Economics 200C, Second Half, Practice Problems Spring 2009
Vincent Crawford

A. Adverse Selection (see also problems 13.B.1-9 at MWG 473-474 and 1 at Kreps 654)

Al. Person 1 owns an indivisible financial assat th potentially more valuable to Person 2.
Person i, i = 1,2, has a privately observed sigraheisy but unbiased estimate—of the asset's
value, y, and cares only about the expected value of lsgfiffancial worth (the asset value net of
its price for the buyer, the price net of the assdiie for the seller). Persons 1 and 2 can traele t
asset only at price p, and will trade only if btiink they are strictly better off trading. Trade i
governed by the following rules: Each player i ditameously observes hig ynd then
simultaneously says Trade or No trade. Trade tplke®, at price p, only if both say Trade;
otherwise there is no trade.

(a) Prove that in any equilibrium of this tradingnge, the probability of trade is zero.

A2. Bill owns a car whose value to him is v, wherie uniformly distributed on [0,1]. Sam values
the car at 1.5 v. Bill and Sam are both risk neéutnaximizing their expected values of the car and
whatever money they receive or pay for it. Bill alyg knows the actual value of v, but Sam may or
may not know v, as indicated below. Except for,tthe structure of the game (including the rules
discusssed below and the fact that Sam's valu® ismes Bill's) is common knowledge.

Suppose first that Sam knows v, and Sam can mdka 8ontinuously variable all-or-nothing offer
to buy the car at a price p of Sam's choosing, lwBitl must either accept or reject. If Bill accept
then Sam gets the car and pays Bill p; and ifi8jkcts, the game ends with no trade.

(a) Identify the subgame-perfect Nash equilibriuneguilibria of this game.

Now suppose that Sam does not know v, and Sam a&a Bill a continuously variable all-or-
nothing offer to buy the car at a price q of Sacthisosing, which Bill must either accept or reject.

(b) If Bill accepts an offer of g, what can Sanmeindbout v from the assumption that Bill is
sequentially rational, and thus avoids stratediasdo not maximize his expected payoff in every
subgame? What is Sam's conditional expected vdluegiven g, this inference, and his prior?

(c) What prices q, if any, is it consistent wittpekted payoff maximization for Sam to offer, ifIBil
has a positive probability of accepting Sam's Gffer

(d) Identify the subgame-perfect Nash equilibriunequilibria of this game, and indicate when the
car is sold in your equilibrium or equilibria.

Finally, suppose that Sam does not know v, anddail make Sam a continuously variable all-or-
nothing offer to sell the car at a price r of Bikhoosing, which Sam must either accept or reject.



(e) If Bill offers to sell at price r, what can Samfier about v from the assumption that Bill avoids
strategies that are weakly dominated? What is Seonditional expected value of v, given his
prior and this inference?

(H) What prices r, if any, is it consistent withpected payoff maximization for Sam to accept?

(9) Identify a weak perfect Bayesian equilibriuntlms game, and indicate when the car is sold in
your equilibrium.

A3. Suppose that there are two states of the werlahd g, and that an individual who knows the
probabilities, pand p respectively, of the two states chooses among-staitingent consumption
bundles to maximize the expectation of a statepeddent von Neumann-Morgenstern utility
function u(x) = In x (where In x is the natural &yxghm of x, so that u'(x) =1/x). Suppose that the
individual's income is $7 if state 1 occurs andf®&ate 2 occurs, and that an insurance company
offers him a contract whereby for each $1 he pagependent of the state, before observing it), he
receives $2 if state 2 occurs and nothing if stabvecurs.

(a) Write the problem that determines the individudemand for insurance, at this price, as a
function of his estimate of the probability, phat state 2 will occur.

(b) For what value of pas expected profit zero for the 2 insurance congrihis price?

(c) Using the first-order condition, show that ifip higher than this value, the individual will buy
so much insurance that he is actually better aftate 2 occurs than if state 1 occurs. Is this
consistent with the insurance company staying sirl@ss? Explain.

A4. Consider the following market game. First, Natdraws a worker's productivity type from a
discrete distribution whose support ranges from la, tvhere a < b. After the worker observes
her/his type, s/he can choose whether to subnaitctostless test that reveals her/his ability
perfectly. Finally, after observing whether the terhas taken the test and its outcome if s/he has,
two risk-neutral firms bid simultaneously for themker's services. The worker then chooses
between the firms' offers.

(a) Prove that in any subgame-perfect equilibriahworker types except possibly type a submit
to the test, and all firms offer at most a to argrker who does not submit to the test.



B. Signaling and Screening (see also problems 8.E.1-3at MWG 265; 9.C.1, 3-4, and 7 at
MWG 304-305; 17-18 at Kreps 457; 2-4 at Kreps498-501; 13.C.1-6 and 13.D.1-4 at MWG
474-476; and 2-5, 7-10 at Kr eps 654-660)

B1. Consider a Spence signaling model of a comypefivb market, in which firms can observe
workers' education levels, but not their produtieg, when they decide which workers to hire, and
workers, who know their own productivities, chodiseir education levels with rational
expectations about how education will influencenBt beliefs about their productivities. Assume
that the output of a worker of type n who has haears of education is S(n,y) =nywhere 0 < a

< 1, and that the cost of y years of educationwmeker of type n is C(n,y) = y/n. Let w(y) be the
wage offered in equilibrium to a worker with y yeaf education. Assume that)SC(), and w()

are differentiable.

(a) Assuming that each worker selects his educééns to maximize the difference between his
wage and the cost of his education, write the-brsier condition that determines how much
education a worker of type n chooses to acquire.

(b) Briefly explain why, in a separating equilibmuthat is, an equilibrium in which workers of
different types always choose different educatewels), the wage offered a worker with y years of
education equals the output of the type of workleo whooses that level of education.

(c) Using your answers to (a) and (b), derive amaéign that describes the equilibrium relationship
between a worker's wage and his chosen level afagdun. (Hint: Eliminating n should leave you
with an equation that relates w'(y) to w(y) and/grify that w(y, K) = [2(y**+ K)/(1 + a)}”?

satisfies your equation for any value of the partami.)

(d) Assuming that a = 0 (so education is not prtidey determine the level of education chosen
by a worker of type n in an equilibrium with parasreK. If n is continuously distributed on [1,2],
for what values of K will your solution from (c) tsgfy the nonnegativity constraint on education?

(e) Indicate which workers would gain, when a i @ducation were abolished.

B2. Consider a two-person game with payoff matsixslown. Before choosing simultaneously
between T and B, or L and R, Column must send Rowstess, nonbinding message announcing
her/his intention to play either L or R. (Because message is costless and nonbinding, it has no
direct effect on players’ payoffs, but there cobédequilibria or subgame-perfect equilibria in
which players use strategies in which their deasidepend on Column’s message.) Assume that
both players know the rules of the game, includiregvalues ok and y, as common knowledge.




(a) For what values of x and y are the choicesrRimw and L for Column (each with probability
one) consistent with subgame-perfect equilibriurthmentire game?

(b) For what values of x and y are the choicesrTRow and L for Column (each with probability
one) each part of some rationalizable strategth@rentire game)?

(c) Do either subgame-perfect equilibrium or ragilrability assure the credibility of an
announcement by Column that s/he intends to plajnén 2> x >y, 2>x =y, or 2>y > x?
(Background: It has been argued that in gamedhiisewith x>y, an announcement by Column
that he intends to play L should not alter Row’Bdéehat Column will actually play L, because
Column does as well or better when Row plays T outhregard to whether Column plays L or R;
see Robert Aumann, "Nash Equilibria are not SelcEaing,” in Economic Decision Making:
Games, Econometrics and Optimisatied. Gabszewicz, Richard, and Wolsey, Elsevie01)99

B3. Consider the following market game. First, Naturawxs a worker's productivity type from a
discrete distribution whose support ranges from la, tvhere a < b. After the worker observes
her/his type, s/he can choose whether to subnaitctmstless test that reveals her/his ability
perfectly. Finally, after observing whether the larhas taken the test and its outcome if s/he has,
two risk-neutral firms bid simultaneously for themker's services. The worker then chooses
between the firms' offers.

(a) Prove that in any subgame-perfect equilibriahworker types except possibly type a submit
to the test, and all firms offer at most a to arorker who does not submit to the test.

B4. An econometrician ("E") and a macroeconomist'f"'who do not know each other plan to
meet at Black's Beach on Time Series Tee Shirt(Ciyou think life outside the spectral domain
lacks savor, wear a C.W.J. Granger tee shirt or JUn Before they meet E observes his type,
Time Series ("T") with probability € (0,1) or Cross Section ("C") with probabilityA1M knows

A, but never observes E's type. After E observesy/pis he chooses between two actions: wear a
C.W.J. Granger tee shirt ("W") or not ("N"). M thehserves whether E is wearing the tee shirt and
chooses between treating E deferentially ("D") mdeferentially ("U"). Both E and M are
expected-payoff maximizers. M prefers to treat & imay appropriate to E's status, with payoff
function v(-), where v(T,D) =5, v(T,U) = -5, v(C)B -5, and v(C,U) = 5. Both types of E prefer to
be treated with deference, getting payoff 5 frorarid —5 from U, other things equal. However,
type T likes wearing the tee shirt and gets antemtdil payoff of 1 if he chooses W, while type C
dislikes wearing the tee shirt and loses 3 unitsayboff if he chooses W. Thus E's payoff function
is u(-), where u(T,w,D) =6, u(T,wW,U) = -4, u(T,N,B 5, u(T,N,U) = -5, u(C,w,D) = 2, u(C,w,U)
=-8, u(C,N,D) =5, and u(C,N,U) = -5. Except fds Eype, the structure is common knowledge.

(a) Assuming. > Y2, identify a pure-strategy weak perfect Bayep@oling equilibrium, describing
E's and M's strategies and M's beliefs.

Can you find another pure-strategy weak perfeceBeyn pooling equilibrium with a different
equilibrium outcome? Explain.



(b) Whenk < v, is there a pure-strategy weak perfect Baggsmling equilibrium? Explain.

(c) Is there a pure-strategy weak perfect Bayesggaratingequilibrium for any value df € (0,1)?
Explain.

Now suppose the cost of W is increased from 3 tiofB/pe C of E, so E's type-C payoffs become
u(C,w,D) =-7, u(C,w,U) =-17, u(C,N,D) = 5, andd,U) = -5. Everything else is unchanged.

(d) Is there a pure-strategy weak perfect Baygswaning equilibrium when. > ¥2?

(e) Identify a pure-strategy weak perfect Bayesiparating equilibrium, describing E's and M's
strategies and M's beliefs. Does the existenckisftquilibrium depend on whekefalls in (0,1)?

C. Agency (see also problems 14.B.1-8 at MW G 507-508; 14.C.1-9 at MW G 508-510; and
problems 1-2 and 4-7 at Kreps 616-623)

C1. A worker is an expected-utility maximizer, withn Neumann-Morgenstern utility function
u(s,z) = In(1+2s) - z, where s is his salary amlizs level of effort. (In x is the natural logwin of
X; soIn(1) = 0 and In(e) = 1, wherec.7.) The worker's salary is specified by his cacttwith

the firm that employs him, and must be nonnegabwhe can choose any level of effort in the
interval [0,1] unless his contract rules it out. \Wid accept any contract that yields him an
expected utility of at least 0, given his efforistdutput is jointly determined by his effort anatk,
and output takes the values (to the firm, whichsik-neutral) $1 and $0 with probabilities z (= the
worker's chosen level of effort) and 1-z respedtyive

First suppose that the firm can observe the woskefifort and output, so that it can use contracts
that specify both the worker's salary and his &ffor

(a) Compute the firm’s optimal contract, given ttie worker will accept any contract that yields
him expected utility of at least O, given his effonoice.

Now suppose that the firm can observe realizedutddpt not effort, so that the contract can relate
the worker’s salary to realized output but not gffo

(b) If the worker is paid;s> 0 if his output is worth $1 and s 0 if it is worth $0, compute his
expected utility-maximizing level of effort as anfttion of gands;.

(c) Compute the firm's expected profit-maximiziradesy schedule {sss), given that the worker's
salary is nonnegative and can depend only on hlgesl output, and the worker responds as in (b).

Now suppose that the firm can observe neitheraedloutput nor effort, so that the contract must
specify a constant salary for the worker, indepanhdéeffort or output.

(d) Compute the worker's optimal level of effastaafunction of the salary.



(e) Compute the firm's expected profit-maximiziadgsy, given that it must be constant and that
the worker will respond to a constant salary a@l)n

C2. A worker is an expected-utility maximizer, withn Neumann-Morgenstern utility function
u(s,z) = In(1+s) - z, where s is his salary ansl lzi$ level of effort. (In x is the natural logant of
x;solnl=0andIne =1, where.7.) The worker's salary is specified by his cacttwith the
firm that employs him, and must be nonnegative;Hauis free to choose any level of effort in the
interval [0,1]. He will accept any contract tha¢lgs him an expected utility of at least O, givés h
optimal effort choice. His output is jointly detemad by his effort and luck, taking the values (to
the firm) $3 and $0 with probabilities z (= the Wwer's chosen level of effort) and 1-z, respectively

(a) Suppose first that the firm must offer the wasrl constant salary, independent of his effort and
his output. Compute the worker's optimal level fbdrt as a function of the salary.

(b) Compute the firm's expected profit-maximizirdesy, given that it must be constant and that
the worker will respond to a constant salary a@&)n

(c) Now suppose that the firm can offer the workeontract that makes his salary contingent on
his realized output, so that the worker is paid 6 if his output is worth $3 and 3 0 if it is worth
$0. Compute the worker's expected utility-maxingzievel of effort as a function of andss.

(d) Compute the firm's expected profit-maximizirdesy schedule {ss3), given that the worker's
salary is nonnegative and can depend only on hl&egl output, and the worker responds as in (c).

C3. Consider the interaction between a manageanamarker. The worker has private information
about his preferences; the manager has no prinetemation. In this relationship, the worker
expends effort to produge> 0 units of output which the manager sells at egoof 1, for revenue
of y. The manager pays the worker a wagd&he worker's private information is describechisy
typetin {1, 2}. (That is,t = 1 or 2.) The worker’s utility isi(w, y|t) =w - g(y[t), whereg(y|t) is type
t's disutility associated with produciggThe manager's utility igw, y) =y —w. Assume that the
functiong(-) is twice continuously differentiable ynand thag(Of) = O fort = 1, 2. Also assume
thatdg(yft)/dy > 0 and thatg(y{t)/dy? > 0 fort = 1, 2. Finally, assume thdg(y|2)/dy > dg(y|1)/dy.

The manager and worker can write a contract thetiBps the wage and the quantity that the
worker is supposed to produce. That is, a conisagiven by (v, y).

(a) Suppose that, in the market equilibrium, theetyworker accepts the contraet(y;), fort =1,
2. (It may be thaiv; =w, and/ory; =y,.) Prove thatv; > w,. Also demonstrate the result
graphically, by showing the appropriate indiffererrves inW, y) space.

(b) Now suppose that the worker's type is commawhkedge between the worker and the
manager. Consider two ultimatum bargaining garnmethe first game, the manager offers a
contract to the worker; the worker then acceptejgcts the contract. If the contract is accepted,
then it determines the outcome; if it is rejectaath parties receive payoff zero. In the second
game, the worker offers the contract and the maremepts or rejects it. Lgt! be the subgame-
perfect equilibrium production in the first gameddaty” be the subgame-perfect equilibrium
production in the second game. What is the relditween/ andy? Explain, verbally or



graphically.

C4. There are two states of the worldasd s, with known probabilities yand p. A risk-neutral,
expected-profit maximizing insurance firm has apaunity to make a contract with a risk-averse
consumer, before it is known which state will ociiter the uncertainty is resolved, the state will
be common knowledge, so the contract can makeuteeime depend on the state. The consumer
has income yin state 1 andyin state 2, and maximizes the expectation of i@-gtdependent von
Neumann-Morgenstern utility function u(x) = In ()+xvhere In is the natural logarithm, so that
u'(x) =1/(1+x).

Suppose the insurance company offers the consucwerteact whereby s/he pays x, with x (> or =)
0), and receives $0x in state 1 and $2x in state 2.

(a) Write the problem that determines the consunogrtimal demand for insurance, X, as a
function of the probability p=1 - p.

(b) For what value of ps the insurance company's expected profit zem&Dyour answer depend
on the consumer's demand for insurance? Explain.

(c) Use the consumer's first-order condition tovstiwat if p is higher than the value you identified
in (b), the consumer will buy so much insurance #iilae is better off if state 2 occurs than ifetht
occurs. Is this consistent with the insurance cam@aying in business? Explain.

(d) Characterize, as far as you can, the Parettiesff contract that gives the consumer the same
expected utility as no insurance (that is, as estate-contingent endowment). Characterize the
contract in terms of the firmfseetpayment from the consumer in states 1 and and %. How do
the firm and the consumer share the risk in thiet®aefficient contract?

Now suppose everything is as described above excapthe state and the consumer's endowment
will be observed only by the consumer, whose repbitiie state cannot be verified.

(e) Write the incentive constraints that restricamxd % if the firm must rely on the consumer's
unverifiable report of the state (and the consuwiktiie if it yields him a better outcome).

() Characterize, as far as you can, the contadthie firm that maximizes its expected profit
subject to the constraint that the consumer hbesaat the same expected utility as with no
insurance (that is, with her/his endowment).

C5. Consider contracting between a single firm amebrker who may have one of two
productivity "types,” H and L, where 0 < Prob $ 64} = A < 1. Productivity is measured in
dollars, so a firm that hires a worker of typat wage w realizes profits— w from that worker.
The worker's utility of not working for the firm By for H and R for L, whereby > Ry > 0 ando,
> R > 0. Only the worker observésefore contracting, batis common knowledge.

In contracting, the firm makes an all-or-nothingnttact offer. The worker then observes his type,
and accepts or rejects the contract. If the worgjercts, he gets;Rif H and R if L, and the firm
gets 0. If he accepts, the contract governs tlagioalship.



Suppose first that will become common knowledge before the termdiefdontract are enforced,
and this fact is common knowledge.

(a) Being careful to explain your notation and wbatitracts can be enforced, write the problem
that determines the firm's optimal contract, inabgdall relevant constraints, and solve it as far a
you can.

Now suppose that the firm will never knéwand this fact is common knowledge.

(b) Being careful to explain your notation and wbantracts can be enforced, write the problem
that determines the firm's optimal contract, inahgdall relevant constraints, and solve it,
graphically or algebraically, as far as you cann{HNhat are the only possible optimal values of
the wage in the firm's contradtbw can you tell which is optimal?)

(c) If an H worker is employed whénis near 0, would he be employed. ifvere near 1? Explain.

C6.Reconsider the model of problem C5 when the jobahask level, + 0, which the firm can set
along with the wage. A typéworker who accepts a job with wage w and taskllekas utility
u(w,t [8) =w - c(t,0), where c(00) = 0, g(t, ) > 0, and g(t, 6) > 0 for all6; and g(t, 6) < 0 and
co(t,0) > O for all t > 0. The task level t has no effentthe worker's productivity, which is still
eitherby or 6. Everything else about the job is just as in peabP. (This version of the model is
close to the analysis we did in class, exceptdh@®o) > 0 for t > 0, so H workers dislike jobs with
high tmorethan L workers; the firm is a monopsonist ratiranta competitor; and® R_ > 0.)

Suppose first that, althoughis unknown to the firm at the time of contractifigyill become
common knowledge before the terms of the contnaceaforced, and this fact is common
knowledge.

(a) Being careful to explain your notation and wba@ntracts can be enforced, write the problem
that determines the firm's optimal contract, inahgdall relevant constraints, and solve it as far a
you can.

Now suppose that the firm will never kndwand this fact is common knowledge.

(b) Being careful to explain your notation and wbaitracts can be enforced, write the problem
that determines the firm's optimal contract, inabgdall relevant constraints, and solve it,
graphically or algebraically, as far as you cansBee to take the acceptance decision of each
worker type into account. (Hint: The firm woulddiko find a way to pay an L worker less than an
H worker, because the L worker has a lower resenvatage (R > R_ > 0), but the firm can't
enforcedifferent contracts for H and L because it willlaeknow which is which. Try to figure out
if, when Gy(t,0) > 0 for t > 0, there is any way the firm coulchbét from offering two different
contracts that screen H and L workers.)



C7. Suppose the government wishes to contractambntractor to do a project, and seeks to
minimize the monetary compensation it must pay&dontractor to complete the project. The
contractor's production cost for the project degemal the contractor's effort levelz2, and a
random factort. Specifically, production co&t = c(z,t)= 2t/(z+1), wheret = 1 with probability %2
andt = 2 with probability 2. The contractor seeks taximaze his expected earnings net of
production cost and effort cost: monetary compensahinus production cost minus effort cost z
(effort costs 1 per unit). Assume that first theg@mment proposes a contract, which the contractor
must accept; and then the contractor chooses art kffel z before the uncertainty is resolved

(that is, not knowing t). When the project is coatp| the contractor is then paid as specifieden th
contract.

First suppose that the government cannot direttbeove the contractor's effort level, and that it
uses a "cost plus" contract, so the contractortgpemsation ig1+s)C, wheres > 0O is a constant.

(a) If the government can observe the actual pricmlucost, then how hard does the contractor
work?

(b) If s = 3, then what is the contractor's expected utility?

Now suppose that the government cannot directlgmesthe contractor's effort level, and that it
pays the contractor a fixed fdg,

(c) Show that the contractor supplies the samd tEweffort for allK. Find this effort level.

(d) Compute the value &f that makes the contractor indifferent betweenxedifee and a cost-
plus contract witls = 3. Show that with this value &f, the government prefers the fixed-fee to the
cost-plus contract.

Now imagine that the governmesdndirectly observe the contractor's effort level.

(e) What effort level would the government want toatractor to choose in order to minimize the
production and effort cost of the project, subjedhe constraint that the expected earnings of the
contractor (net of effort and production cost) mo@negative?

C8. There are two states of the world, 1 and 2.grbbability of state 1 is known to be p. A risk-
neutral, expected-profit maximizing insurance finas an opportunity to make a contract with a
risk-averse consumer, before it is known whichesteitl occur. After the uncertainty is resolved,
the state will be common knowledge, so the conttantmake the outcome depend on the state.
There is one consumption good, whose price is kniovwe one in each state. The consumer's
endowment of the consumption good igfvgtate i occurs, so in general he bears unceytafn
insurance contract can be thought of as specifiyisgonsumption in each state, which in general
will be higher than win one state and lower in the other. Write thesconmer's consumption of the
good if state i occurs ag @nd his von Neumann-Morgenstern utility functamu(c). Thus, given
his opportunities, he seeks to maximize expectdityygu(c;) + (1-p)u(e). The firm, given its
opportunities, seeks to maximize pewe) + (1-p)(We— ©).



(a) Characterize, as far as you can, the Pareitmesff contract that gives the insurance firm zero
expected profits. How do the firm and the consushare the risk in this contract?

(b) Characterize, as far as you can, the Parettiesff contract that gives the consumer the same
expected utility as no insurance (that is, as héogment). How do the firm and the consumer
share the risk in this contract?

Now suppose that everything is as described alimudhat the state and the consumer's
endowment will be observed only by the consumet,the consumer's report of the state cannot be
verified by the insurance firm.

(c) Write the incentive constraints that must hibltie firm must rely on the consumer's report of
the state (and the consumer will lie if it yieldmha better outcome).

(d) Characterize, as far as you can, the bestacirfor the firm that gives the consumer the same
expected utility as no insurance (that is, as hdogment).

C9. A firm must make a wage contract with a worker. Wueker expends effort 0 on the job.
Effort e costs the workefeThe firm's profit, before paying the workeris, wherer > 0.

Suppose the firm first offers a contract to the keoy who observes it and then accepts or rejects it
If the worker rejects, both parties get 0. If therleer accepts, then he selects an effort levéles, t
firm's profitsne are realized, and the firm's and the worker'sfiayare determined by the contract.

First suppose that the contract must be a lineafitsharing” contract, so that firm chooses a
fixed fraction, t, in the contract, and the worlgets te, that fraction of the firm's profit, and the
firm gets the remaining (1si.

(a) Find the subgame-perfect equilibrium of thisngaby backward induction, being sure to specify
the strategies in full, and determine the subgasréept equilibrium levels of t and e.

(b) Compute the subgame-perfect equilibrium payasfshis outcome efficient?

Now suppose that the contract must take the forne£ me + s, so that the worker receives base
salary s and, in addition, a fraction r of the fgmprofit.

(c) Find the subgame-perfect equilibrium of thisngaby backward induction, being sure to specify
the strategies in full, and determine the subgasréept equilibrium levels of r, s, and e.

(d) Compute the efficient level of effort, e. Cavuydesign a contract that depends only on gross
profit me (that is, a function of the forma)) that induces the worker to choose the effidievt|
of effort? Explain why or why not.



D. Incentives and M echanism Design (see also problemsat MW G 918-925; and 1-5 at Kreps
715-717)

D1. Consider a firm with two owners, Alice and BBHuppose that owner Alice is the sole
operating partner, who makes all decisions in itme, fwhile owner Bill makes no decisions. Each
tries to maximize his/her money income. Supposetheafirm's demand function is given Qy=
342 — D and the firm's total variable costs of produciwe given byfC(Q)= 20Q. (Assume for
the purposes of this question that there are remlfoosts.)

Consider two alternative contracts between Alicg Bitl that specify how they are to split the
earnings of the firm:

Contract 1: Alice gets 66.7% (2/3rds) of all revesubut also pays all costs. Bill gets 33.3%
(1/3rd) of all revenues (and doesn't pay any costs)

Contract 2: Alice and Bill split the firm's net pits 50%-50%, but, in addition, Alice gets a salary
of $1700 for operating the firm. (In other worddic&'s salary comes out of gross profit (= total
revenues less total production costsjorethey split net profits (= total revenues lessltota
production costs less the $1700 payment to Alice).)

(a) Which contract does each owner prefer? Expldiy by showing the amount of income each
gets under each contract. (Hint: The calculatiere land below are simpler if you start by
inverting the demand curve to get the average revenrve.)

(b) Is there a contract that would be better thantfact 1 for both owners? If so, describe such a
contract and explain how the firm's optimal decisigquantity and price) would differ under
this contract from those under Contract 2 (Notent@xt 2, not Contract 1).

(c) Is there a contract that would be better thant@ct 2 for both owners? If so, describe such a
contract and explain how the firm's optimal decisigquantity and price) would differ under
this contract from those under Contract 2. (Notent€act 2, not Contract 1).

(d) Explain why Bill could ever prefer to shareraadler fraction orevenuego sharing a larger
fraction ofprofits.

D2. If an individual works he produces L units of outpnd has utility function u(c), where c is his
consumption. If he doesn't work he has utility filme v(c). Both u(-) and v(-) are increasing and
strictly concave. With probabilit§ a worker is well and can work, and with probapi(it -0) he is
sick, and cannot work. Sickness doesdictly affect the worker's utility; so, for example, when
he cannot work his utility function is still v(cyhe worker always knows whether he is sick or
well, but the government may or may not know thsjndicated below. All this is common
knowledge. The government deals with many ex atgetical workers, and sickness is
independent across workers, so the governmenttgebednstraint reduces to equating the
expected value of output and the expected valwemdumption.



First suppose that the government can observe ehetith worker is sick or well.

(a) Identify the set of rules for deciding who wilbrk and determining each worker's consumption
that are feasible for the government.

(b) Which of the rules from part a maximizes theaeke (before he knows if he is sick or well)
expected utility of a typical worker? Assume tha allocation with no work and zero
consumption is not optimal, say who will work, amdte the conditions that determine the optimal
levels of consumption when the worker is sick ollyag and g, (but don't try to solve them).

Now suppose that the government can only obsereth&ha worker works or not, not if he is sick
or well. gyand ¢ now denote a worker's consumption when he dggsa(a does not {rwork.

(c) For what combinations of and ¢, will a worker work when he can? Identify the setudes for
deciding who will work and determining workers' samptions that are feasible for the
government.

(d) Show that if v'(g = u'(ay) implies v(¢) < u(Gy), then the optimal rule from part b is still
optimal.

(e) If v'(c) = u'(Gy) implies v(g) > u(cy) and the government tries to implement the optimi
identified in part b, what will happen? Write theplem that determines the optimal rule when
V'(cs) = u'(qy) implies v(¢) > u(ay), and write the conditions that determine theroptic and .

E. Miscellany (see also problems 8.B.1-7, 8.C.1-4, and 8.D.1-9, 8.E.1-3 at MW G 262-266;
9.B.1-14,9.B.10, 9.B.11; 9.C.1, 3-4, and 7 at MWG 304-305; 12.C.1-17 at MWG 430, 12.C.5,
12.C.8; 12.D.1-5, 12.E.1-7, 12.F.1-4, 12.AA2 at MW G 434-435; 13.B.1-9 at MW G 473-474;
13.C.1-6 and 13.D.1-4 at MWG 474-476; 14.B.1-8 at MW G 507-508; 14.C.1-9 at MW G 508-
510; 3-4 at Kreps 385-386; 2-4 at Kreps498-501; 1- 4, 14-18, and 20-21 at Kreps 451-462; 1 at
Kreps 546-547, 1-2 and 4-7 at Kreps 616-623; 1-5 and 7-10 at Kreps 654)

E1l. Consider a duopoly game in which firm A’s amthfB’s goods ar@mperfect substitutes, with
demand functionsfp®, p°) and §(p*, p°) and inverse demand function§g", o) and 5(q",

a°), where pis firm i's price and'gs firm i's quantity. Each firm's unit cost isahd each firm
maximizes profit. Price is the strategic varialalg,n a Bertrand model, but firm A chooses itsgric
first, irreversibly, and firm B observes firm A’'sipe before choosing its own price. The structure
of the game is common knowledge.

(a) Write the problem that determines firm B’s ol price, given firm A’s price. Write and
interpret the first-order conditions for this pretsl. (You are not asked to solve the problem.)

(b) Which is the more natural assumption for Bexdrduopolists whose goods amperfect
substitutes, that'band [ are strategic substitutes or complements? Expaaid use your first-
order conditions from (a) to derive conditions ba ttlemand function that imply your "natural
assumption.”



(c) Assuming that firm B has a unique optimal pficeevery value of P, and writing this optimal
price ¢ (p*), write the problem that determines firm A’s sulsgaperfect equilibrium price.
Assuming that the functiorP(p?) is differentiable, write and interpret the fistder conditions
for this problem. (You are not asked to solve trabfem.)

(d) Under your "natural assumption” from (b), viittm A’s price in subgame-perfect equilibrium

be higher or lower than it would be in equilibrisma standard Bertrand model with the same
demand and cost functions, in which the firms cledbeir prices simultaneously? Explain, using
the idea of strategic substitutes or complemeiatisiral assumptions about demand, and your first-
order condition from (c).

E2. Firm A and Firm B are duopolists whose goo@sraperfect substitutes, with demand
functions §(p*, p°; a) and §(p*, p°; b) and inverse demand function¥e", ¢?; a) and p(q", of;

b), where pis firm i's price, gis firm i's quantity, and i (= a, b) is firm i'svel of advertising. Each
firm has unit cost 1 for the good and constant cost for advertising. The firms play a two-stage
game, choosing a and b simultaneously and obseriratite first stage and then choosing prices or
guantities (as explained below) in the second stage

For the first part of the question, suppose thatdiopolists are Bertrand competitors in the second
stage, choosing’pand [§ simultaneously.

(a) Write the first-order conditions that determthe equilibrium f and |3, given a and b.

Now suppose that the cost of advertising goes dowfirm A (but not Firm B), so that Firm A
chooses a higher level of a in the first stage pBap further that advertising and price are
complements for each firm, so that Firm A's higaevould make it optimal for Firm A to choose a
higher p' in the second stage, for any level of b afid p

(b) Which is the more natural assumption for Bexdrduopolists whose goods amperfect
substitutes, that'pand [ are strategic substitutes or complements? Explain.

(c) Given your answer to (b), analyze the effedtiofn A's reduction in advertising cost on the
equilibrium values of b,’h and 5. (Correct verbal answers here are as acceptabligeisra.)

For the rest of the question, suppose that thesfare Cournot competitors in the second stage,
choosing § and § simultaneously.

(d) Write the first-order conditions that determthe equilibrium § and ¢, given a and b.

Suppose again that the cost of advertising goesidomfirm A (but not Firm B), so that Firm A
chooses a higher level of a in the first stage pdap further that advertising and quantity are
complements for each firm, so that Firm A's higlesel of a would make it optimal for Firm A to
choose a higher'gn the second stage, for any given level of bgthd

(e) Which is the more natural assumption for Coticumpolists whose goods ansperfect
substitutes, that'gand ¢ are strategic substitutes or complements? Explain.



(f) Given your answer to (e), analyze the effeckimin A's reduction in advertising cost on the
equilibrium values of b,y and §. (Correct verbal answers here are as acceptabligeisra.)

E3. Consider an ultimatum bargaining game with players, R and C, and three possible
contracts, A, B, and Z. The rules of bargainingwlR to propose one of these contracts, which C
must then either accept or reject. If C acceptpRIposal, it determines the outcome; if he rejects
it, the outcome is N (for "No Deal"). R's payofts the outcomes A, B, Z,and N are 1, 2, 3, and 0
respectively, and C's payoffs are 2, 1, -1, anelspectively. Clearly identifying each player's
feasible pure strategies and making R the Row playdte the game tree and payoff matrix and
identify the pure-strategy subgame-perfect equiliaror equilibria, the pure-strategy equilibrium
or equilibria (subgame-perfect or not), and thekygaxrfect Bayesian equilibrium or equilibria
(including their beliefs, when they don’t follow mrediately from the strategies), when:

(a) C can observe, before deciding whether to damemot, exactly which contract R has proposed

(b) C can observe, before deciding whether to damepot, whether R has proposed Z or [either A
or B] (but if R has proposed [either A or B], thércannot tell which one). (For the extensive form,
you need not re-draw the tree; just say how it rbesthanged from your tree for (a).)

(c) C can observe, before deciding whether to aamepot, whether R has proposed A or [either B
or Z] (but if R has proposed [either B or Z], thértannot tell which one). (For the extensive form,
you need not re-draw the tree; just say how it rbesthanged from your tree for (a).)

(d) Assuming that players will play a weak perfBalyesian equilibrium, say in which if any of the
environments described in parts (a), (b), and ¢th Iplayers would benefit if contracts like Z were
made legally unenforceable, so that if Z were pseploand accepted, the outcome would be N
rather than Z. What if players could play any subgaerfect equilibrium?

E4.Consider a two-firm Cournot model in which the fefmave constant unit costs but the costs
differ across firms. Letjde firm j's unit cost, j=1,2, and assume that ¢,.. The firms' products are
perfect substitutes, and if g £ ¢ ¢ is total output in the market, the inverse denmfamdtion is
p(q) = a — bqg, with a >;c> ¢;and b > 0. The structure is common knowledge.

(a) Derive the Nash equilibrium of the Cournot gamehich firms choose their quantities
simultaneously. For what values af ¢, a, and b does this equilibrium involve only omenf
producing? Which firm will this be?

(b) When the equilibrium in (a) involves both firpsoducing, how do their equilibrium outputs
and profits vary when;dncreases? Explain your answer for firm 2, ushngrotion of strategic
substitutes.



E5. Two people, Rhoda ("R" for short) and Colin ("C"ush decide independently whether to try to
meet at the fights ("F") or the ballet ("B"). BeéoR and C decide where to try to meet, R (but not
C) must announce her intentions, f or b, about @/isée plans to go. Then R and C choose,
simultaneously and independently, between F aridl iB.free to choose either F or B independent
of her announcement f or b, but if she announdeg thooses B, or announces b but chooses F,
she incurs a costx0. If R and C both choose F, R's payoff is 2 lgkatever cost she incurs, and
C's payoffis 1. If R and C both choose B, R's [flagdl less whatever cost she incurs, and C's
payoff is 2. If R chooses F but C chooses B, oe viersa, R's payoff is 0 less whatever cost she
incurs, and C's payoff is 0. For example, if R ammaes f, chooses B, and C chooses B, R's payoff
is 1-c. The structure of the game, including thecumcement stage, is common knowledge.

(a) Clearly identifying players' decisions and mmf@tion sets, draw the extensive form (game tree)
for this game. (It's easier to draw the informatsets if you put both of R's decisions first.)

(b) Identify the pure-strategy subgame-perfect ldguum outcome(s) and payoffs when ¢ > 2.
(c) Identify the pure-strategy subgame-perfect légium outcome(s) and payoffs whers@ < 1.

E6.Consider a Bertrand duopoly game with two profikimazing firms, 1 and 2, whose goods are
perfect substitutes. Total market demand is Q(g@)bp, where a > 0 and b > 0; so thatipd p

are the firms' prices, and p p, firm i's demand is Q(pand firm j's demand is O; and if pp,

firm i's and firm j's demands are each Q&= Q(g)/2. Each firm's unit cost is ¢ > 0, but firm 1
(only) has the option of irreversibly and obseryatdying a fixed fee F > 0 to lower its unit cast t
w, where 0 < w < ¢, before firms 1 and 2 simultarstp choose their prices, (F, w, and c are
exogenous parameters.) The structure is commowlkdge.

(a) Clearly identifying each firm's possible putategies, solve for the subgame-perfect Nash
equilibrium strategy profile or profiles (all ofém, if there is more than one), as a function ef th
parameters a, b, F, w, and c; that is, say hovp#nemeters determine the equilibrium. (Hint: You
may have to model the effect of one firm underaogtthe other's price by a very small amount.

You can either make this amount a small numbefeanrd pass to the limit as e approaches 0, or
assume that prices must be set in pennies, whechraall relative to the other magnitudes, and that
¢, w, and F are in even numbers of pennies.)

E7. Consider a duopoly game in which each firmis aost is 0. The firms' goods are perfect
substitutes and total market demand is Q(p) = @0TFhus, if p< p, firm i's demand is Q{pand
firm j's demand is 0; and if p p the firms share the market equally, so that fisvand firm j's
demands are each Q(@ = Q(g)/2. Each firm seeks to maximize profits. Pricéhis strategic
variable, but firm 1 chooses its price first, thigm 2 decides whether or not to enter at a co&, of
which is irreversibly sunk if firm 2 enters; anddily firm 2, if it enters, chooses its own pridée
structure of the game is common knowledge, inclgdvhat firms observe and when below.

Suppose first that firm 1 first chooses foreversibly, and then firm 2 observeshefore deciding
whether or not to enter and choosingaiso irreversibly.

(a) Approximately what pricepwill firm 2 choose if it decides to enter aftersaloving p?



(b) For what values ofywill firm 2 find it profitable to enter, given th&unk entry cost of 9?

(c) Write the problem that determines firm 1's oy pricing policy, taking the possibility of
deterring entry by firm 2 into account, and us® itdentify an approximate subgame-perfect
equilibrium, being sure to fully describe both fghstrategies.

Now suppose that firm 1 first chooses fien firm 2 observes, pefore deciding whether or not to
enter and choosing rreversibly. However, if firm 2 enters, firm A observe pand then
costlessly change o any desired value. (If firm 2 stays out, firnrmist keep its initial p)

(d) Identify a subgame-perfect equilibrium, beingesto fully describe both firms' strategies.

Now suppose that firm 1 first chooses ipreversibly, but that firm 2loes nobbserve pbefore
deciding whether or not to enter and choosisp that firm 1's and firm 2's pricing decisionslan
firm 2's entry decision are all strategically sitankeous).

(e) Is there a pure-strategy Nash equilibrium®Jfidentify one. If not, briefly explain why not.

E8. Consider a duopoly game in which each firm's uogt s 0. Price is the strategic variable, and
the firms maximize profits. The firms' goods aref@et substitutes and total market demand is
Q(p) =10 — p. Thus, ifip< g, firm i's demand is Q({pand firm j's demand is 0; and if¢p the

firms share the market equally, so that firm i'd irm j's demands are each Q(p = Q(R)/2. The
structure of the game is common knowledge, inclydive parts described below.

Suppose first that firm 1 first choosesipeversibly, and then firm 2 observeshgfore choosing

p2, also irreversibly.

(a) Approximately what priceowill firm 2 choose if it decides to enter afterseloving p? (I say
"approximately" because exact best responses dexmgitin the continuous version of this model.
Answer here and below by assuming prices must bauitiples of a very small number e > 0.)

(b) Identify an approximate subgame-perfect equiiin (one is enough), fully describing both
firms' strategies.

Now suppose that firm 1 first chooses lput that this choice is reversible at a costadagned
below. Firm 2 then observes gnd chooses,pirreversibly. Finally, firm 1 observes gand decides
whether to change its prieg cost ¢, where 0 < ¢ < 25. (That is, firm 1 ctckswith its initial

value of p, incurring no additional costs, or switch to amgided different value,p at a cost of c.
If it switches, p' then determines profits just aswould have, except for the cost c.)

(c) For what values ofywill firm 1 decide (for very small e) to pay c tbange p, and what value
of p," will it choose then? (Just write the conditiordayive the answer; don't simplify the algebra.)

(d) Taking your answer to (c) into account, whdtieaof is optimal for firm 27?

(e) What initial value or values of s or are optimal for firm 1?



(f) 1dentify an approximate subgame-perfect equiilitm, fully describing both firms' strategies.

E9. This question concerns games in which two firfieg Dog and Hot Dog, decide
simultaneously whether to enter a new product ntailkee payoffs are as follows:

Hot Dog

In ut

In 1,1
Top Dog Out 2,4

w|a|O

2
, 3

First suppose that before the firms make theiryeshécisions, Top Dog (only) must announce its
intentions to choose In (announce "i") or Out (aumm®e "0"). Top Dog is not required to abide by
its announcement, but it incurs a cost of c iition differs from its announcement.

(a) Write the extensive form.

(b) Identify all of the pure-strategy subgame-petrggquilibria when 0 < ¢ < 1. Be sure to describe
players' strategies completely.

E10. There are | firms in an industry. Each cartdrgonvince Congress to give the industry a
subsidy. Let hdenote the number of hours of effort put in bynfir and let ¢h;) = wi(h)?, where

w; is a positive constant, be the cost of this effofirm i. When the effort levels of the firms are
(hy,...,h), the value of the subsidy that gets approvedno ifis o Z; hy + B (IT; h;), whereo > 0 and
B> 0 are constants. Consider a game in which thenkfdecide simultaneously and independently
how many hours they will each devote to this effort

(a) Prove (using second- as well as first-orded@mns!) that each firm has a strictly dominant
strategy if and only if = 0, and derive each firm's dominant strategyis tase.

(b) Whenp > 0, are firms' efforts strategic substitutestoategic complements? Explain.

(c) Whenp > 0, how does the symmetric equilibrium level tibe relate to the symmetric, Pareto-
efficient level of effort (where efficiency is dad taking only the firms' benefits into account)—
that is, the level of effort that would be best&dirfirms, if all firms chose it? (Hint: considédre
nature of the externalities that firm i's efforeates for the other firms wh@r> 0.)

E11. Consider a Cournot duopoly game in which twad, 1 and 2, simultaneously choose the
guantities they will sell, gand g, with the goal of maximizing their profits. Eadmi's cost is ¢
per unit sold, and the price each firm receivesupgrsold, given gand g, is P(q, &) =a— b (gt
02), where a > 0 and b > 0. The structure of the ggnaemmon knowledge.

(a) Write firm i's profit-maximization problem ane the first- and second-order conditions to
derive its best-response function, expressinggtsral output gas a function of firm j's output.q

(b) Identify the Nash equilibrium strategy profgg{n this game.



(c) Which values of icare rational for firm i, for some feasible valuey®

(d) Which values of jcare rational for firm j, for some value aofthat is consistent with firm i being
rational?

(e) Identify each firm's rationalizable strategieshis game. (Hint: This can be done using algebra
but | think it's easier to use your answer to (&) a graphical argument.)

() Answer parts (a), (b), and (e) (yes, (e)) adamhe analogous game with three firms, 1, 2, and
3, with unit cost ¢, outputs; g, and g, and price per unit sold R(gp, i) =a — b (g+ ¢ + ).

E12.Imagine a market setting with three firms. Firman2l 3 are already operating as monopolists
in two different industries (they are not compet)o Firm 1 must decide whether to enter Firm 2's
industry and compete with Firm 2, or enter FirmiBtustry and thus compete with Firm 3.
Production in Firm 2's industry occurs at zero casiile the cost of production in Firm 3's industry
is 2 per unit. Demand in Firm 2's industry is gin®/p = 9 —Q, while demand in Firm 3's industry
is given byp' = 14 —Q', wherep andQ denote price and total quantity in Firm 2's indpsindp’

andQ' denote price and total quantity in Firm 3's indyst

The firms interact as follows. First, Firm 1 chesdetweert® andE>, whereE? means "enter

Firm 2's industry” an@&> means "enter Firm 3's industry." This choiceliserved by Firms 2 and

3. Then, if Firm 1 chosE?, Firms 1 and 2 compete as Cournot duopolists, evtiey select
guantitieso; andge. In this case, Firm 3 automatically gets the npahy profit of 36 in its own
industry. On the other hand, if Firm 1 ch&ethen Firms 1 and 3 compete as Cournot duopolists,
where they select quantitigs andgs'. In this case, Firm 2 automatically gets the npmiyp profit

of 20% in its own industry.

(a) Calculate the subgame-perfect Nash equilibofithis game and report the subgame-perfect
equilibrium quantities. In the equilibrium, doesril enter Firm 2's industry or Firm 3's industry?

(b) Is there a Nash equilibrium (not necessarilygaume-perfect) in which Firm 1 sele& If so,
describe it. If not, briefly explain why.

E13. Two players play a game in which they museéadrow to divide a prize. Baker decides how
large the total prize will be, either $10 or $1@@e(only choices). Cutler decides how to divide the
prize chosen by Baker, either a 50%-50% split ®0%-10% split (the only choices), where in the
latter case Cutler gets 90%. The payoffs, in dsl{@ith Cutler’s listed first), are:

Baker
$10 prize $100 prize
cutl 50:50 55 50, 50
utier 90:10 9,1 90, 10

First suppose that the players must make the atbesisions simultaneously, and cannot change
the game.

(a) Find each player’s rationalizable strategias ttie Nash equilibrium or equilibria.



Now suppose that the players’ basic decisionsherasame, but that some kindsbfategic move
may be possible. A strategic move might involve onthe other player observably committing to
his decision before the other decides, or one@bther player observably committing to a
contingent rule that makes his decision dependherther’s decision in a particular way. An
example of the latter kind of commitment might be €utler to commit himself to decide on a 50-
50 split if Baker decides on the $100 prize, bulécide on a 90-10 split if Baker decides on the
$10 prize. Note that now we are analyzing a difiegame, in which Cutler moves first,
irreversibly choosing a contingent rule, Baker otsge the rule and decides on the size of the prize,
and Cutler then makes the decision dictated bgtsen rule. In the rest of the question you are
asked to consider all games with basic decisiorabase, but in which one or the other player can
make a strategic move, either a simple commitmeatammmitment to a contingent rule.

(b) Which, if either, player could benefit from niag a strategic move in this game, and by which
kind of strategic move? Explain how the strategavenworks and its effect on the outcome, using
the idea of subgame-perfect equilibrium.

E14. Consider the Battle of the Sexes game witloff&s indicated below. Assume, here and
below, that the structure is common knowledge.damh of the variations of timing and
information described below, write the game tre@ payoff matrix, and then find the game’s
subgame-perfect equilibrium or equilibria, andeitgiilibria (subgame-perfect or not):
Fights Ballet

1 0
Fights |3 0
0 3

Ballet |0 1

(a) The original simultaneous-move game is a cotapteodel of the players' situation.

(b) The game is modified so that Row chooses hesftnategy first and Column gets to observe
her/his choice (including the realization of randpation) before choosing her/his own strategy.

(c) The game is modified so that Row chooses resftnategy first but Column does NOT get to
observe her/his choice before choosing her/his sivategy.

(d) The game is modified so that Row chooses hesftnategy first and Column gets to observe
her/his choice (including the realization of randpation) before choosing her/his own strategy,
but then Row gets to observe Column’s choice aastl@Essly) revise her/his own choice if s/he
wishes, and this decision ends the game (so Ronotaevise her/his choice). In this part, you are
not asked to completely describe players’ strategighe entire set of equilibria, just describe th
subgame-perfect equilibrium or equilibria. Hint: @&oRow's initial choice have any effect on the
subgames that follow?

E15.Consider a duopoly game in which each firm's uvogtds 0. Price is the strategic variable,
and the firms maximize profits. The firms' goods perfect substitutes and total market demand is
Q(p) =10 — p. Thus, ifi< g, firm i's demand is Q({pand firm j's demand is 0; and if¢p the



firms share the market equally, so that firm i'd irm j's demands are each Q(p = Q(R)/2. The
structure of the game is common knowledge, inclydive parts described below.

Suppose first that firm 1 first choosesipeversibly, and then firm 2 observeshgfore choosing
p2, also irreversibly.

(a) Approximately what priceowill firm 2 choose if it decides to enter afterseloving p? (I say
"approximately" because exact best responses dexigitin the continuous version of this model.
Answer here and below by assuming prices must bauitiples of a very small number e > 0.)
(b) Identify an approximate subgame-perfect equili (one is enough), fully describing both
firms' strategies.

Now suppose that firm 1 first chooses lput that this choice is reversible at a costaqagned
below. Firm 2 then observes @nd chooses,pirreversibly. Finally, firm 1 observes and decides
whether to change its prie¢ cost ¢, where 0 < ¢ < 25. (That is, firm 1 cackswith its initial

value of p, incurring no additional costs, or switch to amgided different value;p at a cost of c.
If it switches, p' then determines profits just aswould have, except for the cost c.)

(c) For what values ofywill firm 1 decide (for very small e) to pay c tbange p, and what value
of p1' will it choose then? (Just write the conditiordayive the answer; don't simplify the algebra.)

(d) Taking your answer to (c) into account, whdtieaof is optimal for firm 2?
(e) What initial value or values of s or are optimal for firm 1?
(f) 1dentify an approximate subgame-perfect equiilitm, fully describing both firms' strategies.



