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Collaboration and Information Sharing in Global
Contract Manufacturing Networks

Roshan Gaonkar and N. Viswanadhdrallow, IEEE

Abstract—in the semiconductor and telecommunications organizations. But the Internet has had an even greater impact,
industry original equipment manufacturers (OEMs) outsource which can to a large extent be attributed to the success of the Ex-
manufacturing to contract manufacturers who are specialist a6t in enabling coordination across entire supply chains. The
electronic manufacturing service providers. There are a large Ext ts of tod id latf f haring inf i
number of such specialists in existence who collaborate with the AUANELS 0 _O ay provide a platrorm for s arlnglln ofmation
Origina| equipment manufacturers at one end and the Component betWeen busmeSS partners through the Internet Infl’astructure.
suppliers at another end and provide engineering, manufacturing More significantly, the ubiquitous availability of information al-
and distribution services. But there do not exist good theoretical |ows integrated, informed and intelligent decision-making for
developments supporting these real world operations. Here, yayar management of global supply chains prevalent today. For

we consider a global manufacturing system consisting of the | id io wh d ¢ |
contract manufacturer, logistics provider, and OEM and study exampie, CONSIGEr a Scenario Wnere an end-customer piaces an

the influence of sharing scheduling and demand information over Order for a customized computer through an original equip-
the Internet. ment manufacturer's (OEMs) website. The OEMs information
More specifically, we consider an OEM operating an Internet-  system can, through its Extranet, identify if there is enough
based private exchange as a channel master with its contract manu- gyoci to meet the order at the warehousing facility of its dis-
facturers and their suppliers participating by sharing information. . - . 2
We develop a linear program based optimization model for this tributor and in the case Qf inadequate stock can initiate steps
environment. Specifically, our LP model calculates the quantity of t0 manufacture a new unit of the computer. The system could,
raw materials that is to be procured in each time period from each through the Extranet, look up the manufacturing schedules of all
of the suppliers in order to meet the given demand. We compare the OEM contract manufacturers and identify an ideal location
these results with traditional make-to-stock linear supply chains 44 time at which to schedule the production of the computer
with sequential order flow. Our numerical experiments show that
information sharing results in cost and inventory reduction. and generate the necessary orders for the _contract manufacturer.
. . It could even go to the extent of scheduling the procurement
Index Terms—Collaborative scheduling, contract manufac- )
turing, information sharing, internet-enabled manufacturing of SUbassembl'e$ and compc_ments to the contract manufacturer
networks, private electronic marketplaces. and the scheduling of logistics from the manufacturer to the
end-customer. Based on the manner in which the system, with
the help of the Extranet, decides to fulfill the customer, it could
get back to the customer with an expected delivery date, thereby
HE ADVENT of the Internet has radically transformedeading to greater customer satisfaction. Hence, a well-designed
the manner in which businesses and supply chains dxstranet can facilitate among other things improved utilization
being managed today. The universal reach of the Internet lssl efficiency of resources, lower inventory, shorter lead-times
made possible the ubiquitous, uninterrupted and opportuded greater customer satisfaction and loyalty.
flow of information enabling new business models and greaterAnother form of the Extranet, which will drive the supply
efficiencies in existing processes. In fact the influence of ttehain networks of tomorrow, is the Electronic Marketplace.
Internet is evident on many different levels in the operatioiectronic Marketplaces are very good examples of Extranets
of leading businesses and supply chain networks. For instanibgt act as information and transaction nodes for coordinating
at the strategic level in the management of relationships aactivities within the supply chain. These electronic market-
development of new products; at the tactical level, in demampthces in their various incarnations as public and private
forecasting and inventory management; and at the operatioaathanges provide rich tools for collaboration in new product
level, in integrated scheduling and track and trace of goodsvelopment, supply chain performance measurement and in
movement in the supply chain are just some of the illustratiosapply chain planning and execution. However, in terms of
where the Internet is used as the platform for coordinatimganufacturing, the two most commonly referred facets of
activities between various supply chain partners [1]. Internet manufacturing include, using the Internet as a medium
The Intranet, an information network for communication® share program and data files in product development or using
within an enterprise, has brought about great efficiencies withénprivate exchange to share data and information to undertake
integrated scheduling and inventory management. In this paper,
Manuscript received May 25, 2001; revised October 2, 2001. Recommend¥§ deal with the second aspect.
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supply chains a significant portion of their interaction betweehe Internet is considered. We compare the results of this with
the ever-growing number of business partners has moved to tteglitional linear supply chains adopting sequential order flow.
Internet. Hence, this industry provides the ideal background @ur numerical experiments show that information sharing re-
study the impact of information sharing and to understand tkalts in cost and inventory reduction.

partner selection problems in an Internet-based manufacturindrhe study of information sharing in supply chains is the

environment. subject of several recent contributions. All the contributions
_ consider the manufacturer-retailer combinations and study
A. Contract Manufacturing the effect of sharing point-of-sale information with the man-

The tide of constant innovation, changing market paradigriacturers. Leeet al. [3] use shared information to improve
and competitive dimensions and rising customer expectatidh§ supplier's order quantity decisions in a serial system with
has transformed the hi-tech and electronics industry into ofeknown autoregressive demand process. Cachon and Fisher
of the most competitive industries. Challenges in dealing wif] show analytically how the manufacturer can benefit from
mass customization, rapidly shrinking product life cycles, rapk$ing information about the retailer's inventory levels when
inventory depreciation, and handling complex multisourcéfi€ retailers use a batch ordering policy. Next, Gavirretral.
supply chains have required the use of very sophisticated tobts consider the case in which the manufacturer has limited
and strategies for meeting the rising expectations of customgfPacity. In addition, they consider two cases of information
in a cost-efficient manner. Among other approaches, ti§Baring between the manufagturgr and the retailer. In the flrst
electronics industry has tackled this problem through focus 6aS€: the manufacturer obtains information from the retailer
core competencies, outsourcing of nonvalue-adding activiti@20ut the parameters of the underlying demand distribution and

multistage manufacturing and built-to-order strategies [2]. the value of the; 5) ordering policy adopte.d by th?. retailg r.
Increasingly the OEM are focusing on the high-value délj the second case, the manufacturer obtains additional infor-

ation from the retailer about the period-to-period inventory
el. By considering various types of demand distributions in
gir numerical experiments, they examine the conditions under

sign and marketing aspects of the business, while outsourc|H
the manufacturing of their products to contract manufactur
who have core-competencies in large-scale production of m3 h gaining inf i bout the retailers i torv level
customized products. These contract manufacturers in turn ol _tl)c g?ml?glz‘)lnlotr_matlorlha out i N rﬁta' etrs 'Tr/]e? ory leve
souce some o rtr comporent roducion and assemy Y STETEEL Heehe 0 (1 E1etno e i xemnes
smaller suppliers. Thus, outsourcing of activities ensures tﬁa‘ta’. 9 . ) g- retai

: s o environment, our current paper examines a different situation
each business within the supply chain is focussed on certaa‘nt

. o ) o)

products and services delivering highest revenue to them, while

he OEM supply side.
employing the least amount of capital and resources [2]. In the process of solving our LP model for a supply chain we
Furthermore, instead of storing huge amounts of expens

@50 provide a basis for selection of partners (suppliers in this
and rapidly depreciating inventory the supply chains are d

%qse) such that the total cost of operations is minimized. Specif-
signed such that the contract manufacturers produce the go:és:&llm our LP model calculates the quantity of raw materials that

S : ; . :
only when the customer orders them. This postponed productlon0 be procured in egch time per'lo.d from each of the sgppllgrs
In'order to meet the given deterministic demand. There is a sig-

allows the customization of the product to the precise requllSicant amount of literature existing on partner selection in the

ments of.the customer. The key howevgr to'the Success O.f thg rations research and management science literature. Weber
outsourcing, postponement and customization strategies is clg 8 Current [6] discuss a multi-criteria analysis for vendor se-

coordination between the OEM, the contract manufacturer apd;,, They develop a model for minimizing total cost, late de-

_the compqnent suppliers. Close coqrdmatlon betV\_/een th? Vileries and supply rejection given the infrastructure constraints
ious participants allows the electronics supply chain to quick

hanai K . nd constraints imposed by the company’s policy. Chaudhry
react to changing market requirements [2]. al. [7], consider the problem of vendor selection where buyers

In practice, the participants in the electronics supply chajye 't choose order quantities with vendors in a multisourcing
achieve this close coordination by sharing information througiy,.vork. Narasimhan and Stoynoff [8] present a model for opti-
an Internet-based Extranet system. The |'nformat|on that fizing aggregate procurement allocation keeping in mind con-
normally shared between them for operational managemenic; requirements, supplier capacities and economic manufac-
includes details on the production and transportation capaC|t|ﬁ§ﬁng quantity related constraints. Erengtial. [9] review and
costs and schedules, inventory levels and forecasted demapglyate some of the relevant literature on production and distri-
patterns. Hence, such an environment provides the ideal setfijgion planning at each stage of the supply chain. The interested
to understand the impact of new generation Internet-basedder might find [10] useful for a comprehensive classification
supply chain technologies and strategies on the efficiency %Fbublications on vendor selection criteria.
profitability of e-supply chain networks [2]. In the remaining three Sections of this paper we develop a
framework for studying the impact of information sharing in an
Internet-based discrete-manufacturing environment. We begin

This paper deals with partner selection and scheduling prdiy describing in Section Il the two environments that we wish
lems that arise in environments that are typical in contract man-model. We also formulate linear programming models for an
ufacturing or private exchanges operated by a channel masigtegrated supply chain and a make-to-stock supply chain with
We develop a linear program where information sharing usitignited visibility. We briefly describe the ILOG tools used in

B. Scope and Literature Survey



368 IEEE/ASME TRANSACTIONS ON MECHATRONICS, VOL. 6, NO. 4, DECEMBER 2001

Competient
Supplier Sub-Assembly
Manufgcmrer
- , Contract Original
anpogent Manufacturer: ¥ Equipment’
Supplier Manufactorer

| Sub-Assembly |7
Manufactorer

Component.
Supplier

Fig. 1. Supply chain network.

solving the model. We then proceed to present and discuss @leenand information allows the OEM, contract manufacturer
results of some of our numerical experiments performed on thed their suppliers to adopt a built-to-order strategy and fulfill
models in Section Ill. And finally we conclude the paper with all customer orders at minimal operating cost. Furthermore,
summary of our contributions and suggestions for future wotke sharing of operational information between the partners
in Section IV. allows supplier selection and integrated scheduling for the
entire supply chain, with a resultant reduction in total landed
Il. PROBLEM FORMULATION cost of goods and reduced inventory. Hence, we assume that

We quantify the impact of collaborative integrated suppl e Internet is used as a platform for sharing information

chain planning in the context of the hi-tech industry, by com—nd mak_mg_ intelligent d_eCISIOHS for the_ °°°rd'”"’.‘“°_” a_nd
sr}/nchronlzatlon of the various manufacturing and distribution

paring the costs of operating a built-to-order supply chain | ctivities in the supply chain. Such a platform would ideally

an environment with ubiquitous information, against the co ?s . . . .
e implemented as a private marketplace wherein collaborative

of operating a traditional make-to-stock supply chain with r]gcheduling and planning and product development and design

information-sharing between partners. In reality both the SCgf)plications would be available to all the partners through a

narios of ubiquitous information and total Iac_k (_)f m_formatlor\]Neb_based interface or would integrate with their backend
are extreme. In our study here we make the distinction betw

: eﬁ%tems. The kind of information that would be shared in a
the two cases based on whether the supply chain partners sigie,\y chain for the sake of integrated scheduling includes the
schedule, capacity and pricing information in real-time WitQogts for production at each level, transportation costs between
other participants in the chain. In supply chains held together B pariners, the schedules of all manufacturing and logistics
private marketplaces this kind of visibility is common, wheretsﬁﬁrtners and their inventory levels.
in traditional supply chains partners can hardly gain access tqy o of the greatest success stories in this regard has been
such proprietary |nf0rmat|on in a real-time basis. the Internet based private marketplace developed by Dell Com-
In both the cases we consider a contract manufactureroffermers’ for the production of their customized built-to-order
its production facilities, where a range of product models C¥mputer equipment. Their strategy based on harnessing the
be assembled, to an OEM with a certain demand pattern. Thgyer of supply chain visibility through a private marketplace
demand as input into the model is deterministically known. IRys allowed them to become the market leader in their in-
make-to-order supply chains this is a realistic scenario. Hoygstry.
ever, in other supply chains the expected value of demand as calryg gther scenario we consider is a traditional supply chain
culated from forecasting models can also be considered. The ¥ere the OEM, contract manufacturer and their suppliers do
riety of subassemblies required by the contract manufacturer {§;i share with each other information on the activities, sched-
the assembly of these product models is supplied by a numbeyfs and flows. There is a sequential flow of orders from the
subassembly manufacturers. The subassembly manufacturetsgfiv to the contract manufacturer and then on to the suppliers.
turn are supplied a range of components by a number of differgfénsequentially, to counter this uncertainty all the participants
component suppliers. Inventory is held for the various produgt the supply chain tend to hold a certain amount of inventory
models, subassemblies and components both at the point of giPtheir finished goods at their output end and of the compo-
duction and the point of consumption. The participants in thfents that they need in their near future production. These inven-
supply chain are all connected through a logistics network. Thsty levels are dependent on the expected demand. Additionally,
required logistics network in global manufacturing networks igue to the bullwhip effect, the level of inventory holding in the
normally provided by a group of third-party logistics servicgupply chain at each additional level away from the customer in-
providers. A representation of the supply chain is presenteddreases. To model such an environment, we include additional
Fig. 1. constraints in our model for an integrated supply chain. These
We proceed by developing a model for integrated suppbpnstraints model limitations imposed on the minimum inven-
chain planning, for a manufacturing enterprise where imery holdings levels at each stage of the supply chain.
formation is freely shared between the partners through anFinally, we compare the performance of the supply chains in
Internet based platform. The instantaneous availability bbth scenarios for various demand patterns and try to quantify
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the impact of Internet manufacturing on traditional supply chain supplier/subassembly manufacturerto its cus-

configurations. tomerd in time ¢;

W unit inventory cost incurred for component/sub-

A. Notation assembly of type in the possession of component

For development of a mathematical model for Fig. 2, the fol- ,
lowing notations were used. ¢

supplier/subassembly manufactuber
units of component typerequired in the production
of one unit of subassembly

Identifiers: S M,,  units of subassembly typerequired in the produc-

r component-type identifier; tion of 1 unit of brand typé;

v component suppliers |d¢r_1t|f!er; Nab number of time-periods to be considered for the

¢ subassembly-type identifier; _ forecasting of inventory level requirements for com-

J subassembly mgnufacturers identifier; ponent/subassembly at component supplier/sub-

! brand identifier; _ assembly manufacturér

¢ time period identifier; D} demand of OEMM for product/ on the due-date.

R number of component types; Variables:

v number of component suppher.s; Qa:  quantity produced for component/subassembly of

1 number of subassembly types; type a by component supplier/subassembly manu-

J number of subassembly manufacturers; facturerb in time periodt;

L number of brands; I+  inventory of component/subassembly of typeith

T total time horizon of the model. component supplier/subassembly manufactuier

Superscript Identifiers: time periodt:

K contract manufacturer identifier; Sasa:  Quantity shipped of component/subassembly of type

M OEM identifier. a from component supplier/subassembly manufac-

Parameters: _ , _ turerb to its customet! in time period;

Capt maximum production capacity available for compo- S'.,. quantity received of component/subassembly of
nent/subassembly of type offered by component type a from component supplier/subassembly man-
suppliers/subassembly manufacturgis time pe- ufacturerb to its customer! in time periodt.
riod ¢; _ In summary, a listing of the various variables and parameters

Foy  unit cost price for component/subassembly of typ€ynsidered in the development of the model are presented in
a procured from component supplier/subassembiy ;o |
manufacturer supplidr,

T.qr  mMaximum transportation capacity for shipment o . .
component/subassembly of typdrom component é LP Model for Integrated Supply Chain Planning
supplier/subassembly manufacturéo its customer ~ We now develop a linear programming model for a supply-
d in time periodt; chain where information is freely shared between all the partici-

Lyg transportation lead-time for shipment from compopants, through some kind of Internet-based platform. The objec-
nent supplier/subassembly manufactérerits cus- tive of the model was to minimize the cost of procurement for
tomerd; the OEM, while satisfying the demand of the OEM, subject to

Uuqt  UNit transportation cost for shipment of comwvarious capacity constraints, production and logistics schedules

ponent/subassembly of type from component and flow balancing constraints.
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TABLE |
FEATURES OF THELINEAR PROGRAMMING MODEL FOR AN INTEGRATED SUPPLY CHAIN

Supply Chain Information Shared Decisions to be Made
1. Auvailable-to-Promise Manufacturing 1. Determination of multiple plant
Capacity for each Suppliers. schedules.
2. Fixed Airline Schedules. 2. Determination of multi-period
3. Complex product structure with multiple schedules.
components, sub-assemblies, brands. 3. Allocation of procurement quantities
4. Inventory costs at multiple levels. amongst multiple suppliers.
5. Transportation costs.
6. Production costs.

Objective Function: The procurement cost was calculated However, the quantity that can be transported in a single pe-
[see (1) at the bottom of the page], as the sum of the productioiod is constrained by the maximum capacity of the transporta-
transportation and inventory costs. The first term in the equatition infrastructure. Considering our scenario with fixed ship-
represents the transportation, and production costs for the cqaimg schedules, in time-periods when the service is available
ponent suppliers, subassembly manufacturers, and the conttlettransportation capacity is nonzero. However, for time-pe-
manufacturer, respectively, while the second term refers to theds where particular flights or shipments are not scheduled
in-bound and out-bound inventory costs at the component sdipe transportation capacity is zero. Hence the transportation of
pliers, subassembly manufacturers, contract manufacturer dmel component types from the component suppliers to the sub-
the OEM. The transportation cost considered in this modelassembly manufacturer’s site is bound by the constraint given
the average per unit cost of transportation. It needs to be pointesifollows:
outthatthis is an approximation. Nevertheless, third-party logis-
tics providers frequently quote transportation costs on a per units, ., ., < 7;.
transportation cost when not much investment in fixed assets is

required on their part. . Subassembly Manufacturer Constraintghe shipped com-
There are various capacity constraints on the component Sggnents reach the subassembly manufacturers after a certain

pliers and subassembly manufacturers and the logistics serdggount of time, which relates to the transportation lead-time
providers feeding the contract manufacturer that make the solu-

tion nontrivial.

Component Supplier Constraintsfhe component suppliers
cannot produce more than their maximum production capacity.
Hence,

e, forall reRwveV,jelJ&tel. (4)

S it = S
rujt — Prvj(t—L,;),
forall re RveV,je Jicl&teT. (5

Once the components reach the subassembly manufacturers
Qrt < Crye forall re RveV&teT. (2)  from the component suppliers it adds to the subassembly manu-

The components produced are held at the component Stﬁgurer's inventory, which is then cons_umed by the production
pliers end until they are shipped off to the subassembly maocess. However before the production process can start and
ufacturers. The production of new components adds to the [R€ component type can be consumed, the subassembly manu-
ventory held by the component supplier at the end of each tmﬁ@(,:turer will _need to ch.eck adequate availability of fill compo-
while the products sold and shipped to the subassembly maRgDts that will be used in the assembly-part production process.

facturers in each time period reduces the component suppli&fiS imposes the following constraint on the component avail-
ability and the assembly-part production:

inventory
J I
I’,ml;(t—l) + Q'Imut = Z S’,ml;jt + I'p'lit? I’I’j(t—l) Z Z Ri’l’Qijt7 forall 7r c R,'L c I,j c J’ teT.
J=1 i=1
forall reRwveV,jeJ&teT. (3) (6)

S S S (S Sl 4 P )|
MinCOST= | + Ef=1 E}]=1 (23;1 SzI;tUz?t + ET Sfft)
Pk, (ST SEMTE 4 BT S)
(e e Weolyor + 30 S Wil
+ D | A S WL+ S WL @
I DR 108 ST S Ll
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However: once the production process begins the inventoryThe manufactured units of the brands are stored at the con-
drops. The inventory status for component types with the suibact manufacturer awaiting delivery to the OEM. The inventory
assembly manufacturer can be determined as level of the brands obeys the following flow constraint:

)+ Qf = SEM 4 1, forall leL&teT. (15)

vV I
Lo S = RO I.: ) ) _
rit=1 F ; ot ; irCije L The transportation capacity constraint for the movement of

forall re RveV,jedicl&teT. (7) the brands from the contract manufacturer to the OEM site will
be governed by the below transportation capacity constraint

The capacity constraints a_md the inventory constraints that SKM < KM forall e L&teT. (16)
apply to the component suppliers apply to the subassembly man-
ufacturers as well. OEM Constraints: The brands reach the OEM after a certain

The maximum production of subassemblies is constrained tosgnsportation lead-time

the production capacity of the subassembly manufacturers KM KM

S =51y, forall leL&tel. (17)

Qijt < Cije, forall el jeJ&teT. (8) The brands will be stored at the OEM location to be used in

. . heir processes
The inventory of subassemblies at the subassembly manuftac- P

turer’s end increases at the end of each period by the quantity I%_l) + S’ffM =1}, forall leL&tcT. (18)
produced and decreases by the amount of subassembly shipped . ,
out to the contract manufacturer, in that time period Finally, the entire process of procuring the product types, as-

sembling and delivering the finished brands to the OEM needs to
Lijie—1) + Qije = SE, + Ly, forall icl jeJ&teT. be completed by the date specified by the OEM and the number
! ) 9) of units of the various brands required by the OEM should be
The quantity of assembly parts that can be shipped is cd#@ilable to her on the specified date
strained by the capacity of the transportation infrastructure IM =DM foral leL&teT. (19)

shko<l, foral icl jeJ&te. (10) The model can be easily adapted to consider more than one
customer, with their own respective demands for each brand.
Contract Manufacturer ConstraintsThe shipped assembly- Constraints (15) and (16) will apply to all of them. Such a model
parts reach the contract manufacturer after a certain amounfrpfresented in [22]. However, for easy of analysis in the current

time context only a single OEM has been considered.
i X ) ) Transportation lead times are considered in our model. The
Sijt =Siju—r,x) foral reRwveV,jediiel&t €T, gypply chain configuration we assume is such that the material

) ) (1) s collected by the transportation system from the output buffer
The shipped assembly-parts will be stored at the contragtyne stage and delivered to the input buffer of the subsequent

manufacturer.. The.contract man_ufacturer will produce avariggyage after a designated period equivalent to the transportation
of brands, which will use up the inventory of the subassembligs, 4time.

in the process. However, only in the case of sufficient avail-

ability of all the needed subassemblies will production of the. LP Model for Supply Chains With No Information Sharing

brands take place In order to model a linear make-to-order supply chain with

L limited visibility additional constraints were included to model
7K > MuQE, forall ieIlec L&tecT. (12) the decisions made in maintaining a minimum inventory level
i(t—1) = E L ) ) o

=1 at each stage of the supply chain. Each of the individual orga-

) _ nizations within the supply chain based on their service level
As regards the inventory levels of subassemblies at the cQRmmjtment, decide how much this minimum inventory should

tract manufacturer incoming stocks will add to the inventory angh, |, the simplest scenario, minimum inventory levels are cal-
subassembly stocks will be used up in the production of the V@yyjated from historical demand and set equal to the demand they

ious brand types. The inventory status for subassemblies at mgy have fulfilled in the previous periods, where is to be de-
contract manufacturer can be determined as given in (13)  tarmined from the service level.

J L Component Suppliers Inventory ConstrainfBhe compo-
Ifé;_1) +Zslf§t :ZMH KK nent supp!iers_ maintain an inventory of components at the
- = =1 facility, which is greater than or equal to the total number of
forall iel,jeJilel&teT. (13) components supplied by them to all their customers in the

previousn,., periods

The supply hub cannot produce the different brand types, in trry J
a quantity more than its maximum production capacity. Hencey,.,, > Z ZSMW forall reR,weV,jec&teT.
g=t j=1

K<of, foral leL&teT. (14) (20)
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Subassembly Manufacturer Inventory Constraint$ie sub- 2 different subassemblies to a single contract manufacturer
assembly manufacturers will for their in-coming componentirte be used in the production of a single brand for a single
ventory levels have a strategy whereby they will keep enou@EM. The time line for the model was taken as 20 periods.
inventory of components to satisfy a demand equivalent to th@&ihe number of variables encountered in the solution of the

sales in the previous,; time periods model for integrated scheduling was 3234 and the constraints
. numbered 3670. For the model of a make-to-stock supply chain
with limited visibility the number of variables were 3234 and
Z Z Z Rw SU kq> .
there were 4066 constraints.

g=t—mn,; k=1 i=1
forall reRwveV,jeldiel ke K&teT. (21)
[ll. COMPUTATIONAL RESULTS
The subassembly manufacturer will also maintain a certainI der t the implicati f Int i f
minimum level of inventory for subassemblies that it has manuy- n orther ohcoTparet N |rrr11p Ications o In erhne manutac-
factured. This level will be determined by the sales that the sJﬁ'rmg rough information sharing in supply chain manage-
assembly manufacturer has made in the pastime periods ment, both the models developed in earlier sections were solved
for a variety of demand patterns. The solutions to the LP models

t K provide the production and inventory levels at each facility in
Ljtz > Y Sijkg, forall i€l jeJkeK&teT. thesupplychainand the quantity of goods transported between
g=t—ni; k=1 22) the facilities in each period. The costs incurred in both the sce-

narios, supply chain operation with and without visibility, were

Contract Manufacturer Inventory ConstraintSimilarly the compared to quantify the impact of information sharing. The
contract manufacturer will also maintain a certain minimur@xperiments were performed on a supply chain network with 3
level of inventory for subassemblies and finished brands bage@mponent suppliers, 2 subassembly manufacturers, 1 contract
on its sales in the previous time-periods. The inventory level d@anufacturer and 1 OEM. Parts of the network are described in
cision for subassemblies at the contract manufacturer is giventbg Appendix.
the following equation:

A. Numerical Experiment 1: Load Analysis

X > Z Z MuSEM, forall i€l lelL&teT The supply chain network was exposed to a series of demand
g=t—nk I=1 patterns (step inputs of varying magnitude, from time periods
(23) 7-19) and the cost of operating the supply chain was observed
and, the inventory level for finished brand goods in the contraitr each case. The reason it was decided to input a step input
manufactures inventory will be governed by the following corat time period 7 was because the latency of the system, due to
straint: transportation lead-times was found to be of the order of 6 time
periods. Step inputs of magnitudes 50, 60, 70, 80, 90, and 100
K > Z 5" M forall leL&teT. (24) units of demand were considered.
The costs for meeting these demand patterns are presented in
Table Il and the graph for these observations follows in Fig. 3.
Hence, the above constraints requiring the maintenance oft may be noticed from the above results that in terms of
inventory based upon previous history can be used to moggkt there is not much difference when the demand is very low.
supply chain invisibility with regards to the demand patterns gfowever, when the demand increases the cost of operating the
the customer end and to model a supply chain with a make-t@mpply chain without information sharing increases exponen-
stock strategy. tially whereas the cost of operating a supply chain with inte-
. grated scheduling and visibility increases only linearly. This
D. Model Solution may be explained as follows. In case of a make-to-stock supply
The above linear models were developed and optimized in ttigain where there is limited supply chain visibility, when the
commercial optimization program, OPL Studio available frorfoads are low the inventory that the supply chain participants
ILOG. ILOG provides a very comprehensive library of optineed to hold is also low due to the fact that their sales are not
mization algorithms implemented in C++. These algorithms cao high. However, when the demand increases the flow through
be used for the solution of a varied number of large-scale linetite network increases and as a result the participants need to
integer or constraint programming models. ILOG also incorp&eep a much higher level of inventory to maintain their ser-
rates a set of modeling concepts, such as activities and resourees levels. This results in the exponential increase in costs. On
which are very useful in the solution of scheduling and alloc#lhe other hand, when we consider integrated supply chain plan-
tion problems. ILOG studio utilizes the Optimization Progranming, the products are built-to-order and there is no need to hold
ming Language (OPL) for modeling of problems. User-defineghy inventory. As a result the costs only increase linearly, cor-
search strategies for each model can be specified in order toresponding to the cost of material and production costs for the
duce the computational power required for the solution. goods. Hence, in case of low loads the impact of information
The previous LP models were solved for a scenario wigharing may not be significant, but for higher demands it defi-
3 component suppliers supplying 3 different components titely is advantageous to share data between supply chain part-
2 subassembly manufacturers. These subassemblers supphg and adopt integrated scheduling methods.

g=t— nl
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TABLE I
COMPARISON OFSUPPLY CHAIN COSTSWITH AND WITHOUT INFORMATION SHARING

Load Cost with Integrated Cost in case of no Difference (%)
(Demand per Scheduling Information Sharing (Integrated Scheduling —
Time-period) No Info Sharing)/

No Info Sharing
50 704,528 774,538 -9.03894
60 718,868 801,068 -10.2613
70 733,538 852,357 -13.9401
80 752,728 946,434 -20.4669
90 772,618 1,107,565 -30.2417
100 799,176 1,311,201 -39.0501

Comparison of Supply Chain Costs with and without
information sharing
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Fig. 3. Costs with and without information sharing.
TABLE Il
MAXIMUM LOAD FOR THE SUPPLY CHAIN WITH AND WITHOUT INFORMATION SHARING
Integrated No Information Difference
Scheduling Sharing (Integrated Scheduling — No
Info Sharing)/
No Info Sharing
Maximum Load per 228 units 102 units 126 units
Time Period
Total Cost $ 1,541,736 $ 1,383,711 11.42038 %
Total Revenue* $ 2,904,264 $ 605,289 379.8144 %
Assuming per unit of final product sold is worth $1,500
B. Numerical Experiment 2: Maximum Load Analysis worth $1500 per unit the maximum revenue that the supply

chain with limited visibility could generate was $ 605 289,

The supply chain was tested to determine the maximum loag compared to $ 2904264 that could be generated by a
handling capability of the network. Through some trial angupply-chain adopting integrated scheduling through informa-
error, the maximum step input demand level for a supply chdien sharing. Hence, as a result by moving from make-to-stock
with integrated scheduling and for a supply chain with limitetp built-to-order through information sharing the supply chain
visibility was determined. The step-input demand was fed fronetwork can realize a profit increase of 380% at an additional
time-periods 7—19. It was found that the maximum load th&pst of 12%. These results are summarized in Table III.
the supply chain with limited visibility could handle was of the It may also be noticed from the data for the supply chain given
order of 102 units per time period from time periods 7-19 & the Appendix that the bottleneck in the supply chain exists at
a cost of $ 1383 711. Similarly, the maximum demand that dhe level of the subassembly manufacturers who have a capacity
Internet-based supply chain with integrated scheduling coufiroughly around 90 units per time period. The capacity of the
handle was 228 units per time period from time periods 7-19sipply chain with limited visibility is very close to this bottle-
a cost of $ 1541 736. If we consider that the final goods wereeck capacity, whereas the capacity of the supply chain with in-
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Pr Capacity for Comp 1

Capacity (Unit
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Fig. 4. Production capacity for components 1 and 2 at the production facilities of component suppliers, CS1, CS2, and CS3.

formation sharing and integrated scheduling is roughly aroudémand. Another reason for the limited capacity of the supply
2% times the bottleneck capacity. chain when information is not shared is the fact that the produc-
This phenomenal capacity of the supply chain with supptjon of the supply chain is geared toward maintaining inventory
chain visibility, is due to the fact that all the resources withitevels at each stage, as against meeting customer orders. Hence,
the supply chain are used at an optimal rate. In case of heavlot of production capacity is wasted within the supply chain
loads, since schedules for all partners are know it is possiliigelf. In summary, it must be said that information sharing can
to identify partners with spare capacity and to transfer the prehenomenally increase the capacity of the supply chain.
duction to their facility. Such a decision to efficiently use re- )
sources can also be made when the future demand is knofvn.Other Observations
In fact, some of the production can be scheduled in advanceOne ofthe observations from noticing the results of the models
to meet future demand. Also, the entire production capacity whs the fact that in case of integrated scheduling, the inventory
the supply chain is geared toward meeting customer orders ihedd within the supply chain at any given time was minimal. This
built-to-order fashion. On the other hand when supply chain visxay hint at the need for very limited warehousing requirements.
ibility is lacking, it is not possible to identify locations for pro- On the other hand, the inventory held in the make-to-stock
duction where there is excess capacity. As a result even thowgipply chain was significant. The model for a supply chain with
demand may exist, it may not be fulfilled due to the fact that exo information sharing was also solved for a demand pattern,
cess capacity could not be identified and hence production cowltlich was variable with respect to time. From a study of the in-
not be undertaken. Also, such a supply chain will lack the abilityentory holding levels at the various stages of the supply chain,
to use current excess capacity for the purpose of meeting futitiwas noticed that the variability of demand showed itself on the
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Production Costs for Components

Production Cost

G1 c2 (33
Component

Tranportation Costs for Components

Costs Per Unit Component ($)
3

CS28A1 CS28A2 CS3sA1 CS8sA2
Transportation Links

CS18A1 CS15A2

Fig. 5. Production costs for components at the facilities of component suppliers, CS1, CS2 and CS3 and the transportation costs for transponfaditents
to subassembly manufacturers SA1, SA2, SA3.

fluctuations in the inventory holdings at each stage. These fluctu-There are several directions in which our model can be im-

ations were smaller closer to the customer and increased at stggesed. Firstly, by making more realistic assumptions on trans-
away from the customer. This is the classic bullwhip effect. portation and inventory costs we can model the above manufac-

turing system as a mixed integer program with a nonlinear ob-

IV. CONCLUSIONS jective function. The solution of this model would be of interest.
iHence, in this regard, the LP model presented here is only an ap-
'-E)ximation. Secondly, there is scope to add a forecasting model
t

icallv. we show that information sharina h tremend | o the supply chain optimization model. Finally, we would like
cally, we show that Information sharing has a remendous Iigs -, 4.t discrete event simulation studies on the above model
pact on profitability in comparison with a traditional make-to-

tock linear v chain model where no information is sh rto study the lead-time and inventory behavior with and without
stock linear supply chain model where no information is sharg ormation sharing.

between the partners. Our contribution is significant in at least
the following two ways.

1) We provide a theoretical basis for an Internet-based con-
tract manufacturer’s operations. Figs. 4 and 5 represent data for a supply chain network in
2) We analyze the effect of information sharing on the contract manufacturing environment with 3 component sup-
in-bound supply chain as opposed to previous attempibers, 2 subassembly manufacturers, 1 contract manufacturer,
on distributor-retailer systems. and 1 OEM. The data presented is for components and the fa-

In this paper, we have developed an LP-based optimizat
model for Internet-based supply chain operations. More spe

APPENDIX
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cilities of component suppliers (see Figs. 4 and 5). Similar opf16] S. Levi, P. Kaminsky, and E. Simchi-Le®esigning and Managing the
erational data on the subassembly manufacturers and contract Supply Chain New York: McGraw-Hill, 1999.

manufacturer and OEM is also assumed to be available. Hope-

él?] N. Viswanadham, G. Roshan, and V. Subramaniam, “Optimal configura-
tion and partner selection in dynamic manufacturing network$tac.

fully this representative data will give the reader a better feel for  IEEE Int. Conf. Robotics and Automatideoul, Korea, May 2001, pp.

the problem considered in this paper. 854-859.
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