price (S)
D=72,P=12.1 | 50000 22000 341800
D=72,P=9.9 |50000 22000 390200
D =48,P=12.1 | 50000 0 608000
D=48,P=9.9 |50000 0 608000
D=72,P=8.1 |50000 22000 429800
D=48,P=8.1 |50000 0 608000
D =32,P=12.1 | 50000 0 608000
D=32,P=9.9 |50000 0 608000
D=32,P=8.1 | 50000 0 608000
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Theexpected profit for period 1 from period 2:

D=60, P=11 = 0.25 [ 341800+390200+608000+608000] = 487000
D=60, P=9 = 0.25 [390200+429800+608000+608000] = 509000
D=40, P=11 = 0.25 [608000+608000+608000+608000] = 608000
D=40, P=9 = 0.25 [608000+608000+608000+608000] = 608000
TOTAL EXPECTED
PROFIT AT PERIOD 2 = 0.25 [487000 + 509000 + 608000 + 608000]
= 53000
NPV of Total expected profitfromperiod2  =553000/1.1
= 502727
Profit generated at period 1
Node L eased Space from Profit
space spot Dx14-[50000x8+SP]
D=60,P=11 50000 10000 330000
D=60,P=9 50000 10000 350000
D=40,P=11 50000 0 440000
D=40,P=9 50000 0 440000

Expected Val ue = 0.25] 330000+350000+440000+440000]
=0.25x1560000
= 390000
Total expected profit for period 1 = 390000+502727
= 892727

Profit generated at period ‘O’

Demand = 50000

Price=Rs. 10

Profit = 50000x 14-50000x8 = 300000

Totd profit =profitat ‘0’ period + NPV of period 2
= 300000 + 892727/1.1
= 300000+811570

NPV (lease) = 1111570

It can be seen that the presence of uncertainty in demand and pricereducesthevaue
of theleasebut doesnot affect the va ue of the spot market price option. It isrecommended
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that the manager can sign thethreeyearsleasefor 50000 sg. ft. becausethisoption hasa
higher expected profit. NOTES

3.10 DISTRIBUTION CENTRE LOCATION MODELS

It isquite common to see manufacturersand retail ersjoining effortsto efficiently
handletheflow of productsand to closely coordinate the production and supply chain
system. Animportant strategic issue rel ated to the design and operation of aphysical
distribution network in asupply chain system isthe determination of the best sitesfor
intermediate stocking points or warehouses. The use of warehouses providesacompany
with flexibility to respond to changesin the market placeand can result in significant cost
savingsdueto economiesof scaein transportation or shipping costs. Henceit isimportant
to design adistribution network that invol ves determining simultaneoudy the best sites of
both plants and warehouses and the best strategy for distributing the product from the
plantsto thewarehouses and from the warehousesto the customers.

A common objectivein designing such adigtribution network isto determinetheleast
cost system design such that thedemandsof al customersare satisfied without exceeding
the capacity of thewarehousesand plants. Thisinvolvesmaking trade off’sinherent among
the cost components of the system that include:

1. Costsof opening and operating the plantsand warehouse and
2. Theinbound and outbound transportation costs.

Let usconsder agenera model of adistribution center asgiveninfig 3.8

Figure3.8 Distribution center location model

Themode presentedinfig 3.8 portraysthe operation of asmpledistribution centre
model. Thismodel dealswith the allocation of productsfrom the potential distribution
centreto the various customers, who serve asthe market for those products. Thedotted
linesshown inthe diagram showsthat the customer requirementsare met from morethan
onedistribution centrei.e. they areall not sole sourced. Thisismuch higher percentage
thanintheredlity. Infact therea lifedistribution centerswould involve more than 20
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distribution centers and would serve nearly 300 markets. Out of 300 marketswewould
expect hardly 5to 10 marketsthat arenot solesourced. Themain objectiveof thedistribution
centrelocation problemisto minimizethe cost associated with both transportation and
warehous ng (dready sated) whilemaintaining theservicelevel whichthecustomer expects.
Mixed integer programming model sare used to formul ate and sol ve distribution centre
location problems. Inthemode it isassumed that the demand isfixed and known over the
entire planning horizon. Themanager’ sof the sdlesand marketing division planright from
estimating the salesand provide the requirementsto thel ogisticsmanager. Thelogistics
manager of the organization ensuresthat the product reach the customer ontimewith low
cost of distribution. Let usassumethat fixed costsaswell asvariable cost for outbound
flowsare associated with each distribution behavior. Thevariablesinthemode are:

Decision Variable=Yij fraction of demand (regarding ai) of customer zonei delivered
fromwarehouseat site]
a = demand per unit of time of customer zonei
aij = cost of supplying oneunit of demand to customer zonei fromwarehouse at Site|
Ve= if awarehousej in capacity level Rislocated at Sitej
Andfi =fixed cost per unit timefor opening warehouse with capacity level Cat Sitej

M =Index set of potential warehousesites

N = Index set of customer zones

R =Index set of capacity levelsavailableto the potential warehouse
ObjectiveFunction

Min:Z=Y > Cijai Yij + X > fi°x Vje

Subjectto
2Yij=1VieN - (3.8)
YaYij<XViexb® e (3.9)
YVi°<1lVijieM e (3.10)
Yij20Vie Nandje M --------m-mmmmm- (3.11)
Vi°e (0,1) Ve M and C € R---------------- (3.12)

Thismodel minimizestota costsmade of the coststo servethe demand of customers
from the warehouse and the cost associ ated with opening and operating the warehouses
andtheplants.
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Theconstraint equation (3.8) ensuresthat the demandsof al customersare satisfied
by the open warehouse. Constraint equation (3.9) guarantees that the total customer N OT E S
demands sati sfied by an open warehouse do not exceed the capacity of thewarehouses.
The congraint equation (3.10) ensuresthe non-negativity restrictionsonthe corresponding
decisonvariablesand findly the constraint equation (3.12) enforcestheintegrity restriction
onthebinary variable.

Eventhoughthemodd explicitly consider just oneproduct or onefamily of products,
it can be easily extended to handle multiple productsor family of productsby adding an
index tothedecisonvariableY j for thedifferent productsand modifying the corresponding
congtraintsaccordingly.

3.11 SUPPLY CHAINNETWORK OPTIMIZATION MODEL

Inthe past, researchers concentrated on designing single component of theoverall —
production—distribution system, such aspurchasing, production and scheduling, inventory,
warehousi ng or trangportation. To datethereexistslittlework that addressestheintegration
of such singlecomponentsinto overall supply chain. Later, researchersconcentrated on
integrating two sub-systemsof awhole supply chain. Some devel oped model sintegrating
buyer — vendor coordination, production — distribution coordination and inventory
distribution co-ordination. The need of the hour isintegration of al the congtituents of the
supply chain. Optimization of the compl ete supply chain needsto addressthefollowing:

e Thenumber, location, capacity and type of manufacturing plants and warehousesto
use

e Thesetof supplierstoselect;
e Thetrangportation channelsto use:

e Theamount of raw materialsand productsto produce and ship among suppliers,
plants, warehouses and customers: and

e Theamount of raw materials, intermediate products and finished goodsto hold at
variouslocationsininventory.

Many mode shave been formulated for the strategic design of supply chains. Among
all these models, the mixed integer programming models are popular. The model by
Geoffrion and Graves (1974) represents a production —distribution system with several
plantswith known capacities, distribution centersand anumber of customer zones; discrete
candidate | ocations are considered for opening Distribution Centre. Fixed and Variable
(Linear) costsfor Distribution Centre, Production costsand linear transportation costsare
included inthe objectivefunction. The congtraintsconsidered inthemodel are capacity at
plants, customer demand sati sfaction, single sourcing by customer zone, boundsonthe
throughput at Distribution Centreand linear configuration constraints on binary variables
(Logical Constraints), While solving thismodel, some binary variablesaretemporarily
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fixed by solvinga‘ master Problem* ; then theremaining problem may beaddressed asa
set of classical transportation problems, onefor each commodity. Thisprocessisiterate
and devel opslower and upper boundsonthe compl ete problem; it sopswhen thedifference
between the upper bound and the lower bound islessthan or equal to aspecified vaue.

Cohenand Moon (1991) present amixed integer multi commodity model tofind
inbound raw materia flows, assignment of product linesand specification of production
volumes, and bound finished product flowsin aproduction —distribution network. Here
thelocation of facilities (Vendors, plantsand distribution centers) isgiven andfixed. They
have given an a gorithm to solve some producti on —distribution model s piecewiselinear
concave costsof production. However, the model isvery restricted because the plant-
loading problem under consi deration assumesafixed facility network configuration, with
the Digtribution Centre asthefina demand points. Themode containsbinary variablesfor
assigning productsto plantsand for determining the part of the concave curve of production
coststo beapplied. By thismode, the solution of small problemswith 60 binary variables
In49 secondsof CPU timeispossible.

Arntzen eta (1995) present amulti —period, multi commodity mixedinteger model to
optimizeagloba supply chain. Itsobjectivefunctionincludesvariable production, inventory
and shipping costs, fixed production and production‘ style‘ costsand savingsfrom credit
earned for re—exporting products. All the costs considered in the objectivefunction are
weighted by a factor & The objective function also contains production time and
transportation timetermsweighted by afactor (1- 8). The constraintsinclude customer
demand satisfaction, balance of materias, global Bill of materids, throughput capacity at
eachfacility per production style, System configuration constraintsand boundson decison
variables. Offset tradeandloca content, duty drawback and duty relief aretheinternational
congtraintsincludedinthemodd.

Cole(1995) developed aStrategic Inventory Location Allocation System (SILAS),
Inwhich he presented amulti commodity, multi echelon, single period mixed integer model
for optimizing astrategic production—distribution system. The speciaty about thismodel
Isthecongderation of norma demandsand stochastic customer service by carrying safety
stock, together with warehouselocation, customer allocation and channel selection. This
model isapplicablewhen safety stock costsaresignificant. Inthemodel, customer service
Isconsdered asthefraction of customer demand satisfied routingly from warehouse stock
and by limiting ddlivery timeand distancefor serving each customer.

The objectivefunction includes plant fixed and closing costs, plant production and
inventory costs, trucking transportation and inventory costs, fixed operating costsand
closing costs of depots, variablewarehouse costsand tota average warehousing inventory
costs. The constraintsinclude plant production capacity, logical constraintson channels
and warehouses, channel s capacity, customer demand satisfaction, single sourcing of
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customers by distribution channel and product, limitson thedistance and timefrom a

warehouseto serveacustomer, maximum on—handinventory at warehouses, warehouse N O TE S
storage and handling capacities per warehousetype, balance constraints at warehouses,
warehouses nglesourcing by distribution channd and product, aset of congtraintsdescribing
demand variancesat warehouses, aset of linearized safety stock constraints, and bounds
ondecisonvariables.

L et usconsider aproduction and distribution problem to maximizethetotal net profit
inamulti —plant, multi —retailer, multi —item and multi —period logistic environment and
propose an optimization model. Model considers plantsthat produce multi itemswitha
limited capacity over time. For each product type, it isnecessary to incur afixed set-up
cost for alot—for —lot basis, not dependent on therealized volume, which capturesthe
setup cost for the whole plant. It is possible to store excess production at the plant
warehouse. Thereisno storage capacity limit at the plant. Themanufactured productsare
directly deliveredtoretail outlets. Themovement of vehicleincursafixed cost related to
vehicle depreciation and insurance, cost of capital, order cost and driver wagesand a
variabletransportation cost dependent on transported item, itsquantity and traveled path.
Itisassumed that thefirm can changethe effect Sizefredy without extracost. The demand
foraniteminaperiod at aretall outletisexpressed as* coredemand‘ and* forecasted
demand’. It is assumed that the demands are given and fixed without variation. The
unsatisfied forecasted demand at theretail outlet iscons dered asstock out. Back ordering
isnot alowed. Theproblemisto plan production and distribution so asto maximizethe
total net profit of asupply chain over aplanning horizon.

TheModd

A mixed integer model is devel oped to solve the above-described probleminan
integrated way. In presenting the model, thefollowing notationsare used. It isassumed
that the size of packing box isthesamefor all items.

Indices

I=Plants,ie {1,....I}

j =retail outlets,je { 1,.... J}
p =productitems,pe {1,....P}
t=timeperiods,te {1,.....T}

Parameters

C.p=unit processing cost of itemPat plant i

Sp = Set up cost for item Pat planti (Cp=0,Cp/1)

O,p=unit processing time of item Pat plant .
up=setuptimeforitemPat planti

h.p=unit holding cost of item P per period at plant i (hp= Oi ho/1)
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L, = availableproduction capacity at planti intimein any given period
djp = unittransportation cost of item Pfrom plant i toretail outlet j

F =fixed cost per vehicle

B =vehicleavailable capacity

Djpt= CoreBusinessdemand for item Pat retail outlet j inperiodt.
Qjpt=forecasted demand for item Pat retail outlet j in periodt.
Rjp=unit selling priceof item Pat retail outlet | (RP=C')J. R.1J)
hjp=unit holding cost per period at retail outlet j for item P

wj = storage capacity at retail outlet j

Vjp = unit stock out cost of item P at retail outletj(Vp:Oj VJ.p/J)

Variables
X.P,.=amount of item P produced at plant i in periodt.
Q,P=amount of item Pddlivered from plant i toretail outletj inperiodt.
Y.p= 1if planti must besetupforitemPinperiod T
Ootherwise
aP=inventory level foritemPat plantiin periodt (Apt:(')i ap)
th: inventory level foritem Pat retall outletj in periodt
Zm: Number of vehiclesrequyed for deiveringfromplant i toretail outletjn periodt.
The integrated production and distribution-planning problem may therefore be
formulated as
Max X ZRKZ (gPt1+Z gPt—gpt) —{X ZCpXZ Xjpt+X X SpXYpt+
j P t i i P t i P

LI hpZapt+Z ZhpXZagpt+X X VipZ (Qpt-ap.1—2 Qi pt+ gpt)
i P t i P t j P t t

+gZ T T Zjp+2 Z TdpZag P}

it i j P (313)
Subject to
(00, X,,*OupYp) d'Lvit...... (3.19)
P P
Xpd' MY pt ipt (3.15)
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ap,=a p, +Xpt-0qpt ,,t...... (3.16)
]

qpt_I:quj pt—djpt e E pt A OO (3.17)
i

ap,+0q, p—aptd Fpt j, to...... (3.18)
i

Ogpd'w, jt.... (3.19)

p

Zjte’ Ogjpt  ijt..... (3.20)

p B

apo=0,gpo=0 ij,p.... (3.21)

Xpt €" 0,qgjpte” 0,apte’ O, apt e" 0,Ypt € {01},
Zijte’ 0 andall areintegers  i,j,pit.... (3.22

The objectivefunction (3.13) expressesthetotal ofit over thetime periods
computed by subtracting total cost fromtotal revenue. Thetotal revenueissimply the
sallingincomeat retail outlets. Thetotal cost includesthe cost of production, inventory,
stock-out, and distribution. Constraint (3.14) represents the capacity restriction on
production at aplant. Constraint (3.15) used to force the binary-set up variables. The
parameter M isasufficiently large positive member. Congraint (3.16) assurestheinventory
balancein periodsat aplant. Congtraint (3.17) requiresthat the core business demand for
anitemat aretail outlet in any period must be satisfied fromitsinventory carried forward
and (3.18) assuresthat the actual demand for any item at aretail outlet in any period
cannot exceed theforecasted demandinthat period. Congraints(3.17) and (3.18) determine
theinventory levelsof itemsat retail outlets. Constraint (3.19) representstherestrictionon
storage capacity at aretail outlet. Constraint (3.20) determinesthe number of vehicles
required for adelivery. Congraint (3.21) expressestheinitia inventory levelsat both plants
andretail outlets. Constraint (3.22) enforcestherestrictionsof non-negativity, integer, and
binary natureon thedecision variables.

Optimal production quantities X ipt, and optimal ddlivery quantiti esqptare obtained
by solving themodel. Themode essentidly utilizesthe production capacitiesat plantsup
tothelimitstoincreaserevenue, but it reduces production quantity and allows stock-outs
at retail outletswhenthemargina unit cost of anitem exceedsitsmarginal revenue.
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Chapter Summary

Through Chapter-3, wehave understood the meaning of distribution network design.
Distribution network design decisionsare most important supply chain decisions. Also
discussed theroleand factorsthat influence network design. Weknow, distribution accounts
morethan 20% of the cost of manufacturing aproduct. To minimizethe production and
distribution cogt, optimum network designistheneed of thehour. Thereare several factors
that areinfluencing the network design decisionsresponsetime, product variety, product
avallahility, customer experience, order visibility and returnability aresomeof theimportant
factors.

Variousdesign optionsavailablefor network design area so discussed in detail while
designing anetwork, va ue addition must be kept in mind. Modelsfor facility location and
alocation have been brought out with asuitableexample. Designing network under uncertain
demand and supply needsspecid trestment. Decision treegpproachin designing thenetwork
hasbeen brought out using an example. Findly digtribution network mode hasbeen designed
using mixed integer programming method. Students are advised to read journals to
understand thevarious mathematical modelsavailablefor distribution.

Review Questions

=

Bring out theimportance of distribution network design.

What istheroleof distributionin thesupply chain.

What arethefactorsaffecting the distribution network?

List thedesign optionsthat areavailablefor adistribution network.
Discussthevariousdistribution choicesgiving suitableexamples.
Discussvdueadditioninthesupply chain.

What information’sare used in location decisions?

Explain gravity location problem with an example.

© o N O Uk WD

What arethetechniquesused for solving multi facility location problems?
10. Discusslocation model sthat are solved using integer-programming method.
11. Explaindemand dlocationtofacilitiesinlocation decisions.

12. Explaintheimpact of uncertainty on network design.

13. How will you eva uate network design using decisiontrees?

14. Describethedistribution center ocation models.

15. Design adistribution center location model assuming that fixed costsaswell as
variable cost for outbound flows are associ ated with each distribution behaviour.

16. Discussthesupply chain network optimization models.
17. What typesof digtribution networksaretypicaly best suited for commodity items?
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18. A specidity chemica company iscond dering expanding itsoperationsinto Bombay
wherefive companies dominate the consumption of speciality chemicals. What N O TE S
sort of distribution network should thiscompany utilize?

19. What differencesintheretail environment may justify thefact that thefast moving
consumer goodssupply chaininIndiahasfor moredigtributorsthaninthewestern
countries?

20. What are the magjor financial uncertaintiesfaced by an electronic components
manufacturer deciding whether to build plant in Banga ore or Bombay?

21. A large corporation hasemployed acampusplan layout for itsHead quarters. A
centralized heating systemisto beinstalled, which will heat each of the four
buildings. Considering the cost of installation and the heat losses, it isagreed that
the cost for the system is proportional to the square of the Euclidean distance
between the heating facility and each building. The buildingsto be served by the
heating system arelocated asfollows:

P, =(20,8), P,=(15,10), P,=(25,12) and P,=(8,12). The BTU requirements
per hour are 15000, 6000, 5000 and 18000 respectively. Find the least-cost
location using gravity modd for the central heating facility.

22. Letfour existing facilitiesbelocated at P, = (4,2), P,=(5,0), P,=(5,8) and P,=
(6,10) withw =2, w.=1, w,=2 and w,=2. Determine the optimum locationfor a
singlenew facility when cost isproportional to squared Euclidean distance.

23. Congder four plantswhich aremanufacturing aproduct and they havethedemand
in four cities. The plant capacities, market demand, variable production and
ransportation cost per unit shipped aregiven below.

Plants . - Demfand City . .
City 1 City 2 City 3 City 4 Capacity

Plant 1 20 10 14 12 2020

Plant 2 18 16 13 8 2600

Plant 3 12 18 16 12 1950

Plant 4 14 10 11 10 1075

Demand 1975 1855 1900 1915 7645

Allocatethedemand using:

() Least cost method

(i) Vogd’sapproximation method

(i) Check for optimality usng MODI method.
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UNIT IV

PLANNING DEMAND, INVENTORY
AND SUPPLY

LEARNING OBJECTIVES

After reading thischapter youwill beableto:

1. Understand therole of demand forecasting inthe supply chain.
Assessthe aggregate plan for the company to meet the expected demand.
Manage the predi ctable changein demand that can beforecasted.
Appreciatetheroleof cycleinventory inthe supply chain.
Managethe uncertainty in demand through safety inventory inthe supply chain.
Determinetheoptimum level of product availability.

o 0k WD

7. Better understand the coordination required in the operation of the supply chain.
4.1 INTRODUCTION

In Chapter-3 we have studied the various design options availablefor designing
network. We have understood the network design using illustrations. Operational part of
network design demands, planning the demand using appropriate forecasting techniques,
managing inventory to reducethe carrying cost and ensure supply inthesupply chain. In
thischapter we are going to study the forecasting method using simple examples. After
forecasting demand, aggregating the demand for planning isrequired. Thisisdiscussed
using variousoptions. Therolesof predictability and cycleinventory werea so brought out
using examples, and illustrations. Finally the coordination required in the effective
management of supply chainisdiscussedinthischapter.

4.2 OVERVIEW OF DEMAND FORECASTINGIN THE SUPPLY CHAIN

Decisonmeakinginsupply chainisbased ontheforecastsof futuredemand. Forecasting
customer demand isthefirst slep amanager must takein designing the supply chain. Some
of theimportant decisions, which aretakenin supply chain, that are based onforecast are:
production decisions, marketing decisions, finance decisions and personal decisions.
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Scheduling, inventory control, aggregate planning and purchasing arethe decisionswith
regard to production decisions. Sales—force allocation, promotion and new product
introductionsare marketing decisions. Investment decisionsincluding budgetary planning
areconcerned with financid decisons. Workforce planning, hiring and firing and layoff are
personnel decisions. These decisions utilize forecastsfor their enhancement through
collaborativeforecasting among supply chain partners.

Inacollaborativeforecasting environment, the error in forecasting demand can be
controlled. Demand for theimmediate futureis more accurate than thelong-term period
forecast. And a so the aggregation across many companies ensures greater accuracy in
forecast. All forecastsdeal with four mgjor variables. They are supply, demand, product
characteristicsand competitive environment. The uncertainty in supply makesforecasting
moredifficult. Marketswherethereislittle historical dataand lotsof variability arethe
mogt difficult whenit comesto demand forecagting. Product featuresformsthecharacteristics
of product. These characteristicsinfluence customer demand. Competitive environment
decidesthe market share. Forecast should takeinto account the promotionsand price
warsthat will beinitiated by competitors.

Companies must be knowledgeabl e about thefactorsthat are rel ated to the demand
forecast. Past demand, |ead-time, promotion efforts, economy and price discountsare
some of thefactors. Before adopting a particular methodol ogy of forecast, companies
must understand thesefactors. Therearefour bas c methodsto usewhen doing forecasting.
M ost forecasts are done using various combinations of thesefour methods. Accordingto
Chopraand Meindl thefour typesof forecasting are: qualitative, causal, timeseriesand
gmulation.

Quialitative methodsrely upon aperson’s subjective opinion or perception about a
market. When thereisalittle historical data, these qualitative methodsareworking very
well. When new productsareintroduced, virtudly theremust beno historica dataavailable.
In such situations, expert’s opinion through brainstorming or Del phi could be obtained.
Expertsforeseewhat will happeninthefutureand givetheir opinionsbased onther intuition.
They helpto someextent to forecast the demand for thefuture.

Timeseriesmethods use historical data. Herethe basic expectationiswhat happened
inthe past will happeninthefuture also. These methodswill be effectiveif the demand
patternisstableover aperiod of time. Mathematical techniques such asmoving average
and exponential smoothing techniquesare generally used to forecast the future demand.
Trend and seasond adjustmentsare appropriately made during forecasting to get themore
accurateresults. Software packagesare availablefor all thesetechniques.

Causd forecasting methods assumethat the demand forecast ishighly correlated with
certainfactorsin the environment. For instance, demand for commercial loanisoften
closdly corrdlated to interest rates. When interest rates are expected to be reduced, |oan
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amount isexpected to go up. Similarly price and demand are correlated highly. If prices N OT E S
arelowered, demand can be expected to fall. Companies can thus use causal methodsto
determinetheimpact of price promotionson demand.

Simulation methods use combination of causal and time seriesmethodsto imitatethe
behavior of consumersunder different circumstances. Using s mulation, afirm cancombine
time seriesand causal methodsto answer such questionsas. what will theimpact beof a
competitor opening astore nearby?

Some companies use only one of these methodsto do forecasts. Most companies
use combination of thesetechniquesto get their forecasted demand. Studieshave shown
that combining theresultsof variousmethods providelesserror inforecasting the demand.
Regardless of theforecasting methods used, when doing forecasts and evaluating their
results, itisimportant to keep severd thingsinmind. Theshort-termforecastsareinherently
more accurate than long-term forecasts. Thismust be kept in mind during forecasting.
Most long range, multi-year forecastsare highly speculative. It isto bekept in mind that
forecastsarealwayswrong to agreater extent. Thereareno perfect forecastsand business
need to assign some expected degree of error to every forecast. Thereforewhileplanning
for asupply chain, demand hasto beforecasted with care and the error in forecasting
should be contained for effective supply chain performance.

L et usillustrate the various methods of forecasting using examples:
[llustration 1: Simpleexponential smoothing

Supposethat ademand level of 1200 unitswasforecasted for the current moth. Actual
demand for the current month is 1000 units. Thevalue of the smoothing constant is0.25.
the expected valuefor demand next month isforecasted asbelow:

New forecast (F,,,) = aD, + (1-8) F,

41
wheret =timeperiod
a= exponential smoothing constant
D,=Demand at periodt
F = Forecast for periodt

(F,,.) = Forecast for the next period.

t+1.
Therefore F, = 0.25(1000) + 0.75(1200)
= 250 + 900 = 1150 units.

L et usextend thenumber of period and forecast using smoothing techniquefor further
undergtanding.
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[llustration 2

Thefollowing quarterly datarepresent ademand time seriesfor aproduct:

Quarter

1 2 3 4
Last year | 1200 [ 800 | 1000 | 1200
Thisyear | 1400 | 900 Fs=7?

Weareinterested in forecasting thethird quarter of thisyear. Let usassumethat 4=
0.2 and the previousforecast isdetermined from the averagefor thefour quartersof last
year. Hence F, = (1200 + 800 +1000 + 1200)/4 = 1050. We begin forecasting thefirst
quarter of thisyear and continue the computationsforward until wereach thethird quarter.

F, = 0.2(1200) +0.8(1050)
(AssumeD, = 1200i.efourth quarter demand of previousyear)
Therefore F = 1080
F,=0.2(1400)+0.8(1080) = 1144
F,=0.2(900)+0.8(1144) =1095

SUmmaizing,

Quarter

1 2 3 4

Last year | 1200 | 800 | 1000 | 1200
Thisyear | 1400 | 900
Forecast | 1080 | 1144 | 1095

Thevaueof ashould be chosen very carefully. The higher thevaueof &, thegreater
Isthewelght placed onthe more recent demand levels. Thispermitsthemodel to respond
morequickly to changeinthetime series. Thelower theavaues, thegreater istheweight
givento demand history inforecasting future demand and thelonger isthetimelagin
responding to fundamenta changesinthedemand level. Low vaduesprovidevery ‘ stable
forecaststhat are not likely to be heavily influenced by randomnessinthetime series. a
valuestypically rangefrom 0.01to 0.30. A good ruleto follow when searching for ana
valueisto chooseonethat will allow theforecast to track mgjor changesoccurringinthe
time seriesand average therandom fluctuations. ashould minimizetheforecast error.
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[llustration 3 NOTES

(Trend Correction)

L et us consider the previous example and forecast the demand for third period
correcting thetrend. Thetrend corrected version of the model hasaset of equationsthat
can be stated as:

S.,=abD,+(1-3(S§+T)

T.=&S,,-S) +(1- T,

I:t+1 = St+l+Tt+l
whereF,,, = trend —corrected forecast for period t+1

S =initia forecast for periodt

T, =trendfor periodt
a =trend smoothing constant.

Letususethearbitrary starting valueof S = 1050(average demand valuesof previous
year) and T, = O(no trend). The smoothing constant aisassumed 0.25 and aremainsthe
previousvalueof 0.2. Now forecast using the set equationsgiven above.

S =0.2(1200)+0.8(1050+0) = 1080

1

T, =0.25(1080-1050) +0.75(0) =7.5
F, =1080+7.5=1087.5 = 1088

S, =0.2(1400) +0.8(1088) = 1150

T, =0.25(1150-1080) + 0.75(7.5) = 17.5 + 5.63=23.13
F, =1150+23.13=1173.13 1173

S, =0.2(900)+0.8(1150+23.13)=1118.51119

T, =0.25(1119-1150) +0.75(23.13) =-7.88+17.35=9.47
F. =1119+9.47=1128.5 1129

w

Fromillustration 2, we got F, as 1095. When we corrected thetrend we got F, as 1129.
L et usnow discusshow to forecast considering level, trend and seasonality using HOLT-
WINTER'strend and seasonality method.

[llustration 4: (HOLT —WINTER' SMODE)

If the data pattern is stationary, then the moving average and single exponential
smoothing methods are appropriateto find out forecast from the past data. When the data
isexhibiting trend and level, thetrend correction asillustrated above can be used. However,
inmany cases, Holt-winter’ strend and seasonality isfound to bemore appropriate. Inthis
model levd, trend, seasonality and theforecast are expressed asfollows:
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NOTES Level, L, =(aD/S )+(1-8)(L _+T.)
Trend, T, =&(L-L_)+(1-8)T,,
Seasonality, S, = (8D /L )+(1-8)S,,
Forecast F,, =(L+T*m)S(,.,

Wheres =thelength of seasonality(no of monthsor quarter)

L, =thelevel of theseries

T, =thetrend component

S =theseasonality component

F.., = forecast for m periods ahead.

Initidizationisdoneasfollows:

L= Us(D,+D,+——0D)
T.=Vs(D,,,-D,)/s+(D,,,-D,)/st——+(D_-D)/s
S,=D/L,S=DJL,——Ss=DslLs

Tabled.1 containsthe cal cul ationsfor an exampl e Situation using Holt-Winter’ strend
and seasonality method. The dataset of Table4.1 indicatesthat thereisaseasonality in
every 4 periodsand thisseasona variationisassociated with trend.

4 =0.25,4=0.05a=0

Table4.1 Using Holt-winter’smodel to forecast for the 13" period.

Periodt | Actual demand D; | Level L; | Trend T; | Seasonal S | Forecast F

1 350 0.927

2 380 1.007

3 430 1.1391

4 350 3775 9.375 0.927

5 380 392.64 9.663 0.927 358.63
6 400 401.03 9.599 1.007 372.93
7 500 417.71 9.953 1.391 413.50
8 380 423.23 9.711 0.927 594.88
9 475 452.81 10.705 0.927 401.34
10 510 474,25 10.733 1.007 429.68
11 585 468.88 9.928 1.1391 488.38
12 475 487.21 10.349 0.927 541.53
13 461.24
14 511.46
15 590.35
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Computations
Initid vaues. (5=4)

L,=%{(D+D,+,+D,)] = (350+380+430+350)/4=377.5

T,=Y 4[(D4+1-D1)/ 4+(D4+2'D2)/ 4+(D4+3'D3/4) +(D4+4' D4/4)]
= 1/4[(380-350)/4+(400-380)/4+(500-430)/4+(380-350)/4]
=Y4[7.5+5+17.5+7.5]
=9.375

S,=D,/L =350/377.5=0.927 ; S=D /L ,=380/377.5=1.007
S,=D,/L,=430/377.5=1.1391 ; S;=D /L ,=350/377.5 = 0.927
L = (&DJS, )+(1-0.25)(L+T..)
= (0.25* 380/0.927)+0.75(377.5+9.375)
= (102.48)+290.16 = 392.64
T, =&(LL)+1-3)T,
= 0.05(392.64 — 377.5) + (1-0.05)9.375
= 0.757+8.91 = 9.663
S =&DJL)+(1-8S,,
= 0(380/392.64) + 1(0.927)
=0.927
I:4+1 = (L4+T4* 1)8(44)+1 = Fs
= (377.5+9.3751)0.927
=358.63

L, =(0.25* 400/1.007) +0.75(392.64+9.663)
= 99.305 + 301.723 = 401.03

T, = 0.05(401.03-392.64)+0.95(9.663)
= 0.4196 + 9.1799 = 9.599

S, =0+1(1.007) = 1.007

L, = (0.25*500/1/1391) + 0.75 (401.03 + 9.599)
= 109.74 + 307.97 = 417.71

T, =0.05(417.71—401.03) +0.95(9.599)
=0.8341 + 9.119 = 9.953

L, =0.25*380/0.927 + 0.75(417.71 +9.953)
=102.481 + 320.747 = 423.228
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T, =0.05(423.23 - 417.71) + 0.95 (9.953)
= 0.256 + 9.455 = 9.7114

L, =0.25%475/0.927 + 0.75(423.23 + 9.711)
=128.10 + 324.71 = 452.81

T, =0.05(452.81 — 423.23) +0.95(9.711)
= 1.4791 +9.225 = 10.7046

L,, = (0.25*510/1007) +0.75 (452.81+10.705)
= 126.6+347.64 = 474.25

T, = 0.05(474.25 — 452.81) +0.95(10.705)
= 1.0722 + 9.6613 = 10.733

L,, =0.25%585/1.1391 + 0.75(474.25 + 10.733)
=105.14 + 363.74 = 468.88

T,, = 0.05(468.88- 474.25) +0.95 (10.733)
=-0.268 + 10.1964 = 9.928

L, = 0.25%475/0.927 +0.75(468.88 + 9.928)
=128.10 + 359.11 = 487.21

T, =0.05(487.21 — 468.88) +0.95(9.928)
=0.917 + 9.432 = 10.349

I:12+2 = L12+T12 (Z)Slo(mzz)

= (487.21 + 10.349* 2) 1.007 = 511.46

= (L12+T12(3) Sll(m:S)
=[487.21 + 10.349* 3] 1.1391
=590.35

I:12+ 2

I:12+3

[llustration5: Forecast error

We know that forecast contains error. Hence we are interested in finding out the
forecast valuerange within which the actua demand may occur. Thisrequiresastatistica
forecast. Theforecast error isthe difference between the actual demand and the forecast
vaue. Itisproperly expressed Satigticaly asastandard deviation, variance or mean absolute
deviaion. Wearegoing to seethe gpplication of sandard deviationin esimating thestatistical

demand. Let usrecall anexampleillustrated earlier:

86

ANNA UNIVERSITY CHENNAI



SUPPLY CHAIN MANAGEMENT

Quarter NOTES

1 2 3 4

Last year [ 1200 | 800 | 1000 | 1200
Thisyear | 1400 | 900
Forecast | 1080 | 1144 | 1095

Now, et usestimate the standard error of theforecast for the two periods (N=2) for
whichtheforecast hasbeen made and actual demand vauesareavailable. Assuming that
demandisnormaly distributed about theforecast, we can devel op a95 percent confidence
band around thethird quarter forecast.

The standard error = | Z‘(Si‘_j‘)

=402

Thebest estimatefor theactual demand level (D) for thethird quarter withZ
1.96 fromanormal distributiontableis:

095%

D=F,+Z(S)
= 1095+1.96 (402)
= 10954788

Hence, the 95 percent confidence range for the forecast of actual demand is
307<D<1883.

[llustration6: Decomposition method

Decomposition forecasting isbuilt on the philosophy that ahistorica saespattern can
be decomposed into four categories: trend, seasond, cyclica and random. Trend represents
long term movement in sales caused by variousfactors: seasona variation representsthe
peaksand valleysinthetimeseries. Cyclical variationisthelongterm variationsinthe
demand pattern. Random variationisthat portion of total salesthat isunaccounted for by
trend, seasonal or cyclica components. Decomposition method combinesall theseeffects
asgivenbelow:

F=T*S*C*RWhere

F=Demand forecast
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S= Seasona component
C=_Cyclica component

T=Trend component

R=Random component or residual .

In practice, themodel isoften reduced to only trend and seasonal components. This
isdueto awd | specified modd hasarandom component of 1.0(R). Sameway thecyclica
component isaso considered as 1.0(C), because themodel isusually updated when new
databecomeavailable. Trend component may be obtained by |east square method. The
mathematical expressionfor alinear trendisT = at+bt, wheretistime, T istheaverage
demandlevel and‘a and ‘b’ are co-efficientsto be determined.

These co-efficientsare obtained by:
a=D,- bt
N = the number of observations
D,_theactua demandintimeperiodt
D = average demand for Ntime periods
t =averageof t over N time periods.
The seasonal component can befound by thefollowing equation:
S=D,/ T ,where
S =seasona componentintimeperiodt
T, =trend component from T=a+bt
Findly, theforecastismadefor time periodt in thefuture asfollows:
F=(T) (S,) where
F,=theforecasted demandintimeperiodt
S =number of periodsintheseasonal cycle.

Let usillugtratethismethod using thefollowing example: A manufacturer hasthedemandin
thepast twelve periodsisgivenintable4.2
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Tabled.2 Salesdata for twelve periods

By observing thedatait isfound that 4 period seasonal cycle(s) isavailableinthe
data. Thetrend component, seasonal component and forecast valuesaregivenintabled.3.

Table 4.3 Forecast valuesfor Decomposition M ethod

NOTES
Period 1 2 3 4 5 6 7
Demand | 950 | 1200 | 1400 | 1500 | 1000 | 1250 | 1500
Period 8 9 10 11 12
Demand | 1600 | 1100 | 1300 | 1480 | 1650

Time(t) | Sales(D) | D;* t | t° | Trend(T,) | Seasona S,

1 950 950 | 1 | 114346 | 0.8308
2 1200 | 2400 | 4 | 1176.92 | 1.0196
3 1400 | 4200 | 9 | 121038 | 1.1567
4 1500 | 6000 | 16 | 124384 | 1.2059
5 1000 | 5000 | 25 | 1277.30 | 0.7829
6 1250 | 7500 | 36 | 1310.76 | 0.9536
7 1500 [10500| 49 | 1344.22 | 1.1159
8 1600 |12800| 64 | 1377.68 | 1.1614
9 1100 | 9900 | 81 | 1411.14 | 0.7795
10 1300 | 13000 | 100 | 1444.60 | 0.8999
11 1480 | 16280 121 | 1478.06 | 1.0013
12 1650 |19800| 144 | 151152 | 1.0916

SUM 78 15930 108330 650

0. =15930/12 1327.5 t=78/12=6.5

Computations

b > Dt(t) — ND(t)

Dt —NE?

~ 108330-(12) (1327.5)(6.5)
- 650—12(6.5)°
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= 4785 / (650-507)
= 4785/ 143
= 33.46

a = Dy-bt

=1327.5-33.46*6.5

=1327.5-217.49=1110
T, =1110 + 33.46*1 = 1143.46
T, =1110 + 33.46*2 = 1176.92
T,=1110+ 33.46*3 = 1210.38
T,=1110+33.46*4 = 1243.84
T,=1110+ 33.46*5=1277.30
T,=1110 + 33.46*6 = 1310.76
T,=1110+ 33.46* 7 = 1344.22
T, =1110 + 33.46*8 = 1377.68
T,=1110+33.46*9=1411.14
T,,=1110 + 33.46* 10= 1444.60
T,,=1110 + 33.46* 11= 14/8.06
T,=1110 + 33.46* 12= 1511.52
T,,=1110 + 33.46* 13= 1544.98

S, =D,/T,=950/1143.46 = 0.8308 S,=1200/1176.92 = 1.0196
Similarly S;to S, are computed and entered into the table4.3.
Forecast value of 13" period=F, =T .*S_,
Therefore F , = 1544.98 * 1.0013
=1546.988 H” 1547.
Thisishow the decomposition method i s used to forecast the future demand.
4.3 AGGREGATE PLANNINGIN THE SUPPLY CHAIN

Onceforecasting of demand isdone, the next stepisto plan for production of the
demand. Initialy production planning ismade at theaggregatelevel. Aggregationistotal
demand of the company. A company may produce morethan one component. Planningis
madeto produceall thevarietiesfor aspecified time period. Production capacity of afirm
may be expressed in plant hoursand thetotal demand isconvertedinto plant hoursandit
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can becompared with theexisting capacity of the plant for making arrangement. Aggregate

planningisbasi cally examining the capacity of the plant with theforecasted demand. This N OT E S
planningisat macro level and do not deal with the stock keeping unit (SKU’s) levels.
Therefore aggregate planning can be defined asthe process by which acompany determines
levelsof capacity, production, subcontracting, inventory, stock outsand even pricing over
aspecifiedtimehorizon. Theultimategoal isto maximizetheprofit.

Traditiondly aggregate planning wascons dered asaninternd affair and not considered
asapart of supply chain. Aggregate planning, however isan important constituent of
supply chain network. Aggregate planning requiresinput throughout the supply chain and
itsresults have significant impact on supply chain. Good forecastsrequire collaborative
gpproach. Callaborationwith down stream supply chain partnershel p achievegood forecast.
Forecast becomeinput to aggregate planning. So, aggregate planning has animportant
roleinthesupply chain. Additionally, many constraintsthat are considered in aggregate
planning comefrom supply chain partners, particularly upstream supply chain. Without
theseinputsfrom both downstream and upstream partners, aggregate planning can not be
made successfully. Production plansfor afirm decidethe demand for suppliersand made
the supply constraints for customers. Hence the aggregate planning is considered as
foundation for creating plan within aswell as outside the enterprise acrossthe supply
chan.

Theaggregate planning cons stsof planning the production through variousstrategies.
Thedtrategiesinclude, regular time production, over time production, inventory carrying,
sub-contracting, back-ordering and hiring and firing of human resources. A company can
haveasinglestrategy or combination of any of the above mentioned policiesinarriving
their aggregate plan. The operationa parametersto beidentifiedin aggregate planning are:

1. Productionrate: Quantity completed per unit of time (such ashour, day, week or
per month)

2. Work force: Determination of number of workers per unit of capacity needed for
production.

3. Overtime: Over and abovetheregular time, the extrahoursrequired per unit of
time. Remember over time costs more to the company.

4. Machinecapacity: Number of itemsthat can be produced per unit of time.

5. Subcontracting: Itisthekind of outsourcing. Thismay alsoincrease/ decreasethe
manufacturing cost. If technology isnot avail ableinthecompany, thereisno other
go other than sub-contracting.

6. Backlog: Back orderingisanother policy withwhichthedelivery ispostponed by
supplying later. Company may looseitsgood will.

7. Inventory: Producing at the congtant rate, accumulating inventory during dack period
and utilizing during peak period isacommon phenomenanoticed inthe supply
chan.
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4.3.1 Aggregation Methods

Thefollowing arethe pure strategiesthat are generaly used in planning of production.

1. Vayingtheinventory levels
2. Varyingtheworkforcesize
3. Overtimeworking

4. Subcontracting

5. Backordering

By combining two or more of the above strategieswe can form amixed strategy to
meet thedemand. Thevariousmethods used to solvethe aggregate planning can beclassified
as: graphical method, chase method, transportation method, linear programming and
simulation methods. Linear programming and transportation methods are discussed in
production management coursein detail. Students are advised to refer the same. The
graphica method and chase method are discussed in thissection.

Graphical method

Graphical method isavery simpleand straight forward method in determining the
production rate to meet the demand based on the forecast. In thismethod cumulative
demand values and cumulative production capacities are plotted on the same graph. The
gap between the demand and production capacity in different periodscould beeasly read
fromthegraph. Thisisavery old method and the major limitationin thismethod isnon
inclusion of cost.

Example4.1: ABC limited hasforecasted itsdemand for eight periods asgiven bel ow:

Period | 1 2 3 4 5 6 7 8
Demand | 300 | 260 | 450 | 650 | 480 | 320 | 300 | 420

I.  Plotthedemand asahistogram. Determinethe production rate required to meet
average demand and plot the average demand on the graph.

[1.  Plottheactua cumulativeforecast requirementsovertime and comparethemwith
theavailable averageforecast requirements. Indicatethe excessinventoriesand
backorderson thegraph.

Solution

(i) Thegraphical representation of thedemandisshowninfigd.1l. Theaverageisaso
shown asdotted line.

(if) Thecumulative and averageforecast are showninfigd.2. At any period, if the
cumulativeforecast exceedsthe cumulative production, therewill beshortageand
will befilled through back order. Otherwise, therewill be an excessstock will be
absorbed by future demands
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Exampled.2: For theexample4.1, (i)Supposethat thefirm estimatesthat it costs Rs.200
per unit to increasethe production rate, Rs.250 per unit to decrease the production rate,
Rs.50 per unit per period to carry the items on inventory and Rs.125 per unit if
subcontracted. Comparethe cost incurred, if purestrategiesarefollowed. (ii)Giventhese
costs, evauatethefollowing mixed strategy.

Thefirm decidesto maintain aconstant production rate of 300 units per period and
permits 20% over rate when the demand exceedsthe production rate. Theincremental
cost of overtimeisRs.30 per unit. It plansto meet the excessdemand by hiring and firing
of employees.

Solution
(i) Purestrategies

Planl: Varying thework forcesize: Inthispurestrategy, thework forcesizewill bevaried
to meet theactual demand. Thisisdoneby hiring or firing the employeesasthe case may
be. The computationsare shownintable4.4. The cost of thisplanisRs.1,99,500/-.

Table4.4 Cost of varyingthework forcesize

Period | Demand forecast | Hiring cost | Firing cost | Total cost

1 300 - - -

2 260 - 10000 10000

3 450 38000 - 38000

4 650 40000 - 40000

5 480 - 42500 42500

6 320 - 40000 40000

7 300 - 5000 5000

8 420 24000 - 24000
Tota 199500

Plan2: Varying theinventory levels. Average demand is planned to produce at constant
rate. Thismay result in excess of units during some periods and shortage during some
other periods. Theexcessunit will becarried for other periods. Shortageismet with future
inventory. Thecost of the planisgivenintable4.5. Theplanincursamaximum shortage of
150 unitsduring the period 5. Since acertain amount of uncertainty isinvolved in any
forecast, thefirm might decideto carry 150 unitsfrom the beginning of periodl to avoid
shortages. Adjusted inventoriesand cost of carrying inventoriesare shown. Thetotal cost
of the plan isRs.69200/-
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Table4.5 Varying Inventory Strategy

NOTES

Adjusted
. Forecast | Cumulative | Production | Cumulative ! nyentory COS(.Of
Period . Inventory | with150 | carrying
demand demand rate production .
at the inventory
beginning
1 300 300 398 398 98 248 12400
2 260 560 398 796 236 386 19300
3 450 1010 398 1194 184 234 11700
4 650 1660 398 1562 -68 82 4100
5 480 2140 398 1990 -150 0 0
6 320 2460 398 2388 -72 78 3900
7 300 2760 398 2786 26 176 8800
8 420 3180 398 3184 4 180 9000
Tota 69,200

Plan3: Subcontracting: If thecompany decidesto produce some minimum at its
premisesand therest be met with subcontracting, the option hasto be examined for cost
implications. In our example, we have aplan to subcontract at Rs.125 per unit, with the
constant production rate of 260. The cost of such aplanisRs.1,17,500/- ascomputed in
tabled.6.

Table4.6 Subcontracting Strategy

Period Demand Production Subcontract Cost of _
forecast rate units subcontracting
1 300 260 40 5000
2 260 260 0 0
3 450 260 190 23750
4 650 260 390 48750
5 480 260 220 27500
6 320 260 60 7500
7 300 260 40 5000
8 420 260 160 20000
Total 1,17,500

Thetotal costsof pure strategiesare summarized below. Among thethreeplans, the
plan2 (varyinginventory levels) hastheleast cost.

Plan | Total cost
1 199500
2 69200
3 117500
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For the given problem, the mixed strategy has got thefollowing components.

1. Maintainaconstant production rate of 300 per period.

2. Permit 20% overtime when the demand exceeds the production rate. The
incremental cost of overtimeisRs.30 per unit.

3. Tomeet any further demand, choose hiring/ firing.
The computation of mixed strategy isgivenintable4.7.
Table4.7 Mixed Strategy Solution

Production o End Cost of Cost Cost Cost Tot
Period Demand @ Hiring | Firing

rate(regular) 20% inventory oT hiring firing inventory cot
1 300 300 0 0 - 0 - -
2 260 300 0 0 - 40 - - 2000 [ 20(
3 450 300 60 | 50 - 0 1800 | 10000 - 118
4 650 300 60 | 240 - 0 1800 | 48000 - - 498
5 480 300 60 - 170 0 1800 - 42500 - 443
6 320 300 60 - 120 40 1800 - 30000 [ 2000 | 338
7 300 300 0 - - 40 0 - - 2000 [ 20(
8 420 300 60 | 20 - 0 1800 | 4000 - 58(

It can be seen from the table4.7 that the total cost of the plan is Rs.1,49,500/-.
During periodl the demand is 300 units and the constant work force availablein the
company iscapableof producing at therate of 300 unitsper period. So, for thefirst period
demand and production are the same. For second period the demand is 260 and the
balance 40 unitsiscarried asinventory. For thethird period demand is450. To meet this
demand constant production of 300 units, inventory 40 units, overtime 60 unitsand by
hiring 50 units, total demand of 450 ismet. For thefourth period, 240 more unitsthrough
hiringisarranged in addition to theexisting 50 unitsthrough hiring. For thefifth period, we
need only 480 units. Therefore out of 290 units, 170 isfired to meet this period demand.
Similarly 61, 7" and 8" period demand are al so met.

Summary of thestrategiesisgiven below:

Strategy Total cost(Rs)

Plan-1 1,99,500
Plan-2 69,200
Plan-3 1,17,500

Mixed strategy 1,49,500
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Fromtheaboveitisseenthat thetota cost for the plan-2isminimum, whichispure N OT E S
Srategy of changinginventory levels. Itisrecommendedto usethevaryinginventory strategy
for thecompany.

4.4 MANAGING PREDICTABLE VARIABILITY

Customer demand and firmssupply, both arevary dueto variousreasons. Thedemand
of ar conditionerswill bevery high during summer andwoolen clothswill bein highdemand
during winter seasons. Likewisethe demand may fluctuate from period to period. The
reason for variation in demand and supply may be predictable or unpredictable. Predictable
variability ischangein demand that can be predicted. If thedemand is stable, forecasting
futurerequirement isreatively easy. With predictablevariability company canmaximizeits
profitability by responding properly to thevariationsin demand and supply.

A firmmust decidehow to handle predi ctablevariability through capacity managemernt,
inventory management, subcontracting and using backlogs. Whereaswhile managing, the
variationsindemand can be managed using short time price discountsand trade promotions.

Supply of product can be controlled combining production capacity and inventory.
Capacity can bemanaged using any oneor moreof thefollowing:

Flexiblework force

Seasonal work force

Subcontracting

Combination of flexibleand dedicated capacity
Hexiblemanufacturing

Standardization and variety reduction
Inventory buildup during off-season.

NoaM~MwDdDE

Out of the sevenitemslisted above, thefirst five arerelated to capacity management
andthelast twoitemsarere ated to inventory management. Modifying capacity or managing
inventory the output of thefirm can be controlled. Changein capacity should resultin
optimizing theprofit.

Next, let usdiscussthe predictablevariability in demand. Pricing theproduct isoneof
the most important strategiesin meeting the demand. Very often pricing decisionsare
based on revenue earning capacity of thefirm. Sometimesit may resultinlower profitability.
Promotional techniques may also be used to boost sales. It may increase the demand.
Changing the demand pattern may changethe cost to beincurred in making the product. I
pricing and promotion are combined the objective of maximizing profit may beachieved.
Thepreciseuseof ether pricing or promotion or both varieswith the situation. Thismakes
it crucia that companiesinasupply chain co-ordinate both their forecasting and planning
efforts. Only then are profitsmaximized.
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For asupply chainto successfully manage predictable variability, the entire supply
chain must work towardsonegoal of maximizing the profit. Incentives play animportant
roleinthis. Working closer with co-coordinated effort to achievetheoveral god. Predictable
variability hasagreat impact on the operations of acompany. The management of supply
aswell asdemand providesthe best responseto predictablevariability. Itisimportant for
marketing and operationsto co-ordinatetheir effortsand plan for predictablevariability
together well beforethe peak demand isrequired. Thiscoordination alowscompaniesto
preempt predictablevariability and come up with aresponse that maximizes profit.

4.5 MANAGING SUPPLY CHAIN CYCLEINVENTORY

Inventory isanidleresource but hasauseful value. When we purchase/ produce a
lot whichismorethan therequirement, inventory accumul ates. L et usassumethat we need
10itemsper day and if our lot Sizeis50, then at theend of thefirst day, wewill have 40
itemson hand. At theend of second day 30itemswill be on our hand. Thisbalance stock
on handisreferred asinventory. For all computation purposes, we use averageinventory.
Inour exampleat theend of 5" day, wewill beleft with no stock. It means zeroinventory.
At beginning of thefirst day we had 50 numbers. Thisisthelot sizeand a so maximum
inventory that we can haveat any point of time. This50 numbersdepleteand finaly become
zero at theend of the 5" day. There should be arrangement for replenishing the stock and
it should arrive at the end of the 5" day. It meansinstantaneous recoupment of stock. At
the beginning of the 6" day wewill again have 50 units. Recoupment isdonetaking few
days. Let usassumethat we need atleast two daysto recoupe the quantity. Thesetwo
daysisknown aslead-time. Lead-timeisthetime elapsed between initiation of purchase
activity andredlization of material. Thisphenomenaof inventory isshown asthe saw tooth
diagraminfigure4.3.

Reorder point

T_ \/ / Re-order level
Q .
L , LT= Lead time

Time ———

Figure4.3 Saw-tooth diagram.

98 ANNA UNIVERSITY CHENNAI



SUPPLY CHAIN MANAGEMENT

Maximum inventory under thisdeterministic StuationisQ and theminimuminventory
level iszero. Thereforetheaverage cycleinventory isequa to (Q+0)/2=Q/2. Thisaverage
inventory isused for al computation purposes.

Let usdefinethefollowing variables:

D =Annua demand

A =Ordering/ setup cost in rupees per order

C =cost of item or unit cost in rupees.

I =Inventory carrying cost on averageinventory

H=i* C=Holding cost per unit per annum

Q=lotsize.

No of orders per annum =Annua demand/ lot size=D/Q
Thereforeordering cost/ annum=(D/Q)* A

Averageinventory value =(QI2*H

Annual item value =C*D

Thereforetotal annual cost =CD + (AD/Q) + (QH/2)

Our objectiveisto minimizethetotal cost. i.e. weareinterestedin alot sizethat
minimizesthetotal cost duetoinventory . Weknow, if we purchase/ produceasmall lot
size, wemay haveto do thismore number of timesincurring high ordering cost. If our lot
sizeishigh enough, then we need to store the inventory and the cost associated with
holding theinventory increases. Wemust strike baance between thesetwo cogts.i.eordering
cost and holding cost. The best way to dothisisto differentiatethetota cost functionwith
respect to the decision variable (Q) and equating it to zero.

TC=CD+£ + QA
Q 2

arc_o,_AD H

dQ Q2 2

H_AD ) 2AD

2 Q°: H
Therefore Q* = —ZﬁD;

Q* istheoptimal order size
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Thisquantity minimizesthetota cost of inventory operation. In our exampleproblem,
thedaily demandis10unitsand lot Sizeis50. thevariability in demandisaready discussed
inthe previous section and weare not going toinclude inthissection. And aso theimpact
of variability of demandisvery small and can beignored. Whereasthe quantity i.elot size
playsanimportant roleinthe supply chain. For thelot size 50, let usdefine other variables.

| =1percent=0.01
A =Rs.2 per order
C =Rs.5 per unit. ThereforeH =5* 0.01=0.05

Total cost for our present practiceis:

365%10 , . 50

TC = 5*10* 365+ 2 +7 *0.05

= 18250 + 146 +1.25
Total cost = Rs.18397.25.

As can be seen from the above that the procurement / ordering cost per annumis
Rs.146 and thecarrying costisjust Rs.1.25. it isbecause our lot sizeisvery small which
hasresulted invery lessinventory to be handled . we need to purchase 73 timesinayear
incurring at Rs.2/- per purchase, leading to Rs.146 astotal purchasing cost per annum. Let
usfind out what isthe economic order quantity. Weknow,

= 540.37

2AD \/2* 2* 365* 10

F0Q=Q" :\/ H 0.05

Instead of buying 50 unitsat atime, the EOQ recommendsto buy 540.37 numbersat a
time. Let usfirst computethe costimplications.

365*10 54 540.37

540.37 2
=18250+13.51=18277.02

TC =5*10* 365+ *0.05

Instead of purchasing 50 unitsat atime, if we purchase 540.37 unitsasalot size, we
Incur lesscost towardsinventory management. Rs.18250isaconstant factor. Itisknown
asfixed cost. Thevariable costsarethose which are varied with the decision variabl es.
Purchase cost and inventory carrying costs are affected by the ot size. For alot size
540(rounded off tointeger), thecycleinventory istheaverageresulting inventory andis
givenby: Q*/2=540/2 =270 Number of orders per year = D/Q* =3650/270=13.52
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Averageflow time= Q* / 2D = 540/2* 3650 = 0.07 year whichisequal to 27 days.

Each unit thus spends 27 days, on average, beforeit isconsumed. A few key issuescan be N OT E S
discussed fromthissimple example. Theeconomiclot sizeis540.37, if weround it off to
540, the optimality cannot be ensured. Next, by increasing lot size, theincreasein total

costismargina. Number of ordersper year (optimal) is13.52, hereagain either we can
have 13 ordersor 14 ordersinayear. Thiswill aso ater thetotal cost but marginally. It
can be seenthat if demand increasesby afactor ‘d’, the optimal lot sizeincreasesby a
factor of “d. Thenumber of ordersplaced per year should also increase by afactor of “d.

Flow timeattributed to cycleinventory should decrease by afactor of “d. Any attempt to
reducethelot szewill increasethetota cost. Insteadif an attempt ismade and theordering
cost isreduced, thiswill certainly reducethelot szeaswell asthetota cost. Let usassume
that our ordering cost isreduced from Rs.2 per order to Rs.1 per order. The EOQ for the
new ordering costis

\/2 3650*1 _ 380

0.05

whichisvery lessfrom 540. Studies have shown that to reducethe optimal lot sizeby a
factor of d, theorder cogt, ‘ A’ must bereduced by afactor of d?. To effectively reducethe
lot size, we need to understand the source of fixed cost (order cost). Transportation cost
isone of sourcesintheordering cost. Eachitemis separately ordered, we need to spend
the sametransportation cost individually. Effortsmay be madeto combinetheitemsand
trangport inabulk so that transportation cost may be reduced. Aggregating across products,
retailersor suppliersinasingleorder dlowsfor areductioninlot szefor individua products
because ordering and transportation costsare now spread acrossmulti ple products, retailers
or suppliers.

Next let us see how pricing affectsthe economies of scale. Economic order quantity
ensurestheminimumtota cost intheinventory operations. Intheforegoing discussonswe
have seenreducing lot S zeisthekey to reducing cycleinventory. A key toreducinglot Sze
without increasing costsisto reduce thefixed costs (ordering / setup costs) associated
witheachlot. Thismay be achieved by reducing theordering cost itself or by aggregating
lotsacross multiple products, customers, or suppliers. Inthisapproach, we assumed that
thematerial cost (unit cost) remains constant regardless of the quantity purchased. In
redlity itisnot so. When customer buys more numbers (bulk), the suppliersoffer discounts
intheunit cost. Many occasionsit isfound that price discounts proveto be economical
than the economic order quantity. When ot sizesincreases, the priceisreduced toimprove
thesdesvolume. Let usandyzetheimpact of pricediscountsinthesupply chain. Particularly
how thispricediscountsaffect thelot sizes, cycleinventoriesand flow timesarediscussed
inthefollowing paragraph.
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By offering discount, the material cost varieswith ot size. We need to consider annual
material cost, ordering cost and holding costswhen making thelot sizing decision. Our
objectiveisto select lot Sizesto minimizethetota annua cost. Next weshould evauatethe
optima lot sizeinthecaseof al unit quantity discounts. Let usconsider our example, in
whichtheunit costisvaried asfollows.

Quantity range Price
0-499 5.00
500 — 999 4.50
€’1000 4.00

Weknow the economic order sizeis540(Q,*) for the price Rs.5/ unit. If we check
up with the quantity range, the company isoffering priceof Rs.5only if thequantity isless
than 500. our Q* doesnot fall inthisrange. Next let usfind out the Q,* for theprice Rs.

4,50 and H= 0.045
02+ - [2* 2% 3650
0.045

= 569.6

Thisquantity isfeasible, becausethe quantity (596.6) fallswithintherangeof quantity
offered by thesupplier. Sinceitisfeasible, let usfind out thetotal cost:

TC =4.50* 3650+@ *2 +5—7O *0.045
570 2
=16425+ 1281+ 1281

= 16450.6

Thetotal cost isreduced from 18277 to 16450 by accepting the quantity discount.
Beforewe conclude, let usexaminethetotal cost implicationfor the price Rs.4/-. If we
want to avail thisdiscount, theminimum ot size should be 1000. if webuy 1000 at atime
thetota costis:

4* 3650 + (3650 /1000)* 2 + (1000/2) * 0.04 = 14627.30

By availing thediscount and increasing thelot size, thetotal cost isfurther reducedto
Rs.14627.30 from 16450.60. Hence, it isrecommended to order 1000 at atimeand the
number of orders per annumis 3.65. Themean flow timeis50 days. Whenwe ordered
547, the mean flow timewasfound to be 27 days. If we avail prize discount and order
1000, we need to keep inventory for more number of days. Thusquantity discountslead
toadggnificant build up of cycleinventory inthesupply chain. Thoughitincreasesthecycle
inventory and flow time, studies have shown that it improved the co-ordinationinthe
supply chain, and dso helpsin exploiting positively the prize discounts.
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4.6 MANAGING UNCERTAINITY INTHE SUPPLY CHAIN: SAFETY

INVENTORY NOTES

Intheclass ca economicorder quantity mode, we assumed that thedemand iscongtant
and thelead timedoesnot vary. In actua practice, itisnot so. Weknow that the demand
isforecasted with limited accuracy. It means, the demand forecasting haserrors. Therefore,
the demand of customer may beincreased or decreased. Apart fromthis, dueto various
factors, thedemand may fluctuateandrarely it isheld constant. Therefore, theassumption
of constant demand may lead to elther shortage or excessinventory. If excessinventory is
there, itisnot going to affect theavailability. It will only increasethe cost. However, if
shortageoccurs, it will lead tolost customer. Another aspect istheuncertainty inlead time.
We assumethat withinthe specified time, thequantity ispurchased. Inredity, thislead time
isnhot constant, leading to shortage of supply. Thisisexplainedinthefig4.4.

Uncertain consmaption

NN A \
AN
_ -—a‘:gz_ﬁ Uncertan lead thne

Figure4.4Uncertainity in demand and lead time

Totideover the crisiscreated by the uncertainty in demand and lead timewe can
have sufficient safety stock. Thiswill ensureuniform supply. Managing safety stock ensures
availability of productinthe supply chain. Thefig4.5 portraysthe safety stock inthesupply.

Cryele Inventm
Average <

nventory

} Safety Inwentor

Figure4.5Inventroy profilewith safety inventory
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The problem hereisto determinethe optimum size of the safety inventory. Thiscan
be done by cons dering the uncertainty in demand and supply. And d so thedesired level of
product availability should be considered in designing the optimum level of safety stock. If
uncertainty in supply or demand increases, therequired level of safety stock alsoincreases.
Itisaso affected by therequired level of product availability. Demand hastwo components
of uncertainty that is systematic aswell asrandom component. The estimate of random
component isameasure of demand uncertainty and isusually estimated asthe standard
deviation of demand (6). L et usassumethat the demand isnormally distributed witha
mean demand ‘D’. Lead time (L ) isthetime gap between when an order isplaced and
whenitisreceived. Thesafety inventory istheaverage number of itemsavailableon hand
when areplenishment order arrives. Giventhelead timeof L. weeksand amean weekly
demand of D, theexpected demand during leed time= DL .. Thereforethe safety inventory
=ROP-DL..

Example4.1: Assumethat weekly demand for acompany isnormally distributed witha
mean of 2750 and a standard deviation of 550. The supplier takestwo weekstofill an
order placed by the company. The company currently orders 12000 items when the
inventory on hand dropsto 6000. Evaluate the safety inventory carried by the company
and theaverageinventory carried by the company. Also evaluate the averagetime spent
by anitem at the company.

Solution: Datagiven:
Average demand per week =D = 2750

Standard deviation of weekly demand 6 =550
Averagelead-timefor replenishment, L. =2 weeks.

Therefore DL =2750* 2= 5500
Reorder point (ROP) = 6000
Averagelot size(Q) = 12,000
Safety inventory =ROP-DL |

= 6000 — 5500 = 500
Cycleinventory = Q/2 =12000/2 = 6000

Thereforeaverageinventory = cycleinventory + safety stock
= 6000 + 500 = 6500

Averageflow time=Averageinventory / throughput
= 6500/2750 = 2.36 weeks
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Next let usdiscussthe measuresof product availability. Product availability reflects
firm’sability tofill acustomer order out of availableinventory. A shortageresultsif a N OT ES
customer order isnot fulfilled. There are several waysto measure product availability.
Product fill rateisthe probability that product demand ismet from theavail ableinventory.
For example, acustomer wants 100 items, whereasthefirm'sinventory isonly 80 items.
Thisis80% servicelevd. Order fill rateisthefraction of ordersthat arefilled fromavailable
inventory. For example, afirm wanted 3 varieties of products and the company isina
positionto supply only two varieties. Two third request isfulfilledinthiscase. Findly, the
cycleserviceleve isthefraction of replenishment cyclesthat end with al the customer
demand being met. Thecycleserviceleve isthe probability of not havingastock outina
replenishment cycle. Replenishment policieslike continuousreview and periodic review
areimportant issuesin deciding the safety stock.

Given areplenishment policy, we can evaduatethecycleserviceleve, the probability
of not stocking out inareplenishment cycle.

Let:

Q = Lotsize

ROP = Re-order point

- = Leadtimeinweeks
D = Demand

0 = Standard deviation

Cycleservicelevel = probability (demand during lead timeof L weeksd” ROP)

Assumption: Demand during lead timeisnormally distributed withamean of D . anda
standard deviation of 6, where:

D,=D*L,ando ="“LT* &
Safety stock during leadtime=K * ¢
Wherek = servicelevel.

Exampled.2: Weekly demand for aproduct isnormally distributed with amean of 2400
and astandard deviation of 450. The replenishment timeistwo weeks. Assumethat the
demand isindependent from oneweek to thenext. Evauatethe cycle serviceleve resulting
fromapolicy of ordering 12000 itemswhen there are 6000 itemsininventory.

Solution:

Datagiven: Q = 12000, ROP= 6000, L , = 2 weeks D= 2000/ week, 6 = 450
Demand during lead time = 2400* 2 = 4800
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Standard deviationduringleadtime="LT* 6
="“2* 450
= 636.4
Safety stock = ROP- D, = 6000 —4800 = 1200
Safety stock duringleadtime=K* 0 .
Therefore 2000 =K * 636.4
Therefore K = 1200/ 636.4 = 1.8868
For k =1.89 from the normal distributiontable, probability value=0.9706
Thereforethe servicelevel =97.06%
Example4.3: Weekly demand for acompany isnormally distributed with amean of 2400
itemsand astandard deviation of 450. Thereplenishment lead-timeistwo weeks. Assuming
acontinuousreview replenishment policy, eval uate the safety inventory that the company
should carry to achieveacycleserviceleve of 95 percent.
Solution:
Datagiven: Q=12000,SL =0.95, L =2, D=2400/ week, 6=450.
Weknow D, ,=2400*2 = 4800

6,="“LT*0
="2* 450 = 636.4
Safety stock = K * ¢, (for K=0.95, P=1.65)
=1.65* 636.4
= 1050

Therefore, therequired leve of safety inventory at the 95% cycle servicelevel is1050.

Intheperiodicreview policies, theinventory levelsarereviewed after afixed period
of timetand an order isplaced taking the current level of inventory and the replenishment
lot Sze. Here, the order Sizemay vary between successive ordersand theresulting inventory
a thetimeof ordering.

To understand the safety inventory requirement under periodic review process, let us
definethefollowingterms

D =Average demand per period

0 = Standard deviation of demand per period
L. =Averagelead timefor replenishment
t=Reviewinterva

SL =Desred servicelevd.
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The probability (demand during lead time+ demand during review interval) = SL N OT E S
Meandemand duringt+L_=periods,D,, = (t+L)D
Standard deviation of demand during (t + L) periods, 0, . =“t+L_* 0

Thesafety inventory istheexcessof D, . carried over thetimeinterval t + L. the order
uptolevel (OL) and the safety inventory SSarerelated asfollows;

OL=D, . +SS

LT

Example4.4: Weekly demand for acompany isnormally distributed with amean of 2400
itemsand astandard deviation of 450. The replenishment lead timeistwo weeksand the
company hasdecided to review inventory every 3 weeks. Assuming aperiodic review
replenishment policy, determinethe safety inventory that the company should carry to
provideaservicelevel of 95 percent. Evaluatethe order uptoleve (OL) for suchapolicy.

Solution

Datagiven: D = 2400, 6 =450, LT = 2 weeks, t = 3 weeks.
Demandduringthetimeinterva t+L_is.
)=(t+L)D

= (3+2)2400 = 12000
Standard deviation of demand duringt+L_ (6, ) ="“t+L . * &

=“3+2* 450
=1006

Meandemandduringt+L_ (D

t+LT:

Safety stock =K * 0., .
For 95%, K = 1.65

Therefore SS=1.65* 1006 = 1660

Order uptolevel (OL) =D,, , + SS= 12000 + 1660 =13660

4.7 DETERMINATION OFOPTIMUM LEVEL OF PRODUCT AVAILABILITY

Thelevel of product availability ismeasured using servicelevel (SL) or the order fill
rate. Thisreflectsthelevel of customer satisfaction. Inany supply chain, the product
avalability isanimportant component. A supply chain canusehighleve of product availaaility
to attract more customers. Thiswill improvethe profitability. However, alarge amount of
product availability increasesthelevel of inventories. Inturnthelargeinventory increases
the cost of inventory. Thus, there should be abal ance between the avail ability and cost to
achievetheprofitability. Therefore, for maximizing theprofit, the product avail ability hasto
be optimized.
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Thefactorsaffecting the optimal level of product availability are cost of overstocking
and cost of under stocking. Overstocking leadsto excessinventory and thusincreasesthe
cost. Under stocking leadsto out of stock and leading to lost customer. Therefore, the
optimum leve of availability isachieved by ba ancing the cost of over and under stocking.
Asthecost of overstocking increases, itisoptimal to lower thetargeted level of product
availability.

Let usdefinethefollowingterms;
Cost of item=RsC

Priceof item=RsP
Savagevaueof unsolditem=RsS
Inventory carrying cost=Rsl|
Cost of overstocking=C_=C-S
Cost of under stocking=C, =P-C

Servicelevel =Probability (Demand d” 0)
CU

C,+C,

Example4.5: Demand of acertain product isnormally distributed with amean of 400
and astandard deviation of 80. The cost of eachitemisRs.90 and retailsfor Rs.240. Any
unsolditemsat the end of the season are disposed off Rs.80. Assumethat it costsRs.5to
hold theitem ininventory for the season. Determinethe number of itemsthat the company
should order to maximize expected profit.

Solution

Salvagevalue(S)=80-5=75
Cost of overstocking (C)) =90-75=15

Cost of under stocking(C ) =240-90= 150
C 150

u

Serviceleve = =150/165=0.91

C,+C, 150 +15
Safety stock = k6 =1.34* 80 = 107
For { P=0.91, from normal datak=1.34}
Order size=mean demand + safety stock
=400 + 107
=507
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Thusit isoptimal for the company to order 507 items even though the expected N OT E S
number of salesis400. Inthiscase, becausethe cost of under stocking, management is
better off ordering more than the expected val ue to meet the uncertainty in demand.

Exampled.6: Demand of acertain product isdistributed with certain probability ditribution
asgivenbelow:

Demand | 100 | 150 | 200 | 250 | 300 | 400 | 500
Probability | 0.21 | 0.13| 0.14| 0.12| 0.10| 0.19 | 0.11

Thecost of eachitemisRs.90 and retailsfor Rs.240. Any unsolditemsat the end of
the season are disposed off Rs.80. Assumethat it costsRs.5to hold theitemininventory
for the season. Determinethe optimal order sizeto maximizethe expected profit.

Solution

Demand 100 150 200 250 300 400 500
Probability | 0.21 0.13 0.14 0.12 0.10 0.19 011
Cum. Prob., | 0.21 0.34 0.48 0.60 0.70 0.89 1.00

Range 0-0.21 | 0.22-0.34 | 0.35-0.48 | 0.49-0.60 | 0.61-0.70 | 0.71-.89 | 0.90-1.00

Salvagevalue=S=80-5=75
Cost of overstocking=C_=90-75=15

Cost of under stocking = C, =240-90=150
C, 150

Servicelevel = = =0.91
C,+C, 150 + 15

Fromtherangeof cumulative probability it isseen that the optimal order sizefor the
servicelevel 0.91is500.

Itisdemonstrated that cost of overstocking and under stocking have adirect impact
on both theoptima servicelevel and theprofitability. A manager may increasesupply chain

profitability by:
1. Increasingthesalvagevaueof each unit overstocked
2. Decreasing themarginlost from astock out
3. Usingimproved forecasting to reduce demand uncertainty
4

Using quick responseto reduce lead timesand allow multiple ordersin aseason
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5. Using postponement to delay product differentiation

6. Usingtailored sourcing with aflexible, short lead time supply sourceserving asa
backup for alow cost, long supply sourcewith long lead times.

4.8 CO-ORDINATIONINTHE SUPPLY CHAIN

Coordination help ensurethat each part of the supply chaintakesactionsthat increase
total supply chain profitsand avoidsthat improveitslocal profitsbut hurt total profits.
Lack of co-ordination leadsto adegradation of responsivenessand an increasein cost
withinasupply chain. Supply chain co-ordinationimprovesif al stagesof thechaintake
action that together increasetotal supply chain profits. For effective co-ordination, the
effect of each Sage hason other stagesmust betaken into account. If conflicting objectives
arefoundin different stagesthey lead to lack of co-ordination. In each stage, the stage
owner triesto maximizetheir own profit which may lead tolack of co-ordination. Lack of
co-ordination may lead to lowering of total supply chain profit. The basic challengetoday
Istoimprovethe co-ordination inspite of multiple ownership.

When productsmovefromretailer sageto wholesdersit experiencesbul lwhip effect.
Bullwhip effect isthefluctuationsin ordersincrease asthey moveup thesupply chainfrom
retailersto wholesders. Samething happenswhen it movesup to manufacturersand further
up assuppliers. Thebullwhip effect distorts demand information within the supply chain,
with different sageshaving avery different estimate of what demand lookslike. It may be
found that the consumption of end product may be stable, whereas| ot of variation may be
found at raw material stage, making it difficult for supply to match demand. Industry
experienced lot of fluctuationsinthe past. Largefluctuationsin priceweredriven by either
shortage or surplusesin capacity. Thishaslead to panic buying or over ordering depending
uponthedtuation.

Lack of co-ordination resultsif each stage of the supply chain attemptsto optimize
locally. Total supply chain profit could have been achieved, if there exist co-ordination.
Each stage of supply chain, intrying to optimizeitsloca objective, takesactionsthat end
up hurting the performance of theentire supply chain. Information distortion occurswhen
thereisalack of co-ordination among thevariousstagesin the supply chain. Thebullwhip
effect impactsthe performance negatively. Thisaffectsthere ationshipsbetween different
stages of the supply chain. The bullwhip effect leadsto alossof trust between different
stagesof thesupply chain. Thebullwhip effect increasethe manufacturing cost inthe supply
chain. The bullwhip effect increasestheinventory cost in the supply chain. Thebullwhip
effect increasesthereplenishment lead timesinthesupply chain. Thebullwhip effect increases
transportation cost within the supply chain. The bullwhip effect increases|abour costs
associated with shipping and receiving inthe supply chain. The bullwhip effect hurtsthe
level of product availability and resultsin more stockoutswithin the supply chain. The
bullwhip effect movesasupply chainaway fromtheefficient frontier by increasing cost and
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decreasing responsiveness. Thus, the bullwhip effect reducesthe profitability of asupply N OT E S
chain by making it moreexpensiveto provideagiven level of product availability.

Locd optimization by different sagesof the supply chain, information delay, distortion
ininformation and variability within the supply chain arethe sourcesfor thelack of co-
ordinationinthe supply chain. We should identify the key obstacles and take suitable
actionsin order to achieve co-ordination. There arefive categoriesof obstacles(chopra,
2004). They are:

1. Incentiveobstacles

2. Information processing obstacles
3. Operational obstacles

4. Behaviourd obstacles

Incentive obstacl esrefer to situationswhereincentives offered to different stagesor
participantsin asupply chain lead to actionsthat increase variability and reducetotal
supply chain profits. Information processing obstaclesrefer to Stuationswhere demand
informationisdistorted asit movesbetween different stagesof the supply chain, leadingto
increased variability in orderswithinthesupply chain. Lack of information sharing between
stagesof the supply chainincreasesthe bullwhip effect. If themanufacturer isnot aware of
the planned promotions, they may mistakeit asapermanent increasein demand and place
orderswith suppliersaccordingly. Thus, thelack of information sharing between theretailer
and manufacturer may lead to alarge fluctuation in manufacturer orders. Operational
obstaclesarethe actionstaken inthe course of placing and filling ordersthat lead to an
increasein variability. Pricing obstaclesarethe pricing policiesfor aproduct leadingto an
increaseinvariability of ordersplaced. Discounting policy increasethelot Sze. Theresulting
largelotsmagnify thebullwhip effect withinthesupply chain. Finaly thebehaviora obstacles
are problemsin learning within organizationsthat contributeto the bullwhip effect. It may
be due to communication between different stages. Different stagesof the supply chain
react to the current local Situation rather thantrying toidentify theroot causes. A lack of
trust between supply chain partners causesthem to be opportunistic at the expense of over
al supply chain performance.

4.8.1 Managerial LeverstoAchieve Co-Ordination

We have seen the obstaclesto co-ordination in the previous section. To overcomethese
obstaclesand a so to achieve co-ordinationinthe supply chain, thefollowing manageria
actions can be used to moderate the bul lwhip effect

1. Aligngodsandincentives

2. Improveinformationaccuracy

3. Improveoperational performance

4. Dedgnpricing strategiesto stabilizeorders
5. Buildpartnership andtrust
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By digning thegoa sand incentives, managers canimprovethe co-ordinationwithin
thesupply chain. Aligningindividua goa swiththecompany’soveral objectiveof improving
profitability improvesthe co-ordination. Incentives given to sales persons can be made
more attractive to reduce the bullwhip effect. Managers can achieve co-ordination by
improving theaccuracy of information availableto different stagesin the supply chain. Use
of appropriateinformation sharing system hel p reducethe bullwhip effect. Implementing
collaborativeforecasting and planning, theinformation sharing can be achieved. Also by
desgning thesinglestage contral of replenishment reducesthe bullwhip effect. Thebullwhip
effect can aso bereduced by carefully designing theappropriate product rationing schemes
Incaseof shortagesand by improving operationd performance. By reducing replenishment
lead times managers can decrease the uncertainty of demand during lead timethat helpsin
dampening the bullwhip effect by reducing the uncertainty of demand. The operation
improvementslikereducing lot size a so reducesthe bullwhip effect by devising pricing
strategiesthat encourageretailersto order in small lotsand reduce forward buying. By
doing so, retailerscan takefull advantage of the discount. VVolume based quantity discounts
resultinsmaller lot sizes, thusreducing order variability inthe supply chain. Offeringthe
discountsover arolling time horizon hel psreducethe bullwhip effect. The bullwhip effect
can aso bereduced by eliminating promotions. Theelimination of promotionsremoves
forward buying by retailersand resultsin ordersthat match customer demand, which
ultimately improvesco-ordination. To achievethereduction in bullwhip effect for improving
co-ordination, managers must usetheleversdiscussed above with trust and by building
strategic partnership within the supply chain. To achieve co-ordination in practicethe
following stepsmay befollowed

1. Quantify thebullwhip effect
Improve co-ordination by getting top management commitment for igning goas
Provide sufficient resourcesto co-ordination
Shareinformation and improve communication
Get co-ordinationinthe entiresupply chain
Usetechnology to improve connectivity inthesupply chain

7. Sharethebenefit of co-ordinationamong al the partnersinthesupply chainequaly.

o gk DN

Chapter Summary

Inthis chapter we started with therole of demand forecasting in supply chain. We
have understood therole of forecasting for an enterpriseand asupply chain. Itisestablished
that theforecastingisakey driver of virtualy every design and planning decisonmadein
asupply chain. Thenwehavediscussed theroleof time seriesmethods and theimportance
of forecast error in estimating theforecast. Thenwe haveidentified thetypesof decisons
that arebest solved by aggregate planning. Thereafter wetried to understand theimportance
of aggregate planning asasupply chain activity. WWehave used the pureand mixed strategies
and solved the aggregate planning problem.
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Predictable variability wastaken up next and discussed how to manage supply to
improvesynchronizationinthesupply chaininthefaceof predictablevarigbility. Tomaximize N OT E S
profit how pricing and promotion aremixed in asupply chain a so been discussed. Next
we have seen how to balancethe coststo choose the optimal amount of cycleinventory in
the supply chain. We have a so seen theimpact of quantity discountsonlot sizeand cycle
inventory. Thereafter wetried to understand therol e of safety inventory inasupply chain.
We havealsoidentified thefactorsthat have a so identified thefactorsthat influencethe
required level of safety inventory. Then we described the different measures of product
availability. We have seen how management leversare utilized to lower safety inventory
and improve product availability. Theimpact of overstocking and under stocking have
been discussed with an example. Optimal order sizeincluding the uncertaintieshasbeen
determined using anexample.

Finaly wedescribed the essentia sof supply chain co-ordination. Inthat wediscussed
theimpact of bullwhip effect and actionsfor reducing the bullwhip effect. We havead so
identified the causes of the bullwhip effect and various obstacl esto achieve co-ordination.
Lastly we have given the manageria leversthat help achieve coordination in the supply
chan.

Review Questions
1. Whatistheroleof forecastinginthesupply chain?

2. How companiescan usecollaborativeforecasting with itssupplierstoimproveits
supply chain?

What isimportance of aggregate planning?

Distinguish between pureand mixed strategies.

How doesthe subcontracting affect the aggregate planning?

What arethe benefitsof flexiblework force?

How would afirm combine pricing and promotion to change demand patterns?

© N o g A~

Asdemand at the enterprise grows, how would you expect the cycleinventory
measured in daysof inventory to change? Explain.

9. Whenarequantity discountsjustified inasupply chain?

10. What istheroleof safety inventory inthe supply chain?

11. What istheimpact of supply uncertainty on safety inventory?

12. What arethefactorsthat affect the optima level of product availability?

13. What arethemanagerid leverstoimprovesupply chain profitability?

14. Describethe supply chain co-ordination and the bullwhip effect on the coordination.

15. What are the causes of the bullwhip effect and al so discussthe obstaclesto co-
ordinationinthesupply chain.

16. Describethemanagerid leversthat help achieve co-ordinationinthesupply chain.
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PROBLEMS
A. Demand Forecasting

1. A trucking company would liketo determinethe number of driversand trucksto be

availableonaweekly basis. The standard scheduleisto send driversover thepick up
and ddlivery route on Monday and return them to the originating point on Friday. The
trucking requirements can be determined from thetotal volumeto bemoved for the
week; however, they must be known aweek in advancefor planning purposes. The
volumefor thelast ten weeksisgiven here:

Week Volume Week Volume
10 weeks ago | 20,60,000 | 5 weeks ago | 23,65,000
9 weeksago | 22,50,000 | 4 weeks ago | 27,50,000
8 weeksago | 18,95,000 | 3 weeks ago | 21,20,000
7 weeksago | 15,15,000 | 2 weeks ago | 24,00,000
6 weeksago | 12,92,000 | Thisweek | 25,10,000

(i) Using exponential smoothing model, predict the expected volumefor the next
week for a=0.20.

(i) Estimatetheforecast error.

(iii) Find therange over which the actual volumeislikely to vary.(Hint: Compute
satigtica confidence band. Assume 95% confidencelevel)

. Fortheproblem (1) if 4= 0.2, what isthetrend corrected forecast for the next week?
2. Andectriccompany hasadifficult in predicting the quarterly salesfor itsroom air

conditioner dueto the substantial seasonality in product sales. Quarterly salesdatafor
thelast threeyearsare shown asfollows:

Last year Two years ago | Three years ago
Quarter | Units | Quarter | Units | Quarter | Units
1 35000 1 30000 1 28000

2 80000 2 72000 2 68000
3 50000 3 45000 3 42000
4 18000 4 16000 4 12000

i) Determinethebest sraight linetrend using smpleregressonanayss.

i) Determinetheseasond indicesfor each quarter using thetrend linevauesinyour
seasonal index computations.

i) By meansof decomposition, forecast the salesfor the next four quarters.
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B. Inventory M anagement

1. Anequipment manufacturer purchaseslubricantsat therate of Rs50 per unit froma
vendor. The requirement of these lubricantsis 2000 per year. What should be the
order quantity per order, if the cost per placement of an order isRs 20 and inventory
carrying chargeis20% of theaverageinventory vaue?

2. Anitemisproduced at therate of 100 per day. The demand occursat therate of 75
per day. If the setup costisRs 125 and holding cost isRs 0.05 per unit of item per day,
find theeconomiclot sizefor onerun, assuming that shortagesare not permitted. Also,
find thetime of cycleand minimum total cost for onerun.

3. .Findtheoptimum order quantity for thefollowing

Annua Demand = 4000 units

Ordering cost = Rs 100

Cost of carryinginventory = 20% of the unit codt.
Quantity range Price/Unit (Rs)
Upto 99 20.00

100 -199 18.00

>=200 16.00

4. A shop keeper hasuniform demand of anitem at therate of 100 per month. He buys
fromsupplier at acost of Rs10 per unit and cost of orderingisRs 18 eachtime. If the
sock holding costsare 20% per year of stock value, how frequently should bereplenish
his stock? Now suppose the supplier offersa5% discount on orders between 300
and 999 items, and a 10% discount on orders exceeding or equal to 1000. Can shop
keeper reduce hiscosts by taking advantage of either of these discounts?

5. AfirmusesRs40,000 worth of araw materia per year. The ordering cost per orders
isRs120andthecarrying cost is20% per year of theaverageinventory. If the company
followsthe EOQ purchasing policy, ca culatethere-order point, themaximuminventory
and the average inventory, given that the firm works for 300 days a year, the
replenishment timeis 12 daysand the safety stock isworth Rs500.

6. A newspaper boy buys paper for Rs 1.50 each and sellsthem for Rs2.00 each. He
cannot return unsold newspapers. Daily demand hasfollowing distribution:

Numbersold| 22 | 23 | 24 | 25| 26| 27 | 28 | 29| 30 | 31
Probability [ 0.01|0.03(0.06|0.1|0.2(0.25|0.15|0.1(0.05|0.05

If each day’ sdemand isindependent of the previousday’sdemand, how many papers
should be ordered each day?
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C.Aqggregateproduction planning

1. A company’smarketing manager has estimated thefoll owing demand requirement for
theforth coming periods.

Period Forecast Period Forecast
1 1600 5 2400
2 1800 6 2500
3 2000 7 2000
4 2100 8 1600

Theoperationsmanager isconsidering thefollowing plans

Plan 1: maintain astableworkforcethat is capable of producing 2000 units per period,
and meet the demand by overtime at a premium of Rs 25 per unit. Idletime costsare
equivaent to Rs30 per unit. Do not build toinventory.

Plan 2: produce at a steady state of 1800 units per period, and a limited number of
backorders during periodswhen demand exceeds 1800 units. The stock out cost of lost
salesisRs.100 per unit. Inventory costs per period are Rs.20 per unit.

Plan 3: produce at a steady rate equal to minimum requirements of 1600 units and
subcontract theadditional unitsat aRs.75 per unit premium.

Plan 4: vary theworkforcelevel, whichiscurrently capable of producing 1600 unitsper
period. The cost of additional workforce per 100 unitsis Rs.5000 and the cost of layoffs
per 100 unitsisRs.7500.

Pan5: vary inventory leves, but maintain astableworkforcelevel by maintaining aconstant
production rate equal to the average requirements. The company can accumulate required
inventory beforeperiod 1 at no additional cost. Theinventory cost per periodisRs.20 per
unit. Plot ahistogram for the demand and show the average requirementson your graph.
Discussthe meritsand demeritsof these plans. Which plan would you recommend?

2. Refer Seetharaman
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UNITV

CURRRENT TRENDS

LEARNING OBJECTIVES
After reading thischapter, youwill beableto:

e Understand the scope of e-businessand itsframework

e |dentify theroleof supply chainine-businessandin b2b practices.

e Undergtandtheimportanceof IT inasupply chain

e Appreciatetheuseof informationinthe supply chain

e Undergtand thevariousapplicationsof supply chain, I T and the processthat they
enable.

e Know about esrm, ecrm, escm and supply base management.

5.1 INTRODUCTION

Planning the demand and inventory management for minimizing thetota production
cost has been discussed in chapter-4. Production planning and inventory management
assumes greater importancein the supply chain activities. After understanding the core
activitiesin the supply chain, we need to concentrate on recent trendsavailablein the
supply chain management. Thisismainly concentrating onthe marketing activities. The
Internet playsavery crucid roleinmarketing products. Theefficiency and responsiveness
inthesupply chain can bedrastically improved by e-business. All thosee-businessactivities
arediscussedinthischapter.

5.2 E-BUSINESSESAND ITSROLE

Today wearelivingintheageof Internet. Internet isused for severa applications. E-
bus nessisone such important application. Executing businesstransactionsvialnternetis
known as E-business. Theflow of information, product and funds are the supply chain
transitionsin the e-business. In e-businesswe can provide product information to the
peoplein the supply chain and also we can place orderswith the suppliers. The placed
orderscan also betraced easily in e-business. Moreover customer orders can befilled
and delivered promptly. Finally the payment from customer can be easily realized. All
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these transactions are possible through the Internet. One can wonder whether these
transactionsare specificto Internet. Itisnot so. All thesetransactionswere practiced in
traditional supply chain process. Theonly differencein the concept of e-businessisthe
mode of transaction. Herewe use Internet for communication purpose. It isvery quick,
and highly efficient. Product information can reach thetarget customer instantly, which
savesalot of timeand improvestheresponsiveness. Today companiesdisplay their product
information over theInternet, so customersare abletoidentify al optionsavailablefor a
product they want to purchase a ong with the price of the product. Companiesusethe
Internet for negotiations and auctionsto set prices of productsand services. Electronic
money transfer and credit card usages have made the e-business processvery simple.
Customerscan pay for their purchase over the Internet using their credit cardsand the
business houseswill pay their invoiceselectronically. However, inthemid 2000, thee-
businessreceived severe criticism. Theway e-businesswasexecuted resultedinfailure.
But there are casesin which e-business proved to be very successful. L et usdiscussthe
success of e-businessinthischapter.

5.3 FRAMEWORK OF E-BUSINESS

First weneed to devel op aframework for determining theimpact of E-businessona
firmtransacting with customersthrough Internet. Theframework should consist of severa
items (elements). Scorescan be attached to each element. Thefirm can evaluateeachitem
and can assign ascore. We have seenin the previous chaptersthat the two most important
aspectsinthe supply chain aretherespons venessand efficiency. Theframework should
bring out thelevel of responsiveness and the efficiency when we use I nternet for doing
business. Let usfirst discuss the impact of E-business on responsiveness, and in the
subsequent section let us seetheimpact of E-businessonthe efficiency of thefirm.

5.3.1 Impact Of E-Business On Responsiveness

To preservethe existing revenue and al so to enhancetherevenue, itisessential to
improvetheresponsveness. Revenueenhancing opportunitiesareavailabletothefirm, if it
followsthefollowing respong venesswhiletransacting through I nternet.

Direct salesto customers.

Anytimeaccessfrom anywhere.

I nformation aggregation and wider product portfolio.
Customization of products.

Quicker timeto market.

Hexiblepricing, product portfolio and promotions.
Pricediscrimination.

e Savicediscrimination.

e Trandsfer of fundwith efficiency.

e Lower stock outs.

e Automated and convenient process.
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Through direct salling, the manufactures can avoid parting off their revenueswiththe
intermediarieslikedistributorsandretailers. E-businessallowsthemanufacturestointeract NOTES
with the customersand sell their productsdirectly. E-businessallowsthe customersand
manufacturesto interact at any time online. The geographical |ocation doesnot matter in
E-business. Evenif order isfilled, still order can be placed by the customer from anywhere
at any timeontheglobe. Thisimprovesflexibility and ensures high responsiveness. E-
businessallowsthe customer to browsewide variety of productsthrough Internet. This
increases the sales and revenue. Effective search tools can be provided to select the
appropriate product with lessbrowsing time. E-busi nessallows customersto specify their
own requirements. Companies can make productsthat suit exactly the requirement of
individua customers. Thisprocessof customizationincreasescustomer satisfactionandin
turnincreasestherevenuefor the company. Apart from customization, apersonalization
task, likereminding customerstheir birthdaysand anniversariesenhancestherevenue by
increased sales. For example reminding the customer on his\her spouse birthday and
encouraging him\her to buy agift enhancescustomer sati sfaction and revenueto thecompany.

Companies can use E-business to introduce new products much faster than the
traditional ways. Information about the new features or even the new product can reach
the customer very quickly through E-business. An E-businesscan easily alter pricesby
changing oneentry inthe databaselinked to itswebsite. Thisability permitsan E-business
to maximize profitsby setting pricesbased on theinventory-on-hand and demand. Airlines
for exampleusedifferent fare structurefor different time periodsand areableto sall unsold
ticketsthrough E-business. This hel psthe company tofill the seatsaswell asensures
higher revenues. Companies can change pricesat an E-businessmuch moreeasily than
traditional methods. Simultaneously an E-businesscan easily alter the product portfolio
that they are running. Price changes can be made based on the characteristics of individual
customersto enhancetheir own revenues. Thisdiscriminationispossiblein E-business.
Further, in an attempt to keep one’ sbest customerssatisfied, highly profitable customers
can be offered certain servicesthat are not ordinarily availableto other customers. This
servicediscrimination can be effectively handled in E-business.

Payment collectionisanimportant activity in supply chain. E-busnessdlowsflexible
payment collection at faster rate. By understanding the customer’ sneed accurately at the
appropriatetime, E-businessalowsthefirmto meet the customer’srequirementsat lower
risk of stock outs. Enough stock can be made availableto meet dl therequirementsof the
customers. Hencethe customer will never have ano-stock situation. Thusfor both the
customersand the business peopl e, E-busi ness can increase the ease with which onedoes
business. E-businessautomatesthe buying processand hel ps customer to get the product
ontheir convenience.
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5.3.2 Impact Of E-BusinessOn Efficiency

Inany businesstransactions, the efficiency dependson the cost of transaction. Once
cost is minimized, the efficiency in terms of performance improves. Therefore, cost
performanceindicatesthe efficiency of the business. Cost performance dependsonthe
efficiency withwhichthecost driversor smply thesupply chaindriversare operatedinthe
process. Theimpact of E-businesson efficiency isnothing but theimpact on the supply
chaindrivers. Let usdiscuss one by one how E-businessimpacts on each of the supply
chaindrivers.

Inventory: Inventory levelscan belowered by E-business. The supply chain coordination
ensures better match between supply and demand. E-bus nessenablescompaniesto reduce
inventoriesby exploiting thetimethat € apsesfrom the point at which the order arrivesto
the point at which it must be shipped. Dueto geographica aggregation also, E-business
requireslessinventory. By postponing theintroduction of variety until after the customer
order isreceived, an E-businesscan significantly reduceitsinventories.

Facilities: E-business allowsthe companiesto lower the facilities costs because the
companiesneed not havedistribution or retail outletsin the supply chain. E-businessa so
allows companiesto take advantage of customer participationin order placement and
decrease processing costsat itsfacility. Companiescan also save cal center costsbecause
in E-businesscustomersdo al thework when placing an order online.

Production: The costsassociated with the operation are known as production cost. By
centralizing operations, E-busi ness can reduce network facility costs. Operating costscan
belowered by customer participation in selection and order placement. At an E-business,
if areasonablebuffer of unfilled order ismaintained, therate of order fulfillment can be
made significantly better than therate at which order arrive, which lowersthe peak level
for order fulfillment and thus reducesthe resource requirementsand cost. Furthermore,
production and operation costs of amanufacturer can belowered by using E-businessto
sl direct to customers becausefewer supply chain stagesinvolved asit makesitsway to
acustomer, thereby reducing handling costs.

Transportation: Inthetraditiona supply chain, companieshavethe advantage of having
to bear only inbound transportation cost for products, with customers providing
transportation fromthe saling point (like super market) to their homes. In E-business, the
companies haveto bear inbound transportation cost to itsfulfillment centers and then
outbound transportation costsfrom the fulfillment centersto customer places. Outbound
delivery costsare high becauseindividua orders must be delivered to each customer’s
place. Thus, transportation costsarelikely to increase in the E-business. However the
downl oadable productsreduce the transportation costs considerably inthe E-business.
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I nfor mation: Information sharing ismaximized in E-businessresultingin lower cost of

information. Sharing of demand information throughout supply chainreducesthebullwhip N O TE S
effect andimprovesco-ordination. Improving co-ordination in turnreduces bullwhip effect.
Co-ordination can beimproved significantly by E-business. The cost of software can be
outweighed by the gain achieved through lowering information cost in E-business.

Having discussed theimpact of E-businesson both theresponsivenessand cog, itis
our duty to design ascorecard for assessing whether E-business has created positive
impact or negativeimpact onthefirm. Companiescan assesusing theframework discussed
here by assigning score between -2to +2. -2 being very negative, -1 being negative, 0
being neutral, 1 being positiveand 2 being very positive. Thesummeated score can beused
to assesswhether E-businesshas created apositiveimpact or negativeimpact onthefirm.
A typica E-businessscorecardisgivenintable5.1

Table5.1 TheE-businessscorecard

ITEM SCORE
Direct sales to customers *
Anytime access from anywhere *
Information aggregation and wider product portfolio *
Customization of products *
Quicker time to market *
Flexible pricing, product portfolio and promotions *
Price discrimination *
Service discrimination *
Transfer of fund *
Lower stock outs *
Automated and convenient process *
Inventory *
Facilities *
Production *
Information *
Transportation *

* =>rangesfrom-2to +2)

Note: -2 =very negative, -1 = negative, 0= neutral, +1 = positiveand +2 = very
positive
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5.4 ROLE OF SUPPLY CHAININ B2B PRACTICES

E-businessframework discussedin section 5.2 isuseful for anadyzing al typesof E-
bus nessopportunities. Thisframework can beapplied to b2brelationship aso. B2B isthe
abbreviation of businessto business. In B2B customerscan pick up their ordersat one of
thecompaniesretall outlets. Inventory isstored at themanufacturer or distributor warehouse.
Customersplacetheir order onlineand then cometo designated pick up pointsas needed.
Inb2b customerspick up their order at the collecting point. The E-businessframework
coversawidevariety of factorseach listed inthe scorecard ( pl seetable5.1), that may
or may not be particularly important to customersor sallersin the E-bus nesstransaction.
With b2b transactions, however, thiswide variety of factorscan begreatly smplifiedinto
amuch smaller list of motivationsfor pursuing e-business. Adding b2b framework helps
businesstarget their e-business efforts. Reduced transactions costs, improved market
efficienciesand benefitsto supply chain arethethree sourcesfromwhich va uesarederived
inE-business.

Companiesshould analyzethe current strengthsand weaknessinther supply chainto
identify themagnitudein their supply chaintoidentify themagnitude of thevaluefromb2b
business. Significant value can be extracted from each of thethree categoriesonly if the
current supply chain structure hasinefficienciesthat can be corrected usng the Internet. E-
businessislikely to reducetransaction costs, if transactionsarefrequent and small insize,
phone and fax are the current mode of transmitting orders and alot of effort is spent
reconciling product and financial flows. B2B E-businesscan providesignificant value by
reducing prices. If limited buyer\sdller qualificationisrequired, afragmented market exists
with many competing playerseither on the buy or the sell side and alarge number of
buyers can beattracted to the online side. The b2b business can provide significant value
by improving thematching of supply surplusand unmet demand. Inindustrieswherecapecity
isexpens veand mismatchesof surplussupply and unmet demand arecommon. Thevalue
of supply chain benefitsis likely to be the highest in industries with the following
characterigtics:

e Thebullwhip effect isquite high dueto information distortioninthe supply chain.

e Lowinventory turnsand poor product availability are achieved through the supply
chan.

e Eachstagehaslower vighility into either the customer or supplier stage.

e Lower collaboration inthesupply chainintermsof promotionsand new product
informetion.

e Short product lifecycles.

5.5 SUPPLY CHAINIT FRAMEWORK

Oneof theimportant jobsof amanager isdecison making. Decis on-making requires
information. Informationiscrucid to performanceof asupply chain. Informationtechnology
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(IT) consstsof thetoolsused to gain awareness of information, anadyzethisinformation,

and act onittoimprovethe performance of the supply chain. Weknow that, informationis N O TE S
one of themost important supply chain drivers. It hel psother driversto performwell. A
manager will not know what customerswant, how much stock iscurrently available, and
how many products should be produced and shipped. I nformation makesthe supply chain
visible. IT comesinto play by making managersto gather information and analyzeit for
taking proper decision. I T servesasthe eyesand ears of management inasupply chain.
Using I T to capture and analyze information can have asignificant impact on afirm’'s
performance. The supply chain scopeismade up of information. Information must be
accurate, must be accessiblein atimely manner, and it must be of the right kind. So,
informationiscrucia tomaking good supply chaindecisonsat dl levelsof theorganizations.
To understand how thisinformationis utilized by the various segmentsof I T withinthe
supply chain, itisessentia to develop aframework.

Enterprise software actsasadriver of I T inthe supply chain. Thissoftware enables
process both within and across companies. Enterprise softwareandysesthe datafor making
decisions. Apart from software, the other partsof I T such ashardware, implementation
services, and support aredl crucid tomaking I T effective. Theenterprise software shapes
theentireindustry of I'T asother componentsfollow the software. The software provides
indghtsintowhat thekey supply chain processaremadeof . During late 1990'stheenterprise
softwarelandscape becameincreasingly popular. Thishasledto proliferation of software.
Thegrowth of software companiesstarted increasingin multifold. During mid 2000, there
was asudden surge in the software technol ogy. This downturn in technology hasled
companiesto cease operationsor mergewith existing software companies. Thereason for
thedownfall isattributed to three mgor groups of supply chain process.

They areasfollows

e  Customer relationship management.
e Internd supply chain management.
e  Supplier relationshipsmanagement.

Apart from these three processes, the fourth important software building block that
providesfoundation isthetransaction management foundation. Transaction management
foundation isnecessary for thethree-macro processto function and to communicatewith
each other. The performance of the company depends on the outcome of these three-
macro processes. Good supply chain management isapositive sum gamewhere supply
chainpartnerscanincreasetheir overdl leve of profitability by workingtogether. Toachieve
this, firmsmust think beyond their enterpriseand think intermsof al three-macro process.

The success of supply chain in terms of macro process depends on functional
performance of the company, integration with other macro process and strength of the
softwarefirm’secosystem. Functional performance provides capabilitiesthat createa
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completeadvantage. Advanced functiondity may bedifficult to use. Hencesuchfunctiondity
israrely used. Softwarefirmswith lower levelsof functionality but with high ease of use
can, inessence, providemore*“usable” functionality to their customersand thereforegain
anedge. Integrationisno doubt important to acustomer for avariety of reasons. Integration
producesvalue. Application that integrates across macro processwill beableto provide
the benefits of making decisionsfor the externa supply chain. For acustomer, astrong
ecosystem meansastrong network to support both during implementation and down the
road.

5.6 INTERNAL SUPPLY CHAIN MANAGEMENT

Internal supply chain management includes the operation performed inside the
company. It consist of al processinvolved in planning for and fulfilling acustomer order.
Strategic planningistheforemost activity ininterna supply chain management. Ingtrategic
planning resources planningismade. The decisionsregarding location choicefor facilities
including warehouse aretaken. Successful software providescgpability of analyzing srategic
plansunder uncertainty. Next under consderationisdemand planning. Successful software
providesademand plan accounting for marketing and promotiond efforts. Supply planning
software providesfactory planning and inventory planning capabilities. Onceaplanisin
placeto supply the demand, it must be executed. The order fulfillment should link supply
source and means of transportation. Software providestransportation and warehouse
applications. Finally, after the product has been delivered to the customer, it eventually
must be serviced. Service processfocuson settinginventory levelsfor sparepartsaswell
asscheduling servicecdls.

Internal supply chain management macro processes discussed aboveamsto fulfill
demand that isgenerated by customer rel ation’smanagement process. Theinternal supply
chain management processes should have strong integration with the supplier relation’s
management macro process. Unless adequate numbers of spare partsare not supplied on
time, products cannot be manufactured ontime. Hence rel ationshi p between supplier and
internal operationsareof utmost importance. Order management must integrate closely
with fulfillment and beaninput for effective demand planning. Successful interna supply
chan management software providesgoodintegrationwith customer relationsand supplier
relations. Therearemany successful softwareproviderslike 12 technologiesand manugigiris,
who are ableto provide solutionsto interna supply chain management problems. This
software can be used for successful supply chain management.

5.7 SUPPLIER RELATIONSHIPMANAGEMENT

Supplier relationship management includes those processfocused on theinteraction
between the enterprise and suppliers that are upstream in the supply chain. Design
collaboration, source, negotiate, buy and supply collaboration arethe processinvolvedin
supplier relationship management. Thegod of design collaborationistoimprovethedesign
of productsthroughjoint salection of productsthat have postive supply chain characteristics
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such as ease of manufacturability. Engineering change orders are shared between the

manufacturer and supplier for eliminating the costly delays. Successful software ensures N O TE S
correct design collaboration. Thesourceidentifiestheright suppliers. Suppliersareeva uated
along several key criteriaincluding lead time, reliability, quality, and price. Contract
management isaso animportant part of sourcing, asmany suppliers: contractshave complex
detail sthat must betracked. Thissoftwareavailablein themarket ishelping the companies
inanayzing supplier performance and management of contracts.

Negotiationswith suppliers assume greater importance. The negotiation process
includesdesign and execution of auctions. The processof negotiationsisto get appropriate
priceandto settleother delivery issues. Thebuying processexecutestheactua procurement
of material from suppliers. I ssuing purchase ordersfor supply of materialsisthemain
activity inbuying process. Softwareisavailableto automate the buying process. Oncean
agreement for supply isestablished by theway of issuing purchase orders, the supply chain
performance can beimproved by collaborating on forecastsand inventory levels. The
purposeof collaborationisto ensureacommon plan acrossthe supply chain. Good software
inthisareashould beableto facilitate collaborativeforecasting and planning in asupply
chan.

Excellent improvement can be achieved in supply chain performanceif supplier
relationships management and customer rel ationshi p management arewdl integrated with
internal supply chain management. Sourcing, negotiating, buying, and collaborating are
primarily plugintointernal supply chain management asthe supplier inputsare needed to
produce and executean optiond plan. Therearedifferent playersavailableinthemarketin
theform of softwareto meet the demand of firm on supplier relationship management.

5.8 FUNDAMENTALSOFTRANSACTION MANAGEMENT

Thetransaction management foundation isthe basefor thelargest enterprise software
players. Inearly 1990.stherewaslittl e attention towardsthe macro processeswe discussed
inthe previous sections. Thefocusat that timewas on building transaction management
and process automation systemsthat proved to befoundationsfor future decision support
applications. These systemswerefound useful for smpletransaction ad processesaswell
asthe creation of anintegrated way to store and view dataacrossthedivision.

During 1990's, the demand for the transaction management systems have become
exceedingly high andit drovethe enterpriseresource planning playersto becomethelargest
enterprise software companies. SA P continued to dominate the market during that time.
However, ERPsdesdowed. Thered vaueof thetransaction management foundation can
only beextracted if decision-makingwithinthe supply chainisimproved. Thus, presently
companiesfocus onimproving making the three-macro process. The shift from ERPto
CRM, SRM and | SCM isexpected to continuefor thefuture al so. Such being the case,
thetransaction management which isthefoundation will occupy prominent placeinthe
supply chain.
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5.9 SUPPLY CHAINITIN PRACTICE
A five-step practice of supply chainI T isasfollows
Sep 1. Identify and select appropriatel T system

Every industry and even companieswithin anindustry can havedifferent key success
factors. Thesefactors determinethe success of the company. Itistheresponsbility of the
company, to determinethe key successfactors. A factor, whichiscritical to acompany,
need not becritica to other companies. Hencecompaniesshould bevery careful inidentifying
thecritical successfactorsand select an I T system that addressesthese critical factors.

Sep 2: Measurement of value

Thesuccessof any systemisto bemeasured incrementally. Sudden improvementsor
drasticimprovementsarerarein most of the companies. Hence, it should be measured
step by step. Even for implementation of supply chain it can be donein phasesin the
company. Once its successis ensured in one part of the company, the efforts can be
extended to the other partsof the company. Thisincrementa step doesnot mean that one
should not take abig picture perspective but rather that the big pi cture perspective should
beimplemented in digestible pieces.

Sep 3: Alignment

Management must consider the extent withwhich an I T system can deal withthe
firm’scriticd successfactors Alignment isnothing but matching theneed of thesophidication
level in the company. Thelevel of sophistication required to achieveitsgoa must be
considered. Thisisimportant because any lapse on theless sophisticated side |eavesthe
firmwith acompetitive weakness, whereastrying to betoo sophisticated leadsto ahigher
possibility of theentiresystemfailing.

Sep 4: Useof IT system

I'T applicationsareto becarefully judged. It isnot the motiveto makeonly decisions
using I T toolsrather they aredevel oped to support thedecision making process. By ingaling
I'T, one should not reduce the managerial effortsthat will certainly lead to poor decision
making inthe company. Therefore management must keepitsfocuson the supply chain
because as the competitive and customer landscape changes, there needs to be a
corresponding changeinthe supply chain.

Sep 5: Futureneeds

Companies should think about the future needswhen they install I'T toolsintheir
organizations. It may bedifficult to decide about the I T system with thefuturein mind than
the present. However, it isimportant that managers must includethefuture state of business
inthedecision process. Thetrends expected in the business should beincorporatedinthe
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IT system to match thefuture needs of the I T system. Thel T system should beflexible

enough to make changesin thefuture, accommodating the changes expected inthebusiness N O TE S
trends. Thereforethe key hereisto ensurethat the software not only fitsacompany’s
important, that it will meet the company’ sfuture needs.

5.10 INFORMATION SYSTEMSDEVELOPMENT

I nformeation system for acompany isbased onitsfunctiondity andinternal operations.
The purposeof informationisto makedecisions. Thedecisonsmay beoperationd, tactical
and strategic to facilitate the transactions of the business. IT tools have created the
opportunity for firmsto shareinformation conveniently and inexpensively throughout the
supply chain. A typical information system for acompany isgiveninfigure5.1.

ORDER MANAGEMENT
SYSTEM

WARE HOUSE

INTERNAL MAg‘@gTEE'\l’\'AENT EXTERNAL

TRANPORATION
MANAGEMENT
SYSTEM

Figure5.1 Atypical information system.

Theinformation system shoul d be comprehens ve and enableto communi cate between
functional areasand al so between membersof the supply chain. To reduce uncertainties,
theinformation about sdes, shipments, production schedules, sock avail ability, order status,
and thelikewith vendorsand buyers haveto be shared among the partnersin the supply
chain. Even though the benefits of information sharing acrossthe partnersin the supply
chainarebeing recognized, thereislikely to bealimit to how muchinformation firmsare
willing to sharewith othersoutside of their control.

Within theinformation systemthemagjor subsystemsare:

I.  Order management system,
Il. A warehouse management systemand,
[11. A transportation management system.

L et usdiscuss each of thesethree sub systemsin the subsequent paragraphs.
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5.10.1 Theorder management system

The order management subsystem enabl esthe organizationto makeinitial contact
withthe customer. It isthefront end system of theinformation system. Before making
order, thissystem ensuresthe availability of product, by communi cating with warehouse
management. Once product availability isensured, credit checking may occur whereby
theorder management system communi cateswith thecompany’ sfinencid information system
to check customer statusand verify credit standing. Nextinvoicing takesplaceby dlocating
theproduct to the customer order and assigning it to aproduction location duly decrementing
theinventory status. If the order management system isto provide order tracking, the
transportation management systemwill beintegrated. Similarly company placesorders
withitssuppliersthrough purchase based order management system concentrating onthe
company’svendorsshowing their delivery performanceratings, costsandtermsof sale,
cgpabilities, availabilitiesandfinancia strength. Vendorsare congtantly monitored and reports
prepared that assist in optimizing vendor selection.

5.10.2 Thewarehouse management system

Thewarehouse management systemisaninformeation subsystem ass sting management
in product flow through network by storinginthefacilities. Itisbasically astock level
management. It can have order management system or can separately function withinthe
information sysemitsdf. Thekey dementsof warehouse management sysemare: receiving,
put away, inventory management, order processing, retrieving of order, and shipment
preparation. Recelving isthe entry point for information into the warehouse management
system. Dataabout the product are entered into the system using bar code, radio frequency
or manual keyboards. Put away isearmarking location for temporary storage of product.
[ nventory management monitorsthe stock leve at each stocking locationinthewarehouse.
Replenishment of quantitiesand timing are suggested to purchasing department or directly
to vendorsthrough EDI or the statement. Order processing and retrieving isthe planning
for stock retrieva inthewarehouse. Stock retrieva isthemost labor intensveand expensive
part of warehouse operations. [temswill be grouped according to the location where
inventory isstored. Depending upon the requirementslotswill beformed for order pricing
and schedulesthe order flow through thevarious areas of thewarehouse. Further, warehouse
management system subdividestheitemswithin an order-picking areaamong the order
pickersto ba ance picker workload. Ordersfor customerslocated within the same proximity
are picked smultaneoudly to arrive at the shipping dock and truck stall at the sametime.
Efficient shipment requiresproper sequencingit ontothedelivery vehicle.

Overall, the warehouse management system aids the management in the effort
warehousi ng operationsin theform of labor planning, inventory level planning, space
utilization, and picker routing. Thewarehouse management system sharesinformationwith
the order management system and transportation management to achieve integrated
performance.
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5.10.3 Thetransportation management system
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Weknow therearetwo typesof trangportation. Oneisinboundi.e. materiasreceived
up to storage point and the other is outbound. The transportation management system
consistsof shipment consolidation, vehiclerouting, mode selection, claims, tracking, bill
payment and freight bill auditing. Likewarehouse management system, thetransportation
management system sharesinformation with other information system components. In
shipment consolidating small shipmentsinto larger ones, there by unit shipment costis
minimized. Invehiclerouting, theefficient routing isdesigned taking information from order
management and warehouse management systems. Efficient vehiclerouting minimizes
transportation costs. In mode selection

TMS can match shipment size with transport service cost and performance
requirements. It isinevitablein transportation that some shipmentswill be damaged. By
retai ning such information as shipment content, product value, carrier used, originand
dedtination, andliability limits, many claimscan beprocessed automatically or withminimal
human intervention. The progress of shipment can be tracked by bar coding, radio
transmissionroute, global positioning, etc. tracing information fromthe TM Scan bemade
availableto the shipment’sreceiversthrough theinternet or other electronic means. The
small-shipment carrierssuch asDHL, Air Bourne Express, Fed Ex and UPS are at the
forefront in suchinformation system development, Sinceit iscustomer satisfaction that they
sdl. Guaranteed ddlivery serviceisoften promised, and asophi sticated shipment tracking
sysemhepsfulfill thegod.

5.10.4 Internal infor mation systems

From sections 5.9.1t0 5.9.3, we have seen the variousinformation systemsfor a
supply chain. Inthesupply chain, theinternal operation of acompany isthemain activity
involving valueaddition. Therefore, every company must haveinterna information system
for their internal operations. From the view point of internal operation, aninformation
system can berepresented schematically, asshowninfig5.2.

5 | |

H " e .

& | Dat Data bq»e activities Output | Manager

L ata bt (el U Communi ( decision

® . ‘ 8

o | Input - . -cations | making )

M Data transformation =
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Figure5.2Internal information system
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Fromthefigureit can benoted that the system hasthree distinctive e ements.
They ae

I. Theinput,
Il. Thedatabase, and
[11. Theoutput.

Theinput consistsof customer data, company records, published information and
management data. Thefirg activity isacquiring thedatathat will assist thedecision-making.
Thecomputer has brought about new sourcesof datanot previoudy availableand hasled
to significant improvementsin operations. Database activities are nothing but database
management. Converting datainto information whichisuseful for making decisionsand
Interfacing theinformation with decision ass sting methods are often considered to be at
theheart of aninformation system.

Management of the databaseinvolves sdlection of databaseto be stored and retrieved,
choice of the methods of analysisto include, and choice of the basic data processing
proceduresto implement. Datamai ntenance can be expensive and dataretentionisbased
on

e How critica theinformationis,

e Therapidity of informationretrieval,

e Thefreguency of data,

¢ Andtheeffort required for manipulating the datain to theform needed.

Data processing isone of the oldest and most popular features of aninformation
system. Dataprocessing or transactional activitiesrepresent relatively smpleand straight
forward conversion of thedataintofiles, and then to somemoreuseful form.

Daaandyssisthemost modern and latest use made of information system. The ERP
software systems are now adding decision-support modulesto improvetheir capabilities.

Theoutput isgenerally of several typesand transmitted in several forms. The output
consgsof:

e Peformancedatigtics,
e Inventory statusreport,
e Exceptionreports, etc.

Theoutput may intheform of prepared documents such astransportation billsand
freight bills. The output may also betheresult of dataanalysisfrom mathematical and
datistica models.
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5.11 E-SUPPLIER RELATIONSHIPMANAGEMENT (e-SRM)

e-SRM streamlines and make more effective processes between an enterpriseand
its suppliersjust as CRM does. e-SRM leverages EDI technology to streamline the
purchasi ng process, implement comprehensve buying strategies, and evaluate vendor and
inventory performance. It not only facilitatestheimplementation of buying Strategiesat the
company, vendor, and item level, but also providesthe ability to carefully assess past
performance, and predict future performancewith what if analysistools.

e-SRM Sub-M odule CapabilitiesInclude
e Definitionand automation of buying strategy
e Vendor pricing, discounts, and promotions
e Demandandyss
e Vdocity (ABC) routings
e \What If calculations
e  Optimum buy quantity suggestions
¢ On-linebuyersguidewith suggested order quantity
e  Suggested order quantity derivationinquiry
e Manua purchaseorder entry
e Purchaseorder maintenance
e Electronic Datalnterchange

UniqueFeaturesinclude

Thereareanumber of featuresthat help reduce purchasing costs, optimize sourcing
decisions, and more effectively manage vendor performance. Theseinclude: definingthe
buying strategy at the company level, vendor level, anditemlevel, andincorporating them
into the monthly demand analysisand buying guides. Thebuyer’sguideistheresult of a
rightly comparison between current stock statusand eachitem’sreorder point. Itispresented
tothe buyer intheform of purchase ordersready to be submitted to the vendor.

e-SRM HelpsWholesale Distributors To
Reduce Purchasing Costs

e Takeadvantage of volumeand promotion discounts
¢ ReducePremium Freight Charges
¢ Reduceadministrativeoverhead

Optimize Sour cing Decisions

¢ Defineandimplement tailored buying strategies
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ImproveSupplier Relations

e Provideability toview inventory
5.12 E-CUSTOMER RELATIONSHIPMANAGEMENT (e-CRM)
About e-CRM

Customer Relationship Management (CRM) isaway toidentify, acquire, and retain
customers- abusiness greatest asset. By providing the meansto manage and coordinate
customer interactions, CRM hel ps compani es maximize the value of every customer
interaction andin turnimprove corporate performance.

eCRM, or electronic Customer Relationship Management, isan integrated online
sales, marketing and service strategy that is used to identify, attract and retain an
organi zation’scustomers. It describesimproved and increased communication between
an organization and itsclients by creating and enhancing customer interaction through
Innovativetechnology.

eCRM software provides profilesand histories of each interaction the organization
haswithitscustomers, making it animportant tool for all small and medium businesses.
eCRM software systemsmay contain aselection of thefollowing features:

e Customer management —Providesaccesstodl customer informationincluding
enquiry statusand correspondence

¢ Knowledgemanagement —A centralized knowledge basethat handlesand shares
customer information

e Account management —Accessto customer information and history, allowing
salesteamsand customer serviceteamsto function efficiently

e Casemanagement —Capturesenquiries, escal ates priority casesand notifies
management of unresolved issues

e Back-end integration —Blendswith other syssemssuch ashilling, inventory and
logigticsthrough relevant customer contact pointssuch aswebsitesand cdl centers.

¢ Reportingand analysis—Report generation on customer behavior and business
criteria
Benefits of eCRM

Implementation of an eCRM system enablesan organi zation to streamline processes
and provide sales, marketing and service personnel with better, more compl ete customer
information. Theresult isthat eCRM alowsorgani zationsto build more profitable customer
relationshipsand decrease operating costs.
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Direct benefitsof an eCRM systeminclude:

e Servicelevel improvements—Using anintegrated databaseto deliver cons stent
and improved customer responses

e Revenuegrowth —Decreasing costs by focusing on retaining customersand
usinginteractive servicetoolsto sell additiona products

e Productivity —Consistent salesand service proceduresto create efficient work
processes

Customer satisfaction — Automatic customer tracking and detection will ensure
enquiriesaremet andissuesare managed. Thiswill improvethe customer’soverdl
experiencein dedingwiththe organization.

e Automation - eCRM software hel psautomate campaignsincluding:
e Tedemarketing
e Teedes
e Directmal
e Leadtracking and response
e Opportunity management
e Quotesand order configuration

Acrossevery sector andindudtry, effective CRM isadtrategicimperativefor corporate
growthand survival:

e Sdesorganizationscan shorten the salescycleandincrease key sdes-performance
metricssuch asrevenue per salesrepresentative, average order szeand revenue
per custome.

e  Marketing organizationscanincrease campa gn responseratesand marketing driven
revenuewhiles multaneoudy decreas ng lead generation and customer acquisition
costs.

e Cugtomer sarviceorganizationscanincrease serviceagent productivity and customer
retention while decreasing service costs, responsetimesand request-resol ution
times.

Working of eECRM

Intoday’sworld, customersinteract with an organization viamultiple communication
channels—the World Wide Web, call centers, field salespeople, dealers and partner
networks. Many organizations a so have multiplelines of businessthat interact with the
samecustomers. (Pl. seeFig5.3)

eCRM systems enabl e customersto do businesswith the organi zation the way the
customer wants- any time, viaany channel, in any language or currency—and to make
customersfed that they arededing with asingle, unified organization that recognizesthem
every step of theway.
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TheeCRM system doesthisby creating acentral repository for customer records
and providing aporta on each employee’'scomputer system allowing accessto customer
information by any member of the organization at any time.

Through thissystem, eCRM givesyou the ability to know more about customers,
productsand performanceresultsusing real timeinformation acrossyour business.

Multichannel CRM

World Wide Web T
y

Customers l«—| Call Centres

Analytics

Back Office

Customer
l«| Field Sales People Information

Dealers jf Marketing

Figure5.3Working of ae-CRM.

Application of eECRM system:

When gpproaching the devel opment and implementation of eCRM thereareimportant
considerationsto keepinmind:

e Definecustomer relationships—Generatealist of key aspectsof your customer
relationshi psand theimportance of theserelationshipsto your business.

e Develop aplan —Create abroad Relationship Management program that can
be customized to smaller customer segments. A suitable software solution will
helpddiver thisgodl.

e Focuson customer s- Thefocusshould be onthe customer, not thetechnol ogy.
Any technology should have specific benefitsin making customers liveseasier by
improving support, lowering their administrative costs, or giving them reasonsto
shift more businessto your company.

e Save money — Focus on aspects of your business that can contribute to the
bottom line. Whether it isthrough cutting costs or increasing revenue, every
capability youimplement should haveadirect, measurableimpact onthe bottom
line

e Service and support - By tracking and measuring the dimensions of the
relationship, organizations can identify their strengths and weaknessesin the
relationship management program and continually finetuneit based on ongoing
feedback from customers.
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OnceaCRM plan has been devel oped, with key objectives and goalsidentified,
eCRM deployment can begin. Therearetwo main optionsavailablefor smal and medium
Sizebusinessesto deploy e-CRM.

Contact management software

Easy toingtall CRM softwarefor small organizationswhich compriseadirectory of
customer detailsand allows salesand activity reportsto be generated. Thefollowing
organizationsprovidethistype of eECRM Software

ACT —www.act.com

Act Today —www.acttoday.com.au

Contact Business Communi cations—www.contactsoftware.com
M aximizer —www.maximizer.com.au

Legrand CRM —www.legrandsoftware.com.au

o Vita Software—www.vitd software.net

5.13 e SCM

TheeSCM-SPprovides| T-enabled sourcing service providersaframework toimprove
their capability to ddliver consstently high quality servicesand aidsthemin establishing,
managing and continually improving relationshipswith cients. Theintent of theeSCM isto
present service providerswith aset of best practicesthat help them effectively manage
sourcing relationships, and it presents clientswith away to evaluate and compare service
provider’scapabilities. Thisintent isachieved by focusing onthecritical organizational
attributesfor organizational management, people, business operations, technology and
knowledge management, and their applicability to the sourcing process.

TheeSCM Practicescover theentire sourcing life-cycle, including activitiesleading
to the formation of sourcing relationships, service design and deployment (transition)
activities, thedelivery and enhancementsof sourced servicesand thetransitioning of sourced
servicesback to the client or another provider at contract compl etion.

Supply chain hasbeen viewed asaninflexible seriesof eventsthat somehow managed
to get products out the door. It often involved questionable inventory forecasts, rigid
manufacturing plansand hypothetical shipping schedules. TheInternet haschanged all
that. It hastransformed this ol d-fashi oned processinto something closer to an exact science.
AnInternet-enabled supply chain hel pscompaniesto

e avoidcostly disasters

e reduceadminigtrative overhead

¢ reduceunnecessary inventory (thereby increasing working capital)

e decreasethe number of handsthat touch goods on their way to the end customer
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¢ diminate obsolete businessprocesses

e regp cost-cutting and revenue-producing benefits

e speed up production and responsivenessto consumers
e garner higher profit marginsonfinished goods

Effectiveintegration of an Organizations supply chain can save millions, improve
customer serviceand reduceinventories. Thekey to getting optimum vaueout of automeating
your supply chainisto make sureyou haveyour interna systemsworking well beforeyou
start extending them out over the Internet.

Few tipstobear in mind whileevaluatingae-SCM initiative

o Get Per spective-Oneshould envisionthebusinessasawholeincluding itscurrent
strategy and whereit wantsto go. Supply chain strategy isincreasingly being
integrated with overall corporate strategy.

e Don’'t Underestimatel ear ning Costs- Thecost of training peopleto use new
software should not be underestimated. Sending information around theworld
takeslesser timethanit takesto get into someone' smind!

e Linktoexistingarchitecture- Supply chain applicationsmust link to existing
enterpriseresource planning applications. ERP servesasthe nerve center of the
organization. Idedlly, it should beasingle point of visibility for inventory and order
taking.

e Andlast but not theleast, Think Global, Sart L ocal !
5.14 SUPPLY BASE MANAGEMENT

Supply-base management techniques relate to selection and maintenance of
relationshipswith suppliers, for apurchasing company. The purchasing company desires
to manageitsreationshipswith those other companiesthat supply the purchasing company
with goods. It would be advantageousfor the purchasing company to obtain both the best
priceand thebest va uefromitssuppliers. Eval uation of best value canbeacomplexissue,
involving parameterssuch asproduct reliability, order scaability, product lineflexibility or
variety, timefrom order to delivery and other factorsresponsiveto decisonsmadeby the
purchasing company.

The supply-base management techni ques use substantial resourcesat the purchasing
company, particularly individua sskilled a | ocating, eva uating and negotiating with suppliers
onagloba level. These substantial resources caninclude, without limitation, substantia
effort, alocation of personnel, money, and time, all used to determine which of those
suppliersprovide best va ueto the purchasing company and to develop long term, mutual ly
beneficid rdationshipswith them. The supply-base management techniquesare best gpplied
when the purchasing company has substantial purchasing requirements, such asif the
purchasing company isrelatively largeor hasardatively large number of suppliers.
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The supply-base management techniques often invol ve acontinuing relationship

between the purchasing company anditssuppliers. Thus, the purchasing company would N O TE S
find it advantageousto apply supply- base management techniqueson an ongoing basis,
rather thanfor individua, or sporadic, purchasing needs. Purchasing companiesoftendesire
continuousdevel opment of their productsor product lines, and thus often desire continuous
development of the goods supplied to them, including preferred product attributes
contributed by suppliersdesiring to participate with the purchas ng company inits product
development.

The supply-base management techniquesare advantageouswhen gppliedtoardatively
larger pool of possiblesuppliers. Thus, the purchasing company would find it advantageous
to apply supply-base management techniquesto aset of possible suppliers, wherethat set
isrdatively disparateand possibly largein number. Thisproblemisparticularly exacerbated
whenthe set of possible suppliersincludescompaniesin other countriesor other cultures,
or involvestheuseof unfamiliar languages, sandards of measurement, or different supply
channd sfor distribution of goods.

The supply-base management techniquesare not readily applicableto suppliersin
search of purchasing companiesthat provide best valueto the suppliers. Evauation of best
vaueto supplierscan beacomplex issue, quitedifferent fromthat eva uation for purchasing
companies, and caninvolve parameterssuch aspayment reliability, order regularity, product
linefit withthe supplier, requirementsfor rdiahility, timealowed for ddivery, cost of account
management and opportunity for new business.

Accordingly, it would be advantageousto provideatechniquefor using supply- base
management techniquesfor purchasing companiesand other entitiessuch assuppliersand
trading partnersthat (1) lack resourcesfor applying thosetechniques; (2) desire continuing
relationshipswith their trading partner, but |ack resourcesfor eval uating or managing those
continuing relationships, (3) lack expertiseinthemarketsinwhichtheir best vauesuppliers
or buyersmight befound ; (4) seek marketsoutsidetheir ordinary realm of expertise; and
(5) wishto avoid thefragmentation that resultswhen numerousdifferent entitiesare used
tofacilitateatransaction.

The supply- base management techniques provide a method and system for an
internetworking environment. A set of purchasing companiescan leveragetheir purchasing
volumes so asto obtain the benefit of acollaborative processof qualification and negotiation
with suppliersto obtain the benefit of continuous best value scoring of suppliers. Each
individual purchaser retainsthe ability to determinewhich aspectsof “best value” are
important to it and to base each transaction on those specific aspects. A set of suppliers
can obtain accessto anew set of buyers, expand businesswith existing buyersand achieve
alevel of account management efficiency not otherwiseavailable.
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Inapreferred embodiment, scoring of both suppliersand purchasersiscontinuoudy
updated, and isresponsiveto feedback from third partieswho facilitate transactions. This
continuousfeedback ismade avail ableto both suppliersand purchaserswhen making new
salesor purchase commitments. Similarly, in apreferred embodiment, both suppliersand
purchasers can make use of an organized set of expertisein eval uating, negotiating, and
complying with regulationsfor transactionsthat crossborders, cultures, language or other
barriers.

The supply- base management provides solutionsfor awidevariety of problemsto
obtain substantial advantages and capabilitiesthat are novel and non-obvious. These
advantagesinclude offering suppliersand buyersaccessto aglobdly integrated platform
that presentsthe partieswith pre-qualified best value options. These pre-qualified best
vaueoptionsremovetheuncertainty.

Chapter summary

This chapter introducestherole of e-businessin asupply chain. E-businessisthe
execution of business transaction over the internet. Firms use E-businessto provide
information acrossthe supply chain, negotiate pricesand contracts, allow customersto
placeand track orders, allow customersto download orders, and receive paymentsfrom
customers. Themainam of E-businessisto make these payments both moreresponsive
and more efficient. Then we have seen the impact of E-business on supply chain
performance. The E-businessframework developed inthis chapter can be utilized by the
firmsto evaluate whether acompany isagood candidate for E-businessand wherethey
should target their E-businessefforts.

Thereafter we emphasized theimportance of I T inasupply chain. We have seen that
informationisessentia to make good supply chain decisionsbecauseit providestheglobal
scope needed to make optimal decisions. Wehaveaso seenthat I T toolsareimportant to
gather information and analyze it to make the best supply chain decisions. Therole of
supply chaindriversinusing I T isalso portrayed in this chapter. Mgjor applications of
supply chainI T and the processesthat they enable were also understood in this chapter.
Alsothestepsinvolvedinpracticing I T, in asupply chain hasbeen discussed. Thereafter
we have seen how to devel op information system. Then, the various packagesavailable
like esrm, escm and ecrm were brought out. Finally, supply base management has been
defined and the need for it was al so discussed.

4) Discusstheimpact of E-businesson responsiveness?
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Review questions

1) WhatisE-business?

2) Bringout theroleof E-businessinasupply chain.

3) What isthe E-businessframework?

4) Discusstheimpact of E-businesson responsiveness?

5) Discusshow efficiency can beimproved using E-business?
6) What istheroleof supply chaininb2b practices?

7) Explainsupplier relationsmanagement.

8) Whatisinternd supply chain management?

9) Explainsupplier relationsmanagement?

10) What arefundamental sof transaction management?

11) Explainthestepsinvolvedin practicing supply chain T

12) Explaintheinformation sysem devel opment focusing onfunction of theorganization.
13) Explaintheinterna information system.

14) Consder acompany of your choiceand apply E-businessframework and evauate
whether itisagood candidatefor E-business.

15) Giveexamplesfor information systemsfrom Indian industry.
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