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The only thing that will redeem mankind 15 conperation.

Bertrand Russell

[ am not trying to relieve others by putting a burden on vwon; but since von have
plenty at this time, it 15 only fair that yon should help those who are in need, Then,
when you are in need and they have plenty, thev will help vou, In this way both are

treated equally,

2 Corinthians & 13-14
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SUMMARY

This dissertation analyzes the economic incentives invalved in three distinet sup-
ply chain and reverme management decision environments, The first stody examines the
adoption of the percent deviation contract in s supply chain to induce the buyer to share
gomne of the demand risk in an envivenment in which the buver would ovpieally place her
order when she has full knowledge of the cnstomer demand levels, The aubgame-perfect
Mash Equilibrinm decisions are characterized, and the percent deviarion i= shown to achieve
full supply chain channel coordination in cases where a simpler contract cannoet. Pareto-
improving examples based on industry demand data are presented and discuassed. The
second section considers & vevenue management problem for sports and entertainment or-
ganizations. Given that the crganization starts the =elling season by offering ticket packages
excluaively, the optitnal time during the selling season for the organization o begin selling
individual-event tickets is derived. Extensions of the base madel are developed to include
multiple ticker packages amd heterageneons ticket packages, The model is illustrated weing
ernpirical data sers ohtained from the Georgin Tech Athletic Department and the Atlanta
Syvmphony Orchestra. The third section develops & model of vendor-controlled category
management in which vendors are in charge of the stocking and assortment decisions for
a given amount of shelf apace at a vendor when the retailer retains control over the re-
tail price. The subgame-perfect Mash Equilibrinm strategies for twoe vendors and a single
retailer are analyzed, and a revenne-sharing contract is shown to eoordinate the channel
when the vendars can produce mnltiple brands in a given product category and shelf space
is sufficiently large or small.
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CHAPTER 1

INTRODUCTION

The study of the economic incentives faced by decisicn makers rests at the intersection of
geveral traditional indostrial engineering and management selence disciplines. hlodels of
incentive structnres ofien incorporate optimization in the context of game theory becanse
the decizion maker's benefit or cost is not simply s function of her own actions but also
depends on the actions of other entities in the decision environment. Game theory provides
a framework to capture the interdependence betwean decisions and pavolfs as well as the
sequential nature of the decision making process. Optimization is also requisite in any
incentive analvaia: the decizion maker st be able 1o derernmine the best course of action
in order to maximize her benefit or minimize her cost.

Incentive problems appear in every discipline that is in any way affected by the actions
of rarional decision makers. This dissertation foruses on the specific economic ineentives
andl decision environments that arise when crganizations seek to improve the effectiveness of
their 2upply and demand management practices. Many firms have been ahle to reap aubatan-
tial henefits by improving their supply chain operations=—such as procurement. inventory
contrel, production, warehousing, and distrilation—and by partnering with sceategic siup-
pliers and customers. In some scenarios. though, an organization may have a fixed quantity
of perishable inventory that she wanes o utilize in the most effective manner, Since the
short-term supply is fxed, she can turn to actions and policies that affect the demand b
these goods in order to maximize revenue, hlodels that establish these policies fall under the
brosd category of revenise management. Game theory and optimizacion models can provice
guidance in designing the terms of these relatiomships in order to improve the performance
af the entive zupply chain, while ensuring that the gains are nof realized at the expenss of

one of the channel members.



This disaertation is conprized of three main chapters, each of which develops s mathe-
matical model for & specific decision environment. Each of these models isolates the tradeotfs
that a decizsion maker mnst balance in order 1o obtain the maximum benefit while account-
ing for the strategic decisions of other stakeholders. The frst main chapter studies the
incentives generated by a new tvpe of contract that originated in the truckload transporta-
tion industry, We analvze the strncture and decisions of the percent deviation contract, a
supply chain contract that enconrages the sharing of information and demand risk between
a dingle supplier and buyer, This contract induces s dynamic game of perfect information,
anrl we characterize the subgame-perfect Nash Equilibria under sarious contract scenarios.
We eatablish wava to 22t the contract parameters to coordinate the supply chain and show
that the percent deviation contract is able to achieve channel coordination in some cases
where the quantity fexibility contract fails, In order to aid the implementation of the per-
cent deviation contract in practice, we develop ways to set the parameters to satisfy both
parties’ individual-rationality constrainis, We copelude with muonerical examples bazed on
imdustry data that highlizghe the important resalts by illustrating che channel gams in each
case over a traditional contracting arrangement.

The second major chapter considers & revenme management problem faced by sports
tenms and entertainment venues. Like airlines and hotels. sports teams and entertainment
venues can benefic from revenue management efforta for their ticket sales, Demand far
these tickets is such that some consumers are willing to purchase a package of tickets for
mltiple events in advance ingtead of buying single ticketa as they are needed, Teans and
entertainment venues usnally offer undles of tickets early in their selling horizon and put
single-event ticketz on ssle at a later date, We model the seller’s optimal o prieri timing
decdzion for oifering ndividual tickets e order 1o maximize revenue when Bundle and sngle-
ticket eustomers each arrive sccording to a linear, Markowian death process. When the
marginal benefit of @elling ticketa in the bandle is less than that obtained from aslling them
individually. we find thar the seller should never practice mixed bundling. When the reverse
is true, however, we show that it may be optimal o ofer both bundles and individual tickets,
W find that the timing decision is independent of the initial inventory level and establish



comparative atatics for the optimal timing decizion as model parameters such az bundle
size. marginal revenues, and custcmer arrivel rates vary, We extend our results to find the
optitmal time for offering multiple bundle sizes or nenhomogeneons products,

The final major chapter presents & decentralized model of category management in a
retail environment, Category management iz a popular retail practice in which pricing. as-
sartiment. and stocking decistons ave coordinared across products within a particular retail
category such as lanndry detergent or toothpasie. Hecently some retailers have been dele-
gating this assertment decizion to their vendora, but it i2 not known how well this approach
performes. We analyze sn industry-motivated medel of estegory management in which the
retailer allows each vendor to make stocking and azsortment decisions for a given amonnt
of shelf space. e determine the optimal pricing policies for the retailer and the best
stocking and assortment policiea for each vendor in & two-stage decentralized avstem, We
find that when the vendors' stocking incentives run contrary to the retailer’s preferences,
the retailer can e considerably worse off {ie., experience profit losses as high as 4005
by delegaring these esponsibilivies w the wendors, We compare the delegared system oa
retailer-controlled channel and a centralized supply chain and demonstrate how a minimum-
profit constraint can ndoce the vendm=a to achieve the total profit of a retailer-ocontmolled
channel but it may not induce centralized performance. To improve the performance of the
decentralized, vendor-contralled channel, we show that a revenne-sharing arcangement with
a discounted wholesale price is gusranteed to schieve Mill supply chain coordination in a
vendor-controlled channel when the vendors produce multiple substitetable prodincts and
shelf space is limited or ample. Revenue sharing may not coordinate a vendor-cont rolled
channel with medinm levels of shelfl space, but we characterize the difference in the deci-
sioms cotmpared with the centralized channels decisions, which is small [or most paraimeter
reglizations. Through our analvsis of revenye sharing. we establish that a revenne-sharing
contract can coordinate stocking levels in a general. uocapacitated supply chain congisting
of multiple vendors setting stocking levels for multiple substitutahle products.



CHAPTER II

FACILITATING DEMAND RISK-SHARING WITH THE
PERCENT DEVIATION CONTRACT

2.1  Introduction

The profiferation of computerized information svstems in the 1990 facilitated the establish-
ment of supply chain partnerships in which demand mformation s shaved beoween Brms,
The wpstream Arme can nse this information to redoce the traditions]l demand distortion
dug e the bullwhip effect (Lee et al, 19977 Some Arins have also incorporated this nfoe-
mation into contracts that induce their supply chain partners to share demand risk. therehy
improving supply chaln efficiency, Many reseavehers and practitioness (eg, Lee {2004) and
Finley and Srikanth { 2105} have advocated demand risk-sharing as a necessary condition
for supply chain collaboration eforts to he aneessstul in practice, In chis chaprer we analyze
one snch contracting mechanism, which we denote as the peromt demafron contract.

Cine industry that stands wo benefit from application of the percent deviation contract
is truckload rransportation. While these cartiers generally have standing weekly orders for
loadsa with their bigger cnstomers, most shippers call dispatch requesting & pickap in & few
Lowrs, Current legislation Hmiting driver houvs has bronght the efficiency of aperations
into the forefront of truckload carviers’ concerns, A survey by the American Trcking
Azsaciation estimates that roacking companies can expect a 17 percent preoductivity drop
as & resule of the new restrictions (Strong. 2004). In July 2004 a 115, federal appeals court
overturned these new regulations, but it i= likely thar z2ome of the restrictions on driver
hours will remain (hlachalaba, 2004).

Trucking companies have employed a varietv of actions to account for the loss of ef-
fiedeney. hlany carriers have sharply inereased chelr rates or accessorial charges 1o attaim

their profitability goals, but this increase has cansed some shippera to switch to regional



lesa-than-trucklosd {LTLY carviers (Scholz. 20040, Ciher carriers have begon charging their
shippers for excess loading time. since now these delays are counting against the time that
drivers can be on the road {Strong, 2004}, The percent deviation contract offers earviers an
alternative met hod of improving efficiency by allocating some demand risk to the shippers,
A large truckload carrier originally proposed the idea for this contract hut did not know
how Lo zet the parameters of whether or not the contract would be beneficial.

The percent deviation mechanism is applicable in traditional manufacturer-ret ailer chan-
nela gz well, especially those in which one pavey corvently bearvs the weight of demand risk,
e abvious application would be an industry where the retailer places an order only when
he receives an order froan his customer, such as home conatraction, equipment integrators,
window replacement. or door-to-door sales.

We analvze the strategic properties of the percent deviation contract in which the huyer
gives an initial order estimate and the supplier pre-acouires inventory, Cnee the huver’s
customer demand is realized, she places her final order, and the supplier fulfills all or a
povtion of the order. possibly by expediting, We characterize the subgame-perfect Nash
Eguilibria decisions when the sapplier has s fixed expediting capacity and in the special
caze of infinite capacity, We discus2 methods of channel coordination oo optimize the perfor-
mance of the entire system. Since the buyer assumes some demand risk under the percent
deviation contract., her expected profic may be leas than that noder & traditional contracting
strueture: therefore. we develop two methods that the supplier can nse 1o satialy the buver's
individual-rationality conatraint, Numerical examples utilizing demand distribuntions eati-
mated from industry shipping data illustrate how the percent deviation contract can be

used to create s Pareto-improving svatem for each party,

2,2 [iterature Review

The breadch of supply chain contracting literature has grown significantly over the last
two decades as researchers and practitioners have examined strategic relationships between
supply chain partners,  (See Taay et al. (1928) for a veview of traditional contracting

mechanisms.p Coe stream of supply chain contracting literature has proposed and analyzed



methads of coordinating decentralized decisions to attain the optimal supply chain profii,
Examples of these studies include Weng (1097} Parlar and Weng {1997}, Taylor (202},
anel Huggins and Olzen (20035, We discuss below the most relevant contracting referenices,
which model & system with multiple, sequential decisions.

Taav {19097 analyzes a quentity fexibility contract in which the retailer commits to
purchasing ne kess than o certain percentage of the initdal forecast while the supplier agrees to
flfill up to a certain percentage above the forecsst. He alse evaluates the sharing of demand
rizk that produoces the coordinared channel. Taav and Lovejoy {1999) extend these resnlts
to a rolling horizon deciston environment. In comgrast to quantity Bexibility, the percent
deviation contract places noe limits an the buver's Anal order, althongh it adds complexity to
the decisicn environment by including sdditional contract parameters. We show in Section
Z.4.4 that this added complexity can be justified becanze the percent deviation contract
succeeds in coordinating the supply chain in several cases where the quantity Hexdhility
contract is known to be unable 1o coordinate the channel,

Donelme (20007 and Cachon (20047 analyze contracts with twootier pricing stroeture
that indnce early commitment from buyers. In hoth of these contracts the buver is bound
o her order n boch perieds, wherens in oo contract the first order s only an estimate of
demand and can be freely adjusted once demand is known. These two papers only consider
the full compliance contract regime where the supplier ninst Al the entire order: whereas,
we model the supplier's compliance decision explicitly.

Several contracts employ an aptiong framework where the buver makez s fivm order
commitment amd purchases options for additional goods 1o be exercised iF demand i= high,
Cachon and Lariviere (2001 ) consider s single period model with options and forecast shar-
g, Sinee the buver has an imeentive to provide a Biased forecast, they develop conditions
that facilitate the credible sharing of forecasts under hoth full and voluntary compliance.
They alse analyze mformation asvovmet e in which the manofactiorer has somme private infors-
mation about demand. They conclude by showing thet this options framework i= 8 general
model that encompasses other contract structures such a3 returns and additionsal sonrces

of anpply. However, in our esse. we have an additional parameter (the deviation range).



no firm commitment, and no upper bound on the final order amount, o the contract we
study cannot be reduced to their model. Barnes-Schuster et al. {2002) extend the options
framework nsing a two-period model with correlated demand betoeen periods,

A recent series of studies (see, for example, Jin and Wu (2001} and Erkoc and Wa
{20051} have analyzed reservation fee supply contracts in which the buver payvs a (usually )
deductible fee to reserve eapacity along with an exeveise fee for the Anal order emantity. The
mamifacturer builds capacity based on the reservations made. but they can also build excess
capacity to offer at a higher apot rate once demand is vealized, The aforementioned studies
only consider linear reservation fee contracts—where each unit ordered iz charged the same
prices, The percent deviation contract i3 & apecial case of a pieccwize-lineayr reservation fee
contract in which the reservation and exercise prices differ for various portions of the order.

In addition to contracting, several papers (eg, Lee et al, (2000%, Cachon and Fisher
{200€1, and Balakrishnan et al. (2004} have examined various ways of reducing the bull-
whip effect through information sharing in decentralized supply chains, Kulp et al, {2004
study the benefits the manufacturer gains wnder different degrees of Information sharing
and] collaboration. They find that most of the manufacturers’ benefic from infermation
integration comes om oollaborative activiges anch as vendor-managed mventory and ool-
laharative forecasting instead of simply sharing information. On the contrary. our results
snggest that the information sharing indneed by the percent deviation contract enable the
supplier to artain a higher expected profit throngh incressed efficiency snd the sharing of
demand risk with hizs customers.

Another stream of literature analyzes the effect of supply chain informat ion asvmmetry
and forecast updating, Corbett et al, (2004} compare various contract stroctures under
full aned ssymmertvie information. Fisher and Fanan (1996 and Tver and Bergen {10073
evgluate the benefits of Quick Response manofacturing. Ferguson et al. {205} develop a
atructure for analvzing supply chaing under information updating shere the final demand
is the sum of two independent random variables; we introduce a =similar form of information
updating into sn infinire capacity acenario in Section 2.4.3,

O contribmtion inclndes snalysis of a rigl-sharing contract wherve decisions made by



the buyer and supplier explicitly depend on each other and are aolvable in the framewarl
of a dynamic. extensive form game. This dynamic game necessarily results in a more
comples contract, but we also show that thiz contract can be atvictly Pareto-improving for
both parties. Our contract is most similar to the guantity fexibility contract, but ours
does not enforce limits on the buyer's final behavior, so we show that this contract can
coordinate the supply chain in some cases where quanticy fexibility cannot. Our analysis
facmses on the buyer's assumption of eome demand risk unlile traditional relationships in
thiz decizion environment where she places an order when demand is known swith certainry
anrl experiences no loss when the realized demand is especially high or low. Becawse of
thiz increased demand risk and becanse the purchasze is often of a commodity good, we
incorporate individual-rationality constraints to ensure buver participation.

The next section develops the model for the geneval case where the supplier has an expe-
diting capacity constraint as well as the special case of infinite capacity, Section 2.4 develops
conditions on the contrace parameters that satisfy each party’s participation constraints,
details wass to coopdinate the channe] in each decentralized scenario. and compares the
percent deviation coniract with the well-lmown quantity Bexibility contract. Sectiom 2.5
provides the results of several mimerical examples under various contract conditions bazed
on demand distributions estimated from a major manufacturer’s weekly shipping activity.

Conclugions and snggestions of future rezsarch are given in Section 2.6,

2.3 Moadels and Seenarios

The percent devistion contract ascommodstes the following sequence of decisions. The
bwver provides an initial estimate of its Anal-order demand that will he placed at a later date,
The seller can then nse this information te aeonive goods in advance (e.g. a trackload carrier
can preposition trucks or coordinate hackhanls to optimize his transportation network) at a
levwy cenat b anticipation of this demand, When the buver™s demand s known with certainty,
she places her actual order with the supplier. Depending on the contract parameters, the
seller can choose to satisfy additional demand by expediting or anbcontracting at a high cost

or can chogse to G only the demand equal to the number of previoush-acouired goods.



The percent deviation penalty iz the mechanizm that punishes the buver for unrealistic
estimates. If the buver’'s final crder is within a certain percentage above or below her inarial
estimate, wo penalty is charged. If the order exceeds the limita. the supplier charges a
penalty on all gnods ordered outside of the tolerable range.

2.3.1 Notation and Az=umptions

We pmploy notation adapted from Donohoe (20000, The bayer receives + dollars in revenns
for each unit. and she pays a wholesale price. w. to the supplier. We assume that the buyer
earns a positive gross margin from these transactions (e, r = wj. Consumer demand for a
peerind = given by the random variable X which has a continnous. differentiable probahilicy
distribution functicn, f{x). If the buyver cannot satisfy her cnstomers’ demand (doe 1o lack
of product availability}. che incurs a customer penalty of 3 per unit. This 3 could also be
viewed as the higher cost from nsing an alternative supplier not under long-term contract.

The seller faces & cost of o dollars to acquire goods in anticipation of demand and must
pay oo dollars to satisfy demand after the firm order has been placed. We assume that
e =, 20 the ex can be thought of s an expediting or subcont racting cost. If the supplier
hag excess imventory at the end of the peried, he receives & unit salvage value of . It s
nmatiral to asaume that w > o and ¢ > o, which ensure that the supplier does not receive
tay much of a benefit from selling goods for salvage. Since the seller may choose not to
satiafy the huyer's entire order, he muost pay the buver o for each unit ordered but not
delivered, We amsume that o = 3, which signifies that lost customers are more costly for
the buyver than for the supplier,

The per-unit penalty that the buver mnst pay the supplier for orders outside of the
allowable deviation range is denoted by p. while o = |0.1] is the percentage that defines
the range, We azswme that the bayer only pays the deviation penalty on units ordensd and
ultimately provided by the supplier. The buyer’s initial forecast of her order is given by gy,
andl the actual order is ge. The mumber of unita the supplisr acouives in advance of demand
is £1, and the additional goods expedited or subeontracted are denoted by to. The supplier

has a maxiooun expeditiog capacity of A7 unitz. (In Section 2.3.2.3 we consider a special



cage where the aupplier haz unlimired expediting capacity,)

This particular way of modeling the supplier’s capacity bears further consideration. It
is important to note that the capacity for the aupplier’s pre-acquisition decision is infinite,
By setting the t; value. the supplier is de focto determining the capacity of the system
as & whole, which is eqgual to 1 + M. This structure is appropriate for boyer-supplier
transactions in which the supplier has a lot of capacity in bis sverem, Dot be most oeke
the sllocation decisions over many enstomers before production oceurs. Therefore, il the
supplier knows thar s particular buver will vequire many units in a given petiod. he can
plan his production to satisfv the large order: closer 1o the purchase date. however, he ean
cnly provide a limited amount of excess capacity if neceszary hecanse the rest of hia aystem
is dedicated to mlfilling orders from other customers.

We make the following assumptions that improve rractabilite bar are not likely 1o im-
pede the application of the results. The first assumption is that all costs are linear per
unit of demand for & single prodoct line becanse we are interested in the struciure of the
incentives, Another assumprion is the existence of complete, symmetric cost, capacity, and
demand infarmation between the twoe parties. {We relax this assumption in Section 2.4.3 by
allowing the boyver to have a private demand forecast: the supplier construets a conditional
distribution of demand based on the buyer's indtial order estimate.i When the buyer places
her final order, she knows the exact demand asz i3 uanal in truckload transporiation and the
other relevant channels discussed in Section 2.1,

[f the actual demand amownt excesds the upper limit of the deviation range. the cost and
penalty parameters determine whet ber or not the buyer's order eguals the full demand. In
order for the buver to order above the deviation threshold. the net cash Aow from satisfying
the demand mnst exeeed che penalty thar she st pay her costomer for not sadsfeing
demand. I the inequality

e — g = {1

holds, then o = X, o the actual customer demsand,  IF this inequality is oot satisfed
{for instance, if the penalty for crdering outside of the devistion range is too high), g =
min{ X, {1 + d)m }. The additional assumption w > p sssuves that if the actual demand is
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beelow the lower limit of the deviation range, {1 — gy, the buyer ordera the sctual demand

amount.
2.3.2 General Maodel with Finite Expediting Capacity

We Degin our analysis with the decentralized structure in which each party imakes decizions
tor optimize his individual expected profit.  Even though the supplier has an expediting
capacity of A8 units, the oost of expediting these anita, oo might be too high for him o
choose to do se. In order for the supplier to use any of this expediting capacity, the cash
flow from expediting must be higher than the cost of failing 1o expedite, These fBows are
dependent on whether or not the supplier will receive the deviation penalty on seme or all
of these upits, The two buyer scenarics discused above, which are dependent on whether
or not the the buver is willing to place orders above the upper limit of the deviation
range, generate different parameter conditions dictating the supplier’s expediting decision;
therefore. we must consider each of these buyer scenarios independently,

2321 Buyer Ohders Enfire Demoand

In the following twe instances, the supplieds expediting decision can be determined o prioe,
without knowledge of how many units for which the buyver will pay the deviation penalty.
If 5 — £n = —nr, then the snpplier finds it beneficial o expedite whether or not he receives
the deviation penalty on any units; consequently, £5 = (min {g7 = £, ‘H}:I"_. We will denote
thiz case az LA, Similarly, if w — oo+ p < —a, the supplier wonld not choose to expedite any
nnits even if he were receiving the deviation penalty on all of the units; and thus, £ =
This will be scenarvio LE.

W will use backward induction 1o solve for the subgarme-perlect Nash Equilibria in each
seenario. We now formulate the expecied prefit fanctions for the buyer and supplier in case
LA. where of = X and 5 = (min{g} — 8.0}, The supplier chooses #) to maximize his

expected profit function:

1+ A 1
oi, = w |:[: sf{apdo 4+t + A1 = Fiy + M’}_]] + 1“’{; (i) = ) f{xhdr

F_[Dmmuﬂml-ﬂm imin{#y + AL {1 — dygy } — 2] fladde +
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