KELLOGG SCHOOL OF MANAGEMENT

Strategic Decision-Making

DECS-452 Professor Bob Weber
Week #7
1. Please fill out the response sheet at the etitedflaxco-Gambit case, and bring it to class on

Thursday/Friday of Week 8. In doing this exercigeaseremember that the "bid-a-half" strategy
we derived for the earlier auction experiment veasaivery different situation than Gambit is
facing here. (I'm not asking you to do any calcatet. Just fill in what seems to you like a
reasonable strategy.)

2. Read the attached material. In particularnti page contains the one-page course summary that
| used to save for Week 10.

3. Begin working on the final project.



Strategic Decision-Making: A Capsule Summary
"All the world's a game, and all the people imérely players."

In any strategic setting, try your best to antitéphe others' choices of actions. Optimize ag#nuse
anticipated actions. In order to anticipate th@as of others, look at the strategic problem ftoeiothers
perspectives.

When trapped in a disadvantageous strategic sityatonsider the value of grabbing the initiative,
making a precommitment.

When holding private information, give consideratio what youwould be doing, if you held other
information than that which yado hold. (This is the only way to predict how othex8 interpret your
observed actions, and whether a bluff or signdlwakk.)

When others are ineffectively trying to give yosignal (i.e., when you can't be certain that tleéfactive
signal is not a bluff), look at the problem froneithperspective, find an effective signal, and lemgle them
to give it.

In ex ante symmetric settings (i.e., where youediffom the others only in the private informatjau
hold, and where those others also hold privatenmition), test your planned strategy against itself

Don't lose sight of your best alternative to regotuof the immediate conflict; at times, threasy(,
"walking away") are justified even if there is soaf@nce that you will have to carry them out (aunftes a
small prospective loss).

When the actions of others determine whether oyowiwill achieve some objective (buy the car, @&equ
the firm, win the auction), and when those othetd iInformation concerning the value of the objeetio
you, recognize (and adjust your actions to praigainst) adverse selection / the “Winner's Curse.”

When short-term strategic considerations work agdiath your long-term interests and the intereftse
others (i.e., when caught in a repeated PrisoDdeshma), look for ways to make short-term cooperat
verifiable, so "Tit-for-Tat" can be played.

When negotiating with others, look for differen¢stime preferences, or risk attitudes, or beliefs
capabilities, or tastes) through which value canrbated.

Don't fall prey to your own psychological biasesa@oring, updating beliefs incorrectly, behavingfasu
are more risk-averse than you really are); exphaise biases in others to the extent you consider
appropriate.

Recognize that in (rational) markets for objeciwehlued commodities, if everyone has equal standin
(i.e., if the market is "symmetric") then only tleosith private information can expect to profit.hén
facing a "War of Attrition," look for ways to "deasimetrize" the situation.

Beware the opponent who may do the "unthinkab@tliers may view ethical and/or legal constraints
differently than you.



Strategic Decision-Making (DECS-452 Course Outline)

Multi-issue negotiations (the Riverside/DEC case)

1. Value-creation vs. value-claiming: the "Negmis Dilemma”
2. Value is created through differences
a) In relative valuations: Trades can be arrdnge
b) In beliefs: Contingent agreements (i.e., mllytdesired gambles) can be arranged
c) In risk attitudes: Insurance can be arranged
d) In time preferences: Intertemporal agreem@ig, loans) can be arranged
e) In capabilities: Positive synergies can lilypexploited
3. The importance of contingent offers
a) Giving information in a way that guarantee=egng information
b) Breaking the single negotiation into a seoesmall steps, in an attempt to avoid

the Negotiator's Dilemma through repetition.

4. Third-party intervention

a) Mediation takes away the "curse" of havinghtave first
1) The single negotiating text as a mediatiah to
2) Post-settlement settlements (lock in somesgaarly, to limit exposure of

each party to opposing claiming tactics later)

3) Mediators care about gettiagleal, and are therefore exploitable

b) Joint audit agreements can eliminate somecsswf incomplete information

C) Contingent contracts (e.g., usage chargesjleten specifics until information

becomes observable
d) Arbitration

1) Classical "binding" arbitration
i) Arbitrators tend to split differences, encaging initial extreme
positions
2) Final-offer arbitration: Can lessen the n&edo to arbitration
i) In Major League Baseball in 2012, 142 playkled for salary

arbitration early in the offseason. Ultimately, mpkayers
avoided hearings with one-year deals, 17 signetracin
extensions, and only seven went to arbitrationihgar
e) The Paradox of Truth: The only way to getiparto fully reveal themselves is to
assure them that the revealed information willbefully used.



Preferences and Utility
Do you agree that -

For any two occurrences A and B, you will eithesfpr A to B, or prefer B to A, or be indifferenttiveen
them ?

If you prefer A to B and B to C, then you'll prefeto C ?
If you're indifferent between A and B, and betw8esind C, then you'll be indifferent between A and C

If you prefer A to B and B to C, then theres@meprobability p such that you'd be indifferent betwes,
and a "lottery" that gives you a chance p of ggthrand a chance 1-p of getting C ?

If you're indifferent between occurrences A ané] if A is one possible outcome of a lottery, then
substituting B for A as an outcome of the lotterl} mot affect your preferences ?

The preferences of a rational decision-maker caefesented by atility function (the choice of origin
and scale is arbitrary - all else is then deterta)paecisions should be evaluated in terms oéxpected
utility of the outcome. If the utility curve isiear over the range of possible outcomes, thiguaalent to
evaluating decisions in terms of expected paybthe curve is upward-sloping but downward-bendiagr
the range of outcomes, the decision-maker is ‘agkese.” (Over a wide range of possible outcotmesg
typically the case; e.g., for most people, thegase in utility in moving from their current wealével to a
level $1,000,000 higher is greater than the ineré@asnoving from +$1,000,000 to +$2,000,000.)

Would you rather make a personal investment (A aiguaranteed profit of $3000, or an investmet (B
with an 80% chance of yielding $4000 profit (ar@D&b chance of returning no profit)?

Would you rather make a personal investment (Q) wi25% chance of returning $3000 (and a 75% chance
of returning no profit), or an investment (D) wd20% chance of returning $4000 (and an 80% chafnce
returning no profit)?

To choose A and D is inconsistent with the "subttih" property stated above: C is equivalent®25
chance of receiving A, and D is equivalent to a 25f&nce of receiving B. The fact that many pedple
choose A and D is known as the "Allais Paradox."

Lesson: The way wactually make decisions in the face of uncertainty is maessarily the way
we wouldlike to be making those choices.



The Nash Arbitration Scheme
Given complete information about (1) the availaditernatives, (2) the preferences of the two paraed
(3) both parties' best alternatives to agreeméoyld an arbitrator
- make a decision only on the basis of this infdron&

- choose an alternative which is Pareto-undomin@ted which cannot be improved upon for one of
the parties at no cost to the other)?

- not force upon the parties an agreement whickekeane worse off than if no agreement had been
reached?

- choose symmetrically when the original problersyisimetric?
- not change his mind if he learns that an agreemkeich he was not going to choose anyway was in

fact not feasible?

If so, then the arbitratonust always choose the agreement which maximizes thddupt of the parties'
utility gains.

Arrow's Impossibility Theorem

A social choice procedureassociates a preference ordering (for society) @ach collection of individual
preference orderings.

Assume there are at least three alternatives, tdedst two individuals. If a social choice progeslis
monotonic (i.e., if raising an alternative in soméividual's ranking never lowers its social rarRinf the
individuals as a group can put any alternativettqri, and if the social ranking of any two altemes
depends only on the individual rankings of those, tilven one of the individuals must be a dictator.



5. The role of time

In the previous chapter, we explored the rangetiesnents which could be obtained at equilibrium
throughany mechanism for negotiations, and we found thawath settlements could be obtained through
the use of a one-stage simultaneous-type-revelptmredure.

However, in actuality negotiations typically tadage over time, with the parties gradually revegslin
themselves through their actions. We shall lodkiin at negotiations over time when there is no
information to be revealed, at protracted negatiegtiduring which the parties accrue payoffs whiepeshd
on their stage-to-stage actions, and finally abtiagons in which information is revealed overdinbut the
only payoff comes at the conclusion.

5.1 Complete information

We have already seen that there is no impedimepdrtes reaching a Pareto-efficient outcome wheret
iS no uncertainty. If we assume that bargainikgdalace over time, and that there is a cost ededavith
delay in reaching an agreement, then the onlyiefficoehavior must involve agreement being reached
essentially immediately.

Example 11 (the Rubinstein offer-counteroffer modgl Consider a seller, holding an object worth
nothing to him, and a buyer who values the obje$B80. Both valuations are known to both partiesey
negotiate through the exchange of offers: Firststtller proposes a sale price, and the buyerr eitivepts
that price, or rejects it. If he rejects it, tHenfollows with a counter-proposal, stating anotireze. The
seller can either accept this new price, or foleith yet another proposal. And so on...

Assume that one unit of time passes between aegti@ and the subsequent proposal. One modeéof t
cost of delay in reaching an agreement involvesodisting the payoffs of both parties in the final
agreement. Specifically, let dnd @ be discount rates between 0 and 1, and assurpaybé to the seller
if the final agreement is a price of p in théh stage is §'Cp , while the payoff to the buyer is
ds""{300-p).

There are many equilibrium pairings of strategiethis bargaining game. For example, the sellerask
for $290 in every stage, accepting a counter-affdy if it is at least $290, and the buyer can pteay
price at or below $290, making a counter-offer bishenever the seller asks for more than $290cdlRe
that a strategy for a party must specify his adtioany situation he might face.) This pairingde#o a sale
at $290 in the first stage; neither can do anyebedis long as the other holds to his own specifiedegy.
Similarly, there are other equilibria which yiefdrmediate sales ahy price between $0 and $300.

However, the specified strategies call for foolistions from the parties in certain circumstandes.
example, suppose the seller opens with a prop6$2199, and the buyer rejects this offer, making a
counter-offer of $289. (While this will not happéthey follow the specified strategies, the sefteist be
prepared for this possibility.) If $289 is greatesin d[$300, it would be foolish for the seller to rejéus
counter-offer: He cannot expect to improve hidoptontinuing the game through another stage.célen
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the specified pair of strategies calls for non+ogtiactions in some "subgames" which arise off the
equilibrium path.

An equilibrium point is said to ygerfect if the parties’ strategies call for optimal beloawn every subgame
which might arise. Remarkably, if we restrict attention to perfect equilibria in this sequengaine, we
find that there is only one. Let

300(1-ds)
= — ,and = .
ps 1_ dB ds pB pst
The unique perfect equilibrium has the seller askim ps initially, and at every subsequent stage accepting
any price of p or more. He rejects any lower counter-offer, agaking for p. The buyer accepts any
price of i or less, rejecting higher prices and counter-offea price of p. In this equilibrium, the sale
takes place in the first stage, at a pricesof p

If the discount factors are equal, and very closk i.e., if the interval between successive stagguite
short, so the cost of delayed agreement is sritadi), g will be very near $150. More generally, if the
parties face any bargaining problem without undataand the proposals and counter-proposals sbofi
feasible agreements, then the unique perfect bguih outcome is immediate settlement on an agreeme
which, when p= s and both are near 1, is near the Nash solutitimetbargaining problem. (This is a
"limit" result.) One might view this as furtherligation of the Nash solution as a "natural” resfilt
negotiations.

Short of the limit, the sale price is somewhat &®¥50. This is because it is to the seller's atdge to
move first; if the buyer were given the first mothee price would be somewhat below $150.

Note that gis increasing in g and decreasing irsd The less costly it is to either party to wdig better
off he is in the perfect equilibrium outcome. Thixords well with common perception: In negabiadi
patience is a virtue.

The parameterss@énd @ can be given an alternative interpretation. Agstimat there is no cost to waiting,
but that there is a probability of %-that the seller will walk away from the negotiaticany time he makes
an offer which is rejected, and a probability alstthat the buyer will walk away any time onehié offers

is rejected. The same, unigue perfect equiliby@nsists in this new setting: The more likely gy to
walk away if one of his offers is rejected (moregisely, the more likely his oppongur ceives his
departure to be), the better off he is at the dmitim outcome.

5.2 Repeated games with incomplete information

Over the past twenty years, many researchers hadied the repeated play of a game, when the ®dayer
interests are strictly opposed and each holdstpriméormation. The most-commonly-studied modelris
in which the parties are uncertain of the payatictre of the game; the actions of both partiegpablicly
revealed at the end of each period, but neitherlsins the payoffs; payoffs accumulate over tikivile
this is not too accurate a model of bargaining (etieere usually is an end to the negotiations tla@d
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terminal payoff is much more important than intetiiage payoffs), still, investigation of this model
provides insight into the way a party's opponentlearn about him from observation of his acti@ms]
therefore, about how the party's actions shouichiosen.

A principal result is that optimal strategies tygig involve a single initial reference to the infaation a
party holds, followed by period-to-period moves ethdepend only on the outcome of that single
reference. An analogue of this in actual negatmntiis the initial briefing of a representativewhich time
he is given only the information the party he repres is prepared to reveal in the course of the
negotiations; subsequently, no further informatsorevealed to him (and hence, his choice of astion
during the negotiations can reveal no more thaimnflieemation he is given at the briefing).

Recently, Hart has extended this analysis to gavitagrivate information on one side, and gaindlate
to the players through cooperative actions. Heesslt is that, when mutual gains are availabis, i
frequently necessary to partially brief a represivet, send him to the negotiating table, and (dejpg on
the course of the negotiations) to periodicallyatieihe agent for further briefings. This work piaes
some insight into the process observed in intaynatiarms control negotiations.

5.3 Bargaining with incomplete information

Attempts to extend the Rubinstein offer-countemodigalysis (with time-discounted payoffs) to bangag
problems with incomplete information have met vdifficulties. The most successful approach to date
that of Grossman and Perry; the difficulty theyander is that such games have many equilibriattzad
natural analogue of the "perfection” argument enRubinstein model is not clear. An active area of
current research is the development of equilibrs@haction techniques, to be applied in order taiols
single "special" equilibrium of such games. Howetlge predictive appeal of such models is queabin
given the numerous ways in which individuals caatleémpt to affect the selection process.

In general, negotiations which unfold over timeywiarmany dimensions: the nature of the informatio
initially held by the parties, the channels of cammication, the costs of delayed agreement or aipftie
types of settlements which are feasible - diffeesria these dimensions lead to problems requiring
substantially different analytical approaches. §e here a simple example which has been used by
various authors as a model of courtship behaviamifve tribal customs, military escalation, artdies.
In this example, there is competition for an ingiivie prize. Each party knows his own valuatiothef
prize, communication is limited to observationloé bther's intransigence, costs of delayed settieare
opportunity losses, which accrue to both partiesdily over time, and the only possible agreenrewjsire
total concession by one party.

Example 12 (The War of Attrition). Two parties compete for possession of a pfizee two private
valuations are independent draws from a commontykndistribution, and each party knows only his own
valuation. The parties face one another passisaffering a constant loss per unit time. Comjoetiends
when one party withdraws; each pays his accrued(tbe same amount for each), and the remainirtg par
claims the prize.
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Milgrom and Weber have studied this situation, abthined the following results. (1) There is aquei
symmetric equilibrium point for this game. (2)@quilibrium, there is a positive probability that
competition continues for so long that both thetasd the winner suffer net losses. (Of course, at
equilibrium each has a non-negatexpected profit; otherwise, one of them could gain in expé&on by
withdrawing immediately.) (3) If it is commonly &wn that both parties have exactly the same valoati
then at equilibrium both have expected payoffs @fe), on average, they will "compete away" theren
value of the prize). (4) The greater the likelffetence in valuations, the greater the expectgdffsato
both. (Or, as the French say, "Vive la differefcéb) The longer competition endures, the mdtelyi it is
to continue. (The outlook for settlement growsidily bleaker over time. In the strike interpritaf this
result provides some justification for a policyde#flayed government intervention.)

6. Summary

Game-theoretic studies of bargaining problems @kasg of other types of conflict situations) héetped
to clarify our understanding of the role of privattormation and the nature of strategies in coitipet
environments. These studies have also providedeaf structure for the investigation of issuesiaing
efficiency and equity, and have helped to delindaeoles played by intervenors (and the limitatio
intervenors must acknowledge).

6.1 Research prospects

One active area of research deals with equilibpomt selection and classification; a goal of tieisearch
is to explain why some types of equilibrium behaware observed more frequently than others. Amothe
area concerns the evaluation and comparison ehattee frameworks for dispute resolution: Forragée,
one might ask how different rules for the allocatad court costs and legal fees in civil suits etffgre-trial
settlement behavior. Several technical problemmsie to be solved before current analytical teales
can be extended to cover problems involving mtghmensions of uncertainty, or multiple negotiatio
stages.

Most of this paper has discussed problems of twtyfs@rgaining. There is a rich history of

game-theoretic research into multi-party issuespmst of this work has focused on issues of stalfihe
core, bargaining set, von Neumann-Morgensternisoluand the like) and equity (the Shapley value).
Little is yet known about the dynamics of coalitimnmation (and dissolution) in multi-party negoitas.
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6.2 Lessons to be remembered
In conclusion, what are the principal messages dhewy has to deliver to practitioners?

For negotiators, there are two: Realize that, wieenhold private information, it is important torsider
what actions yowould have taken, had your information been differeantth actually is. Carefully
consider what strategy you expect your opponefalimv, and whether this expectation is justifigdh
particular, if your own strategy, together with yapponent's, does not form an equilibrium poisk, a
yourself why. Are you expecting him to be lesvetehan you?)

For intervenors: Be aware of incentive constraemtsl their role in occasionally leaving the partrean
irreconcilable position of conflict. (Strikes, fekample, are always non-optineslpost; still, the threat of
a strike is an essential component of the laborag@ment bargaining process. The intensity ofttresat
can reveal useful information, but only if theraishance that it will have to be carried out.pvitte
opportunities for "safe" revelation of informatitmyou; seek means for auditing statements mageuoor
for conditioning the contract on future informationbehavior.
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MAXCO, INC. AND THE GAMBIT COMPANY

Part |

Maxco, Inc. and the Gambit Company were fully-iméggd, major oil companies each with annual
sales over $1 billion and exploration and develapnbeidgets over $100 million. Both firms were prepg
sealed bids for an oil rights lease on block A-bff2he Louisiana Gulf coast. Although the deadlioethe
submission of bids was only three weeks away, aefilm was very close to a final determinationitefbid.
Indeed, management at Maxco had yet to decide whaihbid at all, let alone how much to bid. Altigbu
Gambit was virtually certain to submit a bid, tegdl of Gambit's bid was far from settled. This
uncharacteristic hesitancy in the preparation o hiom's bids was a direct result of certain péeities in the
situation surrounding the bidding for block A-512.

Block A-512 lay in the Alligator Reef area immeditto the south of a known oil-producing region
(see Exhibit 1). Just to the north were blocks A-48d A-498, both of which were already under l¢asbe
Gambit Company. On its leasehold Gambit had twoptetad wells that had been in production for soime t
In addition Gambit had an offset control well irogress near the boundary between its leaseholtlaoki
A-512. When this well was completed, Gambit wouddtén access to direct information concerning thaesaf
any oil reserves lying beneath block A-512. Maxo@arest leasehold, on the other hand, was sorme sales
to the southeast. Any bid submitted by Maxco, tfegee would necessarily be based solely on indirect
information.

The Role of Information in Bidding for Oil Rights L eases

In any bidding situation, information concerningher the object of the bidding or the notions of
competing bidders is highly prized. This is everrenibhe case in bidding for the rights to oil regsriying,
perhaps, thousands of feet below the surface. Tdreref course, various kinds of information aafalié to
bidders for oil rights. To summarize these varityoes of information briefly, two categories—dirextd
indirect—may be established.

This case was prepared by Mr. Donald L. WallacegRe$ Associate under the direction of AssociatdeBsor
John S. Hammond as a basis for class discussioer iiian to illustrate either effective or ineffeethandling of

an administrative situation. It has developed franstudy by Professor Donald H. Woods, Georgia State
University.

Copyright © 1974 by the President and Fellows ofded College

Distributed by HBS Case Services, Harvard Busiis&s®ol, Boston, Mass. 02163.
All rights reserved to the contributors. Printedhie USA
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Information obtained by drilling on a parcel of ¢his called direct information. Obviously this et
most precise information obtainable concerningsiligsurface structure. From core samples taken tpgdu
the drilling operation, and from careful laborataryalysis of these samples, considerable informatiay be
accumulated not only about the presence or abs#raik but also about the type, thickness, comipamsi and
physical properties of each of the various geolmigstrata encountered. Such information then pesvitie
driller with a relatively accurate estimate of thiereserves lying beneath the parcel. Direct infation
concerning adjacent parcels may be obtained byngdribffset control wells. These wells are offseirh the
principal producing areas and are located neabtli@daries of the leased parcel. Such wells may phevide
a particular lessee with precise and valuable mé&tion about adjacent parcels.

Indirect information is obtained from sources ottian drilling and may be roughly divided into two
kinds: scouting and nonscouting. Scouting infororats gained by observing the operations of othdecs.
By counting the sections of drill pipe—each of kmolength—introduced into a hole, an observer mégrithe
depth of the hole. By observing the quantity of eata-required by law—used to plug the various porous
strata that are encountered, the thicknesses &¢ teata may be determined. Normally, howeves,tiipe of
scouting information will not yield nearly the preion available to the driller himself. It can hetpthe
determination of whether or not oil reserves eais particular location, but it is much less ukafu
determining the size of the reserves.

More definite scouting information may sometimesobgined by more clandestine means.
Eavesdropping on informal conversations in publeces, subtle forms of bribery and interrogatiorere
forcible entry onto a competitor's drilling site ynarovide much more detailed—and more valuable—+mto
tion. An extreme anecdote tells of two men caudhteninspecting a competitor's drilling log—the soai
document of a driller's direct information. The nveere reportedly held at gunpoint for several days
anticipation of the approaching deadline for thiersission of bids. Managing to escape, the day befwe
deadline, the two men were able to report back wiegt had seen in the log. As a result, the operatose
log had been compromised was forced to raise HispiB7 million.

Less melodramatic, but highly significant, souroémdirect information are available through means
other than scouting. Nonscouting information isaited, first, from published sources such as gowent
geological and geophysical surveys, and reporg@fious explorations. Second, nonscouting inforonamnay
be obtained from local seismic surveys conductdteeby in-house personnel or private contractarthird
source of nonscouting information is found in tteeling of dry hole information. The tradition amashgjling
operators is to reveal their dry hole experientée. feeling seems to be that there is far morestgained from
the reciprocal exchange of dry hole informatiomtlauld be gained from watching a competitor pour a
considerable investment into a site that in knowhbe barren. Finally, nonscouting information mespde
obtained from independent prospectors, promotesiraders who may have become familiar with certai
tracts in the past and are willing to trade thfsimation, again on a reciprocal basis.

As might be suspected in an environment where mébion has such a high—and immediate—value,
internal security presents a clear and ever-prggehiem. Bank-type vaults, armed guards, and rfiect
fences are, commonplace. On occasion, entirerdyitigs have been encased in canvas to thwarffibrtseof
prying eyes. Substantial slowdowns in operationsydver, under almost unbearable working conditiuenge
also resulted. Furthermore, a blanket of securitgtralso be placed over the derivation and subamissi bids.
Information on the level of a particular bid candwen more valuable than information on the valueserves.

2



When bids were being prepared for the tracts sadmg Prudhoe Bay on Alaska's North Slope, one @myp
packed its entire bidding organization onto a aaitt train and ran it back and forth over the sametch of
track until bids had been prepared and submitteldize bidding deadline had passed.

Finally, with information such a prime concerncailation of false information is often attemptefdan
operator is successful in leaking false negatiferimation about a particular parcel, he may be &blater
"steal" the parcel with a relatively low bid. Orethther hand, to divert attention from a particplarcel, an
operator may feign interest in another one by segia conduct tests there.

Maxco's Bidding Problem

Mr. E. P. Buchanan, Vice President for Explorationd Development had primary responsibility for
preparing Maxco's bid. Mr. Buchanan's informatiéiblock A-512 was, as indicated previously, indirec
nature. Although some scouting information on Gaisbiffset-control well was available to him, théepary
basis of his information was a private seismic syytogether with published government geologicapsiand
reports. Maxco had acquired the survey data, owrdly-financed effort with Gambit, through the usfea
private contractor. The contractor, Noble and Steybad prepared a detailed survey of the entiigatbr
Reef area several years previously when blocks Aatfl A-498 were up for bid. Under the joint finergc
arrangement, identical copies of the completedntdp then been submitted to both Maxco and Gar8bith
an arrangement, while unusual, was not withoutgment in known oil-producing areas. Exhibit 1 reprgs
an updated version of a subsurface map includébbie and Stevens' report.

Based on all of the information available to hint,. [Buchanan's judgment concerning the monetary
value of the oil reserves under block A-512 waesally captured by the probability mass functgiven in
Exhibit 2. Furthermore, Mr. Buchanan held that Maigdid should be based solely on this monetanyevaf
the oil reserves. Since it was known that no neatbgks were to be put up for bid for at least &ang, Mr.
Buchanan did not ascribe any informational valueviming a lease on block A-512.

Mr. Buchanan also felt—for the present at least-+@ambit's uncertainty was virtually identical to
his own. He was sure, however, that Gambit's welllar be completed by the deadline for the submissfo
bids. At that time Gambit would know the value loé¢ reserves up to perhaps, plus or minus 5% or 10%.

For the past several years, Mr. Buchanan had réfieskid on any parcels of land where he felt he wa
at a distinct disadvantage to a competing bidder cbmpetitor had superior (direct) informatioroaba parcel
while Maxco had only indirect information, then MBuchanan preferred not to bid at all.

Less than five months ago, however, in an aredandtom Alligator Reef, Mr. Buchanan had lost a
bid on a block adjacent to a Maxco leasehold. Maab gone to the expense of drilling an offset ntell
on its own block and had found a reasonably largeeserve. Maxco had then lost the bid, howeweg t
competitor who was operating solely on the basisdifect information. In addition, the competitowinning
bid had still been low enough to provide for a $absal profit on the venture.

Thus Mr. Buchanan was considering a change indlisyp While he very such doubted that anyone
else would enter the bidding for block A-512, hes\vsaginning to feel that he himself should do beldid
decide to bid, he then wondered what sort of bightnbe reasonable.



Part Il
Gambit's Bidding Problem

Mr. Buchanan's counterpart in the Gambit Company aviir. K. R. Mason; primary responsibility for
preparing Gambit's bid thus rested with him.

Until Gambit's well on the Alligator Reef leasehalds completed, Mr. Mason's information
concerning block A-512 would be indirect in natufbe primary basis of that information was stik thrivate
seismic survey, for which Gambit had contractedtjgiwith Maxco, together with published government
geological maps and reports.

Although Mr. Mason also had detailed productiorslog the two producing wells on Gambit's leasehold,
he felt that this information was not relevanthe problem of assessing the potential value ofdk#s612. There
was almost certainly some cross-faulting in thegatior Reef area (see Exhibit 1). Since this cfagking would
probably terminate the producing area, the prinaipeertainty surrounding the value of block A-543s the
precise location of the northernmost cross-faltusl Mr. Mason's judgment was also essentiallyucagtby the
probability mass function given in Exhibit 2. Althgh Mr. Mason's judgment certainty did not coingiecisely
with Mr. Buchanan's, the facts available to the twen and the economics in the two companies wegelia
similar. Neither man's estimate of the situatibeyefore, differed significantly from Exhibit 2.

This would, of course, change dramatically when Gilsnoffset control wall was completed. At that
time Mr. Mason would be able to reevaluate the ertypwith a much higher degree of precision.

Normally Mr. Mason would then be in a position tdmit a bid relatively close to the true valuelod t
block while still allowing a generous margin foiofit. Other bidders, not knowing the true valudlaf block,
would be unable to adopt such a strategy. If théyaball, they would have to either bid relativédyv or risk
the possibility "buying in high" to a disastrousigprofitable situation.

Over the past year, however, several operatotseitouisiana Gulf Coast had narrowly lost out when
bidding for blocks on which they had direct infotioa. Granted chat in no case were extremely laggerves
lost; nevertheless, operators bidding with nothiagindirect information had been able to "steahgiv
substantial reserves from operators who were bdbk#igbids on direct information.

With a view toward reassessing his approach tokihis of situation, Mr. Mason thought that it might
be useful to prepare a whole schedule of bidseBoh possible "true value" of the reserves, Mr.dvidslt
that he should be able to establish an appropidte— given that value of the reserves. Thus, Maskh felt
that he ought to be able to complete a bid schesimiar to that given in Exhibit 3. He was wonatey;
however, what a reasonable schedule of bids miglikb.



Exhibit 1

MAXCO, INC. AND THE GAMBIT COMPANY

Subsurface Map of the Alligator Reef Area
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Exhibit 2
MAXCO, INC. AND THE GAMBIT COMPANY

Probability Distribution of Monetary Values

Monetary Value
of Oil Reserves*

($ millions) Probability
1.7 0.03
2.7 0.06
3.7 0.10
4.7 0.17
5.7 0.28
6.7 0.18
7.7 0.08
8.7 0.04
9.7 0.02

10.7 0.01
11.7 0.01
12.7 0.01
13.7 0.01

1.00

Mean Value = $5.83 million

*Net Present Value at 10%.



Exhibit 3
MAXCO, INC. AND THE GAMBIT COMPANY

Gambit's Bid Schedule

If the true value of then Gambit's bid

the reserves is should be:

$1.7 million $ million
$2.7 million $ million
$3.7 million $ million
$4.7 million $ million
$5.7 million $ million
$6.7 million $ million
$7.7 million $ million
$8.7 million $ million
$9.7 million $ million
$10.7 million $ million
$11.7 million $ million
$12.7 million $ million
$13.7 million $ million




KELLOGG SCHOOL OF MANAGEMENT
Strategic Decision-Making

Final Project
DECS-452 Professor Bob Weber

This assignment may be done in groups of up to fiseups of one, two, three, four, or five musaditeast five,
six, seven, eight, or ten problems, respectiv@lery group must do the first three problems. (Your grade will
be based on theveragescore you receive on submitted analyses.) Onaf getpers should be turned in by each
group at our last regular meeting (June 2/Jund-8gl free to be creative (for example, if you warpull together
a group of friends and have them play one of timesgago ahead and report the results). Don'tatesd call, or
to come in and talk with me, if you think you atec¥, or fear that you are going astray. (I migfier smiles and
frowns at appropriate points, but of course cactialy push you forward.) Each of the problems lsanvritten
up in one to three pages, although furihsightful discussion is not discouraged. [Honor Code: ey
discuss these problerosly with your group members, and with me. In particuau may not discuss them with
those who've taken the course before, nor accesmaterials related to previous offerings of thesitse. Outside
references and readings are fine, as long as thesgdited when appropriated]l members of groups of size
three or greater must also send me an email no latéhan midnight, Friday, June 3, dividing 60 points
between all members of their group (except themsedg) in proportion to the relative contributions ofthose
group members to the group effort.(Please use the subject heading “Peer Ratingily i@ extreme cases will
these ratings affect any grades.

1. Three individuals, A, B, and C, are trying tonjty decide whether to take action x, y, or zislt
commonly known to all of them that A prefers x tapd y to z; B prefers y to z, and z to x; C piefeto x, and x
toy. They finally agree to each vote (simultargigufor an alternative: If at least two vote the same
alternative, it will be selected. If each votesddlifferent alternative, then A's vote will beplemented. (A is
somewhat "senior" to the other two.)

How would you vote, as A? As B? As C? Explainrychoices. [Answer this by writing three shortmos:
Your advice (with justification) to A if you werarkd as a consultant to A exclusively, and simyigdur advice
to B or C if hired by one of them exclusively.]

2. During the 1980 U.S. presidential campaign, Beagadvisors released a press statement, in wiggh
said, "We concede that, in any tense situationalRiobReagan is more likely to react with militaryde than
Jimmy Carter is. Still, we argue that the use titany force will be less likely if Reagan is eted

President.” The press jumped all over them, angritteacted the statement the next day. Commetiteon
possible validity of their original (quoted) statemh— in particular, list and discuss any assumpttbat might
play a role in determining its validity.



3. Consolidated Products and their competitor, GtediBrands, have been presented with an oppartimit
apply for a license to distribute hand-carved woodplicas of the 2012 Olympics mascot in the Whi¢ates.
The licensing arrangement is simple: If both afphthe license, they'll pay $4,000,000 apiece,lHionly one
applies, that firm will pay $6,000,000. On the basipublished market research concerning U.S.uroes
interest in the London Olympics, it's considerethswhat more likely (60% chance) that total prdfiten the
U.S. market will be about $6,500,000 than thatehell be enough interest (40% chance) to bringltptofits up
to $10,000,000.

Consolidated is in the process of doing its owmitkl (private) study of market prospects, and sathn know
which of these two possibilities is actually theeaTl he fact that they’re doing this study is pukhiowledge.

Regional is thinking about running a very-privaiedy of its own. They estimate that the cost ohda@uch a
study (and keeping Consolidated from learning tihey’ve done so) to be $100,000. The study wouwd tiem
the same knowledge that Consolidated will have.

Ultimately, each of the two must independently deavhether to apply for a license. (The decisidrisoth will
be revealed simultaneously.) If both apply, thestit up splitting the available profits.

(@) Represent this game in strategic form. (To be stersi, make Regional the “Row” player. Hint: You
should end up with a 6-rows-by-4-columns represemta

(b) Under what circumstances (i.e., with what beli@fisaerning Consolidated’s behavior) should Regional
spend the $100,000 before making its license-aguic decision?

(c) If Consolidated could publicly precommit to a stigyt, what strategy would you advise them to bind
themselves to? What expected profit would youtlelin to expect as a result of the precommitment?

4. Two contracts are to be let successively (twathwapart) at competitive bid. You will be bidglifor
both of these contracts, in competition with a lemajher firm. Both contracts involve the use ofeav
technology which has two uncertain cost dimensidns a two-process technology). Both firms cothehave
imperfect estimates along the first dimension, rodt submit bids for the first contract.

The winning (low) bidder will be awarded the contrandboth bids will be made public. The next two months
will not provide sufficient time to gain furtherformation about the first cost component. Howelseth firms
expect to have imperfect estimates of the secomgbonent (as well as their first-round, first-componestimate,
and knowledge of their competitor's first-round)lagt the time they have to bid on the second contra

At the unique equilibrium in this two-stage gamie€an be shown (1) that higher cost estimatesdrfitst round
lead to higher first-round bids (i.e., the firstsnal bidding strategy is a strictly-increasing fumetof the cost
estimate), and (2) that either bidder can incréasérst-round expected profit by bidding slight®ss than his
equilibrium bid.

At first glance, this seems paradoxical. Theiostnd bidding strategy doest serve to conceal your firm's
private information, in the sense that, at equiilitor, the other firm can perfectly infer your firsttind estimate
from your first-round bid. But then, why shouldydiu set your first-round bid to maximize your fireund
expected profit? Explain.



5. Your firm is preparing to bid for the mineradhiis on a tract of offshore territory. You havkemba team
of operations research analysts to recommend a bid.

"There are four other potential bidders," they reptEach of the five of us, as well as the goveent, has
conducted a geological survey of the area. Althaug estimation procedures are all equally gduetet are
substantial measurement errors to which the estimptocess is subject. Indeed, our private eséiwas that
the tract has a commercial value of $100 milliaxt,the government has just announced that its \esdtimate is
only $60 million. Of course, the lease actuallg liee same value to all of us. Incorporating theeghment's
estimate with our own, we obtain a revised estiro&&82 million?!

"We've scoured the competitive bidding literataed have encountered several of our competitef§'maembers
at the library, looking at the same articles). dflthe papers we've read suggest that we bad@dan our
revised estimate. In fact, the equilibrium strasdor a five-person bidding game very similattte one we face
have been published, and indicate that the equitibbid associated with a revised value estima&8afmillion

is $58 million.

"We suggest that the firm indeed bid $58 millidiie really believe that the others will also bedwaling the
published strategies (i.e., that they will analifmesituation the same way we have). Of coursenasebe outbid.
But if we do win, we'll have an expected profith@4 million."

)] What statement (which specific sentence) is wimgously wrong here?

(b) Their analysis would have led to the same éadmmendation, had the revised estimate of $8&mill
come (correctly) from a private estimate of $6Qionland a public estimate of $100 million. Dokt
seem reasonable? If so, explain (why which eséinsgprivate and which public is irrelevant); iftho
comment (under which of the two situations would pe tempted to bid more, and why?).

6. You have been named the chairman of a commdteeged to evaluate the predictive abilities of a
number of stock analysts. It has been propose@#ui analyst be asked to report his belief atheuikelihood
of a short-term upward price movement in eachmstecks. Then, the actual price movements withteerved,
and on each stock separately, the analyst wilive@escore based on the probability he had assignepward
movement, and the actual direction of movementhEparticipating analyst will be compensated irpprtion to
his final score. [Assume that the analysts aré¢rakn their attitudes towards risk, for sums amay in the range
of potential compensation. Further assume thaesadented analysts can indeed better predict pr@meements.]

€)) One possibility is to award each analyst, ahestiock, either p or 1-p points (where phes
probability he assigned to upward price movement,tee receives the first score if the stock indeed
moves up in price, and the second score otherwide)you foresee any problems in announcing thst th
scoring procedure will be used?

'Everyone held a common prior estimate (based ovique production in the area, a matter of publimord) of
$86 million for the value of the lease. The "red$estimate is

1/3 {common prior) + 1/Z{private estimate) + 1/3public estimate). You may assume that the unuheyly
statistics in the problem justify this formula.



(b) Finally, a slightly-more-involved scoring pratee is decided upon, wherein an analyst recelvés-py
or 1-g points, depending on the direction of price mosem Are you happier with this than with the
procedure given in (a)?

(c) At the last minute, you are told that the higiering analyst will also receive a lucrative, gggsus new
assignment, and that this will be announced padné competition. What effect do you see this
announcement having?

7. Consider an idealized society, consisting of types of individuals. Each individual views hielas
unfolding over two periods of time: First, he i®yng,"” and later, "mature.” Each wishes to maxenhi lifetime
consumption, and to distribute that consumptioevesly as possible between his two periods of $ipecifically,
his happiness (utility) over his lifetime is theg@uct of his consumption levels when young, andnwhature.
However, lifetime income streams are differenttfe two types of individuals: Persons of the fiypie have an
income stream of (20,20), and those of the setyg®] (10,60). (Those of the latter type deferrtearnings in
favor of acquiring extra education when young.)

Clearly, there are gains available from trading@gements between individuals of the two typesr ékample,
consumption streams of (19,22) and (11,58) areeped by both to their original income streamssThi
corresponds to the first "lending" one unit to $eeond when young, and being paid back with 10@étasat
when mature.)

In this society, we might expect some enterprignagvidual to establish a "bank," which pays int#ren deposits
and collects interest on loans. Assume the bamkesumces the following policy: Each young indiadiaubmits
a slip of paper, listing an amount and an integst Those of the first type (income stream 6{ZQ)) indicate
the amount they are willing to deposit, and thedstinterest rate at which they will make that d#&polhose of
the second type (income streams of (10,60)) inelita amount they wish to borrow, and the higragstthey are
willing to pay. The banker will then (having seshof the slips) announce an interest rate at wthe total
amount offered for deposit equals the amount afked loans. (This might involve some rationirglee
margin.) All first-type individuals who offered plesits at that rate or less will have their offecseptedit the
rates they specified All second-type individuals who offered to pag iannounced rate or more will receive
loans, agaimat the rates they specified (The banker gets to consume the spread.) TVergment has granted
the banker a monopoly on trade; those whose ddfersot accepted must simply consume their owmneco
streams.

(@) If there are equal numbers of both types atiddals, what will be the announced price at egrim?
What will an individual of either type write on rstp?

(b) If individuals are free to choose their typeantyoung (e.g., are free to choose the amountuxfaditn
acquired), what proportion of the population whbose each type, at equilibrium?



8. You and two roommates have just signed the le@asenew two-bedroom apartment. The obvious
question: Who gets to sleep alone? The threewfigcide that each will write down a dollar amouhe one
who writes the highest amount gets the single lmedydut must give half of the written amount toreatthe
others each month. The lease runs $900 per mamdheach of the three of you is equally likely atue the right
to sleep alone at anywhere between $0 and $100qeth (all values are equally likely). Your owruation is
$70. (Be sure to note that the winner has to paydsers, so everyone gstsnething.)

(@) If you expect each of the other two to bidegfion f of their valuations, what fraction ofuyawn
valuation should you bid?

(b) At equilibrium, what fraction f will all theebid?

[Hint: This problem can be approached analyticatycan be spreadsheeted. It might be worth gidhiat, if k
random numbers are drawn uniformly and indepengéetiveen 0 and 1, the expected values of tlaiest
next-smallest, ... largest are 1/(k+1), 2/(k+1)k/(k+1).]

9. A large chain of hardware stores faces a sefigslividual potential competitors, each of whish
thinking of opening a store in one of the townsgv/hich the chain is currently unchallenged. Wheneve
challenged, the chain has two options: to engageensive local price competition against theamtt(which
reduces the chain's earnings from the challenged,diut eventually drives the entrant out of bess), or to
share the local market with the challenger. Irhgawn, the (net present value of all current andre) payoffs to
the chain and its potential competitor depend erctmpetitor's entry decision and the chain's respas
indicated below.

Challenger
enter stay out
fight  (-1,-5) (5,0
Chain
share (2,2) (5,0)

There are twenty potential entrants, each of wimi¢hrn receives a single chance to enter. Allaieing
potential entrants observe the outcome (the emrtristbn, and the chain's response) prior to thénoexd.

(@) If, instead, there were only one round andpwiential entrant, what would you expect to segbap

(b) What would you expect the chain to do (what Mlgou do) in response to the entry of a competitor e th
first round of the actual 20-round game?

(c) Discuss your answers to (a) and (b), in thiet laf the following claim: "Each of the twenty raisis
independent of the others, since each potentied@nly acts in one round; therefore, the poéénti
entrant at any round should not be influenced byotitcomes of the preceding rounds." (If your amswe
to (a) and (b) are the same, you probably agreleeyfre different, you disagree. In either casp|an
why, or discuss the assumptions underlying youwan$



10. In the Ware case, we originally assumed tleatrtre value of future sales was (from National's
perspective) equally likely to be anywhere betwg®s and $20 million. If, instead, we had madertioee
realistic assumption that the true value was ndyna@tributed, with mean $17.5 million and starteeviation
$1.5 million, National's expected payoffs would ééeen somewhat different. What would Nationafseeted
payoff have been, if they entered the race, aWdhife used a $17 million entry cut-point? A $19iBiom
cut-point? (Hint: Figure, in turn, the probalyildf Ware having entered, given that National sssftély
completes the project and applies first for a gaterd then the expected value of the market divaenWare
entered and the expected value given that Waredtayt. The “adverse selection” spreadsheet freeak/@ will
be useful here.)

11.

€)) Alfred (poor and risk-averse, with utility foroney equal to the square-root of the amount hegsess)
and Burton (rich and risk-neutral) have met agdihis time, Alfred owns only a ticket in the finalkthe
state lottery. The ticket has a 50% chance of wg#$6400, and a 50% chance of being worth nothing.
How much would Nash suggest that Burton pay Alfedhe ticket?

(b) In the "used-car" exercise we did in class, thena worth 50% more to the buyer than to the seilea

we found that the buyer could not justify any pesibffer. If, instead, the car were worth $180rento
the buyer than to the seller, and the value tedter was equally likely to be anywhere in the rangenfro
$200 to $600, what would be the buyer's optimadeig-or-leave-it" offer?

(©) In the Salty Dog case, the buyer had a best atteensource of purchase at a price that was (ffwen t
seller's perspective) equally likely to be anywHegveen $3000 and $6000. (The buyer, of coursayk
exactly what this alternative price was.) If, las seller, you held the power to set a first-anditake-it-
or-leave-it price, (which the buyer would acceptduore, as long as it was lower than his bestreltae
price), and if your own best alternative offer be tDog" was $2200, what price would you name?

12.

(a) Two chess-players (Roger and Charles) are prepior a head-to-head tournament, where a $10,000
prize is at stake. Roger is a somewhat better playel has (in everyone’s estimation, includingdvis and
Charles’) a 60% chance of winning the tournament.

The tournament acquires a sponsor: The GreatClaapdhy, which sells a computer chess-playing pragra
The rules are changed: Each player may, at a parsost of $1500, choose to utilize the prograninduthe
tournament.

If both use the program, the tournament outcomkebgitome a toss-up (50:50). If only Roger usdsist,
chance of winning will rise to 80%. But if only Qthes uses it, he’ll become the 60:40 favorite ta.wi

Roger has come to you for advice: Should he bugseto the program? Assuming that both playersteeek
maximize their expected profit, what do you tethhjand why)?



(b) Managing traffic systems is a complex task wuthe self-interested behavior of travelers. Iasneg
the capacity of a major highway might, for examplecourage drivers to stop using alternate routes o
traveling at off-peak hours, or reduce their uspudilic transportation, leading to no real reduciio
congestion.

Consider the following situation: Sleepytown (instern lllinois) has 2000 commuters who must comnwte
work in Chicago (eastern lllinois) every morninguréntly, there are two routes: One is a 60-miletsh of
state highway that runs from Sleepytown to Easttiom, from which a 10-mile street leads into ClyeaThe
other is a 10-mile street from Sleepytown to Wesicion, from which another 60-mile city highwapdss
right into Chicago. Both highways are designedaoyc1500 cars/morning at the maximum legal spéé&do
miles/hour, and both streets can carry 1000 carsimgat a maximum speed of 40 miles/hour. HowetVer,
actual speed along any road (street or highway)sifdthe number of cars exceeds the designed ttgpac
Specifically, the speed of traffic is the “maximlegal speed” if the number of commuters on the ieam
more than the designed capacity, and drops to (marilegal speed) x (capacity/commuters) otherwiBe.
keep things as simple as possible, we’ll assuntenthane other than the Sleepytown commuters eset
roads.)

Currently, half of the commuters take each of the toutes. Each route takes 1 hour on the highwgyent,
and 15 minutes on the street segment.

Both of the highways meander a bit. It has beepgsed to build a high-speed limited-access conmrecti
directly between West Junction and East Junctiomould be 30 miles long, with a capacity of 2000
cars/morning and a maximum legal speed of 90 nhites/ This would give each driver three route-chsic
instead of the current two choices.

Assuming that none of the effects of the first gaaph occur (i.e., there are still just 2000 seléiested
commuters), what would you expect to be the impathe addition of this new “express” route?

13. Consider a two-person game which evolves cootisly over time, and which one of the players will
eventually win. Let p(t) be the probability, ah& t, that player | will be the eventual winner.

(@) Show that the probability that p(t) willeito a before it drops to b, given that itusrently p (where
a>p>Dh),is (p-b)/(a-b). (E.g., if the NU betiall team has only a 20% chance of beating Mashaf
the beginning of a game, then there is a 40% chituat¢he game will reach the point where it'sss40p
(50:50) before the end.)

(b)  (Backgammon) Assume that the initial stake @mount the loser must pay the winner) isFarther
assume that at first, either player has the raghany time, to offer to double the stake. Ifdfigr is
rejected, the game ends immediately and he winsrtmal stake. If his offer is accepted, the gam
continues with a stake of 2s. Subsequentlyother player holds the exclusive right to at amyetioffer
to redouble the stake. He wins 2s if the oaefused. If the offer is accepted, the gameimoes with
a stake of 4s, and the exclusive right to makenthxt double passes back to the first doublee Th
game continues in this manner, with the right tolde occasionally passing from one player to therot

At what point (that is, when p(t) reaches wheatl) should Player | first offer to double? (Hirthe
point at which he should double -- or subsequertipuble -- is the same, regardless of whethetidhe
to double is up for grabs or he currently holdsriglet exclusively. Furthermore,the optimal douagli
point must be a point at which his opponent isffadént between accepting or rejecting the double.)
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14. Quoted from an article on strategic thinkinghi@eHarvard Business Review:

"Question: Byzantium Gate Corporation holds amateat gives it an effective monopoly on a certain
semiconductor device. Your company, Barbarian Is@ngaged in an R&D project aimed at obtainipgint
on an equally effective alternative design that @mnable you to enter the field and compete withaBtium.
But Byzantium could also pursue a patent on thegradtive and, if successful, forestall Barbariantsy.
Assuming that the company that invests the mosemonR&D will win the race, will Byzantium spend
aggressively to keep you out? In other words, lshgau forget the whole thing?

"Answer: First, ask yourself how much you expedjain from the patent. The answer is: one comripgmgfits
in a duopoly market — a quantity we'll call D.fdtlows from this that the most you'll be willinig spend on
getting the patentis D. Now ask yourself how mBgzantium stands to lose by not obtaining thematThe
answer is: its current monopoly profits (M) minds The question is, which is larger, D or M-D.n& it is
generally true that competition reduces total itrgysrofits, we can assert that M > 2D, which metuag

M-D > D. So the answer is yes, Byzantium will queisd you. Stay out.”

Comment. (What do you think of all this? Does aett analysis depend on any specific underlyirsgiaption?)

15. Each of 10 farmers has 150 bushels of tomatbeh he must sell at the market Saturday or léavet.
These farmers, from past experience, all knowttf@approximate market price per bushel will be I - Q/100
(in dollars), where Q is the total amount shipfmethe market. (Actually, the price will hold stiyeat 10 cents
per bushel if more than 990 bushels are delivered.)

(@) First, consider this as a cooperative (casiiption in which the farmers agree as a groua fixed
number of bushels which each will ship in ordemiaximize group profits. If each farmer can beteds
to hold to the agreement, what amount should tgegesto each ship?

(b) Next, consider this as a noncooperative stagtvinding agreements are not feasible, or atedden by
law). As a group, they can jointly recommend houcheach should ship to market. However, this
recommendation must be a symmetric equilibriumtpai®, no one farmer should be able to gain
by unilaterally deviating from the recommended dityanWhat is the best recommendation which can be
made? (Is there more than one symmetric equitiibpoint?)

(c) Finally, assume that one farmer has the altditpake his shipment before the others, and knoatshey
will all observe the amount he ships. How much gou recommend that he ship? (Answer this
question in the context of the noncooperativersgtaid out in (b).)

(d) Which of these three situations is most ad\getas to the consumers?



16.

Consider an "affair of honor" (i.e., a duelalving three disputants. They position themsebtgbe

corners of a triangle, each twenty paces from thers.

(@)

(b)

Notes:

(1)

(2)

17.

In round after round, a referee chooses otigeahree at random (using equal probabilities), tae
selected disputant is given a single opportunityréoat a selected target (for example, one obther
two disputants). Once one is hit (and eliminatddd,duel continues, with the referee randomlyctielg
in each subsequent round between the remaininguiib pnly one is left standing.

Disputant A has an 80% chance of hitting any setetarget; B has a 60% chance, and C only a 40%
chance. What are the chances of each of the éimegging as the winner?

Now, consider the same basic situation, bultout a referee. Instead, the opportunity to fy@es from
C,to B, to A, to C again, then B again, and s¢séipping over anyone who has been "eliminated").

Obviously, once only two remain, they will alterelgtfire at each other. But what is the ideal ¢tirg
strategy for each of the three, as long as aléthre still standing?

These models have been applied to a numbéuatiens, ranging from comparative advertising to
international relations.

The analysis can be carried out implicitly,heitit ever requiring that an infinite series be s@ehmFor
example, consider situation (b), once only two cetibprs remain: Let the accuracy of disputant X
be x, and the accuracy of Y be y. Then

Prob (X wins when going first) = x + (1-x)(1-Pro% wins when going first)), and
Prob (Y wins when going first) = y + (1-y)(1-Pr@% wins when going first)) .

These two relationships can be solved togethgetd the solution
Prob (X wins when going first) = x / (x+y-xy) .

(Alternatively, the two duels can be modeled aosdting Markov chains — if that carries meaning for
you.)

Random numbers are chosen independently afatraty from the unit interval (i.e., between zerala

one). One number is placed in each of n boxesyePll writes each number on the outside of itg oth

the exception that he may incorrectly label anylomeof his choosing. Player | is now alloweddoM at the
outsides of the boxes. He selects any one boxemedves from Player Il an amount equal to thelmemmnside
that box. Obviously, Player | can ignore the lalegirely, and therefore the value of the gamé lisaest 1/2.

a)

b)

For n = 2, show that the value of the gameds 1/

Show that, for sufficiently large n, the vahfghe game is strictly greater than 1/2. Howdéamgust n
be for this result to hold? (Give the best ansyeercan.)



18.

€)) Recall the “missionary” problem we discussedlass. Assume that there had been only three esupl
on the island (and that all three husbands’ spolbadeen unfaithful at some time in the past.)nTdech
husband (Tom, Dick, and Harry) knew there were itimial wives on the island, even before the misarmgn
spoke. And each knew that each of the others kimberefore, even after the missionary spoke, eaelwkhat
nothing would happen on the first night after thesionary’s departure.

Assume that the couples all walk out of their latt8:00 AM in the morning after that first nighhchsee one
another. What does Tom know at 9:01 AM that he ‘tidrow at 8:59 AM? (Answer in the form “At 8:59 AM
Tom didn’t know ; at 9:01 AM, he did.”)

(b) Imagine that you are playing the 20-stage reggEBrisoners' Dilemma, and that you and your partn
have cooperated through the first 16 stages. Yeuadional, and believe your associate to be ratias well.
Therefore, you fully intend to not cooperate inges19 and 20. What statement are you making if you
cooperate at stage 17? Suggestion: Your answaetdshe of the form "My action would imply that litik

there's a reasonably large chance that eitheor...... or ..... " (You might, of course, havemnor fewer
"or's.)
19. Following the herd: It is “common wisdom” théityou are in a strange town and must choose legtwe

two restaurants, you should go to the one whichmi@® customers. Let’s see if this is true.

Assume that you are in a resort area, where 90%eqgieople are tourists, and 10% are locals. [@ieakdown is
common knowledge, although no tourist can telldifference between a tourist and local just by inglat them.)
There are two restaurants: Amy’'s Appetizers (A) Bot's Biteables (B). All the locals know which ges better
food, and always go there. The tourists have noiapeformation: Each initially thinks it's a 5@3roposition as
to which is better.

As lunchtime approaches, people begin to go taestaurant or the other. Tourists look in the wimad each to
see how many folks are already therg] then go to whichever is more likely to be better, given the numbers of

folks already in each. (Each makes his/her decision based on the assamipat the previous tourists have acted
this way as well.) If it's still a tossup, theydla coin to decide which restaurant to patronize.

Clearly (following these rules), if one restaurhas patrons and the other is empty, a touristgeilio the one
with patrons. And, if both have the same numbegsations, a tourist will flip a coin.

Prepare a 4-by-4 table showing the probability ofy’s restaurant being the better one, given thairitently has
j patrons and Bob’s has k (where j and k eachtakees between 0 and 3). [Hint: The main diagoh#i@table
will have 50% in each entry. And each entry abtneediagonal will be the complement (i.e., theydtao one) of
the corresponding entry below the diagonal. Theegfgou really have to work out just 6 probabititi¢

20. Pick a topic/book/article/situation of persomdétrest, and write a short report/analysis wiych
consider strategically insightful.
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