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Abstract

Supply chain coordination and management is the new arena for business competition. A company cannot maintain its competitive advantages simply on its own but should be part of a successful supply chain.  And within supply chain management, information sharing and strategic partnership are two of the most important areas that leads to growing popularity of studies. We study the issues of strategic information sharing between a pair of adjacent firms under a traditional supply chain as well as Vendor Managed Inventory (VMI), one of the popular moves in recent reforms of supply chain strategic partnership. We analyze situation when downstream player has private demand information and imperfect signal.
Under a game theoretic model of traditional supply chain, this paper shows that when mean of demand has two possible types (high or low) and there exists reveal costs, for each possible value of players' prior belief of high type demand, there is a unique equilibrium under private demand information with imperfect signal. 

Under traditional supply chain, when choosing high type quantity gives the upstream player greater expected profit than that of choosing low type quantity, there exists a unique pooling equilibrium such that both types of the downstream players (high or low demand type) will not reveal demand signal.  Under this equilibrium, upstream player will choose high type quantity that may result in suboptimal expected profits with potential excess stock when downstream player is actually of low demand type.  We also estimated the value of information sharing in this situation.  On the other hand, when upstream player's expected profit in choosing the high type quantity is less than that in choosing the low type quantity, there exists a unique separating equilibrium such that the low demand downstream players will not reveal demand signal while the high demand downstream player will reveal. Under this equilibrium, if the downstream player does not reveal, the upstream player will choose low type quantity while the upstream player will choose high type quantity when the downstream player reveals demand signal.  All players get optimal expected profit under such equilibrium. 

In all these equilibria, the downstream player, who possesses private information, will always get optimal expected profit.  But whenever upstream's expected profit in choosing the high type quantity is larger than the expected profit in choosing the low type quantity, upstream player will not get optimal expected profit. 

Whether a supply chain will fall into a pooling or separating equilibrium depends on the prior belief of high type demand and the upstream player's critical fractile, which is only related to the upstream player’s cost structures.  Hence, for the same level of prior belief, the same manufacturer who reveals demand signal to a supplier with high overstock cost may not reveal demand signal to another supplier with low overstock cost.  Under some situations, when the upstream player's critical fractile ((V) is so small ((V < 1 - ( where ( is the conditional probability of observing a High demand signal given that the mean of demand is actually of high type), high type demand downstream player will always reveal the demand signal while low type demand downstream players will not reveal. On the other hand, when the upstream player's critical fractile is so high ((V > 1 - ( where ( is the conditional probability of observing a High demand signal given that the mean of demand is actually of low type), both type of M will never reveal the signal.

We do a similar analysis for VMI and obtain very interesting insight: Even a downstream player does not reveal the demand signal under traditional supply chain, it will have incentive to reveal the demand signal under VMI.  In other words, VMI eliminates potential incentive misalignment and facilitate voluntary information sharing. Under VMI, if the downstream player does not reveal the signal, the upstream can tell for sure that the downstream player's demand signal is of low demand type.  Therefore, VMI is a more efficient process than the traditional supply chain in aligning incentives to share correct demand information because downstream player has incentive to reveal private demand signal to the upstream that leads to sufficient supply to the downstream as well as reduction of overstock in the upstream.  Rather than the general understanding that VMI requires information sharing to the upstream player, our study shows that VMI actually align incentives and facilitate voluntary demand information sharing in the supply chain.
Although we cannot tell for sure whether a party will get more expected profit by moving from traditional supply chain to VMI, our analysis shows that VMI can align incentives and ensure downstream member to reveal demand signal voluntarily.  


This paper establishes a theoretical framework to analyze voluntary information sharing in supply chain.  Moreover, this paper provides managerial implications such that under traditional supply chain setting, channel players can now tell whether information sharing will occur voluntarily and then take necessary measures and strategic actions accordingly.   

1. Introduction

Effective Supply chain management is an important key to maintain success in nowadays business and many industries have engaged in restructuring their supply chain.  While the world is rushing towards the e-business environment, customers are out of patience and whoever gets adequate inventory on hand can gain more business but excess inventory is always problematic.   These issues lead to the prevalence of coordination within a supply chain to better match demand with supply for profit optimization.  Recent research findings have highlighted the benefits of coordination within a supply chain (see, for example, Clark (1994), Clark (1995), Cachon and Fisher (1997)).  Moreover, to reduce the bullwhip effect, which suggests that demand variability increase as one moves up a supply chain, it leads to recent growing popularity of studies in information sharing and strategic partnership aiming at achieving better coordination.  See Lee et al. (1997a, b) and Chen et al. (1999) for more details on bullwhip effect.

Many researchers aware of the information asymmetry nature within a supply chain and have studied the benefits of information sharing through a supply chain such as Lee et al. (1997a, b), Gavirenei et al. (1999), Cachon and Fisher (2000), Chen et al. (2000), Lee et al. (2000) and report reduction in demand variance as well as reduction of supply chain costs from the range of 0% to 35% (depends on the degree of demand nonstationarity and capacity limits) as results of information sharing.  Another stream of papers study incentive systems and contracts to handle information asymmetry in a supply chain and encourage sharing of accurate demand information (see Tsay (2000) for a recent review).  While information sharing is highly recommended by so many researchers, not all the practitioners in a supply chain want to share information voluntarily.  Clark and Hammond (1997) reported that: “Retailers generally acknowledged that providing additional information to manufacturers would offer some savings to the manufacturers, but many retailers were skeptical about the benefits for their firms in sharing information with manufacturers.”  

 One of the recent trends in supply chain strategic partnership is the adoption of Vendor Managed Inventory (VMI) and similar systems.  Under VMI, a supplier assumes responsibility for choosing the stocking level for the whole supply chain.  In exchange for control of supply chain inventory, the supplier agrees to charge the retailer a constant wholesale price and take risk of demand uncertainty. Researchers have reported several examples of successful VMI implementation in the grocery industry. Clark (1994), Clark (1995), Clark and Hammond (1997), Cachon and Fisher (1997) give more details on VMI.  


In traditional supply chain, retailer is at the end of the supply chain to face stockout costs for shortages.  Hence, to achieve very high service level, retailers have to carry extra inventories to handle demand uncertainty and reordering leadtime.  There is seldom a cost-effective way for overall supply chain optimization because the overstock and undertstock risks perceived by the supply chain as a whole are visited differently upon the individual parties, a phenomenon known in the economics literature as “double marginalization” (Spengler (1950)).  Under VMI, the downstream will instead have the upstream to hold the inventory of raw materials and only draw them to the downstream's site whenever there is a real demand.  To minimize upstream’s inventory under VMI, there usually have some sort of linkages between the downstream and the upstream to communicate downstream’s production schedule.  Under VMI, downstream transfers demand uncertainty risk to upstream.


Sharing demand information to upstream voluntarily and the VMI inventory management philosophy require more in depth theoretical modeling.  While Lee et al (1997a) suggests downstream to share demand information and inventory level to upstream so as to minimize the bullwhip effect, they also point out that why the downstream should provide demand information to the upstream is still a question to be addressed. Motivated by the practitioners’ and researchers’ comments, this paper aims at examining theoretically under what conditions will one share demand information voluntarily to its source of supply under a setting of asymmetric information with imperfect signal.  Moreover, we want to verify whether VMI can improve information sharing within a supply chain.  Our first research question is after the downstream firm obtain an update signal of demand information, under what conditions will it share the signal with its supplier voluntarily.  Our second research question is whether the VMI process will improve information sharing in supply chain.   

This paper is organized as follows.  Section 2 provides a brief survey on related literature and positions this paper in the literature.  Section 3 discusses our models of traditional supply chain and VMI under asymmetric information with imperfect signal, under game theoretic settings.  In section 4, we analyze the games to obtain equilibria and then compare the results under different supply chain settings. Concluding remarks are presented in section 5.  

2. Related Literature


There have been some recent researches on how sharing known and stationary stochastic downstream demand and inventory data can improve upstream firm’s order quantity decisions such as Chen (1998) and Gavirenei et al (1999).  Lee et al (1997a) addressed the bullwhip effect and Lee et al (2000) further study value of information sharing under a known autoregressive demand process.  Cachon and Fisher (2000) study how sharing demand and inventory data in a one supplier N identical retailers model with known and stationary stochastic demand can help the supplier to improve allocation of inventory amongst the retailers and its order decision.  Graves (1996) studies a multiechelon model with fixed replenishment intervals by introducing an allocation scheme known as “virtual allocation” that actually transfers real time demand information to upstream.  Grave (1999) studies an integrated moving average process of order (0,1,1), for which exponential-weighted moving average is used as the forecasting method in each stage of the supply chain.  Under this special case, knowing the downstream smoothing constant is good enough for the upstream to determine its optimal inventory level.  Except Gavirenei et al (1999), all these papers assume no limits in supplier capacity.    Both Gavirenei et al (1999) and Lee et al (2000) assume that there exists a perfectly reliable “alternative” sources that the upstream may obtain some units to cover shortfall of demand.  Due to different settings and modeling, benefits of sharing demand information reported by these papers vary substantially.  Except Graves (1999) did not report any benefit to the upstream player, all the other papers reported some benefits through sharing of demand information.   Moreover, Gavirenei et al (1999) concludes that information sharing is more beneficial when capacity is high as compared to low capacity.  Furthermore, Lee et al (2000) concludes that value of demand information sharing in a supply chain can be quite high, especially when demands are significantly correlated over time.  Also, the supplier can obtain larger benefits through demand information sharing when the underlying demand is highly variable, or when the leadtime is long.  Besides sharing demand and inventory information, Gavirenei et al (1999) also measure the benefit of sharing the parameters of the retailer’s ordering policy with the supply source.


Clark and Hammond (1997) studied retailers and manufacturers adopted VMI with dramatic performance improvement.  The performance of those retailers implemented VMI was compared with retailers that only implemented EDI to submit orders but did not transfer the inventory decision rights to the upstream.  They found that the VMI retailers experienced substantially better performance gains over the latter group, suggesting that transferring control of inventory decision provided significant benefits.  Cachon and Fisher (1997) also studied Campbell Soup’s implementation of VMI.  They develop some simple inventory management rules to operate VMI and test these rules by simulation tools using actual demand data provided by Campbell Soup. Their simulation results show that downstream's operation benefits might have been achieved even if the retailers had maintained control of their own inventories.


A few theoretical models have been developed to study VMI or similar process. Cachon (1999a) allows a single supplier to choose reorder points for herself and for all her retailers under independent Poisson demand.  It is assumed that all shortages are backordered and the supplier chooses policies to optimize her own preferences, while leaving the retailers no worse off than they would be in the competitive solution.  Under this setting, the supplier does not always choose the optimal policies to maximize supply chain profit but frequently chooses better policies for the supply chain than the competitive solution.  Hence, its conclusion is shifting control from one player to another does not eliminate all incentive conflicts, but often can mitigate them.  Narayanan and Raman (1997) study VMI between a supplier and a retailer under a uniformly distributed demand that adjust positively to manufacturer’s promotional efforts.  In addition to the supplier’s product, the retailer sells a close substitute from another supplier.  When a customer’s favorite product is unavailable, the customer may switch to other product that is always in stock.  With VMI, the retailer allows the supplier to choose the retailer’s inventory level in exchange for a fixed transfer payment.  They demonstrate that under such a setting, agency cost arises in the channel and the system does not achieve the supply chain optimal profit.  They also suggest that system performance depends on the effectiveness of close substitution and manufacturer’s promotional efforts.  Although these results account for some aspects of the VMI process and some of its advantages and disadvantages, they assume information sharing is embedded in VMI and does not evaluate how VMI affect information sharing.   


There are some recent researches on the coordination of the supply chain to handle uncertain demand. Eppen and Iyer (1997) analyzed “Backup agreements” (BA) in which the downstream is allowed a certain upsurge quantity in excess of its initial forecast at no premium but it should pay a penalty for any units not purchased.  The basic conclusions of this work are BA can have a substantial impact on expected profits, and BA may results in an increase in committed qty.  Moreover, BA may maintain upstream’s expected profit for a wide range of parameters (backup penalty and backup %).  Iyer and Bergen (1997) model Quick Response (QR) in a manufacturer-retailer supply chain as a delay of the supply chain’s commitment to quantity.  Under QR, upstream reduces leadtime from L to L1 (( L) so that downstream have more time to observe real demand and adjust order quantity based on updated demand information.  Under improved information, the retailer is better off while the manufacturer can be worse off. Fisher et al (1994) and Fisher and Raman (1996) consider a stochastic demand environment with a retailer affecting supply flexibility by commissioning two-stage production.  The method is called “accurate response system” (AR) with the initial run covers early part (~20%) of the selling season.  Based on the early sales information, a second production run is arranged to cover the rest of the season.   AR is claimed to be especially good for company handles products with the following characteristics: highly seasonal, short lifetimes and have quite a lot of variations.  Although some level of coordination is established to collect demand indicators (e.g., early sales data, customer survey, etc.), AR is more of a cost optimization process for the downstream than an overall supply chain improvement process. Tsay (2000) studies the Quantity Flexibility (QF) contract, which couples the customer’s commitment to purchase no less than a certain percentage below the forecast with the supplier's guarantee to deliver up to a certain percentage above. Under certain conditions, QF can allocate the costs of market demand uncertainty so as to lead the individually motivated upstream and downstream firms to the system-wide optimal outcome.


Different from other papers on information sharing, we model more complicated situation while demand is stationary stochastic but both parties cannot tell for sure the mean of demand.  Our interest lies in identifying conditions under which a downstream firm will reveal updated demand information to its supplier voluntarily.  Moreover, we want to evaluate whether VMI will help to align incentives and improve information sharing in a supply chain.  For the VMI model, unlike Narayanan and Raman (1997) and Cachon (1999a), we do not assume the upstream firm can affect demand, do not request fixed reorder point, do not constrain our results to any special demand distribution and we assume no backorder is allowed.  We develop simple mathematical models of supply chains that capture essential aspects of the institutional structure, incentives and optimizing behaviors of members under traditional supply chain and VMI.  We assume a free form of demand distribution and study the voluntary information sharing having traditional supply chain as benchmark.  

3. The modeling framework

3.1. Demand structure and type of players

We model the interactive relationship of two adjacent players of a supply chain: M, the manufacturer and V, the vendor under asymmetric information and imperfect signal.  V replenishes its inventory from a perfectly reliable single source with negligible leadtime.  M faces a demand x that follows a continuous probability density function f(x) and distribution function F(x) with support on [0, () and with mean (, variance (2.  We presume mean and variance values such that ( and x are both almost certainly nonnegative (e.g., ( >> 3().  We only consider one–sided incomplete information and M gets an imperfect signal of the mean of demand ( while V only knows that there are two possible types of demand: High (( = (H) or Low (( = (L, where (H  > (L); and V knows the value of (2.  The imperfect signal are either ( (High demand signal) or ( (Low demand signal).  We may interpret these imperfect signals as initial forecasts of the mean of actual demand.  The following are the conditional probability of the imperfect signal given the actual value of the mean of demand: Prob {( | ( = (H} = (; Prob {( | ( = (H} = 1 - (; Prob {( | ( = (L} = (; Prob {( | ( = (L} = 1 - (; and ( > ( ( 0.  Before M observes the signal, both M & V believe that the actual mean of demand is either (H or (L with probability ( and 1-( respectively (( ( 0).  Demand in all models for each different period is independent and identically distributed (i.i.d.).  We assume all players are risk neutral and have zero order setup cost.  
3.2. Cost Structure

We modify the well-known newsboy framework to model the interactive relationship of M & V.  The cost structures are as follows (in all cases k = M, V): pk= selling price per unit of product to k’s customer. pM ( pv, ck= unit total cost for k (includes all internal costs & cost to buy the good from upstream. cM ( pv), rk= residual (salvage) value for each unit of good not sold by k, sk= lost sales penalty (shortage cost) per unit of k’s good.  Customer will not wait and so any shortage will lead to loss of sales. To make the analysis nontrivial, we further assume that pk> ck> rk, pM > cM ( pV and sM ( sV ( 0.  (If sV > sM, M can simply make profit by charging V for any shortage encountered.  This is not reasonable and cannot get V's agreement.  Hence, we assume sM ( sV ( 0.)

Parameter values are all common knowledge and all are exogenous values predefined by the effective market.  For simplicity, we assume there is no price break and prices & all exogenous costs keep constant for all quantity of demand.  Moreover, we assume that V and M have sufficient capacities to produce all possible quantities they choose to process or produce.  

3.3. Decision structure

3.3.1 Traditional supply chain 

In industries such as fashion apparel, toy, power tool, personal computer, consumer electronics, and grocery, volatile market demand and severe competition have driven competitors to commit materials and production well in advance of the arrival of any firm order (see Fisher and Raman (1996), Eppen and Iyer (1997), Iyer and Bergen (1997), and Clark (1995) for more details).  Hence, rather than reacting to firm orders from downstream, each firm in the supply chain is actually selecting its production quantities at roughly the same time per period before the real demand is observed.   Due to the recent e-business revolution, many other industries are facing the same challenge. Thus, we model M and V to choose their production quantities simultaneously under a traditional supply chain.  The chronology of events, notation, and information structure for this model are as follows: 1. Both V & M have prior belief that ( is either (H or (L with probability ( and 1-( respectively; 2. Nature reveals either signal ( or ( and only M observes it; 3. M updates its belief of ( = (H based on the signal revealed; 4. M decides whether to reveal the demand signal to V; 5. If M reveals the signal to V, M & V choose their decisions, production quantities (qM and qV respectively), simultaneously under public information.   Otherwise, M does not reveal the signal to V and they choose their production quantities (qM and qV respectively) simultaneously under one-sided incomplete information with imperfect signal.  In this model, M receives the supply they requested at the beginning of a period before any customer arrives.  Industrial practices show that there incurs a cost whenever downstream reveals updated demand information to upstream, such as sending an update forecast.  Therefore, M needs to pay some transaction costs Cr (Cr > 0) when M reveals the signal (its type).  But Cr is not “too large” that M will not switch from “reveal” to “not reveal” simply due to Cr.   Therefore, when M is indifferent between reveal and not reveal, M will not reveal. 
3.3.2 Vendor Managed Inventory (VMI)

 
Under VMI, a vendor assumes responsibility for choosing stocking level for the whole supply chain.  The chronology of events, notation, and information structure for this model are as follows: 1. Both V & M have prior belief that ( is either (H or (L with probability ( and 1-( respectively; 2. Nature reveals either signal ( or ( and only M observes it; 3. M updates its belief of ( = (H based on the signal revealed; 4. M decides whether to reveal the demand signal to V; 5. If M reveals the signal to V, V chooses its decision, production quantity (qV).  Otherwise, M does not reveal the signal to V and V chooses its decision, production quantity (qV) under one-sided incomplete information with imperfect signal.  In this model, M receives supply whenever the M draws it with negligible leadtime and hence M can serve customer demand provided that V has sufficient inventory on hand.   M needs to pay some transaction costs Cr (Cr > 0) when M reveals its type.  Therefore, when M is indifferent between reveal and not reveal, M will not reveal.

4. Analysis of the models

4.1. M updates its belief of ( = (H

In both models, after M observes signal ( or (, it updates its belief of (H using Bayes’ theorem to get Prob {( = (H | (} = [( + ( ((-() ]-1(( = (H, and Prob {( = (H | (} = [1-( - ( ((-() ]-1 (1-() ( = (L.   It can be shown that (H > (  > (L ( 0. Hence, V knows that there are two types of M: either MH (where Prob {( = (H} = (H), or ML (where Prob {( = (H} = (L).    

4.2. The Traditional Supply chain model

Let’s start the analysis by concentrating at different cases of pure strategy equilibrium.

Case A1: Both types of M reveal (the Public Information Case) 

When both types of M reveal demand signal, the problem reduces to a game of public information. If M chooses qM as its production quantity, V will choose qV which leads to profit (V(qM,qV) such that
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where (V(qi, qj) represents the profit of V when M chooses qi and V chooses qj.   Because (V(qi, qj) is linear, it is obvious that V’s best response function is
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We then consider M’s strategy.  If V choose qV, to achieve equilibrium, M cannot choose any quantity qM greater than qV.  Thus, the feasible range of qM for equilibrium is [0, qV].    While V chooses qV, M will choose qM to maximize expected profit 
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. Throughout the paper, (a)+ is defined as the operator which returns the larger of a and zero.  Hence, (qM - x)+ and (x - qM)+ represent excess inventory and excess demand respectively.  Because (M(qM,qV) is concave and (2(M/(qM2 < 0, consider the first order condition of (M(qM,qV) will yield M’s best response function as
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Solving (1) and (2) will show that the unique Nash equilibrium of this static game is qM* = qV* where
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(3)

And (M is the well-known critical fractile for manufacturer M under the newsboy model.   Therefore, the (expected) profits for V and M at equilibrium are 
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where KMO and KMU are M's overstock and understock costs respectively and (M*(qM*|F(x)) represent the expected profit of M choosing qM* under demand c.d.f. of F(x) and mean of demand equal to (. 

Case A2: Only one type of M reveals signal  

Before we move on, let’s define the following:

Definition 1: f0(x) = (LfH(x) + (1 -  (L)fL(x) and f1(x) = (HfH(x) + (1 -  (H)fL(x).  

Moreover 
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where fH(x) and fL(x) are the probability density function of market demand when the mean of demand is (H (for type MH) and (L (for type ML) respectively.   

F0(x) and F1(x) are the c.d.f. of the demand distribution having p.d.f. equal to f0(x) and f1(x) respectively.  Moreover, it is trivial to show that F0(x) and F1(x) satisfy all the Axioms of probability and it is obvious that F0(x) ( F1(x), for all x([0,() or F1(x) dominates F0(x) in the first-order stochastic sense.  

There are two possible scenarios to consider: either (1) MH will reveal and ML will not reveal, or (2) MH will not reveal and ML will reveal.  Under each scenario, after V observed M’s action (reveal or not reveal), V can tell immediately what type of M it is dealing with and the problem is equivalent to a public information one.  Let’s define 
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and q as the quantities that MH and ML will choose respectively under this case.  Hence, using definition 1, 
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and q can be obtained using (3) by replacing F(x) with F1(x) and F0(x) respectively. Using results from (3), we know that V will either choose 
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or q depends on which type of M it is facing.  Even if V chooses 
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while ML chooses q, ML cannot get higher expected profit. Thus, ML will not reveal the signal no matter V chooses 
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or q (because revealing the signal has an additional transaction cost, Cr).  Therefore, the only feasible situation under this case is: MH will reveal and ML will not reveal.  Given that MH will reveal and ML will not reveal the signal, V will of course choose 
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 if M reveals and choose q if M does not reveal.   Consequently, the following strategy profile may be an equilibrium:

ML will not reveal and MH will reveal the demand signal to V.  ML will chooses q and MH will choose 
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.  V will choose 
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 if M reveals demand signal and choose q if M does not reveal.
Case A3: Neither ML nor MH reveals the demand signal  
If V encounters a M that does not reveal its type, M may either be ML or MH and the game reduces to a static game where V knows that manufacturer is either MH (where Prob {( = (H} = (H), or ML (where Prob {( = (H} = (L) with probability ( and 1- ( respectively.  Hence, if we define (N as V's updated belief of mean of demand being (H, we will have (N = Prob{( = (H} = Prob{( = (H|MH}Prob{MH}+ Prob{( = (H|ML}Prob{ML}, or 
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We are ready now to consider M’s strategy. Because V knows that ( is either (H or (L and V knows that the signal M observed is either ( or (, any quantity chosen by M larger than 
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 or less than q is considered as cheating and is not acceptable.  Thus, it is obvious that V will only choose quantity within the range of [ q ,
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].  Now, assume that V reacts by choosing any quantity qV ( [ q ,
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], M may react by choosing qM such that either qM ( qV or qM < qV.  Consider, the scenario of qM ( qV, M's expected profit will be 
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.  Because the first derivatives of (MN1(qM,qV) is always positive or M will only choose boundary solution 
[image: image22.wmf]q

. On the other hand, when M chooses qM  ( qV, M will get expected profit (MN2(qM,qV) that is equal to 
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where (A = (H and (L when M is of type MH and ML respectively.  Because (MN2(qM,qV) is concave and (2(MN2/(qM2 < 0, consider the first order condition of (MN2(qM,qV) will yield M’s best response function as
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(4)

Apply Definition 1 to (4) will get 
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and q, the quantity that MH and ML chooses respectively when qM < qV.  Because V knows (H and (L, V can do the above analysis and know that M will either chooses q or 
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.  It is obvious that V will only choose qV ( [q ,
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] and the expected profit for V will be (VN0(qV) where
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(5)

Differentiate (VN0 with respect to qV can easily show that 
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KVO and KVU are V's overstock and understock costs respectively and (V is the critical fractile for V under the newsboy model.   Because pV > cV > rV, it is obvious that 0 < ( < 1.  Since (5) is linear in qV, V would either choose qV = q or qV = 
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 depends on the value of ( and (.  If V cannot tell for sure whether M will choose q or 
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, depends on how V choose its quantity, there are four possible outcomes and the corresponding (expected) profits are summarized as follows: 

Figure 1 places here   

where (MN(qi, qj), (VN(qi, qj) represent the expected profit of M and V respectively when M chooses qi and V chooses qj under the case that both types of M do not reveal.  Because the expected profit in choosing qV = q is (VN0(q) while the expected profit of choosing qV = 
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is 
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(7)

Hence, the economic interpretation of (7) is simply when V's expected profit in choosing qV = 
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is larger than that of choosing qV = q, V will choose qV = 
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and vice verse. These lead to the following theorems. 

The separating equilibrium and the pooling equilibrium

Now, we are ready to verify when will Case A2 and A3 occurs and whether they will co-exists under the same environment.  Proofs of the following theorems are omitted.  Readers who are interested in the mathematical proofs can contact the author for details.

THEOREM 1: For any prior belief ( ( ((-()/((-(), there exists a unique separating equilibrium in which the players’ behaviors can be described as follows:

ML will not reveal and MH will reveal demand signal to V.  ML will chooses q and MH will choose 
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.  V will choose 
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 if M reveals demand signal and choose q if M does not reveal.

The expected profits for ML, MH, and V under this equilibrium are respectively:
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where (0 and (1 are the means of demand under distribution f0(x) and f1(x) respectively.

THEOREM 2: For any prior belief ( > ((-()/((-(), there exists a unique pooling equilibrium in which the players’ behaviors can be described as follows:

Both ML and MH will not reveal demand signal to V.  ML chooses q and MH chooses 
[image: image45.wmf]q

.  V will choose 
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 if M does not reveal demand signal and choose the quantity that matches M’s requirement if M reveals.

The expected profits for ML, MH, and V under this equilibrium are respectively:
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From Theorem 2, if the supply chain can set up a mechanism such that there are sharing of demand information to make V visualizes M's type, the value of information under the prior belief ( is 
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.  We then consider the existence of mix strategy equilibrium.  

Does not exists mix strategy equilibrium

THEOREM 3: No mix strategy equilibrium under such a setting of traditional supply chain.    

Therefore, whenever we are given a real life situation with asymmetric information and imperfect signal, to analyze the strategic behavior, we shall start with evaluating the critical fractile of V to get the value of (.  If ( < (, Case A3 always apply.  If ( > (, Case A2 always apply.  If  ( < ( < (, we then compare ( against ((-()/((-() to check whether Case A2 or Case A3 shall be applied.     

4.3. The Vendor Managed Inventory (VMI) model

Case B1: Both types of M reveal (The Public information Case)

When both types of M reveal demand signals, the problem reduces to a game of public information.  Under VMI, only V will choose its strategy qI which leads to expected profit (VI(qI) such that 
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(8)

Because (8) is concave and (2(VI/(qI2 < 0, the first order condition yields V’s best response function as
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(10)

Therefore, the (expected) profits at equilibrium are, by simplifying (8),
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(11)

where 
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 are the expected profit of V when dealing with MH and ML respectively.  Consequently, the expected profit of M under this situation will be
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where 
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 are the expected profit of MH and ML under public information.
Case B2: Asymmetric information 
When both types of M do not reveal signal, the game reduces to a dynamic game while V knows that manufacturer is either of type MH (where Prob {( = (H} = (H), or ML (where Prob {( = (H} = (L) with probability ( and 1- ( respectively after V observes M does not reveal the signal.  In the following analysis, qI is the quantities that V will choose under VMI when M does not reveal the demand signal.   Hence, in this case, if we define (NI as V's belief of mean of demand being (H, using similar procedures as we outlined to get (, we can show that 
[image: image59.wmf](

)

(

)

L

H

L

NI

a

a

a

a

g

-

-

=

/

and it is obvious that (H > ( NI > (L ( 0.

Before we move on, to simplify the analysis, we define the following:

Definition 2: fNI(x) = (NIfH(x) + (1 -  (NI)fL(x) and 
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FNI(x) is the c.d.f. of the demand distribution having p.d.f. equal to fNI(x).  Moreover, it is trivial to show that FNI(x) satisfies all the Axioms of probability.  It is also obvious that F0(x) > FNI(x) > F1(x) for all x ( [0,() or F1(x) dominates FNI(x) in the first-order stochastic sense while FNI(x) dominates F0(x) in the first-order stochastic sense.     

We analyze the game using backward induction by starting from V’s strategy. To maximize its expected profit, V will choose qI* to maximize 
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where (NI is the mean of the demand with distribution fNI(x).  The optimal value of qI* is 
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Consequently, the expected profit of M under such a setting will be
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where (MIH(qI*) and (MIL(qI*) are the expected profit of MH and ML when V chooses qI*.  We summarize the two possible outcomes in this case as follows: 

Figure 2 places here 

Using (13), we can obtain (VI(qI*|F1(x)) and (VI(qI*|F0(x)) by substituting FNI(x) and (NI with the corresponding distribution functions and mean values of demand.  The following theorem shows that it is not possible that neither types of M reveals the demand signal.

Unique separating equilibrium under VMI

THEOREM 4: Under VMI, there exists a unique separating equilibrium in which the players’ behaviors can be described as follows:

ML will not reveal and MH will reveal demand signal to V.  V will choose 
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 if M reveals demand signal and will choose 
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 if M does not reveal.

The expected profits for ML, MH, and V under this equilibrium are respectively
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§5. Managerial Implications and Concluding Remarks

This paper studies the issues of strategic information sharing between a pair of adjacent players where downstream has private demand information and imperfect signal.
5.1 Strategic Demand Information Sharing under Traditional Supply Chain
In conclusion, the equilibria depend on the upstream player's critical fractile as well as its prior belief of mean demand.   It is interesting that even the downstream player processes private information, it has no inference on which equilibrium the players are going to achieve.  Consequently, there are situations where we have voluntary demands information sharing while in some other situations, downstream will strategically does not reveal demand information.  To analyze and predict strategic behavior, a supply chain player needs to start with evaluating the critical fractile of the upstream player to get ( (( = 1 - upstream's critical fractile).  If ( < (, no downstream will reveal its type.  If ( > (, only the downstream player with high type demand will reveal the demand signal.  If  ( < ( < (, we then compare prior belief ( to ((-()/((-() to check whether the downstream with high type demand will reveal the signal using Theorem 1 and Theorem 2.  Therefore, a downstream player should strategically select whether it should reveal the demand signal so as to optimize its expected profit.  Similarly, an upstream player can predict whether the downstream player will reveal the demand signal.  It explains why in some industry when supply chain members have very high expected marginal overstock cost (such as expensive equipment), information sharing is voluntary and the supply chain players can all achieve their individual optimal expected profit without any special contract or agreements on information sharing.  However, when a supply chain player has low expected marginal overstock cost and has a very high believe of high average demand, its downstream partner has no incentive to reveal demand signal and the upstream player is unable to achieve its optimal expected profit without any special contract or agreement.  Consequently, in the latter case, to protect its own interest, the upstream player is recommended to develop suitable mechanism and incentive scheme to seduce the downstream players to reveal the demand signal.

5.2 Demand Information Sharing under VMI
Rather than the general understanding that VMI requires information sharing to the upstream player, our study shows that VMI actually align incentives and facilitate voluntary demand information sharing in the supply chain. The actual gain or loss in adopting VMI can be verified by comparing expected profit functions that are stated in Theorem 1, 2 and 4 using actual costs data. Chu (2001) has studied this problem of "Who will earn more?" and found out that the answer depends on supply chain members' critical fractiles and the demand distribution. 

Our analysis based on the assumption that all the cost structures are public information and so the downstream will reveal demand signal when upstream’s overstock cost is relatively high.  However, in reality, without exact knowledge of supplier's cost structures, downstream player may not believe that upstream’s overstock cost is high and so will have no incentive to reveal information even when it is facing a high type demand under condition of separating equipment.  Consequently, if the upstream has high overstock cost, sending out signal to downstream that upstream player has high overstock cost will help to reduce upstream’s potential loss due to overstock. 
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Fig. 1., Possible payoff for M & V under Traditional Supply Chain
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Fig. 2., Possible payoff for M & V under VMI when neither types of M reveals
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