Information sharing in a supply chain i

Information sharing in a supply chain

Hau L. Lee

Department of {ndustrial Engineering and Enginecering Management, and Graduate School of
Business, Stanford University, Stanford, CA 94305, USA

Seungjin Whang
Graduate School of Business, Stanford University, Stanford, CA 94305, USA

Abstraet: Advances in information system technology have had a huge impact on the evolution of supply chain
management. As a result of such technological advances, supply chain partners can now work in tight
coordination to optimize the chain-wide performance, and the realized return may be shared among the pattners.
A basic enabler for tight coordination is information sharing, which has been greatly facilitated by the advances
in information technology. This paper describes the fypes of information shared: inventory, sales, demand
forecast, order status, and production schedule. We discuss how and why this information is shared using
industry exampies and relating them to academic research, We also discuss three alternative system models of
information sharing — the information transfer model, the third party model and the information hub model.

Keywords: buliwhip effect; incentives; information hub; information sharing; supply chain management.

Reference o this paper should be made as follows: Lee, FLL. and Whang, 8. (2000) ‘Information sharing in a
supply chain’, Int. J. Manufacturing Technology and Management, Vol. |, No. 1, pp. 79-93,

Biographical notes: Hau L. Lee is the Kleiner Perkins, Mayfield, Sequoia Capital Professor and Deputy
Chairman of the Department of Industrial Engincering and Engincering Management, and Professor of
Operations Management at the Graduvate School of Business at Stanford University, His areas of specialization
include supply chain management, gbbal logistics system design, inventory planning, quality control and
assurance, and manufacturing strategy. He is the founding and current Director of the Stanford Global Supply
Chain Management Forum, an industry -academic consortium to advance the theory and practice of global supply
chain management,

Seungjin ‘Jin® Whang was Associate Professor of Operations, Information and Technology and Finmeccanica
Faculty Scholar for 1996-1998 at the Graduate School of Business, Stanford University. He obtained his MSc in
Statistics and MSc and PhD in Business Administration at the University of Rochester. His research interests
include supply chain management, pricing network service and economics of information systems. He serves as
Associate Director of Stanford Global Supply Chain Forum and as an associate editor for Management Science.




Information sharing in a supply chain 2
1 Introduction

In supply chain management, the focal point for the partners is that the unif of analysis is changed from a business unit
(like a plant or a warchouse) to a supply chain (including parts suppliers, manufacturers, distributors, logistics service
providers, wholesalers and retailers). The integration and optimization of three flows in the supply chain — material,
information and financial — form the core concern of supply chain management. It suggests extensive coordination
among multiple functions and independent companies engaged in the delivery of a product or a service te end
conswmers. Traditional transaction-based intra-organizational refationships give way to partnerships in which
information, processes, decisions and resources are shared among partner companies.

There are several major underlying trends that have formed the key drivers for supply chain manapement. The first
is the globalization of businesses. Modern businesses attempt to deploy global resources to maximize the potential
opportunities in the global community. This, however, entails the challenges of dealing with long delivery lead times,
high buffer stock, complex logistics and high cost of coordination, as companies try to coordinate the three flows across
the giobe. Another driver is that of innovations in the retail landscape. General merchandise store chains like Wal-Mart,
wholesale clubs like Price Club, category specialist chains like Toys-R-Us, mail order companies like Lands” End and
virtual electronic stores like Amazon have revolutionized the retail side of supply chains. Innovations like vendor-
managed inventory (VMI), everyday low pricing, activity-based costing and cross-docking have triggered industry-wide
efforts in supply chain management like efficient consumer response (ECR) [1] or efficient foodservice response (EFR)
[21.

On the supply side, a key driver of supply chain management is the availability of cost-effective information
technologies (I'T). In fact, although it is recognized that a supply chain that makes decisions based on global information
would ciearly dominate one with disjoint decisions by separate and independent entities in the supply chain, a well
coordinated supply chain has not been easy to achieve. Significant investments are required to allow information to be
shared across entities so that the activities and decisions throughout the supply chain can be coordinated. Recent
advances in cost-effective IT have, however, made the cost-benefit trade-off favourable toward well coordinated supply
chain management. Specific examples of such technologies include client-server architecture, TCP/IP, relational DBMS
{data base management systems), ERP (enterprise resource planning), EDI (electronic data interchange), object-oriented
programming environments, wireless communications and the Internet. Thanks to these technologies, companies can
now replace costly logistics flows and inventories by information. How to deploy these technologies and coordinate
supply -chain wide activities constitutes the latest advances in supply chain management.

The objective of the present paper is to study information sharing in the specific context of global supply chain
management. While there exist several works on information sharing in the general context {e.g. Barrett and Konsynski
{3]), no work specifically addresses information sharing in the supply chain, The present paper reports on some
common types of information sharing in a supply chain. it is only a small step toward answering the more challenging
and frequently asked questions such as ‘What is the minimum set of information to share with my supply chain partners
without risking any potential exploitation?’
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The paper is organized as follows; Section 2 describes the types of information shared and the associated benefits,
Scction 3 discusses alternative system models to facilitate information sharing; and Section 4 addresses the challenges
of information sharing.

2 Types of shared information
2.1 Inventory level

One of the most common data shared between supply chain partners is inventory tevel. As Milgrom and Roberts [4]
indicate, inventory and communication are economic substitutes. Access to supply chain inventory status can contribute
to lowering the total inventory level in the supply chain. To see this, consider two companies in a supply chain in which
a retail chain purchases products from a manufacturer, If the retailer and the manufacturer independently manage their
respeclive inventories without sharing inventory status information, they may end up having duplicate safety
inventories, or stock-outs at both locations.

A solution to this inefficiency is to coordinate the management of inventories at the two sites. Indeed, it was shown
by Clark and Scarf [5] that ‘echelon-based’ inventory control is optimal under certain assumptions. The echelon
inventory is the combined inventory at the site and at its downstream partner. Tang [6] also showed that a variation of
the order-up-to policy based on the echelon inventory level would achieve near-optimal cost performance in more
realistic conditions. Such a policy is in the same spirit of synchronous manufacturing system. *[The] production rule
will adjust the production rate at a stage according to the inventory levels at the downstream stages. Specifically, the
production rate at a stage will decrease (increase) when the inventory levels at those downstream stages are higher
(lower) than their target levels,” [6] To implement echelon-based inventory control, the upstream company should keep
track of the inventory level at the downstream end of the supply chain and start production only when the echelon
inventory position is low enough. This way, the upstream company can better determine when and what to produce, and
downstream companies can improve the service level with less inventory.

In practice, sharing of inventory information is implemented in different forms. Continuous replenishment
programmes (CRP) or vendor-managed inventory (VMI) are practices often employed by two neighbouring partners in
a supply chain (e.g. Procter & Gamble and Wal-Mart). In a typical CRP relationship, the buyer shares their inventory
data with the vendor and asks the vendor to manage their inventory within a guideline.

Example 1: Apple-Fritz’s supplier hub [7]

In the past, supplicr lead times to Apple Computer’s Sacramento, California, and Fountain, Cojorado plants were
both long and unreliable, due to the fact that most of the suppliers are located in Asia with supplier shipments
subjected to possible delays in transportation and customs clearing, The supply chain between an Asian supplier
and Apple involves at least five steps — ocean freight processing, customs clearance, long-haul transportation,
warehousing, and local transportation, In the mid-1990s, Apple established a ‘supplier hub’ at each plant and
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outsourced the management of inbound logistics to Fritz Companies, a third-party logistics service provider. The
supplier hub is located close to the Apple plantand serves as a shared warehouse for these suppliers. Each supplier
is expected to carry a prescribed days-worth supply of the parts at the hub, and maintains title to the inventory.
Appile shares multiple weeks of demand forecasts with these suppliers. Fritz manages the entire inbound logistics
for Apple by assuming the responsibility of 1) consolidating freight between Asia and the supplier hub, 2) clearing
customs, 3) managing the hub, and 4) managing the local transportation to Apple. The supplier hub maintains a

very elaborate information system called FLEX. It provides the visibility of pipeline inventory in different stages of
the entire supply chain: requested by purchase orders from Apple, reserved but not shipped at the supplier, shipped
from the supplier with customs entry not yet filed, in customs clearing, picked up at port of entry and en route to the
plant, in stock at the hub, and pulled for delivery to Apple’s plant. Using FLEX, Apple and its partners can keep
track of inventories of hub materials in the supply chain. Fritz ensures accurate data entry in every step of the
pipeline.

Recently, even the possibility of sharing inventory information among competitors is under discussion. For example,
lapan’s semiconductor makers proposed a system under which chip makers from Japan, Korea, the United States and
Europe jointly survey their inventory levels [8]. The benefit of this horizontal information sharing is to mitigate the
chronic problems associated with volatile business cycle. DRAM businesses, being the farthest upstream in the
computer supply chain, experience an extreme form of volatility. It is caused by muitiple factors including business
cycle, double forecasting, shortage gaming and third-party speculation [9,10]. As a result, indusiry sales data and market
prices are so noisy that estimating the real market demand becomes a major challenge. Information sharing among key
manufacturers, if properly implemented, can at least mitigate this information distortion, and cach manufacturer can
better estimate the market demand and make better production, capacity and inventory planning decisions.

While access to the industry -wide inventory status may be beneficial to the individual manufacturers, there is a
concern whether manufacturers will sincerely share their true inventory information [11-14]. This is because each party
has an incentive to overstate its inventory level to discourage others from producing more chips or building additional
capacity. If every manufacturer acts selfishly and anticipates the same behaviour of others, information sharing will not
be sustained as an equilibrium. It will be interesting to see whether the proposed horizontal information sharing will
actually take place in spite of the incentive problem.

2.2 Sales data

In the traditional supplier-buyer relationship, companies communicate demand information exclusively in the form of
orders. Indeed, orders from downstream serve as a critical source of information about future businesses. But if the
supplier depends solely on orders for future production planning, a problem atises. Since orders are *processed’ result of
various information and conjectures by the buyer, orders data often distort the true dynamics of the markeiplace — a
phenomenon called ‘the bullwhip effect’ [9,10}. Thus, the information transferred in the form of orders tends to be
distorted and can misguide upstream pariners in their inventory and production decisions. In particular, the variance of
orders is often larger than that of safes, and the distoition tends to increase as one moves upstream (see Figure 1). The
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distortion injects additional uncertainties into order fulfilment processes and makes demand forecasting even more
difficult. k¢ uktimately hurts the efficiency of the supply chain in the form of excess raw material inventory, unplanned
purchases of supplies, additional manufacturing expenses created by excess capacity, inefficient utilization and
overtimes, excess warehousing expenses, premium shipping costs, and poor customer service level,

Figure T The bullwhip effect. Source: Lee, Padmanabhan and Whang [9]
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Lee er al. [9,10] identify four sources of the bullwhip effect: 1) demand signal processing, 2} rationing game, 3) order
batching, and 4) price fluctuations, Consider a retailer who tries to read market trends by applying some forecasting
technique {e.g. exponential smoothing) to the order data. In so doing, a larger than average sale in a single period could
lead to the retailer adjusting his forecasts upward, so that an even larger order would be placed upstream to his. When
this practice is repeated at upstream companies using the ‘distorted’ orders from downstream, the larger than average
sale could be greatly amplified, To avoid double or riple forecasting, actual sales data (along with inventory
information) need to be shared. Procter & Gamble routinely receives sell-through data from its major customers’
distribution centres and point-of-sales (POS) data from some retail stores, IBM and Hewlett-Packard ask for seli-
through data as part of their agreement with computer resellers. Using sell-through and/or POS data, manufacturers can
better forecast the demand and develop a better production plan that lowers the overage and underage costs. Lee ef al.
[15] quantified the value of such information sharing,

Order batching results when a retailer orders in large batches, and therefore infrequently. The upstream supplier
consequently receives demand information only infrequently, at the times when the retailer orders. This does not help
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the supplier in providing good customer service. Sales information sharing by the retailer enables the supplier to be
better prepared for volatile market demand. The value of such sharing was quantified by Cachon and Fisher [16] and
Gavirneri ef al.[17].

Promotions by the manufacturer to retailers can lead to erratic order patterns, but also distort the true demand data to
the manufacturer. Again, sales information sharing helps to present a better picture,

Order rationing in times of shortages often leads retailers to inflate their orders in order that they might gain a better
share of the items in short supply. Manufacturers not realizing such gaming behaviours may be misled into believing a
much higher demand than otherwise. By having sales data, manufacturers would be in a much better position to
differentiate real demands and the so-called ‘phantom’ demands.

Example 2: Seven-Eleven, Japan [18]

Seven-Eleven, Japan (SEJ) is the largest convenience store chain in Japan. They not only outsell McDonald’s in
Japan’s fast food market, but also rank number two in paperback and magazine sales and number one in battery and
ladies’ stockings sales. Their inventory furns is 55 per year, in contrast with Wal-Mart’s 6.7. The secret of their
success is the extensive use of POS transactions data. The headquarters receives POS data from stores, along with
the gender and estimated age of the customer (entered on a separate keypad). This way SEJ can analyse the sales
trend by item, by hour, and by customer’s age and gender. This information is used to determine the store’s
stocking levels, as well as shelf space configuration, merchandising, and new product development. The POS data
are also transmitted to wholesalers and manufacturers for better production scheduie and new product development.
By sharing the retail POS data with SEI’s headquarters, wholesalers and manufacturers, SEJ maintains the largest
per-square-fool sales in the industry.

2.3 Order status for tracking/tracing

A typical supply chain involves multiple functions and independent companies in the delivery of goods and services to
the end consumer. As a result, it is difficult for a customer to find out the status of an order, since the customer does not
always know who else besides the retailer is involved or where in the supply chain the order is being processed.
Recently, supply chain members started sharing their order status information, so that a high rate of first-call problem
resolution could be achieved. For example, partners in the supply chain may hot-link their Web sites or allow access to
each other’s order databases. By calling the retailer or visiting its Web site, the customer can find the order status no
matter where and in which supply chain partner’s possession the order is, This one-stop inquiry is a contrast to the
traditional process in which a customer is referred several times to other chain partners ot is cailed back hours or days
later,
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Example 3: MicroAge-UPS tracking [19]

As a personal computer (PC) distributor, MicroAge carries 35-50 days of PC inventory bought from manufacturess
like IBM in unconfigured forms, Upon receiving an order from a reseller, MicroAge configures the final product by
loading other hardware and software. This configure-to-order process by Micro-Age is in the spirit of the
‘postponement strategy’ or *last point differentiation’ [20-22], The configured PCs are then packaged and drop-
shipped by UPS, as the logistics provider, directly to end customers, thereby bypassing resellers. While the
customer order passes through multiple parties, the order status is maintained at a single point by UPS. Hence, UPS
manages the shipment status function including claims processing, order tracking, tracing and research through a
system called UPS Host Access, Host Access receives data into a mainframe environment multiple times a day, and
runs hand in hand with INT - MicroAge's Windows-based invoice/order entry appiication operating on a
mainframe. INI produces a seven-day running delivery report for all UPS shipments. All members of the post-
shipment service centre have direct access to Host Access. When the customer calls a reseller {or order status, the
reseller can access Host Access on the Internet and check the status. Alternatively, the customer can directly access
the Web site. Host Access can also be used to generate proactive phone calls {o the receiving party if delivery is
delayed for some reason. Finally, on-line claims can be submitted through Host Access.

The key benefit of this type of information sharing is the improvement of the quality of customer service, reduction in
payment cycle, and savings in labour cost of manual operations. The quality of service improves as problems are
resolved in a single cail in a matter of minutes rather than hours and days. Since delivery problems delay the payment of
product sales or service fees, fast resolution also shortens the payment cycle time. Furthermore, automated answering
service is more productive compared with manual answering service, so it also saves labour costs.

2.4 Sales forecast

As mentioned ecarlier, members of a supply chain can eliminate the bullwhip effect and its related inefficiencies by
avoiding independent multiple forecasts. Indeed, VM!I delegates a site’s replenishment decisions to upstream suppliers,
but the degree of delegation is minimal. In a typical VMI arrangement, the vendor is asked to ship a predetermined
quantity of order when the buyer’s inventory level falls below a certain level. In some cases, the vendor has the liberty
of shipping any quantity, but must keep the downstream site’s stock from exceeding some predetermined maximum
level. Such constraints often exist because the retailers are concerned that an unconirolled vendor may have the
incentive to ship too many units {o the retailer. However, such constraints do not leave much leeway for the vendor’s
judgement on future market demand. This is sometimes unfortunate, since the vendor may have plenty of expertise and
market information to judge the future market movement better than the retailer. For example, Warner-Lambert, a
pharmaceutical manufacturer, possesses in depth knowledge on how weather conditions could impact the sales of their
pharmaceutical products, To exploit the vendors® superior forecasting capabilities, retailers including Wal-Mart formed
an initiative cailed collaborative forecasting and replenishment (CFAR), which calls for the retailers and the
manufacturers to exchange knowledge and jointly develop forecasts and replenishment plans.



Information sharing in a supply chain 8

The common form of forecast sharing involves a downstream site sharing the information with the supplier, as it is
closer to the market and is thus better positioned to forecast future market demand, Companies like SUN, Hewlett-
Packard and Texas Instruments share their forecasts with suppliers as part of their quantity-flexible (QF} contracts [23].
Forecasts serve as advanced notification for fulure orders to the suppliers, who use such information to develop their
production plans. However, as the buyer can influence the suppliet’s inventory decision by manipulating the forecasts, a
potentiat incentive problem hurks behind the QF contract. That is, the buyer has an incentive to induce the supplier to
carty a high inventory (at their expense) by overstating the demand. In expectation of this strategic behaviour, the
suppiier may not take the forecasts seriously. Thus, information sharing will not take place as an equilibrium. To
overcome this problem, the QF contract is structured so that the buyer is allowed to make limited changes to the forecast
quantities for future periods, and hence the term ‘quantity flexibie’.

2.5 Production/delivery schedule

A manufacturer could make use of its suppiier’s production or delivery schedule to improve its own production
schedule. For example, US auto companies have access to the production schedule for their orders at steel suppliers. A
Taiwanese semiconductor manufacturer allows its global customers access to its production schedule. UPS receives
delivery requirements information downloaded from MicroAge every two hours. SEJ’s trucking companies receive
delivery requirements several times a day as an advance notice for efficient scheduling oftheir fleet. Thus, information
about input/job availability helps buyers to expand the planning hotizon of their own production schedutes. They can
also quote more accurate due dates to their customers.

Similatly, production schedules at a manufacturing site can be useful inputs to the supplicr in ensuring reliable
resupply, Motorela, for example, has used a program called *Scheduling Sharing’, whereby computer and peripherals
manufacturers that are the customers of Motorola’s chip division would share their production schedules with Motorola.
This enables Motorola to develop its own production plan, as well as to use the most cost-effective means to replenish
the customers’ stockpiles so that their production schedule would rot be disrupted by not having adequate chips.

2.6 Other information sharing

Other examples of information often shared in a supply chain include performance metrics and capacity. Performance
metrics include product quality data, lead times, queuing delays at workstations and service performance, By sharing
this type of information, the supply chain can identify the bottlenecks of the chain and improve the overall performance.
Chrysler, for example, shares the quality and on-time delivery performance data of all its suppliers across the supply
chain, Each supplier can log on o the system to check its performance and its relative standing among the suppliers in
the same category. In the same spirit, supply chain partners can jointly develop a performance metric that measures the
performance of the entire supply chain. For example, they can measure the sojourn time of an order in the supply chain
tracking how much time each order spends at each workstation and stocking point. This metric will provide valuable
information to improve the delivery time performance of the overall chain.
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Capacity information can contribule to mitigating potential shortage gaming behaviour, thereby countering a
potential source of the bullwhip effect. By sharing planned capacity information with the downstream partners well in
advance, supply chain partners can coordinate and prepare against possible shortages. Semiconductor foundries, for
example, routinely share their capacity status with the buyers to weather through peaks and valleys of volatile demand.

The extent of information sharing in a supply chain is expanding, A recent study on the PC industry is a case in
point [24]. The study identified some advanced form of information sharing whereby a PC manufacturer shares with its
supplier its own demand forecasts, as well as the demand forecasts from its customers. Figure 2 shows how PC supply
chain partners are sharing information with their partners,

Figure2 Survey results on information sharing in the PC supply chain

* indicates information shared electronically

3 Models of information sharing

The system model of information sharing is fast evolving over time as the Internet emerges as a new cost-effective
platform. By the system model we mean the mode of business and its supporting system architecture in which
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information is shared among supply chain partners, Three such models can be identified — the information transfer
model, the third party model and the information hub model (Figure 3).

3.1 Information transfer model

[n this model a partner transfers information to the other who maintains the database for decision making, This is a
natural evelution from the EDI-based transactional model. While EDI was orig inally designed to be a means to process
transactions,’ it has been extended to facilitate sharing of some information like POS and on-hand inventory [25, p.78].
The model is exemplified by the examples of MicroAge-UPS, SEJ, VMI and QF contracts. In VMI, the retailer sends
sales and inventory information to the vendor, who replenishes the buyet’s inventory using the information received.
QF contracts typically require that the buyer sends forecasts to the vendor, so that they can prepare for the coming
weeks’ orders. In the MicroAge-UPS relationship, MicroAge transfers its orders data to UPS, who plans and execules
deliveries, Likewise, SEJ franchisees transfer sales and customer information to SIEJ headquarters, where the findings
are analysed and summarized.

Supply chain partners may use EDI for information sharing after agreeing on an EDI standard. They can use EDI
through third-party VAN services like GEIS, Sterling and Promenos. While EDI is a well-established process in the
business worid, it has several drawbacks:

I There are multiple industry -specific standards {e.g. Ordernet for the pharmaceutical industry), the cross-industry

standard ANSI X12, and the international standard EDIFACT. A company with business interests in multiple
industries has to face a problem of dealing with multiple standards.

2 Since EDIis designed for all companies in the one-fits-all spirit, it may not exactly meet the special needs of a
supply chain,

3 EDI is designed primarily for transaction processing, especially around purchase order and invoice, and hence it has
some severe limitations for information sharing. For example, EDI only handles rigid text formats. This may be
sufficient in standard transaction processing, but would not be adequate to handle other kinds of information
sharing, such as databasc tables, bar codes, images and HTML pages.

4 EDI is batch-oriented, working only in operational windows.
5  Small and mediunrsize companies are often discouraged by the high cost of installing EDI.

Recently, innovative companies are extending the boundary of EDI and developing mechanisms that directly connect
information systems of multiple companies. In addition, service companies now offer EDI on the Internet, thereby
fowering the cost of EDI usage.
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3.2 Third party model

The third party model involves a third party whose main function is to collect information and maintain it in a database
for the supply chain. For example, in the Apple-Fritz example, Fritz plays the third party role in information sharing,.
{Note that Fritz has a role of managing transportation as well as information processing, Thus, if the former role is
highlighted, the Apple-Fritz model may be categorized as the information transfer model,)

The third party company may also provide services for transactional processes. As an example, consider Instifl
Corperation {(www.instill.com), which serves as an electronic interface between food service operators (e.g. restaurants)
and food distributors. A member operator can browse the catalogue on the Instill system and issue a purchase order to
the Instill system. The purchase order is then forwarded to corresponding distributors, Instill manages the transaction
cycle — catalogue management, ordering, invoicing and payment. In addition to transactions processing, & offers a
variety of information services such as accounting, sales analysis, order tracking, rebate tracking and alert of special
sales and promotional campaign. Distributors also receive various types of aggregate data that can be analysed and
utitized for their inventory control and product development. Digital Market (www.digitalmarket.com) sells similar
services in electronic parts market. Using a mixed network of VAN and the Internet, a buyer requests price and due-date
quotes from multiple vendors an their approved vendor list. Upon receipt of the quote request, a sofiware agent on the
vendor’s side will generate an automatic reply by invoking a set of rules and checking the inventory status. Il the dollar
amount is beyond a certain threshold, then the system will request human intervention, Likewise, QRS (www.qs.com)
plays a similar role in the apparcl and related industries, while Nonstop Solutions (www.nonstop.com) provides
forecasting and inventory control services for the pharmaceutical industry,

3.3 Information hub model

The information hub model is similar to the third party model except that the third party is replaced by a system. This
madel is exemplified by the product offered by Pandesic — a joint venture between SAP and Intel.

Example 4: Pandesic (www.pandesic.com)

Pandesic offers what they call an ‘e-business solution’, automating the full range of back-end processes for Web-
based commerce. The Pandesic e-business sofution is ceatred around an information hub that activates and
coordinates various functional activities to complete a transaction. Its features include accounting and inventory
batancing, real time payments and financial reporting, warchousing, inventory management, customer profiling,
catalogue management and credit card processing. As an example, consider an end customer who visits the sitc of a
retailer that uses the Pandesic e-business solution (a combination of software and hardware products as well as
certain services). The site displays most up-to-date information showing the latest names, descriptions, prices, and
the current warehouse availability of products. When the customer selects an item and gives their credit card
information, the site processes the information with respective banks for authorization and payment. Once the
credit card is approved, an order number is issued to the customer. Almost instantaneously, the order is forwarded
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to the distributor who will drop-ship the item to the customer. At the distributor’s warehouse a pick list (along with
a bar coded returns label) is printed, and the item is picked and packed. The inventory database is updated and runs
a check whether a reorder point has been reached. If so, it will trigger a replenishment order to the manufacturet,

and ultimately (after an MRP run) to the suppliers. The carrier is notified of the delivery requirement. As the
package is picked up and moved by the carrier, the customer can visit the Web site at any time to track the
shipment using the order number. In the mean time, the banks clear the accounts with the retailer, the warehouse,
and the carrier. The general ledger, accounting payable, and accounts receivable are also updated. Note that a retail
sale is processed simultaneously by multiple parties in a mixed format of transactions processing and information
sharing - inventory data at the warehouse is shared between the distributor and the retailer, and delivery
requirements and shipping status information are shared between the carrier and the retailer.

The information hub does not have to exist physically. As distributed object-oriented computing environments tike
common object request broker architecture or distributed compenent object model {26] are developed, individual
functional modules may reside at scattered locations and be called and invoked only as needs arise. Thus, the
information hub could exist only as a logical entity,
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[nformation sharing in a supply chain faces several hurdles. The first and foremost is that of aligning incentives of
different partners. 1t would be nat ve of a partner to think that information sharing and cooperation will automatically
increase his or her profit. In fact, each partner is wary of the possibility of other partners abusing information and
reaping all the benefits from information sharing. For example, supply chain partners seldom share informatien that
relates 10 sensitive cost data, such as production yield data or purchase price of parts. This is consistent with
economists’ finding that a powerful monopolistic or monopsonistic partner can extract all economic profit from his or
her partner, but one way of defending a positive profit for the weaker party is to keep the cost hidden and maintain
informationaf superiority. The profit associated with superior information is often called the informational rent [27).

Even when each partner is guaranteed a positive gain in return for information sharing, each partner can play a non-
cooperative game and haggle over how much. This may potentially lead to a failure to share information, Thus, trust and
cooperation become critical ingredients in a supply chain partnership. On the other hand, trust needs to be rationalized
by a relevant economic return. Cooperative game theory [28] offers a starting point to the resolution of the problem, but
reality is much more complicated with many additional factors and special considerations.

Another concern associated with information sharing is the confidentiality of information shared. Suppose, for
example, that a supplier supplies a critical part to two manufacturers who compete in the final product market. Either
manufacturer would not share information (like sales data) with the supplier unless it is guaranteed that the information
is not leaked to the other manufacturer. But the situation becomes tricky if the supplier and one of the two
manufacturers are the same company.

Note also that information sharing in certain settings can be a subject of antitrust regulations. Suppose that two
retailers regularly share with the supplier their demand projection for the next ten weeks. The projection by one retailer
may implicitly signal the plan of a sales/promotion campaign in some future week. When this information is relayed to
the other retailer through the supplier, il may be polentiaily used as a price-fixing instrument between the two retailers.
For exarmple, the two retailers may take turns lowering the price by the use of forecast signals and avoid cut-throat price
competition. This practice may be a subject of scrutiny by the antitrust authorities. Again, but for a different reason
now, the supplier must make sure that the shared information will not be used beyond the original intent.

Technology is another constraint in information sharing. Implementation of a cross-organizational information
system is costly, time-consuming and risky. Partners may not agree on the specifications of the technical system, e.g.
EDI standards, or how to split the cost of investing in the system.

The timeliness and accuracy of the shared information could be another major hurdle. PC manufacturers often
complain about not being able to get accurate sell-through data from their reseliers. Some resellers share such dataona
monthly basis, but then the definition of a month varies by resellers — some from the first day of the month to the {irst
day of the next, some from the 15th to the 15th, and so on. In addition, some resellers would share the data on a weekly
basis. Since the manufacturers are interested in the aggregate sell-through data of their products, signiticant efforts are
needed to ensure consistency of the aggregated data.

Finally, we should nete that information sharing is only an enabler for better coordination and planning of the
supply chain. Hence, companies must develop capabilities to utilize the shared information in an effective way. We
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have heard that some manufacturers demanded POS data from the retailers, but then did not know how to make use of
the data to improve their forecasts, Consequently, the benefits of information sharing were not fully realized.

Information sharing will continue to form the basis of supply chain integration. Current advances in information
technologies will accelerate such a practice. Nevertheless, whether the full value of information sharing can be realized
or not depends on the extent to which we can overcome the chalienges described in this Section.

References

1 Kurt Salmon Associates Inc, (1993) Efficient Consumer Response: Enhancing Consumer Value in the Grocery Industry, TFood
Marketing Institute, Washingtoa DC.

2 Compufer Sciences Corporation, (1997) Efficient Foodservice Response: Enabling Profitable Growth in the Food-Prepared-
Away-from-Home Industries, Food Distributors International, Washington DC.

3 Barrett, S, and Konsynski, B. (1982) ‘Interorganizational information sharing systems ', MIS Quarterly, Special Issue, pp. 93-
105,

4  Milgrom, P, and Roberts, J. (1988) ‘Communication and inventory as substitutes in organizing production’, Scandinavian
Journal of Economics, Vol. 90, pp. 275-289.

5 Clark, A. and Scarf, H. (1960) ‘Optimal policies for a multi-cchelon inventory problem’, Management Science, Vol. 6, pp. 465-

490.

Tang, C. (1990} ‘The impact of uncertainty on a production line’, Management Science, Vol.36, No.12, pp.1518-1531,

Kopezak, L. (1997) Apple Computer's Supplier Hubs; 4 Tale af Two Cities, (+96-0018, Stanford Global Supply Chain

Management Forum Case.

San Jose Mercury News (1997) “Joint chip inventories urged’, June 4.

9 Lee, H., Padmanabhan, V. and Whang, S, (1997} ‘Information distortion in a supply chain: the bullwhip effect’, Management
Science, Vol. 43, No. 4, pp, 546-558,

10 Lee, H., Padmanabhan, V, and Whang, S. (1997) “The buliwhip effect in supply chains’, Sloan Management Review, Vol. 38,
No. 3, pp. 93-102.

1} Gal-Or, E. (1985) *Iaformation sharing in oligopoly’, Econometrica, Vol. 53, pp. 329-344,

12 Kirby, A, (1988) “Trade associations as information cxchange mechanisms’, Rand Jowrnal of Economics, Vol. 19, Na. 1, pp.
138-146.

13 Li, L. (1985} *Cournot oligopoly with information sharing’, Rand Journal of Economics, Vol. 16, pp. 521-536.

14 Whang, S. (1993) ‘Analysis of inter-organizational information sharing’, Journal of Organizational Compuiing, Vol. 3, No. 3,
pp. 257-271.

15 Lee, H, So R. and Tang, C. (1998) The Value of Information Sharing in a Two-Level Supply Chain, Working Paper, Stanford
University.

16 Cachon, G. and Fisher, M. (1997) Supply Chain fnventory Management and the Value of Sharved Information, Working Paper,
Wharton School, University of Pennsylvania,

~1 =



17

18

19

20

21

22

23
24

25
26
27
28

Information sharing in a supply chain 16
Gavirneri, S., Kapuscinski, R. and Tayur, 8. (1996) Value of Information in Capacitated Supply Chains, Working Paper,
Carnegie-Mellon University.
Whang, S., Saito, H., Van Horne, S., Koshijima, C. and Ueda, T. (1997) Seven-Efeven, Japan (SEJ) , C-96-0028, Stanford
Global Supply Chain Management Forum Case.
Addicott, M. (1997) *“The Web as a vehicle for value creation in logistics ’, talk presented at Graduate School of Business,
Stanford University.
Lee, H.L. and Whang, S. (1998} “Value of postponement’, in T. Hand C.S. Tang (eds.) Product Variety Management, Kluwer
Academic Publishers, Boston, pp.65-84.
Feitzinger, E, and Lee, FLL. (1997) ‘Mass customization at Hewlett-Packard: the power of postponement’, Harvard Business
Review, Vol, 75, No. 1, pp. 116-121.
Lee, H. (1996) ‘Effective inventory and service management through product and process redesign’, Operations Research, Vol,
44, No. 1, pp.151-159,
Tsay, A. {1997) Forecast Revision and Supply Chain Performance, Working Paper, Santa Clara University.
Austin, T.A., Givens, C.L., Lee, H.L., Kopczak, 1. (1998) Unfocking Hidden Value in the Personal Computer Supply Chain,
Andersen Consulting.
Sokel, P. (1995) From EDI to Electronic Commerce, McGraw-Hili Inc.
Orfali, R. and Harkey, D. {1997) Client-Server Programming with Java and CORBA, John Wiley & Sons, Inc., New York.
Fudenberg, D. and Tirole, J. (1993) Gane Theory, MIT Press, Cambridge, MA.
Shubik, M. (1982) Game Theory in the Social Sciences, MIT Press, Cambridge, MA.




